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Ans,

CHAPTER NO. 9

DUAL NATURE OF LIGHT
Introduction: - _

Up tol7th century it was said that light consist of a stream of tiny particles
and moves in straight line and gives propertics of reflection and refraction of light

In 1676, Huygen says that light travels in the form of waves and said that
Law of reflection and refraction can be explained on the basis of wave theory.

Thomas Young made the fitst clear demonstration that light has wave
phenomena in 1773: He demonstrates that under certain condition light gives the
interference behavior.

In 1873, Maxwell shows that light waves are ele{:tmmﬂ.gml waves and ca
propagate through vazuum,

Up to 1880 scientists accepted the wave nature uf‘ltbht but wave theory can
not explain the photoclectric effect.

In 1905, Einstein explains the p]lutoi.h.:.tliu. effect by considering that Iihhl
moves in the form of packets of enerpy known as photon or quanta: Planks salcuizied
the energy of photon as E = hv and confirm that light moves in the form of packets of
cnergy.

Compton in 1921 also confirms the nature of photon and says that it has
energy as well as momentum.

From above discussion it is conclude that light has dual nature wave and
particle some where it acts as wave and some where it behaves as particle.

Write short note on Wave Front and Huygen's Principle.
Wave Front and Huygen's Principle: -
Wave Front: -
Whenever a passes rﬁmugk a medinm, its parﬁdﬂ executing S.HM. The
locus of all the point in the mediam having same phese of vibration is known as

wave front. - . spherical wave front
Wave fronts are of Lwo types.

| Spherical wave front, - o]
4 Plane wave front.
|. Spherical wave front: -

When a point source of light in a homogenous medium,
the wave front will be concentric spheres with center ar the source, —
Such a wave front is known as spherical wave front. S
R
Plane wave front: - Fomem |
At very lurge distance from a source, a smull —-
portion of a spherical wave front become nearly plane, SR
such a portion of wave front is known as Plane wave front. Plane wave front
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Huygen's Principle: -
" It consists of two parts.

|. First part state that every point on a wave front can be consider as a source of
secondary spherical wavelet as in figure AB represent the position of wave front

and there are several points on it behave secondary source.
Sccond part states that drawing a plane tangential to \
the secondary wave- lets as in figure can form the 2y

position of the wave front after time ‘t’ J J I
dary

Q. What do you mean by interference of light? Primary™ Sec
Give the condition for interference of light. Wave front Wave front

-3

Ans.  Interference of light: -

The phenomenon in which two coherent waves of same amplitude and wave
length superpose each other such that they support each other at some points
cancels the effect of cach other at some point is known as interference of light.

Type of Interference: -
There are two types of interference.

1. Constructive Interference.
2. Destructive interference.

1. Constructive Interference: -

The interference in which twoe

coherent waves of same amplitude and .
wavelength superpose each other Such A wopoint soures interforencs pettern crovies an sliermating pultn
that they support each other then gt otk i et i v,

interference is known as Constructive Inferference.

2. Destructive interference: -

The interference in which two coherent waves of same amplitude and
wavelength superpose each other such that ene cancels the effect of other then
interference is known as destructive interference.

Condition for Interference: -

I.  There must be two sources. which are very ncar to each other.

2.  The sources must be very sharp and narrow.

3. The two sources of light must have phase coherence i.e. two waves must have it
phase.

4.  They have same wavelength.

The screen is very far as compare (o the distance between sources.

L
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6.  The path difference for Constructive Interference must be equal to mi., Where
m=1>0.1.23...

7. The path difference for destructive [nterference must be equal to (m+1/2)2
Wherem=0.1.2,3...

Discuss in detail the Young double slit experiment to measure the wavelength of
light, Drive expression for fringe spacing.

Young double Slit Experiment (1801): -

Young was the first who gives clear demonstration of phenomenon of
interference. He used one source instead of two and divided the light coming from
this source into two parts to get coherent waves of same amplitude and frequency,

Experimental arrangement: -

The two waves are obtained by dividing the wave front eiiming from single
slit S by placing a plate having two narrow slits 5 and S; . The
wave front caming from two slits S; and S:. they behaves as two coherent light

sources. When light from these source reaches to screen we get bright and dark
fringes.

Experiment: -

Let the distance between
S; and S»is ‘d" and the distance
from slits to screen is L and °P°
is the point of constructive

(|

interference then light reaches S I |
to point P from slit 5,covers Sal
more distance as compare to S;.
The path difference will be (r;- ry) and is equal to d Sin0 .

According to interference condition the path ditference for Constructive
Interference must be equal to ma., therefore for constructive Interference

d Sin B =ml. Wherem=10,1.2.3...
The center point X is always bright because path difference is zero.

sin 0 L

For destructive interference
Path difference = d Sin 8 = (m +1/5) 1
Where m=0,1234..

Position of bright fringes: -

Let Y is the distance from O to P and Y is very small as comparcto L ic. O is
small there fore

Sinf = tanf = E—
L
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Or dSind =d —:. but d Sin 8 = ma therelore
d Yo = mi.
L3

LA

ar Y, =m—
. d
Form=10,Y, =0i.e. Centerpoint is always bright.
Similarly Form=|. Y, = %
Form=2, | AR Id-?-l

The other bright points are at 3AL7g. ahbly sALzg
Position of dark fringes: -
For dark fringe d Sin 8 = (m+1/5) L. Therefore

[m+l]}.d ={qu ;
2 L

.
2/ d

i

Fringe spacing: -

The distance between two continuos bright or dark fringes is known as
[fringe spacing.

From above equations
. , L
fringe spacing=X=Y;-Y, = J..-c-l—

i.e. The distance between bright and dark fringes is same or they are of cqual
thickness.

Q. Write short note on Interference from thin film.
Ans.  Interference from thin filin; -

A soap bubble or thin layer of oil floating on surface of water is said to be a
thin film. When light is reflected from that thin filpn we get different colours because
light is consist of seven colours and if one of them is destructively interfere the other

become clear.
Working: - 1
Consider two ultra thin glass plates separated 2
by uniform thin layer of air between them as figure. | &
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When monochromatic light of wavelength X falls perpendicularly on it. a part
of beam is reflected from upper surface and other part from lower surface of film.
The film is thin therefore when the twe beams interfere cach other and gives
interference

Eﬂ':_ct of refractive index: -

The wavelength of light beam, which inters the film. has wavelengih 2. and n
is refractive index of matertal due to which wavelength is changes wid hecome &,

then A, =—
Change in Phase: -

The beam reflected from upper surface due to denser medium has changed its
phase by 180".While the refracted beam has no change i.c. the phase difference
between two beams become [80°,

Condition of interference: -

If thickness of film is "t" then path difference between two waves will be 2t
and duc to change of phase by 180" the condition of interference are reverse as in
Young experiment.

Constructive interference: -
For it Path difference = 2t = (m +|f2}?..-. Where m fﬂ'.hll..,
Putting An ="/, we get
2nt = (m -ilr'z}?..
Destructive interference: -

Forit path difference =2t=m i,
Or ' 2nt=mA

Light falls with angle 6 from normal: -

If light falls with angle 0 from normal then path difference beeme 2ntCos0
then
For constructive interference

2nt Cos@ = (m +1/2)h
and for destructive interference

2nt CosB =m A
Where m=0,1,234.......

Q. What is Newton's ring. They prove an important property of light, what is the

property.
(b) Show how Newton's rings can be use to find radius of curvature of lens.

visit www.downloadclassnotes.com for Notes, Old Papers, Home Tutors, Jobs, IT Courses & more.
(Page 259 of 317)



For more notes & academic material visit our Website or install our Mobile App

Website: www.downloadclassnotes.com Mobile App: bit.ly/DCNApp
PHYSICS NOTES FOR 15T YEAR (FOR SINDH)

Chapter 9 260 Dual Nature of [izhi

Ans.  Newton's Rings: -
Arrangement: -

When a convex lens is placed on a plane glass sheet a thin film of air
becomes between the two, whose size is zero at center and increases outward 1.e. a
wedge type layer is formed.

Definition: -

When a beam of light falls normally on the lens then we get brisht and dark
rings having concentric cirele, known as Newiton's vings.

——

Radius of ring: -

Let the radius of curvature of lens is R and

radius of ring is "r’ where R>>r. )

.-'/
|'r. ‘

. a . | |

At center point path difference is nearly zero i
\ 3

R
but phasc difference 180" therefore it is always be a \
L

dark ring. p
From figure .
OP* = OB? + BF?
Ri = |:[?|':|--t,']2 + L r!,.-_‘\\
R*=R"=2Rt+t" +r
re+t' = 2Rt
Ast << r therefore higher power of t may be neglected i.c.
= 2Rt
— " ]
r=+2Rt Where 2t is path difference.
Condition of interference: -
Constructive: -
The ring are formed has condition of thin film therefore for constructive
interference
Path difference =2t=(m + 'x'g 3 therefore

ForIst, Ring =2t =(0+ !/ )2
For llnd. Ring =2t =(1+ /5 )&
For llird. Ring =2t;=(2 + I.Fz ‘;.?.,
For Nth. Ring =2ty =[(N-1} + 12 ]2
=N-1) B s s A)
Putting value of 2ty in formula

= R.2ty we get
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Ans,

Destructive: -
For destructive imerferenee 21 m &
Therefore fy = JNLR
Light falls through Gap: -
If light falls making angle © from normal then path difference become
2 Cos0 therefore for
Constructive Interference: -

For constructive interference Path ditference = 20Cost) = {m & |'.fp_ }Fs

. . N f 1y A
FFrom cauation (A) o= N=——=

L. 2 /Cosd
[~
- !] s
QO = RiN-—
' Iy VL 2/ Coso

Destructive interference: -
For destructive interference

2C0s 0 = ma

oo TR
Cosl)
mi R
== ‘.
Cosl

Describe Michelson interferometer, How it is used to determine wavelength of
monochromatic light, Explain clearly the condition of phase coherence and
equal amplitude for interference take place is satisfactory.

Michelson Interferometer: - ' M-
Itis a deviee vse w study the phenomenon

of interference and w determine the wavelength Is

ol light and was invented by American physicist )

AA. Michelson (1832-1931). 5{:} | X’ ::EP

Construction: - ' / f M
It consists of two plane mircor M; and M- I

trom which M, is lixed and M- 15 moveable. Telescppe

A semi-silvered glass plate C At angle 45" from horizontal,
a transparent glass plate parallel w plate C and a source ol mono-chronatic light
source and a welescope. The schenw ray diagrm is as figure.
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Working: -

Light from source falls on plate C is splits in two parts, first part is reflected
to mirror Mz and sccond part is refracted and falls on mirror '4;after passing from
plane glass plate. The both beams are reflected from mirrors My and Ma come to plate
C and after reflection from i comes to telescope.

The interferznce between two rays depends upon the distance | and L. If |, =
I: the path ditizeence will be zero and we get bright fringe. If mirror M; is moved by
) - ; - ;
“fa the path dference between lwe mirrors becomes ;"'f;g and we get destructive '
interference. '

IMmimror M, 2 moved continuously we get bright and dark [ringes and each
time when it is moved by “ /9 we get consiruciive interlerence. If the mirror M, is
moved through disiance X due to which we get m fringes then

}{-mi

2

Wi

O l;-_-}—"'-
m

With this formula wave length of light can be find out easily.

Q. What is diffraction of light? How is it differing from interference? Differentiate
' hetween Fresnel and Fraunhoffer,

Ans.  Diffraction: -
The bending of beam of light around an ebstacle is called diffraction. 1t was
discovered by Irancesco (1618-1663).
This effect depends upon the size of obstacle and it is clear only when the size
of obstacle is cqual o wavelength of light,

There are two types of diffraction. Screen
I Fresnel diffraction, S
2, Fraunhotfer diffraction. Fresnel dilfraction

|. Fresnel diffraction; -

Wihen Source of light and screen ave at a finite distancing from the ebstacle
then the spherical wavefront is passes from obstacle and after diffraction we get
bright und dark fringes of diffraction on screen.

2. Fraunhoffer diffraction: -

When source of light and screen are I =

at infinite distance from the obstacle then —if"
purallel wave fromt is diffracted and we get —
diffraction puttern at infinity. This sitwation I

is called Fraunhoffer diffraction.
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Ta observe itin laboratory we use two converging lens. The source of light is 3
_ placed at principle focus of first lens, the beam of light become plane wavelront alter
passing from it. which is ditfracted from obstacle. Afler diffraction we get plane
wave front and placing 2™.lens we get diltraction patiern on screen at its principle
focus.

Q. Describe diffraction gratinz. How it can be used to determine the wavelength of
monochromatic light.

Ans.  Diffraction Grating: -
It is a transparent glass plate on which equally spaced paralle! lines are
drawn witich acts as opeque iincs wsasily several hundred per centimeter.
When a parallel beain o fight on it is diftracted on some angic § and gives
construetis ¢ and destructive at siane point,
Grating: -

Let the width of slit is *b* and distance between
two slits is “a’ then (a + b)=d i called giating clement.

Theory: -
The diffracted rays arc focused on a point with the help of a convex lens

which makes angle 0 with the normal due to which the waves combination become in
phasc and we get constructive diffraction at P,

Determination of A: -

The path difference between two rays must be & to get constructive
interference at ‘p’ therefore

g =A
but rg = {4~ b) Sin
g <« [adblSinQ-
0 d%nd=na

I path difference is 23040, .......
‘ d Sin 6 ma

Where m = 0,£1 £2.£3,........26

With 1hic help of grating we can find unkrown wavelength.

—

en o

Q0 Mhoat e you kmow <oout X-ray diffraction. How it is obtain through crystal?

Ans.  Diffeaction of X-rstyr. through erystal: - -

X-rays are electromagneiic waves having wavelength of order of — 10x 107"
i therefore ils diifraction can nut be seen with the shit. To find its diffraction we use
crystal such as rock salt in which the atoms are uniformly spaced m plancs and arc
separated by a distance of the order of 2-5"A
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Q.

Ans.

In Fgure the riys "a” and “b* are refleced

from the top layer and the second plane ot \
distance™d” Trom it The reflected rays will ) /
remlorced, it path dillerence is integral multiple ! \Z‘S‘/ /ﬁl

of the wavelength i.e.
m# - 2d Sin 0
This relation is known as Bragg's law

The distance'd” of a ervstal may be find out from density and atomic welght
and hence 2. may be calculated.

What do you mean by polarization of light cxplain.

The orientation of oscillations in the plane
perpendicalur fo a transverse wave's direction
of travel which muay include;

Polarization: -

A ray of light coming lrom a three dimensional
source ol light e, the component of light moyes
along X-. Y- and /- axis,

These three components can be observed separately as under,
The desolation ol the components is called polarization of light.

Experiment: -

To understand the polarization effect first considers a stretched string which
passes from the slits made in two card board. If transyerse waves are produce on sting
and slits are parallel to each other then wave will pass from them. If one is rotated
through 90" then wave will not pass from it, The same effect is observed by light as
under.

When a ray of light falls on two-tourmaline crystals place with their axes
parallel to each other the ray is transmitted as lgure.

Il one of the crystal is rotated at 90° with respect (o olher the emergent beam
becomedimmer and dimmer and al last is disappear when the axis are perpendicular
tw cach other.

When a beam of light passes through a crystal one component of the
vibrations absorb and other is transmitted.
The emerging beam is differing from incident light in the sense that all the vibrations
are in one direction. Such beam is called plane polarized.

[t"it Falls on a second crystal, the vibration only passes il they are parallel 10
the transmitted dircetion of crystal.
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This shows that the light waves are transverse waves.

Polarization may be obtained by reflection from a 'Lrﬂ.l'lnpﬂ.l'ﬁrlt surface,
reflection through a crystal selective absorption in certain crystal or scatting by small
particle.

Polarized were invented in 1929 and are of low cost, a polarized is a
transparent plastic sheet in which special needle-like crystal of Herapathite have been
embedded and oriented. This sheet allowed light to pass through it only if the electric
vector is vibrating in a specific direction.

Uses: -

Polarization of light has much technical and scientific application. It is use in
the determination of the concentration of optically active substance such as sugar. It
is also use in curtain less windows.

In photography it is often desirable to enhance the effect of sky and clouds.
Since light from a blue sky is partially polarized and scattering suitable oriented
polarization disc in front of the camera lens will serve as a sky filter.

Q. Give some applications of polarization.
Ans.  Application of Polarization: -
1. Sunglasses: i
Sunlight is reflected from smooth surfaces such as roads and lakes. The

reflected light, is linearly polarized in the horizontal plane, and this glare (i.c.
reflected light) can be avoided or eliminated by using sunglasses made out of a
Polaroid sheet with its optic (or transmission) axis vertical. Thus the horizontally
polarized light cannot go through.

2. Optical activity:

When a beam of light is made to pass through certain crystals or liquids, the
direction of vibration of the transmitted polarized light is found to be rotated. The
phenomenon of the rotation of the plane of polarization is called optical activity.
The amount of rotation of the plane of polarization by certain liquids, such as
sugar solution, depends upon the density of the molecules in the liquids. The
method is used commercially for measuring the amount of sugar present in a
given sample; the rotation of the plane of polarization is directly proportional to
the concentration of sugar.

3. Stress analysis:

Suppose that a polarizer P and an analyzer A are in a crossed position. No
light out of A. If a doubly refracting crystal is placed between them, some ligh
will come out of A. Some substances, such as glass and plastics, under grea
stress become doubly refracting. Hence, when such an object is placed between P
and A, light will come out of A and a pattern of interference fringes will be scen.
The pattern of the interference fringes obtained reveals the strong and weak
paints in the structure.
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SCIENTIFIC REASONS
Q. What is the necessary condition on the path difference between two waves that

interference?
(a) Constructively (b) Destructively

Ans. IS be the path difference between the waves, then
i The waves will interference constructively if S = 0, A, 2A, 35
Or S =mk Where, m=01.23,...
a5 . " et & 38 G¥
il. The waves will interference destructively if § = T 0 N b
Or S = Im+ )k, Where m = 0.1.2:3. 4.

Q. Expiain why two distant flash lights will not produce an interference pattern.

Ans,  The two distant flashing lights will not produce interference pattern because the light
beeams are coming from two non-coherent sources.

Explanation:

The light beams coming from two distant sources are not coherent. However,
the light emitted by the atoms in one source may have the same wavelength as that
emitted by the atoms in the other. but the aloms in cne act independently ol those in
the other and so the waves sent out by the atoms have random phase. In order words,
the crests of one have no fixed relation to the crests of the other. Moreowxer. the waves
cmitted by a source in the combination of the multitude of waves limited by its
atoms. The shape of the two waves from the two sources are very complex and qunte
unlike each other. We say that waves such as these are non-coherent. They cannot
give rise to the steady interference effects.

Q. If a soap film on a wire loop is held in air, it appears bhlack in the thinnest
' regions when observed by reflected light and shows a variety of colours in
thicker regions. Explain.

Ans.  The thinnest region is black due to destructive interference.
The thicker regions show different colours due to constructive interference.
This happens when the thickness of the film is not uniform.

Q. Observe the shadow of your book when it is held a few centimeters ahove a table
with a lamp several meters above the book. Why is the shadow of the book
some-what fuzzy at the edges.

Ans.  The shadow of the hook is somewhat fuzzy due to the bending of light around the
edges of the book. This phenomenon is known as diffraction.

Q. Although we can hear around corners, we cannot see around corners. How can
you explain this in view of the fact that sound and light are both waves?
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Ans. No doubt both sound and light are waves. But the sound waves, due to large
wavelengths, can diffract around corners where the light waves, due to very short
wavelengths, cannot diffract around comers so we cannol see around comers.

Q. As a soap bubble evaporates, just before it break its surface, appears black when
viewed by reflected light. Explain in detail why it is dark and not bright?

Ans. As a soap bubble evaporates, just before it breaks its thickness becomes negligible.
At this instant it appears black. due to destructive interference, when viewed by a
reflected light. '

0. What aspect of the nature of light is proved by the phenomenon of polarization?
Ans. - The wave nature of light is proved by the phenomenon of polarization.
0. Describe the use of a Polaroid as an analyzer and as a polarizer.

Ans.  Polaroid in an artificially made polarizing material that only transmit light with a
single plane of polarization.

When two polarizing sheets (Polaroid) are placed parallel to each other, then
the unpolarized light is polarized by the first polarizing sheet and is called the
polarizer if the second polarized sheet and the first polarized sheet are crossed then
the beam is completely stopped. The second polarized is called as analyzer.

In liquid crystal, used in watches and calculators etc, Polaroid is used as a
polarizer and analyzer.

Q. Explain whether a path difference of /4 is associated with a constructive
interference or destructive interference or neither of them?

Ans.  We know that for constructive interference path difference iso, A, 24,34, md and
for destructive interference path difference is
A 3 Sk
il T T | (¢ B Y I
s* Ak 3 2

Thus a path difference of L/4 is neither associated with constructive
interference nor with destructive interference.

Q. Describe and account for the interference phenomenon which can be seen when
' a convex lens is pressed against a glass plate?

Ans.  When a convex lens is pressed apainst a glass plate then an air film of variable
thickness is enclosed betwcen the glass plate and the lens. When a non-
monochromatic light is allowed to fall normally on the lens. Interference takes place
and alternate dark and hright rings are formed.

Q. Under what conditions can interference of light take place? Describe some
simple method based on interference for measurement of wavelength of light.
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Ans.  Conditions for interference: ;
L. There should be two sources giving oul continuous waves of the same
wavelength
Two sources should be coherent i.e. derived from the same sources.
Distance between the two sources should be small.
The sources should be sharp and narrow.
Screen should be at a large distance as compared to distance between the
SOUrCes,

A L

Wave length of a light can be measured using Michelson [nterferometer
which is based on the principle of interference. (For details see article 9.6_.

Q. What are the main facts which support the following statements:
{a) The light is wave-motion and not corpuscular.
(b} The light travels in the form of transverse waves.
{¢) Light waves are much shorter than sound waves.

Ans,  (a) The phenomena of interference and diffraction support that light consists of
wave motion and is not a flow of particles.
{h) The phenomena of polarization supports that light waves are transverse in nature.
{¢) The phenomenon of diffraction supports that the wavelength of light waves is
much shorter than those of sound because sound can diffract about large obstacle
whereas light cannot.

Q. Two speetral lines of different colours are observed by means of a getting and it
is found that the third order image of one line coincides with the fourth order
image of second line. What is the ratio of the wavelength of the two colours?

Ans.  The grating equation is given by dsinf = nA
For the third order image of one line

= 3A; e (1)
For fourth order image ol the second line
gslng = 4ky o (2)
Compares eg. (1) and (2), we have
3), = 4%.
. Ry
A, 3
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Chapter 9 269 Dual Nature of Light
Chapter 9 (MCQ’s)
1 The characteristic property of light which does not change with the medium is
(a) frequency (b) wave length (c) velocity :
2, Which of the following phenomenon can not be explained by the wave theory
{(a) interference (b) diffraction (c) photoelectric effect
3. In Young's double slit experiment, the fringe spacing is:
da LL d
(a) — by — ¢) —
L. &) l;l (€) AL
4. The condition for the interference in a thin film is reversed because of:
(a) small thickness (b) phase reversal (¢) refraction
B The appearance of colors in soap bubbles is due to:
{a) Polarization (b) Diffraction (c) Reflection (d) Interference
6. In thin film interference the positions of constructive interferenec and destructive
interference are interchanged due to:
(a) Phase coherence (b)Phase reversal
ic) Diffraction (d) Interference
8 The bending of light around the sharp corers of an obstacle is called:
(a) Interference (b) Polarization(c) Diffraction  (d) Relraction
8. In the complete electromagnet spectrum which of the following has the least
frequency:
(a) X-rays (b) Infrared light (c) Ultraviolet light (d) y-rays
9. The phenomenon of interference of light was first demenstrated by
{a) Newtan {b) Thomas Young (c)Cinstein (d) Michelson

10.  Two monochromatic waves of the same wavelength are travelling thruugh a medium.
They can interfere destructively, provide their path dilterence is;

(a) M (b) 3rs4 (c) 22 (d) 54
11. Light has
(a) Wave Nature (b) Particle Nature (c) Dual Nature

12.  The mathematical condition for constructive interference is
(a) Path difference =(m + % ) A
(b) Path difference=m A
(c) Pathdifference = 1/2m i
(d) Path difference=(m - 1%) A

13.  Points at which waves interfere constructively
(a) Crest of one wave overlaps trough of the other.
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(b} Crest of one wave overlaps crest of the other.

() Trough of one wave overlaps trough of the other.
(d}  (a)&(b) '

(e) (b) & (c)

14, Newton's rings are formed due to
(a) Interference (b)Diffraction (c) Polarization (d) Reflection

15 Center of Newton's rings are always

(a) Dark (b) Bright {c) gray

Important Formulas of Chapter
" LA . .
1. Young ExperimentY,, = mT (Bright fringe)

% (Dark fringe)

4

2. Young Experiment Y :[m +—;

3 fringe spacing=X = 1%’

4, Newton's Ring - r, = P{N _lZJ L (Constructive Ring)

5 Newton’s Ring r,, =+ NAR (Dark ring)

6. Newton's Ring (Light falls at angie} By = R[N - %jf‘l - (Constructive Ring)
)} 08

') Newton's Ring (Light falls at angle) r = ﬁ (Dark ring)
05

.
8. Michelson Interferometer A= -'ﬁ
m

9. Diffraction Grating d Sin®=ma

10. Bragg's law  (X-ray Diffraction) mA =2d Sin@
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PROBLEMS

91  How many fringes will pass a reference point if the moveable mirror of a
Michelson’s interferometer is moved by 0.08mm. The wave length of light used
is 5800 "A.

Data: -

m="7
. d=008mm=8x10"m
2. = 5800 °A = 5800 x10"" m

Solution: -

d=m-2--

_
A
. 2x8 x10~
D ————s
SRO0 x107"

m

=27586=275 Ans

9.2 In a double slit experiment the separation of slits is 1.9mm and the fring spacing
is 0.31mm at a distance of one meter from slits. Find the wavelength of light?

Data: -
d=19mm=1.9x10"m
AX=03Imm=3.1x10"m
L=1m
| =9
Solution: -
aX=L3
d
l=dax
L

. _1.9x107 3 x3.1x107*

1
%=589x10""m=5890°A  Ans.

9.3  Interference fringes were produced by two slits 0.25mm apart on a screen
150mm from the slits, If eight fringes occupy 2.62mm. What is the wavelength of
the light producing the fringes?
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Data: -
d=025mm=25x10"m
L=150mm=0.15m
m=8
Y=262mm=262x10"m
k=7

Solution: - |

y =maly,

iy

mL
_262x10 3 x2.5x10” %
8x0.15

9.4 Green light of wave length 5400 °A is diffracted by grating having 2000 lines/cm.
(a) Compute the angular deviation of the third order image.
(b)  Isa 10" Order image possible?

Data: -

%=5400°A = 5400 x10"" m
Mo. of lines fem = 2000

& = 546x10" " m

0=7
{a) m=3
(b) m=10
Solution: -

d= 1 = 1
No.Of lines 2000
d Sin B =mAi
h Imh
f=8in" —
d
1 3x5400x10""
5x10°°
: mhA,
A =8in™"' —
d
L 10%5400x107"°

5x10°

9.5 Light of wavelength 6 x10"" m falls normally on a diffraction grating with 400

lines per mm. At what angle to the normal are 1", 2", and 3. Order spectra
produce?

=5 x10%ecm=5x10"m

8 = Sin =Sin~'0.324 =184 Ans.

B =8in

=Sin"'1.08 = Imposible  Ans.

visit www.downloadclassnotes.com for Notes, Old Papers, Home Tutors, Jobs, IT Courses & more.
(Page 272 of 317)



For more notes & academic material visit our Website or install our Mobile App

Website: www.downloadclassnotes.com Mobile App: bit.ly/DCNApp
PHYSICS NOTES FOR 15T YEAR (FOR SINDH)

Chapter 9 273 Dual MNature of Light
Data: -
A=6x10"m
MNo. of lines =400/ mm
(a) n=1 & =2
(b) n=2 B:=7
(c) n=3 B;=7
Solution: -

= — = =25x10"'mm=5 x10"m
Mo, OF lines 400

d Sin 0 = mA
; m
8, =Sin™ —
; =3In 3
-7
0, = Sin” lzi:—“:;ﬂ =Sin"0.24=13.9° Ans.
o X
m).
0, =Sin" —
; =3in 1
=7
0, =Sin"” i—’?’%‘{—ﬁ- =Sin"0.48=28.7" Ans.
o K
0, = Sin~ =
- d
-1
8, =Sin™ gﬁ% =8in"'0.72=46.1> Ans.
o X

9.6 If a diffraction grating produce a 1" order spectrum of light of wavclength 6
%107 m at an angle of 20° from the normal. What Is its spacing?

Data: -
n=1
. L =6x10"m
\ =20°
d="
Solution: -
dSin@=mi
=
Sinf
d= 1x6x10" _ 17.54%107m
Sin20°
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ND.Dt‘iina:s:l :'—I,-
d 1754x10"

No. of lines /mm = 5.7x10° x 10 = 5.7x10% = 570 Ans.

=57 x10°/m

9.7  Newton’s rings are formed between a lens and a flat glass surface of wavelength
5.88 x107 m. If the light passes through the gaps at 30 degree to the vertical and
fifth dark ring is 9mm. What is the radius of the curvature of the lens?

Data: -
L =588x10"m
6=130"
m=35
r=49mm
R=17
Solution: -

s mi R
¥ Cost
R =-"—Cosd
mh
__(9x107"y’
§5x588x10 "
R=238m Ans,

9.8 How far apart are the diffracting planes in a NaCl crystal for which X-rays of
wave length 1.54 A” makes a glancing angle of 15°-54" in the 1", order ?

Cos3i)

Data: -
d =7
A=1"54 A= | 54101 m
A=15"-54"
m=1
Solution: -
2d Sin 8 =mi
= mi,
~ 2Sin@
N 1x1.54%10"
2x8inl5° - 54
d=281x10"m=281 A® Ans.
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9.9 A parallel beam of X-rays is diffracted by rock salt erystal the 1%, order
maximum being obtained when the glancing angle of incidence is 6 degree and 5
minutes. The distance between the atomic planes of the crystal is 2.81 x10"" m.
Calculate the wavelength of the radiation.

Data; -
m=1
0 = 6°-5
d =281x10"m
A=7
Solution: -
2d Sin8=ml
2d .
h =—5ind
m
=1
1 = Mginﬁﬂ i
2=0.5955x10"m=6x10""m =6A°" Ans.
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EXAMPLES

Example: 9.1

If the radius of the 14™, Newton’s ring is Imm, when light of wave length
5.89 x107 m is used. What is the radius of curvature of the lower surface of the
lens used? .
Data: -

N=14

r=1mm

A =588x10"m

R=7

Solution: -

r

il

LN——}L

2}

R=- 11' =126%10'm=126mm  Ans,
L14—§Jx5.33xm'-’

Example: 9.2

. A diffraction grating with 10000 lines per centimeter is illuminated by yellow
light of wavelength 589mm. At what angle are the 1*. and 2". order bright
fringes seen?”

Data: -
No of lines /em = 10000
). = 589mm =5.89 x10° m
(a) n=1 B,=7
(b) n=2 g, =7
Solution: -
i | 1
No.Of lines 10000
0, =Sin T _ it IX389X1Y 1058923610 Ans
d | =10

-1
0, =Sin”! M _ gjp-1 22389 x10
_ d 1x107

=1 %10"eme=1 x10"md Sin 8= mi

=8in"'1.178 = Imposible  Ans
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EXAMPLES FROM LAST PAPERS

Example L.

X-rays of wavelength 1.54°A are diffracted by a erystal whose planes are 2.81°A
apart. Find the glancing angle for the first order.

Data: -

A=154°A=154x%x10"m
d=281°A=281x10"m
m= |
A=7

Solution: -

2dSin8=m A

Sing = 2
2d

b 4 =0
Sing = X130 _ 59y
2o 2 8= 107"

B=Sin" 0.274 = 159" = 15°-54" Ans.

Example 2
If the radius of the 12™ dark Newten's ring is 1 mm when the light of
wavelength 5890°A is used, what is the radius of curvature of the lower surface

of the lens used?

Data: -
m=12

r=lmm=1x 107 m
L=5890"A =5890 %« 107" m
R=7

Soluation: -

P )

r=+mLR

r = mAR

pt
mh
___[ix107y
12 x 5890x 107"

E=14]l mm Ans.

={.141m
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Example 3

When a light of wavelength 6000°A falls on a diffraction grating, it produced a
second order spectrum at an angle of 30° from the normal, Find:

(i) The grating element,
{ii) The number of lines per millimeter ruled on it.
Data: -
= 6000"A = 6000 x 10" m
m=2
&= 30"
d=7
Mo, of lines =17
Solation: -
dSinB=mA
A |‘f:11
Sind
2% 600010 " 2x6000x10 "
= =y
Sin30 0.5
d=24%10"m
Mool lines = —]— = ; =4.17x 10° lines/m = 41 7lines/mm Ans.
d 24x10°
Fxample 4

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.

Data: -
X=717
m = 400
2.=5890"A = 5890 x 10" m
Solution: -
3 2
2
Sl
_-flﬂﬂ xiﬁ:ﬂxm —1.178 10~ m
X=0.1178 mm Ans.
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Example 5

Monochromatic light of wavelength 5892°Ais used to illuminate two narrow slits
1 nm apart, find the position of the second bright and dirk fringes on a screen
120em away. Also find the fringe spacing.

Data: -

A=75892°A=5892x 10" m
d=Imm=1x10"m

m=2
L=120em=1.2m
Y="17
Ax =17
Solution: -
YHHEM =m£l‘j.}_-
1.2%x5892x10 " ao
=2x 22T 21414107 m
=10
YU.IIH =[m+%]%
] .|; 5892x10 " )
=[1+—]x e = 177x107m
2 =107
ax =12
- g~ Ans.
_ 1.2x5892x10 —707%x10"'m
1x107 '

Example 6
271 fringes pass a reference point when the moveable mirror of the michelson’s
interferometer is moved by 0.08mm. Find the wavelength of the light used in

angstrom.
Data: -
m=27I
X =0.08 mm = 0.08 % 10°m
A=?
Solution: -
- =1
lzﬁzixﬂ.ﬂﬂxlﬂ =5.9x10"m

m 271
A =35900 x 10""m = 5900°A - Ans.
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Example 7

When the light of 3400°A falls normally on a grating, the first order spectrum is
produced at 10" from the normal. Find the grating element and the number of
lines/m of the grating.

Data: -
A =5000"A =500x% 10" m
m =1
A=10°
d="
Solution: -
d Sine = m i
.0
" Sind
_2x5000x10™" _ 2x6000x107°"
T Sinl0 . 0174
d=69x%10"m . Ans.
Example 8

Determine the wavelength of a monochromatic light used if 14" bright Newton's
ring has radius of Ilmm when 2 plano-convex lens of radius of curvature 126mm
is used.

Data: -
k=1
N=14
r=1lmm=Ix 107m
R =126 mm = 126x 10”°m

Solution: -

1
=, RIN-—[A
2
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__ (xi0*f

]26)-:]{_}"1(”—-1]
2

* L=5.88 x 10"m = 5880 °A Ans.

Example 9
Interference fringes were produced by light coming from two slits 0.3mm apart.

If five fringes occupied 1.7Smm on a screen at 200mm from the slits, find the
wavelength of light nsed.

Data: -
"d=03mm=0.3x 10"%m

m=5
Y =1.75mm=1.75 x 10"°m
L =200 mm =200 x 10°m
A=17

Solution : -
LA
YHI.TN = m?
_Yd
ml.

1 - 1
JL75x107X03x107 _ ¢ on oo

5%200x10"

A
Ans.
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