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LIGHT, LASER AND SOUND

4.1 PROPERTIES OF LIGHT

Reflection, Refraction, Snell's law, Physical significance of refractive index,
Definition of dispersion, Polarization and diffraction of light along with ray
diagram, Principle of superposition of waves, Interference of light,
Constructive and destructive interference.

41.1 Reflection

When a ray of light is allowed to fallon are

ight reflects in the same medium as shown.

P A R : PQ = Incident ray

flecting surface such as mirror, it is observed that

QR = Reflected ray

NQ = Normal to reflecting surface

777777777777 //////////

: Fig. 4.1
Angle madé by incident ray with normal is €

ted ray with normal is called an

alled angle of incidence i.e. £ PQN.

Angle made by reflec gle of reflection i.e. £ NGR.

Laws of reflection :

(1) The angle of incidence is equal to the angle of reflection, i =T.

@ The incident ray, normal and reflected ray, lie in one plane.

(4.1)
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rmal then reflected j;
" If angle of ncidence is zero Le, Incident ightis along the 7 Ot retyy,

along the same path In which light Is incident.

P!
.Instead of PQ if QR becomes Incident ray then
principle of reversibility of light.

Q becomes reflected ray, thq s
e

4.1.2 Refraction

We know that in a homogeneous medium, a ray of light lraveIT in aitsti":f:::me;jBug When,
ray of light is incident on a plane transparent medium such as g ::m A 4“; that in the
second medium, the ray of light deviates from its original pathass g. 4.2

AB = Incident ray

BC = Refracted ray

NN' = Normal

Zi= Angle of incidence

Z 1= Angle of refraction

Fig. 4.2
This bending of light is called as refraction.

The bent ray BC is called as refracted ray.

The refracted ray bends towards or away from the normal depending upon whether the
second medium is optically denser or rarer than the first. It has been experimentally found that
in the second medium, velocity of light also changes.

Law_of Refraction and Physical Significance of Refractive Index

Snell's law : For any two media, the ratio of the sine angle of incidence to the sine
angle of refraction is constant. This law is known as Snell's law.
sini

sinr ~

Thus Constant

where, i - Angle of incidence

I — Angle of refraction,

This constant is called refractive index of second medium with respect to first and 15
denoted by ,y,.

sini Wy
sinr = 12 = j, = Constant
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e (carer medum) |_Gass.
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Case 1

Case 2
Fig. 4.3

casel: When light enters from air (rarer) into gdlass (denser) medium, ray bends towards
rmﬂL Thus, i>r.
o sini

sinr — Constant > 1

Constant is called refractive index of glass with respect to air and is denoted as ajig.

sini

alg = giny > 1

Velocity of light in air

Also allg = Velocity of light in glass

Case 2 : When light enters from glass (denser) medium into air (rarer) medium, ray bends
away from normal. Thus, i <r.
S—m—l = Constant < 1

sinrt
Constant is called refractive index of air with respect to glass and is denoted as gita.

sini

g2 =gnr <!
Velocity of light in la.ss
Also glta = Velocity of light in air
e 14
Thus allg = gMa

4.1.3 Disperslon ! '
Th “P:t f each colour have certain angle of deviation of their own i.e. the angle of
e light rays o
deviation of different rays are different.
White light is made of seven colours when

3¢ the same angle of incidence but since
$¢parated when they come out of the prism.

this light incident on a prism all the seven colours
they have different angle of deviation they get

~
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et separaty
Therefore, when white light passes through a prism, seven rays get separated. T

o
i arati ™
spectrum of seven colours - dispersion. The dispersion is defined as sep ation of ¢ it
' y edium prism (glass) is calleq disp, N
colours of incident light by the prism and the m Perg

medium,

The dispersion of white light by a prism is shown in Fig. 4.4.

Indigo
Violet

Fig. 4.4 : Dispersion of white light

4.1.4 Polarisation
1. Letordinary light fall on tourmaline crystal. The cut section of crystal A acts as slit 'S
Ordinary light
Source Fig. (a)
Polarised light
Source Fig. (b)
A .
Polarised light Polarised light
Source Fig. (c)
A B (High Intensity)
Polarised light .
No light
Source Fig. (d)
A B
Fig. 4.5
Light coming out of crystal 'A'is polarized, [Fig. 45 (b))

]

g

o Physics 45

Light, Laser and Sound

If another crystal B is placed 5o that

i each other, then light coming out

[ [Fig. 45 ()]

) A crystal 'B' s slowly rotated, then light comin,
g go on rotating crystal 'B' the light coming out of it becomes dimmer and dimmer.

" When 'B'is at right angles to'A' no light comes out of B'. [Fig. 4.5 (d))

If crystal 'B' is further rotated then intensity of light coming out of 'B' gradually increases and
maximum again when two crystal slits are parallel.
s

~ This shows that light is a transverse wave motion,

 The above experiment shows that light coming out of crystal 'A' is not symmetrical in all

. girections about the direction of propagation and its vibrations are only in one plane
"r“ﬁena[cular to direction of propagation i.e, polarized light. .

e "zl\'}ie light which has acquired the property of one sidedness Is called polarized light.

" Pplane passing through the direction of propagation and perpendicular to plane of vibration
ls Kknown as plane of polarization.

axes of crystal ‘A’ and crystal 'B' ‘are parallel to

of crystal 'B' is polarized and light is bright.

g out of crystal 'B' becomes dimmer. As

Polarised light

Fig. 4.6 : Diagram to understand concept of polarization

(Dec. 2010)
S Diffraction

" The in their path.
~ The waves bend round obstacles placed
g Th e amount of bending depends upon the size of the obstacle and wavelength of wave‘. f
The deviation is small when the wavelength of light is small in comparison to dimension of
| ation

tacle or aperture or slit. . e denton
But wh F the size of aperture is comparable with the wavelength of light, this
- When the size of
. ’ncreases.

L e
~ obs
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Source
— 5 Shadow

Fig. 4.7
As shown above geometrical shadow on the screen is never sharp.
A small portion of light bends around the edge into the shadow.

Diffraction : Definition : Thus, when light falls on obstacles or small apertures Whoge
size Is comparable with wavelength of light, then the light bends round the corners of the

obstacles or apertures and enters in geometrical shadow. This bending of light s Calleq
diffraction. ) :

4.1.6 Principle of Superposition of Waves
It states that :

(1) When two light waves arrive at a point simultaneously, each wave produces its owp

effect at that point as if that wave alone is passing through that point (as if the other
wave is absent).

(2) When two waves of light arrive at a point, the resultant amplitude changes.

(3) The resultant amplitude at a point is the vector sum of individual displacements due to
number of waves at that point.

OR
Principle of superposition states that, if two waves arrive at a point simultaneously, the
resultant displacement at that point is always equal to vector sum of individual displacements
due to each motion acting separately.

Interference & Elasticity

Resultant
wave

Fig. 4.8 : Wave 1 and wave 2 are in phase

W]
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Hence, amplitude of resultant wave :

C=a+p
Where. a - Amplitude of 18t waye
b - Amplitude of 2nd yave
Wave1 /a
) = M\/
Wave 2\
Fig.

4.9 : Wave 1 and wave 2 are opposite In phase
Hence, amplitude of resultant wave,

c=a-b
where, a - Amplitude of 15t wave
b - Amplitude of 2nd wave

4.1.7 Interference

[in order to understand the interference concept, consider the interference phenomenon in
case of water.

Demonstration : Consider steady water in the water tank. Drop two small stones at the
same time at short distance from each other. Circular ripples spread out over the surface of
water from each of two stones. Alternate circles having elevated portion i.e. crest and another
set of alternate circles having trough portion spreads out. These ripples travel radially outward
from these two stones and they cross each other and the interference effec‘t is observed. At
certain point, crest of one wave coincides with crest of other wave. At this point the surface of
water gets displaced to the maximum extent. o

At some other boint, crest of one wave coincides with trough of other wave. At this point
Wwater remains still.]

Interference of light

When two or more light waves meet in a region, they in.te.rfere to produce a new wave,
Whose instantaneous amplitude is the vector sum of those of original waves.. . .

When two waves are in same phase, then the crest of one wave coincides wur_;_}t\he :;ET; g‘
other wave and trough of one wave also coinciz;ljes with trough of another wave. The r
mplitude is maximum and brightness is obtained.

On the other hand, when two waves are opposite in phase, then the ;:ezte ?: (:r:: ir‘:z\:\
colncldes with trough bf another wave and vice a versa. The resultant amplitu
&d darkness is obtained.
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f light is directl "
intensity  ©! Y proportional to the square of amplitude
Crost put A Ampl\tudez), hence brightness or constructive Interference is 2b\alned. i

aen® for Constructive Interference (Brightness) :
( dittons A
con% Jitlons for constructive interference (brightness) of light are as follows :
N ! he two waves must be in phase.
WY ath difference of two waves must be inte i
gral multiple of wavelength A.
Fig. 4.10 due to superposition of w, ) The P d =n\ e 8
This phenomenon of producing brightness of darkness due aves |g le. pd. = n
called as interference of light. ) where, n=0123..
Path difference (Path length difference) : and S,P Is the w, rest of one wave will coincide with crest of other wave and trough to trough. Then
Let S, and S; be two sources of light. S,P is the wave send by S 2 o€ send :12 \fla\'les (help) reinforce each other and brightness is observed.
by S,. quch X
Ly P
S,
L2
S;

Fig. 4.11 pd.=n’ -
The distance (length) covered by first wave Is L, and distance covered by second wave is L, i . \/ \,/l'l v
Then L, - L, is the path difference. 't b l

Path difference = S;P-S,P /\ f/\
=L-L pd.=2\n \/ \/
4.1.8 Constructive Interference (Brightness of Light) . N’
When two waves ariving at a point are in same phase i.e. crest of first wave coincides with : —a——

crest of another and trough coincides with trough, then such two waves reinforce (assist, helps)
each other and hence amplitude of resultant wave increases (i.e.c =a + b).

Fig. 4.13
Crest
Wave N Crest Crest 419 Destructive Interference (Darkness of Light) ¥
i i i es
1 M When two waves arriving at a point are opposite in phase i.e. crest of one wave coincl
N vith trough of other wave and vice a versa.
+ Trough Trough . R?::Ll:n( fs|
| Interfere . s
Crest Crest = Crest
Wave2 f Trough Trough - Wave 1, /8
itant
Trough Trough Q&vav Re::“
Trough Trough k v X ¥ e ‘
' Crest Crest
c=a+b -
where, a = Amplitude of first wave Weve2 "\,

b = Amplitude of second wave Trough Trough
¢ = Amplitude of resultant wave . J ) -

Fig. 4.12 Fig. 4.14
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| (oppose) each other ang hery

pletely dy canct Is dire
amplitude of resultant wave decreases (c = 8= b)- B[:g:?:{mﬁ mlmd ctly prop""“’"\al Y
square of smplitude, hence darkness of duuuctxem.)
Conditions for Destructive Interference (D2 i

Conditions for destructive Interference are 83 fo! :

(1) The two waves must be out of phase. ol

(2) The path difference of two waves must be odd multiple of half wavelength,

Pasic Physics *

g

Then such two waves partially or €om

1
Le. pd. -(n-'z‘)l
or -l)%" where n= 1,2,3, ...

Then crest of one wave will coincide with trough of other and vice a versa, Then sucp, two
waves cancel (oppose) each other and darkness Is observed.

N'UZ{\ /\'\/ v

W ANAVAY AV
VARV AV
NN A

B VARV Y
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Fig. 4.15

Mmllgmemenlromonemedumlmoamther,
peth). This property of light is called as refraction,

For given pair of media, retio of sine angle
always constant. This is known as Snell's law,
*__The separation of constituent colours of incident |

the ray of light bends (changes its

of Incidence to sine angle of refraction is

ight by the prism is called dispersion.
l* Constructive interference

Destructive interference
L Ihw:”wavu arriving et 8 point must be in | o TwowuveurrMngata point must be out

. ﬂwpathdlﬂcrenceoftamwavesmustbe .
Integral multiple of wavelength ).,

ﬂ\e pmh difference of two waves must be

odd multiple of
b ple of half wavelength
Pd.=(@2n-1) '2'
/ * _The point appears bright. *__The point appears dark.

sin i
g, B = sinr’

vhere W - Pefractive indey

I ~ Angle of incidence
f ~ Angle of refraction
D Velocity of light in 2ir Eﬂ
2, Mg = Velocity of lightin glass =
where aitg- Refractive index of glass with respect to 2ir
Velocity of light in medium 1 W
M2 = Velocity of light in medium2 = ™

SOLVED EXAMPLES

l le
1 le 1 : An equllateral glass prism under minimum deviation condition has an ang
‘mw Find It's refractive Index. (S.2001 -4 M)

We have, K =Snr
sini___ sin(40) _ sin(40
B =SnA2) = sin(602) ~ sin(30)
= 1.285

- Example 2 : The refractive index of glass with respect to air is 151 and uel(&atz%gfz ll-gil h:;
2 l33 x 108 m/s. Calculate the velocity of light in glass. ik

Solution: Given' atg = 151
ar = 3x102m/s
Vglass = ?

Velocity of light in air
allg = Velocity of light in glass

Velocity of light in air _ 3x ;;)e
_ Nelodly O S =T
Velocity of light in glass = 1

1.986 x 10% m/s

Velocity of light in glass =
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Example 3 : Refractive index of glass with respect to alr Is 1.5. Refractlve index of uyqy,,

with respect to air is 1.2. Calculate refractlve index of water with respect to glass. l:"/&
Solution : Given : Method 1 : %
Hw
allg = 15 g = Hw
allw = 1.2 z :
= ? ample 4 ¢ If the broadcasiing frequency of (e ;
e length. (Gluen : Velocity of light = 3 x 10 /) X 10° He, calculate its
. e
ie glw = ;3 =7? n =20x10° Hz LR

v =3x10°
We have, allg =‘!I§ Ny 10°mys
Ya nk
™ Y ’ . _Y _ 3x10®
B all\v=:_:, ' s n T 20x10°
ve :
1 =W Q)

12 _ voh
1.5~ valvg
12 v
15 7 vy
_Ya
08 = Vo
3 conditions for constructive and destructive interference.
Thus =2 _ 08 >
ghw = 3
‘ OR &  Define refraction, dispersion, diffraction.
Method 2 : aHg = 15 PROBLEMS
abtw = 1.2 1. Calculate the velocity of light in glass of refractive index 1.5, if velocity of light in air is
ghw =? :
Ans. vg = 2x 10°m/s. |
g = 15= 18 1 g - ith
Ha =) - Refractive index of glass with respect to air is 1.5. Refractive index of water with respect
0 alrIs 1.2. Calculate refractive index of glass with respect to water.
by = 1.2=— kb, -

. @)
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lon (LASER), Working

ol Radiat
by StIm jon of Ra
Light Amplification by Stlm\lj‘l:rl‘edo :irgllsl; o ted sbsorplion Spontaneous

principle of laser, Absorp ing (three energy level laser
emission, Stimulated emission, Opticel pumping Neon laser (He-Ne

um-|
system), Propertles or Characteristics of lasen Hell
gas laser).

on (LASER)

4.2.1 Light Amplitication by Stimulated Emlssion of RadlatlE l( e hediaton
The term LASER stands for Light Amplification by Stimulated mks A :
The laser Is a device that produces a light beam with some remarkable p : :
(1) The light Is coherent : The light with the waves, all exactly In same phase.

(2) The light Is monochromatic : The light whose waves all have the same frequency o
wavelength,

(3) The light has unidirectionality : The light produces sharp focus.
(4) The beam s extremely Intense : The light has extreme brightness.

In order to understand the concept properly observe the pictorlal difference glven below,

NNNNNS \NANNN NANNN

o~~~ \ANANANN NN
(a) Ordinary light (phase (b) Monochromatic (c) Monochromatic coherent

and frequency/ Incoherent light light (LASER) (phase,
wavelength mismatching)  (frequency/wavelengthls  frequency/wavelength all are
same but phase is matching)
mismatching)
Fig. 4.15

4.2.2 Working Princlple of Laser i

We know that in order to force water from lower level to higher level, we need some energy
and similarly energy s given out when water falls from higher level to lower level.

An atom must be imparted with some energy so that it gets exclted from lower energy level
to higher energy level. Similarly energy is emitted by an atom when transition takes place from

i

gics. 415

W—NWW
| enerdy Jevel to lower energy level. Emission of ener
ef jevels- Emission Is In the form of photon,
i{
lgy E=hv= (E-Ey)
e

where: E - Energy of photon

gy Is equal to the difference of tWO

h - Planck's constant

v - Frequency of radiation

E; - Energy of higher level

E, - Energy of lower (ground) level

When such a photon is incident on an atom, then atom absorbs this energy and gets
.’lted j.e. moves from lower energy level E; to higher energy level E, (excitation).
&< Fig. 4.16 (a)]. This excited state is unstable (non-equilibrium). The atom is not willing to
‘R:{:;n in excited state for longer time. In course of time, the atom jumps from excited state to
el

Jower state. During this transition, emission of energy takes place in the form of photon.

o The atom can remain for unlimited time in ground state but it can remain in excited state
' r imited time only. This limited time for which atom remains in excited state is known as life
uome The life time of excited hydrogen atom is of the order of 10~ sec.

Incident photon E;
Vavavae 4
of energy
hvgg Ground E,
state - Excitation
(a) Excitation
¢ '
s E,
Emitted photon
AN
of energy
Ground e horg
state 1
(b) Spontaneous emission
N E g
Incident photon IR
Pa v a v U
of ene| y
hu‘;g 4 Ground & b 2
state 1

(c) Stimulated emission

Fig. 4.16

A
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4.16
; ee

:{Cuons, randon;l in t:hasf. Thus, fadiation this caSemi: ted SPontaneously are random
 different wavelengths, different pp,. Thus, s - @ random mixture of quanta
» SUch a radiation is incoherent and has a

Basic Physics

state (de-
Soon after the life time of excited state, atom retums to gvrv:u:sd SPonte:(neon:ltauon) by
emitting a photon of energy hv. This emission process Is kno €Mission,

[Refer Fig. 4.16 (b)).

The another form of emission Is stimulated emission. [Refer Fig. 4.16 (c)). When the ato
Is In excited state and before coming It to ground state the atom Is triggered due to ap actiop
of incident photon. The interaction between the excited atom and incident photon can trigge,
the excited atom to make a transition to ground state. The transition generates another Photoy,

which Is Identical to the Incident photon (same phase Le. coherent, same wavelengt, ie,

monochromatic, same direction). - th ich i
fion ggnerales another photon which js identical to the incident photon (same phase

. ton is called as s
This process of forced emission of photons due to incident pho timulateg erent, same wavelength i.e, Monochromatic, same direction)
emission, 8 E :
huy,
A~
4.2.3 Absorption or Stimulated Absorption Ground e /\/h?/\’ ASER
state 1 %

When a photon of energy hv = E, - E, Is Incident on an atom then the atom gets €xcited
Fig. 4.19; Stimulated emission

l.e. moves from lower energy level E, to higher energy level E,.

E, -
I:_d\d:.n\lﬂ\it:n " s process of forced emission of photons due to incident photon is called as stimulated
of energy sion. v
hoy, Ground E 5 4
state ! astable state :
Flg. 4.17 : Excli 1 due to stimul absorption Usually the number of excited atoms in a system are less than that of non-excited atoms.

[he atoms prefer ground state for longer (unlimited) time. On the contrary, they remain in
exclted state for a limited time called Iife time. The life time of hydrogen is 10-8 sec. However,
-: ’eklsts such a excited state in which life time Is greater than 108 sec. This state Is called as
f able state. The relaxation time for metastable state is 106 to 10~ seconds. This state

Here, the atom In the ground state absorbs the energy of Incident photon and gets excited
(stimulated) towards higher energy level E,. This process Is known as stimulated absorption.

4.2.4 Spontaneous Emisslon
After completion of life time, the excited atom comes to ground (lower) energy state
spontaneously (on its own accord) emitting a photon hv, This Is known as spontaneous

an Important role In laser.
o

Ord lary exclted state :

emisslon.
E;
Emitted photon
AN
e of energy
slato E, i ’
A ibm relaxes In excited state for long time (10 sec) and then comes down to ground state

Flg. 4.18 : Spontancous emlsslon
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Population Inversion : B erer
Population means number of active atoms occupying

Usually population of lower energy (ground) level is high and that of higher energy level |,
low as shown below :

gy state.

N. 2
2
N; << N;
Ground

' state

Ey

Fig. 4.20
In order to produce stimulated emission properly, population of higher excited state shoulg
be greater than that of low energy (ground) state.
Making population of higher energy level more than that of ground state is called Population

inversion or i.e. making N, >> N, is called as population inversion or inverted Population a5
shown below.

N, E
N; >> N,
i.e. Population
Ground inversion
! state v
Fig. 4.21

Population inversion : Definition : Making population of active electrons in higher energy

level (N;) more than the population of active electrons in lower energy level (N)) is called
population inversion.

A system in which population inversion is achieved is called as active system.

The process of raising the atoms from lower energy state to higher excited energy state is
called as pumping.
4.2.6 Pumpling Methods

Pumping : Definition : The process of raisin,
higher excited energy state is called as pumping.

Optical pumping : Definition : The process of raising the atoms from lower energy
state to higher energy excited state using light medium is called as optical pumping.

There are several methods to achieve population inversion, which is necessary for laser
action to take place,

L

g the atoms from lower energy state to

Optical pumping used generally for solid-state lasers,

absorbs "
) =
light L 2 Inversion

4
pysics ——e ~——__Light, Laser and Sound
0 Direct electron excitation (Electric pumping) :
E absorbs
Laser medium

light (Ar ion

Electric
discharge through gas

— [Population inversion

Inelastic-atom-atom collision
Atom excited | collide
by some mean

Le. He+e — He' (excited) (metastable state)

Atom of approximately
same energy from laser medi
He - Ne - laser

He' + Ne — He + Ne* (excited) (laser transition)

V. Chemical reaction (chemical pumping)

IChemical reaction] — [Excitation of atoms (dye laser)] — [Population inversion]

eg. H,+F, — 2HF
This reaction gives hydrogen fluoride molecule in excited state.

Optlcal Pumping (Three energy level laser system)

Proper lasing action can be produced using three energy level laser system than that of two
energy level la<er system.

-
N, =3

(Pumping) N; e
incident photon
hors hor NV N
R
NANNNAN, WASE
Ground = E,
N &
Fig. 4.22

Optical pumping i.e. photon of energy huyyis incident as shown t‘c’:cause’ oLwhﬁx;&‘;:tz::
8¢t excited from energy level E, to energy level E,. Here atoms relax for very v lri,,;,l i
life time is less than 10 sec) and hence atoms make transition to enerlgry e e {04 -

N Is not In the visible range. Energy level E; is a metastable (has life tim
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107 sec). Hence, atoms relax here for longer time. Hence, pop ilation “of energy leve)
E; becomes more than that of E, I.e. making N, >> Ny required population Inversion s go,

If atom Is triggered due to an action of an Incident photon of energy vy, then as eXciteq
atom gets stimulated and follows downward transition from E; to E;. During this transition, the
atom emits a photon along with incident photon In the same direction, which Produceg
unidirectional, intense, monochromatic and coherent laser radiations.

4.2.7 Propertles or Characteristics of Laser

1. Coherence (same phase) : Laser light Is perfectly coheren't in nature. i.e. the waye,
are exactly in phase with one another. The emitted photon after getting triggered is exactly i
phase with incident photon. )

1 th

2. Monochromaticity (same gth or frequency) : The laser light is Perfectly
monochromatic. The light emitted by laser is much more monochromatic than that of any
conventional monochromatic source. X

3. Unidirectionality (sharp focus) : Conventional light source emits light in a)
directions. But laser emits (spreads) light in one direction. The width of laser beam is very
narrow and can travel to long distance without spreading. Hence, it can be focussed sharply.

4. High intensity (extreme brightness) : Since emitted photon and incident photon are
in same phase, laser light is much more brighter (intense) than that from any of the
conventional source. It can vaporize hardest metal.

4.2.8 Hellum-Neon Laser (He-Ne Gas Laser)

The gas atoms are characterized by sharp energy
continuous laser beam,

levels as compared to the solid. For
gas lasers are used. The advantages of gas lasers are high
monochromaticity and stability of frequency. He-Ne laser is commonly used to read bar codes.

Construction :

It consists of fused quartz tube having length of about 80 cm and diameter of about

1.5 cm. This tube is filled with a mixture of helium (He) and neon (Ne) gas. The mixture consists

10 parts of He .and 1 part of Ne. Hence, there is majority of helium atoms (90%) and minority of

neon atoms (10%). Perfect reflector is fixed at one end and partial reflector is fixed at other end
of the tube. The active material is excited by means of high frequency generator.

€

g CEERErs e N/\/\\;\\:LASER

COMm P UAUN— «y iy b

W D a0 hve wedian

59 PUV{)\'\QX; S QAL

i iaey a1,
—‘)) " (gp»\f\"r)l LU
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Partial
reflactor

o Quanz tube

beam

Radio frequency
generator

Fig. 4.23 : He-Ne gas laser

Working :

An electric discharge is produced in the gas by means of electrodes outside the tube

ected to a source of high frequency alternating current. Collisions with electrons from the
conn

te He and Ne atoms to metastable states respectively 20.61 and 20.66 eV.

dscharge excil '
*a* Helium atom Neon ato:
Energy transfer g
V. 2065 eV .
20?{1 €' lQgh collison /
ya 3 .
e N state Es
“
2 § —_tFE,
o LASER
(]
2. =6328 A
18.7eV E,
Electron Radiatichiees
impaCt transition
T B
De-excitation
Ground E,
Ground state
1 “state

Fig. 4.24 : Energy level diagram -{md}::-:;yl?:"c‘:ls H, and H; of helium,
d to excite: h
As the neon higher levels E, and E; are close - to excited neon atoms throug
<= . nsferring their energy . ion inversion.
"iselotnh[es pmb: blh%,or h:hhu::;gsn;so[fr:elium atom is to help to achieve population
greater. Thus, the

lasing atoms are neons.
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The laser transition in Ne is from metastable state at 20.66 eV to
18.7 eV. This is the laser whose narrow red beam s used to read bar codes.

Applications of Laser :

an excited state

&~ Lasers are used to read bar code in shopﬁing malls, Iibra_'g"e!&

®  Lasers are used for engraving;)and embossin

name of company, monogram of the company.
&~ Lasers are used in cutting, drilling (peening) and welding metals.
 Lasers are used in surgery for destroying kidney stone, cancer cells.
2" In military, lasers are used to direct the weapons towards the target.

\/ Lasers are used to measure distance of the
earth.

\

> Lasers are used in holography, printers.
\y Lasers are used by dentist for dental surgery.

& Lasers are used for 3D laser scanners) analyse the real world object —
S}~ )

collected data
can be used to construct digital 3 dimensional models.

¥ Laser pointer or laser pen - Laser pen is a small portable and visible laser designed to
- highlight some interesting part by focussing small bright spot of coloured lightonto it.
\&~"Lasers are used in eye surgery,

soft tissue laser surgery, cosmetic surgery
(e.g. removing tatoos, scars,

stretch marks, wrinkles, sunspots etc.)
SUMMARY

The term LASER stands for Light Amplification by Stimulated Emission of Radiation.

Laser has remarkable properties like coherency,

monochromaticity, unidirectionality
and extreme brightness.

*  Whenphotoniis incident on an atom, then atom absorbs energy and gets excited.
e~ The limited time for which an atom remains in excited state is called as life time.
There are two types of emission :

(1) Spontaneous emission.

(2) Stimulated emission.

Light, Laser ang Soung

(Dec. 2010. May 2011)

g of printing plates e.g. numberplae

planets. e.g. distance of moon from the

ight, Laser and Sound
process of forced emission of

hol o
R ernission Photon due to incident photon is called as
stimulated :

at

Ordinary excited state : Atom remains in excited state for very small time and comes
down to ground state.

Metastable excited state : Atom relaxes in exciteq st

; ate for long time and then comes
> tate.
‘down to ground s

Making population of higher energy level more than that of ground state is called as
population inversion.

e process of raising the atoms from lower energy state to higher excited energy state

is called as pumping. : .
QUESTIONS G ey
) Y:» N
ive full form of laser. “ T m%
. SRCARAS AR
What do you mean by lasers ? @ % 3
T <)
Define spontaneous emission and explain. (o w0 T

1.
) i Ja AT~ L0 AR ¥ pmne MV
" Define stimulated emission and explain. o) Qs Y« &g 2 oS,
'

ion i ion. [ :
Define popu]a!lOn HIEE “ BTG falyrennie T 7‘:#‘::—‘“
Ao,
Gt Leq s
&rrarg—-
raty we,,
g»w
Aanee ¥
g brine o1

Define optical pumping.
. Define active system.
Explain working p}inciple of laser.
Explain population inversion.
. Explain optical pumping.
?
What is ordinary excited state and metastable state 2
. State and explain properties of laser.
13 Explain construction, working of He-Ne gas laser with diagra
14, Explain mechanism of production of laser. |
o *durl jon of laser.
. Define the term life time of state during production @
1 -Ne laser.
. Draw energy level diagram for He Ne las!

. State applications of laser.
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Definition of wave motion, amplitude, period, frequency and wavelength,
’relaﬁon between velocity, frequency and wavelength, equation of
| progressive wave, transverse wave and longitudinal wave, definition of
| l stationary wave, node and antinode, free and forced oscillations, definition
{ | of resonance with examples, formula for velocity of sound with end
correction.

Basic Physics

4.3.1 Concept of a Wave Motion

Wave motion is a form of disturbance which travels through the medium due to
repeated periodic motion of the medium particle about its mean position.

Itis one of the methods of transfer of energy.

A wave motion can be explained on the basis of SHM.

AEETE S

Fig. 4.25

il Suppose S is 2 source of light, SM is one of the rays; a, b, c, d, ... are particles of material
medium zlong SM which zre equidistant.
- When light energy starts from S, it sets ‘a’ into vibrations. ‘a’ in turn sets ‘b’ into vibrations,
b’in tumn sets ‘¢’ into vibrations and so on. Thus energy travels from one point to other.
Efa:h particle of medium performs SHM of same period and amplitude, As the particle starts
vibrating zfter some lzpse of time, they are not in same phase,

The zbove phenomenon is considered in 2nother way, The oscillations of a, b, ¢,
shown at a moment. ie. at one moment o

... are

positions of particles of mater| as
shown in Fig. 4.26. rlal medium will be

ight, Laser
4_\%&% g

4.25
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e pmpagation of wave requires medium having elasticity, inertia and little resistance.

. ¥ Amplitude (a) : The maximum displacement of the oscillation in the wave is
aalled amplitude. In Fig. 4.26, cc'is the amplitude.

s

1) Periodic time of period (T) : All oscillations of points a, b, c, ... take the same time to

plete one oscillation.
'The time taken to complete one oscillation in the wave is called period. Its unit is

ond.
(iil) Frequency (n) : The number of oscillations completed in one second is called

frequency n. Its unit is hertz (Hz).
1Hz = 1oscisec.

1

T
\ ) Phase : The phase of particle at any instant is the state (i.e. displacement,
t i i that instant.
on, position) of motion of particle at - . '
fe particle having same displacement, direction and position are said to be in the same
ase.
' In Fig. 4.25, a and m are in same phase.
not in same phase even though they seem to be,
their positions are different.
~ (V) Wavelength (1) : The distance betwe:e1
nsame phase, is called wavelength and denote BERE
*Inshort, it is the length of one full wave. Its unit is ™

{{]

b and n are in same phase. But notes a and e are

because they are not identical by all means

N two consecutive points in the wave, which are

by symbol A (lambda).
ter or Angstrom unit, denoted by A° or
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432 Relation between Velocity, Frequency and Wavelength (Dec. 201, % VA (Dec. 2010)
Distance covered
We have, Velocity = ™ Time taken
When disturbance travels through one full wave, then. bt
Distance covered = Wavelength € S
Time taken = Period " R'Rare‘;azaz :n
Wavelen: ———— Direct '
Velocity = m‘— Dir‘:ron of vibration of particle
1 ction of propagation of wave
But T =0 H Fig. 4.28
. e, the particles of material medj ibrati
 [n this wave, et ium are vibrating to .
X v = nh b . g\n'horiloma‘ direction (right). g to and fro and the wave is
This is the relation between velocity, frequency and wavelength. 2

5
.

4.3.3 Transverse Wave and its Characteristics
In this wave, the particles of material medium are vibrating up and down but (disturbance)
wave travels in horizontal (right) direction.
1. The wave. in which direction of vibration of particles of material medium are
perpendicular to the direction of propagation of wave, is called transverse wave.

The wave in which direction of vibration of particle is parallel
t
pmpagatlon of wave is called longitudina’ wave., parelelto the dicection of

 Wave travels in the form of alterate compression and rarefaction,

Material medium needs elasticity of volume.

d density of i i
2. Wave travels in the form of akiemate crest and trough. : Presfsalxo :ﬂ ity of medium changes. It is more at compression and less at
3. Mzterial medium needs elasticity of shape. g ’
4. Density and pressure of medium remains same. Wave travels through liquids and gases.
5. Wave travels through solids only. e.q. Sound wave
6. eg.l wave. s e ’
7. Every particle of meterial medium performs SHM of same amplitude and period. ; " Every particle of material medium performs SHM of same amplitude and period.
c c - 435 Equations of a Progressive Wave
| hcaseof a simple harmonic progressive wave, each successive particle of the medium
a simple harmonic motion, in which the phase differs regularly from one particle to
next. Every next particle is behind the previous particle in phase. If y represents the
i j - - . .
a b € 'd Ve Lo ® 1 J x4t rs t ou v ow acement of -a particle in SHM and x represents its position in space, the relation between
m n o p q \\ nay be as shown by the graph, in Fig. 4.26 =t a particular time.
C-Crest y
T - Trough
T T ‘
M LI
ﬁ'Diledion‘ol x —!
Direction of propagation of wave L l
vibration of perticle N
Fig. 4.27
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In the graph, the displacement of the particle at x = 0 Is zero and every next particle

behind In phase and hence the displacement of any particle Is given by the equation
y = asin(ot-a)

where @ depends upon the mean position of the particle in space.

Note : As per curriculum, derivation is not expected, but here some part is given for Prope
understanding and memorizing the equations. .

From the graph, it is clear that the vibrations repeat after the distance A, and this distance i
known as the wavelength. Hence A is the distance between two successive maximum values in
the ﬂ?;'aph At a distance &, @ = 2x (radians). Hence for any distance x, the lag in phase is equal

&R

lags

L
For distance Phase difference
A - 2xc
for x = a=2
2=
=7
Hence, y=a§n(m_%)

E n is the frequency of the SHM of each particle of the medium, we have, ® = 2mn

- )‘=a=n(2=m—%)
- Py
Snce 0 = T.(T = period of SHY)

- )

Secen =7,

y= ashz:(f-f)

- 2:
:

ﬁlézme;zﬁasrmavmem&avdﬁngmthe positive direction of
22755 with 2 velocity. v = ni..

Woen the prongs of the tuning fork vibrate with 2 centain frequency 'n', it performs simple
Farmonic motion. Due to this, compressions and rarefactions are alternately formed and they
m&e&hamﬂmmﬁ%aceﬂahvebcﬁyvmwwrmd

BLERT S
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ate compressions and rarefactions, The ==

distance b,
essive compressions and rarefactions s equal etween the centres of any two

to the wavelength
_ Distance gth . (Refer Fig. 4.29)

Time =T
:
Al

43.6 .Ystatlonary Waves or Standing Waves

Velocity, v

that, when two i 4
o statesI X b Wavles Lrave!hng through the medium arrive at a point
ultaneously, each wave produces its own displacement independent of the other.

The resultant displacement at that point changes.

The resultant displacement at that point is equal to the vector sum of the displacements
e to the two waves.

 Definition of stationary or standing wave : A stationary or standing wave is the
ta:nt wave produced due to the superposition of two identical progressive waves with

Fig. 4.30 : Stationary waves

‘°d94. Antinodes, Distance between two successive nodes and antinodes :

Nodes : The points in the stationary waves which have resultant displacement zero are

Called nodes.

- Antinodes :
naximum are called antinodes.

~ Distance between two successive nodes and antinodes

~ *qually spaced) :

" The distance between two successive nodesis 3 11 /
tinodes is% i.e. antinodes are equally spaced.

The points in the stationary waves which have resultant displacement

(Nodes and antinodes are
odes are equally spaced.

- The distance between two successive an!
5 )
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4.3.7 Free and Forced Osclllations (Vibrations) (Dec. 201,
A body, If disturbed from its position of rest and allowed to vibrate freely on its own,
vibrates with a frequency called the ‘natural frequency’ and the oscillations are calleq free

or natural osclilations, OR When an object Is made to oscillate freely on Its own, thep,
such osclllations are called free osclllations,

Every body, small or large, has its own natural frequency. A machine, a building,
bridge has its own natural frequency of vibration, It Is also possible to impose upon a body an
external frequency other than its natural frequency. Then the body will start vibrating with this
new frequency. Such oscillations in which another frequency Is forced upon the body are called
‘forced osclllations’. OR When an object Is forced to oscillate with a frequency of external
osclllating source, then such osclllations are called forced oscillations. Thus, If a simple
pendulum Is suspended from a fixed support, It will perform free oscillations, but if the support
Itself vibrates with a certain frequency, then the pendulum after sometime starts performing
forced oscillations with the frequency of the support.

(If the amplitude of oscillations continuously goes on decreasing with time, then the
osclllations are called the ‘damped osclllations'.)

4.3.8 Resonance

adam or,

Definition : If a frequency Is forced upon a
(Is equal to) the natural frequency of the body,
The phenomenon Is called “Resonance”,

body and If the forced frequency matches
the body vibrates with a large amplitude,

Hence, “
large amplit,
of the body.

resonance” may be defined as a phenomenon In which a body vibrates with a
ude due to the effect of a forced frequency which Is equal to natural frequency

Examples of Resonance :

1. If two exactly tuned ‘Tanpuras’ are ke

then the corresponding wire of the oth
not actuaily plucked.
2. When we tune

pt side by side and If a wire of one Is plucked,
er Tanpura also starts vibrating even though it is

a radio receiver set, the frequency of radio waves recelved In the set Is
adjusted equal to the natural fre

becomes equal to frequenc:
clear and loud sound.

quency of the set. or Frequency of radio recelver
y of transmitted waves of transmitting station, then we get

The phenomenon of resonance Is of Importance In

‘Acoustics' where it Is useful to
obtain a strong response to a weak sound.

The soldlers are not allowed to march In regular steps while crossing a bridge as there.
Is a possibllity that due to resonance between the forced frequency of thelr regular (left-
right) steps and the natural frequency of vibration of the bridge,

large amplitude
vibrations may be developed In the bridge and it may subsequently coll

apse.

) 'Form“'a for Veloclty of Sound with End Correction
s

& adjusted (by moving up) such that loud sound is hearq,
M‘_f'.‘ + position of the tube where loud sound is hearg and
i thd the length *I' of air column.

Light, Laser and Sound

\ metal tube of known diameter D' ig immersed |n 5=
and kept at downmost position, A tuning fork of AQ
{requency ‘n’ is made to vibrate and held at the T

of the tube as shown in Fig, 4.31, Tpe metal tube \/

Fig. 4.31

where, v = Velocity of sound

n = Frequency of tuning fork
| = Resonating length of air column
(0.3 D) = End correction
L = (l + 0.3 D) = Corrected resonating length

SUMMARY

Wi :
ave motion is a form of disturbance which travels through the medium due to
repeated PEHOdIC motion of the medium par ticle about its mean position.

Ampliti et . is call
; he maximum displacement of the oscillation in the wave is calle
3 plitude : T hi d

amplitude. illation in the
P lodic ti Period (T) : The time required to complete one osci
‘Periodic time or :

Wave is called as period.

i second is called as
Frequency (n) : The number of oscillations completed in one

frequency.

The Phase of a par ticle at any instant is the state i.e. displacement, direction,

2 il t.
Position of motion of particle at that instan

‘_4
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v Wavslenath (1) ¢ The shatanee hetweei two copsecutive points In the wave, which ae

I aAe Phase. 1 vallesd as wavelengih
Y Rl Betsen v iy A A sy s ik

Y Tianmrsiae wave s The wam iy which direction of vibration of paiticles of matelal

et B Pespeini ian k) The sdies i of propagatian of wave,

Y anttAl WA § Tha waws ) whieh direction af vibiatian of paiticle s parallel 1o

A9 VIRES RN S PPAAIRI WAV 1 catled) as Jangiedinal wave,

3 BIATAML M STANRR) WAL 1 IS e resullant wawe prvtuced due 10 superposition
O TN RTERE A PORHEasR haes Wil s amplinda, frequency, wavelength ang

ALY 3 TR AR SN sHAM e Tt appasite direction.

C Free aneliatians 1 A RN R Gt i s mean pasition of rest and allawed 1o
VRV TRl DA RE AN LRNAS WRH DATHAL iRy, than thesa vibrations ape

SARA TR VRIS (adiats)

TN A SR VR QoS

EXCN

TRV QooTATIAS | The duudiatovis I wWhieh anather fraquanay is forcad upan the

RUSAAMRD © B S RINAT a3 3 PHanamanan 1 WHSh a hady witvates with a large
AR AR 1 AR A oad Tageany manthes with nanval fequanay of the

Y
TSNS wane 1 Longtudinal wave

Dodmbin © The wave . owich () Delialion 31 ™ wae i
dpacete F wheavoe of pervces o

T JPATIDD AT PAWEON A WM Jracon f pronagation of wane 3
S Takad TS e H 2l bogkadmal wane.
T wne oS DR Do of Anmene (2 e Thes RS v of abemane
TS O TRNGPS TATTETTIONS NS mareiacTons.
X Moowa mediure Teaes ook of |3 Mepsea) heduns meads dasecty o
e il
< Mmmﬁm'fimmmdm‘m
TesTREaRD SaOTYRS Thange. T s mamrhurs
Smprsson ad | w2
| mrefxcer
3. Moy Irvess Do sl omip |3 e Tones trough dguids ad
’ gases,
I e 2 ez Sound wae.

whieh
drection of uibvation of parmticles o)
TRIRNIO TR S TOTRNICHN W | TanwAl madum & opanall 0 e
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o1t A tuning fork of frequency 384 H;
Rgd the veloclty of sound.

wutlon ¢ Qlven ¢ n = 384 H:

v=7?

Light, Laser and Sound

8 SOLVED EXAMPLES

mples o" relation v = nk and resonance only (As per curticulum) :

Produces sound wave of wavelength

A =86cm= 086m

v = n) = (384) (0.86)
v = 33024 m/s

2
; "gl‘;llate the wavelength.

Jation : Glven : v = 300m's

n = 300 Hz
A=24
v =nh

v 300
A=0"=3m

+ The velocity of wave is 300 m/s. If the frequency of vibration of wave is

propagation 330 m's 2

-
[}

Becn = 0Bm
.

w

v=&1= 2 x &0
e
fw=30ms

3 . - Toe iz tho '3
3:Abodunmin:fsuaesonze::x_m§3c1u‘z_.snz‘f:;zc,va

s e e
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L‘g’xt.l.zsefa"dsc_-d
ws:ﬁrd&em!ewq‘a‘:dwmhammmbeo{@me
< o Fthe length of the resonating air column, for the first resonance is 188 on.
Solution: I = 188 cm. diameter = D = 4 cm. corected resonating length =2
Comectedresonatinglencth, L = (= 03D) = {188 + (03 x4)]
L=20am

Example 6 T A tuning fork of frequency 512 Hz resonates with an air column of lengty
44cn The end comection is 6 mm. Caladate the velocity of sound in air.
Solution : Given =

n=512k
I=144cem
Endcomection. e = 6mm = 06aem
v=24an(+¢)
= 40512)(14.4 + 0.6) = 30720 am's
v = 3072 ms

Exzq*?:A:Ga‘.—;bodﬁ;sex':uasaf”Oauuaﬂeg:ﬁhaﬁraﬁé&Om
:.'zdex_:‘.i‘.:::ae.t‘:ebc:..‘;cfsn:dhai—ismms,ﬁ—dla’odtyofsammwe.
Solution : Gven = ier = 110an = LIm

Jume = 280cn = 48m

v =nh
= Var =< har - (1)
ad Vazter < lgme —-@
Dividing equation () by (1),
Same  aze
Var I
-~ w:?xvﬁ=%x33o

\!:@zl = lmm’s!/

wa:harwa'ga&wrmmuingbghforaumhgiakq‘
512 Hz fequenxy is I5cn(>'4.:’zet‘xeramazhglmg:hhumgfako(frame'q
ﬂ&&cfmmo{mzmwwwm
Solution : Given :

L]
&

512Hz ! n = 384 H,
16cam f L=?

]

Lot Lzser 2+d Scund

vV = 4nl
v=4nl

v = 4x(512)x(15)
v = 32768 am's

|V = 327.68 m'si

=]
R

2
R
O [ o)

-

=
R
5 e

-@

[
o

@12
e

T
o
[}
&2
x
-~

:
V)]
-
N

.

H

el
|

351 X186
3 L =213Bm]

1’ Define wave motion.

2. Define amphtude, period, frequency. phase and wavelength
.(3. State relation between velocky, Fequency and waveingth
4. Define transverse wave and longtudinal wave.

- 5. Define transverse wave and stata s charactersics.
Define longtudinal wave and state its charactansics.

| 7. Distinguish between ransverse and kngiuingl vanes.
8. State equation dm!m‘thsmbdm
o Define stationary (standing) wave.
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PROBLEMS

1. Find
e lt:: g:::fefhted length of alr column In a resonance tube of dlameter 2.5 ¢
€ resonating alr column, for the first resonance Is 16 cm. m
Ans. Corrected length L = 16.75 cm.
2. Atuning fork of fre
velocity of sound.

Ans. v = 327.68 nys.

3. The velocity of wi
ave |
calculate the wavelony t; 320 m/s. If the frequency of vibration of wave is 480 Hz,
Ans. A = 0.667 m.
4. A body produces wa
ves of wavel i
velocly Cfpopegetion s St m/: ;ngth 50 cm. What is the frequency of vibration if
Ans. n = 640 Hz.
5. Calculate the velocity of i
e o xt‘y of sound if resonating length 14 cm is observed for a tuning fork
Ans. v = 286.72 mys.
A tuning fork of frequen: i
g fo cy 480 Hz resonates'with air colu
correction is 0.5 cm. Calculate the velocity of sound in airrnn offength 16 cm. The end
Ans. v = 316.8 m/s.

Light, Laser and Soung

quency 512 Hz produces sound wave of wavelength 64 cm. Find the

oo

CHAPTER

FIVE

MODERN PHysics

5.1 PHOTOELECTRICITY

" | photoelectric effect, Planck's hypothesis (Planck's quantum theory)
| Characteristics of photoelectric effect, Definitions, Einstein's photoelectric
function, Photoelectric cell, Applications of photoelectric cell.

51l howelectrlc Effect
It i found that certain metals like magnesium, zinc, lithium when exposed to ultraviolet
en electrons are emitted. Some alkali metals like sodium, potassium are sensitive to
yen iéle light. i.e. when light falls on alkali metals, electrons are emitted. Thus, when light of
stitab e:frt;.quency (wavelength) is incident on metallic surface, electrons are emitted from metal
surface. As the effect takes place under the influence of light (photo), it is called as
 photoelectric effect and emitted electrons are called as photoelectrons.
X Converted
Light energy (photo) ——— Electrical energy

into

ffect is observed when ultraviolet light falls on

r most of the metals, the photoelectric e
s th visible light. The

However, for alkali metals like Naand K, the effect is observed even wi
i electric effect was detected by Hertz in 1887.

312 Pianck’s Hypothesis (Planck's Quantum Theory)
! tion of energy distribution in 2 black body

tted and absorbed continuously, but in a
packets are called as photons or

Planck proposed the quantum theory for explanat
o o According to this theory, enerdy is not emi
! ’l: l,?i_(lmermlttent) units or packets (bundle). These energy
- anty,
et

i jation is considered
The photons are electrically neutral and wravel with speed of light j.e. radiation is cons

OWer of photons.

S ; .1



