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>

Nature of light: @

Q.No.1: What is the nature of light? @
Ans: Light is a form of energy, it makes things visible, heﬁg&/ en a bulb is switched

off in a room there will be darkness. If the room is such th cattered light enters into it
from any side, there will be perfect darkness, nothing wi sole. We will be able to see
things if the bulb is again switched on. Actually, after i |rreq a reflectlon from objects lying
in the room light enters our eye making the objects I . We will be able to see the bulb
(source of light) and things lying in the room. oes light travel from the bulb to the
objects and then to our eye? We don’t see Ilg seI although it has made things visible.

Hence: “What is the nature of light?”
“How does it travel from one p %another’?”
Answer to these and many other were found experimentally over last several

centuries. Now we have answers t seyuestions.
The answers are .....

Light has dual nature (| ords, light has double nature).

% In experiments s nterference, diffraction, polarization etc. light
behaves as % other words from one point to another light travels as
waves. Thege pheadmena can be explained only on the basis of wave theory
of ltgh ?\

s Inexp en® such as photoelectric effect, Compton effect and pair

light behaves as particles. These experimental observations can
explained if light is assumed to be traveling in the form of particles.

n
articles are small bundles of energy called photons (sometimes a
ton is called a quantum of energy)

?ﬂence sometimes light beaves as waves and sometimes as particles. We say
I

ight has dual nature.
% There is no single experiment in which light behaves simultaneously both as
waves as well as particles (photons).

Electromagnetic waves:

Q.No.2: How are electromagnetic waves produced?
Ans: Electromagnetic waves are produced by accelerated charged particles.
When charged particles are made to oscillate rapidly through an antenna, varying
electric and magnetic fields are produced. These electric and magnetic fields vibrate
[3]
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perpendicular to each other, the frequency with which they vibrate is same as the
frequency of alternating current, used to accelerate the charged particles. These vibrating
fields produced are radiated, such that the radiated vibrating electric field induces further
vibrating magnetic field and so on, in this manner
varying electric and magnetic fields, vibrating Do you know that
perpendicular to each other are radiated as
electromagnetic waves. Note that once the
electromagnetic waves are produced accelerating
charged particles are no more needed as these waves
travel away changing electric field induces further
changing magnetic field, this process goes on and the
electromagnetic waves are continuously produced.
Electromagnetic waves travel perpendicular to the
direction of vibrations of both the fields.

% Light waves are electromagnetic, it means
that light waves have electric and magnetic
fields both vibrating perpendicular to each
other whereas propagation of light waves
takes place perpendicular to both the fields
(Example: For a particular light wave if el
field is vibrating along x-axis, magnetic {i
vibrating along y-axis then this particyfar li
wave will travel along z-axis). \‘

Visible light cannot
pass through our body that is
why shadows are formed,
X-rays can pass through
flesh of our body but not
through our bones, hence in a
way shadow of our bones is
formed on X-ray film. Gamma
(y) rays can pass through
even our bones. Visible light,
X-rays and y-rays are All
electromagnetic waves,
difference between them is in
their frequency. Since energy
of a wave depends upon its
frequency therefore, y-rays
are highly energetic because
they have highest frequency

% Electromagnetic waves can tra gh
vacuum; they do not need andm and therefore, they have
medium for their propagati at is why light [| highest penetration power.
comes from the sun (an and other They can penetrate even our
stars in the night) to utiful little earth, bones !!!!
although there isa v ree space (vacuum) between earth and the sun (and
moon and other,

X2 Electromagne\%es are transverse waves. Light waves travel from its
source in aRvdirections.

% Speed of all ¥ectromagnetic waves including light waves is very high, speed with
whiclli ves travel through free space is about 3x108 m/s or about three lac
kil ?ﬁer second (300,000 km/s) (actually it is 2.98x108 m/s).
X | showed that speed of light in vacuum is given by
c=_1 =3x108m/s.

\ €o Mo
Where “c,” is permittivity and “u.” is permeability of free space, they are
u Q 3

nmersal constants. S.I value of “c,” is 8.85x10~12 C2/N-m2. and pwo is 4n x10~7 web./amp.m.

% Speed of light represented by “c” is a universal constant.
Electromagnetic spectrum:

Radio waves, Infrared rays, Visible light waves, Ultraviolet rays, X-rays and gamma
rays are all electromagnetic waves. The difference between them is in their frequency “f’.
Since frequency “f’ of a wave is inversely proportional to its wave length “A”, which
means that higher the frequency shorter is the wave length and vice versa. But
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enerqgy of a wave depends upon its frequency (they are directly proportional to each
other), higher the frequency higher is its energy. Therefore , electromagnetic waves of high
frequency are of high energy but of shorter wavelength. In other words, long wave
length electromagnetic waves are of low energy.
If we arrange all electromagnetic waves according to their frequency range (or wave

length range) we will get an electromagnetic spectrum.

Longest wavelength of electromagnetic waves is about 10° m and shortest waveleggth
is about 10-'5 m, corresponding to these wavelengths smallest frequency of se\

electromagnetic waves is about 10® Hz. and highest frequency is about 1022 Hz. (I
words, wavelengths of electromagnetic waves are in the range of 10°m to 10-'2 m

frequency is in the range of 103 Hz. to 1022 Hz.).
e Radio waves: Frequency range: 10°Hz.- 10° Hz (e.g. AM radio,s@;, TV waves)
Wave length range: 10°m -1 m
e Micro-waves: Frequency range: 10° Hz-10""Hz (e.g. micro@ oven, wi fi etc.)
Wave length range: 1m - 0.1 m @
e Infrared rays: Frequency range: 10" Hz - 10"Hz s\
Wave length range: 0.1 m- 10-°
o Visible light: Frequency range: 10'#Hz - 1Q’ \
Wave length range: 106 m - 1

e Ultra-violet rays: Frequency range: 10"5HZ = O16 z
Wave length range:

e X-rays: Frequency range: (@ 10"° Hz

m-10-""m

Wave length ra
y-rays: Frequency ra % Hz - 10%°Hz
Wave Ien&& 107" m-10"%m
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<+ Note thatin the entire electromagnetic spectrum, radio waves are longest
wave length and of smallest frequency electromagnetic waves but gamma
rays (y-rays) are shortest wave length and of highest frequency
electromagnetic waves. Since energy of waves is directly proportional to its
frequency (or inversely proportional to its wavelength) therefore, gamma rays (y-
rays) are the most energetic electromagnetic waves (They have more energy
than any other electromagnetic wave). On the other hand, radio waves are dgast
energy electromagnetic waves. \

Wave fronts: (b

% The geometrical pattern (Or locus of all points) having same state ration
(such as a crest) is known as a wave front. s&
e A source of light produces wave fronts in all the three directions, hendg light wave
fronts are three dimensional. A point source of light produces s ical wave fronts.
e According to Huygens, any point on a wave front may be co d as a source of
secondary spherical wave lets. If position of a wave front at a c€pt&i tant is known then
its new position at a latter instant can be located by drawingsa p tangential to
secondary wave lets.
e Any small portion of a spherical wave front at a larg
plane in shape, hence it is known as a plane wave%t.

istance from its source will be

'é If a circular pointed rod is vertically digfed jmid still water circular wave fronts

are produced on the surface of water. If the SN is dipped in water length-wise then
straight wave fronts are produced. %

Ray of light:

% Straight line which indicate
front travels is known as a ray

e Yirection in which any given point on a light wave

'é Ray of light is always perpendicular to the wave front. Hence in case of a
spherical wave front ray %d out radially, but in case of a plane wave front rays are
parallel to each oth e to get a beam of parallel rays we must take a small part of a
spherical wave front at | istance from its source. In case of sun light rays are parallel.

Interfer of light:
Q.No. 1: interference of light? (2010 Karachi Board)

Ans: ht waves having phase coherence superpose each other (they pass
through ame region of space simultaneously) then at some points they reinforce and
at oth s they cancel each other’s effect.

@?g esult of interference of light dark and bright fringes are obtained. Bright

i are obtained at those points where light waves reinforce (or enhance) each
othePs effect, whereas dark fringes are obtained at those points where they cancel
each other’s effect.
% Interference of light is in accordance with the principle of superposition of
waves
% Interference of light shows that light behaves as waves i.e. Interference of light

proves that light has wave nature.

[6]
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Q.No.2: What is phase coherence?

Ans: Waves are said to have phase coherence if they are exactly similar and are
produced exactly at the same time. In other words, interfering waves must have same
wave length, same frequency and same phase.

Q.No.3: What is the condition for interference of waves?

Ans: The necessary condition for interference is that the interfering waves must have
phase coherence.

Q.No.4: What is constructive interference? \

Ans: Waves are said to interfere constructively at those points where they rein%

&

each other’s effect.

% In case of constructive interference of light, a bright fringe is pr
% Constructive interference takes place at those points where cr ne wave

overlaps crest of the other or trough of one wave overlaps trogh of the

other wave.

% As a result of constructive interference of waves, either a crest (of larger
amplitude) or a deeper trough is produced.

% Intensity of light at points of constructive interfererge | aximum.

Q.No.5: What is destructive interference?
Ans: Waves are said to interfere destructively at those ts where they cancel each
other’s effect.

In case of destructive interference of light, a inge is produced.

s Destructive interference takes place at tHpse goints where crest of one wave
overlaps trough of the other wave

% As a result of destructive interfere ves, neither crest nor a trough
remains.

% Intensity of light at points of dégtrudijve interference is minimum.

Q.No.6: What does interfi of light prove?

Ans: interference of light p. t light travels in the form of waves.

Q.No.7: What is meant ath difference?

Ans: |t is the differenc€ igsgistance covered by waves measured from their sources to

the given point.
Q.No.8: What i ondition for constructive interference?

Ans: Conditiog for @onstructive interference to take place at a point is that the path
differenceb Ne interfering waves at that point must be an integral multiple of their
wave length §e\path difference =0, A, 2 A, 34, ....).

| Path difference = m 1)

ase difference between the waves must be an integral multiple of 2n
(i.e. phase difference = 0, & radian, 2 n radian, 3 = radian, ....).

|Phase difference = 2mn radian }
Where m is a positive integer, m=0,1,2,3........
and A is wave length of waves.

Z . .
'\ (When waves of same phase travel equal distance from their source,

path difference = 0, either crests or troughs of the two waves simultaneously reach the
given point, similarly if one wave covers more distance than the other wave such that
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the difference in distance covered by them, i.e. path difference is A, again either crests
or troughs from the two sources will reach simultaneously at the given point, so that in
both these cases we get a bright fringe due to constructive interference).

e Constructive interference takes place at those points where crest from one
source of light overlaps a crest from the other source, or a trough from one
source overlaps a trough from the other source.

Q.No.9: What is the condition for destructive interference?

Ans: Condition for destructive interference to take place at a point is that the %\
difference between the interfering waves at that point must be an odd multiple of(b
(i.e. path difference = A/2, 3 A2, 5A\/2, ....).

Path difference = (m +3) A s\
And phase difference between the waves must be an odd m f n/2 radian
(i.e. phase difference = n/2 radian, 3 n/2 radian, 5 n/2 radian, ....).

| Phase difference = (m +3)n r@
Where mis aninteger, m=0,1,2,3, ........ \

and A is wave length of waves. +
'é (When distance traveled by waves, from thgifsourcés, on reaching a given point is

such that the path difference is A/2, 3\/2, 5M/2 et dd multiple of A/2, then a crest
from a source will overlap a trough from the o h@such a case light from one source will
cancel light from the other, no light remain \ er words, a dark fringe is obtained).
e Destructive interference takes %t hose points where crest from one source
overlaps a trough from the S

ce.

'é Note that the pheno of interference is the basic characteristic of

wave motion It means that al f waves (including mechanical or electromagnetic
waves) under suitable condition¥Xshow interference effects.

Q.No.10: What h if two bulbs are used to observe interference?

Ans: With two separ e rces of light (e.g. light from two bulbs) no interference effect
is produced, because aves emitted by two different sources cannot have phase
coherence. The gmission of light is a completely independent process. If one source of
light produces N a certain instant it is not necessary that the other source must also
produce a cr at instant.

You double slit experiment:

ow did Thomas Young achieve the condition of phase coherence

t in his double slit experiment?
» To produce interference effect of light, Thomas Young achieved the condition of
hase ¢

p oherence in his double slit experiment by using one source of monochromatic light.
Light from this source was allowed to fall on a narrow slit whose width was comparable to
wavelength of light. After passing through the slit light spreads out as spherical wave fronts.
This single slit may be considered as a single coherent source of light. Wavefronts from this
slit now pass through two more narrow slits at equal distance from the first slit. Light after
passing through the two slits will have phase coherence as it was originally produced by

[8]
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one source. Hence light emerging from two slits can be considered to be emitted from two
sources of light having phase coherence.

Q.No.2: What is monochromatic light?

Ans: Light of one wave length is called monochromatic light. Actually,
monochromatic light means light of one color (mono = one, chromatic = color). Practically
light of one color may have slightly different shades of slightly different wavelengths. Hence
in strict sense, for scientific work, light having one wavelength is taken as monochrom%

Q.No.3: Describe Young’s double slit experiment. \

Ans. In Young’s double slit experiment light from a monochromatic source afte@
passing through a narrow slit, is allowed to pass through two parallel narrow slitg sepdrated
by a small distance. Two beams of light emerging from the two slits will ha
coherence, and will be in phase, because they were originally produced
source. Hence the two beams of light will produce interfere effects. Du
interference, bright and dark bands are produced on a screen place e distance “L”
from the slits. These bands are called “fringes’.

Bright fringes are produced at those points where light \A&{Q rom the two slits
m
3

interfere constructively, at these points intensity of light wil aximum. Whereas dark
two slits interfere

fringes are produced at those points where light waves
destructively, at these points intensity of light will be minim

..)-U

O < <-

\% Screen
Derivation:

Q.No.4: Derivi expression for position of fringes in Young’s double slit

experiment.
Ans. At oint on the screen light waves will interfere according to their path
differencg. distance of a point “P” from the center C of the screen be “Y”. To reach

s coming from slit “S2” will cover longer distance than the waves coming from
ference of distances covered by the two waves is called “path difference’.
ee from the figure that the path difference between the waves coming to point “P”

froM.S1 and Sz is “S2Q”.  Triangles DPC and S1S2Q are similar, therefore:
PC=DP
S2Q  S1S2
But PC =Y (Distance of point P from the center of the screen).

S1S2 = d (Separation of slits).

Since point “P” is practically very close to the center “C” of the screen, In other
words “Y” is practically very small as compared to “L”. Hence:

[9]
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DP~DC=L (D is the center of slits)
Y =L

SoQ d

Y=8S2Qx _L
d

Position of bright fringes:

Q.No.S: Derive an expression for position of bright fringes in Young\\
double slit experiment. @
Ans. For bright fringes, where constructive interference takes place, thegpat

difference “S2Q” must be an integral multiple of “A”, Therefore:
S2Q = mi $\O
Wherem=0,1,2,3, ........ (a positive integer)
On taking path difference S2Q = mA, the above equation gives l@stance “Y” of
various bright fringes from center C of the screen.

&
Y=mAhi_L_ ‘Nﬁ%ht fringes)

d

'é If we take m = 0, the path difference b%n two beams of light coming from

the two slits will be equal to zero, and light will igterf; onstructively forming a bright
fringe. But the two beams of light will cover e% jgtances on reaching “C”, hence the

center “C” of the screen will always be bri = 0 corresponds to C).
ight fringes will be formed above and below

Similarly, first, second, third, ......!
Catdistances AL,2AL,3AL,4Ala . N.... etc. from the center C of the screen.
d d d a b

Position of dark fri :
Q.No.6: Derive an expres§jon for position of dark fringes in Young’s

double slit experinfe
Ans. For dark frinaegf whgfe destructive interference takes place, the path difference

“S2Q” must be an odd al multiple of “A/2”, Therefore:

V S2Q = (m +3)A
Where ry' 02,3, e (a positive integer)

On K ath difference S2Q = (m +3)A, the above equation gives us distance “Y”
of vario rR¥ringes from center C of the screen.

?\ Y=(m+3)A_L_ (For dark fringes)
& d
F

irst, second, third, ........ etc. dark fringes will be formed above and below C at
distances
AL SALSAL, 7AL,.......... etc. from the center C of the screen.
2d 2d 2d 2d
Between two bright fringes there will be a dark fringe.

[10]
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'é Note that for each value of “m” a bright and a dark fringe, at equal distance, is

obtained above and below “C” whereas C itself will always be bright and it will correspond
to zero path difference.

Fringe spacing:
Q.No.7: What is fringe spacing? Derive an expression for fringe spacing.
Ans: It is the distance between two consecutive (side by side) bright or da%

fringes.
'é Expression for fringe spacing can be obtained by subtracting the exp s&%& for

distances of two adjacent bright or dark fringes from center of the screen. 5
Distance of (say) 4" and 5" bright fringes from the center of screen is 'egby
Ya=4)LL and Ys=5AL

d d <
Fringe spacing = Y5 — Y4 @
=52L-4aL %
d d

Fringe spacing Ax =

In Young’s double slit experiment, fringes are
from each other).

Q.No.8: How can wave length of %\ be determined by Young’s

y spaced (i.e. at equal distance

double
slit experiment? {‘
Ans: Distance between any two aWjacént bright or dark fringes (called fringe spacing)

in Young’s slit experiment is giv .
Qrin e spacing Ax= AL
d
Fringe spacing A{ e measured accurately, distance between screen and the
slits ‘L’ and the separgi its ‘d’ are measurable, therefore, wave length ‘A’ of light

used can be calculate igh degree of accuracy. This is the reason why Young’s double
determine wave length of light.

nt light used in Young’s double slit experiment is not monochromatic i.e. it
re different wave lengths (colors) then for each wave length a separate
dark fringe is obtained for each value of integer “m” (for given L and d).

» " In other words, for each value of ‘m’, we will get a series of parallel lines,

number of these colored lines for each ‘m’ depends upon the number of wavelengths
present in the interfering light. It is, therefore, possible that a bright fringe of one
wavelength for a given ‘m’ may overlap a dark fringe of another wavelength for some other
value of ‘m’. All these observations will take place according to the path difference for each
wave length for each value of ‘m’.

e Young’s double slit experiment supports wave theory of light.

[11]
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Interference in thin films:

Q.No.1: What is phase reversal? When does it take place?

Ans. When a light wave traveling in a rarer medium (medium of lower refractive index)
reflects from the surface of a denser medium (medium of higher refractive index), then its
crest before reflection becomes a trough after reflection and vice versa. Under this
condition the wave is said to have undergone phase reversal. The reflected wave g¥430°
out of phase as compared to the original wave.

No phase reversal will take place if a wave traveling in a medium of higher re e
index (a denser medium) reflects from the surface of a medium of lower refract&index (a
rarer medium).

Q.No.2: Give examples of interference in a thin film?

Ans. Example: When sun light falls on the surface of a vew’%n made of a

refracting medium, such as the surface of a soap solution bubb rface of a
thin layer of oil spread on the surface of water, colored pat ﬁ formed. These
colored patterns are due to the interference of light. \t

'é In these cases, interference of light is bet ight waves reflected from the

opposite surfaces of the soap bubble or oil film. Sin un light consists of seven colors,
therefore, due to interference between waves of va%wavelengths colored patterns are
formed.
Q.No.3: Is there a phase reversal i ’s double slit experiment?
Ans. No!

There is no phase reversal in Yougg uble slit experiment, because light waves
travel in the same medium, there is nge of refractive index. Phase reversal takes
place when light is reflected from Qe ndary of two media of different refractive index.

Q.No.4: Describe interf of light in a thin film.

Ans. Explanation:

Consider a beam of m@ngahromatic light traveling in air and falling on a very thin film of
a refracting medium of r&ragtife index “n”. This beam of light is partially reflected from the
upper surface of the fi d partially refracted into it. Since the reflected part “b ¢’ was
initially travelling ig air (@ medium of lower refractive index) and is reflected from the surface
of a denserm 'Nch as the surface of soap solution bubble (a medium of higher
refractive in i%efore, it will undergo phase reversal, it's phase will change by 180°.
It means t ncident crest after reflection from the surface of the film becomes a

trou ice versa.
Thg%&cted part undergoes reflection from the lower surface of the film (at d) Since
th efore reflection from the lower surface of the film was traveling in a denser
megium e.g. soap solution (medium of higher refractive index), therefore, it does not
undergo phase reversal.

The refracted part after reflection from the lower surface of the film emerges out as “e f”
without phase reversal (i.e. crests as crests or troughs as troughs).

[12]
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Incident beam Reflected beam

Air . \
Thin film \/ } t ®\

. d \
Air s\o
Wave length of light also changes in thin film interference. gﬂen light of wave

length “A” travels from air (a rarer medium) to a denser med'\m fractive index “n” its

wave length changes (decreases) and is given by:
An= A +

n
Parts “b ¢’ and “e f” on reaching the eye will j % according to their path difference.
Q.No.5: What is the condition for corst tve interference in a thin film?
Ans: In case of thin film interference si the interfering parts has undergone
phase reversal, (It means that one part il% crest and the other part will have a
trough), therefore, condition for constructyve «aterference will have to be reversed. Hence
condition for constructive interferenc&in in film is:

erence = (M +%) An

Where m is a positive int , m=0,1,2,3, ........
and Aniswavel of light in the refracting medium (e.g. soap solution film).
If “t” is thickness of tf Tij#then for normal incidence (i.e. when light falls normally on
the film) the path diffe will be “2 t”, hence condition for constructive interference will
be:
\/ 2t=(m+%)An
?‘ 2t=(m+}) 2
n

2nt=(m+3)A

.6: What is the condition for destructive interference in a thin film?
s: Condition for destructive interference in a thin film is:

Path difference = m A

Where m is a positive integer, m=0,1,2,3, ........
and Anis wave length of light in the refracting medium..
If “t” is thickness of the film, then for normal incidence the path difference will be “2 t”,
hence condition for destructive interference will be:

[13]
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2t=min

OR 2t=m A
n

2nt=m A

'é Note that the conditions for constructive and destructive interference in a thin
film has to be reversed only because of phase reversalin one of the interferin\Krts.

< . . -, . .
'\ In Young’s double slit experiment normal conditions for constructive or destruc%

interference apply. In that case, no phase reversal takes place. &
Newton’s rings:
Q.No. 1: What are Newton’s rings? (Karachi B 1994)

on a plane glass plate then alternate bright and dark rings are prod ese rings are
known as Newton’s rings. %e
Actually, air present between the plano-convex lens and the ce of plane glass acts

as a refracting film of a variable thickness. Newton’s rings %rmed because of
interference of light taking place between light bea ted from the upper and
lower surfaces of the air film present between lens %e lane glass.

p

'é The air film present between lens andc)

shaped.

Ans. If a beam of monochromatic light is allowed to fall on a pla@vex lens placed

glass is circular and wedge

'é Centre of Newton’s rings is alwa * it corresponds to the point of contact of
lens and the plane glass surface. Her th ®fference is zero.

4 . . . e .
'\ Formation of Newton’s ri due to thin film interference.

'é Formation of Newton%gs also proves an important property of light ....

Interference, which is a ic clfaracteristic of wave motion and shows that light travels
in the form of waves. N\
Derivation:

Q.No.2:Sho oy can Newton’s rings be used to find the radius of

curvature o surface of a convex lens?
right Newton’s ring of radius “r’ let “t” is the thickness of the

Ans. FQr
correspm@ir film and “R” is the radius of curvature of convex lens, then from the
geom oNhe following figure we have:
ABxBC=rxr
Qf. AB =t and BC=(2R-1)
t2R-t)=r?
2Rt-t?2=r?
Since the air film is very thin, therefore, “t” is very small, hence “t?” is negligible.

Neglecting “t?” we get:
2RE=12 e, (i)

[14]
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For bright rings: %
The condition for constructive interferen film or in other words , in this

case for a bright Newton’s ring is:
In this case the thin film is mad fai @refractlve index n =1,

t N (i)
On substituting equation (ii) in @zn i), we get:
AR (m+3)2
=VRAM+3) |, (iii)

When we putm = We above equation, we will get radius of the first bright ring, given

rn== ’ R A
Similarly d third, fourth etc. brlght ringsm=1,2,3,.......... etc. respectively.
Hence the se ond thlrd fourth etc. bright rings are given by:

/ 3R A m = 1 (for second ring)

?‘ N 2
2 rs== f5 RA m = 2 (for third ring)
2
rg == / 7RA m = 3 (for fourth ring)
2
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rr==[ 9RA m = 4 (for fifth ring) etc.

If “N” is the number of bright rings, then N=m+1 OR m=N-1:

On substituting the expression for “m” in equation (iii) we will get radius of N ™ bright

ing, S

Radii of bright rings: m=VRA(N-%) (b

'é This formula gives us radius of the N ™ bright ring, it can also be@find the

m=VRA(N=1+3)

radius of curvature “R” of the convex lens accurately.

'é Note that “m’” is a positive integeri.e. 0,1,2,3 ............. V‘@eas “N” is the

number of Newton’s bright ring. s§®

For dark rings:
The condition for destructive interference in a thin film, ¢
for a dark Newton’s ring is: 2nt=mA (
Since the thin film is made of air, whose refractivgsi
2t=mA
On substituting equation (iv) in equation (i),
rr=mRA

Radii of dark rings:

Where m = 0 for the central dark
and the plane glass plate, itis d destructive interference.
Similarly, m=1,2,3, .... f cond, third ,....... dark rings.

Michelson’s irnterferometer:
Construction §h orking:

hich corresponds to the point of contact of lens

In a Michelson erometer light from a monochromatic source “S” (Source of
light may be exteﬁ*;d,/ hereas in Young’s double slit experiment fine beam of light is
used) is allowe' on a semi silvered glass plate “M” (also called beam splitter) held at
an angle of 48° ¥ the beam of light. From this glass plate light is partially reflected and
partially through it. The reflected part No. 1 goes towards a highly polished plane
mirror g+ ich is held perpendicular to the reflected beam. After reflection from M1 this
pa %passes through the glass plate “M” and finally it enters the observer’s eye.

ansmitted part No.2 after passing through another plane glass plate “M’ ” which is
notYjlvered and is of the same thickness as the semi silvered glass plate “M”, falls on
another highly polished plane mirror “M2”. Glass plate “M’ ” is called compensating plate, it
is used so that both parts of light pass through the same thickness of glass. The
transmitted part after reflection from M2 passes through M’ and is then reflected from M,
also enters the eye. The two parts of light entering the observer’s eye will have phase

coherence, because they were originally produced by the same source. Hence they will
interfere, producing bright and dark fringes.

[16]
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wnw Moveable

M1 MINW/ mirror

Y| Part No. 1

M M’
S %
* > P;ﬁo.z /

7

ixed
irror

P

3

(X

1777777777777
T

Observer’s eye s\\
Plane mirror “M1” is moveable and any small distancgtirodgh which it is moved can be
measured accurately. Mirror “M2” is fixed.

Derivation: %

Let the distances covered by part No.1 and flo.2¢$*€xactly equal when they enter the
observer’s eye. Hence path difference will be&gp d the two parts will interfere
constructively due to which a bright fr ears at a reference point in the field of
view of the observer.

Now if the moveable mirror “M+” iE d through a distance equal to A/4 then path

difference between the two parts wy /12 due to which the bright fringe is replaced by a

dark fringe. If the moveable Ifurther moved through a distance equal to A/4 the
path difference will become A ar{ now the dark fringe will be replaced by a bright one.

In this manner alterna ight and dark fringes will cross a reference point, each time

“M1” is moved throug a¥is e A4,
In other words, moveable mirror is moved through A/2, a bright fringe will be
r

replaced by the next bright fringe. Hence if “m” bright fringes cross a reference point then
the distance th ich the moveable mirror is moved is given by:
; d=m_A|
2

e distance “d” through which the moveable mirror is moved to observe “m”

fr ossing a reference point is known, then the wave length “A” of the incident light
can ®e calculated.

[17)]
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Diffraction of light:

Q.No.1: What is diffraction of light?
Ans: The bending of light across the edges of an obstacle or an opening into the
geometrical shadow is called diffraction of light.

'é Diffraction of light takes place only when dimensions of the obstacle or the

opening is comparable to the wave length of light. \
After bending across the edges of an obstacle, diffracted waves interfere with ea \
other on the screen, as a result of which alternate bright and dark fringes are obtai

'é Distance between bright fringes obtained in diffraction pattern i es as the
angle of diffraction is increased.

'é Also, the intensity of light gradually decreases with the ang@ diffraction.

'é Note that diffraction of light is another phenomenon gﬁ%borts wave theory
|

of light (i.e. light travels in the form of waves). In this procgss xhibits wave
nature. \

Difference between interference and diffraction of
ligh
+ The main difference between interfere

interference are equally spaced (i.e. at ’%

pattern they are not equally spaced,
diffraction.

angd diffraction is that, the fringes in
iIStance from each other) but in diffraction
paration increases with the angle of

**In Interference bright fringe
produced in diffraction are of
decreases with the angle of di
Diffraction ing:

Q.No.2: What i$ raction grating?

f uniform intensity whereas bright fringes
iform intensity. Intensity of light gradually
ction.

Ans: A diffraction gi@ting consists of a transparent glass sheet on which large number
eglequally spaced) very close to each other, are ruled (Usually

several hundge per centimeter are ruled).

The tr t portion of the glass between any two adjacent opaque lines acts as a
slit. Its iSNeomparable to the wave length of ordinary light.

Le he width of a slit and “b” be the width of an opaque line then, (a + b) is known

rating element’.
"No.3: How is grating element calculated?
Ans: The grating element is calculated by dividing length of the diffraction
gating by the number of lines ruled on it.
For example, let a diffraction grating has 2000 lines/cm. then grating element for
this grating is given by:
(@+b)=1cm. =5x10"% cm.=5x10"6m
2000

[18]
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Working of diffraction grating:

Q.No.4: Show how diffraction grating can be used to find accurately the
wave length of light used?

Ans: When a monochromatic beam of parallel rays falls normally on diffraction grating,
they are diffracted in many directions. The parallel diffracted rays in a particular direction
are allowed to pass through a convex lens of suitable focal length which focuses the a
screen at some point “P” where a bright fringe is produced. (b\

al 1.9

b{ &
== O
C @@
S

Derivation:

For any two beams, diffracted from two adjacen%le the angle of diffraction be “0”.
The path difference between the two diffract e at a point “P” is “r q”, it must be
an integral multiple of wave length “A” so t\a blight diffracted image is formed at “P”.

InApqr: Sinb=rq

pr
rq=p ri&
But pr=(a+b)is the gratingeledgent®and r q is the path difference.
r & b) Sin 6
For bright diffracted ima i ce “r @” must be an integral multiple of “A”.

A =>a+b)Sin6

Or
Where m

mAi=dSin0

............... (an integer)
ero " order un-diffracted image, at the center C.

For m = 0 wewilNge
But for m 3 1\Z98y ... we will get 15t order, 2" order, and 3rd order etc. images for which:
@ A=(a+b)Sin6

0, 1,

2)L=(a+b)Sin6

3L=(@+b)Sin6 ................ etc.
ingd a suitable value of “m” (order of image), and measuring the corresponding angle of
“0”, the wave length of incident light “A” can be calculated with the help of one of the
equations.

Diffraction of X-rays through crystals:

Q.No.1: Why is a crystal needed for the diffraction of X-rays?

Ans: Wave length of X-rays is very short as compared to the wave length of visible light.
Therefore, they do not show diffraction effects by ordinary diffracting objects (such as diffraction
grating, fine slits or sharp-edged objects like shaving blade etc.). Similarly for the same reason,

[19]
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interference pattern of X-rays by Young'’s double slit or by a thin soap solution film or thin oil film
cannot be produced.

In certain crystals (such as rock salt), the atoms are arranged in a regular manner such that the
planes thus formed are at a distance (about 2 A - 5 A) comparable to the wave length of X-rays.
Hence X-rays can be diffracted with the help of a suitable crystal.

Q.No.2: Derive Brag’s law?

Ans: Consider a beam of X-rays incident upon a crystal, beams of X-rays reflecteq from
two adjacent planes of the crystal will interfere constructively when their path diﬁere%
an integral multiple of their wave length.

An X-ray beam is reflected from the upper plane and the second X-ray beamis @cted
from the lower plane. These two beams will cover different distances before epf8ing the
eye (second beam will cover longer distance). Difference in distance cove lled path
difference, can be determined with help of the following diagram.

Incident beam Reflected beam

Glancing angle Ai

Path difference = QR + RS R

O/@

0
w CD\
G-

Calculation of path difference;

In triangle PQR: Sin 6
QR= in But P R =d (Distance
Q in between atomic planes)
Similarly: R Sin 6
But path difference befeen tie two beams of X-rays=Q R +R S

ath difference =d Sin0+d Sin 9

ath difference =2 d Sin 6
Hence path d| eren e between two X-rays beams reflected from two adjacent lattice

planes of the c 2 d Sin 6, where “d” is the distance between the two planes, and “0”
is the glanci . These beams of X-rays will interfere constructively if their path
difference gral multiple of its wave length “A”. Therefore,

mAi=2dSin6 (m=1,2,3,...)

hIS relation is known as Brag’s law.

S The separation “d” of planes of the crystal can be calculated with the help of its

density and atomic weight. Since “m” and “0” can be measured accurately by experiment,
the wave length of X-rays can be calculated.

[20]
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Section-A Multiple-Choice Questions MCOQs:

Q.No. 1: If the wavelength of an
electromagnetic wave is about the diameter
of a cricket ball what type of radiation is it.
(A) X-rays (B) Ultraviolet.
(C) Radio waves. (D) Visible light.
Q.No.2: Electromagnetic waves from an
unknown source in space are found to be
diffracted when passing through gaps of the
order of 10~° m. Which type of the waves are
they most likely to be?
(A) Microwaves. (B) Ultraviolet.
(C) Radio waves. (D) Infra-red.
Q.No.3: Huygen’s conception of secondary
waves:
(A) Helps us to find the focal length of a thick lens.
(B) is a geometrical method to find a wavefront
(C) is used to determine the velocity of light.
(D) is used to explain the polarization of light.
Q.No.4: Interference fringes are produced
using monochromatic light of same intensity
from a double slit screen. If the intensity of
light emerging from one of the slits is

reduced, the effect on interference patter,
will be:
e

(A) all the dark and bright fringes\pec
brighter.
(B) all the dark and brigh %
become darker. q
(C) Bright fringes b,
and dark fringes becomé .
(D) Bright fring come darker and

dark fringes become bf\ghter.

Q.No.5: In Yoyung§doelble slit experiment
when the dis %ﬁe ween slits and screen
is doubled \eseparation of slits is

halved,

e Drighter

fritge width will be:
es. (B) Va times

) doubled. (D) unchanged.
*@. A ray of light passes from air into
wate¥, striking the surface of water at an

angle of incidence 45°. Which of these
quantities change as the light enters water,
(i) Wavelength. (i7) frequency.
(iif) Speed of propagation.
(iv) direction of propagation.
(A) iand i only. (B) iii and iv only.

(C) i, iiiand iv only. (D) all of them.
Q.No. 7: A hill separates a television (TV)
transmitter from a house. The transmitter
cannot be seen from the house but still the
TV in the house has good reception. What
wave phenomena make it possible?

(A) Coherence of waves. (B) Diffraction of\%

(C) Interference of waves.

a diffraction grating and a p

observed. What effect is gbseled by

replacing the grating wi@e that has more

lines per millimeter?
(A) Num

with decrea

second ord

(B) er of maxima decreases
with j asé in angle between first and
S oyder maxima.

z ?Ei) Number of maxima increases
ecrease in angle between first and
etond order maxima.

(D) Number of maxima increases
with increase in angle between first and
second order maxima.

Q.No.9: Optically active substances are
those substances which:

(A) produce polarized light.

(B) rotate the plane of polarized light.

(C) Produce double refraction.

(D) convert a plane polarized light into
a circularly polarized light.

Q.No. 10: Plane polarized light is passed
through a Polaroid. On viewing through the

polaroid, we find that when Polaroid is given one
complete rotation about the direction of light:

(A) The intensity of light gradually
decreases to zero and remains at zero.

(B) The intensity of light gradually
increases to maximum and remains at
maximum.

(C) There is no change in intensity of light.

(D) The intensity of light varies such
that it is twice maximum and twice zero.

(D) Refraction of waves.
Q.No.8: Monochromatic lig t@dent on
Q s

& xima decreases
e between first and
ima.

in

[21]
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Q.No.11: In Young’s double slit experiment,
the fringe spacing is:
(2004,14 Karachi Board)
(A)da (B)AL  (C)_d

L d AL
Q.No. 12: Which of the following phenomenon
cannot be explained by wave theory?

(2005, 2004 Karachi Board)
(A)interference (B)diffraction (c)photoelectric effect
Q.No. 13: The condition for the interference
in a thin film is reversed because of:

(2016, 15, 08, 04 Karachi Board)

(A) small thickness.

(B) phase reversal.  (C) refraction.
Q.No. 14: Colors in thin film of soap are due
to: (2005 Karachi Board)

(A) Refraction of light.

(B) diffraction of light.

(C) Interference of light.

(D) Scattering of light.
Q.No. 15: To replace a bright fringe by the next
bright fringe in a Michelson interferometer, the
moveable mirror is moved through a distance
equal to: (2005 Karachi Boar:

Ar B)A2 (C)a4 (D)2r
Q.No. 16: Which property of light is

determine the concentration of an ly

active substance such as sug
(2005 KarZQBoard)
(A) Interference. Dispersion.
(C) Diffraction. N olarization.
Q.No.17: If 2000 line .areruledon a
grating, its grating.elemgnt is:
Karachi Board)
(A)5 o?h (B) 5x10™3 m
(C) “®m. (D) 5x10™" m
.No.18NN\e transverse nature of light was
confir (2008 Karachi Board)

) Interference (B) Diffraction

) Polarization. (D) Dispersion
Q.No. 19: Yellow light from a sodium lamp is
used to form Newton’s rings. The central
spot in Newton’s rings will be:

(2008 Karachi Board)
(A) Yellow. (B) Bright.
(C) Dark. (D) Neither bright nor dark.

Q.No.20: In Young double slit experiment
condition for constructive interference is that
the path difference must be:

(A) An odd multiple of the half wavelength.
(B) An odd multiple of the whole wavelength.
(C) An integral multiple of the wavelength.
(D) An even multiple of the wavelength

Q.No.21: According to Maxwell’s the%

light travels in the form of:

(2012 Karachj B%
(A) Transverse wave. (B) Lon '%nal wave
(C) Mechanical wave. (D) El etic wave.

Q.No.22:77 Huygen’s prin Is used to:

(ZO@arachi Board)
A) Determin @Z eed of light.
B) Expr ation.

wave front.
he efractlve index.

(

(

(C)

(D q

Q.No.23: hromatic yellow light is

unablg«fo sh@w: (2013 Karachi Board)
%Reﬂectlon (B) Refraction.

Dispersion. (D) Interference.

24: A wave enters from one medium

nother medium, no change occurs in its:

(2013 Karachi Board)
(A) Frequency. (B) Wave length.
(C) Amplitude. (D) Speed.

Q.No.25: Diffraction of light is a special type
of: (2014 Karachi board)
(A) Reflection. (B) Refraction.
(C) Interference. (D) Polarization.
Q.No.26: Newton'’s rings illustrate the
phenomenon of: (2015 Karachi Board)

(A) Polarization. (B) Diffraction.
(C) Interference. (D) Dispersion.
Q.No.27: Polarization of light in tourmaline
crystals takes place because of:
(2015 Karachi Board)
(A) Reflection. (B) Absorption.
(C) Refraction. (D) Collision.

Q.No.28: The number of lines per cm. of a
diffraction grating is 4000. Its grating element
is: (2017 Karachi Board)
(A) 2.5x10* cm.  (B) 2.5x107% cm.
(C) 4x10% cm. (D) 4x105 cm.
Q.No.29: The experimental evidence of
transverse nature of light is:

[22]
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(2018 Karachi Board)
(A) diffraction. (B) interference.
(C) polarization. (D) dispersion.
Q.No.30: When Newton'’s rings are observed
by reflected light, the center of rings appears
dark due to: (2018 Karachi Board)
(A) Phase reversal only.
(B) Path difference zero only.
(C) Intensity of light being maximum
(D)Phase reversal and path difference zero
Q.No.31: The wave front of waves will be
spherical when the rays of light are:
(2019 Karachi Board)
(A) parallel. (B) perpendicular.
(C) monochromatic. (D) not parallel
Q.No.32: When a transverse wave
travelling through a rare medium is reflected
from a dense medium, then phase change
produced in it will be equal to:
(2019 Karachi Board)
(A)0° (B)90° (C)180° (D) 360°
Q.No.33: Bragg'’s law is:

(A)2dsin6=mA(B)2mA=dsj
(C)dsin6=mA (D)dcose=Ak
Q.No.34: The bending of light arourtg a
sharp obstacle is called:
(2022 Kar ard)
(A) Interference. B) PQlarization.
(C) Refraction. @Dif raction.
Q.No.35: Huygen’s prir%ip € used to
determine: (ZO?Karachi Board)
(A) Speed of lighta(B) Rosition of wave front
(C) Polarizatio VRefractive index.
Q.No.36: \%t near the point source
is 2022 Karachi Board)
(A) Pla pherical (C) Conical (D)cylindrical
.No.R #electromagnetic waves consist of
electric and magnetic fields, both
(2011 Karachi Board)
(A) Parallel to each other.
(B) Perpendicular to each other.

(C) Non-parallel to each other.
(D) Neither of these.

(2022, 16 Karachi Board; BC)

Q.No.38: For constructive interference, path
difference between two coherent waves

must be: (2025 Karachi Board)
(A) (M +3) 1. (B) 1. mA.
4
(C)mA. (D) 3 A /2.

Q.No.39: This electromagnetic wave hgs
the longest wavelength.
(2026 Karachi )
(A) Radio wave. (B) Mjerowefve.

(C) Visible light. ma ray.

Q.No.40: The light having %@ngle wave

length A’ is called:(2026-Karachi Board)
(A) MuItichromaticﬁichromatic.

(C) Ordinary kg\{ ) Monochromatic.

4=
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Answers:

m (C) Radio waves.
(2) (D) Infra-red.

(3) (B) is a geometrical method to
find a wavefront.

(4) (B) all the dark and bright

fringes become darker.

(A) 4 times.

(C) i, iiiand iv only.

(B) Diffraction of waves.

(D) Number of maxima

increases with increase in

angle between first and

second order maxima.

9) (B) rotate the plane of
polarized light.

(10)  (A) The intensity of light
gradually decreases to zero
and remains at zero.

(5
(6
(7) (
(8

S— N N N

(11) ®)aL/d %
(12) (C) Photoelectric effect.
(13) (B) phase reversal. C)
(14) (C) Interference of lig
(15) (B) A2. ’®
(16) (D) Polarization.
(17) ) C)5x10% m
(18) (C)Polari
(19) (C) Dark. q‘
) (C) r

(20 gral multiple
of the wa%gth
(21) (I@ec romagnetic wave.
(22)  (CWocCate the wave front.
(23) N\(C)Dispersion.
( ) Frequency.

(C) Interference.
(C) Interference.

)

27) (A) Reflection.

(28) (A)2.5x10~* cm.

(29) (C) polarization.

(30) (B) Path difference zero
only.

(31) (D) not parallel

(32) (C)180°.

(833) (A)2dsin6=mA

34) (D) Diffraction.

35) (B)Position of wave front

(36) (B) Spherical

(37) (B) Perpendicular th

each other.
(38) (C)mA.
(39) (A) Radio wave.

(40) (D) Monochromatic \
>

9
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Numericals:

Q.No. 1: A monochromatic light of
wavelength 6900 A is used to illuminate
two parallel slits on a screen that is 3.30
m away from the slits. Interference
fringes are observed. Distance between
adjacent bright fringes in the center of
the pattern is 1.80 cm.

What is the distance between slits?
Data:

Wave length of light 1= 6900 A

(1A =10-1m) A =6900x10~"0m

Distance of the screen L=3.30m

Distance between adjacent bright fringes

(or fringe spacing) Ax=1.80 cm.= 0.018 m

Distance between slits d="?
Solution:

In Youngs double slit experiment
fringe spacing is given by:

Ax= AL

d
0.018 = 6900x10~" x 3.3(1d,D\

d

d = 6900x10~"

0,

ld =0.0001265 m = 1.2¢5x10+

m.
®:Distance between Slii<'%255x 10“m.
Q.No.2: Michelson i r ter is
adjusted so that a brig Wge appears on
the screen. As on\oft mirrors is moved

?

25.8 micrometer t fringes are counted

on the scree

WhaNgth® wavelength of light used in
the inte r?
Data?

avelength of light used A=7?
Q‘Blstance moved d =25.8 micrometer
=25.8x10% m
Number of fringes m =92
Solution:

Distance through which moveable mirror of
the interferometer is moved is given by:

d=m A
2
A=2d
m
A= 2x 25.8x10°° A =560 x1
92 A =560

€ Wave length of light is
560 x10° m. or 560 nni\oé
Q.No.4: Newton’s rings areYormed by
light of 400 nm wavele%n. Determine

the change in air ﬂ% ness between
the third and si% t fringe. If the
radius of curyatu f the curved surface
is 5.0 m \

What is ius of third bright fringe?

Datgf
C) e length of light =400 nm

=400x10~° m
Radius of curvature of the curved
surface R=50m
Change in air film thickness between
third and sixth bright rings At =7?
Radius of third brightring r3=7?
Solution:
Condition for mt" bright Newton’s ring
(or for constructive interference):
2t=(m+3)A
For third ring:
2t3 = (2 +3) 400
2t3=(5/2)400 OR 3=500 nm.
For sixth ring: m= 5 for third ring
2 t6 = (5 +3) 400
2t6=(11/2)400 OR te=1,100 nm.
Change in air film thickness between
third and sixth bright rings At = ts — t3
= 1100 - 500 = 600 nm.

'é Change in air film thickness is 600
nm. Or 600x10~° m.

m= 2 for third ring

[25]
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Radius of a bright ring can be found by:
P=R(N=3)2A N = 3 for 3" ring

rs2= 5(3 — 3) 400><1o-9
=+/0.000005

r32=0.000005
r: =0.002236 m OR r; =2.236 mm

@ Radius of 3¢ ring is 0.002236 m
OR 2.236 mm.
Q.No.5: A soap film has an index of
refraction n = 1.50. The film is viewed in
reflected light.

(a) at a spot where the film thickness
is 910.0 nm. Which wavelengths are missing
in the reflected light?

(b) Which wavelengths are
strongest in the visible light?

Data:

Refractive index of soap film n =1.50

Film thickness t=910 nm

(a) Missing wave lengths = ?

(b) Strongest wave lengths=?
Solution:

(a) For soap film interference (Thin fil
interference) for destructive interference
for dark fringes: {

2nt=mA\

Form=1 %
2x1.50x910=1x A Q
A=2730 nm

Form=2 \

Form=3

2x1.50x910
7&—13653%

2x150x910 5x A\
A =546 nm

Form=6
2x150x910=6 x A
A =455 nm

'é missing wavelengths are 682.5
nm, 546 nm and 455 nm.
(b) for constructive interference (or for

strongest wavelengths)
2nt=(Mm+3)A \

Form=1
2x150x910=(1+3)A

2730 = (3/2) A &
A =1820 nm

Form =2 G\O
2 x1.50 x 910 = (23)

2730 = (5/2) A
A =1092 @
Form=3
2% 1 \31§=(3+%M
Zi )A
=780 nm
Fo r%
‘ ,x1.50x91o=(4+%)x

2730 = (9/2) A
A =607 nm
orm=5

2x1.50x910=(5+%) A
2730 = (11/2) A
A =496.4 nm

Form=6
2x1.50x910 = (6 +3) A
2730 = (13/2) A
A =420 nm

€< strongest wavelengths within the
range of visible light are 780 nm, 607 nm,
496.4 nm and 420 nm.
Q.No.6,7,8:

See theory.
Q.No.9: The diffraction pattern from a
single slit of width 0.020 mm is viewed on
a screen. If the screen is 1.20 m from the
slit and light of wavelength 430 nm is
used. What is the width of central
maximum?
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Data:
Width of slit d= 0.02mm=0.02x10=3m
Distance of screen L = 1.20 m.
Wave length of light A= 430 nm
=430x10° m
Width of central maxima (bright fringe) =7?
Solution:
Distance of 15t dark fringe on left side of central
maxima (central bright fringe) x1 = A L/d
X1 =430x10~° x1.20 = 0.0258 m.
0.02x1073
Since dark fringes are at equal distance on
either side of central maxima, therefore,
Distance of 1%t dark fringe on right side of central
maxima (central bright fringe) x2 = 0.0258 m.
Width of central maxima (central bright
fringe) will be equal to the sum of distance of
these two dark fringes = 0.0258 + 0.0258
=0.0516 m or 5.16 cm.
Q.No. 10: A grating has exactly 8000 lines
uniformly spaced over 2.54 cm and is
illuminated by light from a mercury vap,

discharge lamp. What is the expected
d.&e

angle for the third order maximum
light of wavelength 546 nm.
Data:

Q%

Order of image

Angle ="
Wave length of Ii@%46 nm
= 546x10° m

Number of lines = 8000

Length of gra§ing 5*2.54 cm.= 0.0254 m
Grating elem 0.0254=3.175 x10-%m
8000

aNiffraction grating:
V?b) Sin6=m A
.'.Q'QWS x1076x Sin 0 = 3 x 546x10~°
Sin 6 = 3 x 546x10-° = 0.5159
3.175 x10°%
0 = Sin 1 0.5159 = 31.06°
®:Angle for third order maximum will
be 31.06°.

Q.No. 11: How many lines per centimeter
are there in a grating which gives 1st
order spectra at an angle of 30° when the
wavelength of light is 6x10-5 cm?
Data:
Order of image m =
Angle 0= \
Wave length of light A= 6x10 :
(No need to convert A from cm. ifflo m. as we
are required to find No. of [ e@ m.)
Number of Iines/cm.&
Solution:
For a diffractio g:
(a+Db)Si
(a+b) Si& =1 x 6 x105
(a x 075 =6 x107°

b) =6 x10=°=12x10-° cm.

0.5
Num%lines= 1 =8,333 line/cm.
12x10-5

# here are 8,333 lines per centimeter.
Wo. 12: Light of wavelength 450 nm is
cident on a diffraction grating on which

5000 lines/cm have been ruled.
Determine:

(a) How many orders of spectra can
be observed on either side of direct
beam?

(b) Determine the angle
corresponding to each spectrum.

Data:
Wave length of light A= 450 nm
=450%10~° m.

Number of lines = 5000 lines/cm

5000%100 lines/m.= 500000 lines/m.

Grating element (a +b)=__ 1 m

500000
=2%x10% m

(a) How many orders of spectra m =?

(b) Angle for each spectrum 6 =7?
Solution:

For a diffraction grating:

(@+b)Sin6=mAxr
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Maximum number of orders of spectra
can be found by assuming “6 =90°”.

2x%1076 x Sin 90° = m x 450%107°

(But Sin 90° = 1)
m= 2x10°% =4
450%107°
(a) ¥ Orders of spectra that can be

observed on either side of direct beam is 4 .
(in other words maximum four bright
diffracted fringes can be observed)
(b) Angle for m =1:

(@+b)Sin6=mAxr

2%1076 x Sin 0 = 1 x 450%x107°

Sin 6 =1 x 450%10-° = 0.225
2x106
0=Sin"10.225=13°

' <Angle for first order maximum will be 13°.
Angle for m = 2:

2x%107%x Sin 6 = 2 x 450x10-°

Sin 6 = 2 x 450x10-° = 0.45
2x106

0 =Sin~10.45 = 26.

Angle for m = 3:
2%x1078x Sin 6 = 3 x 450x107°

Sin 0 = 3 x 450x1

2%1

0 = Sin ' 0

Angle form = 4:
2%10-6x Sin 0 = 4%
Sin 0

10-°
50x10°=0.9
2x10°6

\!sm -10.9 = 64.16°.
v

. of X-rays of wavelength
0.071 iffracted by a diffracting

pla e%&ck salt with distance between

t ic planes 1.98 A . Find the
glaRcing angle for the second order
diffraction.

Data:
Wave length of X-rays A= 0.071 nm
=0.071x10° m
Order of diffraction m =2

Glancing angle 0="7
Separation of planes d = 1.98 R
=1.98x10""m
Solution:
For X-ray diffraction from a crystal,

according to Bragg’s law: \
mA=2d Sin 0 ®\

For second order
2x0.071x102 = 2 x 1.98x10-10 sﬁe
0.142 x1072 = 3.96 x10~"

Sin 6= _0.142 x10°° =

3.96 x10~10 ‘
0=Sin"10.3 =21.01°
Q.No.15: Unp ight passes

through twopolaxjZers in turn with

polarizatio %s at 45° to each other.
What is ion of the incident light
i ity th

is transmitted.

inte y
D
gle between polarization axes 6= 45°

Fraction of the incident light intensity
transmitted [=7?
olution:

While passing through first polarizer
intensity of light reduces to half, whereas it
reduces by a factor of Cos? 0 by the second
polarizer.

Let “Io” be the initial intensity of light
incident upon first polarizer, then “Io /2” will
be the intensity of light incident upon the
second polarizer.

Hence the fraction of initial intensity
transmitted = I, Cos 2 0

2
=1p (Cos45°?=1,*0.5=0.251
2 2

®:<Net intensity of light transmitted will
be 0.25 I, which is 25% of initial intensity
(Io) of unpolarized light.

Q.No. 16: If a diffraction grating produces
a first order spectrum of light of wave
length 6x10-" m at an angle of 20° from
the normal. What is its spacing.
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Data:
Order of image m =1
Wave length of light A= 6x10""m
Angular deviation 0 = 20°.
="

Spacing of lines
Solution:
For diffraction grating:
(@+b)Sino=m2A
(@ + b) Sin 20° = 1x 6x10~7
(a+b)=1x6x10~7
Sin 20°
(@ + b)=6x10-"=1.7543x10"°m
0.342
Therefore, spacing of slits=__ 1
(a+Db)
= 1 = 570033.57 lines/m
1.7543x10-6
OR spacing of slits= 5§70 lines/mm
Q.No. 17: How far apart are the diffracting
planes in a NaCl crystal for which X-rays
of wavelength 1.54 A makes a glancing
angle of 15°-54' in the first order.
Data:
Wavelength A= 1.54 A =1.54
Glancing angle 6 = 15°-54%S9°
Order of image .
d="7

Distance between plane
Solution:
According to Brady's Ja/:
mA = jn 0
1%x1.54x100° = Ad Sin 15.9°

.. 18: Two parallel slits are
illuminated by light of two wave lengths
one of which is 6.0 x10~" m on a screen
the fourth dark line of the known wave
length coincides with the fifth bright line
of the unknown wave length.

Calculate the unknown wave
length. (1992 Karachi Board)
Data:

Known wave length  A1=6.0x10~" m

Unknown wave length  A,=7

Solution: \
Distance of bright fringes from(%

center of the screen is given by:
y=milL

: \

Distance of fifth brig e of
unknown wave length © om the center of
the screen will be:

y:

5\ &
d ;&1
Dist of tdurth dark fringe of

known w h “A1”from the center of the

scree ill bg:
%(4+%) ML= 9L
d 2d

ourth dark fringe of known wave length
ycides with the fifth bright fringe of unknown
ave length, therefore, both must be at equal
distance from center of the screen.

5 L=9MmL

d 2d

52=9M
2

A2=9 A1 =9x6.0x10~7
10 10
L2 =5.4x100"m
L2 = 5400 A
®:Unknown wave length is 5.4 x10-”m or
5400 A.

Q.No. 19: Interference fringes were
produced by two slits on a screen 0.8 m
from them when light of wave length
5.8x10~" m was used. If the separation
between the first and the fifth bright
fringe is 2.5 mm. Calculate the separation
of the two slits. (1995 Karachi Board)
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Data:
Distance between slits and screen L =0.8m.
Wave length of light A =5.8x10"m
Distance between first and fifth bright
fringe =2.5 mm=2.5x103m

Separation of slits d =7

Solution:
Distance of the first bright fringe from

center of the screen is givenby: y= AL

d

Distance of the fifth bright fringe from

center of the screenis givenby: y=5AL

d

But the distance between the two fringes is 2.5 mm
Therefore 50 L— AL =25%x10"3
d d

L =2.5x10-6 x0.5992
2
A =6.9899x107" m
L =6989.9 A

Q.No.21: How many fringes will pass a

reference point if the moveable mirgdx of

the Michelson’s interferometer is

by 0.08 mm? The wave length of |

used is 5800 A. (1998 Karac#i Board)
A =5800 A

Data:
Wave length of Iightﬁ%
= 5800x10-""m

Distance thrm@ﬁ@ﬂch the moveable
mirror is moved %g mm = 0.08x103 m
Numbi j

es m=?

. Solution:
4L =25x10" Distan h which moveable mirror of
d the i erofpeter is moved is given by:
4x5.8x10~"x 0.8 = 2.5x1073 m A
d 2
d = 4x5.8x107"x 0.8 m= 2d
2.5x1073 A
d=7424 x10%m m = 2x 0.08x1073 Im = 275'
d=0.74 mm 5800x10-10
Q.No.20: Red light falls normal ®: 275 fringes will pass the reference
point.

diffraction grating ruled 400 m.
and the second order image iffracted
34° from the normal.

Compute the wanetength of light in

angstroms. (1 arachi Board)
Data:
Number oflin®g risled = 4000 lines /cm.
Grati %ﬁ t(a+b)
= = 2.5x10*cm=2.5x10"% m

r deviation

?u 3
der of image 2
ave length =?
Soldtion:

For diffraction grating:
(@+b)Sino=mA

2.5%107% Sin 34° =2 )

2.5%x107%x0.5992 = 2 )

Q.No.22: Interference fringes were
produced by light coming from two slits
0.3 mm apart. If five fringes occupied 1.75
mm on a screen at 200 mm from the slits,
find the wave length of light used.
(2000 Karachi Board)
Data:
Separation of slits d =0.3 mm
= 0.3x10°m
Distance in which 5 fringes
were formed 5Ax =1.75 mm.
Fringe spacing AX =1.75/5 mm
=0.35mm = 0.35x103 m
Distance of the screen L=200mm=0.2m
Wave length of light A=?
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Solution:
Ax=AL A= _Axd
d L
A =0.35x103x 0.3 x10-3
0.2
A=525x10"m |[A=5250A]

Q.No.23: How much should the
moveable mirror of the Michelson’s
interferometer be moved in order to
observe 400 fringes with reference to a
point? The wavelength of the light used is

5890 A. (2002 Karachi Board)
Data:
Distance moved d="?
Number of fringes n =400

Wave length light used % =5890 A
Solution:

Distance, through which moveable mirror
of Michelson’s interferometer is moved, is
given by:

d=n_A = 400 x5890 x10-1°,
2 2
d=1.178x 10* m=0.1178

Q.No.24: If the radius of 12 t" dar
Newton’s ring is 1 mm when liglat ave
length 5890 A is used, what i adius
of curvature of the lower st of the
lens used?

(2017, 03, 1990,%@whi Board)
Data:

Radius of the d g
Tmm=1x10"3m

Wave e light A = 5890 A
=5890 x10 "'m
I curvature of lens R =7?
g No. m =12

us of the m th dark ring is given by:
m=vmAR
m =0,1,2,3... (m = 0 for dark center)
Squaring both sides and putting the
values we get:
(1x1073) 2 =12 x 5890 x10-"° R

1x10%=12x5890 x 10-"°R
R = 1x10 5

12 x 5890 x10-19

|[R=0.1414 m|
Q.No.25: X-rays of wave length 1.54 A
are diffracted by a crystal whose plghes
are 2.81 A apart. Find the glancin
for the first order. (2004 Karach
Data:

rd)

Wave length of X-ra 45 R

Separation of planes'dN"Z.81 A

Order =1

Glancing angl Q)rg =7?
Solution:

For X-ray ction from a crystal,
according ta'%sg’s law:
m in 6
o nded to convert A into meters, as
“A’and “d” divide each other,
cancel out).
.54 = 2x2.81 Sin 6 (For first order)
1.54 =5.62 Sin 6
Sin6=_1.54 =0.2740
5.62
0=Sin"10.2740 |6 =15.90°
Q.No.26: Interference fringes were
produced by two slits 0.25 mm apart on a
screen 150 mm from the slits. If ten
fringes occupy 3.275 mm, what is the
wavelength of the light producing
fringes? (2016, 08, 02 Karachi Board)
Data:
Separation of slits

d =0.25mm
= 0.25x10"3m
Distance of screen L =150 mm = 0.15m
Distance occupied by 10 fringes
=3.275 mm.
Fringe spacing Ax = 3.275 mm
10

=0.3275 mm = 0.3275x103m

Wave length of lightused A =7
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Solution:

In Young double slit experiment fringe
spacing (distance between two consecutive
fringes) is given by:

Ax= AL

d
0.3275x10=3 = A x0.15
0.25x10-3
L =0.3275x10"3x 0.25 x 102
0.15
IL=5.458x10-7"m = 5458 A|
Q.No.27: If radius of 14" bright Newton’s
ring is 1 mm and the radius of curvature
of the lens is 125 mm.
Calculate wavelength of light.
(2010, 1997 Karachi Board)

Data:
Radius of 14" ring r14 =1mm= 1x10=3m
Ring number N=14
Radius of curvature of lens R = 125 mm
=125 x10-3 m.
Wave length of light A
Solution:

=7
Radius of Nt" Newton’s ring is give ‘UA
m=VRA (N - %)
ra=YRA(14 =13
0_

1x10-3 = Y125x10-3 x(g—;)
1x10‘3=\f125x10‘%7/ )

Squaring both sid®s et:

(1x10-3)2 = 128%4Q3 A (27/2)
= (1g10°% .

h of light is 545 nm. Find the slit
separation. (2012 Karachi Board)
Data:

No. of fringes
Distance occupied

=8
=2.62 mm.

Fringe spacing Ax=2.62 mm
8
Ax=10.3275 mm= 3.275 x10# m
Wave length A =545 nm= 545x10-°m.

Distance of screen L =145 mm=145x10-3 m.

Slit separation d=? \
Solution: \
Fringe spacing is given by: @’
Ax=)\L d=_A L

d
d = 545x10° x 145& .

3.275x1 _
d = 7.9025x1 £2.413x10% m
3.27 ’gn d=0.2413 mm.

Q.No.29: Gigen of wave length
5400A.is d &ed by grating having 2000
lines/cm.
ompute the angular deviation of
th @rder image.
2014, 05, 1999 Karachi Board)

Wave length A=5400A= 5400x10-1° m
Number of lines/cm = 2000
Grating element (a + b)

= 1 cm.=5x10~%cm=5x10"%m

2000
Angular deviation 6 =7
Order of image m=3

Solution:
(@+b)Sino=mAx
5%107% Sin 6 = 3x 5400x10-1°
Sin 6 = 3x 5400x10~1°
5x10-6
Sin 6 = 16200x10-'9 = 0.3240
5x10-6
0 = Sin =1 0.3240
Q.No.30: A parallel beam of X-rays is
diffracted by rock salt crystals. The first
order maximum being obtained when the
glancing angle of incidence is 6 degree
and 5 minutes, the distance between the
atomic planes of crystal is 2.81x10-19 m.
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Calculate the wave length of

radiation. (2015, 2009 Karachi Board)
Data:
Order m=1
Glancing angle 6 = 6° 5 minutes
=6.083°
Separation of planes d=2.81x10""%m
Wave length of X-rays A =?
Solution:
According to Brag’s law:
mA=2dSin6

1x A = 2 x2.81x107"%xSin 6.083°
A =2 x2.8x10719x0.106
A=5.956x10""m

(AL=0.5956 A

€ Wave length of X-rays is 5.956x10 ~"'m

or 0.5956 A.

Q.No.31: A diffraction grating produces

31 order spectrum of light of wavelength

7000 A at an angle of 30° from the normal.

What is the grating element?

Calculate the number of lines o
grating per cm.
(2019, 17, 11, 97, 03, 01,1991 Karac '!ZL)
Data:

Angular deviation 6 =

Order of image m =

Wave length of light A =7 A
Grating element N\

Number of line
Solution:
t|ng

For diffragcti
a+
:§ 0°‘3x7x']0‘7

by x0.5=21x 10"
(@a+b)= 21><1o-7

3710 m
b) =7
cm. =

a+ b)=42x10"m.= 4.2x10-4cm]
Number of lines percm. = __1
(a+Db)
Number of lines per cm.= 1
4.2 x10™
Number of lines per cm. = 2380

®:Given grating has 2380 lines per cm.
Q.No.32: 271 fringes are passed through
a reference point when the moveable
mirror of Michelson’s interferometer is

moved by 0.08mm
Find the wavelength of light use \%l
(2019, 2002 Karachi )
Data:
Number of fringes passing refeﬂce oint
=271
Moveable mirror move@= 0.08 mm
=8x10°m
Wave length ofd sed L =7

Solution:
For Mlch%lnterferometer

x10 —271L
R
A= 2x8x10°
271
=59x10-"m) OR [A =5900A)

Q.No.33: Find the lines per centimeter on
a diffraction grating which gives a 1st
order spectrum at an angle of 30° when
the wave length of light is 6x10-5 cm.

(2026 Karachi Board)
Data:
Angular deviation 0 = 30°
Order of image m =1

Wave length of light A = 6x10-% cm.
Number of lines percm. =?
Solution:

For diffraction grating:
(@+b)Sind=mA

(@+b)Sin30°=1x6x10"°
(@+b)x05=6x10"°

(@a+b)=6x10"°

0.5
l(a + b)= 12x10-5 cm.|
But number of lines per cm. = __1

(a+b)
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Number of lines per cm.= 1
12 x1075
Number of lines per cm. = 0.08333x10°
= 8333
®:Given grating has 8333 lines per cm.
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>
O

Do you know that......

Speed of light in air or vacuum is very high about
300,000,000 m/s or 300,000 km/s (three crore kilometers in one second)
(actually it is about 2.98x10% m/s). Travelling with such a high speed
you can circle about 772 times around the earth in just one second.
The distance to the sun can be covered in about slightly over
8minutes. Traveling with speed of light from earth will take about
200,000 years to cross our galaxy “Milky way”, and galaxy

ANDROMEDA nearest to our galaxy, can be reached in 2 million
years.

Actually, all electromagnetic waves (light waves are also
electromagnetic), in vacuum can travel with such a high speed.

According to Einstein’s special theory of relativity, mass of
material objects starts increasing as its speed approaches speed of

35



