REVIEW QUESTIONS

10.1  What is simple Harmonic Motion? What are the necessary condition
execute simple harmonic motion?

for a body to

Ans:

Simple Harmonic Motion (S.H.M): :
Simple Harmonic motion (8.H.M) is a to and fro oscillatory motion imn hich acceleration
of the body is directly proportional to the displacement ol the body from the mean
position and it is always directed towards mean position,

Mathematically =

o Lo =X
Basic Conditions to Execute S.H.M:
Basic conditions to exceute simple harmonic motion as under.

(i) A svstem exeeuting simple harmonic motion always vibrates about a fixed position.
(i) Its acceleration is always directed towards mean position.

i) Magnitude of acceleration is directly proportional to displacement from the mean position,
1Y Think of several examples in everyday life of motion that are simple harmonic.
\nn: vample o Simple Harmonie Motion (SHM)
(i) Monon ot a body attached to one end of spring.
(it) ~ -Mouon ol bob of simple pendulum.
(iii) Motion of ball in bowl! system.
tiv)  Motion ol the prong ol the tunning Fork.
10.3 What are damped osciliations? How damping progressively reduces the .mlplnu(lc
of oscillation?
Ans: Damped ()sulﬂ.m()ns
“A. oscillaton in which the amplitude of the motion decreases with the tum 1s called
dilmp&.d uscillation™.
Damping reduces the amplitude:
Pracucally in all system the force of friction and resistance retards the motion. so the
svatem do not oscillate for long period of time The friction reduces the mechanical
cnergy of the system as time passes. Due to the reason damping progressively reduces the
amplitude of the motion.
0.4  How can you define term wave? Elaborate dnfference between mechanical and
~electromagnetic waves. : TS e a
Ans: Wave: :
A wave is disturbance in the medium Whl(,h causes the particles of medium to under go
vibratory motion about their mean positions in equal intervals of time.
Fxamples: Water waves, Waves produced in the strings and springs.
VMechanical Wave |
Waves which require a medium fog their propagation are called mechanical waves.
F.xamples:
e Radio Waves

e Television Waves
e X-rays



I\().: Distingulsh between longltudinal and transverse waves with sultable examples,
Ans: | ,

Transverse Waves:

o Inlongitudinal waves the particles of | o In transverse waves particles of medium |
medium move back and forth along the vibrate perpendicular to the motion of'|
| direction of the propagation of wave, wave, |
-+ Longitudinal  wave is made up of | e  Transverse wave is made up of crest and
compression and rarefaction trough 3
Example: Example . |
o Sound wave ' o Light wave
o Larth quake | Water waves
o Vibrtioningas |

10,6 Draw u trunsverse wave with an amplitude of 2 em and a wavelength of 4cm., Label
i crest nnd trough on the wave,

Ans:
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10,7 Derive a relutionship between speed, frequency and waveiength of a wave. Write a
formula relating speed of a wave to its time period and wavelength,

Ans:  See Q. No. 9

10.8  Waves are the means of cnergy transfer without transfer of matter. Justify this
statement with the hclp of a simple experiment, | -

Ans: See Q. K :

10.9  LExplain the Iollowing_, properties of waves with lcicrmcc to ripple tank experiment,
a. Reflection b. Refraction ~ c¢. Diffraction

Ans: See Q10

10,10 Doces increasing the frequency of a wave also increase its wavelength? If not, how
arc these quantities related? _

“Ans,  No,wavelength does not increase with inerease of Ilcqmm.y ol waves becatse [requency
depends upon the source which produces waves per second. But the wavelength ol the
wave depends on the magnitude of vibrating particles.
Relationship of frequency (f) and wavelength (})
Generally, frequency (f) and wavelength (2) are nversely related to each other by the
follow ing equation. '
)=
' f

Hence from this equation we conclude that when frequency () of waves iereases then
their wavelength (2.) decreases.



CONCEPTUAL QUESTIONS

10.1If the length of the simple péndulum s doubled what will be change In its time
period? ;
When the ]engh of snnple pendulum is increased its time pulod increases as we know that

T=2nJZ
g

According to given condition
If L=2(

=21
Thus time period become 7' = Jar
10.2 A ball Is dropped from certaln helght onto the floor and keeps bouncing. Is the
motion of the ball Is simple harmonlic motion. :
No the motion of the bouncing ball is not the example of SHM. Because it does not fit the
~ definition of SHM which is as follows: |
SHM occurs when the net force is proportional to the dmplawmem from ehe meun
“position and is always dirccted towards the mean position, '
10.3 A student performed two experiments with a simple pendulum. He/She used two
bobs of different masses by keeping other parameters constant. To his/her
astonishment the time period of the pendulum did not change! Why?

(
As T=27r\/:
g

Above formula clearly shows that the time period of the simple pendulum is independent
of mass therefore, when a student performed two experiments with the simple pendulum
by using two bobs-ot different mass by keeping other parameters constant. Then time
period of simple pendulum remains same.

10.4 What types of waves do not require any material medium for their propagation?
Electromagnetic waves do not require any material medium for their propagation. Thev
are caused due to varying clectric and magnetic fields.

Examgle: 4
. Radio waves 2. Light S 3. X - Rays cte
10.5 lane waves in the ripple tank undergo refraction when they move form dccp to

shallow water. What change occurs in the speed of the waves?

As we know that
V=f'/\ n



Q.1

Ans,

Q.2
(a)
(b)
(c)
(d)
(e)
Ans.

Q.3
Ans.

Q4
Ans.

Q.5

Ans.

Q.6
Ans.

"INFORMATION BASED QUESTIONS AND THEIR ANSWERS

In ripple tank frequency of waves is constant because it is-cqual to the frequency oF
vibrator Hence wave speed is directly proportional to wave length. With increase of
wavelength speed will also be increased similarly with decrease in wave length wave
speed also decredses. As the water wave enter into the shallow region from deep region
its wavelength (1) decreases, due to this speed of wave also decreases.

QUICK QUIZ (PAGE 4)
What Is the displacement of an object In SHM when “the kinetlc and potential
cnergles are equal?
Kinetic energy and potential energy are equal at. mid point betwcen mean position and
extreme position
Check your understmidlng (Page 5)

Tell whether or not these motions are examples of simple harmonle motlon:

Up and down motlon of a leaf In water pond.
Motlon of a celling fan,
Motlon of hands of clock.
Motion of u plucked string fixed it both its end.
Movement of honey bee.
Among all these motions, only example of SHM is the up and down monon of a leaf'in
water pond about a fixed position. :
' QUICK QUIZ (PAGE 8)
Do mechanical waves pass through vacuum, that is, empty space?
Mechanical waves require some material medium for their propagation, and hence thc)
cannot pass through empty space i. e vacuum.
Activity (page 14)
What do the dark and bright fringes on the screen of-ripple tank represents?
The dark and bright fringes on the screen of ripple tank represent troughs and crests
respectively.
Activity (page 14)
What happens to the angle of refraction when water waves pass from deep to
shallow part of water?
When water waves travel from deep to shallow water, angle of refraction decreases. it is
due to the decrease in the speed of water waves in the shallow water.
DO The magnitude of angle of incidence and angle of refraction equal?
Angle of incidence and angle of refraction are not equal due to different depth of water in

shallow and deep parts.



EXERCISE MULTIPLE CHOICE QUESTIONS

FROM TEXT BOOK

(1) Which of the following is an example of simple harmonic motion?
) Motion of a simple pendulum (b) The motion of ceiling fan
(¢) The spinning of the Earth on its axis (d) A bouncing ball on floor
(2) If the mass of the bob of a pendulum is increased by a factor of 3, the period of the
pendulum’s motion will
(a) Be increased by a factor of 2 . T Remain the same
(¢) Be decreased by a factor of 2 (d) Be decreased by a factor of 4
(3) Which -of the following devices can be used to produce ltgoth a transverse and
longitudinal waves? '

(a) A string (b) A ripple tank m helical sp!ring (slinky) (d) A tning fork
4) Waves transfer '
\,{/a’fEnergy (b) Frequency (c) Wavelength (d) Velocity
(5) Which of the following is a method of energy transfer? '
(a) Conduction (b) Radiation (¢) Wave motion ‘Jd')/All of these
(6) In a vacuum all electromagnetic waves have the same ' , '
‘/MSpced - (b) Frequency (c) Amplitude (d) Wavelength

(7) A large ripple tank with a vibrator working at a frequency of 30 Hz produces 25
complete waves in a distance of 50 cm. The velocity of the wave is

'(a) 53 cm’ \,C,b))/60cms" (¢) 750 cms™ (d) 1500 cms™
(8) Which of the following characteristics of a wave is independent of the others
(a) Speed (b) Frequenéy .\‘.(re)/Amplitude (d) Wavelength
(9) The relation between v, fand 4 of a wave is -
| . . , A
2) of = A e f A= (c) VA = / @ ="

ANSWER KEY




(1)

Ans:

(2)
Ans:

(3)

Ans:

(4)

Ans:

(3)
Ans:

(6)

Ans:

“Motion of the Simple Pendulum,

BSHORT QUESTIONS

Harmonic Motion (SHHM)
What is meant by oscillation? :
When a body moves back and forth or to and fro about its mean position. is called
vibration or oscillation.

Example:

Define Simple Harmonic Motion.
Simple Harmonic Motion e e
“The acceleration of a body L\LLUUHL SHM s directly proportional to the dlspﬂacement

of the body from the mean position and is always directed towards the mean position”.
\thenmm.lll\ ‘

- T IN N  NR “
o X =X . ' o LR L

Where a is acceleration. 1t s al\xays dneaed towards the mean position and x is
displacement from mean position.
Define Hooke's Law. Give its expression.

“According to Hooke's law the exerted force is directly proportlonal to change in length.

F>~x _
How does stitfness of the spring affect the \'ulue of k? ' >
The value of k is a measure of the stiffness ot the spring.
Stift springs have large k values, and soft springs have small k values.
What is the function of restoring force during oscnllatory motion?
A restoring torce always pushes or pulls the object performing oscnllatory motion towards
the mean position. ‘ ‘

Fo=-kx
Whlch type of forces are acting on a displaced pendulum?
OR

Which component of force act as restoring force dunng the oscillation of snmple
pendulum.

The restoring force that causes the pendulum to undergo simple harmonic motion IS the'
component of gravitatfonal force mg sin @ tangent to the path of motion.




(7) Define Time Period and Write down formulas of Time Period for mass attached to a

spring and for simple Pendulum
Ans:

Time Period (T): :
*Time required to Lomplctc one v1brat10n is called time period. It is denoted by T.”

¢ The time period T of the simple harmonic motion of a ‘mass m attached to a
spring is given by the following equatmn '

‘—J"l—'—
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(8) Define following terms whlch characterize simple harmonic motlon
(i) Vibration , (ii) Time period '
(iii) Frequency ' (iv) Amplitude " (v) Displacement
Ans: ‘ -
(i) Vlbratlon
One complete round trlp of a vibrating body about its mean poqmon is called one ,
‘ “ vibration. *
(ii) Time period (T):
' The time taken by a vibrating body to complete one vibration is called time perlod
(iii)  Frequency (f): -
The number of vibrations per cycle of a vibrating body in one second-is called its
frequency. It is reciprocal of time period i.e f=1/T

High Frequency Wave

|
E s - Time

[Low Froquency Wave

]’"*’ Period — “'1



(iv)  Amplitude (A): '
Lhe displacement of a vibrating body on either side from its mean position to extreme

position is called its amplitude.
(V) Displacement (D)

Distance covered by the vibrating ‘body at any instant during the vibration from mean position.

‘I‘r-ns\n.m WM.

Direction of wave : =

~

Displacement

<W‘-volonx!h ) / P“b‘\A'

i | Distance

.
7

(9) Write down important features of Simple Harmomc Motlon

Ans: lmportant features of SHM are summarized as:

i. A body executing SHM always vibrates about a fixed position.

ii. Its acceleration is always directed towards the mean position.

iii. The magnitude of acceleration is always directly proportional to its displacement
from the mean position i.e. acceleration will be zero at the mean position whlle it will
be maximum at the extreme positions.

iv. Its velocity is maximum at the mean position and zero on the extreme positions.

(10)  Define time period and frequency in case of vibratory motion.. '
Ans: '

S Tlme Pcrlod P Al i Frequency
| Vibratory Tht, time requ1red to complete one | The number of vibrations completed in one
| Motion vibration is known as time period. | second is known as frequency

| ; The time required to pass one | The number of waves. passing through a
| wave from a certain point is called | certain point in one second is known as

time period ' frequency.
I ' 1
T=— . f=—"
f ' ' 7 T
; \Vﬂves * Low Frequercy Weve w . ;
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(11)
ANS:

Mechanical Waves
| The waves which require a material medium for
| their propagation are known as mechanical
waves. '
Examples

e Sound waves
e Waves produced on a rope
e Water waves

Differentiate between mechanical waves and electromagnetic waves.

Electromagnetic Waves
The waves -which can propagate with or
without material medium are known as
electromagnetic waves.

Examples

X-rays

Radio waves

Heat and light waves

(12)  Differentiate between transverse waves
Ans: '

Transverse Waves °
The waves in which the direction of vibratory
motion of particles of medium s
perpendicular to the direction of propagation
| of waves are called transverse waves.
Examples |

e Waves produced in a rope

. Wa[er waves

and compressi_on\al or longitudinal waves.
‘Compressional er Longitudinal Waves
The waves in which the direction of vibraton
motion of particles of medium 1s parallel o |
the direction of propagation of waves are
called compressional or longitudinal waves. -
Example
e Sound waves
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(14)
Ans: As we know that

( :
— == (1)
¢

Now [ becomes 2/

=2

Write down the relationship between frequency and time period
Frequency is a reciprocal of time penod (They have i inverse relationship)

If we double the length of the pendulum then what will be the time period?



s
<

Henee Time period is V2 times of time period
(15)  Find the time perlod and frequency of a simple pendulum 1.0 m long at a location
, where g = 10.ms™
Ans:

Given Data
L=1.0m.
g =10.0ms™.
Required

Time period of simple pendulum T = 9 ‘
_ Frequency of Simple pendulum =7 - i
Formula |
Time Period of Simple Pendulum

T=2n L
g
By putting the values _
T=1 1.0m
10.0ms™
T=1.99s.
Frequency of simple pendulum
' |
T
o
199
f=05H=

(16) _When the ball is at the center of the bowl what will be the net force? _

Ans: When the ball is at the center of the bowl the net force acting on the ball is zero because
at this position weight of the ball acts downward and is equal to the upward normal force
of the surface of the bowl.

B /ball A




(I7)  What is the dlSplacement of an object in a snmplue harmonic motion when kineti¢
| and potential energy are equal?

Ans:  Kinetic energy and potential energy are equal when the body is at the middle ofmcan and
extreme position.

(18)  If we replace iron bob of simple pendulum with the wooden bob what will be the
affect of time period of simple pendulum?

Ans:  The time period of simple pendulum would remain same because period of a pendulum IS
independent of mass and amplitude.

10. 2 & 10.3 Damped Oscillations and: Wave Motion

(19)  Whatis meant by damped oscillation? ) ,

Ans:  The oscillations of a system in the presence of some resistive force are damped
oscillations. ' ' ‘

" (20)  How does the mechanical energy of system reduce?

Ans:  The friction reduces the mechanical energy of the system as time passes, and the*motion
15 said to be damped. this damping progressively reduces the amplitude of the motion.

P

(21)  Explain function of the shock absorber (application of the damped oscillntiofl)

Ans:  Shock absorbers ‘ o
Shock absorbers are one practical application of damped motion. A shock absorber
consists of a piston moving through a liquid such as oil. The upper part ol the shock
absorber is firmly attached to the body of the car. When the car travels over a bump on
the road. the car may vibrate violently. The shock absorbers damp these vibrations and
convert their energy into heat energy of the oil. '

L MOW CAR SUSPINSIONS WORK Basic MacPharsan
’ = Strut Design
.

Sanre Ansorner
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(22 How a wave can be defined? In which categon ies are these divided?

Ans:  Wave ) .. _
A wave is a disturbance in the medium which causes the particles of the medium (0
undergo vibratory motion about their mean posmon in equal mtervals of time.
There are two categories of waves.

(1) Mechanical waves (11) Electromagnetic Waves
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(23) Define electromagnetic waves and give its examples. _
Ans:  Waves which -do not require any medium for their propagation are glve called

electromagnetic waves
Examples:
e Radio waves
e Heat waves
o X-raysetc
(24)  Define mechanical waves. Give examples.
Ans:  Waves which 'require any medium for their propagation are called mechanical waves

' Cxamples:
e Water ‘aves
e Sound waves etc
(25) Do the mechanical waves pass through a space? _
Ans:  No, mechanical waves do not pass through the space because they require medium for
their propagation.
(26) Define longitudinal or compressional waves?
Ans:  The waves in which the particles of medium move back and forth along the direction of
the pr(_)pngn[i()h ol wave are called longitudinal or compressional waves,
Example: ' \

e Sound waves



(27)  Differentiate between compression and rarefaction?
Ans:

Compression Y : . Rarefaction

l The region of a wave where loops of spring | The region of a wave where the loops of
are close together is called compression spring are space apart is called rarefaction.
OR - OR '

| The region of a wave where paxtlcles of | Region of a wave where the particles of
medium are closed to each other is called | medium are spaced apart is called rarefaction.
compression of wave. - o
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(28) Differentiate between crest and trough?
Ans: i .

The highest point on the wave is called crest The lowest pomt on the wave is called trough.

! : y i . . Crest
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(29) Define transverse waves?

Ans: Transverse waves
The wave in which the particle of medium moves perpendlculdr to the direction, ol

propagation of wave.

Example:

o Water waves

e Light waves

e Waves produced on a strifig and spring «

(30) Whatis wave equation?
Ans: The relation between the velocity, frequency and wavelcnblh of the wave is known as

wave equation v= /4 (wave equation) .
(31) How energy can be transfer red from-one place to other?
Ans: Encrgy can be transferred from one place to another through waves
(32) A wave moves on a slinky with hcqucnm of 4 h z and wav elcngth of 0.4 m. what is
the speed of the wave?
Solution:
Given that: | g
['=4Hz, 2. =0.4m '



Required:
Winve speed v s
Formula:
Wave speed v =1{x
=(4Hz) (0.4m)
v=16ms"
(33) Describe Types of Mechanical Waves.
Longitudinal Waves or Compressional Waves
In longitudinal waves the particles of the medium move back and forth along the
direction of propagation of wave. '
Example: '
*  Sound Waves
Transverse Waves:
The waves in which motion of particles of the medium 1s pelpcndluular to the motion of
wave

Examgles:
e Waves on the surface of water and light waves are also transverse waves.

il

(34) \\ hy b-ight Ime are seenr on the screen of the ripple tank?
aves appear as bright lines on the paper because they behave like a
convex lms and converge the rays of light falling on them. So, bright lines are seen on

the screen of the ripple tank. :
: 4o 0 WS RS,

(35)  Why dark lines are seen on the sereen of the ripple tank?
Ans:  The roughs of the waves appear as dark lines on the paper because they behave like a
concave lens and diverge the rays of light falling on them. So, dark lines are seen on the

' 7 ~_/' SR

(36)  How can we ;enc rate circular waves in a npple t'mk’

Ans:  We can generate circular waves in a ripple tank by attaching a knob on the Im\cl side of
vibrating bar. Now it is lowered in sueh a way that knob touches the water surface. When
vibrator is set on, circular waves are produced on the water surface.

screen ol ripple tank.
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Ans:

(38)
~\ns:

(39)

Ans:

(40)

Ans:

(41)

Ans:

(42)
Ans:

\

In relation v = f4 which two quantmes depend upon the pmpcrtles of the medium
and whyedoes third one not? %

In relation v = fA.. V and -k depend on the properties of the'medium while f does not
depend on the properties of the lmdlum because t depends upon the frequency of the
vibrator,

Why does wavelength decrease in shallow part of water?

‘As wavelength changes with the depth of water so there will be a decrease n wavclt,ngth

ol the waves in shallow part ot water due to decrease in the speed of the waves.

PARVANVAVES 1

e

On what factor refr action of water depends.

Refraction of water waves depends upon the depth of water waves because speed of water
waves depends upon the depth of water. Its speed is reduced shen it enters in shallow
water. So when water waves enter from deep water to shallow water their wavelength
changes but frequency remains the same and refraction of water waves takes place.

‘What is the effect of diffraction on water waves?

It we place two obstacles in a line of straight water waves in such a way that separation

between them is cqual 10 wavelength ot water waves. ‘After passing through the shis

between two obstacles. straight water waves are changed into circular waves. But
diffraction of waves can only be observed clearly if the size of the shit is nearly.equal to

.wavelength of the wave.

How diffraction is useful in daily life?
Due to diffraction of radio waves, tmnsmlsslon can be hc.'ud n such areas where the

waves cannot reach directly.

How do ocean waves cause destruction? ‘ _
Sometime, the occan waves cause the destruction of ships and coastal arcas because in
case of any disturbance in the ocean, energy iy carried by the waves and they travel
towards coastal area and causes destruction,




LONG QUESTIONS

le Harmonic Motion (S.H.M)
Q.1 Define simple harmonic motion. Explain it
i.  When mass attached to a spring
ii. For ball and bowl system
ili. For simple pendulum
Simple Harmonic Motion
Simple harmonic motion occurs when the net force is proportional to the displacement
from the mean position and is always directed toward the mean position. OR
When an object oscillates about either side of a fixed position (mean position) such that
its acceleration is directly proportional to its displacement from the mean position and is
always directed towards the mean position, its motion is called SHM. ' '

(i) Motion of mass attached to a spring _ . Tl (?)
One of the simplest types of oscillatory motion is that of MGL

~ horizontal mass-spring system as shown in fig if the spring is ‘ : : =:
stretched or compressed through a small displacement x from
Its mean position, it exerts a force F on the mass. .. _om_': _i -_(2

_ : E : =0 (c)
Hook’s Law ’ S )
According to Hooke’s law this foru is directly proportiona) to the change in length x of
the spring i.e,
E == KXusaomosns (i)
Where x is the displacement of the mass from its mean position O, and k.is a constant
called the spring constant defined as '
Spring Constant '
The ratio of exerted force to the change in length is called spring constant
K=_E
X
The value of k is a.measure of the stiffness of the spring. Stiff springs have large k
values, and soft springs have small k values. It is measured in Nm™'.
Restormg Force :
A restoring force always pushes or pulls the Ob_](.CI purtonmng oscillatory motion towards
the mean position.
Fr=-F :
The negative sign in eq. (i) means that the force exerted by the spring is always directed
opposite to the displacement of the mass. Because the spring force always acts toward the
mean position, it is sometimes called a restoring force. -

: Fr=-kx (i)
Accordmg to Newton's 2™ Law of Motion .
Fr=ma
Putting the value of Frinto eq (1)
‘ma = -kx
—k
a=—23x

m



k
Where — = constant a = -constant X
m

a o -X
This is mathcnntncal form ofsnnple harmonic motion
Direction of acceleration ~
Initially the mass m is at rest at mean position O and the resultant force on the mass Is
zero (fig.1-a).
From extreme to mean position,
As the mass m moves towards the point O from A, its dlsplacement goes on decreasing.

Resultantly, the acceleration of the body also decreases. On reaching the point O, x
becomes zero and so acceleration ‘a’ of the mass m also reduces to zero. But it may be
noted that its velocity is maximum at this point.

From mean to extreme position
Due to inertia, the mass m does not, stop at the point O but continues its motion towards

left till it reaches the pointA’. During this motion, the spring is now compressed. Now
the restoring force and the acceleration due to it are opposite to the motion of the mass m.
This means that the velocity of the mass m starts decreasing as it passes the point O and
finally becomes zero as its reaches the pomtA

From extreme to mean Position - ‘
After coming to rest at the point A", the body again returns to the point O under the action

of the restoring force. This process continues and the body of mass m keeps on vxbratmg
between the pomt AandA'.

Conclusion - _
The above motion of a mass attached to a spring is known as “Simple Harmonic Motion

(i) Ball and bowl system = s
The motion of a ball placed in a bowl 1s another example of simple harmomc motion.

When ball is at rest (At mean position O): :
When the ball is at the mean position O, that is, at the centre of the bowl, net force acting
on the ball is zero. In this position weight of the ball acts downward and is equal to the
upward normal force of the surface of the bowl. Hence there is no motion.

Observation of motion of ball between extreme positions A and B:
Now if we bring the ball to position A and then
release it, the ball will start moving towards the
mean position O due to the restoring force caused by

its weight. At position O the ball gets maximum

speed and due to inertia it moves towards the
extreme position (b) while going towards the
position B, the speed of the ball decreases due to the
restoring force which acts towards the mean position.
At the position B, the ball stops for a while and then
again moves towards the mean position O under the
action of the restoring force. This to and fro motion

B /ball. B A

of the ball continues about the mean position O till
all its energy is lost due to friction.



(ouLluslun

. ) rc n
Thus the to and tro motion of the ball about a mean position pla(.s.d in a bowl Is a

example ot simple harmonic motion.

(iii) Simple pendulum

Definition e
A simple pendulum consists of a single isolated bob suspended from a frictionless
support by a light inextensible string.

Motion of the Simple Pendulum is an example of Simple Harmonic Motion

When bob is at rest (at mean position O): |
A simple pendulum also exhibits SHM. It consists of a
small bob of mass m suspended from light string .of
length L fixed at its upper end. In the equilibrium

~ position O, the net foree on the bob is zero and the bob

IS statonary. -

Observation of motion of bob: 5 _ 1 N A
Now il we bring the bob to extreme position A, the net o ~ T ‘/?\
- foree. is not zero as shown in fig. There is no force . B 2k MEE0SD
acting along the swring as the -tension in the string w=mg ’

3 . : ; mean position
cancels the component of the weight mg cosb. B

The component of the weight mg sin@ is directed towards the mean position and acts as a
restoring toree. Due 1o this force the bob starts moving towards the mean position Q. At
O the bob has got the maximum velocity and due to inertia it does not stop at O rather it
continues 1o move towards the extreme position B during its motion towards point B, the
velocity of the bob decreases due to restoring force. The velocity of the bob becomes zero
as 1t reaches the point B. the restoring force mg sinQ still acts towards the-mean position
O and due 1o this force the bob again starts moving towards the mean position Q. in this
way . the boh continues its 1o and Iro mouon about the mean posmon 0.

Conclusion :
[ is clear from the above discussion that the speed of the bob increases while moving
rom.pomt A to O due to the restoring force which acts towards. O. similarlv. when the
bub moves from O to Booits speed decreases due 1o restoring force which again acts
tonwards O Tt follows that the aceeleration of the bob s alwavs directed towards the mean
postiion O Tence the mouon ol a simple pcn(lulum 1s STIN - :

().2  Define Time Period and Write down formulas of Time I’cn iod for mass attached to a
spring and for simple Pendulum

Time Period (1):

Time required to complete one vibration s called ime period. It is denoted by T
e The ume period T of the simple harmonie molmn ol a mass m attached to a \pnnﬂ R

eiven by the following equation: ‘
M
[ 2n, -
\ K
e Lormula tor the tme pertod of simple pendulum
e
'
I 2n |-



Q.3

Define different terms which characterizes simpl¢ harmonic motion?
Vibration: R '

One complete round trip of a vibrating body about its mean position is called one

vibration.

Time period (T)' _
The time taken by a v1bratmg body to complete one vibration is called tnne period (T)
Frequency (F):
The number of vibrations per cycle of a vibrating body in one second is Lalled

frequency. It is reciprocal of time period i.e f= /T

Amplitude (A):
The displacement of a wbratmg body on elther S|de from its Mmean position to extreme

position is called its amplitude.

Displacement (D)
Distance covered by the v1bratmg body at any instant durmg the vibration from mean

position.

Transverse Waves

Diection of wave

* Oispiacement

RV AV

Amohtude v\ One complete

—

Tioughs «— cycle

10.2 Damped oscillations: B

What are damped oscillations? How damping progressively reduces the amplitude

Q.4

of oscillation? Describe its one application.

Damped Oscillation:
Definition:

’

oscillations.”

Damping progressively reduces the amplitude of oscillation

Vibratory motion of ideal systems in the absence of any
friction or resistance contitiues indefinitely under the
action ol a restoring toree. Practically, in all systems
the force of friction retards the motion, so the system do
not oscillate mdetiniely. _

The friction” reduces the mechanical energy of the
system as time passes. and the motion is said to be
damped. This  damping  progressively  reduces  the
amplitude of the motion as shown in fig.

-

Dictance

\ _
“The oscillations ol 1system in the -presence of some resistive ftorce are damped

The uhject il oacillatn
sinusoldally | ..

hu( lhq- amplitude deviases
uuhinlhr cmvelope™ of a
decaying eypunential,



Application
Shock absorbers :
[n automobiles shock absorbers are one practical application of damped motion. A shock
absorber consists of a piston moving through a liquid such as oil as shown in fig. the upper
part of*the shock absorber is firmly attached to the body of the car. When the car travels
over a bump on the road, the car may vibrate violently. The shock absorbers damp these
vibrations and convert their energy into heat energy of the oil.
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10.3 Wave motion:

Q.5 Whatis wave? Explain wave mbtion with the help of experiments.
Ans: Wave , ‘ ' o
“A wave 1s a disturbance in the medium which cause the particles of the medium to
undergo vibratory motion about their mean position in equal intervals of time.” ‘
Experiment 1: :
Dip one end of a pencil at the edge of a tub containing water; rapidly move the pencil up
and down vertically, the ripples emerges outwards on the surface of water.

: . A
When we place some small pieces of the cardboard or cork ¥

equally spaced, in the direction of the waves, and observe the 25
movement of the pieces as the waves pass. It is observed that
every piece of cardboard move up and down about its mean

pOSi[iOﬂ. : ' Wave produced by a dipping
; ' : : a pencil in a2 water tub,
They are not displaced forward from their original position along with the water waves.
The motion of these pieces about their mean positions is known as vibratory motion. If
we examine the vibratory motion of all the pieces, it can be observed that they do not
vibrate together but they have consecutive vibratory motion.

Conclusion : _
In this experiment, the vibratory motion of the pencil produces a disturbance in the
constituent molecules of the water, due to which they start exhibiting vibfatory motion
about their-mean position. Thus this disturbance is transferred along w
visible water wave can be observed. '

ith the wave, and a



Q.6  Whatis wave? Describe its different types.
Wave | : .
“A wave is a disturbance in the medium which causes the particles of the medium to

undergo vibratory motion about their mean posmon in equal intervals of time.”
Types of Waves

|. Mechanical waves.

2. Electromagnetic waves
Mechanical waves:

Waves which require any medium for their propagation are called Techanical waves.

Examples:
e Water waves,

e Sound waves

e Waves produced on the strmgs and sprmgs
Electromagnetic w aves:
Definition:

Waves which do not require any medium for their propagation are called
electromagnetic waves. & '

Examples: . - o |
e Radio waves, ' ' R . /
e Television waves,
e X-rays, heat and light waves
Types of Mechanical Waves
Q.7 Distinguish between longitudinal and transverse waves with suitable examples.
Ans. Longitudinal waves:
In. longitudinal waves the particles of the medlum move back and fonh along the
direction of the propagation of wave.
Explanation:
Sound waves also travel from one place to another in longitudinal pattern. Longitudinal

waves are also called compressional waves. These waves travel in the form of
compressions and rarefactions. |

.

Movement of Hand

How longitudinal waves are produced: T g~ 220009200900 985]
Longitudinal waves can be produced on a spring Dicmctiyn of Wave Troval A
placed on a smooth floor. Fix one end of the spring - e et 2
(slinky) with a rigid support and hold another end into g~ 222 i1t 209290 0 9
your hand. Now give it a regular push and pull o
quickly in the direction of its length as shown in fig. o ™ ariecvon— Corprmm

tg 108 | ongrudinel wive on 8 slinky

A series of disturbances will start moving along the length of the slinky such waves
consist of regions called compression, where the loops of the spring are close together,
alternating with regions called rarefactions (expansions), where the coils are spaced apart.
Compression and rarefactions: ‘
Compressions are those regions where the particles of the medium are closed together
while rarefactions are those regions where particles of the medium are spaced apart.
The compression and rarefactions move back and forth along the direction of motion
of the-wave, ‘



Transverse Waves: '
In the case of transverse waves thie motion of particles of the medium 1s pchC”d'WldIr to
the direction of wave.

particls movement
How transverse waves are produced?

Trunsverse wovlam wave movemen!
‘Transverse waves can be produced with the help of LK
slinky. Stretch out a slinky along a smooth floor or. W | oo
on a long bench with one end fixed. Grasp one end 1§ '5,

movement vf hand
froin »ide e alde

~

rroughs

of slinky and move it up and down quickly as
shown in fig. : b5 139 Tianrversd wive on & sbiy
A wave in the form of alternative crests and troughs wnll start traveling towards fixed end.
Crests and Troughs:
Crests are the highest points while the troughs are the low ést points of the particles. ot the
medium from the mean position. The crests and troughs move perpendicular to the
- direction of the wave.
Waves as carriers of energy
Q.8  Waves are means of energy transfer W|th out transfer of matter. Justify thlS
statement with the help of a simple expenment
Energy can be transferred from one place to another through waves. For example, when
we shake the stretched string up and down, we provide our muscular energy to the string.
As aresult, a set of waves can be seen traveling along the string. The vibrating force from
the hand disturbs the particles of the string and sets them in motion. These particles then
transler their energy to the adjacent particles in the string. Energy is thus transferred from
one place of the medium to the other in the form of wave. o
Water waves also transter energy from one place to another as e\plamcd below
Experiment:
Drop a stone into a pond of water. Water waves will be
prodUced on the surface of water and will travel
outwards as shown in tig place a cork at some distance
trom the falling stone. When waves reach the cork, it e
will move up and down along with the motion of the ”".*‘M /
water particles by wemnu energy from the wave, <
Conclusion: .
This experiment shows that water waves like other waves transfer energy from one place
to vther without transferring matter, i.e. water
Q.9 Derive a relation between speed, frequency and wavelength of a wave. Write its
formula relating speed of wave to its time period of wave length.
Wave Equation
The relation between the velocity, frequency and wavelength of the wave
wave equation.
Derivation of Formula:
Wave is in fact a disturbance in a medium which travels from one place 1o another and hence
have a specitic velocity of traveling. This is called the velocity of wave which Is defined by
Velocity = distance/time
d
v=—
t

Cuih and »atn)
Lo up sad dama

1S known as



It time taken by wave in moving from one point to another is equal to the time period
~ then the distance covered by the wave wxll be equal to one wavelength,
Hence we can write:
A

v=—

T

But time period T is reciprocal of the frequency i.e j‘=% x
v=fA .

Note: Above equation is called the wave equatlon I M type of waves i.e.
longitudinal, transverse etc -

Q. 10 What is ripple tank? Explam its construction and following properties of waves with
the reference of ripple tank experiment.
(i) Reflection (ii) Refraction (iii) Diffraction’

Definition | |

“Ripple tank is a device to produce water waves and to study their characteristics.”
(onstructlon'

This apparatus consists ol a rectangular tray having glass bollom and is plaud nearly half
meter above the surface of a table=as-shown intie waves can be produc,ed on the surface
of water present in the tray by means ot a vibrator (paddle)..

This vibrator is an oscillating electric motor fixed on a wooden plate over the tray such
that its lower surface just touches the surface of water. On setting the vibrator on, this
wooden plate starts vibrating to generate plane water waves. An electric bulb is hung
above the tray to observe the image of water waves on the paper or screen. The crests and
troughs of the waves appear as bright and dark lines, respectively, on the screen.

! 3 Elastic suspansion .
-] Sheng v tae g wmlnt
’ ] ) +

PRl g antin

Electric motor

Of center mass

Wooden boala
with tvo cup hooks

Reflection:
Definition:

T "When waves moving i one medium fall on the surface of another medium they bounce
back mto the first medium such that the angle of mudunu Is cqual to the ans_lc of
retlection. This phenomenon is called reflection of waves!”

Explanation: : :
Place a barrier in the ripple tank. The water waves will reflect
from the barrier which 1s placed at an angle to the wave [ront,
the reflected waves can be seen to obey law of reflection i.e.
the angle of the incident wave along the normal will be equal
to the angle of the reflected wave as shown in fig.

moZi=mZr



Explanation:

Refraction:
Detinition:

“When waves from one medium enter in the second medium at some angle their direction
of travel may change. This phenomenon is called refraction of waves.

The speed of a wave in water depends on the depth of water.

e |

gl | alhiow m maid

[f a block is submerged in the ripple tank, the depth of water e T e s,
in the tank will be shallower over the block than elsewhere. G - Ay
When water waves enter the region of shallow water their »w e
wavelength decreases as shown in fig but the frequency of *i-*" eriiotin

the water waves remains the same in both parts of water

because it is equal to the frequency of the vibrator.
For the observation of refraction of water waves, we repeat

this experiment such that the boundary between the deep
and the shallower water is at same angle to the wave front
(fig.10.15). Now we will observe that in addition to the
change in wavelength the waves change their direction of

propagation as well. The direction of propagation is always .

normal to the wave fronts.

f 1915 Rettaction of

Nhoety

&ttt

This change of path of water waves while passing from a region of deep water to that of

shallower is called refraction.

lriffraction:

y

Definition: : ' ‘ ' : B .

Explanation:

“The bending or spreading of waves around the sharp edges or corners of obstacles is
called diffraction.” ‘

We observe the phenomena of diffraction of water waves.
Generate plane waves in a ripple tank and place two

obstacles in line in such a way that separation between 2

them is equal to the wavelength of water waves. After ag e, B B

I

P 1007 oty oo

passing through a small slit between the two obstacles, the
waves will spread in every direction and change into almost
semicircular pattern as shown in fig (a).

Fig (b) shows the dilfraction of waves while passing
through a slit with size larger than the wavelength of the
wave. Only a small diffraction.occurs near the corners of
the obstacle.

Waves T v, by Tty

Condition for the Diffraction:

Ditfraction of waves can only be observed clearly if the size of the obstacle
comparable with the wavelength of the wave.

1S



NUMERICAL PROBLEMS

10.1  The time period of u simple pendulum Is 2s. What will be its Ieng.,lh on Earth? W hat
will be its length on the moon if gy = g/ 67 Where g = 10ms™. :
Solution:
Given Data:-
Time period of simple pendulum =1t = 2 sec. The gravitation all aceelel
well as on moon should be included in given data,
Required:- :
(i) Length of mmhﬂum on earth = / =)
(1) Length nt pendulum on moon =/, =

-ation on earth as

Formula:-
T=2n il
g
Solution:-
(h For Earth
E
By taking square on both sides, we have
) y
T- =41 =
g,
ol
T xy
| =8
. ir-
By putting the values, we have
B (2) =10
C 4 (3.14):
_ 4x10
4% 9.86
[ =1.02m
(i) For Moon
[ = 47:3/“ '
Em
| = L
Yo

By putting the values, we have
L (2) <16 644
T ax(304) 3944

[, =0.17m




Result:-
Length of pendulum on earth =/ =102 m

Length of pendulum on moon =, =0.17m

10.2 A pendulum of length 0.99 m Is mkcn to the moon by an astronaut, The period of
the pendulum is 4.9s. What is the \ulue of g on the surface of the, moon?
Solution:

Glven data: .
Length of pendulum on moon = ¢ = 0.99m
Time period = 4. 9see
To Find: ‘
Value of g on moon =g =7
Formula:

T=2rn i
Y
Calculation:
),.00
4950 =2 3,14 (==

Vo
\‘qum'mu |
4.3, |4) x(),99

g LOd s
Result:
Value of gonmoon =g = [.Oms™ .
10,3 Find the time pelimls of a simple pendulum of 1 meter length, placed on Earth and
on moon. The value of ¢ an the surface of moon is 1/6" of lls vialue on Earth, When
a.is [0ms™, 4
Solution:
Given data:
[.ength ol pendulum = 1= Tm
Value of g on earth = 10ms - :
Value ol g on moon = 1.62 ms”
o find:
ime period on earth =T, = '
Tone period on moon = 1 =7
Formula:
C alculation:

At Eartly:
Tf— 2T gl‘"/"
\ ¢
| (S 14y —



T.=(06.28) Jo : . !
T.=1(6.28)(0.3106) '
T.= 19885 sec.
T, = 2sec. Ans
At Moon:

_ /
rm = 21? _‘-“—
gm

T = 2(3.14) l

1.67
T=233.14)v0.6172
T =495
Results:

Time period on earth = T, = 2sec

Time period on moon = T, = 4.9 sec :
104 A slmplc pendulum completes one vibration-in two scconds. Calculate its length when
g=10.0 ms?
Solution:

Glven data:

Time pelmd T= 2sec

g=10ms”
To Find:

Length of simple pendulum =L =7
Calculation:

7"=2/r\/z
g

Squaring on both sides

T:=4,73x—/- .
g

T'g

ar

(2) %10

4x(3.14)

A0

[t =

A x9.85
/=1.02m

Result:
Length of simple pendulum =/=1.02m,

L=




10.5 11 100 waves pass through a point of a medium In 20 seconds, what Is the frequency
~and the time perlod of the wave? If Its wavelength Is 6cm, calculate the wave speed.

Solution:
Glven data:
No. of waves = 100
Time = 20s _
Wavelength =4 = 6em = 0.06 m
Required: ‘
Wave speed=v=?
Formula:
ol
T
00

fa—

TSz
T=0.2sec
V=2
V=fai
V=5x0.06

V=03ms", : : _
10.6 A wooden bar vibrating into the water surface in a ripple tank has frequency of

12Hz. The resulting wave has a wavelength of 3cm. What is the speed of the wave?

Solution:

Given data: ‘
"~ Frequency =12 Hz
Wavelength = A =3cm =0.03 m
Required:
Speed of wave =v =7
Formula:
V=t
Calculations: .
v =(0.03)(12)
V=0.36m/s
Results: '
Speed of wave is 0.36 m/s



10.7 A transverse wave produced on a spring has a frequency of 190 Hz and travels

nlong the length of the spring of 90m, In 0.5s.
(1) What Is the pertod of wave? '
(b) Whut is the speed of the waye?
(¢) Whatis the wavelength of the wave?
Solution: ‘
Given data:
Frequency = 1= 190 Hy
Length = 1 = 90m
Fime =t 0.3
Required:
() Fime pertod ot wave =717
() Speed ofwane - Voo
(i Wavelength of wave -2, -7
Calculations:
(i) Time period:

[ 1l

T 10190

1= 0,008

= 0.01s
(if) Speed of wave:

Vo= dA

V.= 90/0.5

Voo 180 s
(iii) Wavelength:

o=
7= 1807190
2.=0.95m

Results:
[ime period is 0.01s: speed of wave is 180 m/s and wavelength of wave is 0.95 m
10.8  Water waves in a shallow dish are 6.0 cm long. At one point, the water moves up
and down at a rate of 4.8 oscillations per second.
(1) What is the speed of the water waves?
(h) YWhat is the period of the water waves?
Given data:
Length ofwave =d = 6.0 cm = 0.06 m
Frequency = 1= 4.8 Hy
Required:
(1) Speed of waves = 2 (i) period of waves =7
Calculations: ‘
(1) Time period:
I 1t
[ -1 4.8
l"

=0.21s



(11) Speed of waves:
V =dn
V =0.06/0.21
V =0.29m/s
Results:
Time period is 0.21 s and velocity is 0.29 m/s ,
10.9 At one end of a ripple tank 80 cm across, 5 Hz vibrator produces waves whose
wavelength is 40mm. Find the time the waves need to cross the tank.
Solution:
Given data: -

Length=1=80cm=08m
Frequency = I = SHz '
Wavelength =4 =40mm =0.04 m
Required:
Time taken =t =7
Calculation:

As we know that v = fA
V=(50.04)=0.2m/s

And
' v =dit
So, t=d/
= 0.80.02
t=-s
Results:

Time taken 1s 4s.
10.10 - What is the wavelength of the radio waves transmitted b¥ an FM station at 90 MHz?
Where 1M = 10% and speed of radio wave is 3 x 10®ms™.
Solution:
Given data:
Frequency = f=90 MHz =9 x 10’ Hz
Speed = v =3 x 10" m/s '

Required;
Wave length =4 =7
Formula:
~As we know that
v="FA
2. =vif
Putting values:
Calculation:
3x10"
gz
0x10
3x10%7
9.0
3.=3.333m
Results:

Wavelength is 3.333m
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11.15
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11.17
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11.19

Ans:
11.2

Ans:

11.3
Ans:

11.4

Ans:

. of the sound is incréased what are the changes in the followmg
4) 1ne irequency ' S b) The wavelength
¢) The wave velocity ) d) The ampl;tude of wave
According to wave equation V=fi. If there is an increase in the pitch then there will also
be increase in frequency, wavelength decrease, wave velocity will increase? There will be
no change in the amplitude of wave. '
If we clap or speak in front of a building while standing at a particular dlstance, we
rehear our sound after sometime. Can you explain how does this-happen?
[t is due the reflection of sound. When sound is incident on the surface of a medium it
bounces back into the first medium. This is known as reflection of sound or echo.
How can you find the speed of sound by echo method? What factors can affect the
accuracy of this method?
See question no. 11
What is the audible frequency range for human ear? Does this range vary with the
age of people? Explain. ‘
See Question no. 14
Explain that noise is a nuisance.
See Question no. 12
Describe the 1mp0rtance of acoustic protectlon
See Question no. 13 -
What are the uses of ultrasound in medicine?
See Question no. 15 ' '

~

ZPTUAL QUESTIONS

P ettt 7

Why two tin cans with a string stretched between .them could be better way to
communicate than merely shouting though the air? .

~Two tin cans with a string stretched between them could be ‘better way to commumcate than .

merely shouting through the air because sound travel faster in solids as compared to gases (air).
We can recognize persons speakmg with the same loudness from thelr voice. How is
this possible?

We can recognize persons speaking with the same loudness from thelr voice due to
quality of their sound which is defined as: ‘

The characteristic of sound by which we can dlstmgunsh between two sounds of same
loudness and pitch is called quality. : .
You can listen to your friend round a corner, but you cannot watch him/her. Why?
The sound travel through medium in all directions and shows diffraction about the corner
therefore we can listen to our friend around a corner due to diffraction but we can not
watch him. S

Why must the volume of a stereo in a room with wall-to- wall carpet be tuned hlgher
than in a room with a wooden floor? | |
The volume of a stereo in a room with wall-to-wall carpet be tuned higher because
maximum absorption of sound takes place through the porous and rough, material of carpet.

But through flat surfaces and wooden floor maximum reflection is taking place so low
sound is required to make clear sensation.



¢ it says that the two terms speed and frequency' of the wave refer to the same

thing. What is your response?

Ans: No, speed and frequency are two different terms which can be differentiate as follows.

o The distance covered by the body in e Number of waves passing through the point in
unit time R one second is called frequency.

o Slunitofspeedisms™. ) o Sl unit of frequency is Hz.

11.6 Two people are listening to the same music at the same‘distance. They disagree on
its loudness. Explain how this could happen?

Ans: Two people are listening to the same music at the same distance. They dlsagree on its
loudness. Because loudness also depends upon the physical condition of the ears of the
listener. A sound appears louder to a person with sensmve ears than to a man with
defective ears. : '

11.7 Is there any difference between echo and reflection of sound" Explain.

Ans: Yes, there is a difference. The reflection can take place at any distance from the denser
medium at any time. But echo can be'heard after O.l 'second, When distance between
listener and reflecting surface is 17 m. :

11.8  Will two separate S0dB sound together constitute a 100dB sound" Explain. ‘

Ans:  Yes, when two same sound of same loudness: and are coherent (same wavelength) each of
50dB will constitute 100dB sound.

11.9  Why ultrasound is useful in medical field?

- 'Ans: Ultrasound has high frequency (above 20 OOOHz) and it carry more energy than the

audible sound.”  According to relation v= f4, the wavelength of ultrasonic waves 1s |

very small. Due to these characteristics ultrasonics are utilized in medical field.
"INFORMATION BASED QUESTIONS AND THEIR ANSWERS
Self Assessment (Page 22) '
Q.1 Explain how sound is produced by a school bell?
Ans. When hammer strike the school bell, it starts v1bratmg and hence produces sound
| " Self Assessment (Page 22)

Q.2  Why are sound waves called mechanical waves?

. Ans. Sound waves travel in the form of compressions and rarefactlons due to the VIbratlons of
the particles of the medium about their mean posmons In other words, sound waves «
require material medium for their propagation and hence are called mechanical waves.

Self Assessment (Page 22) , _
Q.3 Suppose you and your friend are on the moon. Can you be able to hear any sound

produced by your friend?
Ans.  As there is no material medium on the moon for the propagation of sound waves, hence

we can not hear any sound produced by our friend on. the moon.
Quick Quiz (Page 24)



.4

Ans.

- Q.5
Ans.

Q.6

Ans.

why the voice of women is more shrill than that of men?
Vmce of women is more shrill than that of men due to hxgh frequency and pltch

~ Quick Quiz (Pnge 24) -

f:\,

‘Which property of sound waves determlles its () loudness (b) pitch" 4

(a)  Amplitude of sound wave detérmmes its. loudness
(b) Frequency of sound wave determines its' pxtch ‘
Quick Quiz (Page 24)
What would happen to the loudness of sound with increase In its frequency"
I oudness of sound does not depend upon the frequency of sound. '



EXERCISE MULTIPLE CHOICE QUESTIONS

FROM TEXT BOOK

1. ‘Which is an example-of a longltudmal wave" \
) Sound wave - (b) Light wave O (0) Rad10 wave  (d) Waterwave
2. How does sound travel from its source to your ear? )
/<)) By Changes in air pressure B, '» | (b) By vnbratlons in wires or strmgs
(c) By electromagnetlc wave | ~ (d) By infrared waves '
3. Which form of energy is sound? | ,. - o o
(a)Electrical () Mechanical  (c) Thermal ~ (d) Chemical
4. Astronauts in space need to commumcate with each other by radio lmks because

“(a) Sound waves travel ve.ry slowly in space (b) Sound waves travel very fast in space

\/fo) Sound waves cannot travel in space (d) Sound waves have low frequency'in space

5. The loudness of a Soﬁnd is most closely related to its . . | ._ |

(a) Frequency - (b) Penod (c) Wavelength , \}d'TAmplilude |
6. | For a normal person aud|b|e frequency range for sound wave lie between

(a) 10 Hz and 10 kHsz’fZO Hz and 20 kHz (¢) 25 Hz and’ 25 kHz (d) 30 Hz and'_30 kHz
7. 'When the freq_uency of a sound _wzivé is increased, wh'ic‘h.' of the fo]_lowiné wil.l» :

decrease? T | | B

(1) Wavelength . (Il-) Period | (1) Amplitud_e 3 |

(a) l-only ‘ : _’(lv)) I1T only \,éc/) [and 1l on'ly - (d)I'and l.‘ll on:ly i

ANSWER KEY
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: OPICAL MULTIPLE CHOICE QUESTIONS|S

1. The study of sound is called

(a) Acoustic (b) Optics (¢) Electro_statics (d) All of these
2. Sound is produced by | . | | o
| (a) Propagation  (b) Vibration = (c)Bothofthese  ~ (d) None of these
3. Sound can travel only in presence of "
_ (a) Medium (b) v'accnm . (c) Air (d) Bothaand ¢
4. Sound is __ Wave : :
(a) Electromagnetic | (b) Transverse ~ (c) Longitudinal - (d) None of these.
Characteristics of Sound: " | ’
5. Characteristic by which We can distinguish between two sounds of same loudness
and pitch is called L ,
(a) Loudness (b) Pitch (¢) Quality .-~ (d) intensity ofsound -
6.  Pitch of sound depends on o oy | e ’ : |
‘ (a) Amplitude - (b)‘Fre'quency (e )Tnne perlod ' (d) Dlsplacement
7. Distance between two consecutive compressmns and larefactlons is the ' ‘
of sound wave. : | ‘ . -
(a) Amplitude ~ (b) Frequency © (c) Wave Length - (d) none oftnese
8. Loudness of sound depends on " I, '
(a) Amplitude of vibrating bddy : ~ . (b) Area of v1brat1ng body
(c) Distance of vibrating body - (d) All of these-
9. is the characteristic of sound by which we can dlstlngmsh between a
shrill and a grave sound. _ . . | ‘
(a) Pitch (b) loudness . '(c.) Intensity ., (d)‘Quali_ty
10.  Frequency of silent whistle Lies between : . " |
" (a) 20,000Hz - 25,000Hz R (b) 20,000Hz - 35,000Hz
(c) 20Hz - 20,000Hz - (d) 15,000Hz - 40,000Hz y
11.  The intensity of sound depends on the ' of sound. _ u
(a) Time period - (b) frequency (c) Amplitude (d) None of these
12.  Intensity is a ___quantity. ' - ’
(a) Vector ~ (b) Scalar (c) P‘hysical quantity (d) None of these

13.  Intensity of faintest sound is : _
(a) 10" Wm (b) 107" Wm™ "(c) 10°Wm™ (d) 10°Wm™



14. Intensity of loudest audible sound is

(a) 10" Wm™ (b) IWm™ (¢)20Wm™ (d) All of these

15. Intensity of whispering A , :
() 107 Wm™ (b) 10 Wim (c) 10°Wm™ (d) 10" Wm™

16.  The loudness of sound is directly proportional to logarithm of intensity, this Law is

called ' ' :

(a) Weber Fechner Law | (b) Law of'GrayitaIion

(¢) Intensity Level i ~ (d)Echo
17. Voice of Child is - :

(a) Grave ~ (b)) Shrill . (¢) Faint o (d) Loud
18.  1Dbellis equal to | ) | S

() 2048 (b) 10dB o) 100dB . (d)50dB

19.  The amplitude of 100 dB sound is |

(a) 1000 ~ (b) 10,000 C ey 100,000 (d) 1001000
20). By using an ______ we can sce sound wave, |

(a) Electroscope (b) Stroboscope \(c) Gastroscope o () ('b)scil]oscopé

31 Reflection (ECHO)lof Sound:
2. Echo of sound is '
(1) Rut‘rqclibn . (b) Rellection (¢) Diftraction . '(d)rlnlm:f‘crcm‘:c
The sensation of sound persists in our brain about _ -
(a) s . (b)0.1s ‘(c)‘0.0_ls‘ e e o(dy 28 -

23, For hearing distinct echoes, the minimum distance of obstacle from source of source
" of sound must be ' '

) dm 7 (.h)vl7m . (¢) 38m | (d_)'lén; B
‘Speed of Sound:[ h o e " .
24, The speed of sound in solid is about _ times that in gases.
(a) 3 (by1s . ()20 . d) 10
25. The speed of sound in air at a2 atm pressure and at room temperature (21°C) is
(a) 320ms” ~ (b) 360m/s (c) 343ms™ - . (d) None of these
©726.  The speed of sound varies with - '
(a) Temperature (b) Humidity (c)‘bot‘h a ahd b (d) None oll"these
27. The speed of sound in solid is than liquid and air
(u) Greater ~(b) Smaller (¢) Equal ~ (d) None of these
28. Bats can hear Frequencies up to 120,000Hz

() 10.000Hz - (h) 120,000Hz (¢) 12.00.000Hz (d) 120,00,000Hz



+ 29,

30.

35S.

36.

37,
38.
39,
" 40.

41.

42.

46.

47,

‘Such sound Which are pleasant to our ears are called SR
" (a) Musical Sound (b)Noise .~ (c) Both a and b ~(d) None of these
‘Such sounds which are unpleasant to our ears are called - i -

Mice can hear frequencies up to

" (a) 35,00Hz (b) 35,000Hz - (c)4500Hz (d) 100,000 Hz

Compressions are places Where air is slightly . than the surroundmg air

(a) Less (b) ngher ' (c)Equal .~ . (d)None of these -
Rarefactions are places where alr lS sllghtly ..~ than the surrounding air |
(a) Less . - (b) ngher - (c)Equal '(d) None of these

The speed of sound in air was ﬁrst accurately measured in .
(a) 1838 (b)1738 (c) 1638 (d) 1938
Noisc Pollution: ' - " T

(a) Musical Sox.nd (b) Noise - (©) Bothaandb (d) None Of these .
~Corresponds to irregular and sudden v1brat|0nsproduced hy some sound J
(a) Noise “+ " (b)Musical Sound = (c) Notes of tuning: fork (d) None of these -
The Level of noise recommended in most of countrles is- :
(a) 75-80dB: "~ (b)85-90dB (c)95-100dB - _(d) 115- 120dB

The method used to absorb undesirable sound by soft and porous surface is called
(a) Acoustics - (b) Echos (¢) Intensnty o (d) Pltch

Multiple reflections called e . ”

(a) Acoustics (b) reverberations - (c) Vibration . - (d) A‘ll'of these

‘We hear sound produce by musical mstrument such as

(a) Flute = - (b) Violin (c) Harmonic . (d) All of’these :
For a normal person audible frequency rnage for sound wave lie between - P
(a) 10" and 10 Khz (b) 20 Hz and 2OKH2 (c) 25Hz and 25 KHz (d) 30Hz and 30 KHZ
Noise correspond ’1 v1brat10n ..

(a) Irregular (b) Sudden o (©) Both a’ and ‘b’ (d) Slowly slowly

Noise has negative effects on human health it cause except " ' R
(a) Aggressnon - (b) Hypertension * (c). ngh stress level (d), Fever/ﬂue
Which are the acoustic protection except - R

(a) Lecture Halls (b) Auditorium . (c) Theater halls 3 '-('d) Kitchen'

Audlhle Frequency Range: R

Audible frequency range is

(a) 200Hz-2000Hz  (b) 15Hz- 15000Hz () 20Hzé'2‘oKHz‘ @) ’20Hz—lSOQOH2

Old people cannot hear sound even above L
(a) 20, 00Hz (b) 15 KIHz (c) 15 000 Hz (d) Both (b) and (c)
Which bird fly easily between wires in the black room

- (a) Sparrow (b) Bat . - (c) Cow - (d) Parrot |

The range of the frequency which human, ear can hear is called .
(a) Audible frequency range - (b) Ultrasonic waves
(c) Transonic waves B (d) None of these



i firasotnd:

48.  Ultrasonics are used to measure the depth of Water by o
(a) Acoustics (b) Echo Method (c) Sound Level ~ (d) Diffraction
49. Waves carry more energy and higher frequency than sound waves
(a) Ultrasonics (b) Infrasonic - (c) Audible sound (d) All of these
50.  Ultrasonics are used to locate under-water depth the technique is called
" (a) Acoustics - (b) Reverbration - (c) Sonar (d) lnfrasqmcs
51.  Sound waves with frequency less than 20Hz are called . _
(a) Ulirasonic - (b) Infrasonics (c) Notes (d) Acoustic
52. Ultrasound is the frequency of sound higher than K ‘
(a) 20Hz (b) 20KHz . (¢) 15,000 Hz ~ (d) 25,000 Hz
83 Infrasonic is the frequency of sound less than : .
(a) 20z . (b)20 KHz ‘ (c) 15,000 Hz ~ (d) 25,000 Hz
S4. According to wave equation v= /4 the wavelength of ultra sonic waves are
(a) Very small (b) Very big ~ "(c)Both “a” and “b" (d) None of these
55. Powerful ultrasound is now being used to remove blood clot from  ~ '
(a) Capillaries (b) Arteries- ~ (c) Convoluted tubule  (d) None of these
56. By which waves small cracks can appear T ; .
(a) Ultrasonics (b) Intrasonic (¢) NOTSE . " (d) Sound frequency -
&l By ulirasonic waves are destroyed . S
(a) Germs (b) Bacteria (¢) Fungus (d) Both “a” and “b”
58.. Whe ih'e‘l_'requency of a sound wave is increased which of following decrease '
(1) Wave length - (b) Period (¢) Amplitude (d) Bothaand b
59, Bats can hear frequency up to : T : o
(1) 120, 000z (b) 2,000 Hz —~ (¢) 20,000 Hz (d) 15,000 Hz
60.  Rescarcher in observed giraffes to stop and wait for the others that -
were out of sight ' , o ' AP
(a) 1898 ~ (b) 1993 - (c)2013 - (d) None of these

ANSWER KEY




Q.1." What is sound wave? How sound is produced?
Sound Wave |
A sound wave is a pattern of disturbance caused by the movement of energy traveling
through medium as it propagate away from source of sound. '
Like other waves sound is also produced by'vibrating bodies. Due to vibration of bodies the
air around them also vibrates and the air vibration produces sensation of sound in our ear.
Q.2. Ans: Whatis tuning fork? o i it A
Ans: It is a U-shaped body having two metal prongs with a stem at the bottom and is
used for producing sound of particular frequency. ' o ’
Q.3. Why medium is required for the propagation of sound waves‘?g; B
Ans: Sound waves are compressional waves in nature. That is the 1ypeof mechanical waves
and we know that mechanical waves require medium for their propagation. S0 we €an siy-.
material medium is necessary for the propagation of sound from one point to another.
This material medium can be a gas, a liquid or a solid. . ‘ |
Q.4. Define loudness of sound and what are the factors affecting it?
Ans: Definition | |

~The -characteristic of 'sound by -which a loud and faint sound can be distinguished s
called loudness of sound”.” oo ' . 7 :

Factors affecting loudness of Sound

- Q.5.
Ans:

Following are the factors that affect the loudness of sound. -
o Amplitude of vibrating body o
o Area of vibrating body - :
o Distance from vibrating body
o Physical condition of ear
Define pitch of the sound o , B o
The characteristic of sound by which a shrill sound can be distinguished from a grave one .

is called the pitch of the sound.

Dependence on Frequency

- Q.6.
Ans:

[t depends upon the frequency, the greater
the frequency. the higher the pitch and lower o
the frequency, the lower the pitch. ' .

Define the quality of sound with an example.
“The characteristic of sound by which two sounds of same loudness and pitch are

distinguished from each.other is called the quality of sound™.
Lxample '
Sounds of flute a
quality of their notes is diffcrent.

nd piano of given loudness and pitch can be distinguished becausc the



Dependence:

[t depends upon the waveform of the sound waves. The loudness and pltch of these two
sounds are the same but their waveforms are different. So their quahty is different and
can be distinguished from each other

Q.7. ~ What is intensity of sound?
Ans:

Intensity of sound _ : \ :
“Sound energy flowing per second through a unit area held perpendlcular to the dlrectlon
of propagation of sound waves is called the mten51ty of sound”

- Unit
~ - The unit of intensity of sound is watt per square meter (Wm ) Inten51ty is a phy51cal
' ‘quantity and can be measured accurately.
Intensities of Faintest and Loudest sound
The intensity of faintest sound is 10 ‘Wm and the mten51ty ofthe loudest sound, Wthh
can be heard without pain, is 1 Wm2, :
Q.8. State Weber Fechner Law
Ans: Weber Fechner Law : o
[t has been proved expenmentally that loudness (L) of a soUnd is dlrectly propomonal to
the logarithm of intensity. :
Mathematmallv '
L ologl
L=Klogl : :
Where L is loudness of sound, K is propomonahty constant and l 1s mten51ty ofsound
Q.9. Intensity Level or Sound Level : .
Ans. The difference between the loudness of any unknown sound and famtest sound (L Lo) 1S
called the intensity level or sound level
MathematlcallL

I
.Sound level = K log A

0 : s . '
Where [ is intensity of unknown sound, K is proportlonahty constant and L is intensity of
the faintest sound. :
Q.10. Define SI unit of sound level (Bel)

Ans. Bel: P
If the intensity of any unknown sound is 10 times greater than the mtens:ty [o of the
faintest audible sound i.e. 1= 101, then the mtensny leVel of such sound is taken as unit,

called Be;&\The va[ue of K becomes l.
Mathematically:

Sound Level =K log—l— (Bel) -
0
By substituting K = I, equation becomes

Sound Level = l'ogll (Bel)

0



Q.11
Alns:v‘

Q.12.

Q.13.
Ans.

Find sound level of sound of train? | , |

Intensity of sound of train is 102 Wm™ and sound level of faintest sound is 10"'> Wm™ then
5 . .

Sound level of sound of train (in bel) =log -113;,—2- (Bel)

 =10g10°=10Bel

Sound level of sound oftr_aih in decibel = 10 log IITO'? (dB)
. - =10log 10" =100dB
Reflection (Echo) O Sound:

How reflection (Echo) of sound can be defined ?

Echo: . - ' o . .

“When sound is incident on the surface of a medium it bounces back into the first
medium. This phenomenon is called echo or reflection of sound”. e '
Calculate minimum distance to hear Echo. B

The sensation of sound persist in our brain for about 0.1s. to hear a clear echo, the time
interval between our sound and the retlected sound must be at least 0.1s. If we consider
speed of sound to be 340 ms’ at a normal temperature in air, we will hear the echo after -
0.1s. The total distance covered by the sound from the point. of generation to the
reflecting surface and back should be at least 340 ms” x 0.1 s = 34.0 m. Thus, for hearing

_distance echoes, the minimum distance of the obstacle from the source of sound must be
~ half of this distance thatis 17m. Echoes may be heard more than once due to successive

Q.14.
*Ans.

or multiple reflections.

Calculate the frequency of a-sgund wave of speed 340 ms’ and wavelength Q.Sm.

- Solution:

Given that: _ ey e
| Speed of waves v =340 ms’'

Wave length A=0.5m .
Required -

Frequency = f=7
Using the formula v = f4



... Noise Pollufion:B

oz eds

The sounds that have
| our ears are called musical sounds.

I' The ﬁ'equeﬂbgjand amplitude of musical
'i,/,f'}fvi)}lhdS change in a regular manner. o
.F* Sounds produced by the musical
instruments like flute, violin, harmonium
" are musical sounds.

o We enjoy the programines of radio or television
by hearing sounds of different qualities. -

o In musical programmes, we hear sound

i produced by musical instruments such as

| flute, harimonium, violin, drum etc.

- Waveform: '

Pressure

Q.15. What is noise pgligtion? Explain its sources and effects. How it is reduced?
Differentiate between music and noise. Explain effects of noise and safe level ofnonse.

pleasant effect on | ® The

e Sounds of traffic or sound produced by

Waveform:

OR

sounds that have jarring or unpleasant
effect on our ears are called noise.

° The frequehcy and amplitude of the noise
change in irregular manner. |

hammering in factories are noise.

Examples | _
e  Sound of machinery

o The slamming of a door,
e Sounds of traffic in big cities..

Pressurae

Q.16.

Ans. Noise Pollution

Noise pollution has beceme a major issue of concern:

What is meant by Noise Pdlllution and describe its Sourcés.

in' big cities.

sound that is harmful for health of human‘and other species.

Sources:

The sources of noise pollution are given below

e Transportation equipment
o Heavy machinery

¢ e
13

These are the main sources of noise pollution. For example, noiseof machinery in
industrial areas, loud vehicle horns, hooters and alarms.

SIndr g

"9!‘()
fi Dldl;e
YIIJ&, 0 S

optaeiel o0 ol d
neighbour s '
H doy barking

h(;;:l?'v'.”l‘:' ang
M vehncr

industriol

\
produclion noise ‘



Q.17. What are effects of Noise?

Ans. Effects of Noise:
Noise has negative effects on human health as it can cause condmons such as

e Hearing loss

e Sleep disturbances,
e Aggression,

e Hypertension,

e High stress levels.
Noise can also cause accidents by interfering with communication and warning signals.

Q.18. Enlist any five sound of Music and noise.
Ans. Musical sounds |
(i) Sound ofharmon-ium
(ii) Sound of flute “
- (iii)Sound of tabla |
(iv)Sound of songs |
~ (v) Sound of violin |
Noises : o |
(i) Sound of'traffic (l
(ii) Sound of moving train
(iii)Sound of aeroplanes . "
(iv)Sound of crying . "
(v) Sound of horns

Q.19. What are the major sources of noise in our society?

Ans: Automobiles, aeroplanes, helicopters, trains, heavy machinery, heavy traffic, loud

speakers are the major sources of noise pollution in our society.

Q.20. How noise can be reduced?
“Ans: Trees and different appliances are used to réduce the noise



- Q.21.
Ans,

Q.22.
Ans.

‘What do you know by Safe Level of Noise:

Safe Level of Noise: '_ . o
A safe level of noise depends on two factors: the level (volume) of the noise; and the

period of exposure to the noise. The level of noise recommended in most countries is
usually 85-90 dB over an eight hour workday. Noise pollution can ‘be reduced to
acceptable level by replacing the noisy machinery with environment friendly machmery-.

~and equipments, puttmg sound-reducing bamers or using hearing protectlon devices.

Define acoustics protection. Explam |mportance of acoustic protection.

- Acoustic Protection.

“The techmque or method used to absorb unde51rable sounds by soﬂ and porous surfaces
is.called acoustic protection.” ‘

| lmportance of Acoustic:

Qa2

" Ans.

Reflection of sound is more promment if the. surface is rigid and smooth and less if the

| surface is soft and lrregular Soft, porous materials, such as draperies and rugs absorb
large amount of sound energy and thus quiet echoes and softening noises. Thus by using

such matenals in noisy places, we can reduce the leyel of noise pollution.
What is meant by Reverberation: T _
When sound reflects from the wall, celhng and floor of a room, the: reﬂectmg surfaces are
too reflective and the sound becomes garbled. This is due to multlple reflectlons called
reverberations, , ‘ - f |

In the design of lecture halls, auditorium or theatre halls, a balance must be achieved
between reverberation and absorption. It .is oftenr advantageous to place’ reﬂecttve

surfaces behind the stage to dlrect sound to the audlence
uuﬂ
r
s

Audible Frequency. Range:}

What is audible frequency range for human and why we cannot hear ,f sound
ranges more than this range.

A human ear can hear sound only if its frequency lies between 20 to 20000 Hz. A human
ear can neither hear a sound of frequency less than 20 Hz nor a sound of trequency more
than 20000 Hz. Sounds of frequency beyond the 20000 Hz are inaudible because the

eardrum of human ear cannot vibrate so rapldly. The audible range is different for
d|fferent persons and it also varies with the: age.
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Q 25, What is’ srlent whlstle and
. - Modern Stereo Casaette Dock )
why it is called so?. S - Frequgncy Range: 25Kz ~16,000H

vAns: Sdme people use silent whlstle to call Y
| 'dogs whose frequency lies between ‘
20,000 Hz to 25,000 Hz and human eaf i
cannot detect ‘it. So, it is silent for
~ human that is why it is called s;lent but |
- itisnot silent for the dogs becaUSe their
0 audible range is much more than
. human. . 5 S L
Ultrasound: £ | SO -
Q.26. What are ultrasonic and'why they are used in our; llfe" . A
~Ans:  “Sound waves-of frequency higher than 20000 Hz are ultrasonics”
I has been seen that ultrasonic waves carry more energy than audlble sound waves,
'Moreovel accordtng to the relation v = f?» the wavelength of ultrasomc waves’ rs very small.
o Due to these cllaracterlsues they are usefully utilized in’ medlcal and techmcal lleldb
© Q.27. How we can find the depth of ocean? TR I k
Ans: Ultrasound is used to locate underwater depths_or is used: for locatmg objects lying deep
on the ocean floor, etc. The techmque is called SONAR, (sound navigation and ranging).
" The sound waves are sent froma transmitter, and a receiver collects the reflected sound.
The time lapse is calculated, knowing: the speed of sound in. water, the dlSIallCL of the
object from the ocean surface can be estimated
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L Y Ultrasonic are used to measure depth of water h\ ulm
' : o o method (fig La) .




11.1

" Sound Waves:

LONG QUESTIONS

Q.1  What is sound wave? How sound is produced? Give examples.
Sound Wave '

A sound wave is a pattern of disturbance caused by the movement of energy travelmg
through medium as it propagate away from source ot sound

-

“Production of Sound

Like other waves sound is also produced by V|brat|ng bOdlCS Due to vibration of bodies the
air around them also vibrates. And the air vibration produces sensation of sound in our ear.

Examples:

Ina guitar, sound is produced due to the v1bratlons of its strlngs as shown fig (a).

~Ear -

e - Sound waves

NN ’_L{""_Strings

B {:._' _x

\ p——
ﬂlﬂiﬁ%ﬁﬁﬁ =

o 7_- ,. o

‘Guitar
. (a)
Qur voice results flom the vibrations of our vocal chords

Human heart beats and vibrations of other organs like lungs also produce sound
waves. Doctors use stethoscope to hear this sound.

Q.2 With the help of an activity make it clear that sound i is prodUced by vibrating body.

Activity:

In school laboratones we use a device called tuning fork
-which produces a particular sound. [f we strike the tuning -
fork against rubber hammer, the tuning fork will begm to
vibrate as shown in fig (a).

We
bringing it near our car. We can also feel the vibration by'
slightly touching one of'the prongs-of the vibrating tuning
fork with a plastic ball suspended from a thread as shown
in hg (b). ‘

.. Rubber hammaer -

can hear the sound produced by tuning fork 4by. |




Conclusion:

Q.3

“ouch the ball gently with.the prong of a vibrating tuning

fork. The tuning fork will push the ball because of its
vibration. Now if we-dip the vibrating tuning fork into a
glass of water, we will see a splash (fig ¢) vibrations
make the water splash? -

- Vibrating .
tuning fork

Glass
Water

C

From this activity we can conclude that sound is produced by vibrating bodies.

With the help of an experiment, show that a material medium is required for
propagation of sound. ' '

Sound requires material medium for its pr()pagation‘ (Activity:)

Conclusion: ... i i ey bt areg erh L albiiasol s

Q4

Sound waves requiré some material medium for their propagation, this can-be proved by bell
jar apparatus (as shown in fig. a). The bell jar is placed on the platform of a vacuum pump.

An electric bell is suspended-in the bell jar with the =~ Powersupply —O:
help of two wires connected to a power supply. By '

setting on the power supply, electric bell will begin to bell jar ——

ring. We can hear the sound of the bell. Now start : -
pumping out air from the jar by means of a vacuum i il " si s i
pump. The sound of the:bell starts;becoming; more . :iielectric bell = .‘.

and more feeble and eventually dies out, although bell - - IO o

is still ringing:-When we put the air back into the jar vacuum pump (’_T?U .

- we can hear the sound of the bell again.

8 ‘F|g11SBeanr apparatus

From this activity we conclude that.sound wdves can only travel/ propagate in the .

R "

Explain longitudinal'nature of sound waves. ... 1.t

Propagation_ of sound’ waves produced by ‘vibrating' ' e e A
tuning fork can be understood by a vibrating tuning “ Hmm“l' 73
fork (as shown in fig. ). . it inl oot otad 6 et s A i
Before the 'vibration qf‘-f’tuning:_,fo‘rk,-»déns‘ityf.o,fsa'irf_j‘_i:::lu?.i‘ h%ﬁmm '
molecules on the tight side is uniform-as shown.in: o+ ot oy ot
fig 1(a). | ’ { tnns
i s gl e pand peattiiel i) bl :ri.zrcV.ibratio'ns" “of j"tli‘nin'g'sfork after

striking with-a rubher hammer

When the right prong of tuning fork moves:from’ miean position O'Yo B:i*it exerts some
pressure on the adjacent: layer of air. molecules .and produces-a compression. This
compressed air layer inn turn compresses the layer next to it and so on as shown fig:1(b).

A moment later, the prong bégins t'o’.m‘d\:'e"'from-B towards A (fig.1(c). Now the pressure
in the adjacent layér decreases and-'a ‘rarefaction “is produced. This rarefaction is
transferred to the air layer next-to-it'anid so-on.’As the tuning ‘fork moves back and forth
rapidly, a series of compressions and rarefactions are created in the air. In'this way, sound

wave propagates through the air..



onclusion:

“As In the fgure the direction ol propagatron of sound wave is along the direction of
~oscillating air molecules. This shows the longitudinal nature of sound waves. Distance
_ between two consecutive compressions or rarefacuons is the wavelength of sound wave.

Clmn acteristics Of Sound:

Q.5 Deﬁne loudness of sound and what are the factors affectmg lt"
An‘s: Definition

“The characteristic of sound by which a loud and faint sound can be dlstmoulshcd is -
called loudness of sound”. o
Factors affecting loudness of Sound
Following are the factors that affect the loudness ofsound
(i) Amplitude of vibrating body
(i) Area of vibrating body ‘
_(iii)Distance from vibrating body
_ (iv)Physical condition of ear s : .
(a) Amplitude of the vibrating body: - . Loud . )

The loudness of the sound varies dlrectly with the /\ /\ anl":{i?:dé“
“amplitude of the- vibrating ‘body (fig.1).. The greater the \/ \_/ a
amplitude .of avibrating object. the louder the sound - ' .

produced _ _ . o ON /\ - Small
, » ' : ampll!ude
Example: : , : \/Qultv \

The sound produced by a sitar will be-loud if we pluck its wires more vrolenlly Similarly,

when we beat a drum lors.elully, the amplitude of its membrane increases and we hear a-
loud sound. -

(b) * Area of the v1brat|ng body

The loudness of sound also depends upon the area of the vrbmtmg body. “Lcsscr the -
distance of the lrstencr from the vrbratmg body louder is lhe sound ploduu:d’

Example: - = AT "

Sound produccd by a large drum is louder than that by bmall one becausc ol its vrbratmg
area. If we strike a tuning fork on a.rubber pad, a feeble sound will be heard. But if the

vibrating tumng fork is-placed vertically onthe 5Lnl‘1u. of u bench. we will hL I a louder
sound. ;

From this we can conclude that the loudness.i mcrcases ‘with- the area of the wbratlng
body and vice versa. S

(c) lestance from the vibrating body'

Loudness of sound also depends upon the dlslance ofthe vrbralmg body from the lmuur
‘Example : - . -
‘We move away from a druny being beaten vrolenlly to avord umomfmmbly loud sound.
We also experience that sound is heard to be louder it it travels in the same direction- in
which the wind blows. It seems 1o be faint if it travels in the opposite direction. .

s Laused by the decrease in amplitude due to mcreasc in distance.



~ Physwal condition of ear
Loudness of sound also depends on n the phys1cal condition of ear: A sound appears louder '
to a person with sensitive ears than to a man with defective ears

Q.6  Pitch: Define pltch of the sound and explain the relation between pltch and
frequency with an example?

Ans: The characterlstrc of sound by which a Shl‘lll sound can be dlstmgurshed from a grave one
i1s called the pitch of the sound.

| Dependence on Frequency | TR £ /'-\ .
It depends upon the frequency, the greater the E NS A | ey
frequency; the higher the pitch and lower the ' —_—

~ frequency, the lower the prtch . - High pach ,
Example ‘ EEEERt . g e T

- The frequency of the voice of ladles and chrldren is greater than that of men. Therefore
the voice of ladies and children is shrill and is ofhrgh pltch as compared to men.
Q.7  What is meant by quality of sound? ~
Tezizg

Quality: ‘ | )
The characteristic 'of sound by which we can A

distinguish between two sounds of same loudness
~and pitch is called quallty

Sound wave form produce by
tunning fork

Examples Vo

While standing outside a room, we can distinguish =~ {} :
between the notes of a piano and a flute being
played inside the room. This is due to the difference
in the quality of these notes. '

* Sound wave form produce by; flute .

Fig.1(a),(b),(¢) shows the waveform of the sound :
produced by a tuning fork, flute and clarinet. The . - Cliring
loudness the pitch of these three sounds are the ‘n),, '
same but their waveforms are .different. So their Sound wave form produce by clannet
quality is different’ and they can be distinguished ,
from each other.

Q.8  What is intensity of sound and how you wrll relate mtensrty of sound with loudness

of sound?

- Ans: Intensity of sound
“Sound energy flowing per second through a unrt area held perpendrcular to the direction

of propagauon of sound waves 1S called the mtensrty of sound”

Unit S ;
The unit of intensity of sound is watt per square meter (Wm ) Intensity 1s a physical

quantity and can be measured accurately.

Intensities of Faintest and Loudest sound - Lo e
g———/ i R . . N i
The intensity of faintest sound is 10" Wm™ and the intensity of the loudest soundl, which

can'be heard without paim, is 1 Wm’



Comparison of intensity with the loudness 01 50215 dit d
[t may be remembered that intensity of sound is a physical quantity and it does not

depend on condition or sensitiveness of the ear whereas the magnitude of the sensation .
produced-on the ear by a sound-is called loudness. The loudness of a sound depends not
only on the intensity of sound but also on the physical condmon of the ear.
Weber Fechner Law P
[t has been proved expenmentally loudness (L) of a sound is dlrectly propomonal to the
logarithm of intensity that is given as under:
L «<log]l
LeKlogl aoines e (1)
Above equation (1) is the mathematical representatlon ofthe Weber Fechner law and K is
the constant of proportionality. :
If Ly represents the loudness of the faintest audible sound of mtensnty lo and L is the
“loudness of an unknown sound of intensity 1 then equation (1) can’ be written as:
: Lo=Klogly ...ooovvvvinnn. (2) '
Intensity Level or Sound Level ‘
The difference between the loudness of any unknown sound and famtest sound (L- Lo) is
called the intensity level or sound level. "
By subtracting equation (2) from equatlon (1), we have
Sound level =L - Ly =K log I - K log Ig
Sound level =L - Ly =K (log I -Tlog lp)

Sound level = K Iog — &:..ooiivios, (3)- -

The value of K depends not on]y on the unit of 1 and lu but also on the unit of
“intensity level.

Unit of Intensity Level or Sound Level , ‘ - _
The unit of intensity level or sound level is Bel. | - T T )

Bel ‘
| If the intensity of any unknown sound is 10 times greater than the 1ntensuty lo of the
faintest audible sound i.e. | = 101 then the mtens1ty level of such. sound is. taken as unit,
called Bel.
o [tis SI unit of sound level.
o Belis very large unit ofsound level. : »
The value of K becomes 1 in Weber Fechner law equatlon By substltutmg K 1;
equation (3) becomes: : S
-Sound Level = logl—(Bel) ............... \(4) L
0
Decibel

o Generally a smaller unit called decibel is used.
e Decibel is abbreviated as (dB).
o | Belisequalto 10 dB. :
[ sound level is to measured in decibels then equation (4) can be written as:
Sound Level = l()logL (dB)
[



Calculation of Sound Level of different sounds
Example 1 (Sound level of faintest audible sound)

lntensrty or sound level of faintest audible sound can be calculated by substituting I = I =
102 Wm™ in equation (5), we have ‘

I .. I
Sound level of famtest audible sound is = lOlogT = lOlog ; = 0 (dB)

0 0
Example 2 (Sound level of rustle of leaves)

By substituting [ = 10" in equation (5), we have

-11 '
19 1010g 10=10dB

Sound level of rustle of leaves-= lOlogi = "‘*l,-Olog
' 0

Example 3 (Sound level of 'whislpering)

By substituting [ = 107" in equation (5), we have .-
-10 :
Sound level of whispering = lOlogIL = 10log 18 =10 log lOO 20dB
. , ‘ .

lnrensity level of faintest audible sound = 10 lcg—[—
: /
=10 log—

- l“
= 0dB o
((b) As the intensity of the rustle of leaves is 1= 10" Wm™
Therefore, |
Intensity level due to rustling of leave = 10 log 10° 102

lO logl0'=19dB

. Reflection! (Fcho) Of Sound: -
Q.9  How reflection (Echo) of sound can be defined and explamed
‘ OR

Define Echo and explain it. Also calculate minimum distance to hear Echo.
Echo:

"When sound 1S mcrdent on the surface of a medlum it bounces back into the first
medium. This phenomenon is called echo or rcﬂectlon of sound”.
Explanation: :
When we clap or shout near a reﬂectmg surface such as a tall building or a mountain, we
will hear the same sound agam a little later. What causes this? This sound which we hear
is called as echo and is a result of reflection of sound form the surface

Sound reflecls back:

'Td/g ))) " ound s wal




Minimum Distance to hear Echo:

o

The sensation of sound persist in our brain for :_about 0.1s. to hear a clear echo, the_t.ime
interval between our sound and the reflected sound must beat least 0.1s. If we consider
speed of sound to be 340 ms-1 at a normal temperature in air, we will hear the echo after

0.1s.  The total distance covered by the SQuhd form the point of generation to the

reflecting surface and back should be at least 340 ms™ x 0.1 '-S"= 34-0_ m. Thus, for hearjng
distance echoes, the minimum distance of the obstacle from the source of ‘sAound must be
half of this distance, that is 17m. Echoes may be heard more than once due to successive
or multiple reflections. " AT | |

Speed OSound: |

How can calculate speed of sound? e, 0 R i

Sound waves can be transmitted only be any ‘medium containing particles that can
vibrate. It cannot pass through vacuum. However, the nature.of the medium will affect
the speed of the sound waves. In general, the spéed of sound in a liquid is five times that
in gases, the speed of sound in solid is about fifteen times that in gases. The speed of
sound in air is affected by changes in some physical conditions such as température,

pressure and humidity etc. | | % .

The speed of sound in air is 343 ms" at one atmosphere of pressure and room

temperature (21°(C). The speed varies wit temperature and humidity. The speed of sound

in solids and liquids is faster than in air. Following relation can be used to find the speed .
of sound. o ; :

VE A e (11.6) "

Where v is the speed, f is the frequency and A is the wéf\‘/eléng‘tﬁ‘ of sound wave.

Measuring speed of sound by Echo Method

Q.11 How can we measure speed of sound by Echo method? 2 it F
Apparatus: ' | | )

measuring tape. Stopwatch, flat wall that can produce a good echo.

Procedure: - ' e S

l.
2.

R w i

Use the tape to measure a distance of SO metres form the wall. ) | \
Now clap you hands in front of the wall at a distance of 50 metres and check if
you can clearly hear an echo form the wall. Make sure the echo is not coming

from any other wall in the area. The time taken by the sound to travel 100 metres
1s the time difference between the clap and the echo. . - - '
Now restart the clapping and start the sto
number of claps. And stop the cla
of the 10" clap (say)

Now find the average time for 10 claps. After calcul
claps and using the formula s =

98]

pwatch at the first clap. Count the
pping and the stopwatch when you hear the echo

_ ating the time interval t between
V1, we can calculate the speed of the sound.



11.5 Noise Pollution: |

Q.12 What is noise pollution? Explain its sources and effects. How it is reduced?
OR

Differentiate between music and noise. Explain effects of noise and safe level of noise.
Music: | ' ’

”Such sounds which are pleasant to our ears are called musical sounds.”

Examples: - ‘ . . :

o Weenjoy the program'mes of radio or television by hearing sounds of different qualities.

e In musical programmes, we hear sound produced by musical instruments such as
flute, harmonium, violin, drum etc. ' | |
Sound of these instruments cast pleasant effect on our ears.

Noise: - | |
“Sound which has jarring and unpleasant effect on our ears is called noise. Noise
corresponds to irregular and sudden vibrations produced by some sounds.” . '

- Examples: - ’ ' ‘ '

e Sound of machinery
e The slamming of a door,
e Sounds of traffic in big cities. | _
Sound of above mentioned examples cast unpleasant effect on our ears .
'Noise Pollution and its Sources: a : R

Noise pollution has become a major issue of concern in big cities. N})o/iS/e is a undesirable
sound that is harmful for health of human and other species. The sources of noise
pollution are given below. ' ' '

o Transportation equipment

e Heavy machinery

These are the main sources of noise pollution. For example, noise of machinery in
industrial areas, loud vehicle horns, hooters and alarms. - »

Effects of Noise:

Noise has negative effects on human health as it can cause conditions such as

e Hearing loss ' ' '

e Sleep disturbances

e Aggression,

e Hypertension

e High stress levels. | |

e  Noise can also cause accidents by interfering with communication and warning signals.
Safe Level of Noise: - E - |

A safe level of noise depends on two factors: the level volume of the noise; and the

period of exposure to the noise. The level of noise recommended in most countries 13

usually 85-90 dB over an eight hour workday. Noise-pollution can be reduced to

acceptable level by réplacing the noisy machinery with environment friendly machinery

and equipments, putting sound-reducing barriers, or'using hearing protection devices.



Auditory fatigue

Effects of
Noise Pollution _

‘ -~ Non
Auditory
E Effects

Auditory
Effects

Physical
Annoyance disorder
like . -
¥ increase in I\
Loss of heart - {/ [p®
Deafnsss wor‘kmg beats, B.P, ’ A\ ',_. 4
effioiency  [nterference in atc. 4
' speech
. communication ; e Py

Q.13 Define acoustics protection. Explam rmportance of acoustic protectlon.
Acoustics Protection.-

“The technique or method used to absorb undesirable sounds by soft and porous surfaces
is called acoustic protection.” ;

Importance of Acoustic: ' o L

Reflection of sound is more prommem if the surface is rigid and smooth,, and less lfthc -
surface is soft and irregular. Soft porous materials, such as draperles ‘and rugs absorb
large amount of sound energy and thus quiet echoes and softening noises. Thus by using
such materials in-noisy places. We can reduce the level o‘f'noiSe pollution. However, if

“the surface of classrooms to publrc halls are too absorbent the sound level may be low
for the audience. LT

Reverber atlon

Curved ceiling of lecture halls:

~ When sound reflects from the wall cerlmg and floor ofa room, the reﬂectmg surfaces are

too reflective and the sound becomes garbled. This is due to multlple reﬂecnons called
reverberations.

[n the design of lecture halls, auditorium or théatre halls a balance must be achieved

between reverberation and absorption. It is often advantageous to place reﬂectxve
surfaces behind the stage to direct sound to the audience.

Generally  the  ceilings  of lecture halls,
conference halls and theatre halls are curved SO

that sound after reflection may reach all the
corners of the hall (Fig a) .

Curved ceiling of conference halls



Curved Sound Board: ‘
Sometimes curved sound boards are place behind

the stage so that sound after reﬂectlon dlsmbuted

every across the hall (Fig. b) -

Audible Frequency Range:
Q.14 What do you know about audlble frequency range"

Sound board used in big hall

Audible Frequency Range:

“The range of the frequencnes wh1ch a human ear can hear 1s called the- audlble
frequency range : ’ ' i

N g

Explanation: : e L _ |
We know that sound is produced by a vibrating body A normal human ear can hear. a
“sound only if its frequency lies between 20Hz and 20, 000 Hz, in other words, a human
ear neither hears a sound of frequency less than 20Hz nor a sound of frequency more than
20.000 Hz. Different people have different range of audibility. It also decreases with age
Young children can hear sound of 20,000 Hz but old people et IR

Cannot hear sounds even above. 15 OOOHZ

11.7 Ultrasound

Q.15 What are ultrasonic? And wnte some of the uses of ultrasomc" oy

"Ans:. Ultrasound: : N »/» 7 ' _
Sound of frequency hlgher than 20,000 Hz Wh1ch are lnaudlble to normal human eal are
called ultrasound or ultrasonic. : : L des 8

Why do we use ultrasomc in medical and techmcal ﬁeld"
[t has been seen that ultrasonic waves carry more energy that audlble sound waves.

Moreover, according to the relation v = f, the wavelength of ultrasonic waves is very
small. Due to these characteristics they are usefully utlllzed in medical and technical fields.

Some of the uses of ultrasomc are given as under:

"For treatment of different diseases ‘ : : _ .
Ultrasonic waves are being used to dlagnose and treat dlffuent ailments. For diagnosis of

different diseases ultrasonic waves are made to enter the human body. These waves are
reflected differently by different organs, tissues, benign or malignant tumors. The
reflected ultrasonic waves are then amplified and fed to a monitor which form an image
of mternal organs ofthe body which helps to detect the defects of these organs.

For diagnose purposes
_Ultrasound can also be used to get the pictures ofthyrmd gland for dlagl‘IOSlS purposes.



Removal of Blood clots :
Powerful ultrasonic are now being used to remove blood clots formed in the arteries.

Removal of Dirt from teeth e . ' .
Ultrasonic waves are used for the scaling of teeth as their vibrations are so intense they .
remove easily the dirt and plaque sticking to the teeth. - o

Killing of Bacteria .
Germs and bacteria in the hqunds can be destroyed by using hlgh intensity ultrasomcs

Removal of Kidney Stone
The kidney stones can be crushed and removed out through urine with the help of
ultrasonics waves without any surgery

Bl " Usciniechnical Fields

Searching of Oil and Gas

| The source of oil and gas inside earth are searched by usmg ultrasonlcs

IFinding the Depth of water

Ultrasound is used to locate underswater depths or is B R e s e ’

used for locating objects lying deep on the ocean oI

floor, etc. The-technique is called SONAR, (sound SIriIIiiiih

navigation and ranging),. The sound waves are sent SoIIzis

form a transmitter, and a receiver collects the Rt - e
reflected sound (Fig. 1 a). The time lapse is '

. ; : Ultrasonic are used to measure depth of
calculated, knowing the speed of sound in water, the water by echo method (fig 1.2)

distance of the object form the ocean surface can be
estimated i
SONAR (sound navigation and rangmg)
SONAR ranging is also used to see the shape and.the size ofthe Ob_]ECt
Detection of Cracks

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 -
form outside but they can be very dangerous. Such cracks can be detected by ultrasonic.
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 form cracks and form the surfaces of these
parts can give a clue of the existence of the cracks.



NUMERlCAL PROBLEMS

11.1 A normal conversation sound intensities of about 3.0 x 10" wm?, What is the

decibel level for this intensity? What is the lntenslty of the sound for 100 dB"
(a) Given Data = :
' ~Intensity of sound = I = 3. O><10 win
Intensity of faintest sound = I =10"*wm™
Required - R

| Intensity level = L-L,=?

Solution i

As we know that

L-L,=10 Iog lidB

(¢}

I 10“6)»'(

2

T dB
S 10T
¢ | ( -6 g
. L=t =10log 3"]?,
| ‘ 1077 ). -

—101og(3x10-°*")d3 -

~10log(3x10°)dB

- =10x6.47dB

=647dB .

(b) ~ Given Data |
Intensity level L - L, = 100 dB

Intensity of faintest audible sound = I, = 10" 2win2
Required : |
[ntensity of givensound =1 = ?



Solution
We know that

L-L, =1010g-l-l-dB tuy

100;}5’ lOlog —1——-;!6’
107 wm* ™
‘100 - “11'0 1
T I AT g
sl )

10 log]O”xI

Takmg antilog on both SldeS

~ Antilog 10 = Antllog [log( 102 x])J

CIx10° =107/

. 1x10"

11.2

]0]2 =l

[=1x107"
I=0, Ole'2 f Selii e ; :
If at Anarkali bazaar Lahore, the sound Ievel is 80 dB what w:II be the mtensm' -'
level of sound there? :
Given Data Crasd
Sound level=L - L,= 80dB:-
Intensity of faintest audible sound =1, = 10" *wm
Required Intensity of sound=1=7 -
Solution We know that

L- Ln= 10 log lidB -

0

80,d—B' 10 log
IO W m”
80 ]

10 - loe IO 2 wm™

B= l()g(lO' x/_)

Taking antilog on both sides
 Antilog 8 = Antilog [log(lo'? X I)]

10 =10" xJ
10°

107

1= ]08--12
=10"*Wm *

2

-



11.4

AS

ture, the speed of sound in air is 330ms™. 1 If the wavelength

ALl a parucular tempera
y % te the frequency of the sound wave. ls this frequency lies in -

of a note is Scm, calcula

‘the audible range of the human ear?

Given Data
Speed of sound = v —330 ms"'

Wavelength= 4 = 5cm

= im =0.05m
100 :
Required |
, Frequency = =7
Solution | | - _ |
. We know that S g
v="{tA ' : -
== f=—
' A
_ 330ms”
0.05m
= 6600s" s' =Hz
f = 6.6%x10° Hz

yes this frequency lies in the range of human ear. P
A doctor counts 72 heartbeats in 1 mm Calculate the frequency and perlod of the '
heartbeats. ‘ :
Given Data
No of heartbeats =n = 72
Time =t =1 min ‘
= 1x 60sec = 60sec
Required :
Frequency = f=7
Time perlod T=2?

Solution
We know that
f_ - | .
t S
_ 72
60sec -
= 12 S-I S-l =A HZ
= ].2 Hz '
T=1
f
_ ]
1.2s"

T =0.833 sec.



11.5

11.6

h==

A marine survey ship sends a sound wave straight to the sea bed. It receives an echo
1.5s later. The speed of sound in a sea water is 1500 ms’'. Find the depth of the sea
at this position. :

Given Data:

Time taken=t=1.5s
Speed = v =1500ms'
Required: |
Depth of sea water = h =
Solution: _ |

As we know that

S=wt

=(1500) (1.5)

=2250m

For hearing.echo, the minimum depth from sea bed to shlp must be half of this depth '
(2250m) ' |

2
3 2250‘

2
=h=1 lZSm ' ‘
A student clapped his hands near a cliff and heard the echo after Ss What is the
distance of the cliff from the student lf the speed of the sound, v is taken as 346 ms g
Given data:
Time taken =t = 5s
Speed = v = 346 ms”'

o

. Required:

Distance =d =?
Solution:
As we know that.
S=vt .
=346 x5
S=1730m
For hearing echo, the minimum distance from obstacle to the source of" sound must be
half of this dlstance (1730m) :

d=2

A 2

d:1730
2



11.7 A ship sends out ultrasound that returns from the seabed and is detected afte 3.42s, .
| If the speed of ultrasound through seawater is 1531 ms™', what is the distance of the

seabed from ship?
Given data:
Time taken = t = 3.42S
Speed =v = 1531 ms’
Required: ,
Depth of sea water =h =?
Solution: |
As we know that
S=wt {
=1531x3.42,
- =15236.02m "’ ; :
For hearing echo, the minimum depth from sea sh1p must be half of this dlstance
(5236.02m) ‘ o |
h==
2
_5236.02
2
h=2618m :
. 11.8 The hlghest frequency sound humans can hear is about 20,000 Hz. What is the
wavelength of sound in air at this frequency at temperature of 20°C? What is the
wavelength of the lowest sounds we can-hear of about 20 Hz? Assume the speed of
sound in air at 20°°C is 343 ms™ ' |
Given Data :
Highest frequency = f, = 20,000 Hz
Lowest frequency = f, = 20 Hz '
Speed of sound = v = 343 ms”'
Required

Wavelength of highest frequency ):l: ?
Wavelength of lowest frequency =A; =2
Solution:
We know that v, = f,)tl -

= )\4:_1.

2 C
343ms'-' -
20,0005
7= 001715 m=1.7x 102 1



As

f,

343ms’
. 208t
= 17.15m
kz 17.15m : e
11.9 A sound wave has frequency of 2 kHz and wavelength 35cm How long wnll it take to
travel 1.5 km?
‘Given Data:
Frequency = f=2 KHz
= 2'x 10°Hz

=

Wavelmgth ?L 35 cm = . %m- = 0.35m

Distance =s = 1 SKm = 1.5 x 1000m = 1500 Km
- Required: ‘ L | oy
: . “Time=t=7?,
Solution: : '
: We know that
Vo= , v .
e —'2><103 z><033m R A Hz=s"'
= 700ms” H o SR
As | ) |
S=vxt .
1500 m =700 ms™ xt
o 1500m
~ 700ms’

= 2.] sec



Ans.
12.2

Ans.

REVIEW QUESTIONS
What do you understand by reflection of light? Draw .a diagram to illustrate
reflection at a plane surface. | '
S Qtlc\[lon No. 1

Describe the following térms used in reflection (i) Normal (ii) Angle of 1nc1dence
Angle of reflection '

Normal: The perpendicular to a reflecting or refractmg surface at the point of incidence
of the ray concerned is called normal

Angle ofmCldence

The angle between the incident ray and the normal is called angle of incidence.

Angle of reflection

Ans.

The angle between the normal and the reflected fray is called angle of reflection
State laws of reflection. Describe how they can e verified graphically.

See Question No. 1

Define refection of light. Describe he passage of light through parallel-SIded
transparent material.

See Question No. 4

Define the following terms used in reflactlon . (i) Angle of incident (ii) Angle of
refraction i

Angle of incidence:
The angle made by the mc1dent ray with the normal is called angle of incidence.

Angle of refraction:

12.6

Ans.

12.7

Ans.

The angle made by the refracted ray with the normal is called angle of refraction.

What is meant by refractive index of a material? How would you determine the
refractive index of a rectangular glass slab?

Refractive index:

The refractive index of a medium is the ratio of the speed of light in a vacuum to the
speed of light in the medium.

Speedof lightin vacuum

Refractive index = —— .
Speed of light in medium

[f refractive index is denoted by n, speed of light in a vacuum by ¢ and speed of light in
the medium by v, then. ‘

State the laws of refraction of light and show how, they may be verified using
rectangular glass slab and pins.

l.aws of refraction of light:
(i) The incident ray, the refracted ray, and the normal at the point.of incidence all lic in

the same planc.

\



12.8
Ans.
12.9
Ans.
12.10

Ans.
12.11

Ans.
12.12
Ans.
12.13

Ans.

12.14
‘Ans.

12.15

Ans.
12.16

AnNs.

Noanal
acident ray Pasially veflocied my

Fig. 12.9: Retraction of Nght by » glass block

(ii) The ratio of the sine of the angle of incidence I to the sin of the angle of refraction r 1s
always equal to a constant.

sini

1.e = constant

sinr
Where the ratlo sin i/sin r is known as the refractwe index of the second medium with.
respect to the first medium. So , we have

sini n,

sinr n,

[t is called Snell’s law:

What is meant by the term total interval reflection?
See Question.No. 5 ,

State the conditions for total internal reflection.

See Question No. 5

What is critical angle Derive a relationship between the critical angle and the
refractive index of a substance? :

See Question No. 5

What are optical fibres? Describe how total internal reflection is used in light
propagating trough optical fibres. ' : :

See Question No. |1

Define the following terms applied to a lens:

See Question No. 7 '

What is meant by the principal focus of a (a) convex lens (b) a concave lens illustrate
you answer with ray diagram.

See Question No. 7 |

Describe how light is refracted through convex lens.

See Question No. 7 |

With the help of a ray diagram, how you can show the use of thin converging lens as
a magnifying glass.

See Question No. 8.

A coin is placed at a focal point of a converging lens. Is an image formed? What is
its nature?

When a coin is placed at the focal point of the principal fowq no mage is lonncd because
the refracted rays are parallel and never mect, -




) ke e 4o . . . y
LI.17 What are differences between real and virtual images”?

L. 1t s formed by concave mirror only. | It can be formed by convex as well as concave mirror.

2o ltis always inverted expiation.

[t is always erect sun snpall.

| 3. .lt 1s formed at real principal focus (F ) of a real | Itis formed at virtual principal focus {F) of a virtual |
- objectie light rays actually p ass the angle F. | object i.e lith rays appear the diverge from F.

-+ [thas positive sign convention. It has negative sign convention.

5. [tis formed infront of the mirror. | Itis formed behind the mirror.

- 6. Focal length of real image is taken positive. | Focal length of virtual image is taken negative.J

12.18

Ans.

12.19
Ans.
12.20

Ans.
12.21
Ans.
12.22

Ans.
1223
Ans.
12.24

Ans.

How does a converging lens form a virtual image of a real object? How does a
diverging lens can form a real image of a real object?

When the object is placed between the convex lens and F, the image will be virtual. The
ray diagram is shown in the figure given below.

zF

-

Ray Disgrarn fox Gbject Locm ted in Peont of ¥

A concave lens cannot form a real image of a real object in the air. If the concave lens is
placed in a medium of refractive index greater than that of glass, then it will form real
image ot a real object.

Define power of a lens and its units.
See Question No. 7

Describe the passagé'of light through a glass prism and measure the angle of
deviation. -

See Question No. 4

Define the terms resolving power and magnifying power.

See Question No. 13

Draw the ray diagrams of (i) Simple microscope (ii) Compound microscope (iii)
Refracting telescope '
See Question No. 13, 4 and'15 .

Draw ray diagrams to show the formation of images in the normal human eye. |

See Question No. 16
What is meant by the terms nearsightedness and farsightedness? How can these
defects can be corrected? ‘

See Question No. 17



12.1

Ans:

Ans:

Ans:

12.4

Ans:

12.5
Ans:

12.8
Ans:

12.9

Ans:

12.10

CONCEPTUAL QUESTIONS
A man raises his left hand in a plane mirror; the image facing him is raising his
richt hand. Explain why.
A man raises his left hand in a plane mirror; the image facing him is raising his right
hand. Because light rays are reflected in mirror causing us to see an inverted image.
[n your own words, explain why light waves ‘are refracted at a boundary between
two materials.
Light waves are reflected at a boundary between two material due to change of speed of
light while traveling form one medium to another. This change of speed of light at the
boundary is caused by the change in the refractive indices of the two materials.
Explain why a fish under water appears to be at a different depth below the surface
than actually is. Does it appear deeper or shallower? : \ /
A fish under water appear to the shallower that it really is, because 3 yy
cf apparent depth, as a virtual image is formed at [ above O, where
image seem to be formed due to refraction of light. _
Why or why not concave mirrors are suitable for make up? :
Concave mirrors are suitable for makeup as they act as magnifier to form large size erect
images of objects. When a person stand between principle focus and pole of mirror.
Why is the driver’s side mirror in many cars convex rather than plane or concave?
Diver's side mirror is convex mirror as it gives an upright, erect although small image, it
provider a wider field of view as it is curved outwards. .
When an optician’s testing room is small, he uses a mirror to help him test the eye
sight of his patients. Explain why?
To increase the distance of alphabets form the patlent the optcianuses palen mirror if his
testing room is small.
How does the thickness of lens affect its focal length? :
[f tlic thickness of a lens is increased, the power of the lens is also increased. Hence the
focal length of the lens is decreased.
Under what conditions will a converging lens form a virtual lmage"
Converging lens forms a virtual image when object is placed between optical center and
its focal point. The image formed will be eract and larger than the object.
Under what conditions will a converging lens form a real image that is the same size
as the object? '
When object is placed at 2F form the converging lens it forms a real and mverted image
that has the same size as the object.
Why do we use refracting telescope with large objective lens of large focal length?
[n refracting telescope we use objective lens of larger focal length so as to gather more
light form weak distant sources. It not only makes them more visible but also increases
the resolving power of the telescope.

Real Depith




SOLVED BOX INFORMATION

Q.1

Ans.

Ans.

Q.4

Ans.

Ans.

Point to ponder (Page 42)

In large shopping centres, convex mirrors are used for security purposes. Do you
Know why?

[n large shopping centres. convex mirrors are used to see hidden areas or places, it helps
to avoid any stealing or theft and for better supervision.
Point to ponder (Page 42)

why the position of fish inside the water seems to be %less depth than that of its
actual positon?

Position of fish inside the water seems to be at lese depth due to refraction of light at the
surface or water.

Self assessment (Page 45)

Will the bending of the light be more or less for a medium with high refractlve
index?

Bending of light is more for a medium with high refractive index,
“Self Assessment (Page 55)

Where a pen is placed in front of a convex lens if the image is equal to the size of the
pen? What will be the power of the lens in dioptres?

To obtain an image of the pin where its size is equal to the size ofthe pen, the pen must
be placed at 2F trom the convex lens.

Qunck Quiz (Page 62)" .
how the size of the pupil of our eye will change: (a) in dim light (b) in bnght light.
(a) In dim light, the size of the pupil of our eye increases.

(b) [n bright light, the size of the pupil of our eye decrease.



(9)

(10)

_ EXERCISE
MULTIPLE CHOICE QUESTIONS

Which of the following quantities is not changed during refraction of light?

(a) lts direction - (b) Its speed yéc’) [ts frequency (d) Is wavelength

A converging mirror with a radius of 20cm creates a real image 30 cm from the
mirror. What is the object distance? , .

(a) 5.0cm BT 7.5cm (¢) 15cm (d)20cm

An object is placed at the centre of curvature of a concave mirror. The imge
produced by the mirror is located ‘
(a) Out beyond the centre of the curvature -

Jf{) At the centre of curvature

(¢) Between the centre of curvature and the focal point

(d) At the focal point

An object 14cm in front of a convex mirror. The i 1mage is 5 8 cm behind the mirror.
What is the focal length of the mirror? -

(a) 4.1 ~ (b)8.2cm & 9.9cm (d) 20cm

The lnde\ of refraction depends on

(a) The focal length W) The speed of light (¢) The image distance (d) The object dlstance
Which type of image is formed by a concave lens on a screen?

(a) Inverted and real (b) Inverted and virtual(c) Upright and real \Ld{Upnght and virtual
Which type of image is ploduced by the converging lens of human eye if it Vlews a
dlstant object?

a) Real, erect, same size UbY Real. inverted, dlmmlshed
(c) Virtual, erect, diminished . (d) Virtual, inverted, magniﬁed
Image formed on a camera is

) Real, invited, and diminished ~ (b) Real, inverted, diminished
(c) Virtual, erect, diminished (d) Virtual, inverted, magmﬁed

[f a ray of light in glass-is incident on a n air surface at an angle greater than the
critical angel, the ray will
(a) Refract only , MReﬂect only
(¢) Partially refract and partially reflect ~ (d) Diffract only
The critical angle for a beam of light passing form water into air is 48.8 digress. This
means that all light rays with an angle of incidence greater than this angle will be
(a) Absorbed '

) Totally reflected
(¢) Partially reflected and partially transmltted
(d) Totally transmitted
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Light rays’énd
reflection

|

‘Ray diagrams

Lightrays and
refraction

l

 Two laws of reflection:

The incident ray,
reflected ray and the
normal at the point of
incidence all lie in the
same plane

() r=r

Refractive index 7 _
1s defined as

Sinl where /is the

SIHT ,
angle of incidence in air

o

Two laws of refraction:
The incident ray, refracted
ray and the normal all lie in
the same plane.

, Sini
Snell’'s Law e

1

=constant

Characteristics of an
image formed by a
plane mirror:

e Same size as object
e Inverted front-1o-back
e Upright
e Virtual
"o As  far

front of the mirror

behind the
mirror as the object 1s In

For the special case
of the refracted

ray in air:
R
sm e = b7a

Where c 15 the
critical angle

Two laws. of refraction:

The incident ray, refracted
ray and the normal all e in

the same plane

Sih

. i
Snell’'s Law: =constant
SINT

v

Some applications of
plane mirrors:

+ Optical testing

*« Periscope

« Blind corner
Instrument scales

Total internal reflection
occurs when:

e Aray of hght travels from

an optically denser to a
less dense medium

e The angle of incidence in
the optically denser
medium IS greater than
the critical angle ¢

|

Real and inverted

¢ Real iImages are formed
when object distance 1s
p<f

» Virtual and upright

Images are formed when
psf '

some applications of
total internal reflection:
« Prisms in binoculars and
periscopes
« optical fibres in
telecommunications and
the medicat industry

Some applications of thin
converging lenses

Magnifying glass
projector
Camera

Visual correction for long-
sightedness



OPICAL MULTIPLE CHOICE QUESTIONS

(1) Plank suggested that light consists of small packets of energy called:
(1) Electrons (b) Neutrons (c) Photons (d) Positrons
(2) The angle between incident ray and normal N is; '
(@) Angle of reflection(b) Angle of incidence( c) Angle of refraction(d) Normal angle

(3) Angle of incidence is represented by
(a)i (b)e (¢)R (d)p
(4) The angle between the normal and the reflected ray is called angle of
(a) Reflection (b) Refraction - (¢) Incidence ~ (d) Diffraction
(3) The incident ray, the normal, and the reflected ray at the point of incidence all lie in the
(a) Opposite direction (b) Same plane {c) x and y axis (d)y & z-axis
(6) According to law of reflection -
(a)i>r (byixr (c)r>i (dyi=r
(7 Regular reflection is reflection by the :
(a) Rough surface (b) Smooth surface
(¢) Irregular surface - _ (d) Smooth and rough surfaces
(8) The rough surfaces of object reflect the rays of light in many directions is called
(a) Regular reflection (b) Irregular retlection(c¢) Refraction (d) Interterence
|
(Y) In concave mirror the surface is reflecting; ,
(a) Outer surtace (b) Outer curved - (c) Inner curved surtace(d) Side of the mirro

(10)  Which statement is incorrect about concave mirror?
(a) Size of image depends upon position of the object
(b) Both virtual and real images can form
(c) Inner surface of spherical mirror is reflecting.
(d) Only virtual images are formed
(11) A spherical mirror whose outer curved surface is reflecting is called

(a) concave mirror  (b) convex mirror (c) Concave lens (d) Convex lens
(12)  Which statement is correct about convex mirror? ‘ '
(a) Size of image is smaller than object (b) Only virtual erect image is formed
(c) Outer curved surface is reflecting (d) All of the given statements are true
(13)  Vertex is the midpoint of the curved surface of spherical mirror is also called
(a) Radius of curvature (b) Principal axis
(c¢) Pole ' " (d) Principal focus
(14) A line joining centre of curvature and pole of the spherical mirror is
(a) Principal axis (b) principal focus  (c) Centre of curvature (d) Pole

(15)  The distance from the pole to the principal focus measured along the principal

axis is
(a) Principal focus  (b) Radius of curvature (c) Focal length (d) Diameter



L% Image lacation by s
Refvaction of ligh
(1or The relationship between object distance p, image distance q from the mirror and

herical mivvor formula

focal length of the mirror is called:; ‘
t Nhrror focal length (b) Distance from mirror
(o) Mirror tormula - (d) Lens formula
(I7y  Mirror formula is :
L I I L_1.r
(1) = = =+ — (b)-—.:—"““ (C)“‘.:——ﬂ‘ (d)_.:—+/—
fopoy foop g foopop g g
(18)  Focal length of spherical mirror is
R R R R
(1) — b) — ¢) — d) —
f (b) 5 - () 3 (d) 5

(1Y) Convex mirror produce images
(@) Larger than object (b) Smaller than object(c¢) Equal to object  (d) Very large in size
(20)  The bending of light as it passes from one transparent medium into another is

(a) Reflection (b) Refraction (c) Reverberation (d) Incidence
(21)  According to law of refraction |

(a) b'm{ > - (b) ASI,n l_ e (c) .s.m/ =constant (d) Sl‘n ’. >n

sin 7 sin sin r- sin/
227 2oy = s ealled
Sk n,

(a) Boyl's-law (by Charless’s law (¢) Snell’s law- (d) Newton’s law
(23)  Speed of light in air is approximately

(a) 3.0 x 10" ms" (b4 x 10" ms™ (c)4 % 10" ms! (d)3 x 10" ms™
(24)  The speed of light is greater in
' (a) Air (b) Water (c) Solid (d) Glass
(25)  The speed of light in water is approximately

(a)2.0 < 10"ms"  (b)23x10°ms"  (¢)3 x 10° ms™ (d)3 x 10" ms™
26) - speed ol“ l'ight-in vaCqum

. speed of light in medium
(u) Reflective index  (b) Snell’s law (¢) Refractive index  (d) Critical angle
... Totalinternal reflection

'Refraction through

‘Lense , ,
(27)  When a ray of light enters from a denser medium to a rarer medium

(oo [ hends toward the normat (b) Tt bends away from the normal

(¢) It hends towards mside (d) None of these

(28)  The angle of incidence that causes the refracted ray in the rarer medium to bend
through 90" is called
(ety Critical sl (h)y Anule of incidence (¢) Angle of reflection (d) Angle of refraction
(29)  No refraction occurs when the angle of incidence is
() Smaller than the eritical angle (b) Larger than the critical angle
(¢) Fgual to the eritical angle (d) Very small than the critical angle



(47)

(48)

Uhe line passing through the two centres of curvatures of the lens is called

(a) Principal tocus — (b) Optical centre (c) Principal axis (d) Focal length
Optical centre is represented by ,
(a) A (b) £ (c)F - dC

For a concave lens, the parallel rays appear to come from a point behind the lens is called;
(a) Principal focus  (b) Principal axis (c) Focal length (d) Optical length
The distance between the optical centre and the principal focus is. -

(a) Principal focus  (b) Principal axis (c) Focal length (d) Optical length
Itis a transparent body (made of optical glass) with at least two polished plane faces
inclined towards each other from which light is refracted; ' |

(a) prism (b) camera (c) lens ~ (d) mirror

In lens number of curved surfaces at least;

(@) two (b) three (c) one ~ (d) four
Lenses are used in optical devices; .

(a) camera (b) eyeglasses (c) microscope (d) all given
The lens which causes incident parallel rays to converge at a point is;

(a) convex lens (b) converging lens (c)botha & b (d) concave lens
Lens thick at the centre but thin at the edges is;

(a) concave (b) convex (c) diverging (d) plane

SI unit of power of lens is: '

(a) meter 7 (b) dioptre (c) centimeter (d) millimeter
ID=7? '

(a) Im™' (b) m™ (c) m™ (d) em’™

It has positive focal length; .
(a) simple lens b) concave lens (c) convex lens (d) none of'above
Refraction through lenses :

Image Location by lens e
In mirrors images are formed through reflection, but lenses form images through;

(a) refraction (b) incidence (c) diffraction (d) reflection
In case of convex lens when object is placed beyond 2F,the image is formed;
(a) between F and 2F (b) real, inverted =~ (c) smaller than object(d) all of these

The image with convex lens is formed at 2F, real , inverted, the same size as the |
object when the object is placed at:

(a) 2F ' (b) between F and 2F (¢) F , (d) C
When object is at F the image is;
(a) inverted (b) real (c) small v (d) not formed

Lens formula is

. I 11 1 1 .
(a) —=—+— th) —=—=+=~ (c) =82 (d) —=—-—
p f g fp g [ p q P q
For a converging lens f is;
(a) ncgative - (b) positive

(¢) some time negative and some time positive(d) smaller
The study of behaviour of light is called;

(a) oplics (b) gcometry (c) plasma (d) geometrical optics



(49) It the object is on the right side of the lens then pis;
(1) positive (b) negative (c) smaller (d) larger
(30)  Optical device is: Vo

(a) camera (b) slide projector  (c) phofograph enlarger (d) all of given
(31)  Which statement is correct about image formcd,’i)'y camera?

() Real image is formed (b) Inverted image is formed

(¢) Diminished image is formed (d) All options are true .
(32)  In case of photograph enlarger the object is placed at distance;

(a) mor2 than F (b) less than 2F (c) both A and B (d) more than 3F
(33)  The working principle of photograph enlarger is the same as;

(1) Slide projector  (b) camera (c) Telescope- (d) Endoscope
(34)  Which pipe is a bundle of thousand of optical fibres bounded together?

(a) light pipe (b) Telescope (¢) Microscope (d) Projector
(53)  Itis used to explore the interior organs of the body?

(1) Telescope (b) Endoscope (¢) Microscope (d) Projector
(36)  Endoscope used to diagnose the stomach is;

(a) Cystoscope ~(b) Gastroscope - (c) Bronchoscope (d) Pancreoscope
(37)  Endoscope which is used to diagnose throat is; '

_ 1)Ga5troscoe
2113 Simple Microscope

12.12" ‘Compound:Microscop.
(38) A magnifying glass is a convex lens which is used to produce magnified images of
small objects. It is also called;

(b) Cystoscope (c) Bronschoécope (d) None of these

(@) Compound microscope (b) Simple microscope
: (<) Electron microscope (d) Light microscope
(39 For seeing tiny objects we use microscope of; .
(a)-low resolving power (b) high resolving power
(¢) Electron microscope (d) Light microscope

(60)  Which statement is correct about compound microscope?

(a) Focal length of objective lens is smaller than eyepiece.

(b) Distance between objective lens and eyepiece is greater than f, + f..

(¢) It is used to see very small object '

(d) All given statements are true
(61)  The magnification of compound microscope is;

(a) ‘\/:—[:—!‘ I+(—{) (b) M:i‘ (c) M=(l+i] (d) M=£[l+i]

L) / AR

12.13,;Telescope
12.14 #The Human Eyel§
12,15 Defects of Vision

(62)  Ttis an optical instrument which is used to observe distant objects using lens or

Joe v €

mirreor;
(&) microscope (b) Kaledoscope (¢) Telescope - (d) Light microscope
(63)  Magnification of telescope can be determined by using formula;

(a) ,1//;1 (h) /\l;‘/# (¢) M:Ii (d) M =i

J0 J 0



(64)  Human eye acts like:

(a) Camera (b) Telescope (¢) Kaledoscope (d) Microscope
(63)  Light enters the eye through transparent membrane called;

(a) Retina (b) Cornea (c) Iris (d) Pupil
(66)  The coloured portion of eye controls the amount of light reaching the retina.

(a) Iris (b) Pupil (c) Cornea (d) eye lens
(67)  The variation of focal length of eye lens is called;

(a) Variation (b) Accommodation (c) Magnification  (d) Resolution

(68)  When people cannot see distant objects Clearly without the aid of spectacles the
defect of vision is;

(a) Short-sighted (b) near-sightedness (c¢) both A & B (d) Farsightedness
(69)  Short sighted may be due to eyeball being '

(a) too long . (b) too short -+ (c¢) too thick “(d) too thin
(70)  Have ability to move eye lens forward or backward. '

(a) Fish (b) Human y (c) Birds (d) Dog

(71)  The nearsighted eye can be corrected by using; ,
(a) diverging lens (b) converging lens  (c) both A & B (d) Concave mirror
(72)  The disability of the eye to form distinct images of nearby object on retina is called
forsightedness or:

(a) Short sightedness (b) isometropia (c) hypermetropia (d) Myopia
(73)  Farsightedness is corrected by using; ’ '

(a) Converging lens  (b) diverging lens (c) concave mirror  (d) convex mirror
(74)  Power of concave lens is: '

(a) Greater (b) Less 3 (c) Positive (d) Negative
(75) Long sightedness is caused due to ----- ----- eye ball:

(a) Thick ‘ (b) Thin (c) small (d) Botha & ¢
(76)  Near point of a normal human being is: '

(a) 25 cm . (b)50cm (c) 100 cm (d) Infinity
(77)  Long sightedness is removed by: -

(a) Convex mirror (b) Concave mirror  (c) Convex lens (d) Concave lens
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SHORT QUESTIONS

- Reflection of light
Q.1.  Whatis reflection?

Ans:  Reflection of light:

When light traveling in a certain medium falls on the \mhm of another medium, a part
ot it turns back in the same medium. This is called reflection of light, y

OR
I'he bouncing back of light in tirst medium after striking with any reflecting surface.
Q.2.  Define regular reflection and irregular reflection ? |
Regular Reflection:
The reflection by smooth surface in which all the reflected rays are pdrallel to each other
is called regular reflection. -

lnudent Reflected
rays

'Fm b.lw..:xv'»?']' T'l""; f
TR g DA

' Smooth surface

Fig. 12.3 Regular reflection

Irregular Reflection:
The retlection of light rays are not parallel to each other.

Incident rays Reflected rays

Rough surface

Fig. 12.4: Iiregular reflection
Q.3.  Write the conditions for regular and irregular reflection.
Ans: Conditions for Regular Reflection:
e The reflecting surtace should be plane surface.

e The reflecting surface should be flat. |
o The reflected rays of light should be parallel to each other and equal-space.

Conditions for Irregular Reflection:
o The reflecting surface should be rough.

o The reflecting rays of light are not parallel to cach other,
().4. What are the laws of reflection of Light?
Ans: A ray of light obeys the following laws of reflection:
(i) The angle of incidence is equal to the angl¢ of reflection,
(i) The incident ray, the reflected ray and normal at the point of incidence, all lie in the
same planc,



(2.5,

Ans:
(1)

(1ii)

(1v)

(Vi)

Define the following terms ‘
(i) Incident ray (ii) reflected ray (iii) normal (iv) angle of incidence (v) angle of
reflection(vi) ray of light (vii) beam of light.

Incident Ray:

The ray of light coming form source of light is known as incident ray.

Reflected Ray:

The Tight ray which is thrown back, when incident ray hit the rellecting surface.

Normal:

A line (imaginary) at the right angle to the plane (surface) is callcd normal to surface.
Angle of incidence: .

I he angle between the incident ray and normal A

Ray of light:

Fhe direction of path taken by light is known as S Ty of light,

Beam of light: '

A beam is a stream of light energy.

Angle of
Incidence

Angle of
Reflection

(i)

(ii)

Q.7.

What are the spherical mirrors? How light is reflected from spherical mirrors? Give
the uses of spherical mirrors?
A spherical mirror, in fact, is a portion of the reflecting surface of a hollow sphere.
Spherical mirrors are of two types: -
(i) Concave Mirror
(ii) Convex Mirror
Concave Mirror
The mirror whose inner curved surface is reflecting is called the

concave mirror as shown in figure (a).

Convex Mirror
The mirror whose outer curved surface is reflecting is called the

convex mirror as shown in figure (b).

Write down Uses of spherical mirrors

Now-a-days spherical mirrors have a large number of scientific and practical uses. A few
uses are given below: |

Doctors use concave mirrors for examination of car, nose, throat and cyes.

Concave mirrors with a parabolic shape are used in scarchlight to throw an intense beam
of light to a large distance.



Some people use a concave mirror for shaving because when a man stands between the

principal focus and pole of a concave mirror, he sees an enlarged, erect and virtual imagc

of his face. This is the reason why a concave mirror of large focal length is used for

shaving. '

4. Concave mirrors are used to throw light on the slides of microscope so that the slides can
be viewed more clearly. | :

Now-a-days America and other developed countries use giant concave mirrors in their

huge telescopes. _

0. Convex mirrors are used in motorcycles and automobiles which enables the driver to sec

the automobiles coming behind him.

; [n huge shopping centers, convex mirrors are used for security purposes.

Q.8. Define the center of curvature, Radius of curvature, aperture, pole and principal axis.

Ans:  Center of curvature _ |
The centre of the sphere, of which a concave mirror or convex mirror is a part is known
as the “Centre of Curvature” of the spherical mirror. In the figure, the point C is the
center of curvature, '

Radius of curvature ' ‘

The radius of the sphere, of which a concave mirror or convex mirror is a part is known

as the “Radius of Curvature” of the spherical mirror. In the figure, R is the radius of

sphere or radius of curvature.

Wl

-

/

Aperture .
The front section of spherical mirror is circular one and its diameter is known as the
"Aperture”. ‘ .

Pole “
The centre of the concave or conveximirror is called the pole of the mirror. In the figure P
is the pole of the mirror. !

Principal Axis }

A line joining the pole of the mirror and the centre of curvature is called the “Principal
Axis” of the mirror. In the figure, the line joining the P and the C is the principal axis.

. radius of arvature (0Q N

T >

g

focal point (Princpsl Fodun)

F tantra of curvature
pale 0 o ncipel axis
péralal raye of gnt
Vot
foca! length (oz)

Q.9.  Define principal focus for concave and convex mirror and why they are called real
and virtual focus? _ '

Ans: Real Focus for Concave mirror
Rays of ight parallel to the principal axis after reflection from a concave mirror converge
to a point F. This point is called the “Principal Focus™ of the mirror. Since rays, in fact,
pass through this point, therefore, it is called real focus.



Concave miror

Principal oxly ot

Focal
»

Virtual Focus for Convex mirror
[n the case of a convex mirror, rays parallel to the principal axis after reflection appear to
come from a point F situated behind the mirror. This point is called the principal focus of
the convex mirror. . |
The principal focus of a convex mirror is virtual focus because the reflected rays do not

actually pass through it but appear to do so. Therefore, its focus is called virtual focus.
' Concave miror :

. r'd e s
[P d
Principol axis Piw

Pt
Cc >~
| -
! : -
| , s~

|
I |
1 |
' Focal !
| o -l

lengih

Q.10. Define focal length and write down its relation with radius of curvature.
Ans: The distance between the pole and the principal focus of a spherical mirror (concave as

well as convex) 1s called the "Focal Length". It is denoted by f.
Relation between Radius of curvature and focal length
The radius of curvature of a spherical mirror is twice of its focal length. i.e; R = 2f or
f=R/2
Q.11. Define linear magnification. |
Ans: The ratio of the height of the image to that of the object is called as linear magnification
or simply magnification and is denoted by the letter m. Thus
o Size of Image _ Image distance
Size of Object  Objectdistance

4d
p

m =

s
0



Q.12.
ANs:

Write the characteristics of focus of concave and convex mirror.

Characteristics of tocus of concave and convex mirror:

Convex Mirror
. )

The mirror whose outer curve surface is

reflecting is called convex mitror

Focus lie behind the mirror

Concave Mirror

The mirror whose inner curve surface 1s
refleacting is called concave mirror

Focus is in-front of the mirror.

The focus is virtual as the reflected rays
appear to come from focus.

The focus is real as the rays of light
after reflection converge at the focus.

The focus of convex mirror is a
divergimg point of reflected rays,

Convex miror

The focus of concave ‘mirror is a
converging point of reflected rays.

Concave mimos

Q.13. Differentiate between real and virtual principal focus.

Ans:

Real Focus

-'DIFFERENCE BETWEEN REAL AND VIRTUAL FOCUS

Virtual Focus

In

actually pass through its principal focus. So-

it 1s real focus.

concave mirror, the reflected rays

[ Concave mimor

_»

Princlpal axly ’ .

F--———-F-F

|
|
y
J
|
|

In convex mirror, the reflected rays do not
pass through the focus but appears to do so.
So it is virtual focus. '

Princlpal axis
c

~
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Ditterence between Real Image nnd Virtual Image

Real lmage y | eVirtual Image

I. Real image is formed when rays after | 1. Virtual image is formed when rays do not
chﬂcction actually mecet at a point, actually meet but appear to diverge from a point,
) 2. Real image is inverted and can be seen on | 2. Virtual image is erect and cannot be seen on
1 asereen, a screen.

3. [thas a physical existence, : 3. It does not have a physical existence. 3

Q IS Why convex mirror are fixed on blind turns on the roads in hill areas?

Ans: - Convex mirrors are fined on blind wirns on the road in hill arcas because driver from one
side of wrn can see the automobiles coming from other "ldL of mountain. So chances of
dk,leLl\ls can be minimized. ' _

Q.16. Why concave mirrors are used for examination of nose, ear, throat and eye? »

Ans:  Concave mirrors are used for examination of nose. car, throat and eye to view a big and
clear image ol these organs, '

Q.17. Why concave mirror is used for make up or shave?

Ans:  Concave mirror is used for make up or shave because when a man/woman stands
between the principal tocus and pole of the concave mirror, he sees an enlarged image of
his/her face. This s the reason why a concave mirror of large focal length is used for
shaving and make up. | '

Q.18. Explain with help of activity whether the image is smaller or large, erect or inverted,
real or virtual in a convex mirror.

Ans: Take a convex mirror or a well polished spoon (using out side of the spoon) and hold it in
one hand and a pencil in other hand with its tip-in upright position. Now look at the
image in mirror. The image in convex mirror.

e Appears smaller

e Upright

e Behind the mirror

e Virtual . ,

Now an object moves closer to convex mirror the image in convex mirror.
e Moves closer to the mirror

o Becomes larger

o Upright

e Stays virtual

0.19. How we can locate.image by spherical mirrors? How we can tell the nature of image
an size of image.

Ans:  The location of the image, nature of image and the size of image calculated by he mirror

bl

formula which can be written as — = —+— — (1)
P

f = focal length of mirror

p = distance between the pole and object

q =distance between mirror and image

The cquation can be used for both concave and convex mirrors.



Q.20. Define mirror formula/mirror equation? Also write signs of convention.
Ans: Curved mirror formula is the lcldtlonhhlp between object distance ‘p’ image distance q
trom the mirror and the focal length *f” of the mirror.

N

\hthematlcally it can be written as:

-l-:l+l—>(2)

for g
This equation is true for both type concave and convex mirror. But we already seen that
the image is formed sometimes in the front of curved mirror and sometimes behind it.
This make it necessary to have a signs convection so that we may distinguish between the
, two cases and obtain the correct answer when substituting in the formula.
Explain showing the use of the two signs conventions in common use are given below.
I. All distances are measured from the pole of mirror.
2. Distances measured against the incident light are negative.
3.. Distances measured in the same direction as incident of light are positive.
[f the object is placed to the left of the mirror, the ordinary graphical convention of signs
' comes into operation, i.e., distance measured to the let are negatlve,, those to the right,
positive, .
Signs of convection:
The focal length of concave mirror is positive and the negative of convex mirror. Sign of

convections are given as following.

Quantity When positive (+) when negative (-)
1. Object distance * p I. Real object 1. Virtual object
' 2. Image distance ‘q’ 2. Real image 2. Virtual image
' 3. Focal length ‘P 3. Concave mirror 3. Convex mirror

Q.21. Explain with the help of activity whether the image is smaller or larger, erect or
inverted in a concave mirror.

Ans: Take a concave mirror or a well polished speed with a concave surface hold it in one
hand and pencil in other hand with the tip in upright. The image formed by concave
MIrror 1s

; ¥
o Real image
s Inverted ' v
For all object positions outside the principal focus. But when the object is placed between -
focus and pole then the image is

o Virtual
» Upright



Q.25.

Ans:

What do you know about mirage?
In hot summer days, reflection of motor cars is seen on the roads and the image of an
acroplane is seen on runway, infact there is no water on the runway. It is due to total
internal reflection and this phenomenon is known as mirage.
Refraction of ligh |
Write down the law of refraction. _
The refraction of light takes place according to the following two laws:
(1) The incident ray, the refracted ray and normal all lie in the same plane.
(ii) When a ray of light passes from one particular medium to another, the ratio of the

sine of the angle of incidence (i) to the sine of angle of refraction (r) is constant. |
This constant ratio is called the “Refractive Index” of the second medium with respect to
the first and it is denoted by the letter ‘n’. It can be mathematically writien as:

sin 1
n=

sinr
[t is called Snell’s law. A ray of light entering the second medium perpendicularly
through the surtace of separation shows no change of direction. k
[

Snell's Law:
1y sin @, = nasinéy |

1o -t

1 } }R

What is Snell’s law?
When a ray of light passes from one particular medium to another, the ratio of the sine of
the angle of incidence (i) to the sine of angle of refraction (r) is constant. This constant
ratio is called the “Refractive Index” of the second medium with respect to the first and it
is denoted by the letter ‘n’. It is called Snell’s law. '

[t can mathematically be written as:
sinf, _ n,

=—=n
sing, n
It is called Snell’s law. A ray of light entering the second medium perpendicularly
through the surface of separation shows no change of direction.
What is refractive index? Write down the methods to calculate the refractive index.
When a ray of light passes from one particular medium to another, the ratio of the sine of’
the angle of incidence (i) to the sine of angle of refraction (r) is constant. This constant
ratio is called the “Refractive Index” of the second medium with respect to the first and it
is denoted by the letter ‘n’. It can mathematically be written as:

sin i

n= —
simnr

’

Second method

The refractive index of a medium can also be caleulated by dividing the speed of ight in
vacuum by the speed of light in that medium. As the speed of light in vacuum is almost
equal to the speed of light in air, therefore, we use the speed of light in air instead of
vacuum, while calculating the refractive index of"a medium.



Speed of light in air
Speed of light in a medium
C

n:__
\%

e . . AP . 8 -l
Q.26. The speed of light in glass is 2 x 10° ms™ and that in air is approximately 3 x 10" ms ",
calculate refractive index of glass.

Refractive index ot medium with respect to air =

Speed of light in air
Speed of light in glass
C
%

Ans:  Refractive index of glass with respect to air =

n:

By putting the values, we have
3x10°
2x10"

= 1.5
So refractive index of glass with respect to air is 1.5.

Q.27. Explain when does the light change its path, when pass thlough two dlfferent medlum
Ans:

1. During reﬂ‘action light bends towards norimal as the light enters from rate to denser

medium.

During refraetion light bends away as light enters from the denser to rare medium.

The angel of incidence is greater than angel of refraction. When light enters from rate

to denser medium.

4. The angle of incidence is smaller than angle of refraction when llght enters from

denser to rare medium

5. If the light ray (incident ray) is along the normal (i.e. 90°) to the interface between the

two -medium, the ray pass through without deviation.

6. No-refraction take place in the same medium.

Total internal reflection

Q. 28 Define total internal reflection. What is meant by critical angle? Explain total
internal reflection and conditions necessary for it.

Ans: “When a ray of light from a denser medium enters a rarer medium in such a way that
angle of incidence is greater than critical angle, then the ray is reflected totally inside and
does not emerge out from the denser medium. This phenomenon is called total internal
reflection”. '

w19




Q.29.

What is meant by critical angle

“"The angle of incidence in the denser medium for Whth corresponding angle of

refraction is ‘)()‘ in the rarer medium is Lalled the critical angle. This angle of incidence is
denoted by €

Write Conditions for total internal reflection

(1) The ray of light should travel from a denser medium to a rare medium.
(i) The angle of incidence should be greater than the critical angle
What should be angle of incidence for total internal reflection?

The angle of incidence for total internal reflection should be greater than the critical angle
Refraction though prism

What is prism ?
Prism

Prism is a transparent body having three rectangular and two
triangular surfaces-as-shown-in-Figure-(a)— .

Angle of Prism

Q.33.

The angle of the triangular surface opposite to its base is known as *“Angle of Prism”.
What'is meant by Dispersion of Light

Ans: The refraction of waves depends on their wavelength. Since the sunllght consists of
ditferent colors, the waves of different wavelc.ngth& thus when it passes through a prism
then the waves of different wavelengths deviate on different paths, due to this white light
disperses in different colors, which is called dispersion,

Solar spectrum

0.34.
Ans:

The band of colors which is seen after dispersion of white light on the screen is called
solar spectrum,

E ECB{Ome®

)

f
E

|

Define critical angle?

Critical angle

Critical angle is the angle of incidences in the denser medium to which the corresponding
angle of refraction in the rarer medium is 90"
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Q.36.

Ans:

Q.37.

Ans:

Q.38.

Ans:

& |
A N=90° ! B

What is totally reflecting prisr?f? '
A totally reflecting prism is that which has one of its angle equal to 90° and each of the
remaining two angles equal to 45°. '
What is meant by Angle of Deviation?
“The angle between the original path of incident ray and path of refracted ray through a

_prism is known as ang]e of' deviation. “It is represented by ‘D’.

Define lenses. :
OR

l.ens is piece of transparent medium bounded by two surfaces at least one ot which

“A transparent body having two surfaces of which at least one is curved.

Is curved™.

Cdnvex Lens

Y

Y

A 4

Y

Y

How many types of lenses? Describe briefly.
Lenses are classified into two categories.

Convex or Converging Lens:
The lens which converge the all parallel incident rays after refractlon 1s called convex or
OR

The lens which is thicker at middle and thinner at the edges.

converging lens,

Concave or Diverging Lens:

“The lens which diverge the light at point from all incident parallel rays.

OR

The lenses which are thinner in middle than at the edges.”

v



Type of Curved Lenses

LNO Convex Lens Shape Concave Lens Shape
| : .
| _
| | | Double convex OR bi | Double Concave OR
| | convex Y Bi-concave
| ! | '
: | Dy et
-
L o g
2 | Plano - Convex | Plano Concave _
| Piana- ‘ d
| = — )
| |
| l |
. Concavo - convex , Convexo — concave
! ‘ OR Convex meniscus ' OR Concave meniscus .
l 1 s ' Conueve:
Q.39. What are the sign conventions adopted in case of Lenses?
Ans: The following sign conventions are adopted in case of lenses.
(i) All the distances are measured from the optical centre of the lens.
(if) The distance of the real objects and real images are taken as positive and those of
virtual objects and virtual images are taken as negative..
(iii)The focal length is taken as positive for convex lens and negative for concave lens.
Q.40. Define power and its unit. !

“If the focal length of a lens is ft_hen its reciprocal G) is called the power of the lens.

Dioptre : :
The unit of power “Dioptre” is defined as the power of a lens of focal length of one

- meter. Its symbol is ‘D’. o
Positive Power ' ' ‘

[}

Because the focal length ofa convex lens is positive (+f) therefore the power of a'lens is
also positive.

Negative Power

Q.41.
Ans:

Whereas the focal length of a concave lens is negative therefore the power of a concave

lens is negative. .
Opticians and eye specialist refer to the power of a lens instead of its focal length for
their patients.

Which lens has greater power, the lens of less focal length or of greater focal length?

The power of a lens is given by the formula: p = 1/f

Where ‘f is the focal length in meters. Hence for a lens of large power, the focal length

will be small. . .



Refvaction though Lenses
lmage location by lens Equation

Q.42. To get a greater and clear image at what distance lens should be placed from the
object?
Ans: To get a greater and clear image, the object should be placed within the principal focus

from the lens so that a clear, enlarged and erected image is obtained.

Q.43. How image formation from convex lens can be explained?

Ans.  lmage formation in convex lens can be explained with three rays.

(1) The ray parallel to the principal axis passes through the focal point after refraction by the
lens

(i) The ray passing through the optical centre passes stralght through the lens and passes
undeviated.

(1) The ray passing through the focal point becomes parallel to the principal axis after
refraction by the lens.

Q.44. When object is beyond 2F form convergmg lens, Wthh type of image is formed?

Ans.  When object is beyond 2F form converging lens, the image is between F and 2F, real,
inverted, smaller than the object. |

Q.45. When object is present at 2F which type oflmage is formed in case of convex lens?

Ans. The image is at 2F real inverted and of the same size as the object in case of convex lens.

onfost f\

e
2F

~~

B \ 5
) N
LJ Ima%:

Q.46. When object is present between lens and f then what is nature of image formed by
convex lens? '

Ans.  When object is between lens and F the image is formed behind the object, vu'tual erect and
larger than the object in case ofconvex lens.

-
/AN
Ray Diagrm for Object Located in Front of F
().47. What is meant by lens formula?

Ans.  The relation between the object and image distance form the lens in term of the focal length

, . o |
of the lens is called lens formula and is given by: —=—+— , 0

P q



Q.48. What do you know about periscope?

Ans:  Periscope is a long tube at the two ends of which are adjusted two totally reflecting pnsms.
The rays of llgh[ rom an object are totally reflected through an angle of 90° by each prlsm
Thus light from a viewed object enters the observer’s eye. Periscope is normally used in
tanks and submarines. With the help of periscope, the commander of the submarine
sitting in his cabin can see the objects on the surface of the sea. Similarly a soldier sitting
inside a tank can see the objects outside the tank.

Q.49. How the power is lost in optical fibre through dispersion? Explain.

Ans:  When a light signal travels along fibres by multiple refraction, some of light is absorbed
by the impurities in the glass. Some of it is scattered by the group of atoms formed at the
places such as joints when fibres are joined together. | |
Note: Careful manufacturing can reduce the power loss by scatting and absorption.

Q.50. What do you understand form linear and angular magmﬁcatlon

Ans: Linear Magnification
“Theratio of the size of image to the size of object is called linear magnification.”

Angular Magnification

“The ratio of the angle subtended by the image as seen through device to that subtended
by the object at unaided eye is know as angular magnification”

Q.51. What do you know about totally reflecting prism? Also write its uses.
Ans: A transparent body, whose three sides are rectangular and two sides are right-angled
triangular is called totally reflecting prism.

Totally reflecting prism:
The prism which has one angle 90 is called totally reflecting prism.
Principal of totally reflecting prism

The total reflecting prism works on the «— object is tumed

[N

principal of total internal reflection. The , through 90°
totally reflecting prism reflect a beam of A

light through 90° or 180°. One angle of the 5y

right angle and other two 45" each. When s 7 L

light falls perpendicular to the one side it - l\

enter in the prism without deviation. These
light rays strike with hypotenous of prism.
The hypotenuse at the angle of 45°.

A B'

This angle is greater then the critical angle of glass which is 42°. So the angle of
incidence is greater than critical angel the lights totally reflect through prlsm at an ang,le

of 90°.
Uses of totally reflecting Prism

The totally reflecting prism is used in periscope.

[t is used in binocular.

It is used in textile engineering for designing.

It is used in projectors.



(3.3,

Ans:

Note:

)
\h
1,4

How the light signal is transmitted through optical fibre?

Uhe light signal is transmitted through the optical fibre in the form of 1 and 0. The digit |
represents the presence of light while the digit 0 represents the absence of light.

Usually the light signal is produced by “LASER™ or “LED” which travel through the
optical fibre.

Explain the difference between the angular magmﬁcatlon and resolving power of an
optlmllmnument’ ‘

* Angular Maghification Resolving Power

* Angular magnification simply increases the e The.
apparent size of image of an object when instrument is its at to reveal the minor
seen through an optical devices.  details of an object-under exam.

* [t can be made as, large as, we wish, by e It is minimum angle between the point
using the lenses of suitable focal length. sources then allow the image to resolved as

().55.

Ans.

0.56.

Ans.

resolving power of an optical

the distinct points of light rather than.

What is snmple mlcroscope"
A magnifying glass is a convex lens which is used to produced magmﬁed images of
small objects. Hence it is called simple microscope.

Lebeled Microscops Diagram
What is meant by resolving power of instrument?
The resolving power of an instrument is fits ability to distinguish between two closely
placed objects or point sources
What is magnifying glass?
Magnifying glass is a lens that forms a virtual image that is larger than object and appears
behind the lens.




Q.57. What is compound microscope? Also write its three features. ‘
Ans. Compound microscope has two converging sets of lenses, the objective and the eyepiece
and is used to investigate structure of small objects.
Features:
(1) [t gives greater magnification than a single lens.
(i)  The objective lens has a short focal length, f, < lcm.
(i) The eyepiece has a focal length, f. of a few cm.
Q.58. Which formula is used to determine magmﬁcatlon of compound raicroscope? -
Ans.  The magnification of compound microscope is given by.

1W. =£‘(l+i]
h\ S

Q.59. Write uses of compound microscope.

Ans: A compound microscope is used to study bacteria and other micro-objects. It is also used
for research in several fields of sciences like Microbiology, Botany, Geology and
Genetics. :

Q.60. Why would it be advantageous to us 'when blue light is used with a compound
microscope? -

Ans: The blue light of short wavelength produces less diffraction are increases its resolving
power. Hence, it allows more details to be seen - |

Q.61. What is least distance of distinct vision. How it is affected with incr -ease of age”

Ans: The minimum distance of an object from the eye at which it produces a sharp image on
eye is called least distance-of distinct or near pomt
Its volume is normally 25 cm with the increase in age its value usually increases

Q.62. The object of telescope is of 20 and eye piece of 50cm focal length. What is the
magnifying power and length of telescope?

Ans:

Given Data:
Focal length of objective = f, = 20cm
Focal length of eye piece =fc=5.0cm
Required:
Magmfymg power = M =?
Length of telescope =L = ?
Solution:
As, we know that

Jo
e |
By substituting the values

-

50

M=4
Now, length of the telescope is given the
L=/f+/.
L=20+5
I.=70 cm

M=



Q.63.
Ans:

Q.67.

Ans:

Q.68.

Ans:

0.69.

Ans:

Q.70.

Ans:

Why objective of short focal length is preferred in microscope?
The magnitication of microscope can be expressed as

M = ALI +C_)’-J
Lk X .

[t is chair from the above equation that

M x L

L

Le smaller to focal Iength of objective greater will be its magnifying power and vice
versa. Therefore, to increase the magnification power the value of focal Ineght of
objectlve must be smaller,

The Human eye

Defects of Vision

Define telescope. What do you know about refrncting telescope? -

Telesuope Is an optical instrument which is used to observe distant objects using lenses or
mirrors, A telescope that uses two converging lenses is called refractmg telescopc

How terrestrial telescope is different form a telescope?

Terrestrial telescope has an extra lens between objective and eye piece.

What is magnification of refracting telescope?

Magnification of refracting telescope can be determined by using formula;

M:L
/.

What should be the length of telescope of f, = 20cm and f. = 4cm"
Given Data:

f, = 20cm

fe =4cm

Required:

Length of Telescope =L =?
Solution:

As we know that

L=f+F,

L=20+4

L =24cm

Which human organ works like camera?
Human eye works like camera.

What is pupil?

[ris has an opening at its centre is called pupil.
What is meant by defect of vision? What are its types?

The inability of the eye to see the image ofobjects clearly is called defect of vision.
The defect of vision are. . . \
(i) Nearsightedness (Myopia)

(1) Farsightedness(Hypermetropia)

4,“

\
\
\.



Q.71. What Ils reason of short sightedness? How it is corrected?
Ans:  Shortsightedness is due to eyeball being too long. Light rays form a distant object ar

t'qcused in front of the retina and a blurred image is produced. It is corrected by using,
diverging lens.

Q.72. What is meant by hypermetropia? How is it corrected?

Ans: The disability of the eye to form distinct images of nearby objects on its retina is known
as tarsxghtedness or hypermetropia. This defect can be corrected with the aid of a suitable
converging lens, '

Q.73. What are the near and far points ofthe normal eye?

Ans: Near Point: A normal eye can see near objects clearly at dlstance of about 25cm from
the eye. This is near point of normal eye.

N
POI

Far Point: A normal eye can see far off objects clear]y. So we can say that far point of a normal |
eye will be at infinite distance. '

=)

Q.74. Which lens is used for the long SIghtedness"

Ans: Long sightedness is corrected by wearing spectacles having convex lens of such focal
length which forms a virtual image-of the object placed at normal 25 cm, at the near point
O of the eye. Hence a clear image of the object is formed on the retina.

(a) near poinf of hypemetropic eye

(¢) comrection of hypametropls aya



Q-?S. What is different between compound microscopé and astronomical telescope?

Compound microscope

Astronomical telescope

* Objective lens has smaller focal length, o Objective lens has larger focal length
__than the eyepiece than the eyepiece
* Distance between the objective lens and ¢ Distance between the objective lens and
the eyepiece is greater than fy+f, the eyepiece is equal to fy+f.
* Itis used to see very small objects o It is used to see .distant astronomnical
' objects -




B ONG QUESIONS

Q.1  What is reflection? Also explam the laws and types of reflectlon
Ans: Reflection of light:
“When light traveling in a certain medium falls on he surface of another medium, a part of

it turns back in the same medium. This is called reflection of light. OR
The bouncmg back of light in first medium after striking with any reflecting surface.
OR

The property of light wave being thrown back from reflecting surface such as mirror.
Explanation: |

Consider a light ray along the path ‘AQ’ falls on

a plane mirror M. This light ray known as

incident ray. When this incident ray ‘AO’ strike  incident ray Nor:nal N reflected ray
to mirror M at point ‘O’. This incident ray will B
be reflected back in first medium along with the
path ‘OB”. The ray ‘OB’ is known as reflected
ray. Now take a ‘N’ normal at a point ‘O’. The
angle between ‘AQO’ incident ray and normal

|
|
I
I
|
|
|
I

. P '
‘N’ 'N'ZAON =i is known as angle of ane mirtor M
incidence is represented by Z4ON . The angle Point of incidence
between reflected ray ‘OB’ and normal ‘N’ is Fig. 12.2 Reflection of light

known as angle of reflection . In diagram it is
represented by ZNOB=r.

Law of Reflection
When 4 ray of light strikes a flate reflecting surface at a point the angle of incidence is

equal to the angel of reflection and the incident ray, reflected ray and normal lie at single
point. So the laws of reflection can be written as:
(i) Incident ray, normal and reflected ray at the point oflnCIdence lie in the same plane.
“(ii) Always the angle of incidence is equal to the angle of reflection i.e. Zi= /.

“Types of Reflection:
The direction of reflected ray depends upon the smoothness of the surface on which
incident ray strike. So, there are two type of reflection.
(i) Regular Reflection
(ii) Irregular Reflection



() Regular Reflection:
The reflection by smooth surface in which all the reflected rays the parallel to each other
18 called regular reflection.
For example a smooth surface reflects the rays of light in one
direction only For regular ret flection of light, the angle of
incidence is equal to the angle of reﬂcctlon e. Zi=Zr.

Incident Reflected
rays rays

wwwu S T2 T A _J
Conditions for Regular Reflection: Smooth surface
e The reflecting surface should be plane surface. Fig. 12.3 Regular reflection

e The reflecting surface should be flate.
¢ The reflected rays of light should be parallel to each other and have equal- space
between them. : ;
(ii) Irregular Reflection: | Incident rays Reflected rays

“The reflection by the rough surface in which all the
-reflected rays not parallel to each other is called
irregular reflection.

Rough surface

For example, a rough surface reflects the light rays in
many directions as shown fig. Fig. 12.4: Irregular reflection

Conditions for Irregular Reflection:
o The reflecting surface should be rough.

o The reflecting rays of light are not parallel to each other.
Q.2: What are spherical mirrors? Describe types for spherical mirrors.

An: Spherical Mirrors:
“The kind we use generally made by a silvering a plece of glass which is part of shell of
hollow sphere. “OR.
“A mirror which is a part of a hollow sphere of glass or plastlc is called spherical
mirrors.” In spherical mirrors one surface from of its two surfaces is coated with thin
silver layer which is covered by a read lead oxide paint. Therefore, one side of spherical
mirror is opaque and other side highly polished, that is know as reflecting surface.
Spherical mirrors are classified in two categorles on the basis of reflecting surface.
1. Concave or Converging mirror.
2. Convex or Diverging mirror.
Concave or Converging Mirror:
The mirror whose reflecting surface is on the m51de of the curved shape.
Characteristics of Concave Mirror:
In concave mirror _ |
e Size of image depend upon the position of object.
e Virtual or real image can be formed.
Convex or Diverging Mirror
The mirror whose reflecting surface is one the outside of the curved shape.
Characteristics of Convex Mirror
In convex mirror.
+ Size of image is always smaller then the size of object.

o Virtual and erect image can be formed.



Q.3 Define the following terms associated with spherical mirrors? Pole, centre of
curvature, radius of curvature, principal axis, principal focus, focal length, real
focus, virtual focus,

Ans:  Pole OR Vertex: , _
The midpoint of the curved surface of a spherical mirror is knows as pole or vertex.
Center of Curvature (C):

The center of sphere from which concave or convex mirror is formed, that is known as
center of curvature, '

OR

Spherical mirror'is a part of sphere. The center of that sphere is known as center of
curvature,

Radius of Curvature (R):
The radius of sphere of which spherical mirror is a part.
R =2f
Principal axis: "
The line joining center of curvature and pole of spherical mirror.
OR
The prmcnpal axis of curved mirror is line at right angles to the curved surface which
meets the mirror at its center or pole.

Principal Focus (F):

" The light rays which are parallel to the principal axis, after reflection the light rays pass
through a single point on principal axis, that point is known as “principal focus ™ of
spherical mirrors. '

| OR. : f
The incident rays are parallel to the principal axis, after reflection the rays pass through a

point on principal axis which lies just midway betwcen the pole and the center of
~ curvature is called principal focus.



Real Focus:
In concave or converging mirror, the reflected rays actually pass t through the focus point

theretore it is called real focus.

Virtual focus:
In convex or diverging mirror, the rays parallel to-principal axis, after reflection appear to

come from point 'F’ situated behind the mirror,

“The principal tocus of convex mirror is known as virtual focus because reflected rays do

not actually pass through it but appcar to do so.’

Focal Length:
The distance between pole and principal focus of spherical mirrors is called focal length.

Q4

Ans:

Concuve miror

ve mhror

Pringipcd Fecus or Focus

Define refraction of light. Describe the passage of light through parallel - sided

transparent material.
- OR

How the refraction of light can be verified using glass slab and pins.

Refraction:

“When light enter from one transparent medium to another medium then it changes its

path. This is known as refraction of light..
OR

“The deviation in path of light when it enter from one medium to another medium is

known as refraction.”

Glass-slab experiment

Take a rectangular glass block (slab), a ray which
is defined by the line connecting pins. The ray 1O
hit the glass-slab at point ‘O’. This ray is known
as incident ray. The normal ‘N’ is also at point
’O’. The angle Z/ON between the incident ray
and normal is known as angle of incident. The ray
OR inside the glass-slab. This ray is known as
refracted ray. The angle between the refracted ray
and normal is known as angle of refraction. When
ray ‘OR’ leaves the glass-slab, it moves away
from the normal along with path ME. This "ME’

ray i1s known as emergent ray. So, the refraction of

light is process in which light rays change its
direction as it enter in other transparent medium
which has different optical density.

Fig. 12.9: Refraction of light by a glass block

-«



o~
n

Ans:

Dependence of Refraction

This retraction depends on

|. The nature of two materials and speed of light in each material
2. The angle at which the ray strikes the surface.

what is meant by total internal reflection? Also describe critical angle Derive
relation of critical angle and refractive index. |
The wave changes direction when passing from one medium to other due to change in the
speed. This phenomenon is called as refraction. The change in direction of the wave can
be quantified using the refractive indexes of the two materials. When a ray passes from
denser medium (medium with higher refractive index) to rarer medium it bends or
refracts away from the imaginary line, called normal, perpendicular to the surface. As the
angle of incidence in denser medium becomes greater with respect to norma] the
refracted ray bends further away from it. ; '
At one particular angle, called critical angle, the refracted light does not enter rarer
medium but instead travels along the surface between the two media.

Critical Angle

“The angle of incident that causes the refracted ray in rare medium to bend through 90°
called crmcal angle.” :

. | OR :
“The angle of incidence, whose corresponding angle of refraction is 90° is known as
critical angle. The critical angle is denoted by c. “When the angle of incidence is greater
then critical angle ‘c. then light does not refract in second medium but reflects back in
first (denser) medlum -

Total Internal Reflectlon

When angle of incidence is greater than critical angle then no refraction occurs in second
medium but light reflected back in first (denser) medlum This reflection is known as
total internal reﬂectlon

Conditions for total internal reflection

o The light should enter from denser medium to rare medlum.
o The angle of incidence should be greater than critical angle.

air -air : air
b// I i
]
- r—l o

— e v e e

glass : : glass : : glass i :
I | ]
] | 1
1 | [ &
if the,angle of incidence  1f the angle of incidence if the angle of incidence
is less than the cntical Is equal lo lha cntical is greater than the
angle, the light refracts angle. the light refracts critical angle. lofal

away from the normal a1 90 to the nomal internal reflection occurs



Relation for critical angle and refractive index

Q.6

Ans:

o . . | | sin{
Consider light enter from glass to air. The Snell’s law —=——
n sinr

Which can also written as
_sinr_sin90 i=c
sind sine F =90
1
- SinC
What is Prism? How refraction occurs through prlsm" l
Prism: “Prism is transparent body with at least two pclished plane faces inclined toward

’ ( sin‘90" = 1)

n=

each other from which light is refracted.” OR
*Optical transparem body havmg three rectangular sides and two triangular sides is known as

Types of Prism:

(i)

(ii)

There are two types of prism in general
(i) Simple Prism | (ii). Totally Reflecting Prism.
Simple Prism
The prism whose triangular sides are equal in length and angles at vertices of triangular
faces are also equal.
Totally Reflecting Prism
A totally reflecting prism is that Wthh has one angle of 900 an each of the remammg two
angles equal to 45° at its triangular faces.

Refraction through Prism

In triangular prism light ray ‘PQ’ hit the side. AB of prism at point ‘E. The angle ZQEN

is angle of incidence ‘I’. The light ray should move along with path E,G to H. But when
light enter in prism it bends toward normal and moves along path ‘EF’.

PE - Iacident ray L£i - Anglq of ineidence  *
EP ~ Refrurted my £r - Anglo of refrantion
8 - Emergort sy L2 - Arigiu of eraergeoey

LA - Angle of the prism £D - Angle of deviation

A

Ac\cording to law of refractionn = . The emergent ray i1s ‘FS’. We can observe that

Sinr
incident ray ‘PE’ is not parallel to emergent ray ‘FS’. This means that, when light pass
through a prism, it is deviated from its original path. The original path is "PEH" and
deviated path.GFS. The angel ‘D’ is the angle of deviation.



Angle of Deviation:
“The angle between the original path of incident ray and path of refracted ray through a
prisim is known as angle of deviation. "It is represented by ‘D’.

Q.7 Detine lenses. How many types of lenses? Describe briefly explain the following

terms:
(1 Pri;lcipal Axis (2) Optical Center (3) Principal Focus
(4) Focal Length (5) Power of Lens.

Ans:  Leas: |

"\ transparent body having two surfaces of which at least one is Curve;d.
OR

Lens is piece of transparent medium bounded by two surfaces at least one of which is
curved”, B

Types of lenses:
Lenses are classified into two categories.
1. Convex or Converging Lens:

The lens which converge all parallel incident rays after refraction is called convex or
converging lens.

, OR
The lens which is thicker at middle and thinner at the edges.

Do)

P‘I-no-mex Double-Canvex Ccmvo-c-unm
v Lens

Type of Convex Lenses

Concave or Diverging Lens:

“The lens which diverge the light at point from all incident parallel rays. “*OR” The lenses
which are thinner in middle than at the edges.”

11)

Planc-Concave DoubAe-Concave Comvexo-Concare .
Lens Lens Lens

Type of Concave Lenses



(2)

- (3)

Principal Axis:
"The each surface of the spherical lens are section of sphere, the line passing through the
center of curvatures of two spheres is called the principal axis of lens.”

“OR”

The line joining the two center of curvatures of the spheres is called principal axis, but
this line also passes through the optical center and foci of lens.”

Optical Center

“A point on principal axis at the center of lens is called optical center.” OR. “"Optical
center is a point inside the body of lens through which light rays pass, undeviated.”

Principal Focus

The light rays traveling parallel to the principal axis, passes through the lens. After
refraction light converge at a point or appears to be diverge from the appoint. That co
converging or diverging point is known as principle focus.”

OR

The principal focus of curved lens is the point ‘F’, ‘Where incoming rays which are
parallel to principal axis come to a focus. .
(a) For convex lens, principal focus is a point of convergence of refracted rays. It is a real
point, - | |
Convex Lens

-------------------------------

e Principle Axis

(b) For concave lens, principal focus is a point of divergence of refracted rays. It is
imaginary point.
: Rafra:ﬂmbyabiverginél.ms

Incident Ray\

l, ~
- N
- .

Facal Point"-

Incident ruys traveling parallel to the prindpal axis wrill
refract through the lens and diverge, never intersecting,



(4)

Q8

Ans:

Focal Length:

The distance between principal focus and optical center is called forcal length its is
denoted by ‘f*,

Power of Lens: . .
The power or strength of lens is the reciprocal of the focal length.
‘ OR ,
Power of lens is its ability to deviate light ray from its original path.
p=L
I

Where *f* is the focal length in meter. SI unit of power of lens is “dioptre” and it is
denoted by D. the dioptre ‘D’ is reciprocal of meter (m")

* Power of convex lens is positiv'e, because its focal length is positive.

* Power of concave lens is negative because its focal length. is negative,

How is image formed by lens? Explain with ray diagram? Also explain ray diagram.
The image is formed through lenses by means of refraction.

Ray Diagram: o

A graphical method of locating the image formed by spherical lens is called ray diagram.

“We will investigate the method for drawing ray diagrams for objects placed at various

locations in front of a double convex lens. To draw these ray diagrams, we will have to
recall the three rules of refraction for a double convex lens:

- (i) ~Any incident ray traveling parallel to the principal axis of a converging lens

will refract through the lens and travel through the focal point on the opposite side of
the lens. ' .

(ii) Any incident ray traveling through the focal point on the way to the lens will
refract through the lens and travel parallel to the principal axis.

(iii) An incident ray that passes through the center of the lens will in effect continue
in the same direction that it had when it entered the lens,




Image Formation through Concave Lens:
The ray diagram for concave lens is shown in fig

The Image is , Virtual, Erect, small in size and formed at Same 51de of lens .
Image Formation through Convex Lens
The following dlagram illustrating the path of light from an object through a lens to an
. eye placed at various locations is as shown. 4
1. Object Beyond 2F: '
When object is placed at some distance from 2F then image is formed between the focus
and center of curvature (2F). '

Object A

e \*&l

2F - F 2F

‘ \ Image—p

V h |
The Image is formed Between F and 2F Opposite side of Lens, Real, Inverted and Small
in size

2, Object at 2F: '
When object placed at ceriter of curvature, image is formed at center of curvature at the
opposite side. -

Object

J .
3 k Image

Y e ot
The Image, Real, Inverted at 2F | Same in size and At the opp051te side of the Lens
3. Object between F and 2F:
When object is placed between the focus and center of curvature then the image is
formed on opposite side beyond the center of curvature.

Object m
F R F\_2F
\ J ; Image
R \’
Ray Diagram for Qlyect Located
Botveeen I and 2T

The linage, Real, Inverted, Large in sizc, Opposite side of lens and Beyond 2F



4. "Object at F:

When object is placed at tocus the utmctcd rays are parallel to each other and meet at

mtmm

w

Object| ™ o

- \‘.\ '
_ v "
Ray Diagzam foz Object Located at F
(an imaga is ot fommed)

No image form because refracted rays are parallel and they never meet.

il

Object between F and O

When >bject is placed between the lens and pr1n01pal focus, then the refracted rays does
not meet at opposite side but image is formed at the same side where the object is placed.

Ray Diagram foz Gtyect Located m Front af F

‘The Image is Virtual, Erect, Large, Same side of lens and Beyond the object. We can also
draw the ray diagram for object placed different position from a convex lens. Position
and nature of image for convex lens given in following table.

Beyond the 2F

_ Positiondf Object -

Posmon of Image
Betwecn F and 2F

Nature of Image

Rea, inverted, small

CAL2F At 2F Real, inverted, equal
" Between F and 2F Beyond 2F Real, inverted, enlarged
‘ff{TF__ - At infinity No image is-formed

hmch

Behind the object

Virtual, erect, enlarged

{’mhmty -

At I

Real, inverted, small ‘




Q.9 How image location can be found using lens equation?

Ans: - Consider, an object OP is placed in the front of convex lens. A ‘PR’ ray is parallel to the
principal axis. According to ray diagram rules, it will pass through the focus point after
refraction. An other ray *PC" will pass through the optical center of lens. The ray PC pass
through directly without deviation and intersect the ray RP’ at point P’ a real image O° P’
is formed at distance ‘q’ where the distance of object from lens denoted by ‘p’. To find
the nature and the distance of image from lens, we use lens equation. Def; ‘The
relationship between the object and image distance from the lens in the term of focal
length of the lens is called lens equation. “Lens equation can be written as:

Fig.12.20
A
- e ma
fp g

This curved lens equation is applicable for convex and concave lens but following sign of
convections be followed
Sigh of Convections for Lenses
Focal Length (1):
e " is positive for converging lens (convex lens).
o “f"is negative for diverging lens (concave lens).
Object distance (p) ,
¢ ‘p’distance is taken as positive, if the object is at left of lens. It is called real object.
o ‘p’is taken as negative distance if the object is on the right sides of lens. It is called
virtual object. '
Image Distance (q)
o The image distance *q’ is taken as positive for a real image made on the right side of
lens by the real object. '
o The image distance ‘q" is taken as negative for a virtual image made on the left side
of the lens by real object.
Q.10 Write a note on the following application of lenses.

(1) Camera (2) Projector (3) Photographed enlarger.
Ans: (1) Camera
Definition: A camcra 1s an optical device for obtaining stll photographs. or for cvposing
cincmatic s,



Construction and working:

Lt is light-proot Box. The whole interior surface is normally matt black. A converging lens
s adjusted in the front of camara. A shutter of variable speed and diaphragm of variable
aperture, regulate the amount of light admitted though the lens. A sensitive film or plat.e
fixed behind thelens at the focus point of lens. The image formed by simple camera 1s
real, inverted (vertically and laterally diminished or magnified.)

object to be
photographed

(§9)

(2) Slide Projector:

- slide projector is an upto-mechanical device to view photographic slides. A projector
uas four main elements:
CONSTRUCTION:
Slide projector consists on concave mirror, light source condenser (two palno convex)
lenses, slide and projection lens. A light source (quartz iodine lamp) is placed at the
center of curvature). Concave mirror reflect the light in the form of parallel rays. A
condenser consisting of two plano-convex lens collect the parallel light rays.
WORKING: ;
The parallel light rays Wthh passes from condenser falls on the slide and 111um1nated it.
A projectior lens is adjiicted next to slide in such a way that the slide should in between
the F and 2f of projection of lens. The projection lens refract the rays and real inverted
(vertically and lateral) image is formed on screen. The slide placed upside down and
flipped 1800. So that the image will be projected right way.
Concave mirrer Slide

p e |

Condenser lenses Projection lens

Flr.12.22: Diagram of slide projector



Photograph Enlarger:

An enlarger is a specialized lrdnsparcncy projector used to produce photographic prints

from tilm or glass negatwes using the gelatin silver ptocess or from transparencies.

Constructlon and Working:

A photograph cnlarger is basically same as that slide projector.- A light bulbs produce
light and fall on condenser. Condenser consisting of two plano-convex lenses which
collect the light rays. The light rays becomes parallel when pass through condenser and
fall on film .A projection lens is placed next to film in such a way that the film should in
between the F and 2F. The projection convex lens produces are magnified and mverted _
image of from on the photographic paper.

Balb

Condenser lenses

Fig.12.23: Dragram of phbtngraph enlarger

Q.11 What is optical ﬁber" Describe how total internal reflection is used in llght
propagating through optical fiber. '

What are the optical fibers? On which principal they work? Describe their few uses. (14.6)

Ans? Optical Fiber:.

' An optical fiber is made of a hlghly transparent fine strand of glass or plastic coated or
cladded with another type of glass whose refractive index is less than the inner tube is
called optlcal fiber

Principal
In recent years an important and interesting application of prmupdl of total internal
reflection is used in optlcal ﬁbers

" Construction -
A thin hair like rod of glass having central portion of llght 1efrac11ve md«‘\ ul]ul core,
which is surrounded by a glass layer having low refractive index ealled olvbding ™ The
central part of fiber is made of plastic or.glass with high ‘it e ey The ore s
surrounded by an other layer of glass or plastic or Tow refiact o index
From figure, an optical fiber is made of a highly transparent fin ~trand ol elass o plastic:
coated or cladded with another type of glass whose refractivie “ndes v Tess i the inner
tube. Generally the refractive index of inner tube is 1.52 and i of outer coonng TN

Fig.12.28: Passage of Mght through optical fibre



Fransmission of Light/Data

[ light rays enter at one end of an optical fiber at an angle of incidence greater than the
critical angle then these rays undergo total internal reflection repeatedly at the walls and‘
come out at the other end without any loss of intensity core and covers the distance of
30km. That s why the repeaters used at 30Km distance in optical fiber network, The
simplest optical fiber, operates 14000 telephones calls and 14 TV channels at a time
Thus, light travels along the fiber no matter how it may be curved and comes out with the
same intensity '

Q.12 What is light pipe? How it is used in daily life? What is Endoscope and Endoscopy?
Describe the type of endoscope?
Ans:  Light Pipe:

The light pipe is bundle of thousands optical fibers bounded together through a flexible
pipe jacket. The light pipes are used by doctors are engineers to illuminate those
inaccessible places which otherwise are not possible to examine. Light plpes also used to
transmit data (nnaoe calls, movies) From one plane to another.

Transmitted -~
imege
Flg 12.29: Alensand light pipe can be usedtogcthermprodml
magnified ransmitted Image of an object s

Endoscope

Endoscope is a medical instrument used for viewing and photographing internal structure
of human body. Due to small size the endoscope is inserted through the mouth and
tlluminates 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 helps
them to diagnose easily.
E.ndoscopy
A medical procedure in which any type of endoscope is used called endoscopy.
Types of Endoscope :
The endoscope is divided into difterent type on thc bases of use in'medical filed.
1) Gastroscope 2) Cytoscope 3) Bronchosope

1) (sastroscope:
(Gastroscope 1s an instrument used to.diagnose the stomach.

2) Cytoscope:
(‘'ytoscope 1s an instrument used to diagnose the bladder.

3) Bronchoscope:
Bronchoscope is an instrument used 10 diagnose sore throat.



Q.13 What is simple microscope? Draw the diagram of simple microscope. Write the

. formula of its magnifying power.
Ans:  Simple Microscope (Magnifier)

[t is a simple convex (bi — convex) lens Wthh is used to produce magnified (large) image
of small object.

Principal

When ObJCLt 1 placed within focal length of convex lens then the magmfed virtual and erect
image is formed at least distance “d’. It is observed clearly in the maximum possible size.

Magnifying Power

The angular magnification (or magnifying power) M is the angular size ¢ of the final
image produced by the magnified glass divided by angular size @ of the object seen
without magnifying glass.

Expatiation:

Let @ 1s the angle subtended at the eye by the object, when its placed before the eye at

least distance. The ‘@ is angle subtended by the final image at eye when object is placed
close to eye at distance less than ‘f.

w e

- . wwmcuuu;ue&uue.'uvul

Angular size of final imge produced by magnfying glass

M= ; —
Angular size of object seen without magnifying glass
M = E“The ratio of angles subtended by image as scen thiough the ort 0 vice ™
using lens) to that subtended by object at unaided eye (.vithout using fos) is i
magnifying power.” :
So, enlarge virtual image is formed which is upright with vespect to o 00 Tagnifvin -

power can be calculated by formula.

M~(d}+l
J

’Where ‘d’ is the near distance of object form ¢ye which 25¢m.



Q.14

Ans:

Resolving power of optical device

“The ability of an optical device to reveal (show) the minor detail of an object under the
examination is called resolving power.

OR

“The ability of an optical device to reveal (show) the mirror detail of an object under the

examinations is called resolving power.
OR

“The resolving power of an mstrument is its ability to dlstmgmsh between two closely
placed ob)ects or point sources.’

Write a note compound mlcroscope. Draw the ray diagram. Also explain its
magnifying power.

Compuound Micrescope: o

An optical device which consists on two converging lens, (objective and eyepiece) is
used to get the minor detail of the structure of small objects. :
Construction

[t consists of two convex lenses placed parallel and co-axial with each other. One lens is
called is called objective “‘because it is set towards the object to be viewed. The focal
length of objective is very small. Second lens is called eyepiece because it is set towards
the observer eye. The focal length of eyepiece is large. Thls microscope glve greater

magmﬁcatlon that a single lens. _ _
(4" ‘ "

Coarse
Eypiece
vp ; . ) focusing
. knob
aOdY tUbe Fine
objective , fok::giﬂs
turret .
Arm
o
"t'e"'. _ Slide with
Ots)’:;;: i Specimen
Condenser
famp -
base

Fig.12'.32. Compound microscope
Magnifying power of compound microscope

The object “op’ is just placed beyond the principal focus’f” of the objective. This produce
a real inverted and magmf’ed image I, beyond the double focus of objective lens. The
position of eyepiece is adjusted that imagce [, lies with in the focus *f* of the eye-piece,

The eye piece acts as magnifying glass and forms virtual erect and magnified ﬁnagc I

formed outside the focal point of objective.



Q.15

Ans:
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Fnal Iimage

The magnifying of compound microscope is given by:

|
1
I
1
"
1
a
|
[

L. d
| —f—0(1+?)
When ‘L’ is the length of compound microscope, which is equal to the distance between
objective and eyepiece, d is near distance of object from eye, f, and f. are the focal length
of objective and eye-piece respectively. '

Used of compound mlcroscope

A compound microscope is used to study bacteria and othel micro objectives. It is also
used in different fields of science like microbiology, botany, geology and genetics.

What is refracting telescope? Draw its ray diagram and mention its magnifying
power.

Telescope:
“Telescope is an optical dewce which is used to see the distant object clearly and
distinctly. |

. " OR

“Telescope is an optical deyice, which enables the observer to see the fine details of a far
off object.” '

Construction: A refracting telescope cons:sts of two convex lenses

(i) Objective

(ii) Eyepiece

Objective: It is convex lens which is near the observer s eye and has short focal length
(f, )and larger aperture.

Eyepiece: It is a convex lens which is near the observer’s eye and has short focal
length(f.,and small aperture.



The ravs o

image of
" objective
b fona

Flg 12.34: An astronomical rafracting telestope creates a
virtual image that ks Invertod compated 1o (e e,

Working of refracting telescope

f light coming from object are considered to parallel are converged by
objective lens to form a real diminished and inverted im'age ‘I” is formed at the focus f,
of objective. This image acts as object for the eyepiece. The eyepiece magnifies [” thus
the final image *I’> see through the eyepiece, is virtual enlarge and inverted. This image

makes an angle ‘0’ at the eyepiece.
Magnification of telescope

Magnifying power of the telescope is defined as the ratio of the angle made by the image
at eve as seen through the telescope to the angle made by the objective at the naked eye
when the object and the image are at infinity.

But magnifying power of refracting telescope an be determined through ray diagram and

given by:

\\gb

F1g.12.35: Rsy dlagram of refracuing telescope

).16: Draw ray diagrams to show the formation of i |m‘1ges in the normal human eye. Also

Ans:

explain the accommodation of eye.
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.

Parts of human eye
Retina: the light passing through the lens cross the vitreous humour to form an image an
specific wall which is called retinal. Retina records the picture and work as film in

camerad.



Lens: There is converging lens in the front of eye; naturally, this lens has ability to
change the focal length,

Iris: The iris is the coloured part of eye which autonmllullly adjust the size of pupil and
controls the amount of light reaching the retinal.

Pupil: pupil is circular in the center d(,LOldll]zj to intensity of light fallmg 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 corea.

Formation of image: the camera focuses the image of an object at given distance form it
by moving the lens towards or away from the film. The eye has another mechanism to
focus the image on retina of object. The ‘ciliary muscles control the size of lens. In this
way the focal length of lens can be increased or decreased.

o b Amngy

Far object: if the object is far away from eye, to deviation of-light through lens must be
lens. In this situation. The ciliary muscles relax. The curvature of lens is decreased. The
focal length decreased. '

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

Disia=t pbjact

(})

" [mage og retiea
Nearer object: if an ObJGC[ is close to eye, The c1l|ary muscles contracts. The curvature of lens
increased. The focal length decreased.

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

-«r—r—
— R _
~ ™) ‘

Tuudlmu S gt
. Fig.12.37: Humansyeaccommodauon o retine




Accommodation:

The variation of the tocul luwth of eye lens is called accommodation. “OR

“The sharpness of image formed in retina for objects at different distances from the eye IS
controlled by an alternation in the focal length of eye lens. This is called
accommodation.” |
Accommodation is larger of healthy eye in young people while it goes on decreasing with
increasing the age.

for nea by objscts fox distant objects

Q. 17: What is meant by the near sightedness and far sightedness? How these defects can
be corrected? Define the defect of vision. :

Ans. Defect of Vision: The inability of the eye to see the image of objects clearly is called
defect of vision. :

The defects of vision arise when the eye lens i1s unable to accommodate effectively.
Therefore, the image formed at retina is blurred. There are two main defects of human eye.
1. Nearsightedness (myopia)

2. Far sightedness (hypermetropia)

1. Nearsightedness: : .
A person suffering from neamghtednesq or shortmghtedness cannot see distant object
clearly. This defect is due to that either the lens of eye ball is thick with short focal length
or the eye-ball is too long so that effectively parallel rays from a point for such an eye on
a very distant object are focused in front of the retina instead to focus on retina. That is
why blurred image is formed.

Correction of nearsightedness

The nearsightedness can be corrected with suitable concave lens. The hght rays coming
from distant object are diverged by diverging lens so that they appear to be coming from
eyes own far point. Therefore the rays focused on retina and sharp image is formed.

@
|
@

(c) Corraction of myopia



()

Farsightedness (hypermetropia)

The disability of the eye to torm distinct image of nearby objects on its retina known as

tarsightedness.

This defect can be caused by the eye-ball which is shorter than the normal size of eye-
ball or due thinner eye-lens which has less converging ¢ ability. This means that the image
is not focused on retina but behind the retina. A man suffering from farsightedness or
long-sightedness is unable to read the book which is placed at normal near point 25¢cm

from such eye. Because the near poﬂj‘t of such eye is greater than 25 cm.

Correction of far- snohtedness

The farsightedness can be corrected with su1table convex lens focused the image on
retina. In this way the refracted rays appears to come from near point. Than a sharp

virtual image is formed on retina.

) (c) corraction of hypametropia aya

re

Myopia Aspgcts ‘

Hypermetropia”

*See near object clearly Condition
»Can't focus far object

-Sees distant object clearly
-Can't focus near object

Correction

+Eye lens too thick Causes |+Eye.lens too thin
-Eyeball 100 long -Eyeball too short
Image form in front retina Focus |Image form behind retjm




NUMERICAL PROBLEMS

2.1 Anobject 10.0 em in front of a convex mirror forms an image 5.0 cm behind the mirror.
What is the tocal length of the mirror?

Solution:
Given tho
Distance ofobject  p=10cm
Distaiice of image  q =-5 cm (For convex mirror)
To Find:
Focal length f=2

Calculations: Using the formula

L1
e e
tp q
By putting the values
[
F " 10cm —ﬁ
1-2
~ J0cm
. =l
F_ [0cm

f=-10¢m An_s. .

12.2 An object 30.0 cm tall iis located 10.5 ¢cm from a concave mirror with focal léngth-

16.0cm. (a) Where is the image located) (b) How high is it?
Solution: Given that, :

Object height h, =30 cm

Distance of object  p =10.5cm

Focal length f =16cm
(KT RTTS
(a) Distance of image g="?
(b) Image height hj="1
Calculatinns: (a) Using the formula

.

Or —=—+—
qg P



By putting the values

b ]
g l6éem 105em

Or lz I 10
g 16em  105cm
_105-160
(16)(105)em
B =55 .
 (16)(105) cm

q=30.54 cm Ans.
(b) we know that '
image hegith  q

object height  p
or ' /L . )
- h —p
by putting the values L
h 30.54cm '

30em 10.5em

30.
L LI

10.5¢m
h;=87.26cm Ans.

12.3  An object and its image in a concave mirror are of the same height, vet inverted, when
the object is 20.0 cm form the mirror. What is the focal length of the mirror?-

Solution: given that,
Distance of object p = 20 ¢m
Distance of image ¢ =20 cm
To find: focal length f=?
Calculations: using the formula
LI
for g
By putting the values
I l l

= +
f 0 20ecm  20cm




[+1

20¢cm

5

-

20¢m

L4
- 20cm
2

=10 cmAns.
12.4

Find the focal length of a mirror that form an image 5.66 cm behind a mirror of an
object placed at 34.4 ¢cm in front of the mirror

Solution Given Data:

Distance of the image form the mirror = q = 5.66
Distance of object form the mirror = q = 34.4 cm
Required Data:
Find out the focal length of the mirror = ?
l

I

— 4+ —

p q

Calculations: By using the above formula

]

q

Formula: fl

1
— +
p

As the image is formed behind the mirror, so it would be convex mirror, so q and f are all
negative, ' '

q=-5.66cm

p=+34.4cm

By substituting values in above equation, we get;
] ]

R - W R S

1
1566 34.4

L 017740029
/ |

10148
f

Jf==67Tem

12.5 An image of a statue appears to be 11.5 cm behind a convex mirror with focal length
13.5 cm. find the distance form the statue to the mirror.
Solution: Given that,

Distance of image q =-11.5 cm

(For convex mirror)
Focal length f=13.5¢



To Find: Distance of object p =2

Caleulations: Using the formula

L1
— = e A e
tp q
p f q
By putting the values
] ] ]
_ = =
p [3.5ecm  11.5cm
_ 115 +135
(13.5) (11.5)em | \
_ 25
}55.25¢m -
_ 155.25¢cm
25

p. = 6.21 cm Ans.

12.6 An image is produced by a concave mirror of focal length 8.70cm. The object is 13.2

cm tall and at a distance 19.3 cm from the mirror. (a) Find the location and height

- of the image. (b) Find the height of the image produced by the mirror if the object is
twice as far from the mirror.

Solution: Given that,
Focal length f=8.70 cm

Object height h, = 13.2 cm ' ‘
Distance of object p=19.3 cm. '

To Find: )

(a) (1) Location of image q = ?

(11) Height of image h,=? ~
Calculation: (i) Using the formula

ey e S |

]
- +
’ f .
o L-L1

‘ a T "

. q p ) /
By putting the values | . |

] 1 | | ‘,
87cm 19.3cm :

Qa | —

Il




LA L7V capacitor holds 0,06 coulombs of charge when fully charged by a 9 volt battery.
Calculate capacitance of the cupubitoi‘.

Solution: Given that,
( l.l‘u';c Q=0.06 C
Voltage V=0V

To Find: Capacitance C =2

Calculations: Using the formula

Q=CV
Or = g
"

By putting the values
- 0.06C
- LY |
C=0.67% 107" F Ans, |
13.1.8 \ capacitor holds 0.03 coulombs of charge when fully charged by a 6 volt battery. How
much voltage would be required for it tg hold 2 coulombs of charge?

Solutions: Given that

Charge = Q=0.03C

Vollage V=6V
To Iind: Voluge to hold 2C of charge V = ?
Cualculations: Sinee

003C -6V

%
()r [ = s
103
I heretorg
-). X (_)}1_ A
.03
1200V

Y

bl

Vo= 400V o ADs.



Nabeela uses a concave mirror when applying makeup. The mirror has a radius of
curvature of 38.0 cm. (a) what is the focal length of the mirror? (b) Nabeela is
located S0cm from the mirror. Where will her image appear? (c) Will the image be
upright or invited?

Solution: Given that,
Radius of curvature R =38 cm

Distance of object -p = 50 ¢cm

To Find
(a) Focal length f=27
(b) Distance of image q = ?

(¢)

Nature of image = 7

Calculation (a) Using the formula

(b)

(¢)

R . _
f=— ‘
2 - |
. 38cm
or b=
2
f=19cm Ans
Using the forimula
S
— TS et
f q p
[
Or —=m=-—
g L p
By putting the values
I I I
9 [9¢m = S0cm
- SO =19
(19) (50)cm
B 31
950 cm
950 c¢m
q=. =
31
q = 30.64cm  Ans
Becatse magnification m = S positive. so image will be upright.

P



12.8  An object 4cm high is placed at a distance of 12cm form a convex lens of focal length
8cm. Calculate the position and size of the image. Also state the nature of the image.
Solution: Given that,

Height of object ho = 4em
Distance of object  p = 12¢m
Focal length f =Scem
To Find
(1) Position of image q="
(11) Size of image hi =7
() Nature f the image = 7
Calculations: (i) Using the formula
[
= S
FEp oq
O
or —=—-—
q f p
By putting the values
1 l
q 8cm 12cm
_ 12 -8
(8) (12)cm
_ 4
96cm -
_ 96cm
4 L
| q= 24cm Ans.
(11) . We know that
5_4a
h, p

or h=3xp
p

By putting the values

h; = s ] x 4cm
12cm
h; =8 cm Ans

(iii)  Since the lens in convex and size of image is larger than thie size of the object, therefore.
image formed is real, inverted and magnified



129 An objeet 10cm high is placed at a distance of 20cm from a concave lens of focal
length 15¢m high is placed at a instance of 20 cm from a concave lens of focal length
ISem. Calculate the position and size of the image. Also state the nature of the

image. '
Solution: Given that.
Size of object ho = 10 em
Distance ot object p = 20cm
Focal length f = -15cm (for concave lens)
To Find
(1) Politico of image q="1
(11) Size of image hi=7?
(111)  Nature of image =7
Calculations: (1) Using the formula
| T
D
£ p g
: ] 1 1]
or —=—-—
q f p

By putting the values
1 |

q IScm - 20em

= -57cm Ans.
(11) We know that

p
Or hi:'q—xho
P

By putting the values
_ -857cm

| 20cm
hj=4.28cm Ans

(iii)  Since the lens is concave and object is larger in size than the size of the image, therefore,

the image in virtual, eract and diminished.
12.10 A convex lens of focal length 6¢cm is to be used to form a virtual image three times

the size of the object. Where must the lens be placed?
Solution: (iiven that,

Focal length f=6cm (For virtual image)

istance of image a=23p

10cm



To Find: Distance of object p = ?
Calculations: Using the formula
[

f'p q
By putting the valuses
I I
—_ = 4
6cm p  3p
I _3-1
6bcm  3p
2
6ecm  3p
Or 3p=12cm
~_ 12em
3

p = 4cm  Ans. ,
~12.11 A ray of light from air is incident on a liquid surface at an angle of incidence 35°.
Calculate the angle refraction if the refractive index of the liquid is 12.5. Also
calculate the critical angle between the liquid air inter-face.

Solution: Given that, '
Angle of incidence i = 35"
Refractive index n =1.25
To Find
(1) Angle of refractionr="?
(11) Critical angle C=?
Calculation: (1) Using Snell’s law
' sini
— =n
f
_Orsinr= ot _
n -
By putting the values
~sin(35")
[.25
: 0.57
sinr= —
1.25
= 0.456
r = sin” (0.456) .
ro= 27.13"
(11) For critical angle. We know that
(1

sin(':\
n



or C =sin" (lj
in

By putting the values

. ...( l ) ’
=8 | — | _
5 .

1.2
= sin”' (0.8)
C=52.13" Ans
12.12 The power of a convex lens is 5D. At whit distance the object should be placed from
the lens so that its real and 2 times larger image is formed.

Solution: Given that ' |

Power of the lens p = 5D

Size of image ~ q=2p
To Find: Distance of object p=7?
Calculations: Using the formula

Power of lens p = I

f
or 5 =l‘
f
or t = 1
5
or f=02m

—

= —x]100¢cm=20cm
10

Now using the formula
I 1 1

f q p
By putting the values
I I

+

~20ecm p 2p
12+
20em 2p
I3
4 200n1_—2—p
2p =60 cm
~ 60cm

P 2

p =30cm Ans.



REVIEW QUESTIONS

SJl
wn

Demonstrate by an experiment that a magnetic field is produced around a straight current
carrying conductor.

See Q. No. 2 ‘
State and explain the rule by which the direction of the lines of force of magnetic field
around a current carrying conductor can be determined.

See Q. No. 5

Your are given an unmarked magnetized steel bar and bar ‘magnet its north and south ends
marked N and S respectively. State how would you determine the polarity at each and the
unmarked bar? ,

When one end of unmarked magnet bring close to end ‘N’ of marked magnet. If marked
magnet attract the unmarked then this show that there is south pole on unmarked and if
"N” pole of marked magnet repel the end of unmarked, this show that there is also north
"N’ pole of unmarked magnet.

When a straight current carrying conductor is placed in a magnetlc field, it experiences a
force. State the rule by which the direction of this force can be found out,

See Q. No. 5

State that a current carrying coil in a magnetic field experiences a torque.
See Q.No. 6

What is an electric motor? Explain the working principle ofD C motorr’
See Q. No. 7

Describe a simple experiment to demonstrate that a changing magnetic field can induce
e.m.fin a circuit,

See Q. No. 8

What are the factors which affect the magnitude of the e.m.f induced in a circuit by a
changing magnetic field?

See Q. No. 9

Describe the direction of an induced e.m.f in a circuit? How this phenomenon is related
to the conservation of energy?

See Q.No., 10
Draw a labeled diagram to illustrate the structure and working of A.C. generator.
See Q.No. 11

What do you understand by the term mutual induction? Name and define SI unit of
mutual inductance.

See (Q.No. 12

What is transformer Explain the working of transformer in connection with mutual induction.
See (Q.No. 13



Ans:

,_.‘
th
[ ]

Ans

15.3

Ans:

Ans:

U
9] ]

Ans:

Ans:

. CONCEPTUAL QUESTOINS

Suppose someone handed you three similar iron bars and told you one was not
magnet but the other twa were. How would you find the iron bar that was not the
magnet,

'ake two bars at a time and test the nature of force.between their ends. This can be done
by bringing two bars close together. If changing the ends of two bars also changes the
nature (attraction or repulsion) of force, it means both bars are magnet. If there exists a
force of attraction (even on charging the ends) between the bars, it means one of the bars
is not magnet. To test which one is not magnet bring each bar close to the third bar. In
case of attraction between bars (even by changing their ends), the first (or second) bar
will not be magnet while the-third bar will be magnet.

Suppose you have coil of wire and a bar magnet. Descrlbe how you could use them
to generate and electric current. :

By moving a magnet and coil towards each other or away form each other would induce
voltage in the coil. This induce voltage will cause current in the coil. You can also induce
current in the coil by moving magnet and keeping the coil fixed and vice versa.

‘Sensitive
Galvanometer

Which devise is used for converting electrical energy into mechanical energy?

Motor is an electrical device which can be used to convert electrical energy into
mechanical energy as in fans.

Suppose we hang a loop of wire so that it can swing easily. If we now put a magnet
into the coil, the coil will start swmgmg Which way will it swing relative to the
magnet and why?

The coil will swing opposite to the direction of motion of the magnet according the lenz’s
law. It 1s due to lhc fact that current in the coil is always induced in such a way so as to
cancel the cause which induces it.

A conductor wire generates a voltage while moving through a magnetic field. In
what direction should the wire be moved; relative to the field to generate the
maximum voltage?

To generate maximum voltage through the conductor, it must be moving perpendicular to the
direction of magnetic ficld in this case maximum magnetic force will act upon the conductor.
What is the difference between a generator and a motor?

A motor is essentially an clectrical inventor that operates in reverse. A generator converts
clectrical energy into mechanical energy. Where as a motor converts clectrical energy

into mechanical energy.



15.7
Ans:

15.8

Ans:
15.9
Ans:

What reverses the direction of electric current in the armature coil of D.C. motor?

To reverse the direction of current the connection to coil is made through an arrangement
of brushes and a ring that is split into two halves, called splitting commutator. The split
ring is ranged so that each half of the commutative changes the brushes just as the coil
reaches the vertical position. Changing brushes reverse the current in the loop.

Commulatar

Brushes

A wire lying perpendicular to an external magnetic field carries a current in the
direction shown in the diagram below. In what direction will the wire move due to
the resulting magnetic force? o

According to Fleming’s left hand rule it will move downward direction.
Can a transformer operate on direct current?

No, the cycle doesn’t change in D,C. that is why there is not change in magnetic flux in.
core of transformer, that is why, there is no change of flux in secondary coil and current
is not induced. :

INFORMATION BASED QUESTIONS AND THEIR ANSWERS

Activity (Page 129)

Q.1

Ans.

Suppose the direction of current passing through two straight wires is same. Draw
the pattern of magnetic field of current due to each wire. Would the wires attract or
repel each other? '

When current flows through wires in the upward direction, the magnetic field lines
around each wire are in the form of concentric circles as shown in fig.

| 'y

D)@

The magnetic field lines of two wires cancel the effect of cach the in the space between
them. Hence, the two wires attract cach other duc to weak magnetic ficld between them
and the stronger magnetic ficld on the other sides of the wires.




(7)

(8)

9)

EXERCISE

MULTIPLE CHOICE QUESTION

Which statement is true about the magnetic poles? .

" (a) Opposite poles repel (b) Like poles attract

(¢) Magnetic poles do not effect each other.(d)A single magnetic pole does not exist
What is direction of the magnetic field lines inside a bar magnet?

(a) From the pole of south pole 6 From south pole to north pole
(¢) From side to side (d) There are no magnetic field lines
The presence of a magnetic field can be detected by a

(a) Small mass (b) Stationary posmve charge

(¢) Stationary negative charge (dJ Magnetic campus

If the current in a wire which is placed perpendicular to a magnetic field increases,

the force on the wire | ‘

(arIncrease (b) Decrease (c) Remain the same (d) Be zero

A D.C motor converts -

(a) Mechanical energy into electrical energy (b) Mechanjcal energy into chemical energy
¢) Electrical energy into mechanical energy (d) Electrical energy into chemical energy

Which part of a D.C motor reverses the dlrectlon of current through the coil every

half cycle?

(a) The armature ) The commutator  (c) The brushes (d) The slip rings
The direction of induced e.m.f in a ciicuit in accordance with conservation of
(a) mass (b) charge (c) momentum ) energy

The step-up transformer - '

(a) Increase the input current \G{{) [ncreases the input voltage

(¢) Has more turns in the primary (d) Has less turns in the secondary

The turn ratios of a transformer is 10. It means

(a)ls=101p (b) Ny =N,/10 (I Ng= 10N, (d) V.= Vp/10

ANSWER KEY
Ans Ans

Ans Ans

C




SHORT QUESTIONS

1S 2uud H.Z ‘Magnetic Eftects of a Steady ¢ Current and Force on a Current — Carrying
* Conductor Placed in Magnetic Filed

(h How magnetic lines of force are formed in the str.ught current carrying conductor?
Ans: When current passes through a conductor, a

magnetic field 1s produced i the space A

around it. If the conductor is a straight wire, ; . |

the lines of force of this magnetic field - © 7 Magrenc feld

would be in the form of concentric circles . A I I Lo

These lines of force can be traced on a piece

of cardboard with the help of a compass Ao

needle.
(2) Whatis Right Hand Grlp Rule?
The Right Hand Grip Rule:

“Grasp a wire with your right hand such that your thumb pointed in the direction of the
conventional (positive) current. Then curling tingers of your hand will point in the

direction of the magnetic field

(3)  What do the cross (x) and dot (s) stand for?
Ans: A dot (e) indicates that the current is directed out of the plane of the paper i.e. it is

flowing towards us where as a sign of cross (x) w ould mean that the current is directed
into the paper i.c. it is flowing away from us.

(4) Write down the rules to find the polarity of solenoid.
Ans: Right Hand Grip Rule:

[f we grip the coil with our right hand by curling our fingers in the direction of the
conventional current, our thumb will indicate the north of the coil.

Field (North)
i

NI s

Current




(6)

Ans:

(7)

Ans:

(8)

%)

(10)

Ans:

15.3 and 15.4 Turning effect on current carrying

State Fleming's Left Hand Rule.

The direction of the force acting on the wire can be determined by Fleming’s left
hand rule.

“According to this rule. stretch the thumb, forefinger and the middle finger of the lefi
hand mutually at right angle to each other. If the forefinger points in the direction of the
magnetic field, the middle finger in the direction of the current, then the thumb would

indicate the direction of the force acting on the conductor”.
Force Magnetic field

/

Current

When the force on the current carrying conductor in a magnetic field is maximum
and when it is minimum? : =
When the current carrying conductor makes an angle of 90° with the magnetic field or it

Is perpendicular to the field, force on it is maximum. If the conductor is placed along or
parallel to the magnetic field, no force acts on the conductor.

coil in mlnetlc held and D.C motor

What is D.C. Motor? ‘ 7

*D.C. motor is a device that converts the electrical energy into mechanical energy, which
is utilized for different types of work™. '
Describe working Principles of D.C Motor.

Working Principles

When a current-carrying coil is placed in magnetic fi f'eld it experiences a couple due to
which the coil begins to rotate. A D.C motor operates on this principle., '

How can we make the coil of D.C Motor rotate continuously _
The coil can be rotate continuously by reversing the direction of the current just as the
coil reaches its vertical position. This reversal of current will allow the coil to rotate
continuously. To reverse direction of current, the connection to coil is made through an
arrangement of brushes and a ring that is split into two halves, called a split ring
commutator as shown in figure. Brushes, which are usually pieces of graphite, make
contact with the commutator and allow current to flow into the loop. As the loop rotates,
so does the commutator. The split ring is arranged so that each half of the commutator
changes brushes just as the coil reaches the vertical position. Changing brushes reverse
the current in the loop.  As a result, the direction of the force on each side of the COII 1S
reversed and it continues to rotate.

What is the function of split rings in D.C. motor?
Split rings connect the coil to the battery through carbon brushes. When coil rotates

between the pole pieces of a magnet, split rings keep the current in the same direction in
the rotating coil. Split rings change the direction of current in the sides of coil after every

half cycle, so the direction of force is changed after every half cycle.



(LD How the total force acting on the armature can be increased?
Anst o The wotal foree actine on the armature can be increased by

4 Increasing the number of turns on the coil
4 Increasing the current in the coil
+  Increasing the strength of the magnetic field |
% Increasing the arca of'the coil
(12)  What is the function of carbon brushes in D.C. motor?
Anst Two carbon brushes are used to press slightly against the split rings by means of springs
and give continuous passage of current to the cail.

15.5, 15.6 and 15.7
Law and A.C
(13)  Define electromagnetic induction.

Ans:  The process of generating an induced current in a circuit by changing. the number of
magnetic lines of force passing through it is called eluctromagnetlc mductlon

Sensitive

Ans:
Lenz’s

Elcctromagnetic [ndiction, Direction of Induce e.m.f -
pencrator ol i

Galvanaoameter

(14)  State Faraday law of Electromagnetic Induction.
Ans: “The value of the induced e.m.f is directly proportional to the rate ofchange of flux”.

Mathematically:
: : . . d¢
e.nm. f = rateof changeof magnetic flux o
' t

(15) Define A.C. Generator. ‘
Ans: “A device which produces or genecrates an alternating e.m.f 1s called A.C. generator”.

A.C. generator converts mechanical energy into electrical energy.

(16)  Write down the pnncnple of A.C. generator.
Ans:  When a coil rotates in a magnetic field, the flux passing lhr()UOh it continuously changes.

This change of flux induces an e.m.f in the coil. This is the principle on which an A.C
generator works.

(17)  What is meant by magnetic flux? When it is maximum and minimum?
Ans:  “The number of magnetic lines of force passing through a certain surface is known as

magnetic flux passing through that surface™ -
It is maximum when the arca is held perpendicular to the direction of magnetic lines and

minimum when the arca is held parallel to the direction of magnetic lines of force.



Y
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(18) Is it possible that a constant current flowing in a coil produces an induced current in
another coil? : o
Ans:  No. a constant current flowing in one coil cannot produce induced current in another coil.
In order to produce induced current in another coil, the current in first coil must be
changing continuously so that magnetic flux may pass through another coil
15.8 and.15.9 Mutual induction and Tr
(19)  Define Mutual induction. :
Ans:  “If a current is induced in a circuit due to a change of current in another circuit, this

ansformer.

phenomenon is-known as mutual induction”
Unit:
S.I unit of mutual induction 1s Henry

Yl

(20)  Define Self Induction.
Ans: “If the current through a coil or a circuit changes and this change induces an e.m.f in the
circuit itself, the phenomenon is known as s¢lf induction™

(21) Define Transformer.
Ans:  “This is an electrical device which is used to increase or decrease the value of altemating voltage™

Primary Secondary
I Ai : \

IRON CORE

Rasult

<<
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(22) What do you know about Primary coil and Scecondary coil?

Primary coil
Ans:  “The coil of transformer in which the change m current produces induced current in
another coil is known as primary coil™.



Secondary coil

(24)

Ans:

(26)

Ans

v . N . ‘ " £ ¥ . e o RS
" The second coil of transformer in which current is induced is known as a secondary coil”.

- Stepup

livan Lianstotitwe

wore \

[N IC TRTRIEY Poamany Sevondary Lledinaty
i N T Cenl 7> oul
tinpuaty (output)

Detine Step Down Transtformer and Step Up transformer.
Step Down Transformer

[t the number of turns in the secondary coil is less than the number A h

of turns in primary coil (N; < N,). then such transformer is called

il

Lo]

step down transformer. It is used to decrease the A.C. voltage, {

Step Up Transtormer

It the voltage applied to the primary coil is to be increased, the ] s

number of turns in the secondary would be larger as compared é --‘L:t~, M é
. . b
N . . ’ ~ q

to- number of turns in- the primary. (N, <N ) ‘Such a L= J

transformer is known as a step up transformer.

What is the function of core in the transformer?
The iron core enhances the magnetic flux produced in the prlmaly coil and the magnetic

flux linked to the secondary coil through iron core.

State Lenz’s law? v
“The direction of an induced current in a
circutt 1s always such that it opposes lht.

cause that produces it”

Prove that Lenz law is a manifestation of the law of conservation of energy.

or
How does Induce e.m.f relate to conservation of energy?

Induce e.m.fand conservation of energy

[ we apply the law ol conservation of energy to electromagnetic induction, we realize that
the electrical energy induce in-a conductor appears from the Kinetic energy of the moving
macnet. We do some work on the magnet o bring it close to the solenoid. This work done
conscquently appears as clectrical energy is the conductor. Thus mechanical energy of our
hand used to push the magnet towards or away from the coil results mto electrical cnergy,
[ence Lenz Taw is a mantfestation ol the law of conservation of energy.



Why alternating voltage is stepped up at the generating station?

\ns: o Llectrie power s usually generated at places which are far from the places where 1t 1s
consumed. The power is transmitted over long distances at high voltage to minimize the
loss of eneray in the form of heat durmg__, transmission. -As heat dissipated in- the
transmission cable of resistance R is 17 Rt Hence by reducing the current through the
cable. power loss in the form of heat dissipation can also be reduced. So the alternating
voltage is stepped up at the generating station,

(28)  How voltages are stepped down?

High voltages are transmitted to the main sub-station. This voltage is stepped down and is
transmitted to the switching transformer station or the city sub-station. At the city sub-
station it is further stepped down to 20V and supplied to the consumer.

(29)  Why mains power is supplied as alternating current?

Transformers play an essential part in power distribution. Transformer work only with
AC. This is one reason why mains power is supplied as alternating current.

(30)  Whatis an electromagnet?

Electromagnet
“Magnetic ettect of current is called electromagnet™.

(31)  Whatis Relay Circuit ?

Relay Circuit | A P Sfm’ o 2nd

A relay is an electrical switch that opens N '::.r —— ok }..“_
~ r‘:- 7

and closes under the control of another e spsatares i - '“”J

clectrical circuit”™. The relay 1s used to AeReE " A "

control a large current with the help of small | }72‘/

current as shown in fig. :

‘ : Electromagnal sl arcutt p

(32)  Explain Working principle of relay circuit. ~—ql | o»--
Working principle of relay circuit C stswich

The 1™ circuit (input circuit) supplies current to the electromagnet. The electromagnet is
magnelized and attracts one end of the iron armature. The armature is then closes the
contacts (2™ switch) and allows current to the clectromagnet stops. Now electromagnet

J
looses its magnetism and the 2" switch is opened. Thus the flow of current stops in the

2™ cireuit.

Connect to 2nd

2nd swilch curecult
T R i
- e
Vot afitntlaie . )
. R S N N I
/] j | / / / U
' .} ! SRAAL
Livc tromagnut j Tstcarran ‘
& e q ' ' ' . \\ w
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LONG QUESTIONS

Q.1: What is meant by electromagnetism?

Electromagnetism’
“Electromagnetism is the study of magnetic effects of current.”

Q.2:  Demonstrate by an experiment that a magnetic field is produced around a straight
current carrying conductor also state the rule by which direction of the lines of force
of magnetic field around a current carrying conductor can be determined?

Magnetic Effects of a Steady Current

- Ampere discovered that whena current passes through a conductor it produces magnetic
filed around it.

Experiment:

To demonstrate this, we take straight, conductor wire and pass it vertically through a
cardboard. Now connect the two ends of the conductor wire with the terminals of the
battery so that current flows through the circuit'in the clock wise direction. The lines of
force of the magnetic field produced around the wire would be in the form of concentric
circles. As shown fig | (a). |

urrent- in
‘Currant-carrying Clufrl-arying

conauctor - <;onductor
! el ‘v ezl l Lines of
T o) "
e Lmesrot r Magnetic
| Magnetic | L
; TN Freld . i v
} / 1 | =/ Compass | p

/  Needle -

I
T\. A

Paper

Current
—————
Electromagnatic Field  Electromagnetic Field
(Clockwise) . (Anticlockwise)
Fig.15.1(a) Fig. 15.1(b)

[f we place compass needle at different points in the region of magnetic field, it will
align along the direction of magnetic field. Alsoif we sprinkle some iron filings on the
cardboard around the wire, they will align themselves in concentric circles in the
clockwise direction. |

If we reverse the direction of the current by reversing the terminals of the battery, the
compass needle also reverses its direction. Now the magnetic field lines will align in the
anticlockwise direction, .

The magnetic field produced is stronger ncar the centre of the current — carrying
conductor and weaker father away from it. As shown fig 1 (b).

Direction of Magnetic Field |
The direction of the magnetic ficld is governed by He direction of the current flowing
rough the conductor. A simple method of finding the direction of magnetic field around
the conductor is the Right Hand Grip Rule. :



/

Right Hand Grip Rule: ’

/

"Grasp a wire with your right hand such that, your thumb pointed in the direction of the

conventional (positive) current. Then curling fingers of your hand will point in the
direction of the magnetic field.” '

Q.4: Whatis solenoid? Explain magnetic field produced in current carrying solenoid.
OR |

Explain magnetic field produced solenoid in resents to bar magnet,
Solenoid:

A long coil of wire consisting of many loops is called a solenoid.
Magnetic Field of a solenoid: |

The field from each loop in a solenoid adds to the fields
of the other loops and creates greater total field strength
as shown in fig. Electric current in the coil-of ‘wire
produces magnetic field which is similar to the magnetic
field of a permanent bar magnet. When this current —
carrying coil is brought close to a suspended bar magnet,
one end of the coil repels the north pole of the magnet.

Thus, the current — carrying coil has a north and a south Fig. 15.4: Magnetic field
pole and use itself a magnet. , due to a coll
Electromagnet: _ 4

“The type of temporary magnet Wthh)S created when current ﬂows through a coil, is
called an electromagnet.”

Direction of the magnetic field: - W

The direction of the field prodtﬁ:/ed by a coil due to the flow of conventional current can
be found with the help of right hand grip rule stated as
Right Hand Grip Rule:

If we grip the coil with our right hand by curling our fingers in the dlrectlon of the
conventional current, our thumb will indicate the north of the coil.

Field (North)

N oimm

\‘H"‘";"‘AM

..,w;;

Current

FINR



EORCE ON 4 CURRENT-CARYYING CONDUCTOR PLACED IN A MAGNETIC FIELL
Q. 3:

Explain When a straight current-carrying conductor is placed in a magnetic field, it
experiences a force. State the rule by which the direction of this force can be found out.

Force on a current-caryying conductor placed in a magnetic field:

We Kknow that electric current produces a magnetic field similar to that of a permanent
magnet. Since a magnetic field exerts a force on a permanent magnet, it implies that
current-carrying wire should also experience a force when placed in a magnetic field.

Explanation:

The force on a wire in a magnetic field can be demonstrated using the arrangement. A

battery produces current in a wire placed inside the magnetic field of a permanent

magnet. Current-carrying wire produces its own magnetic field which interacts with the

field of the magnet. As a result a force is exerted on the wire. Depending on the direction

of the current, the force on the wire either pushes or pulls it towards left as shown in fig
L(a) and 1 (b) '

Fig. 15.6 Force on a current-carrying wire in magnetic field

Michael Faraday discovered that the force on the wire is at right angles to both the
direction of the magnetic field and the direction of the current. )

Factor affecting the force:
_ The force is increased if

e The current in the wire is increased

v

e Strength of magnetic field is increased 7
e The length of the wire inside the magnetic field is increased

Determining the direction of force

Faraday’s description cf the force on a current-carrying wire does wire does not
completely specify the direction of force because the force can be towards left or towards
right. The direction of the force on a current — carrying wire in a magnetic field can be
found by using Fleming’s left hand rule started as:

Fleming’s Left Hand Rule

Stretch the thumb, forefinger and the middle finger Thumb =Motion/ Force

of the left hand mutually perpendicular to each other.

[f the forefinger points in the direction of the First finger = field
magnetic field, the middle finger in the direction of

the magnetic field, the middle finger in the direction /& A .

of the current, then the thumb would indicate the > ll.l%'ll"ﬁ.ﬁ'““

direction of the force acting on the conductor. Second finger = current



Q.01 State that a current carrying coil in a magnetic field experiences a torque,
TURNING EFFECT ON A CURRENT - CARRYING COIL IN A MAGNETIC FIELD

[t mstc_ud of a straight conductor, we place a current, carrying loops inside the
magnetic field, the loop will rotate due to the torque acting on the coil. This is also
the working principle of electric motors.
Explanation:

Consider a rectangular coil of wire with sides PQ and
RS, lying perpendicular to the field, placed between
the two poles of a payment magnet as shown in fig.
Now if the ends of the coil are connected with the
positive and negative terminals of battery, a current
would start flowing through the coil. The current
passing through the loop enters -from one end of the - .
loop and leaves from the other end. . K -

Now apply Fleming’s left hand rule to each side of the coil as shown in the fig. We can
see the PQ side of the loop force arts upward, while on the RS side of the loop force acts
downward. It is because the direction of the current through the two sides of the loop
facing the two poles is at right angles to the field but opposite to each other. The two
forces which are equal in magnitude but opposite in direction form a couple. The
resulting torque due to this couple rotates the loop, and the magnitude of the torque acting
on the loop is proportional to the magnitude of the current passing through the loop. If we
increase the number of loops, the turning effect-is greatly increased. This is the-principle
involved in electric motors. K ' :

15.4 D.C Motor _
Q.7 What is electric motor? Explain its construction and working principle. -
Electric Motor |

It is an electrical apparatus (device) that converts electrical energy into rotational kinetic
energy’ . '

Working Principles

When a current-carrying coil is placed in magnetic field, it experiences a couple due to
which the coil begins to rotate. A D.C motor operates on this principle. '

Construction of D.C Motor

D.C motor consists of a rectangular coil
PQSR mounted on a shaft or axle. Coil is
placed in a field of permanent magnet or in a
field  which is  produced by an
electromagnet, called a field of coil. There
are two carbon brushes which are usually
pieces of graphite, These brushes are made -
the contact with copper ring. This ring 1s
split into two halves, called a split ring
commentators show in fig.1. ’




V' orking of D.C Motor

When the coil of the motor is connected to the battery, the current starts flowing through
it. The simple coil placed in a magnet cannot rotate more than 90°. The forces push the
PQ side of the coil up and the RS side of the loop down until the loop reaches the vertical
position. In this situation, plane of the loop is perpendicular t o the magnetic field and the
net force on the coil is zero. So the loop will not continue to turn because of the forces are
still up and down and balanced.

i. Function of Commutator

The coil can be rotate continuously by reversing the direction of the current just as the
coil reaches its vertical position. This reversal of current will allow the coil to rotate
continuously. To reverse direction of current, the connection to coil is made through an
arrangement of brushes and a ring that is split into two halves, called a split ring
commutator. Brushes, which are usually pieces of graphite, make contact with the
commutator and allow current to flow into the loop. As the loop rotates, so does the
commutator. The split ring is arranged so that each half of the commutator changes
brushes just as the coil reaches the vertical position. Changing brushes reverse the current
in the loop. »

As a result, the direction of the force on each side of the coil is reversed and it continues
to rotate. This process repeats at each half-turn, causing coil to rotate in the magnetic
ficld continuously. The result is an electric motor, which is an apparatus that converts
electric energy into rotational kinetic energy. .

[n a practual electric motor the coil, called a armature, is made of many loops mounted on
a shaft or axle. The magnetic field is produced either by permanent magnets or by an
electromagnet, called a field coil. The torque on the armature, and as a result, the speed of
the motor, is controlled by varying the current through the motor. '

Factors effecting on force .

0.8

£5.5 'Efectromagnetic Induction

The total force acting on the armature can be increased by
o Increasing the number of turns on the coil

» Increasing the current in the coil

o Increasing the strength of the magnetic field

o Increasing the area of the coil

»
-,

Describe by an experiment to demonstrate that changing magnetic field can induced
e.m.fin a circuit?

OR

What is electromagnetic induction? Explain with experiment that a changing
magnetic field can induce an e.m.fin circuit? .

Electromag.aetic Induction

“The process of generating an ‘induce current in a circuit by changing the number of
e etic lines of force passing through it is called electromagnetic-induction™. \



Explanation

Hans Christian oersted and Ampere discovered that an electric current through a
conductor produces a magnetic field around it. Michael Faraday described that change of
magnetic field in any circuit must produce an electric current in it
Honery also showed that a changing magnetic field could produce electric current,
Magnetic flux . -
The number of magnetic lines of force passing through any surface is known as strength
of magnetic field (magnetic flux).
How e.m.f. is induce in the coil? .
Strength of the magnetic field is maximum when the surface is held perpendicular to the
magnetic lines of force.
Strength of the field is minimum when surface is held parallel to the magnetic lines of force.
Magnetic field of a bar magnet through coil
In case of a bar magnet the lines of force are emerging from north pole of a magnet. If we
place a coil in the magnetic field of a bar magnet, some of the magnetlc lines of force w111
pass through it. :
When the coil is far away from the magnet '
If the coil is far away from the magnet, only a few lines of force will pass through the coil.as
shown in fig a.
When the coil is closed to the magnet
[f the coil is close to the magnet, a large number of lines of fm(.e will pass through it, In
this way we can change the number of magnetic lines of force through a coil by moving it
in the magnetic field. This change in the number of magnctlc field lines will mdu(,e and
e.m.f in the coil as shown in fig b.

Note: This is the basic principle of production of electricity and working of transformer.
Experiment: | ‘

Take a rectangular loop of wire and connect its two ends with a galvanometer. Now hold the
wire stationary or move it parallel to the magnetic field of a strong u-shaped magnet.
Galvanometer shows no deflection and hence there is no current. Galvanometer shows no
deflection and hence there is no current. Now move the wire downward through the field,
current is induced in one direction as shown by the deflection of the galvanometer (Fig. 15.3-
b). Now move the wire upward though the field, current is induced in the opposite direction.

[t implies that an electric current is generated in a wire only when the wire cuts magnetic
field lines. This induced current is generated by induced e.m.f. in the circuit. Faraday
found that to generate current, cither the conductor must move thorugh a magnetie field
or a magnetic ficld must pass through the conductor.



Conclusion:

[t is concluded that an electric current is generated in a wire only when the wire cuts
magnetic field lines. This induced current is generate by the induced e.m.f in the circuit.

Q.9 Sates Faraday’s law of electromagnetic induction. Explam with experiment how
current is induced in a solenoid? Write factors.

Faraday’s law of electromagnetlc induction

“The value of induced e.m.f in a circuit is dlrectly propomonal to the rate of change of
number of magnetic lines of force through it.” :

lnduce current in solenoid

Faraday perform experiments in which a current is
induced by moving a magnetic into the solenoid or
out of the solenoid. :

When the magnet is stationary, no current is induced.
When the magnet is moved towards the solenoid, the
needle of galvanometer ~defects towards right,
indicating that current is being 1nduced in the
solenoid. As shown fig (a).

When the magnet is pulled away from the solenoid,
the galvanometer deflects towards left, indicating that
the induced current in the solenoid d is in the opposite

direction as
. shown in fig.(b) |
Conclusion '

From the experiments it is concluded that an e.m.f in induced in the coil when there is a
- relative motlon between the coil and the magnet

Electromagnetlc Induction

The phenomenon in which an e.m.f is induced due to the relative motion between the coil
and the magnet is called electromagnetic induction.

Factors affecting induced e.m.f |
The magnitude of induced e.m.f in a circuit depends on the following factors:
1. Speed of relative motion of coil and magnet
i Number of turns of coil.

1. Amount of current passing through coil.



- Lens’s Law

Q.10 State Lenz’s law? Describe the dlrection of an induced e.m.f in a circuit. HOW does
this phenomenon relate to conservation of energy?

Lenze’s Law : | | |

Divection of Wnduced et -

“The direction of an induced current in a circuit is always such that it Opposcs the cause
that produces it”.

Direction of induced e.m.f

Lenz devnsed a rule to find out the dlrectlon of a current mduced ina mrcunt
Experiment

If we bring a north pole of a bar magnet near a solenmd an e.m.f will be induced in the

solenoid by electromagnetic induction. —-—;;:?o?h
The direction of the induced current in the solen01d by W e
the induced e.m.f will be such that it will repel the north . '
pole of the magnet. This is only possible if the right end hen the N pole
the solenoid becomes North Pole. Hence according to ﬂ;\éﬂ‘:«’}‘éﬁ‘i}’
right hand grip rule the direction of the induced current Egﬁ:bgcé‘“
in the solenoid will the counter clockwise. ‘ L
The corl
Similarly, when we move the north pole of the magnet - ': 1 et o
away from the solenoid the direction of the mduced \ h
current will be clockwise. o ihon the N poie
of the magnet iy
) \‘rc%.! \2\’:?1
Induce e.m.f and conservation of energy . g‘“’"“"s""'

If we apply the law of conservation of energy to electromagnetic induction, we . realize

that the electrical energy induce in a conductor appears from the: kinetic energy of the

moving magret. We do some work on the magnet to bring it close to the solenoid. This -
 work done consequently appears as electrical energy is the conductor, Thus mechanical

energy of our hand used to push the ‘magnet towards or away from the coil results into

electrical energy. Hence Lenz law is a manifestation of the law of conservation of
‘energy. .

1I5.7 A.C Generator

Q.1. Whatis A.C. Generator? How Is it constructed” How current is mduccd in’ |t”
A.C Generator - ' :
- “A device which genera,tes an alternating e.m. f is called ‘A.C. generator”. A generator
" converts mechanica //energy into electrlcal energy. \
Principle of working
An A.C generator consists of a coil and magnet. When thls coil is made to rotate in. a
magnetic field, the\magnetlc flux through it continuously chdnges due to which an
alternating voltage is induced in it. Thus A.C. generator converts mechanical energy into
electrical energy. : '
Construction and Working - | ©
A snmple generator consists of a rectangular cml which is rotated between the poles of a
permanent magnet. Both the ends of the coil are soldered to the two slip rings ﬁ\wd on
the arm of the coil as shown in figure. ‘



Wbﬂ of rotation

Armature

Brus'hfst"'\l " Slip rings .
Two carbon brushes are kept in contact with these slip rings with the help of two springs.
Current is drawn from the coil through these brushes.
The armature is arranged so that it can rotate freely in the magnetlc field. As the armature
turns, the wire loops cut through the magnetic field lines and induces an e.m.f. The e.m.f.
developed -by the generator depends on the length of the wire rotating in the field.
’ lmreasmg the number of loops in the armature increases the wire length thereby
increasing the induced e.m. B o
Current from a generator
When a generator is connected in a closed c1rcu1t the induced e.m.f generates an electric
current.-As the loop rotates the strength and the direction of the current changes as shown in fig.

number of revolutions -

e
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Position 21 coidl w‘rth respact to direction of magnetic fNleld

“of B

e.mf generated —

The current is minimum when the plane of the loop is parallel to the magnetic field; that
is, when the loop is in the vertical position. As the loop rotates from the vertical to the
horizontal position, it cuts through large magnetic field lines per unit of time, thus the
e.m.f and the current increase. When the loop is perpendicular to the field, so the e.m.f
and the current reaches their maximum values. As the loop continues to turn, the segment
that was moving up begins to move down and reverses the direction of the e.m.f and the
current in the loop. This change in direction takes place each time the loop turns through
180", Thus, the e.m.f and the current change smoothly from zero to some maximum
values and back to zero during each half-turn of the loop.

Q.12 What is meant by mutual induction? Name and define SI unit of mutual inductance.
Mutual Induction:

“The phenomenon of production of induced current in one coil due to change of current
in a neighboring coil is called mutual induction”, j



Circuir:

Suppose a system of two coils A and B placed closed to each other. The coil A is
connected to a battery and a switch, while a sensitive galvanometer is connected to the
coil B, We obserye that as soon as the switch of the coil A is closed, the galvanometer
shows a momentary deflection. Similarly when: the switch is opened the galvanometer
again shows a deflection but this time its direction is opposit€ to that of the previous case.

Explanation

We can explain these observation using Faraday’s law -of electromagnetic induction.
When the switch of coil A is closed, a current is induced in the coil due to which
magnetic field id developed across the coil. Some of the magnetic lines of forces of this -
field start passing through the coil B. Since current is changing in the coil ‘A, hence
number of magnetic lines of force across the coil B also changes due to which a current is
induced in the coil B in accordance with Faraday’s law. When current in the coil A,
becomes steady, number of magnetic lines of force across the coil A also becomes
constant. Therefore there is no more change in number of magnetic lines of force through
the coil B due to which induced current in B reduces to zero. :

secondary

.
o

P'(Hll

Similarly when the switch of the coil A is opened, the flow of current through it stops and
in few moments its magnetic field reaches to zero. The number of magnetic lines of force
through the coil B decreases to zero due to which current is again induced in it but in

opposite direction to that in the previous case. o
Q.13  What is transformer? Explain its construction, working principle and types.
Transformer | -

“Transformer is an electrical device which is used to increase or decrease the value of

alternating voltage™.
Construction

A transformer has two coils, electrically insulated from cach other, but wound around the
same iron core. One coil is called the primary coil The other coil is called the secondary
coil. Number of turns on the primary and the secondary coils are 1Lp|C§Cde by Np and

N respectively'
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Working Principle

When the primary coil is connected to a source of A.C, voltage, the changing current
creates a changing magnetic field, which is carried through the core to the secondary coil.
In the secondary coil, the changing field induces a varying e.m.f. This effect is called

mutual inductance. -

Voltages and number.of turns of coil

The e.m.f induced in the secondary coﬁ, called the secondary voltage V is proportional to
the primary voltage V,. The secondary voltage also depends on the ratio of the number of .
turns on the secondary coil to the number of turns on the primary coil, as shown by the

following expressions,

s N
Vo Ns
Types
" There are two types of transformer
k ‘Step — up transformer
oL Step-down transformer
i Step — up transformer:

[f Ns>Np, then secondary voltage is larger
than the primary voltage, then the
transformer is called a step-up transformer.

il Step-down transformer:

If Np > Ns then the secondary voltage is
smaller than the primary voltage, then
transformer is called a step-down transformer.

An Ideal Transformer

Prirnary Secondary
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Fig (1.b) Step Up Transformer
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Fig (1.c) Step Down Transformer

[n an ideal transformer, the electric power delivered to the secondary circuit equals the"
power supplied to the primary circuit. An ideal transformer dissipates not power itself

and for such a transformer we can write:
Pp=Ps
Volp = Vil

¥
¢



Uses of transtformer

Q.14

Transtormer are used to increase or decrease AC voltages. Usage of transformers is
common because they change voltages with relatively little loss of energy. In fact, many
of the devices in our homes, such as game systems, printers and stereos have transformers
in side the;r, casings or as part of their connecting cords.

How high voltage transmission reach from power station to consumer?
Why alternating voltage is stepped up at the generating station?

Why heat dissipates in transmission?

Electric power is usually generated at places which are far from the places where it is
consumed. The power is transmitted over long distances at high voltage to minimize the
loss of energy' in the form of heat during transmission, -As heat dissipated in the
transmission cable of resistance R is I’Rt. Hence by reducing the current through the
cable, power loss in the form of heat d1551pat10n can also be reduced So the altematmg
voltage is stepped up at the generating station.

How voltages are stepped down?

High voltages are transmitted to the main sub-station. This voltage is stepped down and is
transmitted to the switching transformer station or the city sub-station. At the city sub-
station it is further stepped down to 20V and supplied to the consumer. A schematic
diagram of height voltage transmission is shown in fig. :

A To heevy
MRS e ) industries

tltion station "suhstntlon ;gatbon

Main power is supplied as alternating current.

Transformers play an essential part in power distribution. Transformer work only w1t]1
AC. This is one reason why mains power is supplied as alternating current.

Q.15 What is an electromagnetic? Explain its uses giving one practical example
Electromagnet ‘

“Magnetic effect of current is called electromagnet”.

Application:

This affect is used in many devices like relay, electric bell etc. soft iron gains and looses
magnetism easily in such devices.



Connedt W 21

Relay Circuit ' mesesn e
“A relay is an electrical switch that opens =
and closes under the control of another c ‘”““'"‘“'““/
electrical circuit”. The relay is used to fjfjfjf
control a large current with the help of small 5 oot © [ 1o
current as shown in fig. : S Vol e e

1ul swilch

Working principle of relay circuit

The 1™ circuit (input circuit) supplies current to the electromagnet. The electromagnet is
magnetized and attracts one end of the iron armature. The armature is then closes the contacts
(2™ switch) and allows current to the electromagnet stops. Now eIectromagnet looses its
magnetism and the 2™ switch is opened. Thus the flow of current stops in the 2n circuit:



: : NUMERICAL PROBLEMS

5.1 A transformer is needed to convert a mains 240 V supply into a 12V supply. If there
are 2000 turns on the primary coil, then find the number of turns on the secondary
coil.

Solutden:

Given Data:

V,=240V
Vi=12V
N, =2000
Required: N;=7?
Formula:
N, ¥,
NV,
Ng = YSXNp _ 12%2000 100

Vp 240

15.2 A step-up transformer has a turn ratios of 1:100.An alternating supply of 20V is
connected across the primary coil. What is secondary voltage?

Solution:
Given Data:
N,:N, =1:100
V!, =20V
. Required :
, V.=?
Formula
Np __1_ i}
N, 100
V. _ N,
Voo N
P 7’
N <V 10(
Vg = — /':l))X20
N’ I

T

V. =2000 Volt Ans



15.3 A step — down transformer has a turns ratio of 1:100. An ac voltage of amplitude
170V is applied to the primary. If the current in the primary is M mA what Is the
current in the secondary?

Solution:

Given Data:

NN, =1:100
N, e
N 100
Vp-l'JOv : '
Lb=ImA=1x10"A - : |
Required ‘ ‘ | o
Formula
B _N
Vo N,
V.‘.=—V—><V
| ,
=—]—x]70=l.7V
. 100 '

For an ideal transformer
Power of primary =Power of secondary
P =P, '
[,V = Vs

4 P =1
V. _
1x10‘3x170_1
1.7 ’ :
0.1A=1, = I; =0.1A Ans _ _
15.4 A transformer, designed to convert the voltage from 240 V a.c. mains to 12V, has
4000 turns on the primary coil. How may turns should be on the secondary coil? If
the transformer were 100% efficient, what current would flow through the pnmary

 coil when the current in the secondary coil was 0.4A?

Solution: . \

Given Data:

V, =240V

V=12V .

N, = 4000
Requ1red Ny=1
Formula:

N V



PN, 12x4000
v 240

/)

N, =200 Ans

;’\"‘\‘ —

L 0.4 x12
V 240

1

=0.02 A

15.5 A power station generates S00 MW of electrical power which is fed to a transmission
line. What current would flow in the transmission line if the input voltage is 250 kV?

Solution:
Given Data:
V=250x10"V
- Power=P= 500 x 10°W
Required: =7

Formula:  P=1V
P

1//

500x10°
250% 10 _
2x 10 A=1 = [=2KA Ans

=1

15.6 The diagram shows a wind turbine which a 150 kW generator with an output
voltage of 1000V. The voltage is increased by transformer T; to 10 000 V for
transmission to a town 5 km away through power lines with a total resistance of
20). Another transformer, T, at the town reduces the voltage to 250V. Assume that
the transformers are ‘Ideal’ when the system is running at full power (Figure from
the textbhook page ]43)

Solution:

Given Data:
P()wcr = P= 150 k W

P=150x10"W
At T, Vp =10000 V
; R=2Q
At T Vs =250
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REVIEW QUESTIONS

Describe, using one simple diagran in each case, what happens when a narrow beam of
elections is passed through (a) a uniform electric field )b a uniform magnetic field. What
do these results indicate about the charge on electron?

See QNo2 &3

Explain the working of different parts of oscilloscope.

Name some uses of oscilloscope.

Considering an oscilloscope explain,

(i) How the filament is heated ‘

Filament is heated electrically by a battery (6V Supply).

(i1) Why the filament is heated

By heating tilament a tme beam of electrons is obtained.

Why the anode potentlal is positive with respect to the cathode potential.

To accelerate the electrons emitted form heated filament posmve potential of anode is used.
In this way the electrons are focused into a fine beam as they pass through the anode.

Why a large potential is applied between anode and cathode.

After leaving the electron gun, electron beam passes between pair of horizontal. A large
potential difference is applied between anode and cathode, due to this potential electrons
are directed In specific direction. Higher voltage in short time produced and excellent
displaying wave tforms height voltage supply also heat the ﬁlament quickly and increased
the rate of thermo ionic emission.

Why the tube evacuated?

[onization of gases present in tube occur due to height voltage applied across tube, so it
must be evacuated. Due to ionization of gases a fine beam of electrons cold not be
produced and accelerate in specific direction.

What is electron gun? Describe the process of the thermipnié emission.

See Q. No2 &3 |

What do you understand by digital and analog quantifies? -

See Q. No 4 |

Differentiate between analog electronics and digital electrons. Write down names of
five analogue and five digital devices that are commonly used in every day.

See Q. No 4

State and explain for each case whether the information given by the following
devices is in analogue or a digital form.

(i) A moving coil voltmeter measuring the e.m.f of a cell

A moving coil voltmeter measuring th c.m.f of a cell provide mformation in the form of
analogue form.



(1) A microphone genéruting an electric current.

A microphone generating an electric voltage is also in the form of analogue form.

(ii) A central heating thermostat controlling the water pump.

Central heating thermostats controlling the water pump in the form of analogue signal.

(iv) Automatic traffic lights controlling the flow of traffic.

Automatic traftic lights also work on the basis of analogue quantities. |
16.9  Write down some benefits of nsing digital electronics over analogue electronics.
Ans:  The big advantage of digital electronics is quality.

There is no interference or loss of strength in digit signal traveling in an optical fibre.
Digit technology in TV gives excellent view and alloy you to be interactive,

Smart 1D cards are being developed. A single card can be passport, national insurance
card and driving license all in one. The card could also hold biometric data like an eye
retina scene and voice scene for unique identification and security. All of this data would
be held digitally in the tiny chip. Now, today everything is going digital like digital
-cameras are fast replacing traditional film equipment. You can download an image into a
PC and edit the picture. -

16.10 What are the three universal Logic Gates? Gwe their symbols and truth tables.
Ans.  See Q. No. 13-14:15

CONCEPTUAL QUESTIONS

16.1 Name two factors which can enhance thermionic emission.

Ans:Rate of thermionic emission depends upon the nature of the metal used, temperature and
surface area of the metal. By increasing the temperature and surface area of the cathode, rte of
therminonic emission can be increased.

16.2  Give three reasons to support the evidence that cathode rays are negatively charged electrons.

Ans: [N the beginning. no one was sure about the nature of cathode-rays. It was J.J. Thomson
who carried out many experiments and concluded that cathode-rays are negatively
charged electrons. The three reasons to support this evidence are as follows.

e They are attracted towards positively charged plate.
o They are deflected in magnetic field opposite to the direction of positive (.halUL
e Their charge to mass ratio (e/m) is equal to e/m of electrons.

Q. 16.3 When electrons pass through two parallel plates having opposite charges they are
deflected towards the positively charged plate. What important characteristics of
the electron can be inferred form this?

Ans:  From the deflection of electrons towards the p(mllvcly charged plate, we can casily
conclude that clectrons carry negative charge.

0. 16.4 When a moving electron enters the magnetic field it is deflected from its straight
path. Name two factors which can enhance clectron deflection.

Ans:  Two factors which cnhance the deflection of clectrons in a magnetic field are the
strength of magnetic field and speed of electron.



16.3

16.6

Ans:

16.7 .
Ans:

16.8

Ans:

In what ways is an oscilloscope a voltmeter?

In order to use oscilloscope as a voltmeter, switch OFF the time base and connect the
voltage to be measured to the Y-input terminals. In this way the deflection of the spot
would be vertically. The deflections is proportional to potential difference, which is to be
measured. In this way the input of CRO (i.e. internal resistance between Y-inputs
terminals) is very height, typically several million ohms. This makes an osc1l]oscope very
nearly an ideal voltmeter.

Tngger Controls

Oispilagy Horlzantal Controls

Vertical Controls n '
|
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‘ Bl ] ; ‘ -
' Display Controls v . i ! External Trigger
Powar Switch . ) ' ! Honzontal Input

Vertical Input .
( ~. B
Ground Clip
. E.»—‘ruw—;ﬂ ‘:[.."5--?-' ; .. 1 Probe

How can you compare the logicroperation X = A.B with usual operation of multiplication

From the truth table of AND operation it is clear that behave as multiplicative inverse.
Each time result is zero when is multiplied with any Boolean variable. Hence logic
operation X = A.B behave as operation of multiplication

NAND gate is the reciprocal of AND gate. Discuss. .

In NAND gate the value of AND gate is inverted by NOT gate. From the sets of inputs
and output given in truth table of NAND gate, its is clear that it is the reciprocal of AND
gate i.e. every time the value of output of AND gate is

Show that the circuit given as below acts as OR gate.

The electronic circuit which implements the OR operation is known as OR gate. It has
two or more than two inputs and has only one output. The values of output of OR gate are
always in accordance with the truth table of OR operation.. It means, the value of output
of OR gate will be *I" when one ol its inputs is at ‘I". The output will be *0°, when both
mputs are at "0,

A B X=A+B X=A+8B X=A+B

0 0 ' 0 l 0

1 0 1 0 1
0 | B | 0 1




Q. 16.9

Ans:

Show that the circuit given as below acts as AND gate,

B

The circuit which implements the AND operation is known as AND gate. AND gate has
two or more than two inputs and only one output. The value of output of NAND gate is
always in accordance with the truth table of AND operation. It means output of AND

gate will be *I" only when both of its inputs are at logic ‘I, for all other situations output
of AND oate will be 0°.

Q.1

Ans.

Q.2

Ans.

A B y " B AB | b
0 0 e T 1 0
0 1 1 0 T 0
1 0 0 1 1 0
1 1 0 0 0 1

INFROMATON BASED QUESTIONS AND THEIR ANSWERS
Point to Ponder (Page 147)

When a magnet is brought near to the screen of a television tube picture on the
screen is distorted. Do you know why?

Electromagnets are used to deflect electrons to the desired positions of the screen of a

television tube to produce clear picture. When a magnet is brought near to the screen of
the television tube, the spot of the electrons beam on the screen is distorted.

- Quick Quiz (Page 156)

Assume you have an Or gate with two inputs, A and B. Determine the output C, for
the following cases:

(a) A=1,B=0 (b)

If either input is one, what is the output?

A=0,.B=l

The value of the output of Or gate will *1°

when either of its inputs is -
case, the output C will be 1.

. Thus, n this



EXERCISE 3
MULTIPLE CHOICE QUESTIONS

The process by which electrons are emitted by a hot metal surface is known as

(a) Boiling (b) Evaporation

(¢) Conduction ) Thermionic emission-

The particles emitted from a hot cathode surface are ,

(a) Positive 1ons - (b) Negative 1ons (c) Protons Jd) Electrons

A
: X
—

The logical operation performed by this gate is

(a) AND (b) NOR €) NAND (d) OR
AND gate can be formed by using two :
(a) NOT gates. (b) OR gates MNOR gates (d) OR gates

The output of a two-input NOR gate is 1 when :
(a) Ais land Bis0 (b)Ais0and Bis \,{/) Both A and B are 0 d) Both A and B are 1
If X =A. B, then X is | when:

\/M/) A and B are | (by AorBis0 (c)A1s0 and Bis1 (d)Ais land Bis 0

The output of a NAND gate is 0 when .
(a) Both of its inputs are 0 \,et() Both of its inputs arc |
(c) Any of'its inputs is 0 ~ (d) Any ofits inputs s |
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BASIC ELECTRONICS

CATHODE RAY OSCILLIOSCOPES
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EMULTIPLE CHOICE QUESTIONS]

‘Thevmionic Emission

luvestigating the properties of Electrons

Cathode-Ray Oscilloscope (C.R.0)

The branch of applied physics which deals with the behaviour of electrons using
different devices for various useful purposes is '

(a) light (b) mechanics (¢) thermodynamics  (d) electronics
Who observed the deflection of cathode rays by both electric and magnetic fields?
(4) Newton (b) J.) Thomson - (¢) Plank (d) Charles
Cathode rays contain negatively charged particles called: :

(a) Neutrons (b) protons . (¢) clectrons (d) positrons

The process of emission of electrons from the hot metal surface is called;

(a) dynamic emission (b) electronic emission

(¢) thermionic emission (d) stutic emission

Metals contain large number of: | .
(a) free electrons - (b) Free protons (¢) free neutrons (d) bound electrons
For thermlonic emission typical values of voltage and current used are:

(a) 3v, 0.4A (b) 6V, 0.3A (¢) 5V, 0.3A S (dy 6V, 0.1A
Electron gun Is used to investigate the properties of; - :

(a) electron beam (b) nucleus (¢) neutron (d) proton

The degree of deflection of electrons from their original direction is proportional to;
(a) the speed of electrons (b) the strength of the electric field applied
(¢) the amount of current (d) the potential difference

A component of cathode-ray oscilloscope (C.R.O) is; :

(a) the electron gun (b) the deflecting plates

(¢) a fluorescent screen . (d) all of given

Electron gun has an electrode for controlling the flow of electron in the beam;
(a) grid C (b) grid A | (c) grid 13 (d)-grid G
The screen of a cathode-ray tube consists of a thin layer of;

- (a) aluminium (b) potassium (¢) phosphor ~(d) sulphur
Cathode-ray oscilloscope (C.R.0) is used in many field of science for;
(a) displaying wavetorms (b) measuring voltages
(c) range-finding ' (d) all given are true
To find the depth of sea-beds, C.R.O is used as:
(a) echo-sounding (b) displaying waveforms

¢) measuring voltage (d) range finding

Analogue and Digital Electronics

Basic Operations of Electronic-Lagi

Analogue quantities are;

(a) whose values vary continuously (b) whose values remain cosntatn
(¢) e.g. temperature of air . (d) all of given are true

Time , pressure, distance are all: .

(a) analogue quantitics (b) variable quantiites

(c) nominal quantities () digital quantities -



(16)  Which is an analogue circuit which amplifies the singals without chaninging 1ts
shape to such an extent that it can operatre a loudspeaker?

(a) Galvanometer (b) Manometer (¢) amplifier (d) Optical fiber
(17}~ The quantities whose value vary in non —continuous manner are called;

(@) analogue quantities | (b) digital quantities -

(¢) statistic quantities (d) continuous quantiies
(18)  Those quantities whose value vary centinuously or remain constant:

(a) Analogue (b) Digital (c) Hybrid (d) All of them
(19)  Which of the following is an analegue device?

(a) Electric fan (b) Electric iron (c) Radio receiver (d) All of them
(20)  Electronics which provides the data in the form of maximum and minimum voltage

signals: : .

(@) Analogue (b) Digital (¢) Hybrid (d) All of them
(21)  Which of the following are digital devices?

(a) Computer (b) Mobile phone (c) Digital camera  (d) All of them
(22)  Circuits which convert the digital signal into analogue signals:

(a) ADC _ (b) DAC (¢c)CAD (d) None of them
(23)  Circuits which convert the analogue signal into digital signal:

(a) ADC (b) DAC (¢) CAD (d) None of them
(24)  Digital electronics uses two digits.

(a) 0,2 (b)0,3 - (c).0,1 (d) 0,4
(25) A switch has only possible states.

(a) Two (b) Three (c) Four (d) Five
(26)  The states of Linary variables are usually represented by the digits;

(a) 1.2 (b) 0,2 (¢)0,3 (d) 0.1
(27)  George Boolean invented a special algebra known as algebra of logics or

(a) Boulean algebra (b)) Geometry (¢) Ratios (d) Trigonometry
(28)  Boolean algebra operates with two logic states represénted by two distinct voltage level.

() 0,2 (b) 0,3 L (c) 1,0 : (d) 1,1
(29) The number of operations of Boolean algebra are: -~

(a) | (b)2 (c)3 (d) 4
(30) In Boolean Algebra zero represents: _

(a) Zero potential (b) Ground potential (c¢) Low potential. (d) Botha & b

(31)  In Boolean Algebra 1 represents:
(a) 5V (b) 1V (c) Botha & b ~ (d) Nonc of above

(32)  The logical operation, whose output will only be one if its all inputs are 1:

(a) AND (b) OR (¢)NOT (d) All of above
(33)  The logical operation, whose output will only be zero if its all inputs are zero:

(a) AND (b) OR (¢c) NOT (d) All of above
(34,  AND operation is just like ------- -- combinations of resistors:

(a) Series (h) Parallcl (¢) Both () None of above



(36)

(37)

(38)

(39)

(40)

(41)

(52)

o

AND operations is represented by:

(a) Dot (e) (b) Multiplication sign (c) Any sign | (d) Botha &b
OR operation is just like --------- combinations of resistors:

(a) Serial (b) Parallel (c) Bo_th - (d) None of above
OR operations is represented by: | |

(a) Dot (e) (b) Multiplication sign (c) *+ 51gn ~ (d)Botha&b

The various operations of Boolean variables are also.called:
(a) Boolean constants (b) Algebraic operations (c) Logic operations (d) Both b & ¢

The circuit which implements the AND operation is called:

(a) AND gate (b) AND circuit (¢) OR gate " (d)Botha&b

The circuit which implements the OR operation is called:

(a) AND gate (b) OR circuit” - (c) OR gate ~ (d)Bothb&c

The word “truth” that is used in Boolean algebra is borrowed from:

(a) Mathematics (b) Italian (c) Geometry (d) Subject of Logic
If switches S; and S, both are open the lamp is:

(a) ON ' (b) OFF |

(¢) sometime ON and sometime OFF (d) Neither ON nor OFF

In case of OR operation the lamp is Off when:

(a) Sy and S; are open ‘ (b) S, is open and Sw is closed

(c) S) i1s closed and S» 1s open (d) S, and S are closed

OR operation is represented by the symbol of (+) and Boolean expressnon for OR is:
(a)x=A+B (b)yx=A-B (c)x tA=A (d) X = A+B

NOT operation is represented by:

(a) line (b) bar over the symbo]
(c)both A & B ” (d) (.) dot

Value of a Boolean variable 1 after NOT operation is; '

(a) 0 | (b) +1 | (c) -1 (d) -2-

After NOT operation the value of Boolean variable 0 is; .

(a)0 (b) +1 (c) -1 (d) 1

NOT gate is also called;

(a) converter (b) inverter (¢) adder - (d) substractor

NAND operation is simply an AND operation followed by a;

(a) NOR operation  (b) OR operation (¢) NOT operation  (d) AND operation
NOT operation is also known as:

(a) Gate (b) Inverter (c) Converse (d) All of above

Number of input(s) of NOT operation are:
(a) | (b) 2 (c)3 (d) 4
The circuit which is used to implement NOT operation:

(a) AND gate (b) NOT gate (¢) OR gate ' (d)Botha& b



(33)  NAND gate is the combination of:

(a) AND & OR (b) AND & NOT  (c)NOT & OR (d) None of them
(34) A and B are two inputs of NAND gate. Its output would be zero when

(a) A=0, B=0 (b) A=1, B=0 (c) A=0, B=1 (d) A=1, B=I
(55)  NOR gate Is the combination of: '

(a) AND & OR (b) AND & NOT  (¢) NOT & OR (d) None of them
(56) A and B are the two input of NOR gate. Its output would be 1 when:

(a) A=0, B=0 (b) A=1, B=0 (c) A=0, B=1 (d)A=l, B=I
(57)  The output of the NAND Is written as;

_(@Wx=A+B (b)yX=A-B (c)x=A.B (d) X= AB
NOR Gutcli ' |
Uses OF Logic Gates
(58)  The NOR operation is simply an OR operation followed by a;
(a) NOT operation  (b) AND operation  (¢) NAND operation (d) OR operation
(59)  The Boolean expression for NOR operation is; |

(a) X=A+B (byX=A-B (c)X=A+B (d) X=A.B
(60) To make burglar alarm, we use:
(a) NAND gate (b) OR gate ~ (¢) NOT gate (d) NOR gate
ANSWER KEY
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SHORT QUESTIONS

Chermionic Emission
v estigating the properties of Electrons
Cathode-Ray ()\ullmm e (C.R.0)
Define electronics.
The branch of applied physics which deals with the buhawour of electrons using different
devise for various useful purposes is known as ¢lectronics
What do you understand by thermionic emission?
Thermionic Emission
The process of emission of electrons form the hot metal surfaces is culled 1hum|omc,
emission,
What happens when a narrow beam of electrons is passed through a umform
electric field? What is its reason?
We can set up electric field by applying a potential difference across two parallel metal

plates placed horizontally separated with some distance, When an electron beam passes
between the two plates. [t can be seen that the electrons are deflected towards the positive
plate (Fig. 16.1). The reason for this is that electrons are attracted by the positive charges
and repelled by the negative charges due to force / =g¢F . The degree of deflection of
electrons form their original direction is proportional to the strength of the electric field
applied.

What is the function of electr omdgnctlsm in television? |

Electromagnets are used to deflect electrons to the desired positions on the screen of a
television tube,

What happens, when a narrow beam _uf electrons is passed through a uniform
magnetic field.

Deflection of Electrons by Ma;:nem Field

We apply magnetic filed at right angle to the beam of electrons by using a hoarse-shoe
magnet as shown in fig. W e will notice that the spot of the electrons beam on he screen
is getting deflected form its original direction. Now charge the direction of horse-shoe
magnet. We will see that spot on the fluorescent screen is getting deflected in the
opposite direction.

When and who discovered electrons?

In the 1950s physicists stared to examine the passage of electricity through on vacuum
tube. Some kind of rays was emitted from the cathode or the negative electrode. the rays
were called cathode rays. J.J Jhomson in 1897 observed the deflection of cathode rays by
both electric and magnetic ficld. From these deflection experiments he concluded that
cathode rays must carry a negative charge. These negatively charged particles were given
the name of electrons.

What is meant by thermionic emission?

Definition:

“The process of emission of electrons from the hot metal surfaces is called thermionic

emission.”



(9)

Ans:

(10)

Ans:

(1)

(12)

Ans:

How thermionic emission is produced?

Metals contain a large number of free elections. At room temperature electrons cannot
escape the metal surface due to attractive forces of atomic nucleus. When the metal is
heated to a high temperature. Some of the free electrons may gain sufficient energy 1o
escape the metal surface.

What is Cathode — Rays Osulloscope (C.R.O0)?

The Cathode — ray oscilloscope is an instrument which is used to display the magmtudes
of changing electric currents or potentlals as shown In fig.

The information is displaced on the screen of a “cathode ray tube.” This screen appears a
circular or rectangular window usually with a centimeter graph. |

Examples:

Picture tube in our TV set and the display terminal for most computers are cathode ray

tubes.

Describe function of the electron gun
The electron gun consists of an electron source which is an electrically heated cathode
that ejects electrons. Flow of the electrons in the beam is controlled by an electrode called
arid "G’ The grid is connected to the negative potential. The more negative this potential.
. The more electrons will be repelled form the grid and hence fewer electrons will reach
the anode and the screen. The number of the electrons reaching the screen determines.
The brightness on the screen light. Hence the né‘gative potential of the grid can be used as
a brightness control. The anode is connected to the positive potential and hence is used to
accelerate the clectrons. The electrons are focused into a fine beam as they pass through

the anode.

Write down uses of CRO
The CRO is used in many fields of science, some uses are given below:

i. Displaying wave forms.

il Measuring voltages.

iii. Raﬁgc finding (as in radar)

iv. Echo — sounding (to find the depth of sea — beds).
v. To display heart beats.

How glow is produced in the tube?
The glow in the tube is due to the circular motion of electrons in the magnetic field. The
glow comes from the light emitted from the excitations of the gas atoms in the tube.

4



Analogue and Digital Electronics
Basic Operations of Electronic-Logic Gates
(13)  Explain the difference between analogue and digital electronics.

Analogue electronics Digital electronics:
\ The branch of electronics consisting of | The branch of electronics consisting of
| such circuits which process the analogue circuits which process the data being

" quantities (continuously vary) is called provided in the form of maximum and
analogue electronics minimum voltage SIgnals is known as

' Examples: digital electronics.

| . Examples:

- * Amplifier | "~ e Computer

| e Electric iron e Digital camera
| e Refrigerator o Mobile phone

(14)  Name five analogue and five digital devices that are commonly used in everyday life.
Ans:

Analogue devices.. Digital devices

(i) Electric iron . (i) Computer |

(ii)  Electric fan | (i)  Calculator l

(iii) Radio receiver s (iii) Digital camera !

(iv) Retrigerator ' ' - | (iv) Mobile phone |

(v) Washing machine ' (v)  Security system

(vi) MlClophom : (vi) Fire alarm !

(15) Name five analogue and five digital devices that are commonly used in everyday
life?

Ans: Analogue devices

Analogue devices used i our everyday life are:

i. Radio receiver '

1. Washing machme

i, Public address system

iv. Electric lamp

vi. Refrigerator

vii. Electric motor

Digital devices

Digital devices used to everyday hie are

i. Burglar alarm

ii. Mobile phones

i, Digital camera

v, Radar

v. Computer
(16) Write the brief importance of digital electronics?
Ans:  Most of today's technologies fall under the classification of digital electronics. Digital

electronics device store and process bits electrically which help user fastly.
(17) What is bit and byte?
Ans: A bit represents data using 1" and-0’s.

8 hits is equal to | byte.



(18)  What is digitization?

Ans:  Digitization is the plbccss of information into 1's and 0’s.

(19)  Define logic operation and logic gates
Logic operation
The various operations of Boolean variables are called as logic operations because the
various variables used in subject of logic also possess two values, The word “truth” has
also been borrowed from this subject,
Logic gates .
In digital electronics, the 0 and | values of the variables are simulated by two different
levels of the potential. Usually 0 is represented as zero or ground potential and 1 by 5
volts or by any other suitable voltage. Then such circuits have been designed which

~implement the various logic operations. These circuits are known as logic gates.

- AND Operation

(20)  Which of the followin

s gites would have 1 as output.

(h) uA — X (d) 1I, — i \,

Answer: aandd

(21) Define OR operation. ‘ _ : _
"R operation to be that in which the output has a value 1 when at least one of its inputs
| is at |. The output is 0 only when all the inputs are 0", |
(22)  Write down Truth table of OR gate
Truth table of OR operation

B A X=A+4+B |
0 0 0
0 | |
| 0 I
| I |

(23) Define AND operation
AND operation is such a logic operation that its output is I only when all the values of its

inputs are 1."

\



(24)  Write down Truth table of OR gate
Truth table of AND operation

: B A X

T'ruth table shows all the values of the input variables and the 0 0 0
value of output for each set of the values of the inputs. By '

r , . . ) . 0 l 0

- using the sign of AND operation, the various lines of the truth 1 0 0

table are shown in table, T ] 1

NOT Operation
A NAND Gate
(25) Define NOT Gate
“An operation after which the Boolean variable changes its.state and acquires the second
possible state is known as NOT operation™.
(26) Write down Truth table of NAND gate

Truth table . |
Truth table of NOT operation is given in table.

(27)  Define NAND Gate
A NAND gate is formed by couplmg a NOT gate with the An
output terminal of an AND gate. NAND gate is shown in 7% x-Ab
Figure. The NOT gate inverts the output of the AND gate.

>
o|— >

(28)  Write down Truth table of NAND gate
Truth table of NAND gate

B A | X=AB
Table given is the truth table of NAND gate. In each line 0 0 l
of this table, the value of the output has been obtained
by inverting the value of the output of the AND gate 0 l l
corresponding to that line. } (]) (1)
16.10 NOR Gat
16.11 Uses Of Logic Gates
(29) Define NOR Gate.
Ans:
- A NOR gate is formed by coupling the output of OR gate with a ’ XoAT

NOT gate. NOR gate is shown in Figure. This NOT gate inverts

the output A+B of the OR gate. | P

(30)  Write down Truth table of NOR gate
Truth table of NOR gate

B|A| X=A+B

_ 1

Given table is the truth table of NOR gate. In this table, the value 8 ? | 1) \
of output has been written by inverting the output of OR gate. 0 2) l
el o |




Q.3

Ans:

LONG QUESTIONS
Define electronics.
Electronics _

I'he branch of applied physics which deals with the behaviour of electrons using different
devise for various usetul purposes is known as electronics

What is meant by thermionic emission? How thermionic emission is produced?
Definition: :

“The process of emission of electrons from the hot metal surfaces is called thermionic
emission.” |

How thermionic emission is produced?
Metals contain a large number of free electron. At room temperature electrons cannot
escape the metal surface due to attractive forces of atomic nucleus. When the metal is
heated to a height temperature. Some of the free electrons may gain sufficient energy to
escape the metal surface.
Thermionic emission from tungsten filament:
Thermionic emission can be produced by electrically heating a fine tungsten filament.
Typical values of the voltage and current used are 6V and 0.3 A respectively.

How electron beam is obtained? Explain the effect of electric and magnetlc ﬁeld on
electron beam.

Electron beam:

Electrons are produced by the thermionic emission from a tungsten filament heated by
6V supply. A fine filament is fitted in electron gun as shown in fig.
A high positive potential i1s applied to a cylindrical anode (+). The electrons are
accelerated to a high speed and pass through the hole of the anode in the form of a find
beam of electrons. The whole setup is fitted in and evacuated glass tube.

High Voltage supply

Emitting

clectrond™\]

Filament -[;w

supply VI —

|
Heated filament

Ay 16.1: Hectron gun

Deflection of electrons by electric field

We can setup electric field by applying a potential difference across two parallel metal
plates placed horizontally separated with some distance. When an electron beam passes
between the plates, it can be seen that the electrons are deflected toward the positive plate
as shown in fig.

Deflection ol cathode ra :
an electric field



Reason
Detlection of electrons in electric filed is due to the attraction of positive.pole (Plate) and
repulsion of negative plate. The electric force acting on the electron in electric field will be
F=qE

Where *q" the charge of electron and ‘E’ is the electric field intensity due to plates. The
degree of deflection of electrons from their original direction is. proportional to the
strength of the electric field applied.

Deflection of electrons by magnetic field -

Magnetic field is applied at rléht angle to the beam of electrons by using hOl’SL shoe
magnet as shown in fig.

-—'{- . S - »'. -
koo Lﬁ‘\ o
A A~ }‘\ <

W :

Deflection of cathode rays byt
a magnetic field 4

A spot of electron beam will be noticed on the screen due to the deflection of beam from
its original path (direction). Now change the direction of the horse shoe magnet. We will
see the spot on the fluorescent screen is getting deflected in the opposite direction.

Q.4 What is Cathode — Rays Oscilloscope (C.R.0)? Explain the working of different
- parts of oscilloscope?
Ans: The Cathode — ray oscilloscope is an instrument which is used to display the magnitudes

of changing electric currents or potentials as shown in fig.
18.1.11 Cathode ray oscilloscope

Deflecting plates - Electron gun DR oo
L . R e Convon
r s - \
Screen : Focussing Brightness
Ve  electrode control
anode grid electrode -ve
J ] | / cathode
[ [=
— L =
. X
/ 4 ] l eater
% Y-plates + -
Deflected
Electron heam Power supply

The information is displaced on the screen of a “cathode ray tube.” This screen appears a

circular or rectangular window usually with a centimeter graph.
Examples:

Picture tube in our TV set and the display terminal for most computers are cathode ray tubes.
Construction and Working:

The cathode-ray oscilloscope (C.R.O) consists of the following components:

|. The electron gun :

2. The deflecting plates

3. A fluorescent screen



The electron gun:

Ihe electron gun consists of an electron source which is an electrically heated cathode
that ¢jects electrons.

Flow of the clectrons in the beam is controlled by an electrode called grid 'G’. The grid is
connected 1o the negative potential. The more negative this potential. The more electrons
will be repelled form the grid and hence fewer eclectrons will reach the anode and the
screen. The number of the electrons reaching the screen determines. The brightness on the
screen light. Hence the negative potential of the grid can be used as a brightness control.

The anode is connoted to the positive potential and hence is used to accelerate the
clectrons. The electrons are focused into a fine beam as they pass through the anode.

1 The deflecting plates _

After leaving electron gun, the electron beam passes between a pair of horizontal plates.
A potential difference applied between these plates deflects the beam in a vertical plane.
This pair of plates provides the Y-axis or vertical movement of the spot on the screen. A
pai~ of vertical plates provides the x-axis or horizontal movement of the spot on the
screen. ;

3. The fluorescent screen -
The screen of cathode — ray tube consists of a thin layer of phosphor, which a material
that gives light as a result of bombardment b y fast moving electrons

Uses of C.R.O
The CRO is used in many fields of science, some uses are given below:.

I Displaying wave forms. -

Ll ‘Measuring voltages.

i, Range finding (as in radar)

v. Echo — sounding (to find the depth of sea — beds)
v, To display heart beats.

QQ:4 Write a note on analogue and digital electronics.

Ans: Analogue quantities
Those quantities whose values vary contmuously or remain constant are known as

- analogue quantities. .
Example

The temperature of air varies continuously during 24
hours of a ‘dav [ we plot a graph between time and
temperature recorded at dlﬂcn.m Umes we get a graph
as shown in Figure

/-\

e N

Temperature —>

Time >
Fig. 19 1
This graph shows that the temperature varies continuously with time. Thercfore
temperature is an analogue quantity. Similarly time, pressure, distance etc., are analogue
quantitics.,



Analogue Electronics
T'he part of electronics consisting of such circuits which processes analogue quantmes IS
called analogue electronigs.

Example
For example the public address system is an analogue system in which the microphone
converts sound into a continuously varying electric potential. This potential IS an
analogue signal which is fed into an amplifier. Amplifier is an analogue circuit which
amplifies the signal without changing its shape to such an extent fhat it can operate.a
loudspeaker. In this way loud sound is produced out of the speaker.

Digital Electronics _
“The part of electronics which processes the data provided in the form of digits is known
as digital electronics”. ‘ '
For this purpose digital electronics uses only two digits O(zero) and 1 (one) and the whole
data is provided in binary system due to which processing of data becomes easy

Examples
For quite a long period the use of digital electronics was limited to computers only but
now-a-days its application is very wide spread Modern tetephone system, radar system,
naval and other systems of military importance, devices to control the operation of
industrial machines, medical equipments and many household appliances are all using
digital technology

Representation of analogue and digital signals :
Figure given below shows an analogue and digital signals. It can be seen that digital
signal provides the data by a maximum and minimum voltage level. In it the changes are
not continuous.

T /m\\ e (a) Analogue Voltage Signals
/ A / \ ;
\ _
A / i T - ] \
./ Il
7 1 L
(a) Analogue Voltage Slgnals . (b) Digital Voltage Signals
Fig. 19.3

Analogue to Digital converter (ADC)
“A circuit has been designed which converts the analogue signal into a digital one in the
form of digits. This circuit is known as analogue to digital converter, 1.e., ADC".
When we get an analogue signal in the form of digits, we can process it with digital
circuil. the output of which is also in digital form.

Digital to Analogue converter (DAC)

“A circuit that is designed to convert digital ()ulpul into analogue form by a circuit known

as digital to analogue converter (DAC)™.
As the output of DAC is an analogue signal, it can be readily sensed by us. Thus
clectronic systeims used at present consist of both analogue and digital type circuits
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Ans:

Q.10

Ans:

What is use of ADC and DAC? Briefly explain?
I our datly lite the quantities that we perceive by our senses are usually analoguc
quantities which can not be processed by digital circuits. To resolve this difficulty
different circuits has been designed which convert analogue quantities Into dignal
quantities and digital quantities  into analogue quantllles are per required. There circuilts
are known as ADC and DAC.
. Analogue Digital Converter (ADC) .
A circuit which is designed to convert analogue signal into a digital one in the form of
digits is Known as analogue to digital converter. (ADC).
1. Digital Analogue Converter (DAC)
When we get an analogue swnal in the form of digits we can process it with diglta] circuit
the output of which is also in digital form. This digital output is converted into analogue
circuit known as digital to analogue converter i.e DAC. '
As the output of DAC is an analogue signal it can readily be sensed by us. Thus
electronic system used at present consists of both analogue and digital type circuits.
What is meant by binary (Boolean) variables? Explain with example. .
“The variables which have only two possible states are knows as binary variables”.
Explanation:
I here are many things which have two possible sates e.g.
A switch could be either open or closed.
1. A circuit may be either ON or OFF.
1.\ statement would be either true or false.
The answer of a question could be right .
All three things which have only two possible states are called binary (Boolean)
variables.

Representation of Binary variables

The state of binary. variables are usually represented by the digits ‘0’ and ‘1°,

Example:

Supposc we form a circult by connecting a lamp to battery using a switch ‘S’ as shown in
fiz. We call the state of switch as input and state of current or lamp as output.

Switch and lamp are binary variables

When the switch is open no current passes through the circuit and lamp i1s OFF. In other
words when input is Zero (O) output is also Zero (O).

When the switch is closed current passes through the circuit and the lamp is ON. Both
switch and lamp have value *17. Hence switch and lamp (Current) both have two possible
states Zero (O) and one 1. thercfore they are considered as binary variables. This is also
explain in table given in front.

S Lamp
Open | Off

Closed | On

+ oin . ag




Q.11

What is meant by Boolean Algebra? Explain its importance.

Ans: “The algebra used to describe logic operations by symbols is called Boolean Algebra’.
Importance:
“George Boolean invented Boolean Algebra”,
By using Boolean algebra the values of output varlables are determined when the values
of Input variables of ca circuit or system are known. Boolean Algebra is a branch of
mathematics which deals with the relationship of logic variables. Boolean Algebra
handles variables that represent two types of logic proposmons

Importance:
Boolean algebra has become the main cornerstone of digital electronic.
e It operates with two logic states *1” and ‘0.
e ltinterpret the logical operators AND, OR and NOT.
* ltdevelop a systematic complex digital systems.
e Simple logic gates perform the simple mathematical as well as intricate loglcal operanons
e Logic operations are considered as combination of switches.

Q.12 What do you mean by logic gate? |

Ans: Logic gate is a switch (digital circuit), its outputs can have only one of the two possible
states, i.e either a higher voltage (1) or a low voltage (0) = it the either ON or OFF.
Output voltage of the logic gate depend upon the condition of its input. It may be high (1)
or low (0) according to the condition of input. '

Q.13 What is AND operation? Explain in possible states. erte its symbol, Expnessnon
and gate?

Ans: AND operation
“AND operation is such a loglc operation that its output is 1 only when all the values of
its inputs are 1. . ) '

Explanation: |

In order to understand the logic AND operation, we consider a circuit in which a lamp is
connected to a battery using two switches S| an Sy connected in series as shown in fig,
These switches are considered as inputs and lamp is an output, this circuit is given as

Possible states

There are four possible states of two switches are given as

i) When S, and S, are both open, the lamp is OFF.

ii) When S, is open and S; is closed, the lamp is OFF.

iii) When S, is closed and S; is open, the lamp is ON.

iv) When both S and S; are closed, the lamp is On.

These states of switches and lamp are shown in table. It 1~ clear from table that when
either of the switches (S and S>) or both are open, the lamp 15 OFF. When both switches
are closed, the lamp is ON.

g S . S S Lamp
—_——/ -t Open Open Off
} L . Open Closed Off |
[ Closed Open OfT |
- o . RN
41~ Closed Closed ON ‘




Symbol and AND operation:
Symbol tor AND operation is dot (.)
Expression:
Boolean expression of AND operation is
X =AB
This expression is read as
"N equals to A AND B
Truth table:
“Set of inputs and outputs in binary from is called truth table”.

In binary language, when either of the inputs or both the inputs are low (0,, the output is

slow (0). When both the inputs are high (1), the output is high (1).

These relationship are shown in table. Where ‘X’ represent the output. Hence AND operation
may be represented by switches concede in series and each switch represents an input.

B A | X=AB
0 0 0
0 | 0
1 0 0
] 1 |
Important results: . .

e When two switches are close i.e. the 1nputs of the AND operation are at loglc 1’, The
output and AND operation will be at logic ‘1. ‘

e When two switches are open i.e. the in puts of AND operatlon are at logic ‘O’, t
output of AND operation will be at logic ‘O’.

AND gate:

“The circuit which implements the AND operatlon is known as AND gate”.

Symbol and AND gate:

0).14
Ans:

Symbol of AND operation is given as , ‘

AND gate has two or more than two inputs - ' _

and only one output. The value of output of A

AND gate will be ‘1’ only when both of its ‘ ' X
inputs arc at logic ‘1" and for all other B . _

situations output and AND gate will be ‘O’.
What is OR operation? Explain 1ts possible states. Write its symbol, expression and gate?

OR operation
“The logical operation in which the value of output variable is equal to ‘I’ when any one

of the both input variables have value equal to ‘1",

Explanation:

n order to under the logic OR operation we consider a circuit in which a lamp is

connected to a battery using two switches, Sjand S; connected in parallel considered as
two Inputs.



Possible states
There are four possible states which are given as:
1) When S| and S, are open the lamp is OFF. -
1) When S, is open and S, closed the lamp is ON.
1) When S, is closed and S, open the lamp is On.
V) When both S| and S are closed the lamp ON.

SL Sy Sz Lamp
Open Open OFF
S, —_,L L Open Closed | ON
I ] - | Closed Open ON
“I'- | Closed | Closed ON

All possible states of'the lamp and switches are shown on the table given below.

[t is clear from table that the lamp will glow if at least one of the switch i.e. S| and S; is
closed (at logic ‘1) '

Symbol of OR operation

OR operation is represented by the symbol of plus (+).
Expression:

Boolean expression for OR operation is given as

X=A+B
" This express“ion is read as:

“X equals to A OR B”

Truth Table: |

“Set of inputs and outputs in binary form is called truth table”.

Hence OR operation may be represented by switches connected in

— ==

parallel, since only one of these parallel switches need to turn on

in order to flow current in the circuit. |

B A
Truth table of OR operation is shown as: 0 0

0 I

1 0

l 1

OR gate

The electronic circuits which implements the OR operation i1s known as OR gate™.
Symbol of OR gate:

Symbol of “OR’ gate is given in fig

OR gate has two or more than two inputs and has only onc output.

The values of output of OR gate arc always in accordance with the 4

truth table of OR operation. It means value of output of OR gate u:’ a

will be ‘1" when one of its inputs is at *1" the valuc of output will

be “‘O’. when both inputs arc at ‘0",



Q.15 What is meant by NOT oper .mon" Explain its possible states, write its symbol,
Expression and gate.
Ans:  NOT operation

_— . 4 . . 4 s ’
A logical operation which changes the state of binary (Boolean) variable”.
OR

“Not operation inverts the value of Boolean variable”.
E\planatlon

In order to understand NOT operation, we consider a circuit in 1 which a lamp is connected
to a battery with a switch ‘S in parallel way.
Possible states

NOT operation has only one input and only
one output.

3 N ) L
There are two possible sates. @m T
1) When the switch “S” is open , the current will pass through the ;
lamp and it will glow, , S
i) When the switch is closed, no current will pass through the
lamp due to large resistance of its filament and it will not glow.. j}r
+ —
The states of NOT operation are shown in table. Fig 1A 12
S TLAMP
OFF | ON
| ON | OFF

Symbol of NOT operation

NOT operation is represented by a line or bar over the Boolean variable i.e . 4.

Expression:
Boolean expression for NOT operation is given as:
- X=4
This 1s read as: L
"X equals A NOT".
Truth Table . v
“A set o inputs and outputs in binary form is called truth table™. Truth table of NOT
operation is shown in table given below: Hence, it is clear from the table. If the Boolean

variable s *O7, then after NOT operation its value before NOT operation is ‘1"

, then after
NOT operation it would change to *O”.

A LA
0 1
l 0
“Thus NOT operation inverts the state of Boolean variable™,

NOT gate

The clectronic circuit which implements NOT operation is known as NOT gate.



Symbol of NOT gate

The symbol of NOT gate is given as NOT gate has only one input and one outpul
terminal NOT gate works in such a way that if its input is ‘O is output would be “1". It
its input is *1” the nits output would be ‘O’. Not gate performs the basic logical function
called inversion of complementation. Not gate is also called inverter.

Q.16 What is NAND gate? Explain its symbol. Express and Truth table?
Ans:  NAND gate:

NAND operation is simply AND operation followed by a NOT operation. “the NAND.

gate is obtained by coupling a NOT gate with the output terminal of the AND gate™.
Symbol of NAND gate |

Symbol of NAND gate is given as:
The NOT gate inverts the output of the AND gate

Short symbol of NAND gate

In this symbol the NOT gate has been 1eplaced with a small urcle this small Circle
attached to a the output of NAND gate shows NOT o reration, its fig is given below:

A
B ot
Expression:

Boolean expression for NAND operation is described as:
The output of the NAND gate equals A.B and is written as:

X

X=AB
It is read as _
“X cquals A AND B NOT".
Truth Table

B A | X=AB
0 0 |
0 | |
I 0 |
[ ] 0 |

Hence it is clear form table that inverts-the output of the NAND gate.



Q.17 What is NOR gate? Explain its symbol, expression and truth table?
Ans:  NOR gate: ‘ '

The NOR operation is simply an OR operation followed by a Not operation. ** The NOR

gate is obtained by coupling the output of the OR gate with NOT gate”.
Symbol of NOR gate

The symbol of NOR gate is given as: For the same combmatlon of inputs, the output of a
NOR gate will be opposite to that of an OR gate.

B— X = A+E
Short symbol of NOR gate:

In this symbol the NOT gate has been replaced with a small circle. In the symbol If NOR gate,
this small circle attached at the output of OR gate shows NOT operation, its fig is given as

A
\_—_x
B .

Expression:

Boolean expression for NOR operation is describes as:

X=A+8B
- Itis read as: .
“X equals A OR B NOT™.
Truth Table
B A | X=A+B
0 0 .
0 1 0
l 0 0
I | l 0

* A set of inputs and outputs in binary form is called truth table™.
Q.18  What is the use of logic gates? Explain with one example.
Ans:  We can use logic gates in electronic circuits to do useful tasks. These circuits usually use

light depending resistors (1LDRs) to keep inputs low. An LDR can act as a switch that is
closed when tlluminated by light and open in the dark.



House safety Alarm

We can use single NAND gate to make bLlrglar
alarm. This can be done by using NAND gate, an

LDR, a push — button switch S and -an alarm. 7" Au »a-lmel
Connect LDR between NAND gate input B and the ‘E—@_—Jum —8

positive terminal of the battery. the LDR will cause = | '

a height level input (1) at B when in light because - 24

of its low resistance.. The LDR will cause a low

level input (0) at B when light is interrupted and ) kT
causes high resistance in LDR. A low level signal is
also caused at A when burglar steps on.switch S. So (Burglar alarm schematic circuit)

this burglar alarm sounds when either burglar
interrupts light falling on LDR or steps on switch S.
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HTow czm vyou show b\ simple c\penments that thene are two tvpc of eclectric
charges? |

See Questions | _
What is the method of charging bodies by electrostatic induction?

Sce Questions 2

How does electrostatic induction differ trom charging by friction?

Durig the process ol chargimg by fricton. we rub a neutral body with another neutial
bodv. But m the process ol u]cdmﬁulic mduction. We charge a conductor without
mak e any contact with the charging body. |

Whatis gold leaf electroscope? Discuss its working principle with a label diagram.
See Questions 3

‘nuppnw vou have a glass m(l which becomes positively ch irged when yvou rub it with
wool. Describe how would you charge the electroscope (1) negatiy cly (i) Positively,

Scee Questions o

\With the help of electroscope how vou can find presence of charge on a body.

Scee Ouestrons o
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Describe how you uould determine the nature of the charge on a body by using
electroscope.

See Questions 3

Explain Coulomb’s law of electrostatic and write its mathematical from?
See Questions 4 _

What is meunt by electric field and electric intensity?

See Questions 3

Is electric intensity a vector Quuntlt\" What will be its direction?

See Questions 3 ‘

Find the clectric intensity due to a point charge q.

See Questions 3 '

How would vou define potentml difference between two points? Define ns unit,
See Questions 7

Show that potential difference can be described as energy transfer per unit charge
between the two points.,

See Questions 7

Describe capacitor as an energy strong device?

- See Questions 9

What do you men by the capacitance of a capacitor? Define units of capacitance,
See Questions 8

Derive the formula for the effective” capacitance far a series combination of a
number of capacitors.

See Questions |1

Discuss different types of capacitors.

See Questions 12

What is difference between variable and fixed type capacitor?
See Questions 12 '

Enlist some uses of capacitors.

See Questions 13

Discuss one application of static clectricity..

Sce Questions 14

What are hazards of static electricity?

See Questions 15
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CONCEPTUAL QUESTIONS
An electrified rod attracts pieces of paper. After a while these pieces fly away! Why?
When a glass rod is rubbed with a silk cloth, it is positively charged. This electrified rod
attracts pieces of paper. When the pieces of paper touch the rod, they give up some
clectrons to the glass rod and become positively charged. They are then flown away by
the rod due to foree of repulsion form the positive charge remaining on the rod.

How much negative charge has been removed from a posmvelv charged
electroscope if it has a charge of 7.5 x 10"'C? '

A charge of -75 x 10" C has been removed from a p()blthCly charged electroscope
which has a charge of 7.5 x 107''C.

[n what direction will a positively charged particle move in an electric field?

A positive charge released in an electric field will move along the direction electric field
1.e. from higher potential to the lower potential.

Does each capacitor carry equal charge in series combination? Explain.

As in series combination each capacitor is connected side by side, so each capacitor
carries equal magnitude of charge due to electrostatic induction.

Each capacitor in parallel combination has equal potential difference between its
two plates. Justify the statement. ‘

In a parallel combination of capacitors, two plates of each capacitor are connected o the
positive and negative terminals of a battery between the same two points. Hence potential
difference between two plates of each capacitor is equal i.e equal to the potential
difference of the battery.

Is the presence of charge necessary for the existence of electrostatic potential?

Electrostatic potential is a characteristic of the field charge and independent of the -
existence of test charge

Rubber tires get charged from friction with the road. What is the polarity of the charge?

During the process of rubbing, ¢lectrons form road surface (make of black pitch) are
transferred to rubber tyres to make them negatively charged.

Perhaps vou have scen a gasoline truck trailing a metal chain beneath it. What
purpose does the chain serve?
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