cs = 453 |

340,
28:3ecm Om”
Solution: Given_data: Speed of sound = v = 340m/qg,.

First overtone = £, = 1200Hz

: PHYSICAL
08 | P

Required: What i3 meant by the dual nature of light? Discuss the histo-
Length of open pipe = L 7? Q" nature of light in detall-
Caleulation:

AT TUT T M
ans Pual ‘Nature of Light:

In case of 1'* overtone, we have, Light 18 @ form of energy with the help of which we can see objects

f
f: lszW::.f ..‘::Lll'

" our Iurrpuﬂdfﬂg' The thb shows dual nature ie' in Some cases,
2kl J L i —(7) I: pehaves like a wave and in some tases it behaves like a particie:
I . . .
Putting the values in equation (1), we get, i case Of Compton effect, photoelectric and pair production pheno-
[ 340 ) s the light behaves like a particle: While in case of interfe-
L —— | - menon s,
l‘k?200;m = 0:283m

= L =(0:283x100)cm
= L=283cm

nnce, polarization, reflection, diffraction, the light behaves like a
vave: Thus the light shows dual nature:

History_about the Nature of Light:
fs the light shows dual nature, so in the beginning it was a great
problem for the scientists to explain its real nature: The scientists

qave their ideas about light in the form of following theories:
I- Newton's Corpuscular_Theory of Light:

100¢cm = 1m)

Ans: ]L:ngth of open pipe =L = 28*3£n?|

+ 44

..dr att LR8P Jo AL Air M)y

® The corpuscular theory of light was put forward by Newton' It is
AT . i i dso known as particle theory of light- According to Newton, light
e, """'I“F"":‘J"‘"”L""'ﬂ ﬁtf?kﬂ‘i‘)lh'i-i%f Ay @ travels from one place to another in the form of extremely small
...:.-‘LJ.,;U)'.,:F Wn Sl particles known as carpuscles: On the basis of this theory, Newton
ﬁJUJ} L ffhﬁ, '-WL"JJ'L:)LT;.(:.UHJE‘ ££6 AL '-LFI" & was able to explain the phenomenon of reflection and refraction of
' light-
LS Dyt r.ﬁ;.!,{f 2
N2y AT . ‘ Wave Theory of Light:

J(ﬁdw‘m"‘%héé’,ﬂ) Jaf ik ._-_.-,,,_,rfﬁ'ﬁ @ F"’ theory was put forward by Huygen: According to this theory,
2600 Vo g R e Jon L w?dmé  © ;!:t travels from one place to another in the form of waves: This
o SRS e A A e © | ot e o epin rafucsion and e Howew
Lo B Zul yopndons; ; . Y Was failed to explain the phenomenon of polarization, i

ert LIS A St s e @ faction and inerfer

~e-0nesi] by B lynelde i)y Lol

——, TN Y

ence of light:

 Bexwsll's Theory of Light:

w&fmwm in 1873+ According £°
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Maxwell, light is electromagnetic in nature- It consists of botl "
tric vector “E " and magnetic vector “H " and both are oscillet,n, |

e
perpendicularly to the direction of propagation of the wavee. TL;*
speed of light is 3 x10°m 7/ sec- This theory tells us that liaht Way,

1
i

needs no material medium for their propagation-

Beside it, “Thomas Young” performed an experiment or *ie bass ﬂ,l
which he explained the diffraction of light-

In 7907, “Plank" introduced the “Quentum theory" of light- &,.
cording to this theory, light trevels from one place to another .
the form of pockets or bundles of energy which are known a

tas or photons: The energy of photon is equal to “hf'-
mass of photon is zero-

5 Quan-
n‘l‘: Fess

The Quantum theory was able to explain the phenomenon

of Pha-
toelectric effect, Compton effect and pair production-

Q2: (a) What is wave front? What is the difference between

spherical and plane wave fronts? (b ) State and
principle-

Ans- (a) Wavefront:

The locus of points in a medium with same phase of vibration i
knowrn as wave front-

Explanation: |

explain Huygen;s

When we throw a piece of stone into a pond
waves are produced- Now the
cause all the points on

Types_of Wavefr ont:
There are two types of wave fronts which are given
(i) _Spherical Wave Front:

A wave front which have concentric sphere
with centre ct

of ' 3ter, then circula
crest produced here is a wave front, be |

the crest will have same phe  » of vibrations:

be low:

its source is known as spheri-
cal wave front, as shown in the figure-

In case of spherical wave front, the

efer
9y of the wave js transmitted equally in

all directions as the waye Propagates: The
direction in which

the enerqy travel is
known as the ray-

25 g MNOYWSs - 1 YEoar L AL ¥ = M | I[I f L J
‘ -q,.:--l';-:t‘ PEHE'.{:E "'_'\- e
— -

(ii) Plane Wavefront:
A¢ very lerge distance, some portion of spherical wavefront appears

gs plane: Such straight portion of the wavefront s known as

“,avg.ﬁ'rant*

piare

The plane surfaces are parallel to each other: The rays are perpend:
cular to the plane surfaces:

(b) Huygen's Principle:

According to tis princples, “all points on a spherical wavefront acis
as point sources for the pro-
duction of secondary spherical
wave which are

known as
wavelets-

Source

Consider a source “S" which
produces a wavefront “A" as
shown in the figure- Let us take

several |
points in the form of dots on the wave-

front “A", as shown in the figure: These
dots act as secondary sources and each pro-

duces spherical wave, as shown in the figure-

Thus using these points as secondary

sources, we can draw spherical circles each
having radius “CAt ", where “C" is the ve-
locity of light and “At" represents
time interval during which a

the
wave propa-
gates from one wavefront to another-

Thus the wavefront “A" give rises to

another wavefront “B" as shown in the fig-

ure: Similarly, the wavefront “B” will give rise to another wave-

front “C” and so on- This phenomena also occurs in case of plane
wavefront- Such principle is known as Huygen's principle-

Q3: What is meant by coherent and incoherent sources of light?
Explain how coherent sources can be produced?

fins: (i) Coherent Sources:

Two sources of light are said to ke coherent, if there is a constant
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phase relationship between the waves produced by them.

(/1) [ncoherent Sources:

Two sources of light are said to be Incoherent sources, if ¢,

e
constant phase relationship between the waves produced by t:,. s ng
em:

Preduction of Coherent Sources:

When light from a single source “S" Is allowed to falf on a
having two narrow openings, then the light which emerges ,
through the narrow openings becomes coherent: Thus the 0 "
or slits of the screen behaves as coherent sources of light-

l:rllq

Plﬂfﬂ,’

Exemples:

I+ The two vibrating spheres
that produce the water
waves are coherent sources
because the spheres vibrate
up and down together:

2: The two slits in Young's
double slit experiment are co-

herent sources because the ]
light from these sources originates from the same primary
source:

@%: (a) What is interference of light? (b) Discuss the types of

interference: (¢) Discuss the conditions for interfersuce

Ans+ (a) [nterference of Light: (ETEA 2012-2: + )

The superposition of two coherent light waves travelling along the
same medium is known as interference of light:

() Types of Interference of Light:

There are two types of interference which are given below:
(1) Constructive Interference:
Waves are said to be inter-
fere constructively when Y[ ymyey,
they reinforce the effect of
each other

Due to constructive Inter-

ference, the resultant In- Wauve 2 =

el

gics Notes = 1°

y ﬂlr fi’ht increases and 25 & resyle
on the screen:

For constructive inter ference, the cress
Lh srough of the other wave:

W&!ME&E!&H-‘

flﬂl‘t
pe 1647
of | |

eNe wase Snculd coimeide

Si)“, ars gsaid to be Interfers

Jﬂ#ructfﬂfy. if th:y cancel |V ~= el

‘*'-1I¥ri;t: ";- l"{’ﬂ'ﬂltjilf" 1;1‘. ¥ ffﬂuiij' ‘;:.‘ !

00 destructive  interference, /\7‘; ; 7‘{\/—

she intensity of light decreases v ”
gs o result dark bands iR

ond Vslamioz

{;_..;ﬂ’.;} are produced on the ————_ X

sraan® In case of destructive interference, the amplicude ¢f the re-
]HJ'HH# wave will be less than either of the ."ﬂ:ff'ffa'uﬂ waves: For de-
gsructive interference, the crest of cne wave coinzide the trough of

the other wave’

(¢) Conditions_for Interference: (ETEA 2006-2008)

1. The waves having same wavelength and pericd should be emis-
ted continuously from the two sourzes:

2: The distance between the sources should be minimum-

3+ The amplitude of the two waves should be the same-

4. Both light sources should be narrow:

5' For constructive interference, the path difference between the
two waves is an integral multiple of the wavelength i-e
[P-d = mh, (1)

Where, m=0,1,2,3,++s1s0sesrsssrsss

find )= wavelength of light coming from the sources
O For destructive interference, the path difference between the
‘Wo waves s an odd integral multiple of half of wavelength i'e

r\
Lt 3

nﬂhlr‘ ‘HEII{J'?IJE';?'-.-tn--lltul-l
Hﬂf )=
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Do you know!

Different colors can be seen on the soap
bubble whenever the light of the sun is fal-
ing on its surface It is because the colors

seen in a soap bubble arise from interfe-

rence of light reflecting from the front and

lack surfaces of the thin soap film-

For your information:

Distortion of the picture on a television receiver:

Q

Lh
i -,
—ad
L

This occurs when an aircraft
passes low overhead: The

waves  traveling  directly
from the transmitting an-
tenna to the receiving aeri-
with the
reflected from the

aircraft- Usually the reflect-

al, interferes

waves

'h" T
E ign—-b

ed wave is much weaker and

so the interference is never F
completely destructive as a result the distortion of the picture on

television screen takes place-

—

———

Q5: Describe the experimental arrangement for the production of
interference fringes by Young's double slits method, and get an
expression for the fringes space- =

| ET€A 2009, 2016, BISE Mardan 2019

Ans- The Young's double slits experiment gives the ¢Jp:rimzﬂ¢‘:;
verification of wave theory of light: This experiment was pcrfarmr--
by Thomas Young in 1801 for studying the interference phenome
non of light-

Experimental Arrangement:

The experimental arrangement consists of light source
“S$," and “5,” and a screen as shown in the figure: B

wgn  gwo SIitS

is situated at a '

“r" and at a Incitesn \\\{
jistance  “T2 from slit _* N\
", respectively:  While ))>> )
ihe between _
the two slits is
mp,-,nntzd by “d"- There
is another narrow slit ::f:f‘.'.‘f.'l':._f‘t”‘
“g ” placed closer to the —
cource of monochromatic light, as shown in the figure-

Now in the given arrangement, a beam of monochromatic light ;
sliowed to pass through the narrow slit “S,” and then thraufi si':
ug” and "5;", as shown in the figure: The waves M :hrﬂ::
“s" and “5," produce interference at point “P” on the screen- i
Path Difference: (ETEA 2013,2016)

From the figure, we see
that, r,>r,- The difference
between them is known as
the path difference: To find
the path difference, we draw
a perpendicular from *5,” on

r,", as shown in the figure: Now in “A5.DS,”, we have,

dls t,ﬂﬂ cE

5,gpﬂ ration

\.‘rt!"“\. e on

™MWl o mavims 4 ! J
12 arf] dark Innpes as

Ar=dsind _ (1)

Equation (1) represents the path difference: Now there will be con-
structive interference, if

Ar=dsim)=mna (2)

Wiers, m=0,57, +2.+3 ssossascsisilipss

And ) = wavelength

Mm"f there will be destructive interference if
l;?‘r:deﬂ0=(m+%)}, (3)

Position_of Bright; Fringes [Band] and Dark Fringes on the 5ree™

: ar dark
" order to find out the position of bright band [fringes] ¢

i 4 (s
Mi_‘cr een we use the triangle “AROP . 7 whit

——ﬂ—

—
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NG: ﬂﬁjp_h -

L L — _
tan() = "';:—'- S lygpettad () w‘,;; ﬂfj_yauﬂﬂi’— Double Slits Experiments: |
Now if L.>>d and point “P" is very close to point "Q", we p ;.' J& gives U!'#hl experimental verification of wave y,egmn.
turl) = sinl) 50 equation (4) becomes, - theory of light: g
ywlgmd) (5) 5 It can be used to study the phenomenon of in- y'_y_l
Now for constructive interference, we have, serference:’ _ d
derin g nen 3. It is used for the determination of fringe width: For me 2
7 n‘rﬂi-":‘ —(6) 4. It can be used for finding the wavelength of v, .‘z_l:":::;.b
Putting equation (6) n equation (5), we get, ’____ﬂL_—————-——-_______—:_
5’”’"’? - y”‘%'":""_ (7) %fr;g'! double slit experiment breaks a single light beam into two

Equation (7) represents the position of mth bright fringe on the sources Wa'ufd the same pattern 'bl obtained for two independent
screen Now for destructive interference, we have, sources of light, such as the headlights of a distant car?
1( ?\; Ans: No, two independent light sources do not have toherent

_ 7\ . |
d””ﬂ.[m*hijj}' — ”nﬂ-g|M+_' . (8) Ehﬂ“.
W

Futting equation (&) in equation (5), we get, Q6: Explain the interference effect produced by thin film-

!u_, - L!F.-n + g-lllf (%) Ans- Thin_Film:

o d\ 2/ | A layer of extremely small thickness of certain transparent medium
Equation (9) represents the position of mth dark fringe on the is known as thin film-
i Examples_of Thin_Film:

anng:_._wigfth: (ETEA 2074) Surface of soap bubbles, a thin layer of oil on the surface of water,
ﬂf‘ d”‘f"”“ b‘*‘_"“” two consecutive bright fringes is known as cracks in glass plate etc are the examples of thin film in which phe-
fringe width or fringe spacing: nomenon of interference takes place:

I — R

Now for finding the fringe spacing for dark — e

fringe, we subtract 1" order dark fringe y ® L( - T ];_ Explanation:

from 27 order dark fringe i-e: "o\ 2 Consider a thin film of a refracting medium, as shown in the figure:
Fringe spacing=y, -y, For 1" order we put m = | Let a beam “AB" of monochromatic - ]
— [Fringe spacing],,.,= Sth 3L So ¥, 3 LA light Is allowed to fall on the upper C

2 2d -1 surface of the film- At point “B" the =

— (Fringe spacing),,., = d"[ - (10) For m;[_; intident ray is divided into two parts:

Similarly for bright fringes, we have, Y:”?T f”' part is reflected in the form of

(Fringe spacing)y. .=y, -y, —_— tam “BC", while the other part |is

= (Fringe spﬂrfng)s..m-_._‘?"".ﬂ refracted in the form of beam “BD"

d d B shown In the figure: Water
= [(;r"'”f' ‘P”ﬁnf)nm'%}‘——-—-(f?) ‘:ﬂw at “D" the ray “gD" is divided Geometricalconstruction of interfereace
e e e v S i %o two parts: One part is refracted of Hghtdue o Mhunoittilm ___|
-.....___-—-_____- ‘ R

pos

: ] ,‘ e —_—
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ed in the form of beam “DE”- A¢ "E" £ monochromatic light-

end the other part is reflect

the beam is refracted in the form of ray “EF” as shown in the fig- I w0 plane mirrors M, and M,

ure: As the beam “BC"” and “EF" are the parts of the same prim,- 2 saalf silvered glass plate “G,"-

ry beam “AB", so both beams are phase coherent: As the film 3 cless plate [compensator plate] “G,"-

thin, so the separation between the beam “BC" and “EF™ be 4 ek

very small- Thus both beams superpose each other and as a resul, er™ iven arrangement, a beam of monochromatic light originates
interference takes place which can be observed with eye, as shown in Ba’A “5” as shown in the figure- This beam of light is

m the source
i::ﬂ - owed to fall on a glass plate “G,” which divides this ray into

srts- One of these rays is directed towards the mirror “m,”
- :;m other is directed towards the mirror “M,”- These rays are
Mf, cted from the murrors and travels back towards the glass plate
:;:: Both rays transmit through “G," and enter the eye through
selescope” Both waves superpose each other and thus the phenome-
non of interference takes place-
Now iF the paths “L," and “L,” are the same, then we will observe
constructive interference: As a result bright fringes will be produced
whith can be seen with the help of telescope, as shown in the fig-
are- We can change the length of path “L," by moving the mirror
“Mm” and as a result, we will observe both constructive and de-

the figure:
Now if the two beams reinforce each other, then constructive ipn-

terference will take place and the film will be appear as bright-
And if the two beams cancel each other, then destructive interfe-
rence will take place and the film will be appear as dark-
Film of Irreqular Thickness:

If we allowed a white light to fall on a film of irreqular thickness at
all possible angles, then the interference can be observed due to
each spectral colour separately: It is quite possible that at a certain
place on the film, its thickness and the angle of incidence of light
are such that the condition of destructive interference of one colour
Is being satisfied- Hence that portion of the film will exhibit the
remaining constituent colours of white light-

structive interference-
Alternate Bright and Dark Fringes:

Q7: Describe the construction and working of Michelson's interfe-
rometer-

ETEA 2006, 2010 l

I the mirror “M,” is moved through a distance 'E’ backward,

then the path difference between the two beams will be equal to *

Lo

2

Ans- Michelson's interferometer is an optical instrument which is used

to study the interference of light waves and find its wavelength- ond destructive interference will take place and thus we will ob-

Principle: eve dark fringe-
It splits a light beam into e _l::”‘.*:hh. If the m; M o w)e ) th
v s H'.I""ﬂr‘ (1] ] ] . & an‘: u_- L1 n
two Parts ﬂﬂﬂ' tf’i‘tﬂ recom- .luf:;rrllhul'ﬂlll.ﬂll. I'I 1 G Gk I s Fﬂrthtr move t i"'ﬂug a 15 € Z £
bines them to form an in- S H— P the path difference will become [ 2.2 L i “L"™ and as a result
terference pattern after Be L7 % I.? 2
aalia T sl e n . » 2 " "
they have travelled over .y "":".-u“ ‘;, Lo Mo ﬁ-If:mmt”ﬁ|= iNterference will take place: 50 we will observe bright
different paths- v g frnge-
= . " thi . '
Construction: Y bhis way, if we move the mirror “/M.” slowly through distance
) Telescope “u o ' Y 9
ft consists of the following h 4 Cah time, then bright and dark fringes will be appear alter-
parts: QlrEye Nately.

\"\__

. = -'--'-—q_"'"'
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Determination of Wavelength:

To determine the wavelength “)." of the given light, let vy, be
the total number of observed fringes: Now if the mirpor “M

moved backward through distance ";‘;L " each time, then the total

distance "p" is given by,

plm[-'--ii]:}plm?l:? J.-'i:’ -- — (1)

Using equation (1), we can calculate the wavelength of 9iven light
for given values of “p" and "m":

Uses of Michelson Interferometer:
I It is used to observe the interference of light:
2 It is used to caleulate the wavelength of light-

—_—
an the dfra:tfan of If ht' |

e e — e —

ETEA 2005, 2013

Ans: Diffraction of Light:

The spreading of light waves round the edges of a narrow opening is
known as diffraction: (OR)

The spreading of light into the region behind an obstacle is known aos
diffraction:  (OR)
The deviation of light from —_— B

its original path is known as
diffraction:

Explanation:

Consider a wedge placed in the
path of a beam of light coming
from its source “$" as shown
in the figure: When the beam
of light strikes the wedge, it
deviates from its path through an angle 0,.0, etc as shown in the Fig
ure: As a result, the original position “O" on the screen will appesr
dark and we will observe the diffraction fringes at points “A" and "6

above the tentral point "0". Sych deviation of light from Its origin?
path is known ag diffraction of light

e i R, 2. &

LA Y AT T o Py KT

-
= F Falk.ad | e
T -i'l-l"l-:-lli ]

=

Ph

mr diffraction at a single slit: (OR) Discuss
« WIS

@: " ction due to a narrow slit-

the diff —— —
.!'SE m"rdﬂﬂ 20?9 A o . -
‘ Consider @ beam of monochromatic light of wavelength "

o slit AB having width “d" as shown in the figure- In order
s on the diffraction pattern, a screen “5" is placed paraliel ¢o
. ﬂbs.m:f,qg’*- the rays [wavelets] are' focused on the screen with
et fa 'mnw.x lens: A small portion of the incident wavefront
e h{:;ﬂugﬁ. the narrow slit* Each point of this section of the
::::;mnt sends out secandary wavelets to the screen:

The wavelets interfere to
produce the diffraction pat-
sern on the screen Now let
the waves “1” and "“S" are
in phase When these waves
reach the wavefront “AC”,
wave “5" would have a path
difference “ab"'-

If ab = ;- then the two rays will reach the point “p" on the streen

L]

and destructive interference will takes place’ Similarly, each pair 2 a:ra’
- - ill also
6,3 and 7, 4 and 8, differ in path by = and hence they w

interfere destructively- . i
Now to find the value of path difference “ab”, we use the AzbA,

n which we have,

N = ab sint) = paey
sirl) 778 ) | hyp |
\ 2

1 'b.%gn‘rﬂ = gb= %ﬂnﬂ — (1) [,qg=d|

For destructive interference, we have,

db-é'- 50 equation (1)

D el = [drmen (<)
. - - = i d ,.;,J* In general,
“quation (2) represents the first order minimum [da

quation (2) can be written as,
-"""'--..._________

—_—

-,._‘ Im = e - .-nﬂ. . )
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— s

uldsm‘.i = mr,_l _______H______(_?/]
Where m=1,2,3,8,+oreerererienns -
The region between any two .
consecutive minima will be max- fay) min 1 ‘l
Ird man l

ima [bright]- Thus a series of
bright and dark [maxima and
minima] regions are observed on
the screen- The first bright re-
gion is situated at the centre of
the pattern, as shown in the figure-

Q10: Discuss the difference between interference and diffraction.

INTERFERENCE DIFFRACTION

Interference is the super-| 7- Diffraction is the bending of
position of two waves- waves around an obstacle-

2' Two separate wave fronts| 2+ Secondary wavelets an‘gfnatir:;
originating from two cohe- from different parts of the
rent sources produce inter- same wave front cause dif
ference- fraction-

3 The region of minimum in-| 3- In diffraction they are not
tensity is perfectly dark in perfectly dark-
interference-

- The width of the fringes is| 4 In diffraction the width of
equal in interference- the fringes is never equal-

S5+ The intensity of all posi-| 5+ In diffraction, only zeroth or
tions of maxima are of the der maxima has maximum in

same intensity in interfe- tensity while all other maxima
rence: are of lower intensity than
the zeroth order maxima:

7

—

QIT: (a) What is diffraction grating? (b) What is grating ele
ment? (c¢) How can the wavelength of a beam of light be meas

ured with diffraction grating? =
BISE Kohat 2017, 2019, BISE DI Khan 2019, BISE Bannu 20?7;]
fins: (a) Diffraction Grating: it

L1 .

A glass plate having large number of close parallel equidistant
mechanically ruled on it is known as diffraction grating: (OR) .

G) Grating Element:

i ﬂpﬂrﬂtfgn between two slits is known ags grating element- [t js
e d by * d"+ Its value can be obtained by dividicg the dinie
f grating by the total number of lines ruled on it- ie

ength ﬂum_# length of grating iy Vit ,
Jlmmbﬂ of lines ruled on it N
(0) 6 ating Equation for {Hﬁﬂiu}iﬂi‘{bjﬂ;}egﬁ_&_@_ﬁ_@ﬁ:
consider @ grating plate which consists of a number of parallel slits,
o shown in the figure: Let parallel rays of light are allowed to pass
shrough this diffraction grating, as shown in the figure:

The diffraction grating diffracts the rays towards a convex lens

which converges these rays to a single point “O" on the screen as

shown in the figure:
Now consider rays “1" and
“" we see that ray 1"
covers longer distance than
ray "2"+ S0 for finding their
path difference, we draw a
perpendicular “Br” from ray
‘2" on ray “1"+ Thus “Ar”
represents path difference be-
tween the two waves:

Now in “AABr ", we have,

: Ar
"ﬂ=——- = 7
si 5 = Ar=ABsin) (7)

In equation (7), Ar=path difference, AB=d
Sﬂ.equatian (?) b#ﬁﬂmﬂf,
Path difference = dsim (2)

For constructive interference, we have,

PIIHI d;'ﬁ?'grgnu =m (3)
“Mparing equation (2), (3). we get.
Jimﬁ =mi (.#)

w"ﬂ'ﬁ m= 0, ;tr 213| £f vesssnsncssnns
"'1'--_________ '



https://v3.camscanner.com/user/download

|
| - »
Y LB A
w W W W ® b . ¥
Iy . ' M a - b
vy o3 y & -
W ”l Py LL in & % \ “ .
- N ® " LN S : ™
ﬂ._ sl L \ " LI ".— ¥ 0
W : \ 5 " H i i LA
- -. ! .-l. F .'- ‘.—.
N L1 L] .
(11 4 L1 .
] " ..ﬂ . o -_".... - .__-. . " "." .
R = h » & W oy ~
& L] L L L
J... LT L i : LR L]
L L 1
_". AN » o ” " .a b+
g .__ - . R A ... \
L1 % i —- - ' -‘ s LB LA
L .' L1 ¥
SRR Y YR " t .
L] Jf.. LE r__ . % \ .H
_"_— L Yy E ] "- LT .. & -._-_f iy \ L
b | .r'.. y _ ' . . ”.a Ly - ﬂ.r " L] D
H. i hy " 1 ! \d b vh Ll
\ W - . " LI " 1
W W L W x " . , \ \
ﬁ L1 | . -- "W ]
. L1 5 b
“ \ § N o @ @ ol T S - b |
L— “ » iy '
(L] L] .l . L1 LY L1 " i d_ o
LR wa q .' ¥ H N - A
O I i\ \ C ©  nst Y 3 o
R R ! t a8 |
A 7. 4 8 ] -, R T T S B LV 2 ™
vy W : 1 . a _— \ ' % . N | i LU W " Wi ” \ w
¥ TN w R G2 " ' \ 9 » .\ e
Wi . W L L | LT Wy oal 4 L i
. " 1 LI LA \ i TR W -
uh .ﬂ " - L1 LLL T 1Y L1 Y ™ ' Ae ] A L1 " [ ......_
J_ LI T L1 w & \ . 4 » S 8 W\ " . -
L L - \ N Ny Moow W ( v " . N
Rk B ¥ e I T ) D I \ s |[Sa |8
s % ] R 3 " LM N N - 3 N . \
\ L] L1 L] AL L1 - ' u g L ] .r .ﬂ ’
wow M\ "W " W r o ! ._: N v U w O . A "
Ny .r‘ b '-. ﬂ-’ﬁ L] L “”_ . W M.—. ‘. b i "“ L] #J-_r ul L1 (1Y (1] [ " .-_-J._ ” _F" r.ﬂ
. L LI u )" \ A . u... 4 . . . h 4 a : i ) 1] w. 1
WA \ ) ) ~ W . L\ A . \ ' (L
" AR R TR Ry R B RRYN B ERE
U VO I " e b W “« Tat & 8 ¢ .“-.,. ; A TR T S w a8
. L . E ' - .'. H .rf_-_ L1 ¥ J..r J. . L] L1 1 L - AT w L1 W -.IL wlh
R ™ e P w s g NR9 T W v v W ..,.___, N P e Hm- \ » A o, WL i S
b A ‘s rr..f \ L L] \ . b Yy Lk | LY " A " Aok 5 A1) M...
If# \ LR | N NGl . SEL U B T P i
ﬁ. . X AW B W ﬂ H . %' m v\ "W « & a4 & a
LR LYY RO WYY g o Caad & ) \
v A\ w\ IR \ R A S 3N \
v W T, =t AR %W 3 . \
v ._T _.un .—& —_ﬂ 1— 1 ...u.. A
. N " o { .ﬂ W M
% L ¥, o ) L S \ " [
1 n i -A . h . i 5
w ¥ " . -
S N\ R } \
" b ] b Ol . -_.“r - LR \)
] L] L] = [
ey ! " .._._ i . \ . _.__.p ...__”
—.-. - f.r ﬂ-. !.H ".—. J..-_ " F '.
) by b ;... w W L1
v ) b
8t V% ' A ¥ W
wlh i LY J.m_ & ’ L}
i Wn . _,.4 " \ \ F— “a
”_._ T T N V v . W
v :
N w8 g R L QM
# . vl & L. A
! J A J... W oy " w X WAl
i F . . _H ‘J -.r r ...._. '
L1 Wi h_ p— J’J ‘. . X » A1
L L] L & ! A N \
y i "W " » ] s W N
™ kW .,“. W \ \ . J ” 1
"_._ _... ”.” . . H. _l w —f/ // \ &
Woyow v \ y W ’
. ”. . ol | .._._ ",. | \ f/_____ 'I... \ A\
| » X oWy _. W .W..__J h
| . J.Jr b | T LT ] | _ N
A W 2 L] LU ' \
J._. N A_ LY A _ﬂ._ M A
R T W _ \ .
RS RI R BN R R
L L oAy W v ] 1 ! \ § . O W LN
r... N W \ / n. u_._ r LR LI Y . ".— d__ ...._:__ T df b .“ -J._ - Y 8 B 9 @
THER L \ ..rp L L " vy M (™ . LT U W u_._ LI LI L LT Y
1 "” L L LI Hr: . W N | . TR W k B
SENTT RS I AT T2 & TN S
r.._.-. _-_". & _. \ L. L ”f LA .r.-_-. .;..J._ v \ " wh 1 ] _..____-p #'f h s N LLT ” Y b -
w L] ‘W Ny L "y w L \ Wh A L AL L] h LR L1 .n L] . W (1
s " w o\ \ _ W INT LI TR, 'y R ¥
L L "o 2 ) g : . » " .: w U L " . I b .._.-__.__.._ N 1 Ny I »
. _..._.: WA R & \ b \ \ \ .._.- .__— N Wy, A i W 8 Ry N :
H 0 LU T & u., T . M N u_-. N O 8 ¢ ¥ R L ™R W “ r o W
. M, A W ) -._r A s Ll " L1 _ ﬂ“ \ w8 ” w - A
\ v 2 b A b ¥\ g 13 \ R v ¥ R 1 \ . j .
) \ /... ﬂ . . \ W \ _fi Al Y A . W\ 1 .f..... N W W Wy, Y hd .
W \ W, . @ L1 L L] Y| 1 \y .rr A ul L1 Wy ks W ! _.A b \ L L . L
A 5 . ‘ w k b . rep W M . . . SR
AN - ’ 1 8 5\ ' \h _v.. " ﬂ ¥ ¥ W W Y
LA LY L1 .ﬂ A\ - —’...._ w \ L L i & - L W LT “_
™ A w1 a N \ : o B 1 " N W A Moy W \ \ o B "
» W “_._ ) " i "___. h - W g .__J_. ' .?_ " s ’._ W W R & W "\ “_.. 4 e
LY A " Y ® d vy WA U N\ b | _..,.. LT % 5 L
W L1 J_” % (4 FJ__.: . \ “y W L i Ll - L] L
& L ﬂ L] _‘ X % .'.f_ L] L1 N Ny | %
1 \ -’. L. T Y - . - f.f A \ .‘. ! b L % uh L
Wl S8 B LM N D % ¢ F om oW _.,.._ \ . N \ . /ﬁ o G LT T T A i -
UL Fa R % %N A W \ " —— Wy . W WoW "y L Y S - .

LE
"

"

L
L
%l

[
\



https://v3.camscanner.com/user/download

Comparing equations (4), (5), we get,

2dsin) =m). | (6)

Equation (6) represents the Bragy's equation or Bragg's Jau,. F,
given values of m, d, 0. we can calculate the wavelength *; » z;_

the given light- Similarly, for the given values of ;.0.m we can g
culate the interplanar spacing “d” between the smaller pargjy,

planes of a crystal-

QI3: (a) What is polarization of light? (b) Define Plane polarizeq
light- (c) Explain that how this phenomenon decide that light
waves are transverse in nature?

[£74 2005, 2010, 2011, 2012, 2013

Ans- (a) Polarization of Light:

The process in which an ordi- =
nary light is allowed te pass

through calcite crystal, then | <
the light which is emergent

out s known as polarized / \
Unpolarized Polarized

light and the process is called s e
polarization of light-

(b) Plane Polarized Light:
The process of forcing or confining of light waves to vibrate only in
one plane is known as plane polarization and the light is called plane

—
—

polarized light-
In polarization process, the electric and magnetic v.'rations of light

waves are restricted to a single plane of vibration-

(c) Polarization is the property exhibited by tr.nsverse waves
only- It does not occur for longitudinal waves such as sound waves:
Experiment with Transverse Waves:
To study that only trans-
verse wave exhibits polariza-
tion property, we consider a
transverse waye on a string
which passes through a slpt
“P” in a wooden board, as

shown in the ﬁgurg-

Polariznion of ransyersg waves

When the slot is parallel to =

= --_;.-::F the transverse vibrations, the wavye passes through
ped- But if we held another slot at right angle to

£ -distur
4 un-a Lhen no wave will pass through the 2™ gne-

¢ oneé laced by a spring and longitudinal wave s sent into

rs
-t ; ¢ rep
:,:t"‘ string ;ﬂﬁ will pass through the slots regardless of the orien-
the

This shows that longitudinal waves do not show

| - '
!‘fiﬂ - rgpﬂrty' ‘
""”.zﬂt.l:: :bay_t_i___ﬁ_ffﬁ ﬁﬂ#ﬂﬂﬁzﬂ?f;_tiﬂﬁt: .
QEELEEL’":#;}.: discussion, it is clear thatr pa.’anzntr?n phenam:ngﬁ
from the to transverse waves only- It is not applicable to longi-
i ap?.';;abfﬂ ;- Now as we can convert ordinary light into polarized
aves®

l, the process of polarization and polarization is applica-

waves only, so the phenomenon of polarization

H rse

5 :a f;:f;iiicssfuﬁy decides that light waves are transverse in na-
learty @

Et ) wﬂf;t is m..:ant by un;afan'zcd light and polarized light?
?:j:p(i:cuﬂ the various process through we can obtain polarized
light* _ y "

s (a) Unpolarized Light: | =

The light which vibrates in all directions ; | ;

s known as unpolarized light- The ordi-
nary sun light, light emitted from ordi-

v
nery incandescent bulb etc are the exam- /
ples of unpolarized light- .J<'j,

Polarized Light: 5
f the electric and magﬂﬂtfﬁ vibrations of an unnolanized light, due to |

lht waves are restricted to a 55”9-?
tne of vibrations, then such light Is
“own as polarized light~

Polanzed
hght

tf: beam except those having
Vi . . anoldrnZed
"tions along one particular | U

() Production of Polarized Light: |
We can obtained plane polarized A 1 T | T X | T W
ht from un-polarized light by e, = BER ll B
"”ﬂﬂw'ng all the waves from |* . ) l 4 l l l S, L

-

EEE”‘ This can be achieved |_
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by various process given below:

(i)_Polarization by Selective Absorption:

Consider a beam of un-polarized light is allowed to fall op , ¢
line crystal as shown in the Ourme.

Unpolarized light Vertical poge
figure: icnl posttign

The intermolecular structure
of the crystal is such that it
allows only those electric and
magnetic vibrations which are
parallel to its crystallographic
axis and absorb all the re- lorizanil posion

il

maining vibrations: Thus the light passed Chrough this cryscal has o
the fields of vibrations in one plane and is known as the plane :
rized light- ik
Now when another tourmaline crystal is placed in the path of this
polarized light parallel to the 7+ tourmaline crystal, then
rized light will completely transmit through jt-

Now if the 2™ crystal is rotated gradually, then the
transmitted light decreases and when i+ becomes

the pols-

fﬂttnﬁty of
perpendicular to

the ' crystal, then no light will transmit through it, as shown in-

the figure-

If we rotate the 2" crystal further, the transmitted light will be

appear again: Thus the 2™ crystal is known as an. lyzer: In this way,
we can obtain a beam of polarized light-

(ii)_Polarization by Refr action:

The polarization by refrac-
tion can be obtained by

. ["nll-!aln"“‘-‘ - [Ordimarypotaracd |
using calcite crystal- In hght | @ [ beam ]
; —»

the given arrangement, E""’:- ' F

Eh s > N 1 "4 (e
un-polarized beam of light ky I N
is allowed to fall on calcite =

crystal  This beam after

falling on the crystal is divided into two parts: One part is Known
as ordinary ray and the other part is known as extraordinary ray, ¢
shown in the flgure: When these two parts of a single beam weré

=

—h

473

.4 by analyzer, they were found to be polarized beam- Sycl
on is known as polarization by double refraction-

.y Pola rization by _scattering:
ﬁﬂ)ﬂ ,,; un-polarized light is

-
hel ] - Unpalansed Lingarly

t‘;:, wed 0 fall on a certain ti . e S ol
e qrticle or molecule, then 2.5 as
n:.spbﬂm is absorbed by the

thi This molecule emits |, Molecule

ecule
m: ! sbsorbed beam in the form |rovnizes
theé
F:I."""-J-“J

beam
of linearly polarized beam and Paral
partfﬂ”H' pufﬂﬁ:td beam, as beam

chown in the figure: Such phe-
enon is known as polarization by scattering:

nem i
(iv) Polarization by Reflection: _
tonsider two glass plate “I" and “IlI” of the same dimension which
are placed in such a way that =
their normals “N", “N'" are pa-
rallel to each other as shown in
the figure: .
Let un-polarized beam "AB" s unpolanzed
allowed to fall on the T glass 4 light
plate as shown in the figure: :

Now the reflected beam "“BC" | iiiwi
from 1" glass plate and reflected 1 -
beam “CD" from 2" glass plate becomes polarized- Such phenome

non is known as polarization by reflection:
e

_QIS: ﬂ:s:rf;e Brewster's law of polarization: J
BISE Abbottabad 2019, BISE DI Khan 2013 S 1

Ans: The Brewster's law gives us the relation between refractive in-

dex of two medium and tangent of angle of incidence* ie’
n

~2= tan I
n,

Broof:
Let an un-polarized beam of light is allowed to fall nrf f.rhe surface
of medium (1) as shown in the figure: At point of incidence, one

—
— =



https://v3.camscanner.com/user/download

. Nagnb F'_hTJstcs Notes - 1" Year

part of incident beam is re- U npolariscd S

ﬁtﬁtﬁd 2-1.; l'LS fﬂuﬂd to bﬂ Pﬂ'l‘tﬂ‘ inculent ray :':*:::-::{‘:J"

rized totally: The other part is | = -

refracted and is found to be | . —b

partially polarized- Let “ip”

represent the angle of incidence
fa __ e

or polarization angle and “r
represents the angle of refrac-

Plrllulh Mane

polarized r Iracucg
ray

]

tion, then from figure, we have, ~
i, +90° +r=180" Ft.srmula:

= r=90°-i, (1) [sin(8, +6,)

Now from Snell's law, we have, =sin0, c0s0, +5in0, cosB |
n,Sifi, & 0,810 (2)

Putting equation (1) equation (2), we get,
msinip = nysin 90° - iy :j
= nsini, =0, [s:‘nQG“:asr’P +sr’nfpca590’]

= %, 5 i s oy ]= .
= msinip =n, | T Xcosi, +sini, X0 | =n, | cosi, + 0 | = n,cosi,

g : n, _sini,
= s, =nyosi, — = .
n, ¢osi,
n n :
= 2L =tani, = | -Z=tani, (3)
n, n,

Equation (3) represents the Brewster's law+ This equation shows
that for given values of n, n,, we can calculate the angle of inci-
dence or polarization angle “i,"

Do you know!

When light is reflecting from the glass then it is partially pafan'zﬂ:"
It is because some part of it refracts and some part reflects:

Do you know!
It is very effective to use a polarized sun glasses than using ordinary
sun glasses- It is because the polarized sun glasses protect our eyes

_from the harmful glare of the sun light-

= —

Q76: Discuss the application of polarized light: —
Ans: Some important applications of polarized light in our daily life
are given below:

—_—

| Jﬂl ng Glare:
. Re “ed by light reflected from a smoot}, surfa

gré ca

Ce SUEh as raads

¢ can be reduced by using pafari.tfng materials 4
. is partially or completely polarized-
o4 13 of phaﬁﬂﬂmphy' the Polaroid discs are placed in

s tj'lﬂ rgﬂ'ﬁt.

thnﬁs: hidden by glare-
0

sical Activity:

fl-“"" o beam of light is made to pass through certain crystal [ike
itz Or certain liquids like sugar solution, then the directions of
g

crration of the transmitted polarized light is found to be rorqted.

fhis phenomenon is known as optical activity: The angle of rotation

tor @ solution depends upon its concentration- The concentration of
the solution is measured by using a device known gs polarimeter- For
pample, the polarimeter is used in sugar mills to Mmeasure the sugar
sncentration in the solution which is obtained from sugar cane-

3 Curtianless Window:

fwo polarizing sheets are fixed in a window, one inside and the oth-
i outside: The outside is kept fixed and the inner one s rotated in
such a way to adjust the amount of light to be admitted-

4 Control of Head Light Glare:

The head light glare in night driving can be controlled by using pola-

nung viewer-

3 Stress Analysis:

When a glass or plastic material is subjected to certain stress, then

ran is produced- If the strain is viewed in.the presence of white

F’ht' we see Polaroid's colour fringes around the strain- This effect

”}‘”Wﬂ as photo elasticity and is used to analyze stresses in plas-

“ model of various structures-

f;h:’s- t:‘ polarized light is restricted to one ph:n:. only, so such

‘hﬂu!: angerous for human eyes- To overcome this problem, =
Use sunglasses which are made of polarized sheet: The light

,":: Pﬂssf@ through this sheet becomes partially polarized and thus

9 Sight wi| remain unaffected:

B ey
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WI é;f;a.' For 3™ br ight fringe, we put m=3

=0=2 &
ngle ,
;ﬂ’flflﬂ§¢h= )=480nm =480X10"m

=< =
EXAMPLE 9-1.

Yellow light from a sodium vapour lamp of wavelength 5893 x107,
is directed upon two narrow slits 0-10¢cm apart of the Young's ey-
periment: Find the position of the first bright and dark fringes on 4
_screen 100cm away?
Solution:
Given data: Wavelength of light=%=5893x10"m
Separation of slits=d=0:10cm, 0-001m,

Distance of slits from screen=L=]100cm=1m
Order of fringe=m=1

lﬁa‘ung = 10°|

W d:‘
E’g‘!‘;:gnu between two sources=d=7
|
. We know that for bright fringe, we have,

b
M mh N

sim=mh = 4= 2n

o+ the values in equation (1), we get,
putting 2%480%10” } (rwo X107 }
| — & m % m
d [ sin(2-4°) 0:042

- d% 342857 X 10°m =0-0342857 x107°m

== —————— ﬁ

Required: _ [7=0-0343mm 107 = mit]
(i) Position of T bright fringe= ys. =7 -a—_—
(ii) Position of 1" dark fringe=y,,, =7 m

Lght of wavelength S46nm produces Young's interference pattern:

Calculation: ' fhe 2% order dark fringe is along the direction that makes an angle
(i) For f{'fﬂht fringe, we have, of 18 min, related to the direction to the central maximum: What
Yy = ; (1) is the distance between the slits? _

Putting the values in equation (1), we get,
_1x5893 x107°

s 0-001 |
= y,=5893000x10"m =|y,=5-893x10"m

(ii) For dark fringe, we have,

Solution:
Given data: Wavelength=X=546nm =546 x10”m
Order of dark fringe=m=2

, |
Angle =0=18min = % =0-30° \f’ = 60minutes|

y;=“’ (2) &Qﬂﬂé Distance between the slits=d=7
“4 Caleulation:
Putting the values in equation (2), we get, }--E-_.Eﬂ |
7x5893 x10™ . o mth dark fringe, we have,
Yp = = y,=2946500x10 "m 2 7
>~ T2 x0-001) Sir) = mﬂ}“ "

- yn=2-94651m"’m = yp'-'z-gslfﬂ"'m
Ans: [y, = 5-893x10"m| and [y, =2-9465 10" m|

Massicnment o7 R

o th
The 3% bright fringe in a double slit experiment makes a 29 ﬂﬂg{ﬂ l:m;
respect to the central line: The wavelength of the mana:hmm;t; m;)—‘
used is 480nm- Find the distance “d" between the two sources (00 =

Putting the values in equation (1), we get,

= dXsin(0-30° ) ’[24-.—?2-}.:546:?0" =-52~x5#6*?ﬂ"

—

e

g 511235 X107 =1365 x10°°
S 365 x710°°
. =260-7 x10°°m

5‘236 "‘l TO“] s :
: :a [ = | o =N T4 g+) . Bk |
Al L{-._'?Eo'?llm L E

K_—_> e ——
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A beam of x-rays of wavelength 0-3nm is incident on o Crysiq)
Q

gives a first-order maximum when the glancing angle is 9.p i ang
Find the atomic spacing: 4 €9ree;
Solution: )

Given data:

[Wavelength of x-rays=3=0-3nm=0-3X10°m

Order of image=m=1, Angle=8=9"

Reguired:

Atomic spacing=d=7?

Calculation: (Ve know that, 2dsird=mi

= d= — (7)

Putting the vclues in equstion (1), we get,
4-1%X0-3x10° _0-3x70°

2x5n(9°) 2x016

G=09375nm

=d=0-9375x10°m OR

EXAMPLE 9-3: ]

A red laser light of wavelength 630nm is used in a Michelson intem
ferometer- While keeping the mirror M, fixed, mirror M, is moved-
The fringes are found to move past a fixed cross-hair in the viewer

Find the distance the mirror M, is moved for a single fringe to
move past the reference line-

Solution:

Given data: lJavelength of laser light =3.=630nm =630x710°m

Order of fringe=m=17

Regquired:

Distance travelled by mirror “M,"=p=2?

Calculation: (e know that,
ma.

;i (7)

Futting the values in eguation (1), we get,

_[(1x630x707)
p-—[ 3 Jm=3?512’0"m =5

10°% = nano

p=315nm

— — —_ — — — - _—

-|-u|'.h- e
i

Mﬂf the second order diffracted image formed by an

—

grating having SO00 lines per centimeter is 32° Calculate

8
Eimwwe!:nﬁ'“’ of light used
the
utfﬂn: 4
?”f » data: Number of lines per centimeter= 5000 lines
.IT‘JIIE - T &
j ﬂngf:-‘:l':'g‘?

prder of imaje= m=2 P

= 0-00020
5000 -

Grating element= =

Required: q
. wav:!cngth= =7
Caleulation: We know that, dsind=m.

— }h-':ﬂs,m] —_— (?)

= 3 .

pytting the values in equation ), whkael
- 0'00020; i C P 5:3x10%cm

fqﬂ'i' I:t{";h"tffﬂﬁ‘th = A = 5.3 x10 Ef.'ﬂll

EXAMPLE 9:-5:

X-rays of wavelength 3nm are incident on a crystal for which the
lattice spacing is Snm- Calculate the angle at which the first Bragg

diffraction is observed-

Solution: ’
Given data: Wavelength =3 = 3nm = 3 x10"m
Lattice spacing=d =5wm= 5x10°m order of the image = m =1

Required: Angle=v =7
Caleulation: As 2d sind = m\

—

m 2
= sin = — I
3 | o (7)
Putting the values in equation (1), we get,
sinQ = Fodall B - sin® = 03
2x5x10°m
= 11:5;,,'(0.3)_-_;7':. 0 =177

Hﬂ'i' Eﬁ = 77

L
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Choose the best possible answer:

- The principle of Yeuag's double slkits experiment s based o th
division of: ‘
(a) Amplitude (b) Frequency
(¢) Velocity v (d) Wavelength

2'  Which one of the following properties proves the transvers,
wave nature of light? |
(a) Interference (6) Refraction
v (¢) Polarization (d) Diffraction

3+ Coloured fringes observed in soap bubbles are the examples of
(a) Diffraction Y (b) Interference
(¢) Polarization (d) Reflection

4 During a sunny day we see the objects in a class room even
when all the electric lights are off, due to:
(a) Reflection of light (6) Refraction of light
v (¢) Diffraction of light  (d) Interference of light

S+ The principle of Michelson interferometer is based on the divi-
sion of:
(a) Wavefront v (b) Amplitude
(¢) Frequency (d) Speed of light

6: In the Young's double slit experiment the separation between the
slits is halved and the distance between the slits and the screen
is doubled" The fringe width is:
(a) Halved (6) Unchanged

(¢) Doubled v (d) Quadrupled

Sol: We know that the fringes space is given by,
L -4

Fringe space= — (1) \ tion?
: 2 3 (a) Gamma rays, microwaves, visible radjation
Now wh:ndsht separation is halved, then : (b) Radia waves, ultraviolent, x-rays
ok 2= —R) ! Y (¢) Ultraviolet, infrared microwaves
And when distance of slits from screen becomes double, then | (d) Visible radiation, gamma rays, radio waves
L'= 2L (3) ' 10 Two monochromatic radiations X and Y are incident normally
- -

LA

New fringe Space= — - (%)
putting equation (2), equation (3) in equation (%4), we get,
2Lx) _ 4L
New fringe space= —— = —
2
LA
—» New fringe space= #[_d-] - (5)

Putting equation (1) in equation (5), we get,

New fringe space=4 (initial fringe space)

Thus the new fringe space increases quadruple i-e* four times

7. Signal from a remote control to the device operated by it tra-
vels with the speed of:
(a) Sound v (b) Light
(¢) Ultrasonic (d) Supersonics

g Light of wavelength “\" is incident normally on a diffraction
grating for which the slit spacing is equal to “3h " What is
the since of the angle between the second order maximum and
the normal?

1 1 2
2 |y () — d) 17
(%) = (&) 3 (¢) 3 (d)
Sol: For diffracting grating, we have,
dsin0 = mi (1)

When d = 3) and m = 3, equation (1) becomes
3,'(5:':10 = E)f = 3sinf =2

= sinQ = % so option ('¢) is correct:

9. Which of the following gives three regions of the electromag-
netic spectrum in order of increasing wavelength, visible radia-
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"'fu'” \' n*-nn.fra wit h ”H" thf

order intensity maximun
(hat s the rat,o

wavelength pof X . /
wavelength of Y
_ ! 2 J 2
()35 (B3 7). " (d) 3
- . !
Sol: (e know that,
dsni) = m) (f)
For x-radiation, we have, m = 2 and ) = A, s0 equation (1) b
comes, ¢
di-nﬂ-ml (2)
ﬂ:’!r 1 I - . : ,
y-radiation, we have, m = 3 and ). = h, 50 equation (1) becomes
dsno = 3) (3) |

Dividing equation (2) by equation (3), we get,

deintd  2i 2) s =
sl op, 2, ., LS
i, L, 2

5!’:' ﬂptlﬂﬂ (f) IS correct:
e

d =% 1

The tip of a needle does not give a sharp
(a) Polarization

image, it is due to:
v (¢) Diffraction

(b) Interference
(d) Refraction

Short Questions

_Write short answers of the following questions:
QI: A soap bubble looks black when it bursts, u:ﬁg?-
| BISE Peshawar 2017 '

— =

Ans- (When a soap bubble bursts, it Iaa}:s La'a:k d-r.m ; destructive
interference:
Explanation:

Here the soap bubble behaves ke a thin film- Let “) "

the wavelength of light, “n" represents the refractive index of wa-

ter, “t" represents the thickness of film and “m"
order of fringe, then we have,

-?ﬂt = m _-(r)

represents

represents the

11!""1 ’ 'r.n'll ) (?}
(?) shows that we get the first order dark fringe due to
.trﬂ” 1

"ntcrrfffﬂff. 4

+~ m ) = () 2

Thui th” [ | Eﬂﬂp bubb'lp -!J”int, t;.’, t}”f#-

film becomes Zzero- Under such conditions radiations of
ness

f;ﬂgth d;sappcﬂri, and the soap bubble appears black when it
€

f w::du,_ to destructive interference:

purs

mﬂ
/——-—-

;El blt_l:r_!ln Jﬂterﬁrlnc_:_ﬂnd diffraction?

Ans

DIFFRACTION
interference is the super- - Diffraction is the bending of

2. Two separate wave fronts
originating from two co-
herent sources produce in-
terference’

¥ dy 5:candary wavelets originating
from different parts of the

same wave front cause diffrac-
tion:

3- The region of minimum |
§ intensity is perfectly dark

in interference- i y 3
4. ﬂ:-widt-h of the fringes| % In diffraction the width of the

L n i 5 ual
is_equal in _interference: ‘ fringes 15 never eq
5- The intensity of all posi-| 5 In diffraction, only zeroth or-

der maxima has maximum in-

are

3 In diffraction they not

perfectly dark

tions of maxima are of

the same intensity in in- tensity while all other ma:.-:m
| terference: cre of lower intensity than
: the zeroth order maxim1
—_—
Q:Ina

m;;hgj;gn int;rfgrﬂfﬂttﬂ‘_‘l iciﬂﬂdﬂii pl'ﬂtg s also usrd. why?
fns: The principle of Michel |
50n's interferometer is based
on the division of amplitude, & i
Usually by partial reflection S \
end transmission- Therefore, a

h‘ .ﬂ_:ﬂ! |!L11 IVEREmas

' o ol

L}

n
L aomecis LERL |.r|_|.l'
F\l‘ll"- |1L

sonochiomatl sonr. €

Peam Syl

li;ll"‘" |

‘econd glass plate B, equal in
thickness to plate A is placed

b |, g '5
!
Now when bubble bursts

+ 1ts thickness become so smaller such that '
we put t - 0, so equation (1) becomes,

N the path of the horizontal 1 ye
M = - - - —— - - | fay 2- So that to introduce b =

— —=
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Nauyab Ph sics Notes - 1*

the same retardation in ray 2 as is introduced

in ray 7 b_,; _

passages through plate A- With this arrangement each ray ;..:: o
Pass through the same thickness of glass which equalizes ﬂ: -
length of the two rays- Therefore, the second glass plate js :; i
an equalizer of path length of the two light rays- k.
_Q4: How you can explain Brewster's law of polarization? o
The Brewster's law gives us ; : —
the relation between refractive }':F:'l::l‘:f i “'T
index of two medium and tan- ¥ 3 r:l::’;d"’
gent of angle of incidence i-e- | Mediuma) |

n, . Medium (2)

—- % tani

nl'
&ﬂ{f} ::ll:::l:dp::l::md
Let an un-polarized beam of ' -

light is allowed to fall on the surface of medium (7) as shown in
the figure- At point of incidence, one part of incident beam is re-
flected 27 is found to be polarized totally: The other part is re-
fracted and is found to be partially polarized- Let *“i,” represent
the angle of incidence or polarization angle and *“r” represents the
angle of refraction, then from figure, we have,

I, +90° +r = 80° =r=90°-1i, (N
Now from Snell’s law, we have,
n, sini, =n,sinr (2) Formula:

Putting equation (1) equation (2), we get,
n,sr‘nfp = n,sin [9{}’ - :’]

[sin(0, +0,)
= 5in6, cos 0, + s5in0, cos 0,

= m,sini, = n,

[sfnS‘D" .:asr; + s.*'m',msQO‘ J

= nsini, = n, [J’ X cos i, +sini, .rt.'?]
ini = e - - 1
= msini, = n, [cas = ﬂ] n,cosi
ok . n, s5ini
= msini, = nco5i, > £ = -~
n, €os i
2
_— J n, sin i
= f,sini, = n,c05i, = 2 o= 2
n, cosi,

I;ﬁ’rmﬂ (ii” ngugs of n, n, Wwe can calculate the nngfe of inci-
; Pl e o,
thet Tf polarization angle “i )
jynie s meant by the path difference with reference to the
)

: wﬁ:m:: of two wave _matian? )
gherfe . etween the lengths of the path covered by
.—-"""—1-;; d:f&renﬁ b

o having the same initial and terminal points is called as
waves

sl
th difference

nation: | | -
Wh : two waves pass through a medium at a point, then the resul
¢

: ment at that point is the vector sum of the displace-
P two component waves: This modification in displace-
- tisuft of superposition of two waves is called interfe-
mrﬂt' ﬂ;g:c;nstructive interference, the phase difference is:
unr;hasc difference= 0 = 0,2n,%a,6x," | i
Which correspond respectively to tihc patf: a':f'&r:nce of:

Psth difference= d = 0,1k, 24, 3%, =mi
20, 1, .2, Jyessvia 5
ﬁez::ructfv: interference, the phase difference Is:
Phase difference= 0 = 37,57,

ond 0 h di ce of:
Which corresp respectively t the pat .'F&;m

2 3k 5 — (m - __)}_

Path difference= d = —2 ,—E .~—2 . \ 2

Where m =80, 1. 2. 3,ics

—_— . ence
®6: Why it is not possible to see the interfer

beams from the head lamps of a
fins- It is not possible to see the interfere
‘ming from the head lamps of @ <"

I above case, we cannot s

fdﬂaw:‘ng reasons: the hr.ad lamps
" The light beams coming from —
— e S—

where the light

car overlap?
nce patern

due to light

to the
the interference patern due
ee

of the car are

e — —
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not phase coherent: The crest of wave of one hea
not match the crest of wave of the 2™

not observe the interference-

2'  UWe know that the fringe space is given by,
L
i 7
S (7)

Here the separation “d” between the two

as compare to the wavelength of light emitted- £ ik
value of “d"” the fringe space becomes too smaller-

dition the interference maxima and minima would
spaced to be observable:

tﬂ fﬂ'rigr
Under such (qp.

be too closely
Thus it is not possible to s

ee the interf,-
rence due to light coming from the head lamps of a car-
Q7: A telephone pole casts a clear shadow in tz:: f:'ght_f-}-_am P

tant head lamp of a car, but no such effect is noticed for the
sound from the ca.- horn- Why?

Ans- A telephone

pole casts a clear shadow in the light from o dis-
tance head lamp of a car but no such effect is noticed for the sound

from the car horn- This s because of the diffraction of waves-
Explanation:

The diffraction of waves depends up

on their wavelength- Sound and
light both travel as wayes-

The properties of these waves differ
quite considerably: Sound waves travel a million times slower than

light waves and have wavelengths ranging from Tcm to 10m, and will

easily diffract round corners- Light waves have much smaller wave-

lengths, and only diffract through very small holes- Since diffraction
depends upon the wavelength of waves and the wavelength of light

Waves is very much shorter than those of sound waves, so light -
waves cannot diffract around the telephone pole, hence casts clear
shadow, while sound waves diffract about the pole, therefore no
such effect is observed-

Q8: Why it is not possible ta_;btafr; the_dfmraztian of x-rays by
Vaung's double slits experiment?

| BISE Kihat, 2017, 2019 R ] ]

e

Ans: It is not possible to attain _t;u: Eﬁractrh_ﬂ of x-rays by young's
double slits experiment:

Chp-9: Physical Optics - 487 |

7 PRSI

_ tion:
gxplanation -
a_,_f”d" i Fﬂ( radiation depends upon the waveftngth of radia

HEE

f d.ﬁ"ﬂftiﬂ” . meter of the slit: The diffraction will occur if the

1l.- ond the im slit is either equal to or less than the wavelength

0l £ the

J-ﬂlt'ﬁr 0 :

:If.;ht uitﬂ;at the wavelength of light is of the ardf: of 10"m

e know © length of x-rays is of the order of 10 "m- Eut in

e the W""‘:: double slits experiment, we use slit whose diameter
¢ Young

se 0

of 106m- As the wavelength of light is comparable
Liw -::-'Fd:"r of the slit, so light can be used to produce diffrac-
diamete

- n
the ' 't experiment: We cannot use x-rays i
2 Young's double slit exp

. : the shit is
tion 0 : ‘ment, because the diameter of
ble slit experi :
youny dou

th of x-rays:
le to waveleng ‘ the
e iﬂmP"r‘:in of x-rays can occur in case of Er?“‘nrs wh'!’: the
i -0 4
e diffrac fn stoms is of the order of 10"°m- For example
ace bttw’ﬁl

. m- Sp the x-rays
i NaCl crystal is about 10 °m
n atoms of Na
space betwee

i2n be diffracted by NaCl crystal-

?
-59' Can we apply Huygen’s principle to radar waves:

Ans- Yes, we can apply the Huygen's principle to radar waves
Reason and Explanation:

::ﬂch p;fnt on the wavefront of raa‘arh. ke 2
the secondary spherical wavelet: f{? this ' 9
gates from one region to another 1N s;:.'r::rin:Jr
The radar waves are microwaves: IS u.tw: zn'a
are emitted and picked up by 4@ rotating aeri

wave behaves as @ source for
wavefront propa-

gth is 3em: These waves
| of radar after reflec-

tion from a aircraft- s i | ,-""_"T;
The received signals are D /";*"‘cr'n_
displayed on a CRO with a -5 A

tlibrated time base: On Eﬁ;;;:'i::‘i;m.ma

the CRO if the amplitude ,.,:;,.3: T Pulke

of the reflected signal re- = J
‘eved increases, it means

that the aircraft or mis- L B
Sile js coming- But if the amplitu :hg
°r CRO decreases, it shows that

f the reflected signal received
object is moving away: Thus

.-l-_
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we can apply Huygen's principle to radar waves-
Q10: How would you justify that light waves are trnnspg,-;;;.;;'"'--.
Ng-

t of light? Discuss the history
,—-—"J‘:;fs meant by thz.duaf n? ure 9
nature of light in detail-

' n text:
. answer of qugst-:fn number T in tex '
diffraction of x-rays by crystal and derive an ex-

‘__—-l'-.-_ . i
Q2: Explain the s law to find the wavelength of light used?

ture?

Ans: The transverse nature of light can be
non of polarization: The theory of electricity and Magnetism te. i
The light consists of electric gpy

verified by the p},e_,;;;:

that light is transverse in nature-

magnetic field which are oscillating at right angle to the direction
propagation of light waves- = .n for Bragg’
L] - L a T . b
Experimental Verification: rﬁﬂg answer of question number 12 in text LBt
. t‘. E = —_—= - . &
- e experimental arrangement for the pr oduction of in-

# 9

serference fringes

.\"ﬂlﬂﬁg experiment: v Vertical positio
In the given arrangement, a R T n ¢
= s =. ==
beam of un-polarized light sion for_the fringes P - 5 in text
“Anc- See answer of question number S i
e 2% What is the difference

is allowed to fall on a4

tourmaline  crystal which -—Qq_ Siate and explain Huygen's principle

between spherical and plane wav:f'rants-r
Ans- See answer of question number 2 in

text:

acts as polarizer j-e- jt .

converts the un-polarized A A

light to polarized lighter- (7 :>i< ‘ ‘i‘fp in the interference effect produced by thin film:

This polarized light trans- hir : , Horizental position B Brpesly So - mber 6 in text:

mitted through the 2™ : s bodo Res= S wrsvear of GYSSS07 77 light? Discuss the ne-

tourmaline crystal which acts as analyzer j-e+ jt is used for the con- | Q6: What is the principle of m“r&rfmc_ okl

firmation of polarized light, as shown in the figure (a) cessary condition for interference of hgh.t - —

Now of the analyzer is rotated gradually, then the amount of | Ans See answer of question number 4 in text g
? How can the wavelength of a

transmitted light decreases- UWhen the analyzer becomes perpendicu- | '_Q'?_, What is diffraction grating

lar to t_h: ) :rystf:! {Pafarm‘d}, then no light will be transmit ba o Bkl 3 measured ith it?
through it as shown in the figure (b)- — tion number 11 in text:
If we rotate the analyzer further, the transmitted light will appear _flns- S \gper of quest king of Michelson's interfe-
again- In this way, we can obtain a beam of polarized light- As pola- Q8: Describe the construction and wor avelength of light used by
rization occurs in case of transverse waves, so it shows that light rometer- How one can determine the W
wWaves are transverse in nature- this instrument? e — Z

e : on nu : N
Finzgin/i 'L‘EL'!"’ZE-'L’!J?‘;HJM/’;ELHZJLN&’ J.:u;ﬁ.':-‘.;:%cﬁfb’d‘.:—/‘" ® -Hm-—-—_m__fmwiaf 2o olarized light? How does this phe

...LﬂL?ﬁJ:ﬁd“ %: What is meant b_y Pfﬂn;i are transverse in _r:_a_ture?
*-‘:‘-”."i'"”G"Ju"fd"wb"‘!i’JL,-_Jt_.JH.JL;J”-;yJE;u;g’_{,;;ﬁJ;:A: Wi tfe” ® —Em-__’ﬂ_”_”__dc_ﬂfdg that hﬁff w =
| Ans: See answer of question num e N

Y Sl PJ;.M,-_L.;_MJ;MzL-T:ﬂ' z'/ &
—_—— e e - | —_—
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X
Nymerical Problems 5

Q7: In a Young double slit experiment the separation of ¢}, .5
Imm and red light of wavelength 620nm is falling on . I;F Fhits i
the distance between the central hright band and the ﬁﬂjhrﬂ?m.
fringe on the screen which is 3m away from the slit- Q-Sm::; iaht
Solution: “
;@?Ef?:__dﬂ_bq: Separation between slits

107 = ey

=d =71mm=7x10"m
Wavelength = ). = 620nm = 620 x70 °m

Distance of screen from slit = L = 3m

Required:
Distance between central bright band and fifth bright
Fringe= Ay = Y Yy, =7? ’

Caleulation: For mth bright fringe, we have,

. - —
ym_gmﬁ (‘?‘)

Now for central bright fri
n [ — . M
4. 9 nge, we put m = O in equation (1), so we

3
Ys = —= x5 x620x10*

70
= y, = 9300.{?5'5:'":}5;5 =9-3x10°m
Now Ay = (y, -y ) (2)

Putting the values in e '
quation (2),
Ay = (9-3x107 - 0) S Mo

= Ay = 93 x70°m [I{} N -ﬂ-]
Ans: |Ay = 9-3mm milli

—

f: :’T {paraﬂaf “hts irre illuminated by light of tw; wavzﬂgthﬂ o
*ﬂﬂw u:“ Trs JF."_'.T 5 x ?’C:P m C?n.the Screen the fourth dark line of the
wr? velength coincides wit}, the fifth bright line of the light of
unknowr wavelength- Find the unknown wavelen th- (52 x 10'm)
5:3{”&;!? Given data: Waw:!ength= )= 5.8 ﬁo:n(_ TS i

g - 1% Year

Unhﬂﬂl""'"
+ LeC

wavelength= }
"'fﬂ." represents the pocition of fourth dark fringe

”,r;irﬂti the josition of 5 f:r,-.}ht frm:_,f_ Lhen attord
r

e .

Y.V

hogsif nl HI;l'ur'. YR

|

.

. For G dark -fi'rh]-l.

we pubt m = I

wa put m = 5

or %" bright Fririge,

meter 5%

Q3: Whe

moved 0-1mm- How may dark fringes

) n t-he rn:wabfn mirror of a Michelson interfero

pass through the reference

{2(345 fringe 5)

point, if h’zht of wav:!:_rlgt.h 550nm is use

Solution:
Given data:

Total distance= p = O Tmmn

y# 01810 "m # ] x10"'m

Wﬂﬂf:ngthn A o= 580nm = HEO O 'm

Required:

Number of dark fringes = I~ ’

Calculation: In case of Michelson interfer

l‘gf- => m®=
m

= m = 0:00345 x10" = 34 fringes

L

1107
.'H"“] \ ,{’ '

s m

mu'h - Irr.}i

nano = 107

ometer, we have,

« 0003448 x 10"

e ——
S

-..__________—

4 A soap film has a refractive in
film be, if it appears blach, when 10"

lex of

merct

1-40+ How thick must the
iy light of wavelength

m)

S46:1nm _falls on_it_normally? (195 2

_#—

§0h«l tion:
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Given data: Refractive index = n = I"40

Wavelength of light= ) = 546-1nm
— ) =5467x10°m m=1

Required:
Thickness of film = t = 7

Calculation: We know that,
m A & o I x5%6-71 x70°?

2nt =mi o> t = — =
i 2n 2x71-40

= t=7195x70"m
Ans- ]t =795 x710"m

@5: A diffraction grating has 5000 ffnm

er: At ),
angle does the second order spectrum of the sodium yellow Jight :,tr

wavelength 583nm occur?

—. —

Solution: -

Given data: N = 5000 lines/cm = 500000 lines/m
= N = 5x10° lines/m

For 2" order, we put m = 2
Wavelength = 589nm = 589 x 10°m
Required: Angle = ¢ = »

Caleulation: We know that, dsin® = m3.

= s5in0 = %_:‘_ = (215391?{'?"}

0-2x707
2x589 x10°%*° +
02 = sinb = 5890 x70* = 0-5890
= 0= I;HI(GSEQGJ = [0 = 36° ,
Ans- |0 = 36°

= thﬂ =
[ ]

T
Q7: In a certain X-rays

tics — 493

=7
N o 5.5x70° x2xA

% :;:;y = 5§ x10°A = 0-207971169 = S x 10°)
=

_ 0:20791163 _ 4.041580 x10°°m

E = 41580 x10“m

Ans*

-c_'."l'ﬁ'rm:tfnn experiment the first order image

rved at an angle of 5° for a crystal plane spacing of 2-8 X
0-49 x10"°m)

s obse
fﬂ”"m- What is the wavelength of x-rays ussd’?_(l =

Solution: -
Given data: m = 1 [First order], 6 = 5° d = 2:8x10"m

=7

Required: Wavelength= X

Caleulation: According to Bragg's law, we have,
2dsind _ 2x2:8 x 107 x sin 5°

I

2dsin0 = m) = A=
m

= )= 04880 x10°m = |» = 0-49x10"°m

Q8: An x-ray beam of wavelength 0-48 x 10°m is used to get
Bragg reflection from a crystal at an angle of ZQ" for the ﬁf“it f{r“‘
der maximum- What are the possible layer plane spacing which give

fise o this maximum? (0-70 x 10°m)

.f_"%@_tjn_r__l: )

wﬁﬂ': Wavelength= A = 0-48 x10 "m
0= 20°, m = 1 [First order]

Required: Layer plane spacing = d =7

‘c‘dk"——@ﬁi‘!ﬂ: According to Bragy's law, we ha:;c.
m 1 x0-48 x10

-

2d sinQ = mh— d =

2 sin0 2 x sin 20°

= d = oq'& Jfo.'ﬂ
2x0-342020143
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“] THERMODYNAMICS

¢

i whes (t5 !hn.'_-"ff I'.'.".rl “’f-th th':l P!-‘”TII f‘ Q= v . i~ /~
7" b | ——————— —

CHAFTIER

= 0-282rm- 8 monxhromatic beam of x-reys produces a

N

that this is & first onder maximum (n = 1), find the Wevelangsy o ~o7ine and_axplain_tharmal eguiibrium

the x-reys (0-08Snm
_the xreys (00090m) ——————__| o Thermel Fauilibrium:

Solution: ! to ke in thermal equlibrium if th -
I O be 1IN rerima hipriur? if the! ves
.G.il"ﬁ_iﬁf#-' F-"-‘!“ are § b ~ . : :; f_i'h-l‘l"l at Che same
TH Sacs & -‘ll:l- -‘- L il“r‘:“ \‘ 4 L - n ] Y.
Plane spacing = d = 0-282rm = 0-282x70 " m, = gemperature - A =F j¢ of heat between Che
— *rn, " ] i
Angle =0 =7°, order = m = | e Ll]:f_ﬁfifﬂ _ ‘
. rmiider @ solid hot sphere is placed in ¢old water N
Reguired: - | _
(Javelength= ) 5 shount in the figure: In the beginning, there is a et s
aveienyt A=2 . ' B e ke
Calculati s 4 < pemperature difference between water and sold | [===== ——
Laic 1N According to Bragy’s lew, w , \ _ ; ol o 2 s o o
el :s ~4 ;'!!: law, we have, soheres et the solid sphere is at hign temperature gmm————
w - = - _y " — 1y i 11:::::::
PG RN W E——— (1). d cold water is at [ow temperature P = b
i B | e — —
e = : ; ™ % { " - n’e. : o |3 === —_——
Putting the values in equation (1), we get, Die to the temperature difterenie, the ﬁ't Y et
A= 2x0-282x10 % x sin(7*) sphere losses heat and the cold water qan the o —
= - : 9 - W pryam
] = Lx0282x707x0122m heats As @ result, the temperature of sphere de- s
— 1 = <L » = ™ i
A = 0-069 th m cresses and that of the water inireases gradualy
Ans: [} = 0-069~m with the passage of time: This process aces on till the water and
sphere attain the same temperature: St this stage, the net flow of
+++ heat stops and they are said to ke 7 thermal equilibrium:
Point to Ponder:
S & 5 rh"'r b\f — » & & % - B EILI T rq.lilhlf i r_'.lr
o e rind . 0 bodies, one hot and the other (2, are Aept (7 VEGK ‘
e st fu?ur L,f i - y 4
/-Fhf /. ! hgl“ ‘:-L)Lrutv""lc'br*'-'-)r‘"l" ':'-LI'H:P'-‘-,“ . :‘pﬂﬂ to the tempenature oF the hot JOY atter some time.
REE ol v 2= “J:.f M Hot bodies emit thermal radations which &% electromaygnet 11 Na
4 —_— '__.’A :_-f T - J»" ' s - ond e arind Welimbin .
< 6"" 4"‘"""':'("”/4(“"*1'{.““1" . ture: Electromagnetic waves Jon't reguine rmatend medium 0 pass
“":"H{.ulb-{Lﬂ}i.ff'ﬂr‘:ﬂu}‘lﬂ;n'\.u;ﬁ* ¢ Ar0ugh- Heat enmergy is transmitted even thntugh vecuum (e get heat
...rfu':"i.-r}fu?-;uf!gh L @ *heryy from sun i this way: sfenve the borrrerature o kot body will #all
. . g ’:‘:-VHI'."lf.ulff.md"u,g{JLJilr!{-rmm'ﬁ F M'i 0 thermal eQuidnu™ W Ch the oA By
S HTRE LY PR bop st fo g ITIR W n cs:
U wig -:-L'iﬂ;‘al.*_‘f-’dfbﬂ.rﬂ;p"u <! Define and explain the tollowing terms used in thermodynamics:
a
(Gl j . \ o & 5. (a) Work:
e AN " - 3 .2 - | L
/‘r")"‘ra’l}ﬂrﬁ-ﬂ"dl’lﬂ Ll e The energy which is added to the system such a way, that a dif=

- ———— - E “—-—_‘____:___ ¥ i —
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