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( Preface ] |

All praises and glories to Almighty Allah Who says in the Holy

~ Quran. “And your Allah is most gracious who taught by the pen. Taught

man (those things) which he did not know”. Countless Darood O Salam
on the Prophet of mercy Hazrat Muhammad (Peace Be Upon Him), who

showed the path of knowledge to the mankind and gave the lessons of

seeking knowledge f‘rbm cradle to the grave.

These notes are wntten in accordance with the new syllabus for
10" class students. In presenting these notes, care has been taken tofill a

- gap which often develops in teaching the students of physics. Very easy

sentence has been used which are very easy to understand. | hope it will

: play a leading role in getting outstanding marks in the examination.

I dedlcaTed my academic success and progress in life to my family
whose endless prayers are source of encouragement and determination »
for me throughout the long years of my education and to my teachers

“whose guidance and hard work made me such a person whom | could
not able to be without them.

Whlle effort has been made to make the book error free, yet some

__errors and mistake may be present. Author and publisher will be highly

obllged to the teachers and ‘students for their constructive, valuable

,.suggestlons wvital for the |mprovement of the book

Author

. Fahim Ullah
’ M.Sc Physics
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Q 1. Define periodic motion and oscillatory/ vibratory motion? Give
examples? o .
Ans. Periodic Motion:

Definition:

“The motion which repeats itself after regular intervals of time |s‘

called periodic motion.”
Examples:
1. Motion of the bob of the pendulum fs
2. Motion of the mass attached with spring.
3. Oscillations of the steel strip.
4. Motion of the-earth around its axis.
Oscillatory / Vibratory Motlon
Definition:

“The to and fro motion of a body about its mean (or) equullbnum
position is called oscillatory (or) vibratory motion.”
Examples:

i. Motion of simple pendulum.
ii. Motion of a swing. -

iii. Motion of steel strip.

iv. Motion of string of sitar.

"Q 2. Define the following terms?
a) Vibration (or) Oscﬂlatlon
b) Time Period
- ¢) Frequency
d) Displacement
e) Amplitude
Ans. Definition of terms:
a) Vibration (or) Oscillation: '
“One complete round tip of a vibrating body is called vrbratlon
b) Time Period:
“The time required for the completion of one round trip is called
time period.”
c) Frequency:
~ “The number of vrbratrons completed by a vibrating body |n one
second is called frequency.”
d) Displacement:

“The distance covered by a vibrating body on elther side of the 5

mean position is called displacement. It is denoted by ‘x'.”
e) Amplitude:

“The maximum displacement covered by a vibrating body on either §

side of the mean position is called amphtude It is denoted by* x,’."

HV Harmonic Motion & Waves l 2

— ! Harmonic Motion & Waves ' l

Q3. Define simple harmonic motion (S.H.M) with examples. Describe
its characteristics?
Ans. Simple Harmonic motion:

“The type of periodic motion in which acceleratlon is directly
proportional to displacement from the mean position and always directed
toward the mean position is called simple harmomc motion (S.H.M).
Examples:

i. -Motion of the bob of simple pendulum.
ii. Motion of mass attached W|th spnng
Characteristics:
The characteristics of simple harmonic motion are as follows.
i. -In S.H.M, the body oscillates about its mean position.
ii. In S.H.M, the acceleration of the body is directly proportional {o
" displacement from the mean position and directed toward the mean
_ position& directed toward the mean position i.e. @’ « %.
iii. In S.H.M restoring force is always acting upon the body.
iv. The restoring force and acceleration are Maximum at extreme
- position and zero at mean position.
~'v. The velocity and K.E are maximum at the mean position and zero
at extreme position. ’

vi. Potential energy is maximum at extreme position and zero at the
mean position.

Q 4. Show that the motlon of mass attached with spring execute
S.H.M. Describe its characterlstlcs‘?
Ans. Definition:

“The type of periodic motion in which acceleration is directly
proportional to displacement form the mean position and always directed

toward the mean position is called simple harmonic motion (S.H.M).
Mathematically:

dox—x
Proof: ‘

T_o show that the motion of mass attached with Spnng is S.H.M, let
us consider mass “m” is attached to one end of the spring as shown in the

figure.

A
A
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“m” i ing is stretched by some

If the mass ‘m” attached with the spring is S ed by
external force (Fe) downward and then released It,“{\’v\,aSS' m W|||»Start.
oscillation between two extreme positions “A” and "A” about the mean

—

position “O” under elastic restoring force (F,).
According to Newton's 2" law;
External Applied Force =ma ,
= Fe=ma----- (a)
According to hook’s law;
Restoring Force =Kx
= F=Kx : (b)

Since external applied force and reétoring force are equal in 1

magnitude but opposite in direction; therefore,

. F.=-F,
B Md= - K% -
= da=- Kx

o ko
= 4= —

m —_

= d = —(const) %

d o —%

The oscillations of mass attached with spring execute S.H.M.
Characteristic: : :

The characteristic of S.H.M of mass attached to a spring are as

follows. ‘

i. In S.H.M of mass “m” attached to a spring, mass “m” oscillates '

about the mean position “O” under elastic restoring force:

ii. The acceleration of mass attach with spring is d_irectly proportional
to displacement from the mean position and directed toward fthe 1

mean position i.e. @’ « %.

ii. The acceleration and restoring force are ,‘maximum at extreme. !

position and zero at the mean position. o : v
iv. The velocity and K.E is maximum at the mean position and zero at
extreme position. - -
v. The P.E is maximum at the extreme position and zero at mean
position. \ ’ ; §
vi.The time period of mass attached with spring is given by the
. relation; .

_n_ |m
T—ZIIJ;

_1 [k

¢ 2m\m

nw. [-Harmonic Motion & Waves ‘ |

Ls’hams Notesq n
Q.5. What is simple pendulum?
Ans. Simple pendulum:

“An ideal pendulum consists of a small heavy bob of mass ‘m'
suspended by a light string of length ‘L’ fixed with a frictionless support.”
Motion of a simple pendulum is SHM:

~Consider-an object of mass ‘m' attached with .one end of a light
string of length 'L’ as shown in Fig.
Length of pendulum: . C

Length of the pendulum ‘L’ is the
distance: between the point of suspension
and the center of the Bob, .when the
pendulum is at Equilibrium position ‘O, the
net force onthe bob is zero and the bob is
stationary. .

Now if we bring the bob to extreme
position A, The net force is not zero as B
shown in fig. \ @ _
Component of weight: ‘ - w=mg 96

Weight of the pendulum can be resolved into two components
mgcosf and-mgsin@ as shown in fig.

@rmonié Motion & Waves

Suspension point

Q.6. Define simple Harmonic motion (SHM)? What are necessary
conditions for a body to execute simple harmonic motion.
Ans. Definition: a ,

“Simple harmonic motion occurs when the net force is proportional
to the displacemerit form the equilibrium position and is always directed
toward the equilibrium position.” OR

When an object oscillates about mean position, its acceleration is
directly proportional to its displacement from mean position and is always
directed towards mean position. Its motion is called simple harmonic

. motion (SHM).

Requirement of SHM: ' o
There are two requirements for oscillations
i. Oscillating system has restoring force. .
* ii.Oscillating system has inertia.
Necessary conditions for SHM: -
There are four main conditions which are necessary for a system

S executing SHM.
vii. The frequency of mass attached with spring is given by the relation;

« The oscillating system must have inertia.

« The oscillating system must obey the Hooke's law.

» The oscillating system must have elastic restoring force.
¢ The system should be frictionless. =

.

I
-
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Tension in the string:

Third force in this case is the
Tension “T" in the string as shown In.
“figure, which is acting toward the suppqrt
i.e. mgcosd and T are equal and opposite
_to each other,So they cancelled the effect
of each otheri.e.,
mgcose=T ]
Hence there is no motion along this
direction. , ‘
Restoring force and acceleration:

Suspension point *

The component of the weight
mgsing is directed towards the mean w=mg ‘
position and acts as a restoring force. Due to this force the bob will start*
moving toward ‘O’ and its speed becomes maximum at ‘O’ mean position. |
Due to inertia bob does not stop at ‘O’ rather it continues to move towards
the extreme position ‘B’. During its motion toward ‘B’ its speed decr'e,ases“f}‘i
due to restoring force and finally it comes to rest when it reaches the poin_t;fg
The restoring force mgsin® still acts toward the mean position ‘0’ and due
to this force the bob again starts moving toward mean position ‘O’.. ¥
Hence only the restoring force mgsing is responsible for “to and fro}
motion”of simple pendulum. So, the restoring force for the C |
bob is given as: ' N

F = —mgsing--------—---- "
* Negative sign show that force is directed towards
the mean position ‘0’ Also we know that: _ .
F=ma (2) -
Comparing (1) and (2), we get, -
: © ma= —-mgsinf
= 'élﬁ— = —gsinf
= a = —gSinf-----—-=-m--=== -3)
From fig, Sing=- .
- 8o, equation (3) becomes,
. ag¥'X.
= a—-g: . |
= =-—L X ‘ 7 . )
= - (constant)x - [ _E = constam]

a X —Xx

' mgcos@

i
&
oy
2

g-uams Notes ] - ' barmonic Motion & Waveﬂ

It is clear from above relation that, the acceleration of bob |
: nat, tion of the bob is
also directed towards the mean position as the restori
o posiion O ‘ storing force acts toward
Important points:
. Speed of the bob decreases when it moves from mean position ‘O’ to

extreme pqsition’ ‘A’ and ‘B’ and increases when it moves toward
mean position ‘O’ due to restoring force.

ii. Acceleration of the bob is directed toward the mean position ‘O’.

Q7. Show that the tilﬁe period of sirﬁple pendulum is equal to \F?
. ‘ g

Ans. Time period of simple pendulum:

Time period of the simple pendulum is given by the following
Formula. o : '

. T =.2n \E.
This ¢an be derived by using the cbncept of acceleration and tirﬁ  peri
of the body performing SHM. - © period
V- R ™
For simple pendulum having SHM.
[1]»

Comparing (1) and (2)

@)

= -wlx=— [%]x
= w?=E
!
= V2 = g
l

=

i Time period SHM can be expressed as,

21

T== (4)
o T = 2n

Te
l
Putting eq.(3) in eq.(4)

l

= T=ZTIJ:
N g.

Downloaded from awazeingilab.com
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KR e |

Dependence of Time period: o ‘ .
epTime period of the simple pendulum depend upon the:

i. Length of the pehdulum 0
i. Gravitational acceleration (g).

Note:

Time period of the pendulum is independent qf its mass ang
amplitude.

Type of Mechanical Waves:

Transverse Waves

Longitudinal waves

“The type ‘of mechanical|“The type of mechanical waveé in
waves in which the particles of | which the particles of the medium
the medium -vibrate | vibrate parallel to the direction of v

perpendicular to the direction
of propagation of waves is
known as transverse wave".

propagation of wave is known as
longitudinal wave”. )

Q8. Prove that V=fa? , )
Ans. Since we know that the distance covered by a wave in one

oscillation is equal to its wavelength"A"and the time required to complete‘

Examples:
Water waves, waves
produced in stretched string.

Examples:
Sound waves, waves produced in
long helical spring.

one oscillation is called time period “T"." -

Now we know that; ) i 3
=3 o
t
> S=Utoi. (‘1)
Put S=1and t=T, in equation (1) , | *
= - A=VT
1 =1
= A=VxEo (em=3) :
V=i . - B |

Hence ydur required is proved.

Transverse wave consists of
Crest and trough.

Crest: :

The portion of transverse

wave above the mean position’

is called crest”.-
Trough:

The portion of transverse
wave below the mean position
is called trough.” '

Longitudinal wave consists of

.| compression and rarefaction.

Compression:

The portion of longitudinal wave
where particles of medium are more
crowded is called compression.
Rarefaction: :

The portion of longitudinal wave
where particles of medium are less
crowded is called rarefaction.

Q9. What is wave motion? How waves can be categorized? _
Ans. Wave: _ o . 1
“A source of transferring energy from one place to another placg is

called wave”.

Type of waves: : ' R
- Waves are mainly classified in to three categories; .

i) Mechanical Waves: .

The distance between two
consecutive  crests  (or)
troughs is called wave ‘length
erest . k_ .

a

Trough

The  distance between two
consecutive compression (or)
rarefactions is called wave length
().

AOA (——;\.—)

B AT
AR

_Reflection Compression

“The type of wave which required a material- medium for‘i’ts‘: »

propagation is called mechanical wave”.
Example: . . ‘

Q10. Discuss generation and
Ans. Water waves:

Sound waves, water waves etc.
i) Electro — magnetic waves: R .
Those waves which do not require a material medium for:its
propagation are called electromagnetic waves. : ‘ ,
Examples:
X-rays, radio waves, light waves etc.
iii) Matter waves / particle waves: _
Those waves which are associated with small particles suc
electron, proton and neutron are known as particles waves.

n

Downloaded from

propagation of water waves?

Water wave is an example of transverse waves in which pa?ticles of

_:h'e medium vjbrate perpendicular to the direction of motion of wave.
aeneration and propagation of water waves:

When' a stone is dropped in a water tank, circular wave are

droduced called water waves.

Water waves propagate from the point of disturbance in all

1
awazeingilab.com

girections in the form of concentric circles. The water molecules moves up
h asAnd down, while the waves propagates in all directions from the point
Histurbance, perpendicular to the direction of vibration of water molecules.
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Working:
Waves can be prod in the ri o )
different ways. produced in ihe ripple tank by disturbing the water in
When waves are produced, the crests converges the light and forrh

bright bands on the screen, while-the tr i i
N e o e o orer oughs diverge the light and form

N Stone

Q 11. Discuss quantitative characteristics of waves? e _ ' . Barrier

Ans. Quantitative characteristics of wave: 1 Screen
Quantitative characteristics of wave are as follows. | AN

i. Wave length: , e ]
“The distance covered by-a wave in oneé time period “T" is called | |

wave length. It is denoted by (A) \ _ . L

ii. Time period: ‘ |
“The time during a single wave passes through a certain point is’

called time period. It is denoted by “T". , : g

Screen

o
'

iii. Frequency: : - o o Demonstration of the properties of w. :
"“The number of waves passing. through a certain point in one,"- The following properties ofwavei:\;ist;e demonstrated with the hel
: P

second is called frequency. Time period and frequency are reciprocal of: of ripple tank. -

X 1 : X o
one another ie. T:— i. Reflection of waves.

iv. Amplitude 4 ' . & - ii. Refraction of waves
iv. Ampuice: ' . . ~ 1 il Diffracti

“The maximum displacement of the particle of the medium fromthel ;.o rf(é“rZ::; X\{‘i‘/‘\’/‘;? _
equilibrium position, when wave passes over it, is called amplitude. - i Reflection of waves: ves.

v. Velocity of waves: ‘ o R "The bounci '
“The displacement covered by a wave in unit time is called velocity/ yith the boundary g}ga: :t(r:\';ror;;jai:;sisinc;nee dsr:rf?:ctr'nedilf”\?v after striking
' : mediur _ flection of Waves.

of wave. Mathematically: | | Demonstration;

— Reflection ph ‘ . i

7= . phenomena can be demonstrated with the help of ri
v | | | ’Itg;l;:rﬂ w:\?gwsgo?r\mhl U{)nght.obst{acle in the water tray of ripple Ft)ank.nerﬂ:
Q 12: What is ripple tank? Using ripple tank and explain the same medium (Wate?)earssst;:l;ilr\:l;’:\ht;hefObStaCIe e reflectback n to the
properties of waves? | : : . ‘ T

Ans. Ripple Tank: ' - 1
“A device which is used to study the various properties of waves

=1lwni

produced on the surface of water is called ripple tank”. , o “” \ eStraight Incident Refectnd|
Construction: ‘ » -4 ncldent P\ Barrier

A ripple tank consists of a rectangular water tray fitted \A{lthi Waves H” ’
transparent glass bottom. A light bulb is fixed above the tray and a viewing 4

screen is placed below the tray.
. Normal .

Reflected wave

E

Downloaded from awazeingilab.com
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ii. Refraction of Waves.

v l

called refraction of Waves.

' ge_IIl@‘—__-'s;thr:ﬂr(::'%action of waves can be demonstrated with the help of

ripple tank by placing a glass sheet in the bottom of the [;Na;ira 'ilr;x :rf w;;:g |
i [ i in to two parts ‘
so the water in the tray Is splitted in .
t(?ir;b:\’ser medium) and deeper water (rare medium). we shall observr? that
when waves from deeper water enter to the shallowe( water., the c rangeA
in speed as well as direction of waves occur as shown in the figure.

i

Deep Shallo
Water Water

iii. Diffraction of Waves: v o ,
“The bending of waves across the edges of the opening of the

obstacles is called diffraction of waves. When Waves passing through an Q
opening whose diameter is equal (or) less than the wavelerjgth of the
waves ie d <1, then the Waves bend »around the opening of the .-

obstacle.

Demonstration: - '
Diffraction phenomena of Waves can be ‘ h th

help of ripple tank by placing two straight rods with a small opening in

between them as shown in the figure. o

Narrow Opening ® Diffracted wave -

Downloaded from

demonstrated with the

T"ss&-':g‘cmu, PR T
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vi. Interference of Waves: '
“The Combined effect of two \Waves at the region of over lapping ‘s

Called interference”

Type of interference:

There are two types of interference

TR ]

i i. Conctructive interference

ii. Desiructive.Interference
i. Constructive interference:
‘When two Waves arrive at the same place, at the same time an. 'n
the same phase then they re-inforce each other, such type of interfere: « 3
is known as constructive interference. “OR”
When crest of one Wave meets with the crest of other wave, they
re-inforce each other and the amplitude of resultant wave is greater then

' either of the individual Waves, such type of interference is caile:l
. constructive interference. - -

| ii. Destructive interference: _
When two waves arrive at the same place, at the same time but out

4 of phase, then they cancel the effect of each, such type of interference is

* known as destructive interference. “OR”

y “When crest of one Wave meets with the trough of other wave, the'
- cancel the effect of each other and the amplitudes of resultant wave it
| less than either of the individual waves. )

' Demonstration:

, _ Interference phenomena can be demonstrated with the help cf
ripple tank, when two identical balls with the rod of vibrator touches t1:

=

- water surface periodically. The interfarence pattern obtained is show 1 in
figure. ’

awazeingilab.com
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I XAMPLE | : ' Solution:

l £ § Given Data:

Example10.1: o . Lo . Spring constant =K=20N/m
pWha\t is the frequency of oscillation if the time period is 20msec? . Time period=T=2.0Sec
Solution: . Rggunre‘d: y )
Given Data: e A ass =m=
Time period=T=20msec=20 x 10 3Sec Calculations:
Required: . ’ ‘;_‘ We know that;
Frequency of oscillation=f=7 | v ~
Calculation: » ‘ | ‘ T=2n |~
We know that; - 1 - . N Taking square of both sides;
f = F ‘ _ TZ — 47.[2 _’S
1 ‘ ‘ ] _— ) o
= f= 20%10-3 . ) Putting value, we get; by oy
= f =0.05x% 103Hz : . = =2 )
g 4(3.14)2
f = 50Hz ! . (4)(20)
. = 3
Conclusion: (4)(9.86)

Hence, frequency of oscillation is 50Hz. m = 2.02kg = 2kg

Conclusion:

s
B PSEme L

Example 10.2: _ o . Hence, the mass of a vertical mass spring system is 2kg.
A spring has a spring constant of 48 N/m. Th|§ spring is pulled to a & o
distance of 55cm from equilibrium. What is the restoring forqe? » Example: 10.4: i
Solution: ’ . g Determine the magnitude of the restoring force for a pendulum bob
Given Data: : . of mass 100g that has been pulled to an angle 10°from the vertical.
' Spring constant =k=48N /m : ‘ Solution:
: Displacement = x = 55¢cm = 0.55m Given Data: s
Required: : _ Mass= m = 100g = 0.1kg
Restoring Force= F =? ‘ - : " g ‘ Acceleration due to gravity=g=9.8m/sec2
We know that: : . Angle=6=10° .
F=—kx . . Required: .
Putting values, we get; Wi : ' Caloutai Restoring force= Frest=?
_ alculation: :
= = —(48)(0.55) | - We know that:
= F=-264N ' — ;
i toring force is directed © Frest= -mg sin 6
Where the —ve Sign shows that the restoring fo | Putting values, we get:
toward the mean position. : SN F, .
. ‘ (rest)= —(0.1)(9.8)Sin10°

Conclusion:
Hence; the restoring force is 26.4 N [left]. ‘ | . ™ Faest)=-(098)(0.17)

S _ i it ] Firest)= -0.167n
Example 10.3: What is the mass of a vertical mass-Spring system | ! - Conclusion:
oscillates with a period of 2.0 Sec and has a spring constant of 20.0 N /m The magnitude of restoring force acting on the pendulum is 0.167N.

pLIUEREED

e ——

£
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- ' | : Assignment
E“mp\‘;:\:t?s the gravitational field strength on planet mercury, if 2 0.5m ' gnmen .
endulum swings with a period of 2.30Sec? : , A33|gnments‘10.1:_ _ ‘
penauium SV : When an object oscillates with a frequency of 0.5 HZ, what is its
g?\:::oga.ta' time period? .
= Time ptriod=T = 2.35ec SQIutlon:
Length=1 = 0.5m Given Data: ‘ 7
Required: ~ ' Frequency = f=.0.5 HZ
Gravitational Field strength =g=? ] Required: .
Calculations: o | Time Period =T = ?
e know that; | ‘ | Calculations:
' 1 o S | We know that;
= - ‘ ' : =1
T=2n \I; ‘ = | _ | | f = :
Squaring both sides; - ‘ . = T = :
T2 = 41 i\ Putting value of 'f', we get;
Isolating “g", we get ‘ : , | > T= E
solating 'g", i . 1, | e e
= 9=7= - Calgulation: Hence;
_ 4(3.14)%(0.5) . » ' Time p&riod = T = 2 Sec:
= T (232 - Assignment 10.2: '
3.73m _ ! Determine the restoring force of a spring displaced 1.5m, with the
-— = n Y . s
' = secz= = 373N/kg [down] L spring constant of 30.0N/m.
Conclusion: ' , . Calculations:
- The gravitational field strength on planet mercury is 3.73N/kg. " Given Data: .

Example10.6: . ‘ |
A student vibrates the end of a spring at 2.6HZ. This produces a |
wave with a wavelength of 0.37m. Calculate the speed of the Wave.

Displacement= x = 1.5m
Spring constant = k = 30.0% ,

. Required:
Solution: . , : ! Restoring Force = F,,, =?
Given Data: ' , Calculation:

Frequency= f = 2.6 Hz

We know that;
Wavelength = 2 = 0.37m ' Frou= ki
Required: . Putting values, we get;
Speed = v =? 4 3 Free = (30.0)(1.5)
Calculations: ' ' F..o = —45N
We know that : ; ey s o -
i’ -2 : The —ve sign shows that the restorpng_ force is directed toward the meant position.
Putting value ' - Assignment 10.3:
=V =(26)(037) . A body of mass 0.2kg is attached to a spring placed on a friction
V =0.962mSec™! : .. less horizontal surface. The spring constant of spring is 4N/m. Find the
Conclusion: : - time period of oscillating mass spring system.
Hence speed of the Wave V (s 0.962m/sec :

_ 4
- ' £
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Solution;
Given Data:
Mass= m = 0.2kg
Spring constant = k = 4N /m
Required:
Time period= T =?
Calculations: We know that;

m
T=27IJ;

i
Putting value, we get; %
= T=628X% J?Tz ’
= T = 6.28 X V0.05
= T = 6.28 x 0.22
T = 1.38Sec

Conclusion: _ - _
Hence, the time period of oscillating mass-spring system is 1.38Sec.

Assignment10.4: . L
At what angle must a pendulum be displaced to create a restormg'

force of 4N on bob with a mass of 600g?

~ Solution:
Given Data: _
Restoring Force = Fyes = 4N

Mass = m = 600gm = 0.6kg
Required: _
Angle = 6 =? R |
Calculations: o : '
We know that;
) Frose = mgsinf
= Sing = Test
mg4
= Sinf = 05x08)
= Sind = 0.816
= 6 = Sin~1(0.816)
"0 =54.6°

Conclusion: Hence;
~ Angle = 8 = 54.6°
Assignment10.5: v
What is the gravitational field /
at an altitude of 8954 m, if a pendulum with a length of 1m has a period 0%
2.01Sec? _ @

o

Downloaded from
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strength at the top of Mount Everest
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Solution:
Given Data:

Length=1 = 1m

Time period =T = 2.015ec
Required: v

Gravitational field strength = g =?
Calculations: :

We know that;

= T? = 4x?
g
__an?l
= 9==

Putting value, we get;
- 4((3.14)%(1)
T (201)2
g=9.76N/kg

Gravitational field strength = g = 9.76 N/kg

Assignment10.6:

A sound of Wavelength1.7 x 107*m. Calculate the frequency of -

" sound if it velocity is 343.4m/sec.
. Solution: - '
Given Data:

Wavelength==A=1.7 x 10~2m
Speed of sound = V = 343.45l
ec

R Required:

. Frequency = f =7
Calculations: .

We know that;
V=FA
| f=5
Putting values, we get;
R f= 3434 .
1.7x10°2
5 f=Eg
= f=202x10°
f=202x10*Hz
Conclusion:

Hence, Frequency = f = 2.02 X 10*Hz

. o=
awazeingilab.com
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© Choose the correct answer for each

i A transverse wave on a st

i, An object of mass ™

iv. A car mounted on shock absorbers is like a mass on a spring. If we

. If the pendulum completes exactly 12 cycles in 2.0min, what is the

of the following;

2 string has an Amplitude. A tiny spot on the

i Comd he e ~un e fthe wave nasses by, what s the
string is colored rad Ac Hne Sve s L e |

tota! distance traver o 3V

A o= 4 d. 4A
a. A & ~ 2 o . ;
i Which of the following cces not aficst the period of the mass-spring :1
system. _ . r;;
a. Mass B

b. spring consiant | |
c. Amplitude of Vb . l
d. Allof above 572 o »

S ot e suing . To double
T mass

c. 4m

the period . replace

a 2m 5 iz d. mi4

ignore damping, how wil the frequency of the oscillations change if
passengers (or a heavy ioad) are adced to the car? The frequency
will

a. Increase

c. stay the same

b. decrease
- d. be zero

frequency of the pendulum?

a. 0.10Hz . b. 017 Hz c 60Hz ~ d 10Hz
i. A certain penduinm has 20 When the iron bob is replaced
1 1 !} PAES! J S PN NN = TaT eV I
with lead bob of the same <ize, 'z Ime Denct Wil

.. Awave transporis , :

by, decrease
¢. be zero

a. Increase
c. stay the same

a. Energy but ne matier "o matter but no energy-

-minimum at the extreme position.

] .
1/ d 7 [C/;‘ it

' Shams Notes | //n. ¢ ., Harmonic Motion&wave:]

Conceptual Question

Q1. Is every oscillatory motion simple harmonic? Give Examples.
Ans. No, it is not necessary for an oscillatory motion to be simple
harmonic. For SHM, the following conditions must be satisfied by the
oscillatory motion.
i. The acceleration of an oscillating body must be directly proportional
to displacement from the mean position.
ii. The acceleration must be directed toward the mean position.
Conclusion:
- Thus, every SHM is oscillatory motion but every oscillatory motion
is not a SHM. _
Q2. For a particle with simple harmonic motion, at what point of the
motion does the velocity attain maximum magnitude? Minimum
magnitude? '

-Ans. Maximum magnitude of Velocity:

~ For a particle executing SHM, the magnitude of velocity become
maximum at the mean position.

Minimum magnitude of velocity:

For a particle executing SHM, the magnitude of velocity become
Q3. Is the restoring force on a mass attached to spring in simple
harmonic motion ever Zero? If so, Where?
Ans. Restoring force on a mass attached to spring: yes, the restoring
force in SHM becomes zero at the mean pesition.

According to Hook'’s law,

F= —ki W\
At mean position x = 0 o N
Therefore, . : s
Eq:(1)F = —k(0) ~

, F=0
Hence the restoring force becomes zero at the mean position.

@4. If we shorten the string of a pendulum to half its original length,
What is the effect on its time period and frequency?

Ans. Effect on time period:

c. both energy and matie: 4o ' . We know that.
The bending of wave ‘ : z

a  Reflecticn 3 T= ;Zn'J; (1)

¢ b chion a Now if we shorten the string of a pendulum to half its original length
4 ie. =1 then,
3 2
:

b

Downloaded from awazeingilab.com
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\ F . - R

l

= T =2m |-
Ji .,'_L)
= T:: n\}z; A ( =7
- [ I—— (2)
= —\5[211\[:

Putting eq(1) in eq(g) we get, . -
7= =

) L if we shorten the string |
V2 5

The time period will decrease by a factor

of a pendulum to half its original length.
Effect on frequency: '
g

We know that;
f=

1

2n

)

, . . ;. th |

. rten the string of a pendulum to half of its originals length, | ‘ . |
v e e ’ : . person stands up on the swing |.e. the center of gravity of the person rises
+up. The frequency of oscillation is inversely proportional to the square root

{

'i.e,l’=2—,then.'
N }cziz_g

_ﬁ[i

2m

Q] (2)

!

Put equation (1) in equation (2), we get;
Equation (2) fzx/ff I

The frequency will increases by factor V2, if we shorten the_ string © |

pendulum to half of its original length. ' :

Q5. A thin rope hangs from dark high tower so that its upper en’dA IS
not visible. How can the length of rope be determined? _

Ans. The length of wire hangs from dark high tower can be determined by =
connecting the metallic bob at its lower end, so that the arrangem'ef}t I
becomes like a simple pendulum. The time period of simple pendulum 1S
given,

o

m Earmonic Motion & waves

Shams Notes

=2m |- .
N N
! S v
= T?=4n%- 3
g
gT?

=
2

s
Knowing the values of “g"” and “T"
determined.
Q6. Suppose you stand on a swing instead of sitting on it. Will your
[frequency of oscillation increase (or) decrease?
Ans. The swing may be considered as a simple pendulum. The frequency

the length of the wire can be

~ of simple pendulum (Swing) is given by;

g

f ----------------- (1)

1
f_ﬁz

Where L= length of simple pendulum-(swing) (Or) L= distance between

: point of suspension and center of gravity of the person on swing.

Thus™ the length of simple pendulum (swing) decreases as the

of the length of the pendulum (swing), So, frequency of oscillation

increases when a person stands on a swing instead of sitting on it.

Q7. Explain the difference between the speed of a transverse wave

travelling along a cord and the speed of a tiny colored part of the
- cord.

Ans. Transverse waves are those in which particles of the medium vibrate

perpendicular (right angle) to the direction of propagation of wave motion.

Consider a cord having a coloured tiny part as shown in the
A .

AN

‘Coloured Point

=3

V — Speed

ANANNANNNANNNN

v

., -If we move our hand up and down transverse waves are produced
moving .in the forward direction. Thus transverse waves move in the
forward direction while the tiny colored part of the string moves up and
down. ‘

i
o
.
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Q8. Why waves refract atthe boundary ©

Ans. Refracticn:
The change in speed

from one medium 1o another is called refraction.

In refraction. the change occurs in spee
The speed of a wave depends on

Waves travel fast in deep water as compare to shallow water.

Thus when waves are transmitted from deep water in to shallow
d as a result the change in &

water, its speed and wavelength decreases an

direction of waves ~cour which is called refractior of waves.

Q9. What is the effect on diffraction if the opening is made small?
Ans, Diffraction: : :

The bending (or) spreading of waves around the sharp edges (or) 5

corners of the onening of the obstacles is called diffraction. of waves.
Size of the cponing in an obstacle: :

The amoun: of bending of waves depends on the relative size o

the wave.ength of the wave and size of the opening in an obstacle.
Diffraction through large slit. . ‘ )

If the opening is much larger than the wavelength, then very less;

bending of waves occurs.
Diffraction through small slit:

If the opening is equal (or) smaller than the wa\ielength i.e, d<i, i
then a considerable bending of waves occur. Thus, the wave bends more |

and more if the opening is made small.

Numerical Problems

P1. A man hung from a spring vibrates 15 times in 12sec. Calculate
(a) The frequency and  (b) the time period of the vibration. ‘
Solution:
Given Data: ) )
Number of vibrations =N=15
Time for 15 vibrations =t=12sec
Required -
(a)Frequency =f=?
(b) Time period =T=?
Calculations:
(a) Frequency = f =?
We know that,

f:

==

f shallow and deep Vyate? A

as well as direction of waves as they pasg

d and wavelength qf waves,
the medium through which it travels,

Il b
&hams Notes |
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_Harmoni
Putting value we get e
' f=1.25Hz
(b) Time period =T=?

We know that,

= = -

] !

b , ~ T=0.8sec
-1 Conclusion: Hence,

(a) Frequency =f=1 24Hz
(b) Time period =7- i
- P2. A spring requires a force of 10011t compress i 1 -
. 4cm.What is its spring constant? '
¢ Solution: : '

i Given Data;

Force =F=100N

. Displacement =y=4cm=0.04m
i Required: ‘
f

Spring constant =k="?
Calculation: )

We know that,
; F=k x k==
- 4 . A
-+ Putting value we get, ‘
= :ﬂ
0.04

| = k=2500N/m
N, "k =2.5x 103Nm~!
. Conclusion: Hence,

+ Spring constant = & =7 = 1 o5

P3:A second péndulum‘ is @ pendulum with teroc -~

must a second pendulum be on the earth (@=9.81m s M-

frequgncy of second pendulum at earth and or ~an~"

. Solution: : < ‘

- Given data:

: Time period of second vencuur- " =2se-
Acceleration due to gravity on Earth = G.=¢
Arnceleratine & - n T

8

_‘
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Putting values, we get,

Required: -] =
(a) Length of pendulum at earth _Ee ?_') 1 9.8
(b) Length of pendulum on moon =L, =" = Je=3mim5%s
(c) Frequency at Earth =fe= 3.146
(d) Frequency at Moon =f=2 = fe- 6.28 -
Calculation: f.-0.5Hz
=] =7? s '
(a) Length of pendulum at Earth=L,=* (iv) The Frequency of pendulum at Moon=f,, =?
We know that; We know that, : :
T=27IJ:IZ f, — [
. o t ) \ . Mm=2n I
Taking square of both sides we get, . S .
We know that, 1 : Putting value, we get,
, T2l=47? = ' _ 1 _@IRZ
= i Je = ﬁ”-"—‘z(;s,m) 0.16
e 3.18
= l,= . = fin =——
. ¢ 4n? m 628
Putting values, we get fn = 0.5Hz
(2)? x9.8 o ‘ : -
- p = & P4: Calculate the period and frequency of a propeller on a plane if it
: ‘;(93'21-4) i completes 250cycles in 5.0sec. '
= l,=— # Solution: R
, | = (3)93‘3771 ¢ Givendata; - o . :
o e — . ‘Number of cycle=N= 250cycles
(b) Length of pendulum on moon =1,,=7 \ Time for 250cycle=t-5sec -
We know that, : ‘ ¢ Required: :
I ! (a)Frequency = f =7
T=2TT . % Calculations: We know that
Taking square of both sides , f= %
T 2z gg2im Putting value we get
m gm o 250
| =Tn’g ; f=%
= m a2 z .=  f=50Hz
o = @rxae) 4 (b) Time period =T=?
m 4(3.14)2 % - Weknow that ,
. _648 : . 1
= Mm~39.44 A T_f
m=0.61m o o T=L
’ -_— _—_7 > 50
(c) Frequency of pendulum at Earth= fe =1 _
We know that, =2 T= 0.02sec
) Conclusion: Hence
for — ge (a) Frequency = f = 50Hz
2m ] le .(b) Time period =T= 0.02sec
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—h 2.8m produced in a ripple tank; travel
ength ’f)requency of the straight vibrator

iShams Notes .

P5: Water wave with wavel '
with a speed of 3.80 m/Sec. what is the

that produced them?

Solution:
Given Data:
Wave length = 1 =2.8m
Speed wave = v =3.80m/sec
Required: : S
Frequency of vibrator = f =?
‘Calculation: :
We know that;
= v=f
= f= v
%80
f= 136Hz

Conclusions: Hence; :
Frequency of vibrator=1.36Hz

P6: The distance between successive crests in a series of water waves is

4.0m, and the crests travel 9.0m in 4.5sec. What is the frequency of the §-

waves?
Solution:
Given data: .
- Wavelength =A = 4m
Distance =S=9m
Time=T=4.5 Sec
s 9 2m
Speed=v == = — = ——
t 4.5 sec
Required: ’

Frequency of waves = f =7
Calgulation: We know that;

v=fA |
= f= ;\—’- :
Putting value, we get;
= [ =:=05Hz

.Conclusion: Hence, )
Frequency of waves = f = 0.5Hz .

B ates

Conclusion: Hence,

Shams Notes | m u-larmonic Motion & waves ]

P7: A station broadcast an AM wave whose frequency is 1230x 103Hz

(1230 KHz on the dial) and an FM radio ,waves whose frequency is

91.910°Hz (91.6MHz on dial). Find the distance between adjacent crests
in each wave. .

Solution:
Given data:

fram =1230x10%Hz
_ f(F.M) =1230 x 103Hz
Speed of radio waves= v = ¢ =3x 10®8m/sec

Required: . : , .
Distance between adjacent crests in‘each case i.e,

(@). A\ am="? ‘and

(B) Army=?
Calculation:.

- (a) ForA.M waves:

We know that;
v=fA
C=fram Xam
‘, .
fam B
; 3x108
= =2
Acamy 1230x103
A(A_M)=2_.44>< 10%m
(b) For F.M waves:
We know that,

= }\(AM) =

N

c -

fiem
_ 3x10°%

Ay " 91.9x106
Aeany = 0.0326

Army =

o=

, fram = 3.26m
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Q1. What is sound? How it is produced, transmitted and received?

Ans.Sound: v ,
. The stimulus due to a sounding body capable of producing

" Major Concepts _ ' nd
» Howsoundss proauce(tjédnature o sound sensation of hearing is called sound.
e How sound is propagated. ) N i ic Sound is a form of energy that travels through a medium in the form
_ . itch, quality, music ‘ gy g
« Characteristics of sound: loudness, intensity, P a -3 of{ longitudinal (or) compressional waves. When sound fall on ear
and noise. ) i+ and formula v ji membrane it produces a sensation of hearing.
« Intensity sound level, its unit and 1o A - Generation of sound: _
o Echo; speed of sound. ¢ i , | ) Three things are necessary for the generation of sound.
« Noise pollution, importance of acoustlics. : K ©i\Vibrating body.
e Audible frequency range. it. Transmitting medium.
und, uses of ultra sound. 3 iii.Hearing device.
o Ultrasound, ; ! ¢
e Solution of problems. L. Vibrating body: : ‘
- A vibrating body produces sound, therefore it is mqst. As the body
B & vibrates it does work on the particles of the medium and set them in to
Y *  vibration.

AN * - ll._Transmitting medium:

3 § The vibrating body does work on the particles of the medium and
W% %Y = setthem in to oscillations. Thus the vibrating body supplies the energy of
T Y A \‘i:i S its vibrations to the particles of-the' medium transmits this energy from the
wooR ) : S ~ source to the receiver by means of alternate compression and rarefaction.
A y vt oo - Il Hearing Device: ‘ ‘
I BESES EEEE NE “’? . ? 4 A device which can detect sound waves is known as hearing device
; (or) receiver. The human ear is the best receiver of sound waves, which
converts the sound waves in to sensation of hearing.
Y : Beside the human ears other mechanical and electrical devices
PR S A have been made to detect and analyze the sound waves.
’ A Wheri t~e sound waves fall on ear. the energy of sound set the ear
-membrane of wic ear in to vibrations. As ear 's connected with brain,
therefore hearirg, of sound occurs.
Q2.Define the terms loudness, intensity, pitch and quality of sound.
- Explain each term by giving examples? .
Ans. In fact there are few fundamental characteristic of <> ind ov +~2ans
of which we ean distinguis~ ore sound {rom ann~er snen L.oWwing are
the important characteristics of sound :
i. Loudness
ii. Intensity
‘ ‘ ‘ _ it Pitch N

L I

IV 11&8”{‘)/

\ 2
) Y .
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i.Loudness: . :
“The magnitude of auditory sensa

known as loudness.” “OR” A

“The characteristic of sound by Whiqh we
loud and faint sound is known as loudness”
Loudness directly depends upon intensity of sound.
ii. Intensity of sound:

The energy transmitted per unit time by sound wave through' unit &

tion produced by a sound g

can distinguish between 3§

Shams Notesj m
iii. Pitch of sound:

“The characteristic of sound by which a shrill sound is
from flat (or) grave sound is known as pitch of sound "
Explanation: :

_Thev pitch sound directly depends upon the frequency of sound
Greater the frequency of sound, higher will be the pitch of sound and it wili
be a shriller sound. ' :

For example:

distinguished

area plafced p:jerpendé:;lar. to the direction of propagation of wgves IS 38 S(;u’nd produce by birds. cats, children and women are of high
known of sound. “OR” : . pitch. While the sounds produce by dogs, frogs and men et
The power delivered by sound waves through pitch. , d g etc. are of low
intensity of sound. iv. Quality of sound: .
Mathematically; [ ~ The characteristic of sound by mean of which we can distinguish
= bg:tween two sounds of same pitch and loudness, but originating from
different instruments. Quality of sound depends on the resultant wave
form of individual sound waves.
' Example: ,
| The note played by piano is quite. different from the rote played by
| clarlnet. of same loudness and pitch. Because the wave form of clarinet -
sound is rich in harmonics and of higher quality than that of piano. The
wave form of clarinet and piano are given below. '

unit area is calleq

At
W/m?is the Sl unit of intensity of sound..
Factors on which intensity and Loudness Depends:
The intensity and loudness of sound depends on the following factors.
a) Amplitude of vibrating Body:
The increase in amplitude of vibrating body causes an increase in
intensity and loudness of sound. For example, A drum produces a Ioudi -

sound when its membrane is struck strongly while the sound is fai‘nt'

when the membrane is struck gently. Clarinet
b) Frequency of vibrating Body: : '
The increase in frequency of vibrating body also causes ani
increase in the loudness of sound. For example, the sound produce by: . Piano

a thin taut membrane of a drum is louder that the sound prod
thick loose membrane of a drum. ‘

c) Surface Area of vibrating body: v N
The increase in the surface area of the vibrating body causes an

increase in the loudness of sound. For example, a dhool produces a}
louder sound as compared with dhoolac. o
d) Distance between vibrating body and listener: S
The loudness of sound- also depends upon the distance from &
vibrating body. If the distance  between the source and listener:
decrease the loudness of sound increase: If the distance between the:
listener and sources increase then the loudness of sound decrease. '
" e) Direction of wind: ‘ ‘

uce by
: Q3 What is intensity level? Describe the decibels scale for the
¢ | Intensity of different sound levels?

Ans. Intensity level:

The difference between the loudness “L” of unknown sound and the
loudness “L,"of the faintest audible Sound is cailed the intensity level of
the unknown sound” ‘
Notation: .

Intensity level (or)
‘Mathematical formula:

B = long +(bel) -

. N , Iy
The loudness of sound is greater. when it travels in opposite (dB)

_ The loudr | greate s in opposité B =10log=-
direction of wind. But it seems faint if it-travels in opposite direction o ) Iy
- v . v Unit of intensity level:

wind. :
o , . , : £ The term intensity level was introduced by Alexander Graham Bell.
- Hence the unit of intensity level is derived from his name i.e. bel.

£
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sity level. Generally a small unit

‘ .
“bel’ is very large unit of inten
called decibel (dB) is used.

1bel=10db - ) .
The Ioudn:ss (L) of a sound is directly proportional to the logarithm
of intensity. ! '
L x logl
= L = (constant )logl
= L =klogl (1)

Where “k"is constant of pro
the faintest audible sound of intensity “l,"and
unknown-sound of intensity “I". ‘
Equation (1) can be written as; : : .
: LO:KlogIO ) (2)
Subtracting eq (2) from eq (1): .

' ' L — Ly =kiogr - Klogl,

“L" be the loudness of an.

1
= L —.Lo=klogl—
0
Sound level = K Logi

- 1
= f=Klog(;)

> pf=K log}l—' (- K=1)
= B = K log=(Bel)rrmrmmeme(3)
Since: 1Bel=10db. So eq(3) becomes; -
= f= 10log; (db)mmemrrmmmmmes (4) ‘

Thus by ‘using eq(4) we can construct a. scale for measuring the
intensity of sound. Such scale is known as “decibel scale. ‘

[ ‘Source . Intensiiy | Intensity
level (db)

[ Threshold of hearing ' 0

. Normal breathing - ) 10

' Average whisper at 2 m , _ 20

| Empty theatre ' ! 30

| Residential area at night i 40

| Quiet restaurant )

~.Two person conversation | 60 -
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Busy street traffic 70 107
Vacuum cleaner - 80 0%
Loud stereo in average room ; 90 103
[ Maximum level in concert hall (13" row) 100 | 107
.| Pneumatic chisel " - 110 T 107
Maximum level at some rock concerts - 120 | 10°
Propeller plane taking off ' L 130 10"
Threshold of pain [ 140 10%
Military jet taking off ] ' 150 10"
Wind tunnel . 160 | 10"
Instant perforation of the eardrum L1701 10" ]

Q 4. What is the speed of sound? . -

- f& Ans.Speed of sound: o N
i The speed of sound is defined as,

- . “The distance covered by the sound waves in unit time is
&  called speed of sound.” - ’

4 Mathematica! formula:

& s Distance

4 speed = ~——

o .- érnne -

! ‘ Or V= ,;

1 Sound, like all waves, travel at a cerain speed and has the

_'{: properties of fréquency and wavelength. At 20°%, the speed of sound in air

41 is 343im/sec. Sound can be transmitted through any medium-gas, liquid or

solid. - .

The speed of sound in Air:
: The speed of sound ir air depends upon the density of air and its
1 'compressibi!ity. As temperature increases, these properties change
- causing the speed of sound in air to increase with terriperature. At a

, : . - {- temperature of °c and a pressure of 101KPa (1atm pressure), the speed of
Table 11.2 : Logarithmic intensity levels and sound intensity: 4

sound in dry air is 331m/sec and for each 1°C rise in temperature, the
. Speed of sound increases approximately by 0.6 m/sec.

4 Mathematically: ;

LT V=E331+06T. (1)
- . If T=20°C, then. . :
' =  V=331+(0.6)(20)

= V=343 m/sec

We know that;. . _
‘ \/=f/ n(2)

awazeingilab.com
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is the same for all
und < For example, the sound produces by the ratting of heavy

Lrshams Notes

Equation (2)
frequencies. For e
wavelength is halve

implies that, the speed of sO
xample, if the frequency 0
d. so that the speed of souna

f a wave is doubled, its
“\/" stays the same.

machinery and buses in big cities. The sound produce by
hammering in factories has jarring effect. T

Eﬂgﬂmwmteﬁals Speed at' " Noise corresponds to irregular and sudden vibrations produced by
| State | : 0°C (mis  some sounds. o ‘

o | . =104 < Wave form of noise is very irregular and is sudden change.
—— | Aluminum | 5 < Changing in-frequency and amplitude is also sudden and irregular.

| Glass | 5050 .

Solid Steel | 5050
| "Maple wood | 4110
j "Bone (human) | 4040
! 7 : " Pine wood il 3320
T Solid /liquid " | Brain 1530
— Sold /14 Fresh water | 1493(at 25°C

Liquid Sea water | 1470 :

Alcohol 1241 Q 6. What is noise? Explain why noise is nuisance?
; Hydrogen 1270 - “§Ans. Noise: . D Al '
; Helium 970 4 ~ “Noise is.an undesirable sound that is harmful for health of human
| Nitrogen 350(at 20°C)4{ and other species.” (OR)
A Gas (at atmospheric pressure) Air 332 : NOSE.IS that sound which disrupts the normal functioning of life
; “Oxygen 317 | Effect of No:se:- . : o
j Carbon 258 Nols.e has negative effects on human health such as:
| | dioxide , ({‘).Heanng Iqss .(ii) Sleep disturbance
(iiiyAggression (iv) Hypertension,

d 5: bifferentiate between mUsical sound and noise? _

Ans. Musical sound:
Definition:

"Sounds which have pleasing effect on our ears are called musicgl‘

sounds”.

stetwts et T L

% For example, Sounds. produced by musical instruments such as
flute, harmonium, Violin, drum etc.
% Musical sounds have regular wave form.

% Musical sounds have definite amplitude and frequency which make

them pleasant. .

Noise: ' {
Definition:

., "Sound which has
called noise".

(v) 'H_igh strgss Ievéls, restiessness depression and insomnia
(vi) Anxiety increase with increase of noise which effect badly
i : temper and emotional stress. .
Sources Noise pollution:

Noise pollgtion has become a major issue of concern in big cities. Main
-{sources of noise pollution are as follows,
I TranSportlanon equipment and heavy machinery in industrial areas.
i. Lgud vehicle horns, hooters and alarms.
ii. Air planes, trains and ships are loud sounds transport model.
iv. Work on construction sites. in urban areas i.e. griling and piercing
: sound ' : '
' ’;Recommended level of Noise: .

Reqommended level of noise in most countries is usually 85-90dB
over an eight hour work day. The WHO (world health organization) has
:fecommended that noise during sleep should be limited to a level of 35dB.
‘Q7: Define and explain term ECHO (reflection of a sound) and
ireverberation? Also calculate the minimum distance for echo to be

jarring and unpleasant effect on our ears aré _gbeard?

,if‘
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i d):
. Echo (Reflection a soun )
Ane “The repetition of a sound by re

surface is known as echo.

flection of sound waves from 3

we first hear his original

Q8. Define acoustic protection. Explain the importance of acoustics?

Ans. Acoustic protection:

The technique or method used to absérb undesirable sourids by

soft and porous surface is called acoustic protection. -
importance of acoustics:

Explanation: in a big empty hall, .
‘When a person shouts |:ez rblgeere?lgcted sound of the shout. This

sound. e o R o, Thi d sound is an echo. This when we

nd is an echo. This reflected s .
L%f:rc:\def:% we are actually hearing a reflected sound. Hence an eChO»ls_
simply a reflected sound.

Factors: .
Echo depends on the followin

i Echo depends upbn the nature o

i. Echo depends upon the tempera
waves travel. B o

ii. Echo depends upon distance betwe
reflecting surface.

Reverberation:
“The presence of sound after t

known as reverberation.”

The reverberation causes a gener
impressions on the ear. To avoid such pro
absorbing things in the halls ar;d rtookr)ns.h o N

ini istance for an echo to be heara: .
Mmlmﬁ&l!%eDs':nsation of sound persists in our brain for-about 0.1 secondé'
To ear a clear echo the time interval between our sound and the rgﬂe;tgdz !
sound must be at least 0.1s. If we consider the speed of sound in air atx
normal temperature-is 340ms’', then we hear echo qfter 0.1s. :

Total distance covered by sound from the point of generation to thei .

reflecting surface and back shouid must be 34m1.e

g factors.
f reflecting surface .
ture of the medium in which sound

en source of sound and

he sounding source has stopped i§

3

al confusion to the soundf
blem we should use soundf’

+
i
L

. S=vt
> S =(340ms™1)(0.1s)
= S = 34m. ’

. - " . ting
hearing distinct. echoes, the minimum distance of the reflec :
lidiy . st be half of this distance .

surface (obstacle) from the source of sound mu :
ie. o

S

T

= d==r
- d___34:m
d=17m

e If the surface of class rooms and

» Reflection of sound is more prominent if the surface is rigid and
smooth. )

» Reflection of sound is less if the' surface is soft and irregular.

e _Soft porous material such as draperies and' rugs absorb large
amount of sound energy and thus quit echoes and softening
noises. o

e By using soft and sound insulating materials such as curtains,

carpets and double glazed windows we can reduce the level of
noise pollution. ‘ :

o If surface of the class ?Qorhs and public halls are top ébsorbent,

then sound level is low for audience. o
] public halls is reflective then
sound becomes garbled. ’

* Garble sound is the result of multiple reflection which is called

reverberations.

* In the design of lecture halls, auditorium, theater halls, a balance

must be achieved between absorption and reverberation.

» ltis useful to place reflective surfaces behind the stage to direct

sound to the audience.

o Generally the éeilings of lecture halls, Conference halls and theater

halls are curved so that sound after reflection may reach to all
corners of the hall. :

» Sometime curved sound boards are placed behind the stage so

that sound after reflection distributed equally across the hall.

Z‘ o ‘.
N ' —
L\

W -
A / o
o . > R
N Sound board

R

Source of sound

’

’
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Q 9. What is audible frequency.rang | -
A A e o rant e\'/vhich a normal human ear 1S sensitive ig
o nge to
The frequency rat wh
known as audible freauency amvie only thase
A typical human ear can hear

20.000Hz (20KHz). \ification of sound,
ranges fl"‘lom. 2_0:2208\1:08;3““@6(1 a three-part classificatio
Physicists hav v

v lower than
i Sound frequency X
ge of human hearlng: . OVOOOHZ range
based on g:a?rerda% as infrasonic, those in the ZOHKZ t(s)o'ik o showngin;
20Hzard¢br|z- and those higner than 20,000Hz are ultra
are audible. . :

figure. | ‘ —
g 17 e rounc

| |

sounds whose frequency

f .
Ultrasorniic
- |

|

N ,‘

| |
! | .

; RS G FCNN G . '

i

]

|

|

|

Infrasonic 1 : ¢
. <

A 4 : )

/. e ———— o

Q10. What are Ultrasound and infrasound? Write the uses °f‘f,}
ultrasound? - : A !
Ans. Ultrasound: {
Definition:

\

normal human ear are called ultrasound or ultrasonic.” - .- X
R X
Infrasound: ‘ ‘ -

Deﬁmt‘?ggc.’md of frequency less than 20Hz are palled infrasound o
infrasonic.”
Uses of Ultrasound: ;
i. Ultrasohic Waves carry more energy and higher frequency 1
" audible sound raves, Therefore. according to the wave equatlo

v = f/ the wa.c ength of ultrasonic waves is very small and is Ve,

useful 3° detecting very small ob:c.~ts.

Downloaded from
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ii. Ultrasonic are utilized in medical and technical fields. )

iii. In medical field ultrasonic waves are used to diagnose and treat
different ailmentc For diagnosis of different diseases ultrasonic waves
are made to en: .r the human body through transmitters. These waves
are reflected dinerently by diffarent organs. tissues or tumors etc. the
reflected waves are then amplified to forms an ymage of the internal

-organs to the body on the screen. Such an image helps in detecting
the defects in these organs.

iv. Powerful ultrasound is now being used to remove blood clots formed
in the arteries. )

v. Ultrasound can also be used to get the pictures of thyroid gland for
diagnosis purposes.

B vi. Ultrasound is used to locate underwater depths or in used for locating

objects lying deep on the ocean floor etc, the technique is called
SONAR (sound navigation and ranging) The sound waves are sent
from a transmitter, and a receiver collects the reflected sound. The
time lapsis calculated knowing the speed of sound in water, the
distance of the object from the ocean surface can be estimated

vii. SONAR ranging is also used to see the shape and the size of the

object.

Cracks appear in the interior of moving parts of high speed heavy
machines such as turbines, engines of ships and airplanes due to
excessive use. These cracks are not visible from outside but they can
be very dangerous. Such cracks can be detected by ultrasoni- A
powerful beam of ultrasound is made to pass through these defective
parts. While passing these waves are reflected by the surface of these
cracks and flaws. The comparison of the ultrasonic waves reflected
from cracks and from the surfaces of these parts can give a clue of
the existence of the cracks

¥ viii. Germs .and bacteria in liquids can also pe destroved by using high
A » .

intensity.ultrasonic wave.

awazeingilab.com
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Examples

‘Example 11. 1: Show that
About what factor is

Solution:
Given: intensity of 1% sound = I, =1
' Intensity of 2" Sound= Iz = 2L
Required: .
_ Intensity level = A =?
Calculation:
We know that;
AB = 10 log !
= AB= 10log ‘T
= AB=10log2
= AB=10x0.301
AB = 3.01dB
Conclusion: Hence;
Intensity level = 3.01dB

Example11.2:
You are standing
start the stopwatch when you see the ca

if one sound is twice as intense as anOthe“
the sound level (in dB) higher?

at 1.5Km from the cannon with a stop watch. Yo' CEI'L
nnon flash and stop it when

Putting value;
> V= ’ﬂ
= V=340.90m/sec
' = V=341m/sec
(b) Speed in km/h::
> V=341x22
=> V=341x36

j V =1227.6 Km/h =

& Conclusion: Hence; - -/ 1228 Km/h
(a) Speed of sound in m/sec=341m/Sec
(b) Speed of sound in Km/h 1228km/h

| i

b

i

R Regmred'

Example11 3: :
What is the wavelength of the sound in dry air if i i
air if
590Hz on a hot day with temperature 0f40°c? Y &t is frequency is
Solution: .
Given: v

Temperature =T= 40°¢
Frequency “f" = 590Hz

Wavelength = 1 =?
ation: _ ‘
Since speed of sound at 0°is 331

m/sec and for each ane d
? Celsius rise in temperature, the speed of sound increases by 0 (Sr'r?/gsreece

sound is heard. The time recorded on your stopwatch is 4.4sec, what | Theref
the speed of sound? What is this speed in km/hr. _ efore,
Solution: V=331 +0.6T
Given: | .» = V=[331+ 0.6 x 40]m/Sec
Distance “S"= 1.5km = 1500m = V=331 + 24]m/Sec
Time “T" =4 .4seC. o =  V=355m/Sec
Required: - Now; V=rf
(a) Speed of sound “V" =? B N 1= v
(b) Speed of sound in Km/h =? =3
Calculation: = _ 355
(a) Speed of sound “V”: © 7 750
A= 0.6m

We know that;

v=2

o U

Hence;
Wavelenath nfwova =2 — " 4

Downloaded from awazeingilab.com
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Example 11.4 track from Dong

nd hears her eC

. at a cliff a
Aalia shouts anal thermomete

temperature on her pers

her?
Solution: ‘
Given: ' ) o
Time= At = 1.55606
Temperature=T=3C
quired: i
Requlte Distance of cliff from Aalia =5=7
Calculation: . ’ ‘
We know that; :
: V =331+ 0.6T »
= V=3314+06x%x3"
> V=331+18 .
= V=3328
= V=333m/sec
Now; .
V= % (1)
For an'echo; d= 2S putin (1) :
> v==2
t
Vxt
= =—
N S = 3332>< 1.5
= S§$=249.75
S =250m
Conclusion: :

Hence distance of cliff from Aalia =S= 250 m

Assignment

Assignment 11.1: Suppose that when. a certain sound intensity leVé
dB) triples, the'sound intensity (in W/m?) also triples. Determine this S8

b &%ed

intensity ievel

. Solution:

Given: I=3l,
forgue -

Downloaded from awazeingilab.com
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4. Assignment 11.3: What is the frequenc

4 Given:

| Shams Notes' o m

Calculation:
We know that;

AB = 10 log(ll)

S = 8B =10log (3 (- 1=31,) ‘
= AB = 10log (3) ' )
= AR =10x0477 |
AB =4.77dB

Conclusion: Hence; o v
- ~Sound intensity level =Ag = 4.77

Assignment-11.,2: If the time between seeing lightning and hearing the
:; thunder is 5.0sec. The speed qf sound is 343m/sec; How far away is the

. @& lightning? -
§ sSolution: x
&1 Given: A )
e . Time =T=5.0 Sec
$ : ‘Speed of sound =V= 343 m/sec -
‘% Required: '

¥ ' Distance of lightening =S=?
4. Calculation: ‘ | °

We Know that;
- .T .
=  S=vr
= S=(343)(5) ¢ .
§ =1715m = 1.715km

Conclusion: Hence,

A
———————t
-

Distance of lightening = S= 1715m= 1.715km

P i y of sound with w. '
K 0.25m in air with temperature of 32°C? - , ave length
{ Solution: -

Wavelengfh =A=025m
Temperature =T=32°C

. Frequency “f'= 7
We know that;
= V= 331+4+0.6T

= V=331+0.6x3?
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= vV =331+192
= V.= 350.2 m/Sec
= Vv = 350 m/Sec

Now; :
V="fA
\%
= f= 3 .
Putting value, we get,
F=329
= o025
f = 1400Hz

Conclusion:

Hence, )
Frequency of sound =f = 1400Hz

Assignment 11.4: A man stands in between two para

gun; he hears two successive echoes after 3sec and 5sec. What is th >~

distance between Cliffs?

Solution:
Given:

Required:

Calculation:

Time for 1% echo = t, = 3Sec

Time for 2% echo = t, = 5Sec

Speed of sound = V = 330m/sec
Distance between man and 1% cliff: §; =?
Distance between man and 2"cliff: S, =?
Distance between the two cliff = § =7

(a) Distance between man and 1% CIiff:

(b) Distance

(c) Distance between the

Conclusion: Hence

We know that,

VxT
= Sl = —2—1
330x3
= Sl =
2
= S, =295m

between man and 2" CIiff:

We know that,

- 5™ 33(;x5

= S, =825m
two cliff:

= S=8,+5S,

= S =495 + 825

= S =1320m

[}

Distance between the tvo Cliffs= S=1320m

Shams Notes J ,

llel cliffs and firesq.

i

e 7 i

Vi
i vii.

viii.

n ear drum cannot vibrate with so.
20Hz and greater than 20KHz Therefc-.
pendulum not heard. ~

EXERCISE

1. Choose the correct answer for each of the following;

The intensity of a sound wave increase by 1000 W/m?2. What is this
increase equal to in decibels? ‘

a. 10 b. 20. c. 30 d. 40
An echo occurs when a sound wave is .... ) '
a. Absorbed b. transmitted

c. refracted d. reflected

Compared with a sound of 60 decibels, a sound of 80 decibels has
an intensity times Greater.

a 10 b. 100 c. 1000

The loudness of a sound is most closely related to its .
a. Frequency b. period c. wavelength d. amplitude
Various instruments sound different even when they play the same
note due to different in .

a. Pitch b. loudness
Humans can hear sound that is .
a. Lessthan 20 Hz b. between 20 Hz and 20 kHz
C. greater than 20 kHz d. none

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

" b. 345 m/s

d. 10000

c. quality d. intensity

a. 331 m/s c. 354 m/s d. 362 m/s
Minimum echo distance is reduced in . ‘

‘a. Summer - b. winter C. spring d. space
Which of the following cannot transmit sound .

a. Solid b. liquid c. gas d. vacuum

‘Conceptual Questions

Q1. Why sound produced by a simple pendulum is not heard?

Ans.Sound produce By a Simple pendulum:

s "~ - The sound

{ freque
2 huma

produce by a simple pendulum is not heard because the
ncy of sound produced by simple oendulum is less than 20Hz and
ds whose frequency is less tha:n
‘e sound produce by a simp'
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Sound l ‘

ightly by hand, it stops producing

Q2. If a ringing bicycle bell is held t

d, why? o ' N |
$Ac.lmSOund roduces by ringing bic cle bell: e to vibrations. If the:
ns. A ringing bicycle bell produces sound. Ut' ns of the bicycle bell
inging bicycle bell is held tightly by hand, the v!bra io O ol 2tops "
r'tng;::nv?/hich stops to produce sound. Thus the ringing DICYCIE ;
sto

produce sound, when a ringing bicycle bell is held tightly by hand.

Q3. Why is the intensity of an echo less than that of the ongmal_.

sound? .
Ans. Intensity of an Echo: ‘
The intensity of an echo is less than t

T d strik ith wall, it transfer
When the sound strikes wi , ‘
the wall. Thus the reflected sound possesses less energy and becomes;

less intense. Therefore the intensity of an echo is less than that of the i
original sound. ' ‘ x|

. ; y ho is heard sooner. Why? ’ y ;
Q4. In which medium air (or) water an echo r | music played by a marching band. Thus, it will not be possible for us to

Ans. An echo is heard sooner in water as compare to air.

Reason: . ;
An echo is heard sooner in water as compare to ai

Hence an echo can be heard sooner in water than air.
Q5. Why sound cannot be heard on moon” .
Ans. Sound cannot be heard on Moon due to the following reason.

Reason:

cannot be heard on moon.
Q6: If a person places his ear on rails of railroad for determination of
coming train, why is this done and how does it work? S
Ans: A person can hear the sound of coming train by placing ear on the.
railway track even if it is quite far away. -
Reason:

hat of the original sound: = |

s some of its energy to'§

B
r because the{ "

speed of sound in water is -greater than the speed- of sound in a!r.* _
Therefore the sound Waves travel faster in water as compare to air. i

Sound waves are Ibngitudinal waves, which _requirg a matgrial{‘
medium for propagation. As in Moon, there is no material medium,{
therefore sound cannot travel through moon atmosphere and thus sound

than air. Therefore, if a person £'aces ear on the rails of railroads, he ca»
hear the sound of coming train iung before he sees it.

Shams Notes m

Q7. When you watch a thunderstorm, you see the lighting first, and
you hear the thunder afterward. Why is the thunder delayed?

Ans. When we watch a thunderstorm, we see the lightning first, and we
hear the thunder afterward due to the following reason.

Reason: .
The lightning and thunder occur at the same time in a thunder
storm but we see the’ lighting first and we hear the thunder afterward
because light travels much faster than sound in air. The speed of light in
air is-3 x 10%8m/sec while that of sound is 340 m/sec. Therefore, when we
watch a thunderstorm; we see the lightning first and hear the thunder

" afterward.

Q8. If the speed of sound is dependent on frequency, would music
from marching band be enjoyed? '

Ans. The speed of sound in an ideal gas depends only on temperature
and properties of the medium. The important property of sound is that, its’

- speed is nearly independent of frequency. This independence is true in

open air for sounds in the audible range of 20Hz to 20000Hz.
If this independence were not true, we would certainly notice it for

enjoy the music played by a marching band, if the speed of sound is.
dependent of frequency.

Q9. Why does your voice sound fuller in the shower?

Ané. The sound in a shower is fuller due to the following reasons.

(i) Most showers are made up of tiles, plastic (or) other non- absorbent
surfaces. The multiple reflections from these non-absorbent surfaces
enrich the sound and make our voice sound fuller. |

(i) Reverberation occurs when our ear picks many echoes in a very short

. interval of time. This reverberation makes our voice sound faller.

(iii) Resonance occurs when the frequency of' sound waves matches the
frequency of the shower and as a result we hear loud sound. This
resonance makes our voice sound fuller '

Q10. Why is it so quiet after a snowfall?
Ans. Snow absorbs sound. When light, fluffy and porous accumulates on
the ground, it acts as a sound absorber. Due to its porous nature, a very

: S ff little sound energy is reflected when sound waves hit against the snow
Sound waves travel faster in solids as compare to gases. At .
STP[0c?(0r)32F°,100 Kpa(or)1bar], the speed of sound in air i
332m/sec while the speed of sound in steel (railway tfack)’ is about }
. 5100m/sec. Thus the speed of in railway track (steel) is 15 times faste

surface. Sound waves enter in to snow surface and make multiple
reflections, due to which a substantial amount of sound energy is
absorbed. Thus there is so quiet after a snowfall.

Downloaded from awazeingilab.com




-t

Download millions MCQs, Books and Notes of any Subject from AWAZ E INQILAB.com

Numerical Problems

m a jackhamme
decibels?

@an/\s Notes J

P 1: The sound intensity 3m .fro
is the sound intensity level in

1247
Oﬂo =1X 10 W /7712.
- Solution: ‘ B '_2 m?
Given: Intensity of sound =/ = 8.2x 10 W{Zw/mz

Reference of intensity = Ip = 1 X 10"

Required: Intensity level= Ap =7
Calculation:
We know that;

- (8.2x1072
= AB =10 log (1_)(10'12)
=  AB = 101l0g(82x 10™)
= Ap = 10 x10.9138
AB =109.138dB

Conclusion: Hence,
Intensity level = AB =109.138 dB

P2: A ship is anchored where the depth of water is 120m.An u
signal sent to the bottom of the lake returns in 0.16Sec. What is the speed

of sound in water?
Solution: o ,
Given: Depth of water =5 = 120m

Total Time= T = 0.16Sec

Cis 8.2 x 1072W/m? What
Use the useful reference level

Time taken by the ultrasonic signals to reach the bottom of water =t = TZ-

0.16
= t=—

2 _
= t=0.08sec

!

Required:
Speed of sound =V =?
Calculation:
We know that;
t
= V= &
©0.08
= 'V =1500m/sec

, Conclusion: Hence;
Speed of sound in water= V = 1500m/sec

Itrasonic

P3: A gun shoot from 9.22rimfire rifle has an intensity of about | = (2.5 x
10'*)1,. Do we need to wear ear protection? (Considering that prolonged
exposure to sounds above 85 decibels can cause hearing damage or
loss.)

Given:

Intensity =1 = 2.5 x 10'*1,,

Safe intensity level limit= 85 B
Required:

(a) Intensity level =Af =?

(b) Do we need to wear ear protection=?
: Calculation: - .
‘ (a) Intensity level:
1 We know that;

Intensity level =AB = 10 logIl

0

Putting values, we get;
= AB = 10 log
AR = 10log (2.5 x 103)

2.5x1013,

=
= AB =10x13.39
=' AB= 1339

1 AB = 134dp

(b) Ear protection: .
Since safe intensity level limit is 85 dB,this 134 dB is too greater

§ than 85dB. Therefore we need to wear ear protection.

P4:_What.sound intensity level i$(iB is produced by earphones that create
an intensity of 4.00 x 1072W/m?? Use the usual reference level of/. =
1.00 X 107121 /m? ’
Solution:

Siven: =4 x 1072W/m?

b =1x 10712 /m?

; :Reguired:

i Intensity level =Af =?

1 Calculation:

We know that:
A = 10 log;%
Putting value, we get;
= Ap =

4x10‘~')
1x10712

10 log(
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Conclusion: Hence;

=
=>- A= 10><10602
AB = 106.02 dB
Conclusion:
Hence; |ntensuty level of sound= A ——7106.02(13
P5: What is the speed of sound in air at -20°C”
Solution: :
Given: -Temperature=T—-20 °C .
Required: | @
Speed of sound = V =7 4
Calculation: . | y
We know that; |
= V=331+0.6T | |
= V=[331+ (0.6)(—20)] . » :
> V=331-12 | 5
V=319 m/sec 3

Solution:
Given:
Time=
Temp
Require:

Calculation:
We know that;

LR U A

=
=

V=

Speed of sound at- 20°C = V = 319m/sec

T =5 Sec
erature=T=26°C

Distance of the tank=§ =?

5

~

S =vt
S = (331 + 0.6T)t

S.= {331 + (0.6)(26)}(5)

S =346.6x5
S =1733m
S = 1.733Km

Conclusion: Hence;

Distance of tank=

5 .
AB = 101log (4 X 10%)

P6: Army man wearing binoculars to see the flash from enemy tank fire-§
Sec” before the fire heard, he records 26°C Temperature on his persona--.
thermometer. What is the distance of the tank from him? .

’

(-

S=17Km

m_,,{

V =331+ 06T):

s &hi'nhas} r iR

p7: Calculate the wavelengths of sounds at the extremes of the audible
range, 20Hz and 20000Hz, at normal room temperature of 20°C?

Solution:
Given: )
. Minimum Audible frequency =f;=20Hz
Maximum Audible Frequency =f,=20000Hz
_ : Temperature =T= 20°C
Reguired '

(a) -Maximum Audible Wave length = A, =?
(b) Minimum Audible wavelength = A, =
Calculation:
(a) {a) Maximum Audible Wavelength(4,):

We know that;

= V=FfA
= A=2
fv
= A==
' h
331406 T
= ) =220 (#V=331+06T)

' i f
. Putting values, we get; - 1
331+(0.6)(20)

= A = 20
331+12
= A = 20
- 343
= Al = I
= A, =17.15m OR Ay =17m

(b) M|n|mum Audlble Wavelength(lz)
We know that; -

= V=fi
= 1=l
fv
= A, =—
 Pvoer
+0.
= = —_
7 90
. 31+(0.6)(20
= =
T
= =
-
= =
Az 20000
= 1, =0017m OR 4, =17cm
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Conclusion: ) 1 .
Hence: 3 = 17m Chapter No.12

: ible Wavelength = ~ s B
(a) Maximum Audib 7em Geometrical Opti
(b) Minimum Audible wavelength = 4z = 1. “A" and “B", such that he i

buuldlngs
stands between two high rise ‘
E&altsg;ani gistance from building "A” when he blows the whistle, he hearsii

late
the first echo after 0.2 sec and second echo after 0.8sec. Calcu

ajor Concepts
o Reflection of light

Spherical mirrors and their t es,
and : P
(a) The Speegfogusﬁl‘:g 'B” from him. e Important terms related to m|rrors
(b) Distance « Sign conventions
g?\:::on ¢ Refraction of light
Time for 1%echo = T, = 0.25ec o Total internal reflection of light
Time for 2™ echo = T, = 0.85ec « Refraction through prism
Distance of Ishfag from building “A"=$,=33m . ¢ Ray diagram of lenses
e Application of lenses
Required: ; i :
(a) Speed of sourid = V =7 D Tptally reflectlng prism and optical fibre
(b) Distance of Ishfaq from building “B’= S, =? e Simple microscope
(a) Speed of sound (V): . o Compound mlcroscope
Time taking by sound of whistle to reach bu1ld|ng ‘A e Telescope
_ . _ T, _oz2 _01 e The human eye
===
N L 5 . 2 . Accommodatlon near point and far point
N 1h_t . * Defects of vision (myopia and Hypermetropia)
ow, we know that . So|ut|on of problems
V = Sl
ty i B
- V== : 1
0.1

- V= 330m/5€c
(b) Distance of Ishfaq from Building “B”:
Tlme taken by sound of whistle to reach bqulng “B”
t, -

_T’-——04Sec

= t2=0.45ec
Now, we know that;-

S.
= V==

t, )
= §,=Vt
= S5, =(330)(0.4) '
= S, =132m
Conclusion: Hence:
(a) Speed of sound =V= 330m/sec
(b) Distance of Ishfaq from Building “B" = $,=132m-
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Q1. What is meant by reflecti
reflection with diagram?

Reflection of light: : Co B
Ans. ?he bouncing back of light rays from the surface of a C»efvt‘

medium is called reflection of light.

. Explanation: S
> Consider a place surface “MM™ as shown in the figure. .

57 Eeometrical Optics j ‘

Comprehensive Questlon | . 85 2 Law of Reflection:
on of light? State and explain lawg This law states that, “The incident ray,
‘ ‘@Bthe point of incidence all lies in the same plane.”

2: What is mirror? Describe types of spherical mirrors?
irror:

reflected ray and normal at

« The smooth and pohshed surface of a medium which reflect rays of
Hllight is called mirror, .

Spherical mirror:
: A portion of . spherical shell (or) sphere whose inner (or) outer

‘ isurface is shining and reflectable to light is known as spherical mirror.
fType of.spherical. mlrror .

}43 Concave mirror:

Point of incidence

///-/////Pﬁ////%

> = A spherical mirror whose inner surface is shining and reflectable to
, ljght is known as concave mirror..
b Silver Coating
& AP@% AR Protected by Paint
N ) %
R 40',9 *
\(‘0\ ’ % v
c D '
N -
Fig: Reflection ofllght . §
Let a ray of light coming from the point “C" is allowed to fall on pg

“P” of the plane surface. This ray “CP” is known as incidence ray. i
angle made by the incidence ray is known as angle of incidem
(41) During this process some light rays reflect from the surface at gol Convex mirror:
“P" which is known as reflected ray. The angle made by the reflecte # A spherical mirror
with normal is known as angle of reflection (£ r). . fight is known as convex n\:lr:?osre outer surface " shining and reflectabie o
Now from the figure it is clear that The angle of m0|dence is equs _ §'r'<‘.’.‘;'c?:§‘§,‘;“~‘pa,m

to the angle of reflection. :

~e The incident ray, reflected ray, and the normal lies in the

same plane.
Law of reflection of light:
History: ‘

The laws of reflection of light were first discovered by aM
scientist named Ibn-al-Haitham. There are two laws of reflection whlGh
given below. -
a) 1% Law of reflection light: - :

This law states that “The angle of mc:dence “i”is equa\I tod
angle of reflectipn “2 e, zi=gr -

Convex mirror
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3. Define the terms related to sphe.rlca.
Ans. Terms related to spherical mirror:
i. Center of curvature:

The Center of sphere o N
center of curvature. It is denoted by "C"

. Shams Notes m LGeometrical Optica

Q4. Write characteristics of focus of concave and convex mirror
Ans. Characteristics of concave and convex mirror:

| mirrors?

\
\

_Convex Mirror ___Concave Mirror

“Focus lie behind the miror " Focus is in- front of the mirror
The focus is virtual as the reflected  The focus is real as the rays of

f which the mirror is a part .is known

Convex Mirror

A rays appear to come from focus. 1 light after reflection converge - at

\ o - : ‘ _the focus. o
.'_,..-“Concavewm S _The fgcus Qf convex mirror is g The focps of concave mirror is a
Principal Axis rincipal Axis , dnvergnng_ point of reflected rays. __converging point of reflected rays.

Pole gV X

X

Protecian ny Pamnt

I
' Silver Coating

; |

N H |

Pole Centre of curvature; |
", Centre of curvature /&

2
RTINS . . M' 3 N o .
woo - : |
. R . %
: . | Rawdcuawe e o
Raduus of Curvature 1 | 5

7 N | & Qs: Discuss_ reflection of light rays by spherical mirrors?
{ Ans: Reflection of light rays from spherical mirror:

ii. Radius of curvature: SO | ) : ucg Ve r;h"ri";ne'r (or) outer surface of the mirror.is smooth and polished, so
The radius of sphere of which the mirror is a part is called radiug - pherical mirror has the ability to reflect light rays. Some special types

curvature (R). ‘ ..o reflection of I|ght from the mirror are given below.

iii. Pole of Mirror: i C A le rays of “ght are para“e' to the principal axis. L

' Then after reflecti
. rays of light will

tion from the spheriqal mirror these ¢ E P
passe_s, through the principal focus as ——

The geometrical Central point of a spherical mirror is called lpolé

is denoted by “P”. ’ . - 74 shown in figure.

iv. Aperture of the spherical mirror: - N : - .
The diameter of the circular boundary of spherical mirror is calf: N e e ey e e
aperture.  (OR) ' . | ¢ ‘ f tcf:laed:‘)—r(i%)c_'ilf ﬂ;i incident rays of light passes through
" The size of spherical mirror is known as aperture. , " parallel _tpa ocus. ‘Then such rays will become 3
V. Principal Axis: 7 - . Spherica o principal axis after reflection from = =
“The straight line passing through pole and center of curvature:d: mirror as shown in fig.
spherical mirror is known as principal axis.” ' R JF the i .
FFc)>cal lenath: P P w: 4 %MH the incident rays of light passes through the
rocailength: .center of curvature, Then such ray of light will reflect _, A

- The straight distance between pole and princlipal focus Q& back along th ; i
) ) . . e -
spherical mirror is calied focal length. It is denoted by “f”. , ’ : Fame paih as shown n fgure

Principal Focus (Or) Focal point: = ‘ :
A peint on the principal axis of the spherical mirror at which pald
- rays of light after reflection converge (in case of concave mirror) or apg
to diverge’ ~ case = convex mirror) is called principal focus [

Cas\é?:lf the incident ray falls on the"pcn)le by making an
angle “g"with the principal axis. Then such ray of light

‘WiII mgke the same angle "6" with principal axis after
reflection as shown in figure.




m Geometrical Optics "
. | r
concave mirror. Support yoy

(Shams Nofes

o _
Q6. Discuss the formation of image by

answer by drawing figures? irror: » 3

e formation by concave Ma—- - "
Ane: Irﬁg cosition, size and nature of the image of an ObJ‘iﬁt_rZE‘CGd i
front of a concave mirror depend on the location of object With T€ pect g

mirror.

i) Object placed beyon - .
) If an object is placed beyond the center of

A

| curvature in front of concave mirror. The image is ma
formed between Centre of curvature gnq principal & <"1
focus. The image is real, inverted and diminished. A ;

| | N

ii) Object is placed “C”: : .

|f an object is placed on the Centre of
curvature.The real, inverted and same size image is_ g
formed on the Centre ofcurvature"C". N

7%

iii) Object placed between “C”and “F”: '
If the object is placed between Centre of

curvature and focal point in front of concave mirror. &

" The image is formed beyond “C". This image is real

inverted and magnified. '

iv)Object placed at “F”: ‘
If an object is placed at principal focus "F"in

front of concave mirror, the real inverted and highly

magnified image is formed at infinity. :

|

\)) Obiject placed between “F’and “P”}

' If the object is placed in front of a
concave mirror between the principal focus
“F* and pole “P" the virtual, erect and
magnified image is formed behind the
mirror. :

Q 7: Discuss the formation of image by convex mirror?
Ans:In case of a convex mirror, for all '
distances of the object, the image is
formed behind the mirror between
principal focus “F" and pole “P". It is
always diminished and erect.

A

o
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P& Ans. Spherical mirror formula:

¥ image from-the mirror

‘ Also from the

Download millions MCQs, Books and Notes of any Subject from AWAZ E INQILAB.com

Shams Notes 4 |
, _ m Geometrical Optics ’

M
Q8. Differentiate between the i
mirrors? ‘ e images formed by concave and convex

Ans. Image by concave mirror:

 The image formed by concave mirror is vi
; - Is virtual and uprigh
objects which are placed between focus point and pole (p) ant for
Image by convex Mirror: P

e In convex mirror, the image is alwz ;
: rror, the ays appears smaller, upri
behind the mirror which is virtual image. - uprgnt and
» When object moves closer to closer to convex mirror image also

moves closer to' the mirror and becom i
- upright and diminished, omes larger, but stay virtual,

“An equation which shows the relationshi '
: . . ion w nship between focal length
spherical mirror “f", distance of object from the mirror “P” and distar?ce g;'

"woun . .
q" is known as spherical mirror formula”.

Mathematically;

1. 1 1
( =T tT
y . f ~do d;
Derivation:

#:  Let us consider an object “AB” is

3 placed in front of a concave mirror between.
focal point “F" and Centre of curvature “C”

e real inverted and magnified image “A’B""
formed beyond the Centre of curvature “C"
s shown in fiqure.

m the “figure we’ see that A ARPand
. Pare the suriilar, therefore:

(a)

ing X "~ Fare similar

AB d;
figure we see that A 4
AB _BF
EP PF
AB_BF

—=- : (+EP = 48

eerora

o
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Q12. Write uses of spherical mirrors?
Ans. Uses of spherical Mirrors:

, | Geometrical Optics
‘ Shams Notes m_____,__._——- =~

Comparing equ (a) and equ (b), we have;

do _ do—f There are several important applications of sphencal mircors. A few
d; o get: | of them are given below.
_ By crossing multiplication, we g i. Convex mirrors are used in vehicles to observe rear view.
d,f="d; (dy-f) i. Convex mirrors are also used at dangerous road bends for safe drive.
= d,f=d;do-d;f N . jii. Concave mirrors are used by doctors to examine ear, nose, throat and
ch term by “d,d;f’, we ge eyes.
Dividing €2 dof _y d dl _ dido iv. Concave mirrors are .used in head-lights of autefnoblles and search
d_ad—i? dod lf dodif lights.
» 1_1, 1 v. Concave dish is used to collect microwave signals from satellites to a
= fodo 4 - focus. ~
- 1_1 +.l vi. Concave mirrors are used to concentrate light on the slides of
f do di | mirror formula It gives ‘the relationshig microscope so that the slide can be viewed more clearly.

This is known as sphenca
between the image distance "d;" object distance
a spherical mirror. ’ .
Q10. What is meant by linear magmflcaﬂon
Ans. Linear magnification . \ o g

“The ratio of size of image to the size of an gbject is .known ,ﬂai‘
linear magnification.” : .
Mathematically; |

“d," and focal length v Q13. What is meant by refraction of light? State and explain laws of

. refraction with diagrams?
Ans. Refraction of light: _
“The change in speed'and direction of light when light enter from
one medium to another is called refraction of light.” OR
“The phenomena in which change in speed as well as direction of
light rays occurs, when light rays énter obliquely from one medium to

M_—hi (i) another medium is known as refractlon of light.X
. ho Explanation:
Also M=— di - (ii) As we know that in a homogeneous transparent medium (having
o do . : the same density throughout) light travels in a straight line with uniform
o Zho 4 4. velocity but when a ray of light enter from one medium to another medium,
ho  do A .if undergoes a change in speed as well as in direction.
= hooodi ‘ This change of speed and direction of light rays when enters from
©ohe do one medium to another medium is known as refraction of light.
> hij-— X h, From rarer to denser medium: , N
Let's a ray of light “CO” be incident at point Ar
_ Q11. Write sign conventlon for sphencal mirror? . “O” of the surface “PQ’ .Upon entering the C
Ans. _lgﬂ_tﬁ"_\ﬂ!t'ﬂ‘_ second medium. the ray cheges its path. Instead Q

The following sign convention is adopted to obtain the correct res
in a given problem of image formation by a ‘spherical mirror. -
i. All distances are measured from the pole of the mirror. : ray. Draw a normal “NON”, the angle ZCON=zI is
ii.Distance of real objects and real images are taken positive. £ called angle of incidence and angle (EON=zris - N e
iii. Distances of virtual objects and virtual images are taken negatlve called the angle of refraction. The retiacted ray ~
iv. The focal length of Concave mirror is taken positive and that 988 - bends towards normal i.e. the angle of ref-action is smaller than the angle
convex mirror is taken negative. &8 of incidence.
v. For upnght image magnification is +ve while magnmcatuon is ,’ :
for vertlcally inverted lmage j

of traveling along “OD”, the ray is refracted and
travel along “OE’". The ray “OE” is called refracted

L

=3
R

7
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From denser to rarer medium: denser
If the light ray travels from O pent
medium to rarer medium. then the ray
~ away from normal.
i.e, the angle of refrac A
angle of incidence as shown in
Lew Of'rizf::f?:;%n of light obeys the following

m ‘ Geometrical Optics l

Q 15. What is meant by critical angle? Also describe total internal
reflection. Derive relation of critical angle and refractor index?
Ans. Critical Angle;
Definition:

“The angle of incidence in the denser medium for which the angle
of refraction in the rarer medium is 90°, is called critical angle”.
It is denoted by “C".

Examples:

Air

tion is greater than the
figure.

two laws. o Critical angle for glass = 42°
i) First law: refracted ray and normal af Critical angle for diamond = 24 .4°

- “The incident ray. &
This law states that plane”. Critical angle for water = 48° etc.
: Total internal reflection:

Definition: :
When the angle of incidence in the denser medium becomes
greater than the critical angle “C”, then there is no refraction, only

Sinzl _ reflection phe_nomena take place, such a reflection is known as total
sinar " internal reflection.

When “n" is constant and is known as refractive index. This law isf|  Explanation:
also called Snell's law. . g Whenevgr light enter
Q14. What is meant by index of refraction (refractive index)? 1 fom an opticaly denser
Ans. Refractive index: . . & medium to a rarer medium it
“The ratio of sine of angle of incidence to the sine of angle off bends away from normal. Air
refraction is known as refractive index.” : 4 Therefore the angle of

the point of incident, all lies in the samé

i) Se°—$-|r11ids :-:v‘:/v :states that: “The ratio of siqe of anglc;*f of igpiq,ca_nce to the!
sine of angle of refraction is constant for a given pair of media.” :

Mathematically;

" sinzl .+ refraction “r" is greater than
= Sinzr , : | the angle of incidence “2I". If
“OR" . 4 Wwe increase the angle of

¢} | incidence gradually, then the
angle of refraction'zr" also
increases until for a certain
anglé of incidence, the angle
of refraction become “90%is L

“The ratio-of speed of light in vacuum to the speed of light inth Glass

given medium is called refractive index.”
. speed of light in vacuum

- speed of light in a given medium
C
n=-

Vv ' - N

R §. known as critical angle. When _

“ OR” . . K . o .3 the angle of incidence in the denser medium becomes greater than the

The ratio of real depth to the apparent cepth is called refractive index.” @ critical angle “C”, there is no refracted beam. All the rays are internally
Real Cepth . a2

P 4 reflected back in the optically denser medium. Such a reflection is called
Apparent Depth - e total internal reflection.

_The refractive index of 2 substance depends on the nature Of % Necessary conditions.for total internal reflection: :
material of the medium and on the ~vavelength of light used. It 1§ The necessary conditions for total internal reflection are as foilows:
characteristic property of a substa- ve. a) The incident light must be entering from denser medium to a rarer
' medium. ‘

b) The angle of incidence “«r" in denser medium must be greater than
critical angle i.e.ci > C.
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iv . Q17. Write the application of optical fibers?
Relationship between refracti  denser medium

: ; Ans.The light pipe is a bundle of thousands optical fibers bounded
We know that,n e _ Sine of anglellm rare medium together.through a flexible pipe jacket. The light pipes are used by doctors
rar — e
— T Tsineof anyg

and engineers to illuminate those inaccessible places which otherwise are

Ndenser =1 and Nng =n ‘ . .
1 ,m_s.”‘f_ (- Mrare e ) not possible to examine. Light pipes also used to transmit data (image,
1o — \
~ " ciiglog"o (-Sin 90°=1) calls, Movies) from one place to another.
= "=Tanc o o - Fibre bundle i
1 ’ ¢} ] ‘ /J?\rOJec/led image - //
= = — . e - N/ ]
Which is the equred relationship between refractive index g \\~\[ \i T AN
" ‘ . .‘. _,. - - - _///' N
ch|1t|€<;: z\ill\liggltieé optical fiber? Describe how tgtal internal reflecti I T </ / ‘ /
‘ . E ! - P e
used in light propagating through fiber . . ; lens ' .
i iber: : . . . . 9
Ans'o“:(t:lfiln':r:aﬁ iie rod of glass having central portion of h'QL1 refraci }
“index called core, which is surrounded by a glass layer aving lﬂ- _ /
refractive index called cladding.” OR B < . Transmitted image

alle ich li ropagates by foff
“A thin hair like glass rod through which light propagates thl  Endoscope:
Endoscope is a medical instrument used for viewing and

photographing of internal structure of human body. Due to small size the

‘endoscope is inserted through the mouth and illuminates the internal parts

viewed by another bundle of optical fiber. A video camera is fitted outside

of this bundle and it makes the interior parts visible to doctors which help
them to diagnose easily.

- oo Q18. What is endoscopy? Describe the type of endoscope.
plastic or reflectively high iex of refraction. The cladding. is m_ad-

» N . . o B Ans. Endoscope: . .
glass of plastic, but of relav_v'ely low refractive index. Light entering _” A medical procedure in which any type of endoscope is used called

¥ endoscopy. ‘

“Type of Endoscope

. ‘The endoscope is divided in to different types on the bases of use
In medical filed. '

i. Gastroscope: .
Gastroscope is an instrument used to diagnose the stomach.

internal reflection.” o
- Ian’liicﬂglninternal reflection 15 used in fibre optif:s whlch' has num‘ble
advantages in telecommunication field. F_ibre optlc§ consists.of ha!r si
threads of glass or plastic thiough which light can be trgvelled gsee |_n,ﬁ
The inner part of the fibre ofu-s is called core that carries the light and
outer concentric shell is cal+ 1 cladding. The core is made from glassi.

energy. In Pakistan, optica' * - 3 is being used in telephone and ‘advan ;
telecommunication systems N>w we can listen thousands of phone
without any disturbance. b :

Air L : v ".'rii. Cytoscope:
n=1.00 o o g Cytoscope is an instrument used to diagnose the bladder.

*_ Cladding n=1.39. ?;;;iiLBronchoscope:

. . Bronchoscape is an instrument used to diagnose the bladder and
#¢ sSore throat.

core n=1.53 »

C =-‘.:‘.5"g n=1.39

/ . ) N RS
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\ . ; A lens which converge parallel rays of light to a single point is
guiar and two triangular .l called converging lens (or) converging lens.

b) Concave lens (or) Diverging lens:

“A lens which diverge parallel rays of light is called diverging lens

Geometrical Optj .8
FShams Notes_] my of light after passing througll E_hams Notes m Geometrical Optics ]
ra \ U, —

Q19. Describe the behav'ior of a

rism? ' o rectan
/F;ns. A transparent body havind thre

i ism. The angle w1
surfaces is called prism. ar A j I
between two refracting rectangu'. Rt (or) concave lens. '
° osite to the base IS X - WM S sub types of convex lens:
e oo LA). 0 o There are three types of convex lens which are given below.

alled the angle of prism ’(
) The refraction of light through

i in the
a glass prism Is as shown In

i) Double convex lens:
| “A convex lens whose both bounding surfaces are convex is called

& /double convex lens.”

i)Plano convex lens: ’
“A Convex lens in which one bounding surface is plane and the

ther is convex is called plano-convex lens.”

ii) Concave —convex Lens: »
“A convex lens whose one bounding surface is concave and the

ther is convex is called concave convex lens.”

figure. .
° The incident ray "EF” makes ; .

EFN = ¢i with surface o ,
Al "anTgh'e irfcbicli:g‘!t rayl “EF” on entering the glass prlsr‘:r::g"refract_eq tow
tﬁf basee“BC" o‘f the prism. When this refracted ray eémerges oy

ism it bends away from the normal. « .
e pns_rn;e inclination of the surface "AC” with "AB" causes the emerg

ray “GH" to bend more towards the base as shown ip figure. Thué
emergent ray “GH" has been as shown in figure. Thus the emergent
“GH" has been deviated from its original path EFl. The angle ‘throy

: has been deviated is called the angle of deviat
which the emergent ray ds ‘upon the follow

factors. 4 5 .
< Angle “A" of the prism. ‘ . ' - -

% The refractive index of the material of the prism. - . . g?,:b(lf) COjvex f:::c()b?onvex ﬁ?‘:iz\)fe Convex

< The angle of incidence. 3 ‘ : 4 Sub types of concave Lens:

Experimentally it is verified that.when the refracted ray bepo‘ i There are three fypes of concave lens which are given below.

parallel with the base “BC” of the: prism then the aqg[t? OE de"wat! i) Double Concave lens:
become minimum and is called the angle of minimum devuauon.Dm % B “A concave lens whose both bounding surfaces are concave is
The refractive index of the material of the prism can be determlnegi bY,t"called double concave lens " - .

/411 Plano - concave lens:

relation
\ gm(@) i 1 “A concave lens whose one bounding surfaces is plane and other
= W : ;’ﬁ )cgncave is called plano— concave lens.” )
Q20. Define lens? Describe type le 4§’ =2tyexo—concave lens: ; ;
: ribe types of lenses? 4  "Aconcave lens whose one bounding surface is convex and other
Ans.Lens: IS concave is called Convexo-concave lens.”

A portion of transparent medium like glass which is bOL,l"ded by
least one curved surface is calleg lens. : '
Types of lens: ‘
There are two types of lens which are as follows
a) Convex lens (or) converging lens: ' |
"A lens which is thicker at the:middle ang thinner at the edge
called converging lens (or) convex lens.” (OR) . lens » lens

Plano-Concave Plano-Convex + Convexo-Concave
lens
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mm'de”t ray passes through “F” is refracted parallel to the
pr,napal axis as shown in flgure |

Q 21. Define special terms related with lenses?
Ans. Definitions of special terms:

i) Centre of Curvature:
The Centre of sphere of which the Iens isap

art is called Centre of of

curvature, denoted by “C”.

ii) Principal Axis:- : .
The straight line joining optical cente

lens is known as principal aXIS
iii) Optical center: -
A single point inside or outsnde the lens, through which a ray of hg ‘

r with centér of curvature of

passes un-deviated is called optical center. “OR”
The geometrical Centre of a lens is called optical Centre. -

iv) Aperture: o
The geometrical diameter of lens is cal|ed aperture. “OR

“The size of lens is called aperture
v) Principal Focus:"

The point where all rays paraIIeI to the principal axis Converge afte
passing through a convex lens (or) appear to diverge after passing

through a concave lerns, is called principal focus, denoted by “F”
Concave lense

Elen

Convex lense
a)

3): ‘A ray parallel to principal axis after refractnon from a convex |ens

Ray (
passes through the principal focus.

In case of a concave lens this ray diverges and appears to be

coming from the principal focus “F”.

(o]

F\

Q23.Discuss the formation of image by Concave and convex lenses?
Ans. Image formation by Convex Lens:-

The position, nature and size of the image of an object that is

#formed by a convex Iens depend on the distance of the object from the

S:
Object placed beyond “2F” OR “C”:

Focal Point

/ Focal Length

vi) Radius of Curvature:

The radius of sphere of which the lens is a  part is called radlus u
Curvature, denoted by “R”. :
vii) Focal length: '

The straight distance between optical Centre and pnnmpal focus]|

called focal length. It is denoted by “f’.
Q 22:Discuss the refraction of light rays by Iens"

Ans: Refraction of special Rays:
Ray(1):An incident ray of light passes through optrcal Centre “O" of l&nf

without bending as show is flgure

\"\f‘/o\

/'

~—< \\lo/ .

Hlens, the real, inverted and di
“J@as shown i in flgure

When an object is placed beyond “2F” (Or) “C”in front of a convex
minished image is formed between F and 2F.

\

A

\/\l

D) 0b|ect Qlaced at “2F": '
When-an object is placed at “2F” in front of a convex lens, the real,

inverted and same size |mage is formed at “2F" as shown in fig.

s

PSLObject between “2F” and “F:
| en an object is placed between “2F" and “F", the real, inverted and
maSlmfled image is formed beyond “2F" as shown in fig. ‘
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Qﬂi_a_tj_ql_‘_:. ) . " )

| Let is cons@er an object "AB” is placed in front of a convex lens
| petween the pnnmpgl focus “F" and Centre of Curvature “C” the real
§inverted and magnified image “AB” “is formed beyond the bentre 01’:

 curvature “2F” (or) “C" as shown in figure :

Geometrical Opticg

[ Shams Notes ] ‘

A

A
d) Object placed at “F”: , . .
When an object is placed at principal focus “F" of convex lens, th
real, inverted and highly magnified image is formed at infinity as shownjj B _ p F % B
figure. ) 2F
'na.go ar Ihﬂn /’y
BF do d A
\ From the figure we see that AABC and A A"B"C are similar, therefore,
A8 _ BC_ 4
e) Object placed “F” and “O”: AB BC ™ 4
When an object is placed between “F” and “O" the virtual, erect an AB _d, @)
AB” d;

magnified image is formed on the same side of the lens at which th

object is placed as shown in fig. , '
d P A g - Also from the figure we see that, ACEF and ABC are similar, therefore:

CE _ CF _ CF
Agg" B'F F_ B'C~CF
= —_— = C—
: A'B B'C—CF

Image formation by concave Lens:

: Hence,CF=f, CE=AB and B"C=d;
~ In case of concave lens, for all positions of the object from conca ' ‘

, Th_erefore, Eq(b)

lens, the virtual, erect and diminished image is formed between “F" an§- A S (c)
“O" as shown in figure. ‘ : ] _ ABT di—f
Comparing equ(a) and equ(c), we get.

'- d_" :L
4 . ' di di~f

al T e ‘ But cross multiplicatior. we have:

| A T~ dif = do(di-f)
Dividj = dif = dodi - dof
. ’ i ng each term by “d,d,;f", we have;
Q24. Describe lens formula equation? v g - ’ Yilr [ dor dat

Ans.“/}n equation which shows the relationship between focal length { dodif © dod ) - dodyt
lens “f", glft'ance of object from the lens “P” and distance of image frof - 1.1
the lens “q” is called lens formula. . PR
Mathematically, 1 1 o = _1_ _ % %
-_= — + l ’ i thh . . f 4 (L) ‘ ‘(‘{ .
[ d d | IS the requiired thin lens formu'a
o t J
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laced within the focal length of a convex lens, the virtual erect and
magnified image is formed on the same side of object The i
formation of an object by simple microscope is as shown in fiQure e

I

Q25. What is meant by resolving power?
Ans. Resolving power: » . .
The ability of an imaging device to separate p|0{nts of an object th

t a small angular distance is called resolving power.
e o ; resolvable distance betweg

The resolution (or) minimum _ _
distinguish objects in an image, although the_term is Iqose!y used by ma
users of microscopes and telescope to describe resolving power. The te

resolution is uses to describe the precision with which any instrumey ‘
measure and records any variable in the samplfe under study.
Q26. Describe power of lens? What is its unit?

Ans. Power of lens: _ '
“The reciprocal of focal length of lens expressed in meters is callgf

power of lens, denoted by ‘D"

B’ - .
image B8 N
(Virtual . Erect & Magnified) Object .

Magnifying power (or) Maqnifica;tion: :
The ratio of angle of image seen throu ifyi
! gh a magnifying glass
angle made by the object when placed at 25¢m from a;y ugagi!ded :;ethii

Mathematically; ) )
= Focal length of the lens in (meters) j Ca”ed mag.mfymg power Of magmfymg glass. )
__ 1 (o) D= 1 ; Mathematically; , A
f(meters) f(m) B =5
Url_'t { ?canB
. Dioptre is the unit of power of lens and is defined as “The power = s
a lens whose focal lengths is one meter is called one diopter. ) i \ Bl
The power of a lens can be measured directly by .using an instrumefg AB ,
called diopter meter. It is used by the opticians to test the power @& = M =A—"g,
spectacle lenses. ~
Q 27. What is a simple Microscope? Describe a ray diagram explal ¥ (~ tanB = A—B)
its working and magnifying power? . N o _ :
Ans. Simple microscope (or) magnifying Glass: ‘; = =5 (a) “and tanc = /jV_B -

_A double convex lens of short focal length used to view i From the figy - AARF S ,
enlarged, upright image of small object, is called simple microscope (0 9 rﬁgyve E?G'that AABC andaA B C are similar, therefore,

magnifying glass. AB 4
Working principle: g a5 N
~ When an object is placed inside the focal length of a convex lef AT (- d;=N=25cm)
virtual, enlarge and erect image is formed on the same side on whipumng equation (a) ° »
object is located. ' 1 N
= (b)

Working principle: §
When an object is placed inside the focal length of a convex lem

virtual, enlarge and erect image is formed on the same side on whi 1_ 1 1
object is located. : ) : = a + d—i
Explanation: o 1_1_ 1 (- d=Nie, image fs virtual
A normal person can see an object clearly which is at'a distancé f dy N * d;=-Ni.e, image s virtual)
25cm. This distance is known as least distance of distinct vision and = }-1, = &1— - %
o

denotec © “d”. A normal persen cannot se ject if it clod '
. e clearly an object if it clofMultiply; “N”
than the :east aistance of distinct vision i.e. 25cm. Whe* an objeGt yng ?ach term by "N
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N_N_N
= f d, N
N N
_—= — - 1
R
—=1-— (c)
= do f
Putting equ (b) in equ (C);
N
Equ (c) = M=1+ 7
d _d
e_ 2 _1
= f ddo
> =241
f do
Pumng equation (b)
d
M= 1+;
For normal human eye, N=25cm
25
Therefore, M= 1+7

'Hence, shorter the focal length of convex Iens higher will * bel
magnifying power of lens and vice versa. :

Q 28. What is a compound microscope? Using ray diagram for &
compound microscope mention its magnifying power?
Ans. Compound microscope:

Definition: b
An optica: insirument which helps us to see the magnified image

of very small object is called compound mlcroscope
Construction:

A compound microscope consrsts of two ~c =x lens which alt
fitted at each end of two metal tubes whose iengtn is acjustacie. The lem
near object is called objective and tre lens nezar ev= ‘s called eye piet
the focal length of ctiective is less han the foca 2nie #ve piece | €. fu
Working:

An object "AB" is placed at a point whose distance “P” is slightf
greater than the focal length f, of objective A real inverted and magnifiét
image A"Z" of the object is formea after refraction from the objective ¢
distance "r" fromobjective. The eye piece | ad usiert s < rn 3 way that if
image A'B’ should fall inside its focal length ]
The eye piece acts like a magnifying glass and so the final imag
A"B”of A'B’ is ">rmed at a distance equal to the least distance of disti
vision 3"

' {ieometrical Optics J

‘ shams Notes
ni

Magnifying power: -

“The ratio of size of final ima
ge seen through compound
mlcroscope to the ratio of size of object seen wuthc?ut comgound
microscope is called magnification (or) magnifying power of compound

microscope.
A= size of final image seen through compound microscope

w
size of object seen without compound microscope

CAB” “B"/A'B’
M= = AB/AB

=
AB ~ AB/AE
& MeAE AT
AB ~ B ,
> M=M, x Mo---f--— (a)
Now: M.=3 =1+ M
Q d Me 1 + f

(]

Therefore; M=— (1+—)
0
As the object “AB" is snuated near the principal focus of the objective so;
do =fo and d; L The length of microscope
Thus, M=— 1+—) T
0
This the magnifying power of compound microscope eye.
Q29. What is a telescope? Using a ray diagram explain it's working
and magnifying power?
galled astronomical telescope. &

Ans. Astronomical telescope:
Ontraction:
<o | A

An optical instrument which is used to see
heavenly bodies and other distant object clearly is

The astronomical telescope consists of two
convex lenses which are fitted at cach end of two meta.
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tubes whose length is adjustable. The Iens'to-,vgrd the ot;ject| :ch:;\:e:f‘
objective and the lens near the eye is cal|eq eye piece. The focal leng
eye piece is less than the focal length of objective i.e. f < fo

kin : . . . . r .
ot The objective form a real, inverted and diminish image A'B" of

distant object “AB" . This image “A'B” behave as an object for the eye

piece which is lying within focal length of eye _pjecg. The ggg piece
produces virtual, inverted w.r.t the object and magnlflgd image A .

When the telescope is focused at infinity (or) in normal adjustment
then the distance between objective and the eye piece Is equal to f, +
fe ie L=f0 + fe :
Magnifying power: . o ‘

The magnifying power of astronomical telescope is given by;

) . _ Focal length of objectice =&
Magnification M= Focal length of eye piece fe

Fo’ Cc1 > c2

Obljective
AT .
Q 30. Define the defect of vision. What is meant by the short

sightedness and long sightedness? How these defects can be
corrected.

Defect of vision (sightedness):

The inability of the eye lens to produce sharp images at'the retina is
called defect of vision, the main deferte of < nn are as ‘ollows.
a. Short sightedness (Myopia)
b. Long sightedness (Hypermetropia)
a) Short sightedness (myopia):

“The defect of eye lens in whicn a person can see near objects
clearly but cannot see distant objects clearly is called shortsightedness

The lens of such an eye is more convergent than that of the normal.

eye. Due to greater converging power of lens the eye ball becomes too

long for the lens system. suffering myopia. The parallel rays from the
object are focused just in front of the retina as shown is figure

Short Sight
N A °
14 i , .
—.—*_,- ’
Incide~t 'ight

;

shams Notes | | - B
Removal: .

This defect of eye can be remoy
concave lenses.

LGeometrical Optics 1

ed by using spectacles containing

b) Long sightedness:
“The defect of eye lens in which a.person can see distant objects
clearly but cannot see near object clearly is called long sightedness.
The lens of such eye is less convergent than that of normal eye.
The eye ball becomes too small for the lens system suffering long
sightedness. Due to low converging po

: \ wer of lens the parallel rays from
the object are focused beyond retina as shown in figure.

Long-sighted

vy

Removal:

~ To remove this defect a convex lens is placed in front of the eye in

the form of spectacles. The combination of convex lenses forms the image
at retina as shown in figure. '

Hypermetropic Eye -
Correction USing Convex Lens

Q 31. How human eye works? How the defects in the eye like short

sightedness and long sightedness be corrected by using lenses?

Ans. Human Eye: .
In many respects the Human eye is similar to Camera. It has white

wall called sclerotic in the front of eye there is a lens

L;atirbs of human eye:

etina: .

\The light passing through the lens cross t.he vitreous humgur r:o

Orm an image on specific wall which is called retina, Retina records the

Picture and works as film in camera
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Lens: ens in the front of eye. Naturally, this lens has

There is converging |
ability to change the focal length.
e The iris is the Coloured part of eye which automatically adjust the

size of pupil and controls the amount of light reaching the retina. y

Pupll Pupil is circular in the center according to in@ensity of light \_‘alling on
it. When white light passes, the iris contracts the size of pupil while in dim

light pupil is enlarged.

Cornea: _
The light enters the eye through transparent membrane called

Cornea.

Formation of image:
The image formation in human eye is shown in fig. Human eye acts
like a camera. In place of the film, the retina records the picture. The eye
has a refracting system containing a converging lens, The lens forms an
image on the retina which is a light sensitive layer at the Back of the eye,
the lens changes focal length. Light enters the eye through a transparent
membrane called is the cornea. The iris is the coloured portion of the eye
and controls the amount of light reaching the retina.. It has an opening at
its Centre called the pupil. The iris controls the size of the pupil. In bright
light, iris contracts the size of the pupil while in dim light pupil enlarged:
The lens of the eye is flexible and accommodates objects over a wide
range of distances. '
Accommodation: ‘ :
ORThe variation of the focal length of eye lens is called accommodation. .
“The sharpness of image formed in retina for objects at different
distances from the eye is controlied by an alternation an alternation in the
focal length of eye lens. This'is called accommodation.” ‘
For Object: ’ )
If the object is far away from eye,
» The ciliary muscles relax.

shams Notes )
(ametows ] T

&eometxical Optics ]

« The curvature of lens is decreased.
o The focal length decreased.

« The divergent rays from mean object are thus bent more and come
to focus on retina. }

Nearer Object: If an object close 1o ey’

e The ciliary musclescz - 5.

« The curvature of lens - -sasad

¢ The focal length decreased.

¢ The divergent rays from near object are thus bent more and come
to focus on retina.

Accommodation is larger of healthy eye in young people while it goes

on decreasing with increasing the age. Defects in accommodauen be

corrected by using different types of lens in eyeglasses.

Examples

Example12.1:The concave side of a spoon has a focal length of 5.00cra
find the image distance for this ‘mirror’ when the object distance is (a),12.0
cm, (b)10.0cm, (¢)7.50cm, (d)5.00cm and (e) 2.00cm.

Given:

Focal length ‘f = 5.00cm.
(a)Object Distance ‘d,’ = 12.0cm,
(b) Object Distance ‘d,’ = 12.0cm, !
, () Object Distance ‘d,’ = 12.0cm,
(d) Object Distance ‘d,' = 12.0cm,
(e) Object Distance ‘d,’ = 12.0cm,
Required: , ’ '
(a)lmage Distance ‘dy’ =?
.(b) Image Distance ‘d;’ =?
(c) Image Distance ‘dy’ =?
(d) Image Distance ‘dy' =?
(e) Image Distance ‘d¢’ =?

Solution:
By mirror equation
f Ao didi  f do
Taking LCM
- d
1 = gl_f Ol'di=—f—o— ________ ()
. dj fdo do—fo
Putting the values in equation?
fd ;
dlz_?_ ‘
do—fq
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Therefore,

5 00cmx12.00cm

b) Putting value in gquation 1

=

=

Therefore,

c) Putting value in equation 1

=

=
Therefore,

d) Putting value in equation 1

= &= 75 50cm-5.00cm
J 60.0cnt?
= i™ 7 o0om
d.= 8.8Ccm =—--memmmsmemmm Answer
i
d= fdo
‘ dO_fO
5.00cmx10.00cm
i~ 10.00cm-5.00cm
_ 50.0cm?
" 5.00cm
d;=10.0 cm ----memem-m- Answer
fdo
d:=
t do'fo
d.= 5.00cmXx7.50cm
' 7.50cm-5.00cm
37.5em?
di=
2.50cAT
d;=15.0cm Answer
d
d=L%
do"fo

5.00cmx5.00cm
= di= —
5.00cm2—5.006m
25.0em
. = 4=
ocmr
Therefore, ‘
di=o Answer
e) Putting value in equation 1
d
d;=L%
/ dso—fo
= 4= 00cmx2.00¢m.
‘Z.OOCmZ—S.OOCm
1066m
= 4= 3.00¢A1
Therefore, '
d;= —3.33Cm---mame e Answel

Geometrical Optics l :

LGeometricaI Optich

mirror.
Given:

Required:

'Sol‘ution:

Putting the values

E/xa'r}rpTe 12.2: An external rearview car mirror is convex with a radius of
curvature of16.0m (fig). Determine (a) the focal length of the mirror, (b)
|ocation of the image and (c) its magpnification for an object 10.0m from the

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

(a)focal length ‘=7
(b) Image distance ‘d,’=?

_ (c) magnification ‘m'=?

(a) Focal length ‘P=?
We know that;

= -% R
Putting values :
f=-= 16m
. Therefore, R - W] o M — Answer
(b) By mirror equation .
' 11,1
f d  dy
Or - = -1 _ 1
‘ di  f do
Taking LCM' , '
N 1 _ dof
\ di  fd,
_f
SO S E—

—8.0m X10.0m
d‘—

= " Tom—(-8.0m)
_ _ 80.0m?
DA e ry _
Therefore, d;= - 4.4m-—--——-— Answer
(c) Magnification ‘m’= 5
= S
m= a,
. _ —44m
Putting values m=——
' m= + 0.44 —-eemmnev Answer
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Example12.3: What i
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com

s speed of light iﬁ water having index of refraction ag Zoquired:

Critical Angle 6,.=7

[E;ometrical Optics ]

1.337? on:
Given: B/e solution: .
. Speed of light in vacuum ‘C'= 3.00x10°m/s The critical angle is .
Index of refraction for water ‘n'=1.33 sing, = -;ie\réf; cgn 2
Required: Speed of light in water 'v'=" (a) When light goes from g|3§ﬁs e tica angle
P ‘ = G =sin’le
i N q
Solution: putting the value, }
We know that; . ¢ - 6, = sin'1iﬂ
n= " orv= x . Cl P
_3.00x108m/s _ s 6. =41.8 o |
Putting values Ve H (b)When light goes from glass to water the critical angle is
. el [
Therefore, - v=2.26% 10%m/g-mmemeeee- Answer 6, =sin 1n_‘”
Conclusion: ., . | g
Therefore, the speed of light in water is 2.2610°m/, 18 Putting the value, D )
Example 12.4: Light travels from crown glass (ng= 1.52) in to _water = 6. =si =
(nw=1.33).The angle of incidence in crown glass is 40.0°. What is the 6, =62. 50

angle of refraction in water?

Given:

Required:

“Solution;

Or

Putting the value '

Or

Hence, = 0y, =47 3

Example 12.5: Find the critical angle for light traveling from glasé
"(n=1.502) to (a) air (n=1.002) and (b) water (n=1.332) )

Given:

Angle of refractiong,,=?

Index of refraction for crown glass ‘ng'=1.52
Index of refraction for water ‘n,/’=1.33
Angle of incidence 6,=40.0°

By Snell's law
ny sinf; =n,siné,
ngsinfy = n,, sinf,
sing, = ]
Nw

# Given:
: Focal length ‘f=10.00cm.

sin6,, = % Sin40°
=  sin6, =0.735 and 6,-sin"0.735
Answer

# Required:
(a) Image Distance ‘dy'=?
Magnification m=">
(b) Image Distance ‘dy'=?
Magnification m="?
(c) Image Distance 'd.'=?
Magnification ="
(d) Image Distanc: .. =
Magnification m=?

Index of refraction for ordinary glass ‘ng'=1.502
Index of refraction for air n,=1.002
Index of refraction for water nyw=1.002

’
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8 Example12.6:A converging lens of focal 'ength 10.0cm forms images of
#§ an object situated at various distances,.(a) if the object is placed 30.0cm
# from the lens, locate the image, state whether it's real or virtual, and find

its magnification. Repeat the problem (b) when the object is at 20.0 cm
#and (c) when the object is 15.0cm from the lens (
8 10.0cm from the lens and (e) when the objects 5.00cm from lens

d) when the object is

(a) Object Distance 'd,'=30.0cm,
(b) Object Distance ‘d,'=20.0cm,
(c) Object Distance ‘d,'=15.0cm,
(d) Object Distance ‘d,'=10.00cm,
(&) Object Distance ‘d,'=5.00cm,
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(e) Image Distance ‘d1'=? = | I o
do 15cm

Magnification m=? ‘
Therefore : =.2.00

&aometrical Opticﬂ
=4

Solution: _ : . o
By mirror equation L. . P nerefore, when in a object distance is less than twice the focal length but
- = + = E greater than the focal length (2f )
1 ‘E 1 10 To get image distance putting values in equztion 1
or = d—l = ; 4 | ‘=10:0cm X10.0cm
Taking LCM ' 10.0cm-10.0cm
L L _dot 4 100emm?2
= = .=
d; fd‘{do ' 0ot
= di:z——f ........ (1) Therefore = d(= 00 =esecemmemee—-Answer
(a) To getimage distance putting values in equaation1 The magnification formula is .
Putting value __dy
_10.0cm x30.0cm = m==
i730.0cm-10.0cm ‘ %
= —
l=300m2 3 > M=
20erfi : Therefore m= oo :
Therefore, =  d;=+15.0cm ------------ Answer e) To getimage distance putting values in equation 1
The magnification formula'is ‘ _10.0cm x5.00cm
4 ' , 5.00cm-10.0cm -
do v ' _50¢#M?
- _15cm =, di_—gm, :
‘ 30cm : Therefore, =  d;=—10cm-—------—Answer
Therefore m=. -0.500 o iThe magnification formula is
- (b) To get image distance putting values in equation 1 : ' T —10cm
. _10.0cm x20.0cm : = === m=
720.0cm-10.0cm : S do Sem
 _200em® herefore, m=+2
= di=
10,0em ; '
Therefore, = d;=+20.0cm --------------Answer =xample12.7:A biologist with a near-point distance of N=26cm, examines

The magnification formula is fin insect wing through a magnifying glass whose focal length is 4.3cm.

m =% m = 22:”" Find the angular magnification when the image produced by the magnifier
o cm 3 is a | X .
Therefore, -1.00 | (a) at the near point and (b)at infinity.

alven: s

Focal length of magnifying glass ‘f=4.3cm.
Near —point distance of N=26cm

(c) To getimage distance putting values in equation 1
~10.0cm x15.0cm
Y 15.0cm-10.0cm

= =1500m® ) Object Distance ‘dy'= 1.1cm
Y5000 FRequired: - .
Therefore = d;=30cm -emeeeeee- p— Answer 3

S r magnification ‘my'=?
The magnification formula is Angular mag " f
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Solution: . . n values
int for magnifyind@ Putting
The magnification when the image is at near po gnifying L goMiomxioem
L
: 10cm 1l.1lcm
glass is N - d;= 11cm?
M= +1 -0.1cm,

= di=11cm

Putting the values The magmﬂcatlon formula for compound microscope is

2orm

‘ _ | _d ' _N
= me=- hmM = m= — I Xf—e
> me=7 putting values N
The magnification when the image is at infinity for magnifying glass Is L= m=- x 25T
y : . 1.0cm 2.5cm
mo=" 8 Therefore, ‘ m=-110
Putting the values - ; { Example 12.9: The largest optical refracting telescope in the world is
- m9=26cm : " located at the Yerkes observatory in Wisconsin. The objective lens has a
. " _4gcm ¢ focal length of 19m, and the eye piece has a focal length of 10cm. (a)
o=

! calculate the total magnifying power of this telescope. (b) Estimate the

' L L £ focal length of the telesc
Example 12.8: In biology cliass, a student with a near. Point distance ¢ g ope.

. . ) N | Given: .
N=25cm uses aqTICFOSCOpe 19 k\‘new an amoeba. If the objective has a Focal length of objective ‘fo' 10em
focal length of 1.0cm, the eye-izce has a focal length of 2.5cm, ang Focal length of eye piece f.'=11
amoeba is 1.1 cm from the objective, what.is the magnification producef 9 ey piece Te m.

by the microscope 7 4§ Required:
4 e (A) Angular magnification me=?

Given: : ' o (B) Approximate length ‘L'=?
Focal iength of eye piece f¢'=2.5cm. "M Solution:
;?:j{ fc;?\:hd?sft::::eecg\fli :0251-’201’"- & (a)The magpnification of teles;ope is
Object distance ‘d,’=1.1cm  / Me=— o
Required: - EPutting values, )
Total magnific;’:\tionl‘m':’?1 \ 8 N me:; 1om
T + % _ | Therefore, ' o
Or = % A N_ di ' o >  mp=-190______ Answer
Taking LCM &Y fo. 0 . : b) For a relaxed eye, the image is at the foca' point of both the eye piece
. 1 _doty ) §3nd the objective lenses. The distance between the two lenses is thus
4 fd, | L ~fo+fe= 19m +0.10m
= dF-J_:ii_;o ____________________ (1) . Therefore, L ~19mM--m-mmmmmem- Answer

Which ig essentially of the length of telescope.
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Assignment 12.1: A dentist uses a concave mirror with focal Iengu’\
2 0cm to examine some teeth. If the tooth under. exammat!on is 1.2 o
high and mirror is placed at 0.9cm. Calculate the distance of image formed

shams Notes “ ‘ Geometrical Optics I
/——__\“_

(c) Distance of object (tooth) d,:
We know that; .

h;
T o= .:_‘..
' r,

3‘ m = _;
i image and magnification. . R 1
i L P
-G?ven- ' The —ve sign shows that the im

age is vertically inverted.
Assignment 12.3: A convex security mirror in a warehouse has’a -0.50 m
¥ focal length. A 2.0 m tall forklift is 5.0 m from the mirror. What is the image
- position and image height?

Solution ,

Given: Focal length of convex mirror=f=-0.5m
Height of object'= hy = 2m

Distance of object from the mirror =5m

Focal length =f =2cm
Object (tooth) Height = hy = 1.1cm
Distance of object (tooth) =d;=0.9cm
Required: _
(a) Distance of image = d; =?
(b) Height of image = h; =7
(c) Magnification = m =?

ion: Required: _
Calculation: . R\<
. . - a) Image: =d; =7
(a) Distance of image = d;: ’ &b;Heig?wt gfﬁ?\t;ogl =(§zl~ =2
We know that,l L1 Calculation: IR
rarn + r (a) Image position (d,):
1 1 1 We know that;
> =7 - (1) ' 1.1 1
, . L 0 ==+ =
Putting value in eq(1) , we get . foodi  dg
LY & i_1_ 1
d 2 09 di f  dg
» 1 _ _09-2 > l_ 1 1
d; (2)(0.9) d;i -0.5 5
5 1_-ut 5 —=-2_1
d; 1.8 ) d; 0.5 5
1.8 1 -5-(05
d; —m=—1.64 = —= _2(5 )
(b) Height of image: = ll _ 55
We know that: ’ 4 25
ﬂ = il. 25
) ) l dO | = dl = —g—s'
Putting vaJue in eq(2) , we get | PR /1 — Answer
, , -1.64x1. . . ot
= h; = T:” T;‘e ‘V_e sign show that the image is virtual.
= h =-20cm (b) Height of image (h)):
The —ve sign shows that the image is virtual. ® know that, ha
ho do
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> h = Z—;X ho "
Putting value _05'
> h=-—=X 2
= hi = :05_9 (
= h; = —0.18m--mmmmmmmem- Answer

The —ve sign show that the imagé is vertically invgrt_ed. ]
Assignment 12.3: If the speed of light is kerosene oil is 2.08 x 10%
sec.Calculate the index of refraction? ' ‘ ‘

Solution:
Given: : ' .
Speed of light in kerosene oil = v = 2.08 X 10°m/sec
Speed of light in vacuum= C = 3 x 10%m/sec
Required: ‘
Index of refraction = n =?
Calculation:
We know that;
n=¢
v
3 x108m/sec
= n=

T 2.08 x108m/sec
= n=144
Conclusion: Hence; ,
Index of refraction of kerosene oil'=1.44
Assignment 12.3: Find the index of refraction for medium -2, if medium
-1 is air with index of refraction n, = 1.00, the incident angle is (30
and the angle of refraction is (22:0)°. Compare the result with the tat
and identify the nature of medium -2 3

Given:
' Refractive index of medium -1(air)=n, = 1.00
Angle of incident = 6,_ 3000
Angle of refraction = 6,_ ,; gy
Required:
Refractive index of medium -2 = n, =?
Calculation: .
We know that;
n, _ sing,
n, - sineez
__ §inf,
= n; = sin@, n

[ Geometrical Optics

— ) 0
sin30
= n, =
2 ’Séigl229 X 100
.5X1.00
= n, = ——
0.375
= n, =1.33
Comparison: ,

If we compare the refractive index of medium 2 ie n = 1.33 with

the table, this value match with the refractive index of water  This medium
-2 is water. :

Assignment 12.5: What !s the critical angle for light travelingb in
polystyrene (a type of plgstlc with index of refraction for polystyréne as
1.49)pipe surrounded by air take index o refraction for air to be 1.00?

Solution: . '
Given: .
Refractive index of polystyrene = n, = 1.49
Refractive index of air = n, = 1.00
Required: , _ ' -
Critical angle = 6.=?
- Calculate: ’
We know that,
. . 2
sin@, = o
= sineé = 10
1.49
= sinB, = 0.671
= 0, =sin"1(0.671)=42.2°
(Y. b R R — Answer

Assignment 12.6: An object is placed 30.0cm in front o a converging lens
and then 12.5 cm in front of a diverging lens. Both lenses have a focal
iength of 10.0cm.for both cases; find the image distance and the
magnification. Describe the images.
Solution: ' o
(a) lens = convarging lens = convex lens:
Given: ' :
Object distance = d, = 30cm
_ Focal length = f = +10cm (convex lens)
Required: : .
Image distance = «, =7
Magnification = m =?
(b) Lens= Diverging lens= concave lens:
Given:
Object Distance = ¢, = 12 5™ ‘
Focal length = f = =10 0 (con Y (enxs )
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. image distance = d; =?
Magnification = M =7
Calculation: ,
(a) Lens= converging lens = convex lens d@ =1

We know that;
1t 1
f dg d;
1 1 1
. 1
= 9T F 4 (1)
Putting value in eq(1) , we get,
L _1 1
di 10 30
1 3-1
= - ==
: di 30
1 2
=4 - ==
d; 30
30
= di = —
2

= d;=+15cm

do
15
= m= ——
30
m=—0.5

(1) The image is real (Distance positive .
(2) The image is vertically inverted (magnification —v3) :
(3) The image is smaller than the object (magnification is less than"1")

(b)lens= Diverging lens= concave lens d; =? |

We know that;
: 1 1 1
- — + —_—
[ do di
1 1 1
D = = - = - (1)
. . d; f do
Putting value in eq (1), we get
11 1
d;  -10 125
1 1 1
= — = - —
d; 10 125
1 -12.5-10
= —_— = —_——
d;  (12.5)(10)
1 -22.
= — = >
d; 125
125
= dl = it
22.5

Downloaded from awazeingilab.com
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= d;i=-556cm

Magnification=m = — % :
0
m= (-5.56)
12.5
=  mo= 1556
) 125

= m=+0.445
The image is virtual.(distance negative )
- The image is upright. (magnification +ve)
The image is smaller than'the object (magnification is less than1)
Conclusion: Hence;
Image Distance (in case of convex lens)= d; + 15cm
Image Distance (In case of concave lens)= d; = —5.56cm
Magnification (in case of convex lens) = m = —0.5
~ Magnification (in case of concave lens)= m = +0.445
Assignment.12.7: An 8- cm focal length converging lens is used as
“Jeweler's loupe” which is a magnifying glass. Estimate the magnification

(a) when the eye is relaxed and (b) if the eye is focused its near point.
Solution: o

Given: ) .
Lens = converging lens= convex lens.
. Focal length of converging lens=f=+8 cm

Near —point distance =N=25cm (least Distance of Distinct vision)
Required: T '

(a) Magnification (when eye is relaxed)= m =?

(b) Magnificent (when eye is focused at near point)= m =?
Calculation: ‘

Magnification (when eye is relaxed = m =?
“We know that;

m=

Sl

.= m=
‘ = m=3.12
Magnification (when eye is focused at near point)= m =?
e
We know that, m=1+ 7
Putting value, ’s
= m=.1+ 5
= m=1+312
m=4.12
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[ lusion: Heie' Red (a) Angular magnification = me =7
Conc lz:)“;n{imes mégniﬁed image is formed when the eye is _relaxed. ! . (b)Length of telescope = L=
(b) 4 times magnified image is formed when the eye is focused at Calculation: BN

its near point. : ' o :
Assignment 12.8: If the focal length of eye piece IS increased, does thg
magnitude of the magnification increase (or) decrease? Check yoy;
response by calculating the magnification when the focal length of the eyg
piece is 3.6 cm ‘ :

Solution:

Given: Focal length of objective = f; = 1.0cm
Near -point Distance = N = 25¢m
Image distance = d; = 11cm.
Focal of eye —piece = f, = 3.5

Required:

(a) Effect on magnification=?
(b) Magnification=?
Calculation: .
Magpnification of compound microscope and eye piece focal length: .
- The magnification of compound microscope is given by:
me==% N
0
From eq(1) ,it is clear that the maénification
inversely proportional to the focal length of ey
focal length of eye — piece cause
microscope and vice versa.
(b) Magnification when fe=3.5cm:

of compound microscope is

s decrease in magnification of compound

We know that;
m= —% x ¥
Putting value ° )
= m= — .1_1 X .2_5
‘ 1.0 ~ 35
= =-78.6 =-79
= = -79 ‘

The magnification of ¢

_ Ica ompound microscope is decreased when eye.
piece focal length is increased

Assignment12.9:Astronomical telescope has the foIIoWing specifications?.
| fo=985mm and f, = 5.00mm. From these data points, find :
(a) The angular magnification and

(b) The approximate length of this telescope.
Focal length of objective = fo = 985mm
Focal length of eye piece= f, = Smm

Given:

Conclusion: Hence;

e — piece (f,) i.e. increase in

(a) Angular magnification:

The angular magnification of an astronomical telescope is given by;*
fo
mg =-—-2 )
] f
985

= Mg -
= mg =-197

(b) Length of telescope:

The length of an astronomical telescope is given by;
o L=fy+f,
= L =985+5
= L =990mm .

Angular magnification = mgy = —197
Length of telescope = L-= 990mm

| Exercise ‘

1. Choose the correct answer for each of the following; A
i.  Ifthe angle of incidence is 30° the angle of reflection will be
. a. 30° b.45° ©c.90° d. 210°
i. When is the radius of curvature of concave mirror. Real diminished
image will be formed when the object is at

a. Door “b. do=r c. r>d>f d. do=f
iii.  The focal length of convex mirror with radius of curvature 10cm is
~a +10cm b. +5cm c. -10cm d. -5cm

An object is placed 7cm from a concave mirror whose radius of
‘curvature is 10ci , the image formed will be .
a. Real and uprig-ht b. virtual and upright
" c. real and inverted d. virtual and inverted
V. Which one of the following materials will refract light more

a. Water  b. glass c. air d.diamond
Vi. A convex lense with focal length 8.00 cm has the power of lens

a. 205D b.4.00D c.125D . d..16.0D
Vi thé distance from your eye's lense to the retina is shorter than .for

a normal eye , you will struagle to sée object that are
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farway d.moving fast - =

a. Nearby b. colorful c. fe |
Who benefit more from using a magnify glass , a person whose :

A
" near point is located at a distance away from the eye ball of * - :
a.75cm b. 50cm c. 35cm d.25cm
ix. The human eye forms the image of an object at. its )
' a. lris b. retina c. pupil d. cornea

Conceptual Question B

Which type of lense would you use to start fire from light from
ﬁ;h":v?:zmn;%h concave (or) convex, would work best? At what
distance from the lens should the paper be held for the best result?
Ans. Type of lense: :

We will use a convex lens to start fire with the help of sun rays
because the convex lens converges the parallel sun rays to a single point

(principle focus.“F") after refraction.
Procedure:

Take a convex lens and place a paper at a distance equal to focal
length of the lens. The lens converges sun rays to the principle focus (on
the paper). After some time the paper heat up and catches the fire.

For best results: T ' , 3

For the best results, the paper should be placed at the principle
focus of a lens of large size should be used because larger lenses collect:
more sun rays. - \

Q2.If a concave mirror produces a real image,
necessarily inverted? Explain.
Ans. Real Image: ' o 2

In image formed when light rays actually pass through the point
where the image is formed is called real image. '
Real Image Formed By Concave Mirror:

. Real'image can be produced by concave mirror when an object at
principle fo.cuses “F” (Or) beyond the principal focus of concave mirror.
This real image formed by concave mirror will always be vertically.

is the image]|

inverted.
~ Conclusion:

Hence, the real image formed b

i y concave mirror will be necessarily inverted.:
Q3. Are rearview mirror u

_ . sing in cars concave (Or)Convex?
Ans. Rearview Mirrors Using in Cars: ’ '
Convex mirrors ar

_ € used as rear view mirror in cars and other
vehicles. : -8
Field of view:

[index = n=1.47 for disappearance.

Convex mirror has a larg
mirror. The convex forms virtyal,
conclusion: o ‘
'_’"'—He'n-é, for wider field of view, erect and clear images convex mirror
is used as rearview. Mirror in cars and other vehicles. :
Q4. A magician during a show makes a glass lens with n=1.47

disappear in a trough of liquid. What is the refractive index of the
liquid? Could the liquid be water? . _

Ans. Refractive Index of Liquid Used to Disappear Glass:

Lens: o . - L

If a transparent object is surrounded by a transparent medium
having the same refractive index as the object, then no reflection and no
refraction take place and the object becomes-invisible (disappear). Thus

the glass lens with n=1.47 must be inserted in a liquid with the same
refractive index i.e. n=1.47. L o

Water with n=1.47: _ -
Since the refractive index of water is 1.33, so water cannot be us
for the disappearance of the glass lens with n=1.47. It may be glycerin

(Or) turpentine (Both have refractive index equal to 1.47) ~
Conclusion: - ' :

a) Hence; the glass lens must be inserted in a li

Geometrical Optics

e field of view as compared to concave
erect and diminishes.

quid having refractive

b) Water cannot be used for the disappearance of glass lens with n=1.47.
Q5.Suppose that you were handed a lens and a ruler and told to
determine the focal length of the lens. How would you proceed?
Ans. Determination of Focal Length of Lens:
By Ruler (Or) Meter Rod: .

"Yes, we can determine the focal length of convex lens with the help
of ruler (Or) meter rod. : :
Procedure:

- In open atmosphere, make the sun rays focused on the wall and
Measure the distance between the lens and wall. This will be the focal
lgngth of the given convex lens.

onclusion: - ) .
\Hence. the focal length of convex lens can be determined with help
of ruler by focusing sun rays on the wall. - ] .

Can we achieve total internal reflection from optically rare
Medium to optically dense medium? , _
Ans. No wep'canngt achieve total internal reﬂectlon from qptlcal!y rare
Medium to optically dense medium. The totf‘::\l internal reflection will take
Place when the following conditions are satis ied. .

*The light rays must be enter from denser medium to the rare_tmelmun?.

The angle of incidence in the denser medium must be greater than critical angle.
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Conclusion: Hence, we cannot achieve ’gotal internal reflection from, ‘h

ically rare medium to optically dense medium. _ )
0Qp7th\aN i%l a nearsighted person who wears corrective lenses in her - - —
glasses to be able to see clearly underwater when wearing thosg p1: A1.50 cm high object placed 20.0 ¢cm from a concave mirror with
glasses. , . Ml radius of C‘_vaatu"e 30.0 cm. Determine (a) the position of the image,
Ans. No, a near sighted person who wears correstlve lenses in her glasses; and (b) is size , also draw the ray diagrams. |
will not be able to see clearly under water when wearing those glasses. : , Solution: B )
Explanation: C , ' ‘Wl Given: Mirror = Concave Mirror

The lenses used by a near sighted person in her glasses are - Height of object = h, = 1.50 ¢cm
designed to work with the difference in refractive.indices of air and glass . Position of object = d, = 20.0 em
but when the air is replaced with water, the difference in refractive indices! Radius of Curvature = R = 30.0 cm
is less. Thus the light will refracts between “water and glass” as compare th of concave mirror = f = & — 30 _ '
air and glass’, means these glasses would ‘not correct your vision} Focal.leng. - 2= 7 =t cm(concave mirror)
underwater these would not focus the light on correct spot in the eyes to f{Required: _ o
‘ (a) Position of image = di=?

create a clear image. POos fim
Conclusion: ° (b) Height of image =h=?
Calculation: : _

Hence. a near sighted person who wears corrective lenses in her .. e ]
(a) Position of image(d;):

glasses will not be abie to see clearly under water when wearing those glasses.

Q 8.When you use a simple magnifying glass, does it matter whether We know that;. S
you hold the object to be examined closer to the lens than its focal =gl |
length (Or) farther away? Explain : | fl d1° Cii
Ans. Yes. it matters whether we hold the object to be examined closer to § 4 i I + a
the lens than its focal length (Or) farther away. . f1_1 1
Magnifying Glass (Or) Simple Microscope: Ao = 4 1 * 200
A double convex lens is called magnifying glass (Or) Simple = L _ 20715 )
microscope. ‘ i L ‘ di - (15)(20)
Working Principle: . : ' : > —==
Simple magnifying glass works on the principle that “An object must “ 330000*
be plssed within the focai length of magnifying glass in order to get a = d; =5
magnified image this when we hold an object to a magnifying glass closer: d; = 60cm —-eemeennnneeee- Answer
than it focal length, the image will be virtual erect and magnified. #(b) Height of image (h)):
Conclusion: ' A " ' We know that;
Hence, the magpnification of magnifying glass depends on whether : hi o di
we hold the object to be examined. : B ho  do

Q 9. In blind turns on hill
Are these mirrors
mirror? Explain.

y roads, mirrors aré used to help drivers.

. _ di '
. S =  hi=—xh,
plane mirrors, concave mirrors (Or) convex| do

Putting values, we get;

; I ] . _ 60
é::l Cor;yex ngrrors are used in blind turns on hilly roads to help drivers. = hi = ;)'X1-50
anation: Convex mirrors are used at blind corner irror i = --
has a wider field of view. The A G e Answer

o N y also form virtual, erect and diminished
meces of objects. Thus convex mirror

. comp_ared} to plane and concave mirror
~ used in blind corners on hiily roads.

%: Hence; .
a) Position of image=d=60cm
b) Height of image =4.5¢cm

has larger field of view as'|
Therefore convex mirrors are;
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P 2.A candle of height 8.0 cm is located ata distan'ce of 300 Tnm from
a concave mirror; its virtual image is formed behind the mirror at 3

distance f 3.0 cm from the pole (or vertex). Find the focal length of

the mirror and height of the mirror formed.

Solution:
Given: _
. Mirror =Convex mirror
Height of object =h,=8.0 cm .
Position of object = d,=300.00mm = 30.0cm
Position of image = di=-3.0cm
Required: v
a) Focal length =f=?
" b) Height of image=hi=?
Calculations: '
a) Focal length (f):

We know that;
1 1

T do | di
1,01
T30 -3 .-
1

|

w gl"‘
w :
w

Il R Y FET N E Y Ry
w|| =
olo |
-
o

I
|

U 0 v u g

R 1.1 S— - Answer
- The —ve sign show that the mirror is convex.
b) Height of image: -
We know that;
hi di
ho do . . 4
., di :
= hi+ X ho
Putting values, we get;
= hi+ _3—? x8
_ hi = —0.8cm ---------------- Answer
The —ve sign show that the image is virtual
Conclusion: ’
a) Focal length =f= —3.33cm
b) Height of image=hi= —0.8cm

Geometrical Optics: l :

Calculation:

Geometrical Optics l
5 3.Calculate the speed of light in zircon

. . with index of refraction
11.923, a material is used in jewelry to replicate diamond?

golution:

Given: I '
Speed of light in vacuum = ¢= 3y10®
Refractive index of zircon = n =1 '923m/sec

equired: -
R ‘Speed of light in zircon=v=?
We know thatf;:
. e

Slo<|n

> v=
Putting‘ the values

3x108 -
V=(1923)m/sec _

- v=156 X10%m/sec |
Conclusion: _ -
Hence; the speed of light in zircon (v) is 1.56x10%m/sec
P-4: A light ray strike in air / water surface at an angle of 26° with
respect to the normal. The refractive index of water is 1.33. Find the
angle of refraction when the direction of the rays is (a) from air to
water (b) from water to air. o ‘ ‘ ’
Solution:
Given: ,
-+ Angle of incidence = 0, = 46°
Refractive index of air = Nair = 1
Refractive index of water= n,, = 1.33
eqQuired: ‘ ' .
(a) Angle of refraction (from air to water)= By, =7
(b) Angle of refraction (from water to air)= 8, =?

(@) From air to water:

According to smell's law; ‘

, Nair _ _ sin6r,

nwater’ Sinei

>  sing, =—2xsinf;
. 1 Nwater
q  Putting value we get,
, 1 X sin46°

Sinerl = —T?;—g—_—
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- 1xsin0.72
= sinBy, = —33

= sin@,, = 0.54
- O, = sin~2(0.54)

o,

1

b) From water to Air: , .
: According to smell's law;

Nwater _ ﬂer_z
Nair sian .
o Nwater inB.
= sinf, = —=X sind;

Putting value we get;
. _ Dwat 3
sinB;, = —H2EE X sinb;
Najr
. 1.33 xsin46°
sinB,, =———

1
. 1.33 X0.72
sinB,, = —

sinB,, = 0.96
6, = sin~1(0.96)
erz = 740___.__.-.'.-- Answer '

Lu U U

Conclusion: Hence; :
(a) Angle of refraction (from air to water) =8, = 33%
(b) Angle of refraction (from water to air) =6, = 740

_ P 5: An optical fiber is made from flint glass with index of refra'ctio.n‘
. 1.66 and is surrounded by a cladding made of crown glass with index

of refraction 1.52. What is the critical angle?

Solution:
Given:
Refractive index of flint glass= n; ; =1.66
Refractive Index of crown glass = n.; =1.66
Required: o 4
. _ Critical Angle= Q.=?
Calculation:
We know that; o

SinQ, = Z—:

-1
Qe = sin™ ()
Putting value, we get; .
= - Q.=sin” 1'—62

< i gl i A

Conclusion: Hence;

Critical Angle=Q_= 66 30
p 6: Suppose the book page is held 7.50 ¢
focal length 10.0 cm. What magnif;
solution:. |
“Given: - *
(@) Lens=convex lens
Focal length= f ¥ 10.0cm
Position of object = d, = 7.50cm
(b)  Lens= concave lens
Focal length = f = —10.0
- Position of object = dy = 7.50cm

Eeometrical Optics }

m from a concave lens of
cation is produced in each case?

Required: .
: (a) Magnification for convex lens = M =?
. - - (b) Magnification for concave lens = M =?
Calculation: ‘
| (a) Magnification for convex lens (M):
: 1 1 1
f di do
1_t1_2
_ : di . f do
Putting value, we get;
. 111
di~ 10 75
= . _1_ — 7.5-10
- di ~ (10)(7.5)
di .75
= di= 2
. : ;27'§r'0
1 = di = 2—5
= di = =30cm
Now; - . M=%
. . . do
. _ (=30
= - 7.5,
B I FE— Answer

The +ve sign shows that the image is upright

(b) M

agnification for Concave Lens:
1 1 1
; T dy 4
= a_1_1
d [ do

1

N - _——

PUtting values, we get;
1 1

E— -10 7.5
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1 11 ;
= % 10 7.5 ¥
1_ -7.5-10 2
> % aors
= 1_ -175
2 s
=75 .
= 4= 53
d; = =5.56cm .
The —ve sign shows that the image Is virtual, _ .
Now; - :
__ 4
. - d(]
utting value we get; ‘
Puting 9 _ c-556 N
j 75'556)
= M= - =5
556
= M=+—
7.5
= M = +0.445----=asemamemm== Answer

The +ve sign shows that the image is upright.

P 7: Gulalai is viewing a flea using a magnifier with f =3.0 cm if pei
near point is at N=25 cm then calculate the maximum magnification

she can get.
Solution:
" Given:
Focal length of magnifier= f = 3cm
) Near point distance = N = 25cm
Required:
Maximum magnification = Myqx =7 -
Calculation: .
We know that

Mmu=?+1
Putting values, we get;
= Mpax= 241
= Mpay =833 +1
= Mpg, =933

Conclusion: Hence;
Maximum magnification=M,,,, = 9.33

Downloaded from awazeingilab.com

paA telescope has a magnifica
mm. What are the focal |engg',$' CI,Catlon of 40,

Geometrical Optics

! 0 and a length of 123
f the objective and eyepigce? °

‘Magpnification of telescope =

M =40
, Length of telescope = J, =
ReqUired: _ p = 1230mm
. (a) Focal length of objecti
jective=f, =7
(b) Focal length of eyepiece =f10’ =2
Calculation: ‘ o
We know that, >
M=k
. . =M e-'- -------------
'Also; : ’ : ’ "
Putting equation(1) and Equation (2) v]\:ee get; '
o L=Mf+f
= L=M+1f,
s f=2b
Putting value we get; oo
) . 1230
= =—
| =
= =—
f 41
s . = 30 T
Putng eq(3) in ety © e
T = (n30)
= fo= (4030 °
fo = 1200mm-—--rmmm- Answer

C°nt‘:lusion: Hence: » ,
' (a) Focal length of objective = f, = 1200mm
(b) Focal length of eyepiece = f, = 30mm

'
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Chapter No.13
Electrostatics

Major Concepts -

Production of electric charges
Electrostatic induction
Electroscope and its uses
Coulomb’s law

Electric field and electri
Electric field lines
Electrostatic potential
Capacitors and capacitance
Combination methods of capacitors
Types and uses of capacitors
Solution of problems

¢ field intensity
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Comprehensive Question

Q1. Define electrostatics and

e o electri .
electrified? Describe with the help ol:: charge? How objects can be
Electrostatics: ' O experiments?

Electrostatics is com
. posed of tw
Electro;i_r;eabn charge and static mean rest ?So“;? |rsd Z,efilegtro end staties
e branch of physics which deal wi o s

s called electrostatics, o eal with thg study of charges at rest

Electric charge: - . :
The deficiency (or) excess

‘ : s .

electiic charge. of electrons on an object is called
If there i

negativelty irt?éz;:;m?fs ?hc: ciections on an object, then the object s caled
vely : re is deficiency of ' -

the object is called positively.charged y of electrons on an object, then
The properties of electric e

) ! =2 Y charge can be vd wi
different experiments discussed as fellows Uneerstood with the help of
Experiments No.1: '

N T . . ) ’
ake glass rod and rub it with silk cloth, we will observe that the.

- glass rod will attract small pieces of paper toward itself.

we suspselr:r;”:l:z: r::dséanrgi type of behavior is observed by the silk cloth. If
Experiment No.2: ring the silk cloth near it, they will attract each other.

that theT ?L':sbaerr?:cti) ?nLOd and rub it with woolen cloth, again we observe
itéelf. If we suspend the‘mobotlzl: ‘r(c::gt;: t;r? e ot st oot Foward
will attract each ofher. nd bring the woolen cloth near it, they

.
the CIoﬁqefOTe these experiments we observe that both the rods and both
s also s did not have this property of attraction. Since gravitational force
> @S0 attractive in nature. But the property of attraction in these two

- Xperi . W
Waz fiments is not due to gravitational force because gravitational force
-Ya8 present before rubbing of rods with the cloths but it was not strong

€no

eleC‘:Sh to attract clothes toward the rods. The attraction is due tc

rUbbi:Cal force between the charges placed on rods by cloths due to
g.
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Ex erlénenth.&'ass o ilk cloth and bring another glag J
uspend g

rod rubbed with silk cloth near
these glass rods repel each ot
wooien cloth and bring a glass rod
observe that these Two rods attrac
rubbed with woolen cloth to the suspen.
that they also repel each other as shown in figure.

bbed with s

to the first glass rod. We will observe thaft

her, Now suspend rubber rod rupbed W!thq
rubbed with silk cloth near to it, we wifj;
t each other, By brining rubber rod
ded rubber rod, we well observe:

ﬁ

- L LT
, Reputsion | Attraction Repulsion
a ‘
Rubber
Rods

(m»

€]
[ (a.b) Like charges repel each other © Unlike charges attract each other

Q2. Define conductor and insulator. Give examples?

Ans. Conductor:
The substances through which electric current can flow easily are

called conductors.
Explanation:

In a metallic substances such as solid copper, iron, aluminum eté
the valance electrons are not bound to any particular nucleus. They caf
move freely. They are called free electrons. Those substances which have

a large number of free electrons per unit volume can easily condud

electric current are known as good conductors.
Insulators:

The substances through which electric current cannot flow easlf

are called insulators.

Examples:
Dry wood, plastic, glass, rubber etc.

, In insulators the valance electrons are tightly bounded with e
respective nucleus. Therefore, electric current cannot flow easily throU*

insulator.

('gp;ams Notes |
LElectrostatics ]

qQ 3. A material is neither a perfect cond i

plain 7 uctor nor perfect insulator,
ans. A material is neither a perfect conductor nor perfect insulator
pecause under certain cases an insulator may behave like a conductor
and conductor may behave like an insulator For example air is an
insulator, but due to strong electric forces it may becomes a conductor
temporarily.

Similarly the air between ground and charged clouds becomes a
conductor and allow the flow of current.

Q 4. Explain the phenomena of electrostatic induction. How a
conductor is charged by electrostatic induction?
Ans. Electrostatic induction:

The modification in the distribution of electric charge on one
material under the influence of an electric charge on a nearby object is
called electrostatic induction. ‘

Charging a conductor by electrostatic induction:

Fix a metallic sphere on an insulating stand Bring a positively
charge rod near the sphere, the free electrons in the metallic sohere will
move toward the charge rod. Negative charge will accumuiates on the
§urface of the sphere toward the positively charge rod. Keeping the rod in
its place, earth the conductor by touching it for short time with your finger
Now by removing the rod, the conductor is negatively charge Due to
Mutual repulsion, the electrons spread uniformly on the surface of metallic
sphere. The method of charging a conductor in this manner 's called
charging by induction as shown in the figure below

N

D) S }

./. / - ."/ ]

../'/'// . '/. / - |

N

/ y */+/ !

/ / | ‘

(V) U \ )

/|

2

/|

[ — rrasation) | ] |

e, m’vv.: —> u:.:..nu—u - Womten cdand |

Electrification of an insulated metallic sphere by electrostatic induction

\_‘
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Shams Notes ’_______—';:-By using an electroscope, me of the charges present on the body are transferred tg the disc and

Q 5. Describe a gold Jeaf- electrosco ;a Jes of electroscope.
ind the: S After charging electroscope bri 7 , S
how can we find g on a body. pe bring the body under test near the disc

i) The presence of char 4 ¢electroscope. If the divergence of leaves increases. t
ii) The nature of charge presenton body. ‘ o kind of charge as on' the el - the body has the
ii) Then same Ki Ne electroscope. On the other hand if the

Ans. Electroscope: . - orgence decreases, the. charge on the body wi '
. i for the deteC _ diverg ody will be opposit
An instrument which is used for the ‘ e present on the-electroscope, Posite to the

of charge is called electroscope.

ting and testing the nature

q 6. State Coulomb’s Law. Explain and also define the unit of

Construction: - ‘ ‘ .
oscope consists of a metal rod

A gold leaf electr 4 A
[ tallic sphere at the upper en charge? ‘
which has small me P o Coulomb's Law:

d metal leaves are attached to the

d in a glass jar History:

o n 1785 French physicist Charles Coulomb formulated his law of
electrostatics known as Coulomb law of electrostatics.

while the two gol s al
lower end of the rod. The rod is fixe '
insulated from the case, as shown In the

and is well
figure. imple leaf elec ‘roséo e ~
1) Detecting of charge: o ' | .."' o w : NI '
body,. bring it near This law states that; “the force of attraction (or) repulsion between

“two point charges is directly proportion to the product of charges and
inversely proportional to the square of the distance between them.”

Mathematical form: 4 .
Let us consider two point charges g and g, are placed at a

distance “r" from each other as shown in the figure.

In order to detect the presence of charge on a
the disk of an uncharged electroscope as

shown in figure. A @*N ‘
If the body is charge, the leaves of« ] -
the electroscope diverge to a definite extent | &

Ed

otherwise they would remain in their normal ary
position. The divergence between the Ty - F : _
leaves of electroscope is due to A , S _F' % .
electrostatic induction. For example when a — r ,
negatively charged body is brought near the E + ' + E
electroscope, due to induction positive q® ‘E;' :
charge will appear on the disc and negative r ‘

. .charge on the leaves. As like charges repel ' _ 4 K o .

Gold leaf electric scope . E_q‘ : —.q_l:,
. 1

each other, therefore due to the force of

repulsion between negative Charges on the two leaves, the Ieéves wil _
A ; - . -
" cc_ord'”g to the statement of coulomb’s law, we have

move away from each other as show in the above figure.
i )Testing the nature of Charge: ' S T T b 1)
To test the nature of charge on a body, we need to charge the qi1_CI2 e
electroscope first. In. order to charge the electroscope positively, touch its o = Fx ;z ‘ @
disc with positively charged bedy. Similarly if we Charge the electroscopé OMbining (1) and (2), we get, |
| R L

negatively, touch its disc with. negatively charged body. In this proces®
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Shams Notes
[ : J rtionality the value of ‘K" deperids an Qn

Where k" is constant of propo
the nature of the medium between the charges and the system of units ip -

which F, rand q are measured.
In Sl system the valué 0

f “k” for air (or) free space is given by,

N.m?
1 9
—k=—=9%x10" —~
K=ko 4T €Eq c?
Where “€" is the permitivity of air (or) vacuum.
Thus equation (3) becomes;
_ 1 X qlqz2
F= 4TEO r2

Unlt of charge
In Sl system, coulomb is the unit of charge
Definition:

One coulomb is the quantity of charge which when placed one

meter apart from an equal and same charge in vacuum repel ‘it Wlth a

force of 9 x 10°N.

Numerically:
IC = 6.25 x 10'® electrons

- Sub units of charge: o
The commonly used sub unit of charge is micro cculomb.

IuC = 10%¢

Q7. What do you mean by electric field? Illustrate how s it

represented by lines of force?
Ans. Electric Field:
The region (or) space around a source charge in which a test

charge, brought in to the region would experience an electric force is

called electric field.

Electric field is a vector quantity because at each' point .in the

electric field a test charge experiences a directed electric force.

“The path followed by a test charge when a source charge exerts ali
force on it is called electric line of force.” ;
The electric lines of force represent the direction of the electric field:
The electric lines of force originating from positive charge and terminate @
the negative charge as shown in figure.

Electrostatics | ¢} [ ghams Notes

——

!!B_ | Electrostatics \

/
rd

Q 8. Define electric field intensity. Explain its magnitude and

_direction by providing figures for illustration?

Ans. Electric Field intensity: _
The force per unit posrtlve test charge |s called electric field
intensity. It is denoted by ‘B, :

‘Mathematically:
‘ F=L
- 9o
Unit: ’

The unit of electric field intensity is N/..
Direction and magnitude of electric field:

Intensity: : g :
, Electric field intensity is a vector quantity which =gives the strength

and direction of the electric field at point of consideration.

The direction of electric field intensity is the same in which the test
charge moves.

] N

o

. . | Electric field intensity
Uniform Electric Field:
The electric field of constant magnitude and unchanging direction is

Called uniform electric field.
The electric field lines of force for oppositely charge pair of large

- @nd closely spaced plates as shown below.
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- - S _ - amert ) Ih -
T3 st 5+ 4+ + 4 3 3) eray supphed by a unit positive charge as it move form a
——— —~ T T T T T T 1 T .~her to 3 pomt [ . .
T | T | ' et of ahertoa pomt ot lower potential is called potential difference
| | e Lt mositive tegt - WA .
s o1t T‘ R T I B € festcharge 'q." 1s moved from point "A” to point “R"
\ ‘ § ‘, | ! tential difference
\ i | ! / ne |
A\ | | b i / ’
N S S —/ WV Ve = Wan
et o
iform electric field between . . . ) . ) )
Umao'pnau of charged plate 10 Give some practical applications in which electric field is
. s mar 2 oand undormiv s Such ,gpf\ll? .
in this case. the hines are paraliel ano u 0 y Si £ uch a i .
feid of unformiy spaced paraliel fines is called uniform electrc fieid ans Application of Electrostatics:
: Sememportant appheations of electrostatics are as follows.
. . ainting.
Q 9. Explain electrostatic potential? L ggg_‘ro I.,” . ..-.JQ e » A
Ans. Electrostatic potential: Electro panting 1s used in applying paints on the surface of different
: Fioctt fainting of the e .
The electrostatic potential at any pomnt in the electne fielc s cefned as aices  LICHER painting o e bodes of automobiles, refrigerator,
) a3l ¢ fLrndute el has become 3 standard ¢
The potential energy gained by a unit positive charge wer brought from et ' ! € a stancard technology The body of the
LAl ’ ( v sarthed The nartwiac ~F th
nfinity to a field point’ o N N pattcies of the paint emerge out of the
If “w” is the amount of work done n bringing a test charge "+ from e cline spray maching they acqure a positive charge as show in the
infinity to a certain point in the field the electrostatic potent v at this g€
point is given by
R W
\’ = — n
q - A )

O

Electrostatic potentiai is a scalar quantity Its St unit s volt

Definition of volt:
The electrostatic potential 1s said to be one volt if the potential

=nergy of one coulomb positive charge at a point is one joule. “OR”

The potential difference i1s said to be one volt if one Joule work iS
:qured to move a unit positive charge of one coulomb from one point to
~nrhar point aganst the electric field intensity

»tential Difference:
Tre notential dfference between two points is defined as,

Charged droplets of pesticide

dre uny enouqgh lo be attracted

fo the leaves (ke dust to a comb)
30 less falls to the ground

When these positively charged particles reach near the body of the
‘3 they induce negative charges Due to the force of attraction a very
"M coating of the paint s formed on the surface of the car. This method is
"'y effective efficient and cheap It also requires less paint as compared

[}

0 0ther methods
Electrostatic phenomena is also used for separation of smoke and
st panicies from a modern coal- burnings power stations by means of
:n ®lectrostatic precipitator, if it is not separated it-would cause a serious
" Poliution
g N a chimney wire gauze is fixed between to metallic plates. The
S are electrically earthed and the wire gauze is highly charged with
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positive charges. So the wir‘e gau
surfaces of the plates. In this way

i and the plates. : N A
the W"?/\/%aet:\zge;ases exit through the chimney, they acquiré positive Charge

i i uze. So they aré attracted to thy
by coming in contact with the wiré gauze. :
n);gativolyg charged plate on reaching the plates, the smoke and othg;

ze induc

strong electric field is produced betweg,

. smo
particles are deposited there. The dust and |
removed from the outgoing gases- -

chimney wall

Negatively Negative

charged

particles g::rv%;e

are deposited -

on the metal .

plates Positively

Charged
metal plates
Earth.
chimney 3 connection
: . N to metal
with the waste plates
gases
An electrostatic precipitator

Q11. What is a capacitor? Define and explain capacitance. Also

define the unit of capacitance?
Ans. Capacitor:

“An electrical device which is used for storage of electrical charge

and hence energy, is known as capacitor”.. .
Capacitor consists of two parallel metal plates separat
insulator like air, paper, mica etc. -

Conductive

£ Plates
+ +Q
+ .
o 5 I
+ I €
+ |
Electrical Capacitor
Charge Symbol
+[1- :

Parallel Plate capacitor

”‘5"

s negative charges on the?neF

ed by sorm

Z E INQILAB.com

acitor: ‘g _ [jlectrosﬁtncs:_}
& \When the plates of a capacitor are connected with the terminals of
pattery’ the p05|tlye termlnal of a battery charges the plate “A” positively
Jhile negative.terminal charges the plate “g negatively. In this way some
“jectrons are transferred thr.ough the battery from positive plate to the
egative plate- Mutual attraction between the piates keeps them bound on
ine tWO plates. The Charges remain stored in the capacitor even, after the
emoval of battery. , |

acitance of a capacitor:

 capactane=

The capacity of a capacitor to store charge is called capacitance of
the capacitor. -

Experimentally, it has been observed that the chavrge ‘Q" on the
plates of a capacitor is directly proportional to the potential difference “V"

applied. ie. ©Q .
" \f’ ‘ Q x V
.& R = Q= CV
= (= 2
4

Where “C” is constant known as capacitance-of the capacitor. It
value depends upon the area of the plates. Distance between the plates
and medium between the plates.

The larger the plates, closer the plates and more insulating the
medium between them, the higher is the capacitance of the capacitor.

Unit of capacitance: ’

Farad is the unit of ca
Micheal faraday.

Since capacitance is given by;

>c=2
v

pacitance of capacitor in the honour of

fQ =.1q and V = 1volt, then capacitance of capacitor is;

1C
: W=-1 Farad
The capacitance of a capacitor is said to be 1 Farad, if it stores one
9°U'0mb charge when one volt potential difference is applied.
- Convenient Sub multiples of farad are;
1uF = 10°Farad
1 Pico Farad = 10" Farad
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across the plates of each capacitor is the same while different charge is
stored on the plates of each capacitor i.e.Q1, Q; and Q; respectively.
So; Q=Q +Q + Q3

capacitance “Ce" which can store the amount of charge “Q” under the
same condition as shown in figure below: '
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i ? ibe a
Q 12 How are the capacitors connected in parallel? .Descrlbe tha] yow:

characteristic features of this combination.

Ans. Parallel combination of capacitors: .
When two (or) more capacitors are connected in such a way thay

the potential difference across the plates of each ca?pac.itor‘is the sanjg
while the charge stored on the plates of each capacitor is different, thep

the combination is known as capacitors in p‘arallel.

Explanation: . ) T
Let us consider three capacitors having capacitances C1,C2, Cyarg

connected in parallel as shown in figure.

paring equation (1) and equation (2), we get:

= Cqu =V (C1+ C2 +C3)

= Ceq= Ci+C,+ C, c
Thus it is concluded that the capacitance of the e - n
i equal to the sum of the Capacitances of
connected in parallel. _
characteristic Features of parallel combination:
parallel combination .Of capacitors has the following characteristics

com

e of the equivalent capacitor
all the capacitors which are

| |C1 . | features. .

iy In case of parallel combination the potential difference (V) across

c each of the capacitor is same i.e. V, =V, = Vi =V
A Ll B i) In case of parallel combination of capacitors the charge stored on

the plates of each capacitor is different. ‘
. iii) In case of parallel combination of capacitors the capacitance of the
[ IC1’ equivalent capacitor is equal to the sum of all the capacitors which
+| 5 are connected in parallel. i.8Ceq=C*+ Cp+....... +Ch,

iv) The equivalent capacitance of parallel Combination is greater then

Parallel combination of capacitors d : .
the greatest capacitance of capacitor connected in parallel.

Since in case of parallel combination, the potential difference

Q 13. How are the capacitors connected in series? Describe the
characteristic-features of this combination?

Ans. Series combination of capacitors:

When two or more capacitors are connected in such a way that the
sgme charge is stored on eth plates of each capacitor, while potential
difference across the plates of each capacitor is different, such
combination of capacitors in known as series combination of capacitors.
Explanation:

Let us consider three capacitors having capacitances C;, C,, and
Cyare connected in series. They are connected plate to plate. A battery of
YOItaggv supplies +Q charge to the left plate of the capacitor“C,". Due to
Mduction *.q” charge is induce on its right plate.
fon tThé electrons which produce the negative char?e on oF .must come
Proc he left plate of “C,’and leave it with charge “+Q". This charging

#SS continuous to capacitor “Cs" as shown below.

=2  Q=CV+CV+CyV (v vy+v,+tvs=v)
= Q=V (Cs +Cz+ Co)rmmmmme(1) .
Let the three Capacitors are replaced by an equivalent capacitor of
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r is the same i.e,

i harge on each capacito )
Since the charg Cz and Czare Vi, V2 andy,

Q = Q= Q2= Q3 while the voltage across C1,
respectively. So,

V=V1+V2+V3
22,0,
= V-C1-+C2+C3 /
PR SIS ST 1 (1)
= V-—Q(C1+C2+C3) : _

Now we are replacing these three capacitors by an equivaley
capacitor of capacitance “Ceq” Which can store equal amount of charge ‘Q

when voltage V is applied across it as shown in figure.
c

+++++t
| I I I O

Now,

Comparing equation (1) and equation (2);

Q gl iyt i
¥ e Gt o T Cs)
’ 1 1 1 1 p
5 —=(=+—+=
Ceq (c1 C, 63)

g capacitor.

BN paralle| plates a capacitor some arrangements are
f Made that the area of the plates facing each other can
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Thus it ‘is. cqqcluded that. the reciprocal of
uivalent capacitor is equal to the sym of the rec
acitances of the capacitors which are connected in

Characteristic fea'tures of series combination:
“geries combination has the following Characteristic features
) In series comt?lnatior) of capacitors the charge stored on. the plates
of each oapacntgrs is_ the same je. Q=Q,=Q;=Q

i) In series combination of capacitors thé, potential difference across

~ the plates of each capacitor is different,

ii) In series‘ combination of capacitors the reciprocal of the
capacitance of equivalent capacitor is equal to the sum of the
reciprocal oflindividual capacitances of the capacitors connected in
o _, 1 1 1
series. i.e. Ceq ( ) + c_2+ v-—a) |

iv) The equivalent capacitance of series combination is smaller than

- the smallest capacitance of capacitor connected i series.

Q 14. What are the types of capacitors?
Ans. Type of capacitor: ’

_ There are two type of eapacitor which are given below.
i) Fixed Capacitor: o

A capacitor of constant capacitance is called Fixed

In Fixed capacitor the plates are immovable. :
Examples: T .
" Paper capacitor and ‘mica capacitor are examples of fixed

the capacitance of
iprocal of individual
series.

Capacitor.

—_— ' b . _ Mica Capacitorai
|Variable Capacitor: » ' :
A capacitor of variable capacitance is called variable capacitor.

E thange then it is called variable capacitor as
Shown in figure. ‘
Orexample:

The Capacitors used in tuning of a radio frequency.
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13.3: Work cioné ' @_ | E|ectrostatici_j
ple ) . "

Exam '

(Sh Not J m , Elvectrostaticsgia ;:
ams Notes )

5 g
Ry

How much work must be done to increase the potential of a charge

S
Example | -} . 407Cby100V? :
3.1: The two protons and two neutrons in t_he qucleus‘of_tﬁ_ 2'-5)( n: 4 |
Examples 13.1: ong force, which is requireq § “GVET 5 507

ther by the str
Ision between the prot
A distance of approximately 1= 2 x 1g-is.

helium atom are held toge

i ons. The charge -
overcome the electrostatic repu arge o

-Change in potential ‘AV'=10'0 V

-19 . (

is .= +1.6 X107 C. ‘ _ ] red:

e:;zrg{;);ot:}; t\:z; protons. Calculate the magnitude of the electrostatlc f°'r'cg Requ! * \Work done ‘W'=?

s ' . . .
between the protons. : solution: v

“ By definition of electric potential

putting values ‘W=2.5x107 C x100 v
\ W=2.6%10"°J--memmee—-Answer

Given: '15'3
Charge on proton dp = +1.6x107°C
Distance r = 2 x 107°m o
Coulomb Constant ‘K' =9 x10°Nm*/C

Required: Force ‘Fe'=?

conclusion: Hence,

Solution:
Using Coulomb’s Law, we can find the force The work done is W=2.5x10"*J.’
Fe=k dpxdp ‘ | - W o )
r# ~ Example 13.4: Capacitor of MP3 Player
Putting the value \ n ; . A typical capacitor in an MP3 player has C=0.10uF. If a charge 5.0
_=(16 XIO—Zziﬁ(lt)sz%lo D = 57 BNeeemmv Answer uC is placed on the plates, what is the voltage across the capacitor?
Given: -

Charge q=5uC = 5x107°C
Capacitance ‘C'=0.10uF = 0.10x10°F

Conclusion: Hence, - : N
. The magnitude of the electrostatic force between the protons is 58N.

Example 13.2: A positive test charge of 304C is placed in an electric figld

Force on it is 0.600N. What is the magnitude of electric field at the locati Required: .
of test charge? ’ _\(9|tage V'=?
Given: . Solution: \ .
Test charge qo = 30C = 30x10°C. The capacitance of capacitor is C = % OorV= %
Force ‘Fg'= 0.600N ' - 5x10-5
: Putting val v= 20 L
Required: “aingvalues V= e Geio-oF
‘ Electric field intensity ‘E'=? vOr ‘ __ 5x1075¢C
Solution: By definition of electric field intensity . . 0.10x10-6 /Y
- — Fp V=50 V ---mmemermeee- Answer
=; Conclusion: Hence, -
Putting the value - 4 The voltage across the capacitor is V=50 V.
: = 600N, 4 Nyr-1o.o.. Answel \ ‘ '
E=—me-=200 x 10*NC An g |
Conclusion: Hence, . b
The magnitude of electric field is E=2.00 x 10* NC™? . 3]
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ExampTlsv;:;c.:r.Jacitors of 5uF and 10 uF are connected in geries with the = V2=C% '

external source of voltage is 100V. Calculate the total cjapautance and thy  alue - Ve _ 333x104c

potential drop across each capacitor. ' putting : = Toxioer

Given: ' s = V2=0.333x102y
Capacitor C1=5 uF=5x10"°F V2=33.3Veeaoo

conclusion: , .
(a) Ce=3.33x10°F =3 33,
- (b) That Vi+V; = 66.6+33.3=100=y Tha
split between the two capacitors:

Capacitor C,=10 uF=10x10°F
Voltage V=100 V
Required:
(a) Equivalent capacitance Ceq=7
. (b) Potential drops V; and V=7
Solution: .
(a) Equivalent capacitance Ceq=? _ -
For series combination the equivalent capacitance I1s
1 1 1 1 Cy+Cy _CiCy
—= =—— orCe=
Ce € G Ce C,C, C,+C,
_ 5x107°Fx10 X 107°F

t is the battery voltage is

example 13.6: Parallel combination of Capacitor
Two capacitors of 4 uF and 8 uF are in parallel. In each case the

external source of voltage is 100 V.Calculate the total capacitance and the
* charge on each capacitor. S ,

"Given:

Capacitor C1=4 uF= 4x10® F:

Putting value C, = SX10-5F + 10X 10-5F » ‘
S0x10-12F2 Capacitor C>=8 uF=8x10° F
Or Ce= =3 10-¢F , Required: - T
- C.=3.33x10°F = 3.33uF ---rmemene Answer (a) Equivalent capacitance Cqq =7 -
(b) Potential drops V; and V,=? \ (b) Charge g1 and q; =? &
In series combination, the charge remains the same q1 = g2 = Q Solution: ' ' -

(a) Equivalent capacitance Ceq =? ,
For Parallel combination, the equivalent lcapacitance is,
: Ce=C1+C2 R : :
Putting vatues, _ :
*  Ce=4 x10°F +8 x10°F

" The charge on each capacitor is Q.= CoV .

Putting values Q=3.33x10°F x 100V

Hence Q=3.33x10“C

Therefore q1=9,=Q=3.33x10*C . .
However, series combination of circuit elements the voltage splits, the

voltage across capacitor C4 and capacitor C, as V4 and V,, respectively >Therefore_

- V= Qe , " Ce=12x10°F=12 7] e — Answer
2 | (b} Charge q; and q, =2 ' |
Putting value > U= Mﬁ'ﬁ . In parallel combination the voltage remains the same V;=V,=V
. v o_sgg ; (; 02);/ Inmce the applied voltage V=100 V, Therefore V1=V,=V=100V
Vize , Parallel combination the charge splits, the charge stored in first
1= 66.6V Answer ®@pacitor G, js . ‘

| q1=CiV
Putting values

a1 = 4x10°°C x 100V
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Answer

he charge stored in seconq

N

g1 = 400x 10°

Shams Notes
1= 400pC--—"""

In parallel combination the charge splits, t

capacitor Cz is,
q2=C2V

Putting values '
g qz = 8x10°°Cx100V

g2 = 800x10°C

Conclusion: =1210°F=12 4uF

(a) Equivalent capacitance Ceq

(b) Charge a1 is 400uC and charge of gz is 400uC

Assignments

Assignment 13.1: A small metal sphere with a charge of 21‘0 X 10—,6-C is
brought near an identical sphere with a positive charge of 1.5 x 107°C so
that the distance between the Centres of the two spheres is 3.30cm;

Calculate the magnitude of the force that each charge exerts on the other?

Solution: ' :
Given: . A
Charge on 1%'sphere g,=-2.10x10°C. - .

Charge on 2* sphere g,= 1.5 x 107°C
Distance between the Centres of the sphere=r = 3.30c

Coulomb constant= k = 9 x10° Nm?/C? \

Required:
’ Force = Fg=?

Calculation:
: _ Kaqixq, '
FE_ r_Z

Putting values, we get; :
-0 x10%)(-2.10x1076)(1.5%x107%)

Fe :
) (0.0332)
= Fe=26033 x 10°N

| S]] | (R — Answer

The —ve sign shows that the force is attractive.

Conclusion: Hence; o
_ Electrostatic attractive force Fg = 26N

m = 0.033m

Electrostatics ]
13.2: If E
ment ! 8 charge of 4uc is placed in a uniform field of

5Si9n - .
:t ength 2NC ", what force Will it experience? -
golution": ’
Given: . '
Charge =q, = 4yc= 4x106¢ |
Electric field intensity =g= 2N/
equired: - -
Red Force = Fg=?
calculation:
. s
= E=—
. do
= Fe= E x.q

- putting the value, we get;

> Fe=(4x10°)2)

> Fg=8x10°

. » Fe= 8,uN ‘
Conclusion: Hence;

‘_ Force experienced tgy chargé =Fp= Q#N

Assignment 13.3: How much work is done in-moving a charge of 3c from
apoint at 118V to a point at 138v in an’electric field?

Solution:
- Given: - ‘
~Charge =g=3c¢

.Change in potential =v= 138-118=20v
Required: o
S * Work done=W="?
Calculation: ;T
We know that: -

W
V=——
q
' W=qv
Puttmg values; we get '

W= (3) (20)

Answer

Conclusion: Hence;
Work done = W=60j
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2 di 2+1
Assignment 13.4: The potential di o olate is 0.02C. What is the | = - =T
capacitor is 500V. The charge on each p / iq !
capacitance of the capacitor? > — =3
Solution: ' eq 6
Given: . Ceg = 2UF-mecmaee .
| Charge =g= 0.02¢ _ ‘ oach ca :Zit “
Electric potential =v=5 change of €2 pacitor:
; . : In series combination, same charge is store
Required: , e Q= Qo= Q this the
. —n=? acitor 1.e. Wi 2 Is the “Q
Capacitance =C= cap Q-
- Ceqv .
Calculatlo:: it = Q= (2uF) (100v)
Weknow it - | Q=210 x 1074C
v . Voltage across Cqsand Cy:
0.02 _ ,
s ' .
P\ 11— Answer therefore; v s
Conclusion: Hence; _ y = V= C_l
Capacitance of capacitor = C = 0.00004 F Or 4x 10 F » 2x10-4
S ' C 3x1076
Assignment 13.5: Two capacitors of capacitance 3uF and 6uF are* | V4= 66.6Vemmemommomo
connected is series to a 100v battery. Calculate the -equivalent - and Ve &
capacitance and the voltage across each capacitor. s o 0
Solution: Combination = series N _2x107*
Given: 2" 6x10-6 '
' C1 = S#F ) K V2= 33.3Vormmeme e
C = 6uF Conclusion: Hence: P
V = 100V (8) Equivalent capacitance = Coq = 2uF

Required:
(a) Equivalent capacitance = Ceq =?
(b) Voltage across C= V,=?
“(c) Voltage across C,= V,=?
(a) Equivalent capacitance = Ceq =7?

Putting the value;
: 1 _1
= —_ ==
C 3 +
\

Electrostatics |

Hference across the plates of thg .

\

(b) Voltage across C, = V, =66.6V
(¢) Voltage across C, = Vo= 33.3v

a .
hd charge across each capacitor.
Solution:
n: Co_mblnatlon = parallel

Voltage =V=800V
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d on the plates of each

" on each capacitor is given by:

In series combination voltage across each capacitor is different

gssi'gnmer?t 13.6:' Two ‘capacitors of capacitance3uF and 6uF are
Onnected is parallel to a 800v battery. Find the equivalent capacitance

Capacitance “Cy = 3uF =3 x 107¢F
Capacitance “Cq = 6uF = 6 X 107°F
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Required:
(a) Equivalent capacntance

(b) Change Q1 and Qz =7
Calculation:
(a) Ceq=?

—Ceq !

For parallel combination, the equivalent capacitance is given; _
Ceq=. Cit Cz -

Ceq= 3/1F + 6ufF
Ceq= Q/JF
(b) Change Qs and Q;=?
In parallel combmatlon
Vy= V= v= 800V this Change Qi and Qz is given by;
Q= CV v
Q= (3 x 107°) (800)

=

=

> Q=2400x107°C"

-  @Q=24x1073C

N Q1=2.4mc---' ---------- answer

and

Q= C2V

=  Qu=(6x107°)(800)

=  Q,=4800x107°C

=  Q=48x107%C ' .
Qu= 4.8MC -mmmmmmnmees answer '

Conclusion: Hence; .
(a) Equivalent capacﬂance —Ceq 9F -
(b) Q= 2.4mc and Q= 4.8mc

Electrostatlcs '
L‘;Hams Notes _d_”_ﬂ—————"f 5

of capacitors, voltage remains constant j 4

[}

" a +15e

"~ a. Value of charges
C separatlon between charges

Vi.

‘a. Increase _b.». stay the same
vii,

Vi,

@ectrcstatics )
| |

4. Choose the correct answer for each of the following;

When comblng our hair, we shift electrons from our hair onto the

" comb. The charge on our hairs is;

a. Positive b. negative c. zero d. infinite

The unit of charge is

a. Farad. - b. coulomb ¢ oyt - d.electron volt
Initially, sphere A has a charge of -50e and sphere B has a charge
of +20e. The spheres are made of conducting material and are
identical in size. If the spheres then touch, what is the resulting
charge on sphere A7

b. -16e c.+35¢ d. -35e

If the distance - between two charged' particles is halved, the

~ coulomb force between the two charged particles become
a. Half-

b. one quarter . C. double d. four times
The value of coulomb constant k, depend on
b. met_erlal medium

d. all of these

'An addltlonal capacntor is added to a group of capacitors already

: connected In series , the equivalent capacitance

c. decrease d. goes to zero

The unit of electric potential is -

a. Farad  b. coulomb ¢ volt d.NC"

.Four ident|cal TuF capamtors are connected together electrically.

What is the least possible capacitance of the combination?
a 4uF b 1pF- c. 1/4yF d. 1/8uF

‘A capacitor C ‘has a charge Q'. the actuall charges on its plates are:

a. d{Q b. Q.0 c.Q-Q d. Q/2,-Q/2
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X harged i :

: Questions ma chargs bOdy.'s brought near a
Conceptual ic induction, opposit neutral body, then due to
rostallc + OPPOsite charge is appeareq on the neutral hody

number of electrons are electricayyy

Q1. Normally, objects with large

neutral. Why? s:
. . mber of electrons: . _
Ans. Og eCtts Wlt?hlaI;r;eNl:rumber of electrons are elect(;lcaII); Neutra| o . : o
bjects wi ositively charged prolons anq g chalds : :
same number of p - Y opposite Chgrges attract each other. Therefore the negatively charge rod

. ract positively charged side of the neytra) body °

because they have the
negatively charged electrons.

o iti sion:
Explanation: lly neutral objects contain the same number of positively %' sl ot are o "
Electrically tively charged electron. Therefore no net chargg e ‘ abiays attaciod by harged -

o q#: Why the pieces of paper initially attracteq by charged comb fi
qway when they touch it? y

Ans: Pieces of paper attracted by charged comb:

exists ?En Suczsvt;’;c,‘tz“a combination of a large number of atoms. Every
i veryosmjve,y charged nucleus and negatively charged electrong . ; v
atom has p he number of electrons increases. Thg The charge .CQ.mb when gets closer to Some pieces of paper, the
paper pieces are initially attracted by the comb due to electrostatic

revolving around the nucleus. As tThey balance the charge and the body
| 7 fguction. The part of paper pieces with positive charge is attracted by the
t cause hair to stand on oys fleomb, some of the excess negative'in the comb is transferred to the piper
_ 7 Jeces and paper pieces become negatively charged particles. As similar
- . charges repel each other, therefore 'these" paper pieces wﬂl now be

d on your body frepelled by the charged comb due t ic i [
y. body ﬁen.they f et the o | (o} eleptrostatlc induction and fly away

number of protons also increases.
as a whole becomes electrically neutral.
Q2. How does shuffling feet across a carpe

body?
Ans: Shuffling Feet across a carDeAtZ _
Shuffling feet across a carpet cause hair to stan

because static charge produces due to friction.
Explanation: '
The transferring of electrons takes place as a result of rubbing of y charged comb due
certain materials against one another. The body which loses electrong qelectrgstatic induction and fly away w_hén they touch the comb. '
S:Is it necessary for a charged body actually to touch the ball of
he electroscope for the leaves to diverge? Defend youir answer
ns: Charge body and ball of electroscope: .
No, it is not necessary for the charged body to touch the ball of an
lectroscope . -

tpendence: ,
If we bring negative charge /body near the ball of an electroscope,

Z’U;geizctrons in 'tf']e ball are repelled and driven to the gold leaves,
car the s Ta” positively chargeq._ Similarly, if we bring positively charge
e e zl. some glectrons will attracted and move up to the ball to

all negative and leaving the leaves pasitively charged. Tis

har A ,
9 separation takes pace due to electrostatic induction.

Hence, the pieces of péper initially attracted b

becomes positively charged and the body which gains electrons becomes
negatively charged. For example, when you shuffle (rub) your feet across
' acarpet, you are allowing electrons to transfer to you. These electrons are
accumulate on our body's hair and these negatively charged hair try to
repel each other. That is why the hair stands on our body when we shuffle

~ feet across a carpet.
Q 3: Why neutral objects are always attracted by charged object? Not

repelled.
Ans: Neutral objects Attracted By charged objects:

Neutral objects are always attracted by charged objects becausé
opposite charges come toward the charged body and same charges o the

other end.
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ally touch thg

Conclusion:
Hence, it is not necessa

ball of the electroscopé for the leaves to diverge.

ry for a charged body 10 actu

r than conventional spray

Q6: How electrostatic painting is b.ette

painting?

Ans: Electrostatic aintin :is otter than conventional spray painting

lectrostatic painting >N ay .
becausF; it reduces the paint usage, helps tp distribute paint- particleg
uniformly and get uniform coverage.

é(‘m—a%ttﬁistatic painting is @ method in which electrically charged paint

is applied. In electrostatic painting, when the paint leaves tt':'e ntO(Zt?ee cC:lf).the
spray sun, it is given a positive change: The grounded o Je<;1 ~t-]eCt
being painted) is negatively charged- in order. to a.ttract the pgsn ively
charged paint particles to its surface. By cre.atlng this _electro§tat|c ﬁe!d,
the grounded object acts like a magnet, pulling tlje palnt. particles to ',ts
surface. This makes the particles less likely to stay in the air.

Q7: Why are lightning rods normally at a higher élevati_qn than the
buildings they protect? , '
Ans: Position of lightning Rods: -
The lightning rods are normally at higher elevation than the
buildings they protect because lightning (composed of huge amount of
. change) first hit rods and not the buildings. '
Explanation:
Lightning occurs when the electric field between clouds and ground
gets high to overcome the resistance of the air between them. The
lightning rods give an easy path to the charge, so buildings become safe
Lightning hits the tallest objects in its path e.g. trees, high rise building®
etc. therefore, lightning rods should be taller in order to be hit first by thé
lightning leaving the building safe. If the lightning rods were shorter thaf
the building, then the lightning will hit the building first causing damage to it.
Conclusion: '

Hence, the lightning rods are normally at a higher elevation thal

the buildings they protect.
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a8 What would happen if two insulatin
conducting plates to construct a vapacitor?

ns: It will be the same capacitor with slight changes as we will need high

otential battery to charge it and the dielectric material between the Iat?es
must be different from that of the plates material. ' P

In case of insulating material plates a high potential will be needed

to deposit charges on the plates. The other change we need to do is that

the dielectric material (insulator) between the plates must be different from

the material of the plates. ‘

Q9: The sum of the charge on both plates of a capacitor is zero. What
does a capacitor store?
Ans: Storage of capacitor:

The capacitor actually stores energy in the form of an electric field
between its plates. ’ : : ’
Explanation:

Capacitor stores energy in the form of an electric field between its
plates. Because- the plate’'s equal but oppositely charged, a potential
difference exists between them which mean that there is energy available
to do work. Since there is a potential difference between the plates of a
capfaf:itor. This implies that there is an electric field which points from the
positive plate to the negative plate. '

Conclusion: '

Hence, the capacitor actua|ly stores energy in an electric field.

g:oli( If you wish to store a large amount of energy in a capacitor
An: ’l would you connect capacitors in series or parallel? Explain.

COnnecf;tl wish to storg a large amount of energy in a capacitor bank, | will

all the capacitors in parallel.

equal t'(;‘ Parallel combination of capacitor, 'the equivalent gapacitance is
6 ca the sum of capacitances of capacitors connectgd in paral.lel ie.

case 0{f>acnt§nce pecome large and energy .storage. goes In proportion. In

2large a given f|xeq voltage, parallel combination is the only way to store

Conel amount of energy in a capacitor bank.

——=usion; .

. Hence, the capacitors must be connected in parallel, to store a
amount of energy in a capacitor bank.
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Numerical Problem

‘ int char
P1: A 5uC point charges is placed 20 cm from the ;0;(18 F\)/\C/);\n;tcis thgee:,(_)r(cal
Caicu\ate the force experienced by the 5uC charg 2.0 0) e the 10 é
on 10xC charges? (c) What is the field strength u

point charges?

7 Determine the magnitude of the Flectrostatics

pydrogen atom is exerted by the singl

electric force on
€ proton that s th

the electron of a

Solution:
GIVeN:  acharge= q,=5uC=5x10°C. ‘
2" Charge =q,= 10uC = 10 x 10 c 0g
Separation between the chargge=5=2§)cm— .
Coulomb constant=k=9 x10°Nm°/C
uired: )
Red (a) Force on 1% charge = F1=?
(b) Force on 2* charge = F=?
(c) Electric field strength=E="?
Calculation: o
— (a)’ Force on 1*' charge = F=?
y ! According to coulomb’s law, '
L‘I : F.= Kq1xq1 ‘ )
1~ 2 — | |
! Putting values, we get; _
_(9%107)(5x1076)(10x107°)
" (022)
f = Fi= 11.25N
= Fe=-26N
~

(b) Force on 2% charge = F;=? S
Since both the charges exert an equal and oppositely directd
forces on each other therefore, force on 2™ charge is also11.25i.e
F,= 11.25N
(c) Electric field strength= E=? -
We know that;

q
ez
£= O x107)(10%107)
(0.2%)
= E= 225 x 10°N/C
Conclusion: Hence; /
(a) Force on 1% charge = F;= 11.25N
(b) Force on 2% charge = F,=11.25N
(c) Electric field strength=E=2.25 x 106N/C .

=

v

Requireél;

C

STV
Uttlng Values' we get:

sume the average distance bety T rom's nucleus
isloﬂ m and charge on electron andesr:o;[gs S?cgf?o?gd profen fs 1= 5.3
solution: - | .
Given:
Charge on proton = Gp=+1.6 x 107'°%c
Charge on electron = g.= .1 g x-107°C
Separation between the chargeg == x10™"
Coulomb constant=k= 9 x10%Nmc?
Calculation: .
According to coulomb’s law:
- F= Kqpxqe

re .
" Putting values, we get;
F=(9x109 )(+'1‘.6 X1071%)(-1.6 x 10~19)
. . (2x10711y2
=  F=82x10°N
The -ve sign shows that the force |

Conclusion: Hence:

The attractive force between
P3: In a certain region of s
460x10* n/c and
direction of force th
Solution:

=

s attractive in nature

electron and proton =F= F= 8.2 x 108N

N Of space, a uniform electric field has a magnitude of
pomt in the position x-direction. Find the magnitude and
is field exert on a charge of (a) +2.80 1C (b) 9.30 uC.

Given:

1:;Charge= q,=+2.8uC=+2.8 x10°C.

2™ Charge =q,= —9.30uC = -9.30 x 10°C
Electric field strength =E= 4.6 x 10° N/C
Coulomb constant=k= 9 x10°Nm?/C?2

(a) Force on 1% charge = F1=?

) b F r st = =?
alculatiop (b) Force on 2% charge = F,=7
Force on 15t charge = F{=?
F1>
E=-*
1

F1= Eq

=

Fi= (4.6 x 10 (2.8 x 10°)

= F;=+0.13
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m Elochostatics : m -‘ Electrostatics / |
: : . alculation: :
Direction: _ itive, thus the force and electric field have the | ¢ We know that;
Since the force is positive: 4 the positive ‘ Q=CV
same direction i . force also points towar

(b) Force on 2*' charge = F2=7
We know that; .
F2
E=— .

qz
= Fo= Eqz- v .
Putting value, we get. f (46 10%) (-9 % 10%)
> F,=-0.43N |
Directngi::ce the force is negative, thus force and elgctric field -are
oppositely directed i.e. force points in the negative x- @riit:)on\./ when th
P4: The potential difference between two pplnts is d wvhen the
unknown charge is moved between these points, the work done 550 J.
*What is the amount of charge?
Solution: :
Given: :
Work done= W = 550}
Electric potential =v= 110v
Required: , .
Charge=q="?

Calculation: .
We know that;

V=

<=

Or g=
Putting the value, we get;
’ q=>5c
Conclusion: Hence;
Amount of charge is 5c.

P 5: The capacitor of capacitance is 1 4F, 2 uF and 3‘;_1F are connected in

series to a 110V battery. Calculate the equivalent capacitance and voltage
of each capacitor. :

Solution:
Given:
Electrical potential =\V=220v
Capacitance =C= 3200PF= 3200PF=3200x 10-2F
Required:
Charge=Q=?

-

putting the value;
. Q=(3.2 x10'93(220) :
= Q=704 x 10
> Q=7.04x107C
Conclusion: Hence; .
Charge on each plate of the capacitor= Q= 7.04 x 107C
. itor of capacitance is 1 yF 2 ¢ i
p 6: The capaci KF, 2 uF and 3 uF are connected in
eries to a 110V battery. Calculate the equivalent capacitance and voltage
of each capacitor. '

Solution:

Given: '
Electric potential =VV=110v
Ci= 1uF =1 x 10°F
Co=2uF=2 x 10°F -
Cs=4uF=3 x 10°%F

Required: '

(a) Equivalent capacitance= C¢q=?
(b) Potential Drops V4, V2and V3 =?
Calculation: I
In series combination, we have;
. 1 _1 1 1 ‘
Ceq C1 + Cy + C3 ‘
Putting the value

1 _ 1 1 1
Ceq 1uF ~ 2uF  3uF
: v
o L _6+3+2
Ceq 6
1
- =1
v Ceq * 6
6
= = —
€q 11

= Ceq = 0.54uF

caps In series combination of capacitors, charge on the plates of each
ci o '

tor in the sameri.e. q1= Q279
NOW; Q= Ceqv
Putting values, we get;
Q= (0.54 x10°)(110)
= Q=59.4x10°C
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m Electrostatics

H e
across capacitors. Therefore;

ﬁams Notes J

Since, series combination splits voltage_6
' Q _ 59.4x10
voltage across Ci=Vi= o Tixos
= V; = 59.4V

Q _ 594x107°
Co= V2 = —C; T 2x107°
= V,=29.7V
Q _ 594x107°
Ca= V3=~ = T5x1076
= V,= 19.8V
usion: Hence; v
Cone (a) Equivalent capacitance= 0.54 uF
(b) Voltage across Cq=Vi= 59.4V
Voltage across Cz=V2= 29.7V
Voltage across Cs = V3= 19.8V ) - '
P7: Two capacitor of capacitance 2pF and 3pF are connected in paralle|
to a 9.V battery. Calculate' the equivalent and the charge on each

Voltage across

Voltage across

capacitor. )
Solution: »
Given: Electric potential =V= 9v
C4= 2pF and C,= 3FP
Required:

(a) Equivalent capacitance= Ceq =?
(b) Charge Q1 and Q2=7?
Calculation: o -
(a) Equivalent capacitance= Coq =? ’
In parallel combination of capacitors, we have;
Ceq =Cy +C,
= Ceq = 2PF +3PF= 5PF
Ceq= SPF - e answer
(b) Charge Q; and Q,=? :
In parallel combination voltage remain constant. i.e. V= V,=V=9V
Now; . ' :
Charge of capacitor “C1" = Q1=CyV
= Q1= (2PF)(9v)
Q; =18PC ----eem--. answer
Q2 =CzV
= Q2=(3PF)(9V)

Charge on Capacitor “C,"=

Concluéion: Hence;
(a) Equivalent capacitance = Ceq= 5PF
(b) Q; =18PC and Q-= 27PC

=

rrent Electricity [
Chapter No.14
Current Electricity

Major concepts .

i

Electric current and conventigng| Current
Potential difference and e.m f

Ohm'’s law '

Specific resistance

Conductors and insulators

Combination methods of resistors
Electric energy and joule’s law
Electric power : :

'DC and AC current

Hazards of electricity and safety devices
Solution of problems )
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Comprehensive Question

(_shams Notes |

ent. In what unit it is measured? Explain the

electric curr _ e
Q1. Define f current through 2 conductor:

mechanism of the flow o
Ans. Electric Current:
“The time rate of

conductor is called current. _
If “Q" amount of charge I1s pas

a conductor in time “T" then th% curren

1==

T

flow of charges across any cross section of a
sing through certain cross section of |
t“I" is given by;

Unit:

In Sl system the unit of current is ampere which is denoted by A )

e: |
Q&A?T}Eee_rﬂ_ow charge at a rate of one coulomb per second through,

certain cross section of a conductor is called one ampere current.
1 coulomb

' 1 Ampere = 1 second
“OR” . -
“The current is said to be one ampere when one coulomb charge
flows across certain cross section of a conductor in one second.
Sub unit: ’
1mA = 10°A
_ 1uA=10°A , _
Instrument used for the Measurement of Current: -
Ammeter is used for measuring electric current in a circuit.
Flow of Current through a Conductor: .

In the absence of an external electric field the free electrons-in a
conductor are moving randomly so the rate of flow of free electrons across
any cross section to the left is the same as the rate of free electrons
toward the right as show figure. \ '

.'_’ \
N - E — .
E#0 5 E#0
(a) . (b)

The number of electrons moving left is same as the number ‘_’f

("ghams Notes

Current Electricity

fiel
in a conductor as shown below.

ﬂﬁ-
conventional Current: y
“The current carried by the flow of e
direction opposite to .the motion of n
conventional current.” “OR”
“The current due to the flow of e
circuit is called conventional current,”

Earlier scientist's thoughts that electric current is produced only due
to the flow of positive charges because at that time the concept of free
electrons was not known. But today it is well known that in metals (or)
vacuum tubes current is produced due to flow of free electrons (negative
charges). _In electrolytic solution it is produced due to flow of both positive
and negative charges and in unclear accelerator it is produced due to flow
of positive charges (protons).

Experiments shows, that the magnetic effects of an electric current
Shliae to flow of negative charge.s in one direction are the same as that of
g current due to flow equivalent positive charges in the opposite
Irection. Thus for all practical purposes as far as current is concerned, a

v

qui\{alent positive charges in a
egative charge is known ‘as

quivalent positive charges in the

Posttive charge moving in opposite direction. Due to this reason, for the

sake of simplicity and convenience, it is possible to use the old convention

0° eXprg;g the electric current in terms of an equivalent current due to flow

% Positive charges. This current equivalent positive charge is called

orentional current. Its direction is taken from positive towards negative

Minal of the battery. \

A What is potential difference and emf?

8. Electromotive Force (emf): .
" “The maximum potential difference produce by an electric

*nerator (or) cell is called electromotive force (emf). OR

electrons moving toward right. 2ut when one end of a conducting wiré Is
connected to +ve terminal of a L aitery (or) cell and other end is connecté
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“The potential difference between the t
generator (or) dry cell when itis giving no curren

electromotive force (emf)." : ) ,
As we know that current is produce due to the flow of charges and

when charges are flowing through conductor they lose their ele'ctric
potential energy there a steady flow of current in a

fore to maintain a
resistance a continuous source of electric
'maintain a constant voltage across the ends of the conductor. The source
must supply energy at the rate at whic

h it is dissipated due to flow of
charges in the form of heat. :

Thus electromotive force can also be defined as. -
“The energy required to drive the charge a
electromotive force (emf).”
Potential Difference:
The difference of potential

called potential difference.
The potential difference is produce by the source of emf.

erminals of a battery (or)
t to the circuit is known as

round the circuit is called

between any two points in a circuit is

Q3. State and explain Ohm’s law, What are its Iimitations?

-5
» Ans. History: v , '
This law was presented by German scientist George Simon ohm in 1826.
’ Statement: ' B »
J This law states that “the current “I” flowing in a conductor is directly
proportional to the voitage "V applied across it, provided the temperature
¢ and other physical conditions remain constant”. Mathematically; N
"; [V
= I=kV (k= 1R)
= I=/RV
= I=VIR
V=IR

Where “R" is constant of proportionality and is known as resistance
of conductor. ' ,

Experiment: : '
Take a thih wire of uniforms cross sectional area and one métef’

long. Connect two (or) more electric cells in series to make batteries of:

different voltages.
o fCtﬁnnegt ammeter in series and voltmeter in parallel. Connect oné
nd of the wire to the negative terminal and the oth itive
terminal of the battery. e th? postt
Measure the voltage across the wire b
| / | y a voltmeter and the current
in the wire by ammeter as shown in figure. the o

energy I8 required which -

17 .

= Change the position of theosta ,

and voltage by moving the’ slider
" een current 1" and voltage \3f the rheogtats. Now a graph drawn

- girect proportion'ality between the two
The value of R '

physica! quantities.

== has a ¢
I onst
graph is shown below. ant value for each reading. The

1.2
1
HHFH
[
0.8 B
H :E::_
0.6 0
0 il
0.4 [ -
O O O
0.2 T
|
o L 0
Battery 0 02 04 06 08 1 12

Circuit
Experimental verification of Ohm’
_ Exper s law
Limitations of Ohm’s Law:

The substances which '
: obey Ohm's law ’ i
. substance.s while the substance which does not obe E:)re, o e e
non- Ohmic substances. yonms law are called
The Ohm! i id ' ‘
hm's law is valid for metallic conductors but for certain

conductors like el oni
e , ectronic tube i -
lawis invalid, ! s, transistors, ionic plasma etc. the Ohm's

Graph of V versus |

'Zonductor depends?
ns. Resistance:

“The

tthrouprﬁpeny of a substance due to which it opposes the flow of

Accmg itself is called resistance, denoted by “R’".

the Potential dli?‘fg to Ohm's law the resistance of a conductor is the ratio of

Mathepia erence between its ends to the current “I" produced in it.

rematically; P

%
| uni ) - _

cgnductOrutrf:It of resistance is Ohm. It is defined as “the resistance of a

rough which current of one ampere flows when the potential

e i . . g
OMega) agross its ends is one volt is called one ohm.” It is denoted by

Q4. What i i ' ‘
t is resistance, and on what factors resistance of a

Curren

1Volt
1 ampere

10hm =
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Combing (1) and (2)

Depends: * .

i sistance imension (len &
Factor%?en :l;:ils?(gn%: depends upon the na(tjuret-ord"“en (length a’ﬁ AR o R, ¢
onductor. f t
cross section) and the temperature of the & : = AR=o Rt
i) Length of the conductor: i< directly proportional to the len = AR=R,-R,
i f a conductor | t I J _
The reSIStargfegter the length of a conductor. greater will be tp, = Ri=R,=o« Rt
of the Condlfjf;?ar.conductor and vice versa. 1 = R =R+« R,t
resistance O (6 R Lomeme A | = gt = (1+ « )
. ; the Conductor: . . ‘L : t=Ro _ Rt
ii) Cross SFCtloflo‘f\rZagnductor is inversely propomonsl to it Crogy Also, = TRt .R—"t
i Rezztagfeater the cross section area, 1esSer V\(/jl|| t:ﬁ;Heer vaiTISItt))"mes o~ o =ReRo ?
area. : . . s , =t
section lectrons with lattice atoms an € the _ Ryt

of collisions of free €
resistance 1.€.

3

Where “«is the constant of proportionality and is known as temperature

R & 1 2) co-efficient of resistanc_e of the given conducting wire.
B ) A Temperature Co-efﬁ_clent of Resistance:-
Combining (1) and (2) L N “The increase lnoresistance per degree rise in temperature per unit
= Rx - original resistance at 0°C is called temperature co-efficient of resistance
, f , denoted by a. Mathematically; '
= R=p; y ‘3 =i
Where p (Rho) is the resistivity of specific resistance. Ryt (~ AR=R;-R,)

e . . . _ Ut )
Resistivity (or) specific Resistance: o ‘
The resistivity (or) specific resistance of a material is defined as “th B

resistance of a conductor having unit cross section area and unit |ength".
Mathematically; ,

Unit of tfemperature co-efficient of resistance is G (or) K.
Q5. Three resnsgors R4, Rzand R; are connected in parallel. Derive the
formula for their equivalent resistance. Describe the characteristics

R4 , of this combination of resistors?
,(; =T Ans: Parallel combination of Resistor:
If A= 1m? and L=1m » When two (or) more resister are connected in circuit in such a way
Then: p=R that the voltage across each resister is the same while different current

flows through each resistor, such a combination of resistors is known as
parallel combination of resistors.
Formula For Equivalent Resistance:-
Let us consider three resistors Ry, R; and Rjare connected in
parallel as shown in a figure,
Ri

Ri Re

Q.m is the unit of specific resistance.
Effect of temperature on Resistance: _ '

The free electrons in a conductor move randomly and the 2l
atoms present there vibrate about their mean position. If the tempera’tllfe
‘is increased, then the positive ions vibrate with larger amplitude !

ions and hence an increase in the resistance take place. .
Experimentally it is verified that increase in resistance is dire
proportional to its original resistance “R," at 0°C.

AR X Rym-srmmrmememiomeee (1) L
The change in resistance is also directly proportional to ”5?
temperature.

Parallel combination of resistors
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ctricity. ]
' m s lw\é‘ Current Electricity
ifferent current flows thFOUQﬁ% m

- R; and : - -
Since in parallel combination of resistors d 6. Three Ri R Rs are connected in series. Derive the formula

‘ their equivalent resistance. Describe th isti i
each resistor, therefore; f‘:;rmbination of resistors? " eherasterstcs of tnie

RGERY

=

............. 1 N
[=1, +l; + I3 (1) | v y Ans. Series combination of Resistors:
_ =Ny 2y B parallel combinationVy = Vo=Vz=V) "= When two (or) hmore resistors are connected in such a way that the
R, VRZ e same current ﬂOVc\’/foft rOltJQh each resistor while the voltage drop across
. v vLy gach resistor IS difierent, such a combination of resistors is known as
R, R, Ry X N series combination. _ .
- [= V—l— + 1y = * RFormula for equivalent resistance: 4 }
"Ry Ra 3 _ istors co Let us consider three resistors R i
o 1 ; of all the three resis nnecteq e NS ors Ry, Rz and Rj are connected in
Let “Req” be the equivalent resistance series as shown in figure. _ ‘ )
in parallel. Req A Ri R2 R ‘Re
—  AMN— |
-~ ' Y !
ﬂ 1 = . . X . H H ; ' ¥ 1=
Since in series combination of resistors, the voltage drop across each
According to ohm’s Law; Rresistor is different therefore; B ‘ ' ‘
- = V=Rveq V::‘V1+V2+V3
S A (b) = V=1R+1R+ 4R

(- In series combination [ 1+ 1+ I3 = 1)
BR[G0S —— (a)

Let “Req” be the equivalent resistance of the series combination of
Ri Rzand R; as.shown in figure; -

Comparing equ (a) and equ(b);
= . L=ylslio
Req Rl RZ R3
1_1,1 1
= Req R, * Ry + Ry
Which is the required formula for equivalent resistance.
Characteristics of parallel combination of Resistors:
i. In parallel combination of resistors, the voltage drop cross the ends
of each resistor is the same. - gy
ii. Different current flows through each resistor i.e. the total current i
equal to the sum of.individual current. .
I =l1+l+ I3 : )
iii. There are various paths for the flow of current.
iv. The equivalent resistance of parallel combination is smaller than the
smallest resistance of resistor connected in parallel. '
v. The reciprocal of equivalent resistance is' equal to the sum o
reciprocals of the resistances of all the individual resistors which a%
connected in parallel i.e. : o

Comoar |4 = IR, (b)
Paring eq(a) and eq(b), we get; .
' = IR =1(R; + R; +R3)
. = Req= Ry +R; + Ry
es?:i'“es Combingtion the equivalent resistance is equal to the sum of
ha ance of individual resistors. _ ,
Lacteristics of Series combination of Resistors:
In series combination of resistors same current flows through each
resistor. : .
The potential difference at the ends of each resistor is different in

_ 1 1 1
SRS, _+_

Req R, R, R;

Series combination.
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. ‘ _y
iii In series combination of resistors, there is only one path for the flow
of current. . _ o e
iv. The equivalent resistance of series comb.matlo‘n is greater than the
' greatest resistance of resistor connected in series. "
v. The equivalent resistance of series gomblnatlon is equal to the sum
of resistance of individual resistors. 1.€.
R.=R{+R;,————— +R, ' :
eq 1 i
electric energy and electric powey,

Y

Q7. Explain the concept of
Discuss their units?

Ans. Electric Energy :

The energy of a meving dharge is called electric energy.

Explanation: -’ » X . o
Electric energy is commonly obtained from mechanical, chemicy|

or) heat energy. . _ v :
on Electrical devices work only when voltage 1S applled across |t

which drives current “I” through the devices. . ;|
Now to derive a relationship between current “I" and Voltage “v*

~Vg is applied between the two points "A” and “B” of a wire. Here "Va" is
greater than “Vg". )

ve, Q—» .

3

B A

. V=Vi-Ve , C
Since the potential difference is defined as the work required to
carry one coulomb of char; > from one point to another point against the
electric field intensity is called potential difference.
The work done to mave “Q" coulombs of charge from “B” to Ais given by;
W=QV-mmemoemeee (1) ' :

This work is stored in the charge “Q” as an electric botential energy| s

at point "A". This potential energy converts in to kinetic energy and the
charge “Q" moves toward point ‘B”. This energy of a moving charge s
called electric energy. ' :
When an electric device such as electric fan, bulb radio, etc. are
placed in the path of flowing charges then the K.E of the charges tum

then on to work, as shown in figure, '

_A{ Bulb, Toy or Radio B

- |

|

—H 1 =

W

and work “W" consider the diagram in which the potential difference V=V, ‘

_ m Current Electricity T
ince the charge “Q" moves fro

Si m point "A” to “B" ¢
ol o g . ue to the
sential difference "V' applied and dye to which current “” js flowing

> ah the circuit. If “T" is the time durin whi wAy
;?;;U?An to “B", then the current “I" given bs; " 'the charge "Q" moves

: :
Q=1 o g
is value in equation (1);
(1) W = (It) (V)

W= Vit (3)
gy using ohm aw V = IR put the value o7 \/ '
- W= Vit

W = (IR)(It)

W = [%Rt

" This equation gives the energy gained by the ‘Q”
moved from “B" to "A” that is available which sho.::?:j be cg:;rfr]r?edQ when
unit of electric Energy (OR) commercial unit of consumption of
glectrical energy: o
This unit of electric energy is calied kilowatt- hour which is defined

a5, ‘the amount of energy consumed in one hour when a power of one
owatt is maintained, is k< 1 as one kilo-watt-nour (1Kwh)
As we know that; " '

putting th
"Eq

in above equation

_w
T
= W=Pxt
When = R= 1kw =100Cw
And - = 1= 1Thour = 36Q0sec
‘Then, = w = 1000 x 3600sec
= w = 3600000
= w=36 ‘;;106}~

|ectr.K”°W3_tt hour (kwh) is the biggest unit of electric energy.
==1l¢ power: , ,
Electric power is definéd as; ‘the tme rate of doing work (or) the
e of expending energy is called pov:cr, denoted by “P”.
he electric power “P” is otiained when the electrical energy “W"

Y  CIeC
Pended is divided by the time “T” taken;

. w
o P=T

-t ’ w“w M o . “gn

eenls the current supplied by a generator of voltage V" in time “t” then
*19Y supplied is given by: . ‘ :

W= vt

eq. (1) ]
= _ lVl’_ :

me ra

B
g the yalue in

: _T_v( ,
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This equation is called watt’
Units of power:

i) Watt:

s law of electric power.

The units of power are as follows.

ystem is watt, which is defined as; “whey

f power in Sl s
of one joule per seconq

energy is consumed at a rate
cur

The unit o

work is done (or)
then the power is called one watt.
o watt which is equal to 1000watts.

ii)Kilo watt: o
The bigger unit of power is kil
1kw =1000watts

iiijHorse power: ‘ _ v

In F.P.S system the unit of power called horse power and is defingg

as: “When work is done (or) energy is consumed at a rate of 550 foqt
lled one horse power.

pound per second, then the power is ca
‘ 1hp = 746w

Q 8. What is Joules law of heating?

Ans. Joule’s Law of Heating: .
Joule's law states that when a current passes through a resistance

for a certain time, then the heat dissipated in the resistance is equal to the
product of the square of the cur;ent resistance and the time “T". i.e,
H= IRt

Derivation: : \
me resistance “R" to the flow o

The electrical appliances offer so
electric current through them .Now from ohm’s law we know that;

' V=[R--mmemmemm e (1) '
Since the heat energy dissipated in the conductor is equal to the energy of

the charges conspmed which is,
H=W=1Vt

Py S— )
Put equation (1) and equation (2)
Eq(2) H= I(I R)t
H= [ °Rt

This equation is known as joule’s law. -
Q9. Write a comprehensive note on D.C and A.C? .

Ans. Direct current (D.C):

The electric current which always flows in a wire in one direction |

called direct current. “OR”
“The current which maintains its unidirectional flow in a wire ¥

known as direct current (D.C).”

Explanation:
As we know that, when the terminals of a dry cell (or) battery al

the

WhiCh does

Subject from AWAZ E INQILAB.com

ams Notes
Current Electricity

‘ Current Electricitvﬁ ﬂ_____
' B tive terminal 1o the  negative terming; of the battery.
ery. Such a current

not change its direction i
| :
o arrent (A.CL: S known .as direct current.

“The electrn rr '
e C current which ¢ arges its direction in a circuit t
hich ch 0 a

er of times In one second is calleq alternating current (A
' rent (A.C)".

nu h ent ' d f cto ff
e curr app led to IIOUSeS d .e
I C ) ries, o iceS i m Ig
.

rent (A.C).

tion:

Explana , N
To explain alternating current considers the dia

/ gram;

A
: R B

An electric circui i

t uit consisti
{r of a resistor ‘R' and a sztu.lnr:cge
of alternating voltage v '

In this di ting ¢
diagram alternating current source is connected across the

ends "A” and "B of resistor “R” the end “B” i
" R nd “B” is connected t ich i
;tazero pr?tentlgl. The end “A” is at potential “V” that variez ?N"?tr;h which is
y as shown in graphs, drawn between voltage v’ and time It time in a

v A

re$r

At starti PN .
VOItage ' tarting WhenTt-O, the voltage v is also zero. As the time passes
[ :
Called NCreases, at — the voltage become maximum V' which is also
¢ the peak value.
From time L +~ L. ) ,
om time 2 to Py the voltage reduces from maximum to zefo in the

V Positive g
e dj i y T, 3T
rection. From time —to o the voltage increases from zero to

1
Maxi -
MUM V" in the —ve direction.

From 3T, « : . ' .
to time period “T”, the voltage again reduces to zero in the

V& directi
the gr;f)f,t”"- After time “T the graph repeat itself. The time duration “T"
'epeat itself. The time duration™*T" is called time period in which

connec:z: o a conducting wire then the current starts flowing from

One
o .
Ycle IS Completed.
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For V' the current is I" and flow from “A” to “B”
+

1
A—B

ie. - ,
For V' the currentis rwhich flow from “B” to ‘A
-

ie. B—A

From time t=0 to T= 2 the voltage is V" and current is I* that flows

from A to B from T= 2 to t= t, the voltge is V" and current is "I that flows
from “B” to “A” “I"" and ‘" are unidirectional but their values vary with
time. The voltage, across "A” and “B" is known as alternating voltage,
while the current flowing through the circuit is called alternating current.

Cycle: : ,
The changes through which A.C voltage and ¢

period ‘T"is called one cycle.

Frequency:

The number of cycles comp
frequency of A.C. the frequency of
per second.

Energy formula For A.C: , .
The value of alternating current “I” varies with time so we have to

know the average value of 2 Therefore the alternating current is
measured by the square root of average value of “I*” which is known as
root mean square value (rms), which is given by;
lims = y/average value of [2-------------=--=- )
_ But average value of I? in one cycle is given by;
Izmax+(0)z+(1max)z+(0)2

Average value of I°m =

4
- 212
Average value of /2 = —=
12
Average value of /2 = —LGﬁ

- .
Javerage value of I1? = | ! A ()

Imax
> lms=T5

1
= 'rms = ﬁ Imax
= lms = (0.707) 0 :
. Thus the heat dissipated in a resistor “R” during time “T" in case of
A.C is given by; ;
= H=I%,, RT

A

urrent go in one

lete by A.C in one second is called

g inter and the dial..
A.C used in our houses is 50 cycles |. poine he

= H= ( 5 ricity )

| ‘Ov'707lmax) RT
) ms =0'707’7VIax :
thus _0.7Q7Imax ls_equwalent to direct current “|” )
¢ heat in given resistor as produceq by the Val,uWhlcfh produce the
e of 0.707/

S .
effective value (or) rms va s
called , lue of alternating current -

max IS

10. Discuss elgctrical measuring instrum
ns. Measuring instruments: '
A) Galvanometer: ,
Galvanometer is a sen

ents in detail?

sitive electrical i ‘
gasically it consists of a coil, which ise:lgggznlgzgubrzt?t for the detection
Lshaped magnet by means of a fine metalic wire l"teeTn the poles of a
principle that whgn current passes through the ol is based on the
magnetic field, this turns is measured by-a light POinte?| shgspended in a
adial. The current enters and leaves the coil by means Wf ich moves over
sire. The whole system is enclosed in a box with a 9'a§s tvf;?nzgipfensign
: or the

Ponter ~
/ /,Permanem Magnet

, / o upner £Orral sprng
) o
1 »W ___maving oo
i
i l magnelc amature
. (2 cireun o P —————lower contrai $pring
) . (DYstr
B) Ammeter: : e

2 galvggrl;rggrt _ws_aiur_'ng instrument is called ammeter. It is essentially
motification is as ich is modlfled for measuring large current. The
i parallel with terCO_mpllshed by connecting a suitable low resistance (R
Ammeter s oo minals of the galvanometer R; is called the resistance.
current in th nected in series with a circuit. The reason is that the .
e circuit to be.-measured must pass totally through the

ammeter. This | i
: s only possible of the ammeter i i i h
e rest of the circuit - fer is connected in series wit

s that EI:)SI riigugeme.m' an ?mme_ter must have Iow. (esistancg. The reason
ticuit g ite Ion in to circuit introduces. an addlﬁlonal resistance In t‘he
Original oy $ resistance must be so small that it doe§ not distrh the
&fore con rentlto be measured. One necessary pre;au‘tlon must be taken
N one { ne{:tmg an ammeter in to a circuit. A posntlvg mark () 'S wntten
Supply mermma| of the ammeter. The positive terminal of the currenkt
Mismat hUSt be connected to the positive termina of the galvanometer /
tha Ch I the connection m 1y let the current to flow in opposite directic?

™
¥ damage the galvanometer.
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g instrument. It is essentially a

C) Voltmeter: | asurin
i tage-measur . )
A voltmeter 1S 2 YOT9 voltage to a desired range. The

modification is accomplished by connect

with the galvanometer. The value of th|§ r .

ohms. Thus the resistance of a voltmeter is very high.
-7

Lol

Ry Rz

esistance is several thousand

. R

—_— Vi .——V+f—4

v 1

__/\_J;_i

(a) Conversation of galvanometer to voltmeter

(b) use of voltmeter parallel ) . . .
Voltmeter is always connected in parallel with the resistance across,

- which the potential difference is to measure. Higher the resistance of the
voltmeter, more reliable would be its readings. If the resistance of the
voltmeter .is comparatively low, it will draw more current across - the
resistance that was to be measured would drop. Therefore, a good_
voltmeter should have such a high resistance so that only a negligible

current would pass through it.

When a voltmeter is connected in a circuit, care must be taken to

connect its terminal marked positive (+) to that end of the resistance'whiCh
is at higher potential ' ‘

D. Multimeter: ' ' _ :
In practice, measurements of current and potential difference aré

made with a digital multimeter that can switch between functioning as an
ammeter and functioning as a voltmeter. It displays the results with an
auto -ranging numerical digital display, which includes the sign of the
potential difference of current. Most digital multimeters can also measuré

the resistance of a ¢ircuit component; that is, they can function as an

ohmmeter.
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A & Current Electricity

Q1. What are the hazards of electricity? What safety measures are

' taken in household electricity to safeguarg :
Ans. Electricity Hazards: h g for these hazards?

Hazards: . ' '

A person can bé electrocuted b i ive wi '
o lect y touching a live - ile i
contact with the ground. This commonly happensgbecaus:'roef‘ ggahrgz o
insulation, overhegtmg of cables, damp condition etc. the ground contgei
might be made either by the person touching a water pipe or by standacg
on ground_-WIth wet feet, Since' polluted water(pure water is a bad
conductor) is a good electric conductor. S '

-Electric shock can result in fatal burns, or it
. \ can cause the muscles

gforgans, such as the heart., to malfunction: The degree of damage to the
thody depends on the magnltl.Jde of current; the length of time it acts, and
! e pa.rt of body through which it passes. Current of 5 m A or less can
CSuse a sensation of shqck but ordinarily, do little or no damage. If the
bré:ﬂitnls I?fger current will paralyze the respiratory muscles.and prevent

' - In some cases, current of 1A
seious burn, ‘ througlh the body may produce
Safe use of electricity in Homes: e :
nea The electricity supplied to our homes is alternating current A.C. A.C
e ns that the current in the supply line changes its direction many times
uséne second. Its frequency is 50Hz and its voltage is 220V. For the safe
i.)isfelectrlclty the following devices should be used in the house circuit.

e: - ;

- Itis always in the line of the live wire. A fuse consists of a thin piece
curreetal wire which has a low melting temperaturé. When too much of
e nt flows through the fuse wire piece of metal ‘gets hot and melt. This

'S the circuit. The fuse will melt before the copper wires in the circutt

Oet :
hot €nough to do and damage.

/
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| , - | gpame totet_|__ t& [curentEloctiey | |
) m /I’e-“r—f ' attery is co - ‘=
. LShams Notes | m mec - Egcmu'f)fe”t in the circuit? - ‘nnected to a 10.0Q resistor. What is . ‘
" ii) Circuit Breakers: ' , . en: o ., -
: These are now used in consumer units instead of fuse. They Give ~ Potential difference 'v'= 3 Ov !
contain an e|ectroh1agnet which when the current exceeds the rated v_alue Resistance ‘R’ = 10.00 : |
of the circuit breaker, become strong enoug_h to Sepafatiitﬁs g?gk of ' equired:
contacts and break the circuit. Their advantage 1S that the circ ot en R Current “I'=?
much more quickly than a fuse. Also they aré clost\alzré;ga';‘e( ) by golution:
simply pressing a button. This is its major advantage By Ohm's law [ = %
iii) Earth wire: . nnection on all power .
is i ire. which goes to the top cO TOWE ing values
socketgglr?d'iss Za\rltv;::& by bein% connected either to a mletalTv':ater‘plp_Q in putting =300V -
i ly cable. Tnis wire is g 10.00
or to an earth connection on the supp \ X . B )
tt;?fe?oufeecaution to prevent electric ShOCk When am apphance deVelOpS a . : I _3:00A""‘ --------------- AnSWer
;5 i YTF;]e earth pin on a three pin plug is connected to the metal case 9f_ conclusioni .
tﬁ; appliance which is thus joined to earth by 2 p?thf_of i‘moit zero The current in the circuit is 3.00A.
. f an electric fire breaks and v
resistance. For example, the element o e f . L\
touches the case, large current floyvs to earth- and blows t.e fUSe. ExamP'e 14.3..A s_mall flashlight bulb draws.300ma from its 1.5V battery.
Otherwise the case would become live and anyone touching it would .|\t the resistarice of the bulb? ry
" receive a shock which might be fatal, especially if they were earthed, say, Given: o -
’ standing on a concrete floor or holding a water tap. Potential difference ‘V'=1 5v
: - Current ‘I' 300mA =0.3A
Examples v _ Required: .
) . i ‘R'=27 ..
* Example 14.1: A new battery is at the battery shop charging station using solution'RE?SIZ;?n?t?or?of-res'ist R = v
a current of 6.7A for 5.0 h. How much charge passes through to the e yd Stance R =
battery? . < Putting values
Given: 4 ‘ ' T R= %z_v
: Current ‘I'= 6.7A Therefore R= 56
Reauired Time ‘At = 5hrs = 5 X 60 X 60 = 18000s . Conclusion: :
equired: ' . The resistance of the bulb i
: Charge ‘AQ'=? . , R o u.b 1S ‘SQ'
Solution: initi ' [ . ;
lon: By definition of electric currentg” 'y Example 14.4: Four resistors Ry=5 Q R,=12 Q Ry=13 Q and R=96 Q are
I == or  AQ=IxAt _ connected in series across a 90v battery. What is the current in the
Putting values . ' . g;cun? ‘ ‘
AQ = 6.7C / £ x 1800008 . e
AQ = 120600C ’ » : Res!stance R1=5Q
AQ =1.2x10%C-eeecrmeeena- Answer S : - Resistance R;=12 Q
Conclusion: - - Resistance R3=13 Q
The total charge pass through the battery is 1.2x10°C. : _ Resistance Ry=96 Q
Circuit current 1'=?
. . o0 4
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\‘Shams Notes } ' m . ole 14.6: If a current\of 10.0 A Current Electr.c,tv
— : ‘ ' 3.6 x 10°J of SS5m
Solution: t equ|red O energy, Wh inutes to boil
" Req= Ri*+R+R3*R4 ‘ : a" ge] across the kettle? at is the Potentig| |fo kettle of
~  R.= 50 +120Q +130Q +96Q |utl0" ; : ence [ in
By Ohm's law ) : . : Energy E=36x10°y
L= o Time = t=5.0 min = 3003:‘3.0 x 102
' Req » - current=1=100A S
Putting values ) ' yired:
- = 1)—2% - Red Voltage =V =?
= . — Answer culation: :
Therefore 1=0.71 cal We know that,
Conclusion: o 1A E=V
The current through the circuit is 0.7 - E g it
- R e — (1
tors Ry=5.0Q R2—10 0Qand Rs=20.0 Q are . It
E;(::;;gtl:d 11;1 Spaa;m;eleagfossl,z a 90 (1JV battery. What is the current in- the ’ Puttlng the value i 'nsequatnon (1), we get
ircuit? - N V= 3.6 x10° T
Given: . 10 X.3'x lg
: Resistance R;=5.0Q " ' . =V _01 122: 199_
Resistance R,=10.0Q . » _ » = v . 102 -
Resistance R3=20.0Q A S Ny =12 x410‘_ Voo Answer
R ' Potential difference 'V'90V C°"°"‘%_$r:°n't tial diff o
equired: . e potential difference in voltage across the Kettle i '
Circuit current ‘'I'=? : he Kettle is 1.2 x 102 v,
111 1 - | Example 14.7: In the flashlight the current i A tha
gt r 1 , ntis 0.40 A
Req Ry Ry - Rs ) o : 30Vis delivered by cell Find the Power delivered to th:rtﬂl:)he voltage of
5 1 _ 1 LI : » : Solution:- , A '
Reg 500 1000 2000 . Given:
- _1 _1x4+1x2+1x1 ‘ ‘ : } ‘ Current—1—04oA
T | ‘ Voltage = V = 3.0 0A
= —= : : Required: :
eq 20.00 Electric
— : . power = p=?
gyez)c:m’s law flea2:90 : ‘ o Calculat|0n ‘ i
[ ' - A\éVe know that,
= =— o V--- :
Putting values , ng the Values In equation (1), we get,
- =2 o = =(0.40 x 3) watt
2.90 . = P = 1.2 watt. -
Therefore I'=31.03A —-eeeeeee. Answer Cone i P = 1.2 watt, Answer .
Conclusion: ‘ Nclusion: v :
_The current through the circuit is 31.0A '. , - T_he Power delivered to the bulb'is 1.2 watt.
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!—-_—‘___._-\
urnament, you have

i ight cricket to
ample 14.8: You are arranging nig _
le:;:(rangped five 1000W light bulbs. These _bplbs \z:LLenr:\p

29 days. Estimate the cost of electricity ¢!

electricity is 8.11 Rs/ kWh.
Solution:
Given,
power of one bulb .
power of bulbs=P =9 X
Time = t = 29 x 6h= 174 h
Tariff rate = T.R=8.11 Rs/kWh
Required: -
. (a) Energy consumed = E gwn= ?
(b) Cost of electricity =C="?
Calculation: )
(a) Energy consumed =E kWh) =7
E =P xtmmmmommmress (
putting the value of “p” and “t” in equation (1
E = (5 x 174) kW.hr
E =870 kW. hr =--me--emmmmmmm=s
b) Cost of electricity =?
( Cost of electricity = energy consume
C=ExTR
= C=(870x8.11) Rs
= C=7055.7 Rs
C =7055.7 Rs----=--===smmn=m- Answer

= 1000 W

), we get,

= Answer

d x tar

Conclusion: .
(a) Energy consumed = E (wn = 870 kW. hr

(b) Cost of electricity =7055.7 Rs

Assignment

Assignment # 14.1: Truck Starter Current

While starting an engine of a truck, its battery
in motion for 4.00 s. How much current is flowing?
Given: ' ‘

Charge time At = 4.00s

Required:
Current ' = ?
Solution:
By definition of electronic current:

_4e
Y

ain lit for 6 hours for

tion if the cost of

1000 W = 5000 W= 5 KW

iff rate

sets 720 C of charge

~Conclusion:

/—%alues \m Current Electricity B

i [ =220
’ 4.00
' | = 1804
clusion: ‘

con The current flowing is 180A.
g t# 14.2: Current throygt i

ssignment ? ugh Electric
A, A heating element qn an electric range 5:;2?
osistance of 30.0 Q. What current does jt draw? 9 0N 240 V has a
Given: ol di '

potential difference V=240 v

Resistance R=30.0 Q-

equired:
R current 'T' =7
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