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' A TORIAL SHEET: 7A |
Damped and’. Forced Oscillations

With wobe> 1, so that @ = @g. Symbols have their usual meanings.

| (1988)
rite down the differential equation fof a damped simple harmonic oscillator. Solve it and discuss the
characteristics of dead - beat motion. I/

' ! (1990)

Give a mathematical analysis of forced vibration and hence explain the phenomenon of amplitude

' resonance. |

(1992)

. Show that for forced oscillations amplitude resonance and energy resonance do not occur at the same

NN

N

~

possible solution. Explain, with corrgsponding sketches, when there can be very heavy dampinﬁ,vcritical mald

N

fregquency. ]/

h

_ . - e T (1995)
Write the equation of motion for an pscillator driven by a simple harmonically varying force. Obtain the
condition for maximum energy transfer *o the oscillator. - '

: : (1996)
The amplitude of a damped Oscillator of frequency 300 Hz reduces to one - tenth of its initial amplitude
]

after 3000 Oscillations. . Calculate the damping constant and the time in which its energy will reduce to
ne - tenth of its initial energy. - ) — . (50 osc-

: - (1997)
What are damped oscillations? Obtain'the differential equation for damped oscillations and write. its

damping and weak damping. ALoM e
A N 1999)

An ideal massless spring of force constant k has a mass m attached to one of its ends, the otherfend being

fixed to a rigid support. The spring is horizontal and the mass moves on a horizontal floor.AVelocity v
acts on the mass. Assuming the damping to be light, obtain the frequency of oscillation.
When m= 0.1 kg and k=10 n/m, it is found that the frequency of oscillation is ¥1/2 times the frequency

N

. _ : .
. Write down the equation of motion for a damped harmonic oscillator assuming the damping force

in the absence of damping. Calculate the“;_va-lue of constant b.

(2003)

proportional to the velocity of the pajticle. Obtain the general solution for its displacement as a function
of time. Discuss the cases of over damping, under damping and critical damping. \}m

s,

(2004)
In the steady state forced vibration a point particle of mass ‘m’ moves under

the influence of an external force (F sin pt)  in addition to the restaring force — (kx) f'fand damping force

- (Bf( ) f . Show that (i) the amplitude is maximum when p = Vo? — 2b®, where k/m = @2 and (ii) the value
of ‘ i

i .
I

f ' J
What do you mean by the sharpness of resonance? (2006) ]

NG o \/ |

the maximum amplitude is

—

Calculate the rate-of energy dissipation by a damped harmonic oscillator, in the weak damping limit %
<

\
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TORIAL SHEET: 7B i
Beats, StatioWary waves, Phase & Group velocity, Huygen ‘s Principle
“ . gnT ‘g?u %
/ The phase velocity of surface waves of wave length A isV, = T + o where T is the surface tension e
. « ) p T

and p the density of the liquid-and g is acceleration due to gravity. Find the group velocity

and express it in ternts of the phase velocity. For which wavelength is the phase velocity a minimum?  (1991)
/ Explain the laws of refraction of light on the basis of Huygens principle. / ' (1991)

/" The refractive indices of a material of wavelengths 5090 A°, 5340 A® and 5890 A° are equal to 1.647, 1.640 and
1.630 respecthely Estimate the phase and group velocities of light near A = 5340 A°. (1993)
Dlstmguxsh between phase velocity and group velocity. Calling group velocity Ve and phase velocity V,ina

“t
medium of refractive index n, establish the relation ]

A dn’ . o
v,=V, (1 + ———) where A refers to the wavelength of ths related light in vacuum. (1994)

ndA
| \%ertain string hds a linear mass density of 0.25 kg/m anid stretched with a tension of 25 N. One end is
; " given a sinusoidal motion, its frequency 5 H, and amplitude 0.01 metre. If at t20, the end has zero displacements
and is moving along the positive y direction, derive the wave speed, the wave length and the wave equation of the
wave in the string. g (2001)

PR

J————

\/The phase velocity in a matesial is ¥'g/k where k is the propogatlon constant, Prove that the group
locrty will be hplﬁ of the phase velocity. . (2001)

A wave is represented by ;=10 cos (5x+ 25t). Find wave length A, velocity v, frequency f and the
direction of propogatron. If it mterfere§ with another wave given by ¥, =20 cos (5x+25t+n/3), find the

‘ 1plitude and the phase of the resultant wave (2002)
ﬂe phase velocxty of the surface wave ina hquld of surface tension T and density p is gwen by

7
Ln T A
sV, ) + 21 Show that the grpup velocity V, of the surface wave is given by
¥ \o  t 2%/ ) «‘ :

!

wo transverse harmonic waves, each of aniplitude 5mmi, wave length 1 mand speed 3m/s are traveling
In opposite directions along a stretched string fixed at both ends. Obtain an expression for the standmg
v e produced. Locate the positions of nodes and antinodes.

(2003)
A siren of frequency 900 Hz is going towards a wall away from an observer at 2 speed of 10 m/sec.
Determine .
(i) Frequency of sound directly heard from the siron.
(ii) Frequency of sound reflected from the wall.
(iii) Number of beats per second heard by the observer. (velocity ofisound = 330 m/sec).
(2004)

or a transverse sinusoidal wave of wavelength A propagatmg along negative x direction through a string fixed ata
““point, show that the nodes are located at x =0, M/2, &, 312, ... while thq kinetic energy/unit length at the antinodes is

” given by :

E = 2pA? @* cos’ ot ' —

i Where p, A and o are the mass density/unit length, amplitude of transverse displacement and angular frequency of

:'# the wdve, respectively. (2005) '

; stablish the relationship between the phase velocity 7, and the group velogmty V, of waves. Under physical
*conditions V,<V, andV,>V, canbe possible ? ( 20‘07)

e ty is maximum at
2\2007) waves “on a string whose ends are fixed, show that the energy density (2009)
For stationary ly long tube of cross-section

t nodes. L. P
#/ antinodes and minimum & . tained in an infinite
/ the propagation of longitudinal waves in a fluid containe ‘

A, show that

. p= Po(l"%f;)

Where , po —ethbrlum density
p = density of the fluid i

LT UV

Y .
i l\ d ﬁ._'\/b\uxMe_

: p)
in the disturbed stat\E
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TUTORIAL SHEET: 8 A
Geometrical Optics

T

% ray of light starts from point A and after reflection from the inner surface of sphere reaches tq diametrically
opposite point B. Calculate the length of a hypothetical path APB and using Fermat’s principal, find the actual

th of length. Is the path minimum? (Ans. 2 dia, No) : R
In figure, P is a pojnt source of light. If the distance of P frorr the center O of the spherical reflecting Surface /f
is 0.8r and if the light ray starting from P and-after bemg eﬂected at reachesat point Q, Show by Fermat’s E a

ficipal; Cos8/2=3/4. | &3R|-
Consider a lens of thickness 1cm, made of a material of refrdctive index 1.5, placed in air (refractive indgx

of air=1). Let the radii of curvatures of the two surface be +4cm and —4cm (negative sign corresponds t

concave surface). Obtain the system me an etermme the focal length and the position of unit™points

and nodal poins. ‘ ~

nodal poiny A et . |
4,/ Consider a system of twe thin lenses as‘shown in figure For a 1cm tall object at a distance of 40cm from the
nvex lens, calculate the position and size of the image. Ans.: v=-14.5¢cm,1/2.2cm ‘
Consider a sphere of radius 20cm of p=1 6 Find the position of paraxial focal pomt £
& ) ®

An achromatic doublet of focal length 20cm is to be made by placing-a coniyex lens of borosmcate erown

glass in contact with a diverging lens of dense flint glass. Assuming n, = 1.51462, ny= 1.52264, n,' =1.61216, '

=1.62901, calculate the focal length of each lens; here the unprimed and primed quantities refer to crown

¢

|

int glass respectively. ; ’

N Ans. F=8.61cm, fi=-15.lcm |

‘//Adl::ws with spherical surfaces and aperture of dlameter 6cm shows spherical aberration of 1.8 cm. If the central {’

portion of diameter 2cm alone is used, deduce the aberration.

- (Ans.: 0.2cm).
The spherlcal aberration of a lens is glven by x = h%f ® is a constant. Compare the aberration in the following
three cases:’ _
(i)When central zone h=0 to 5 mm is used.. : l
(i) When peripheral zone h=10 mm to 12mm®*s used.
(iii) When the whole lens h=0 to 12mm is used. (Ans.@5:44:144)
9/ Statg Fermat’s principle. Apply it to get the laws of reflection from a plane surface

(2002) L
19 o thin convex lenses of focal length 652m and 0.1m are located 0.1m apart on the akis of symmetry. An f’
object of height 0.01m is placed at a‘dlstance of 0.2m from the ﬁrst lens. Find by the matrix method, the

ion and the height of i 1mage
f (2003)
1. Show that the ratie-of the focal length of the two lenseé in an achromatlc doublet is given by fi/fi= - wi/w,,
ere w; and w,, are the dispersive powers ‘of the lenses of focal length'ﬂ and f, fespectively.
\Xhthm convergmg lens and a thin diverging lens are placed coaxially at a digtance of Scm. If the focal Length of
each lens is 10cm, find for the combmatlon the focal length (i) the power (111) the position of the

mmpal oint.=ede j (2004)
/ at do you understand by paraxxa] rays? Show that the effect of translatlon of a paraxial ray while travellin
along a homogeneous medium is represented by a 2 X2 matrix if the ray is mmally defined by-a 2x1 matrix. /}/

(2005)
. Derive: Sh s law of refraction index reldted to the velocﬁy of light? nght_‘f”wavelength 600 nanometer (in
vacuum ) enters a glass slab of refractlve index 1.5. What are the values of wave]ength frequency and

velocity of light in glass? J
[ Velocity of Jight in vacuum = 3x108 ms™” ] | ' (2006)
. Derive the condition forrachromatism of two thin lenses separated by a finite distance and made up of
same material. (2009)

= My - &A, | |
,Wni;;w._ &
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Interference *

A soap -film of refractive index 1.33 is illuminated with light of different wave lengths at an angle of 45°.
re is complete destructive interference for A = 5890 A°. Fmd the thickness of the film. (1991)
2
0

n interference pattern is-obtained by using two coherent. sources of light, and the intensity variation is
bserved to be + 10% of the average intensity. Determine the relative intensities of the interfering

urces. g (1993) .
3/ Show that the mterference fringes in uncoated thin films are distinct when seen in reflection, but very
ndlstmct in transmission. (1994)

In a biprism experlments the fringe-width with light of wavelength A = 5900 A° is 0.43 mm. On
troducing a mica sheet in the path of one of the interfering rays the central fringe shifts by 1.89mm. If

refractive index of mica is 1. 59, calculate the thickness of the sheet. (1995)
Show that the interference obtained in young’s two-slitexperiment are hyperbolic in shape. Under what
nditions these are expected to appear straight? (1996)

hy does a Soap film appear coloured when it is viewed by reflected white light? A thin film is
illuminated by sodium light of wavelength 5900 A°. Its refractive index is 1.42. Calculate its minimum

1ckness so that it appears dark in reflected light. (1997)
What are the essential conditions for obser\\ny,ﬂfe interference of light? Two Coherent. sources with

intensity ratio 4:1 mterfere Find Imax/Imin. 2
hy an extended source is necessary to see colours in a $oa -ﬁlm" Non-reflecting surfaces are made
by coating very thin films of a transparent material. - Find ghe thickness of such thin coatings

iven that A= 5.5 x 10°cm and p = 5/4. wni - (1999)
plam in detail how one can obtain fringes with the Michelson Interferometer using incandescent ‘

- (2000)

nochxomatlc light from a distance source of wavelength A falls on a double slit. A glass plate of
thlckness t is inserted between one slit and the screen. Calculate the intensity at a central point as the
function of thickness t’. _ : (2001)

% w (1999)

1141 2 experiment using a Michelson interferometer, explain with the help of suitable ray diagrams:
(i)  Why do we need extended sourcks of light, ‘ ;
(i) Why do we get circular fringes, and
(111) Shifting of fringes inwards ot outwards as we shlﬁ the movable mirror. (2002)
12<Two microscope slides-oflength 10cm each form a wedge. At one end they are in contact and at-the
‘other end they are separated by a thin wire of diameter d. { see the diagram below). Intecference fringes
are obtained when illuminated vertically by a monochromatic light of K =500 nanometers. The fringe
acing is found to be 1.25 mm. Estimate the diameter of the wire. % E )> 4 (2004)
. Explain th\cykag of Michelson mterferometer using approprlate optical diagram. Also draw paths of
e rays. (2006)
j/%btam the relation to ﬂnd radii of the rings and the wavelength of light in Newton’s circular rmg
Calculate the radius of curvature of the com)lrex glass surface where diameter of 5"-and 15™ bright rings
formed by sodium yellow light are measured to be 2.303 mm and 4.134 mm. Given p=1.5 and Ayeliow
=5282A°. (2006)
1 scribe the working of a Fabry —  Perot mterferometer Detetmine the intensity of the fringes of the
transmitted light. Why the fringes obtained in the Fabry — Perot interferometer are comparatively sharper
than those obtained from the Michelson interferometer ? . ' (2007)

16, Let the two waves with parallel electric fields be given by

TE1=2COS(/;;.é—a)t+-7—3Z-—]kV/m,

demebati Suen e

Ha b
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Find the intensity of each beam ll,l and also the interference term [, at a pomt where their path difference

is zero. Calulate the visibility o

- v {= 5‘“—”"—%] for the interference pattern,
+

'
min

[%zszsxm*%?ANm{;%=4nx1o?N/g{

i

17
E = E, sinot and E,=E, sm(a)t+go)

By.using analytical method, obtain an expression to explain interference. Also show that intensity varies .
along the screen in accordance with the _law qf cosine square in interference pattern '

\)ﬂ/g)’(plam the phenomenon of interference, m thin films. Why is the contrast better in brightness off fringes
obtained from the interference of re ect%d light rays compared to the transmitted light rays?

cane supported by the etalon.

—_—

Describe Michelson interferometer for evaluation of coherence- length of an optical beam. Calculate
ge length of a light beam of wavq_:length 600 nm with spectral width of 0.01 nm.

. An optical beam of spectral width 7-5 GHz at wavelength A=600 nm is incident normally on Fabry- Perot
etalon of thickness 100 mm. Taking refractive mdex unity find the number of axial modes which

(2008)

(2009)

(2009)

(2010)'

(2010)

(2010)
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/ - Diffraction W@%&mjwte ™ fecus
he

diameter of the central zone of a zone-plate is 2.3 mm. If a point source of light (A = 589.3
anometer) is placed at a'distance.of 6 metres from it, calculate the position of the first image. (1988)

In double - slit Fraun;wfer diffraction; calculate the fringe spacing on a screen 50 cm away from the
slits. If they are’ illuminated with blue light A =4800 A° slits separatlon d=0.10 mm,
and slit - width a2 = 0.020mm. What is the linear distance from the central maximum of the first
minimum of the fringe - envelope? (1989)

3 single slit of width .0.14mm is illuminated normally by monochromatlc light and diffraction bands are
observed on a‘screen 2m away.. If the centre of the second_ dark band is 1.6cm from the middle of the
ntral bright band, deduce the wavelength of light. (1990)
Show schematically the intensity distribution for a 2-slit Fraunhofer diffraction- mterference if slit-

" widths are 2 each and centres.of slits have separation bA. Assume incident light falling normally, and
limit the discussion to the central diffraction band range. (1990)
/ Distinguish between Fresnel and Fraunhofer classes of diffraction of light. Dlscusscie theory of plane

ting and hence find an expression for the angular dispersion of a plane-grating (1992)
ﬁhat is Fraunhofer diffraction? Under what conditions may it be observed? Find an expressnon for the

mten51ty d stribution int double slit Fraunhofer dlffractlon, taking the result for diffraction at a single slit
glven - : (1993)
btain the mtensnty pattern due to Fraunhofer diffraction at two parallel slits. Each slit has a width ‘a

and the separation between the slits is ‘d’. How many interference frmges will appear in the central

ffractlon maximum, if d =4a? b\ﬁ\r M - (1995)
8 Give the concept of Fresnel’s half petio es. Describe;the salient. features of Fresnel’s diffractio

- pattern due to a straight edge, showing the intensity dlstrlbutlon How are these features explained? J//

- (1997)
9./ Differentiate between Fresnel and Bdaunhoffer diffractions. How can one explain the Fresnel diffraction
_ pattern due to a straight edge? ' (1999)
Discuss the Fresnelidiffrdction pattern formed by a straight edge using the cornu’s spiral. (2002)
1.0btain an expression for the intensity of light in the fraunhofer dlffractlon pattern due to a circular
| aperture. What is Airy pattern? Explain with a peat diagram. - (2003)

| { A narrow slit illuminated by monochromaﬁlc light of 2=6400A is placed at a distance of 3 metres from a
| straight edge and the screen is-6 metres, ICalculate the distance between the ﬁrst and the fourth dark
bahds. i ‘ ' (2004)

; What is the essential difference betweexh mLerference and dlftb’oélhqof light? How can you achieve
dﬂl- raunhofer diffraction in the laboratory? Using the concept of Fraunhofer diffraction at a single slit, find

oyt the intensity distribution produced by two slits of equal width. (2005)
14,/The radius of the first zone in a zone plate is 2mm. What will be the position of the first image of a point
sowCe of light of wavelength A =500 nm placed at a distance of 5 m from the zone plate ? ' (2007)

= 15,/0Obtain the expression for the primary focal length of Fregnel zone plate.
UL . . (2010)
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(Resolving Power of Instryments)

1. 8
. JPtate Rayleigh criterian for limit of resolutlon Show that -i‘ﬂ‘—d‘% =—
f i max

—

N (1992)

dlffractlon grating with 3 x 10* lmes is used in the secohd order in the range of wavelength 6000 o

Find the smallest (AA) it can resolve. ! J/ ,
(1992} -

b

Discuss the theory of diffraction grating and-find conditions for the absent spectra. Distinguish l

between resolving power and dispersive power ofa gratmg
: (1994)
he angular separation between two distant stars is 1 arc - second. If the-effective wavelength of light
s 5500 A° , what should be the diameter of the objectxve of a telescope so that the stars are Just
resolved? ‘ , -
‘ ' (1996)
A plane transmission grating. has 6000 lines per cm. Determine the angular separation between the
two lines of sodium of wavelengths 5896 A° and 5890 A° in the second order spectrum. If the width
of the grating 1s 2,5 cm., will these hnes be resolved‘7 .
(1997)
Define dispersive and resolving powers of a plane transmissiGii grating and obtain expressions for the
two. Show that the first'and second order spectra produced by such a grating will never overlap when
the incident light contains wavelengths in the range of 4000 A° to 7000 A°.

K, | (1998)
'% plam the terms resolving power and magnifying power of an optical instrument. On what parameteri

do these physical quantities depend in case of a telescope? For a gwen resolving power what is the
o timum magnifying power in this case? (1998)
Sodlum light is incident normally upon a plane transmission gratmg having 5000 lines/cm. Calcula;e
the angular separation of the. D; and D; lines in the first order spectrum. As thelr angular separation is
very small, how can one magnify it 10 times?
iven AD; = 5890 A%, and AD, = 5896 4° | (1999)
Give Rayleigh criterion for resolution.  Why telescopes with larger objectlves are better? The
objectxve of the telescope at . St. Palomer has a diameter of 5.08m. What is the-least distance on
Moon which can be resolved by it? (leen dlstance Moon from the earth =3,84,000 km. & A =
0 A% . (1999)
Derive the expression for resolving : of power of a diffraction grating w1th N lines. Calculate the
minimum numbegr-of lines in the diffraction grating if it has to resolve the yellow lines of sodium (589
nd6\89 .6 nm) in the first order. (2002)

shou e the minimum width of the grating? - (2007)
ZCalculate the Fraunhoffer diffraction pattern from a iratmg of N slits with width e, separated by equal
opaqye-spaces d. Find the condition for prmcxpal maxima and the corresponding values of intensity.
\/pgaellel beam of Na lrght is incident normally on a plane grating with 4250 lines pér cm. The second
order spectral line is observed to be deviated through 30°. Calculate the wavelength of light.

(2008)
1) Distinguish between high dlsperswe power and high resolving power. '//

(ii) Obtain an expressmn for the 1y solvmg power of a plane transmission grating.

(iii) Deduce the missing orders for a double—sht Fraunhofer pattem if the slit widths are 0.16 mm and
0.8 mm apart. : A (2009)

%0 7

§ i

13

|

efine resolving power and dispersive power of a grating. Two spectral lmes of wavelengths 500 nm &
re seen clearly resolved in second order spectrum of a gratmg If the grafinig has 250 lines per cm, what o.

L)

nm

.
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! Polarization

\/A beam of linearly polarized light is changed,into circularly polarized light by passing it
through a slice of crystal 0.003 cm. thick. Calculate, the difference in refractive index of
two rays in crystal assuming this to be minimum thickness that will produce the effect and
that the wavelength of light is 6 x 107m.

, ) (1988, 1989)
xplain mathemétically how left and right circularly polarized light is produced by
combining two linearly polarized beams. Given a beam of* light, how can one
experimentally test whether it is unpolarized or cirqularly polarized?

' | . . s (1990)
ﬂuce the possible thickness of a quarter wave plate of quartz which is to be used for
Sodium  light of wavelength 5890 A° (u, = 1658, " = 1486)

' (1991)

ive an outline of Fresnel’s explanation of optical rotation.. How does optical rotation due
to material vary with A? .
For an optically active material the difference between the refractive indices for right -

- handed and left - handed vibrations (ug - pr) for A:= 4500 A° is 12 x 107, Estimate the

]
P
e

optical rotation caused by 1mm thick plate in light of A = 4500 A°. Assume (ug - pp) to
be independent of A. ,
i (1992)
Give an account of the origin of optical activity in uahz crystal. A wafer of crystalline
quartz of thickness 2.945 x 10”° m is used to changeja bé¢am of linearly polarized light (A =
589 nm) into circularly polarized light. Find the ditference in refractive index for the two
waves in thé crystal, assuming this to be minimum thickness that will produce the effect?
' cw (1993)
Describe how Fresnel has accounted for the rotation of the plane of polarisation of light.
Explain the action of a half - shade device.
/ : o (1994)
7,7A left circularly polarized beam of light (A = 6000 A°) is incident on a quartz crystal (optic
axis parallel to the surface). Find the state of polarisation of the emergent beam.

(Thjekness of quartz crystal =2.3 x llO'Sm, pe = 1.5538 o =1.5444). ’

: ' ' (1995)

' %:t is a quarter wave plate? Explain its use in the'production and detection of circularly

( polarized light. For calcite A = 54 72 °A, o =1.659 and pg = 1.488. If the minimum

thickness of a pl—'ﬁgthat can be cut from ‘calcite is 30 um, what should be the Wjnimum
thickness for preparing a quarter wave plate?

' ~ (1996)

<" What is a quarter plate? A phase retardation plate of quartz has a thickness 0.1436 mm.

Calculate the wavelength in the visible region for which this plate will act as a quarter
wave plate. The refractive indices of quartz for ordinary and extra ordinary rays are

1.5443 and 1.5533 respectively.
: | : (1999)
our perfect polarizing plates are stacked so that the axis of each is turned 30° clockwise

with respect to the preceding plate; the last plate is crossed with the first. How much of the
intensity of an incident unpolarized light is transmitted by the stack?

(2000)




Delhi Instjtute for 28A/11 Jia Sarai, Near 1IT, Hauz Khas
. Administrative Services : New Delhi - 16

Ph: 26537353/ 9350934622

1. Why does one get polarized hght from Nlcol’s prism? How should one adjust the .
polarizer and dndyser, so that an intensity of the incident light is reduced by a factor of

25.

. How do you know that the hght is.a transverse wave? What is a quarter wave plate‘7 How

is it constructed?

: . (2002)
sz/A quartz quarter wave plate is to- be used with the sodium light (A\=5869 A). What should
be its thickness. S . ,

Lo~ (2004) ‘
Why does one see tow image pomts for a single object point while viewed through a
calcite crystal? What is this propprty of the crystal known as? What is an optic axis of a
crystal? Expain the meaning of positive and negative crystals with one example forjeach

ind. (2005)

. What is optical activity?. Giyen reasons for the conclusion that optical rotation in liquids
has a molecular origin. -What do you mean by ordinary and extraordinary rays? What are -
positive and negative crystals? Give an example of each. Compute the minimum }
thickness of a quarter-wave plate made from quartz for incident wavelength of 589.3 -

ngnometer. Given po =1.544 and pg=1.553. (20006)
k/mﬁzzv would you produce plane polarized light by reflection ?__What is Brewster’s law?

Calculate the angular position of the sun above the horizon so that light reflected from a
clam lake is completely polarized. The refractive index of water is 1.33. Circularly
polarized and unpolarized light are passed in turn through a Nicol prism. The Nicol is
rotated about the direction of light as axis. What would you observe in each case? How
Id you distinguish between tHem? (2006)
onsider superposition of two pl éne polarized electromagnetic waves:

E, =y\acos(kx—a)t) and

E, —zbcos(kx ot +¢)

Discuss the conditions for the resultant wave to be left c1rcu1arly and right circularly
polarized adopting  the conventicn as seen by an observer traveling with the wave.

. : ' (2007)
187 (i) Show that the plane of polanzatlon is rotated through
o nd |
0= B (IUL luR) ‘

(i) Aplane- polarlsed light is incident perpendicularly on a quartz plate out with faces
parallel to optic axis. Find the which mtroduces phare qlfference of 60° between e- and

o-rays. : i —
\ﬂ/ ‘ - ~(2009)

22
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TUT RIAL SHEET 13

LASERS -

A ruby laser pmduces a beam of llght of wavelength 6943 A° with a circylar cross -
section of 1cmlm ‘diameter. Calculate the dlametre of this beam at a distance of 1000

kilometers. /

l

(1992)

xplain-the general prmCIple of laser.action. - What do you mean by population inversion?
Discuss the involved in the ruby laser. A pulsed laser is rated at 10 m W. It generates 3 ns
wide pulses at frequency 500 HZ. Cl)mpute the mslantaneous power in the pulse.

\

{ [Y
(1993)

The light (A= 6000 A°) from a laser of sectional diameter 1.0cm and power 0.20 watt is

focused by a lens of focal length 10cm.Determine the area of the image and intensity in it

in watt/cm?.

;\

(1994)

Discuss the working principle of He — Ne laser mdlcatmg the transitions involved in the

l process. Determine the power output of a laser in which a 3.0 J pulse is delivered in 1.0 n

second. R
: l (1995)
] \/S/Describe the working principle of a three level solid state laser giving the transitions
involvedinthe ~  laser action.
(1990)
Ny Obtain an expression for the ratio of the probabilities of t1mulated and spontaneous
emissions. What do you infer fron this relat10n‘7 How is populatlon inversion interpreted
thermodynamically?
' ' (1996)
\/In a hydrogen atom for the 2p — 1s transition the probability per unit is 6 x 10® s A,
Calculate the angutar frequency of the emitted photons and the order of Einstein’s
coeffigient BZI '
| (1997)

lens.

\ 9~ What is population inversion? Mentlon the methods of achieving population inversion.
P Explain the concept of negatlve tqmperature ‘

the region of focus." |

|
l L/104511011 focus lens is used tp focus a laser beam of wavelength 6328 A°. If the beam
width is comparable to the focal length of the lens calculate the area of cross-section of

: A3 MW laser beam which has a diameter of lcm is focused by a lens of focal length 5
P cm. The wave'ength of lager is 10,000 A° Calculate the intensity at the focal plane of the

(1997)

(1997)

(1999)

. Explain why a two - level system is not adequate for layperaﬁon. Draw the essential

parts of a ruby laser and explain the working principle. |

1 ;plain the phenomenon of self focussing of laser beams.

(1999)

(2003)
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13/Explain how Einstein’s A and B coefficients are related to the phenomena of spontaneous ,

) and stimulated emission of radiation, respectively. Derive the relation between A and B. o

Establish that at very high frequency around X-ray wavelength regime, lasers cannot be ;
made as easily as at low frequencies, e.g., far infra-red regime. o

‘/I@nsider an ensemble of two — level atoms in thermal equilibrium. Show that the ratio of
Einstein A and B coefficientsis given by

_8zh’ / - ' ' | -
C: . — . s .

SEIN

Why is it not possible to-achieve inversion of population in a two- level medium?
. o ~ (2008)
ﬁat are the characteristics of stimulate_d emission? Show that in the optical region
stimulated emission is negligible compared to spontaneous emission. \/w B
v ) (2009)
16<(i) At what temperature are the rat!'es of spontaneous and stimulated emission equal?
(Assume A = 500 nm) o

- - (2009)
i) What are the important properties ”pf a hologram? -

ptical power of I mW is launéhed into an optical fiber of length 100 m. If the power

erging from the other end is 08 mW, calculate the fiber attenuation.
’ i :

| . (2009)
. A laser;beam of 1 micrometer wévelength with 3 megawatfs power-of beam diameter 10
, ‘ e -
mm is focused by a lens of focal length 50. mm. Evaluate the electric field associated with the
light beam at the focal point. ' '

(Dielectric permittivity.‘i of free space,
g, =8-8542x1072C*/ N ~m*)

N g = (010

By =03 ¥ - W

2 f/@eéotlwe% 0{) tw'“‘ p
s Some”. | '
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TUTORIAL SHEET: 14
( $Decial Topics)

” What is a hologram? Explain lliow the image of the object is formed'when one looks

{
!
{
i

through it.

'

. : ' (1990)

Deﬁn_e/‘coherent length. A helium - neon laser emits radiation at wavelength A =

623.8 nm with AA =2pm. Calculate the coherent wavele
) o (1993)
3, What is meant by temporal and spatial coherence ? Show that the coherence length L =

AQ where A is the mean wave length and Q represents the ‘purity of a

(1996)

f

. { :
hat is spatial coherence? Considering young’s two slit experiment, prove that the

7

distance between the slits must be sufficiently less than L%j for obtaining fringes of good g

contrast A is the wavelength of light used and  is the angle subtended by the sourc?;ﬁ:s.

- ‘ (1997)
L/S'/ Explain the phenomenon of pulse dispersion in step index fibre. }/

A 8 (2003)

7( 6.  What is holography? Describe the experimental set up for Gabor’s on-line holographic
recording. What are the limitations-of Gabor’s-experiment? How were these overcome by

Leigh and Upatheiks? ' . ‘ )

-

i (2003)
\/)rawing a neat diagram, discuss how light travels through on optical fiber. Show that
the numerical aperture of a gommercially available optical fiber is around 0-25. Explain its

. physical significance. \ ‘ , ‘ '
\/XXV};;,I does one get three-dimensional irnage in holography? Explain with appropriate figures
how can one construct and read a hologram. :
‘ (2005)

' . AN
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