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Attempt All questions.
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Assume suitable data if necessary.

. Derive a differential equation for damped oscillation. ‘Write it solution and angular

frequency. Hence discuss all three cases of damped angular frequency and corresponding
motion.

OR
Derive a relation to determine the radius of gyration of a compound pendulum. Why

determination of acceleration due to gravity is more accurate from a compound pendulum
than a simple pendulum?

2. AcircuithasL =12 mH, C=1.6 pFandR=1.5Q

a) After what time t, will the amplitude of the charge oscillatons drop to one half of its
initial value?

b) To how many periods of oscillation does this correspond?

What are particle velocity and wave velocity? Find the relation between them.

What is chromatic aberration of a lens? Obtain the condition of achromatism in the case
of combination of two lens of the same material.

What is diffraction of light? Explain how can you obtain the wavelength of light using a
diffraction grating.
OR

Define interference of light. Analytically explain the condition for maximum and
minimum intensity and hence show graphically the variation of intensity with phase
angle.

A screen is placed 2m away from a narrow slit which is illuminated with light of
wavelength 6000A°. If the first minimum lies 5 mm on either side of the central
maximum, calculate the slit width.

Find the specific rotation of a given sample of sugar solution if the plane of polarization is
turned through an angle 25.2°. The length of the tube containing 15% sugar solution is
20 cm. 3

Calculate the numerical aperture and acceptance angle of optical fiber in which refractive
index of core is 1.62 and that of cladding is 1.52.



=

9. Give the general method to calculate the electric field due to continuous charge
distribution. Use it to calculate the electric field intensity at a perpendicular distance ‘y’
from the infinite rod having a linear charge density A.

OR

What is electric field? Calculate the electric field af a distance x from the center of ring of
charge. Show that if a negative charge —q is placed near the center of charged ring, the
motion of charge —q will be simple harmonic.

10. A parallel plate capacitor has a capacitance of 110 pF, with a plate area of 90 cm’ is filled
with -a substance of dielectric constant k = 5.5. A potential difference of 50 V is
maintained between plates. Determine:

a) The electrifield strength in the dielectrics.
b) The magnitude of free charge on the plate.
¢) The magnitude of induced surface charge.
d) The magnitude of polarization vector.

11. Discuss microscopic view of conduction. Show that resistivity and conductivity are
independent of applied field and depends on nature of material.

12. Compare Biot-Savart law with Amper’s law to calculate magnetic field due to current
carrying conductor. Calculate the magnetic flux density at an axial distance ‘x’ from the
centre of the coil of radius ‘R’ carrying a current ‘i’. 4

OR

Describe the working mechanism of cyclotron. Find the expression for maximum energy
of a rotating particles in a cyclotron. Write its limitation. How can you overcome its
limitation?

13. A long circular coil consisting of 100 turns with diameter 1.2 m carries a current of 5A

a) Calculate the magnetic field at a point along the axis 80 cm from the center.
b) At whatdistance from the center, along the axis, the magnitude of field is 1/8 times its
value at the center?

14. A uniform magnetic field of strength 8.0 T is applied perpendicularly on a rectangular
metal strip of width 2.0 mm and thickness 15.0 pm. A current of 1.5A is passed along the

length of strip and a transverse voltage equal to 350uV is measured across its width.
Calculate :

a) The average velocity of the electron in the metal. :
b) The number of conduction electron per unit volume in this metal.

15. Mention the Maxwell’s electromagnetic equations in integral and differential form. Show
that the electromagnetic wave propagate with the speed of light in free space.

16. A particle of mass M is confined in one dimensional infinitely deep potential well of
width ‘L’. Calculate the wave function and energy eigen value. Hence draw the wave
function and its corresponding probability density for first three Quantum number.

d ok
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1. Derive the time penod of physxcal pendulum. Show that its time period is mxmmum when
lencrth of pendn}um is. equal to radlus of gyration. 3
. OR
Denve a differential equatxon for LC oscillation. Show that the maxxmum values of
electric and magnetlc energies stored in LC circuit in equal.
solid sphere of mass 3kg and diameter 0.20m is suspended on a wire. Fmd the penod of -
‘angular oscillation for small dlsplacements if the torsxonal constant of the wire is

6x10*Nm/rad.

3. A string has linear mass densny 530g/m and tension SON. We send a sinusiodal wave

with frequency 120Hz and amplitude 6.5mm along the string. At what average rate does
~ the wave transport energy? : .
4, What are Newton's rings? Give the necessary theory for the determmatxon of refractxve
index of hqmd using Newton's ring method. . : .
; . e OR
What is double refraction? Show that lmearly and cu‘cularly polarized light are the spccxal
cases of elhpnca!ly polarized light. : :
Light is incident. normally on a grating 0.5cm w1de w1th 2500 Imes Fmd the angular
: separauon for the principle maxima of two sodmm lines (A= 589 Onm and 1,=589.6nm) -
in thc first order. Are the two lines resolved? :
Show that diameter of the cucle of least confusion is mdependent of the focal length of :
lens in the case when object is at infinity. 2 .

Two lenses of focal length +5.5cm and +4.5¢m are separated by a finite distance. Fmd the
posmon of prmc1p1c pomts if the combination satisfies the condition of achromatism. -

&

7

'8. Define optical fiber.: Derive the exprcssxon., for acceptance angle’ and numerical apcrture

of optlcal ﬁber
9. Prove that the electric field due toa short dxpole ata pomt on ax1al line is twice that on

the equatonal line. .
o _ : OR.

Dlscuss Gauss's law in electrostatlcs Find the electric field intensity at a pomt outsxde

and msxde the uniformly ‘charged non- cond ucting sphere of radius R. :



-10.A cai)acitor of capacitance C is discharged through a resistor of resistancc' R. After how
" many time constants is the stored energy % of its initial value. . ; e
11. Discuss a'micro_scop_k view. of Ohm's law and show that resistivity of a conductor is
independent of the external electric field. B e R
12. Derive the expression of magnetic flux density at a point on the axis of a circular coil . - .
¢arrying current with N number of turns. Explain how the coil behaves for large distance.. . ..
Sh_bw that the electrical energy density and the magnetic gnergy density are propbrtional S
 to square of their corresponding fields. - Shigea A i
13. Deuterons in eyclotrom describe a cigcle of radius'0.32m just beforg emerging from dees. _

“he frequency-df the applied emf is 10 Milz Find the flux density of the magnetic field

L % ~and velocity of-deuterons emerging out of the cyclotrons. (Mass of deuteron is

R IBIOTE) Ly s U W Rl 2 el : ,
" 14.¥ind an expression of the self inductance of a toroid having N number of turns, radivs
 and carrying current i. = _ : REEE
15. The maximum electric field 20m from an isotropic point source is 1.5V/m. Determine: -

a) the maximum value of magnetic field _
. b) average intensity of light
i c) power-of the source.

16. Prove that the energy levels are. quantized, when an electron is confined in an infinite
potential well of widtha. oy 3 .
o e . HkE
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1. Deduce the formula for the time period of compound pendulum and show that it is”

_ minimum when length of the pendulum is equal to radius of gyration.
Or,

Developa dxfferennal equation of forced oscillations in LCR series circuit and find an
expression for resonant frequency.
L)A étring- has linear density 525gm/m and tension 45N. When a sinusoidal wave of
frequency 120Hz and amplitude 8.5mm is sent along the string, at what average rate does
. the wave transport energy.
3. What is meant by reverberation time. Derive the relation of sabine's formula. Also explam
the growth and decay of sound in a hall. .
4. What is chromatic aberration? Derive an expressxon for the condition of achromatism of
two thin lenses in contract. ;
5. What do you mean by coherent sources? Derive necessary theory of interference due to
wedge shape thin film.

6. The spacmg of a atomic planes in a crystal is 3.1x107, When a monochromanc beam of
X-ray is incident on them at incident angle $2°30' second order image is produced

calculate the glancing angle for the 4™ order image:

7. A 200mm long glass tube is filled with a solution of sugar, containing 15 gram of suvar in
100m! of water. The plane of polarized light, passing through this solution, is rotated
though 20° 30'. Find the specific rotation of sugar.

8. An optical fiber has numerical aperture 0.22 and refractive mdcx change 0.012. What are
the values of refractive index of core and cladding?

9. Define the term quadrupole. Derive the relation of the electric potential due to linear

* quadruple along its axial line.
OR

Derive an expression for electric field intensity due to the non-conducting spherically
symme‘mc charge distribution of radius R at point (i) inside sphere (ii) outside spherc by
using Gauss law. Also.write down the significance of Gaussian surface. E



10.

123
- atomic weight = 63 %m/mol, denisty = 9gm/cm’, resistivity = 1.7x10°°Qm and Avogadro's

13

14.

Two similar balls of mass m and charge q are hanging from silk thread of length /. These
two balls are repelled by angle 26, prove that the separation of the balls as

HoH N/
X, =[ g ] , assuming 6 is very small.
2me,mg |

- An electron with kinetic energy 2.5 KeV circles in a plane perpendicular to a uniform °

magnetic field. The radius of the orbit is 25¢m. Calculate (i) the speed of the electron (i) -
the flux density of magnetic field (iii) the number of revolutions per second. g

What is the average time between collisions of free electrons in”copper wire? Given,

00 = 6.02x10 mol ™, u@

State and explain Biot and Savart's Jaw. Derive an expression for magnetic field due to
current carrying circular loop at axial line.

. OR S =

Derive an expression for the growth and decay of current in LR circuit. Explain the
meaning of inductive time constant. .

A 10eV electron is circulating in a plane at right angles to a uniform field of magnetic

 induction of 1x10™ Wb/m?. Calculate its orbital radius, cyclotron frequency and period of

16.

revolution.

- Sun light just outside the earth in atmosphere has an intensity of 1.4kW(m2. Caculate the

maximum electric and magnetic fields for sun light, assuming it to be a plane wave.
Given ¢=2.99x10%m/s.

Show that energy of an electron that is confined in the infinite potential well is quﬁntized

and sketch that energy level and wave function diagram for n=1, 2 and 3 for that well.
; : *Hx asr S :
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Assume suitable data if necessary.

* cheet is inserted between them with its fransmission axis at an

Candidates are required to give their answers in their own words as far as practicable.

Attempt All questions.
All questions carry equal marks. -

Define point of suspension & oscillation of bar pendulurﬁ & show that they are
interchangeable. Also show that the time period will be minimum, when these points a1¢
equidistance from centre of gravity.

(0

T,
What is damped oscillation? Develop a relation for damped frequency in LCR oscillation.
damped, overdamped 2nd critically damped oscillations.

Hence discuss the under
In an oscillation, the amplitede drops to 1/e of its original amplitude in 50sec. Find the

relaxation time. Also, obtain the time required to drop the amplitide to 1/¢? of the original
amplitude. - -

The reverberation time for an empty hall is 1.5 sec. With 500 audiences present in the
hall, the reverberation time fails to 1.4 secs. Find the number of persons present in the
hell if the reverberation time falls to 1.312 sec. s

A coaxial lens system placed in air has two lens of focal fengfh 36cm & 12cm separated
by a distance 24cm. Find the position of the cardinal points.

What is Newton's Ring? How can it be used to determine the refractive index of the

liquid?
Or, :
e of Young's double slit interference & single slit

d
Discuss the similarities & differenc
rmation of specira by diffraction in

diffraction. Interrelate the discussion to explain the fo
a single slit.

Show the intensity in the first and second order in a single slit diffraction reduced
approximately to 4.5% and 1.6% of its central maxima.

are placed together with their transmission axes-crossed. A third
angle of 45° with respect io

Find the fraction of incident unpolarised light intensity transmitted

Two polarizing sheets

each of the other axes.
by the combination.

What is the fiber optics? Discuss the physics behind the opti
an expression for acceptance angle of an optical fiber.

Define electric quadrupole and quadrupole moment. Hence, determine the expression for

electric field intensity due to the quedrapole at axial line.

Or,
State and prove the Gauss's law in electrostatics. Apply this law to determine the electric
feld intensity at a point inside the uniformly charged non conducting solid sphere.

cal fiber transmission. Derive



'

'10 A parallel plate capacxtor each ':'f area IOOcm has potential difference of 50V and
~ capacitance 100pF, if a nuca of dxelectnc constant 541is mserted between plate, ﬁad the
magmmde of : : v ‘

a) Ele__ctnc field i mtensxty :
b) Displacement vector
¢) Polarization vector

© 11. Define raraday's laws of eIectfomagnetrc induction and Lenz's law. Obtam an expressxon

for self inductance of toroid. >

12.1f the carier density of intrinsic Gicbnian a8 S00K s 229xm‘3/cm Okt e >

- resistivity at the same femperature. gwen that.electron & hole mobilities are 0 39::712\7'l Rt e
&0 IOmZV‘ls" respectively. s e
\,ompa:re Biot-Savart law with Amper's law. Calculate the magnetic field ouiside & inside

* due to a long, straight wire of radius R c«nymg a steady curmrent T that is uniformly
dxstnbuted through the cross-section of the wire.

14. A Jong solenoid of radins 2cm has lx}03 turns per meter and caries a smusoxdally
varying .current F=5sin100at, where I is in ampere & . t is in.second. Determine the
magnitude of induced electric field ata radms =lem&r=3cm from its central axis.

@What is Dlsplacemer.‘c cu?ent? Deﬁ_ne a_nd denve the velatxon o’f‘ poyzxtmt7 vector in
- electromagnetism.

16. An electron with an energy of SeV is mcrdent ona potsn’ual bamer WhICh is 92eV high
& 0.2 nm wide.

a) what is the maximum transmission ooefficient that the electro wi!l pasé ﬂnough the
barrier?
b} what is the probability of transmission that the electronvnll pass fhmugh the bazrier.

*** 3
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Aitempt All questions. :
All questions carry equal marks.

. Assume suitable data if necessary.

SNERESN N

time period of a physical pendulum and establish the
£ oscillation and suspension.
OR 55
Give the necessary theory of forced electromagnetic oscillation and deduce the condition
for resonance amplitude in LCR series circuit with ac source. :
2. Write down the characteristics of simple harmonic progressive wave. Derive an
expression of energy of a progressive wave.

. A spring is stretched by 5 cm when a load of ikg is suspended to t.he lower and {(upper
end of spring is fixed). What will be the maximum velocity of ebject if it is pulled down

& further by 5cm form equilibrium position and then released?

"4, Two thin lenses of focal lengths fi and & separated by a distance d have an equivalent
focal length 0.3m and both Jenses are of same material. The combination of lenses
satisfies'the condition of achromatism and minimization of spherical aberration. Find the

value of fj and 5.

5, Explain the formation of Newton’s
Prove that in reflected light diameters
of natural numbers.

Derive an expression for the
interchangeability of the center 0

—

oG ]

ring in reflected system of monochromatic light.
of the dark rings are proportional to the square root

OR
oncept of double refraction, show that the

What is double refractios of light? Using the conce
light are the special cases of elliptically

plane polarized light and circularly polarized

polarized light.
6. A plane transmission grating of width 6 om has 5000 lines/cm. Find the resolving power
of grating for second order spectrum and the smallest wavelength difference that'can be

resolved for light of wavelength 5000A .

7. A plano-convex lens of radius 300 cm is placed o
illuminated by monochromatic light. The diameter o
system s 0.72 cm. Calculate the wavelength of light used.

and white light. Why the light in He-Ne laser is produced

n an optic;ally flat glass plate and is
£ the 8% dark ring in the transmitted

8. Differentiate between LASER
from Neon and not form Helium?

9. A ring shaped conductor with radius R carries a charge ¢ uniform

 Find the electric field intensity at an axial point of ring at distance y
o

ly distributed around it.
form the centre. -

" Define capacitance. Give 2 general method fo calculate capacitance of a capacitor. Find

expression for the capacitance of a cylindrical capacitor.

115
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10.

g

ot

12.

-What is.the maximum _torque experienced b

VET
An electric dipole consists of charges 10pC and -10pC separated by a distance of Imm.

field of intensity 400 V/cm?

. Calculate the (i) mean free time and (ii) mean free path between collisions for the

conduction electrons in copper having electron density 8.5x10% /m® and resistivity
1.7x10® Qm. Charge of electron 1.6x10™" C, mass of electron 9.1x107! kg, effective
speed of electron 1.6x10° m/s. .

Using Ampere’s law, calculate the magnetic field inside, outside and on the surface of a
long current carrying conductor and hence plot a graph between the magnetic field and

" the distance from the center of the conductor.

OR

Show that the cnei‘gy per unit volume in an electric field and magnetic field are

g5

14.

proportional to the square of their fields.

A series circuit has 25 ohm resistance and 0.1 henry inductance. What will be initial rate
of increase of current if the circuit contains a 12V steady source? What time is required
for the current to attain a value of 100mA?

A wire of length L carries a current Z. If the wire is formed into a circular coil, then the

maximum torque in a given magnetic field B developed for a single turn is 7= (ZI—JLZIB
< : 7 ;

@Write Maxwell’s t;quations in integral form. Convert them into differential form.

16.

An electron is confined to an infinite potential well of size 8.5 nm. Calculate the ground
state energy of the electron and radian frequency. Given: Plank’s comstant = 6.62 x10°*
Js, mass of electron = 9.1x10™ kg.

JE1E : kg

-

136

y-the-dipole-if-placed-in-the-uniform: electric =~~~ . .
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Assume suitable data if necessary.

Define torsional pendulum. Derive an expression for its time period. Explain why the

: time period of the torsional pendulum remains unaffected even4f the amplitude is large

- OR ;
What is a damped EM oscillations? Which factor in the circuit is responsible to produce
such a motion? Derive a differential equation for this motion and write its solution. What
will be the remedy of such motion to make it smooth?

A meter stick swings as a compound pendulum when suspended from one of its end-
Calculate (a) period of the oscillations and (b) equivalent length of the sxmple pendulum

* that would have the same penod

Menuon the conditions for good acoustics of a hall and derive an expression for

reverberatxon time.

Why Newton s mterference ﬁ'mges are circular? Derive an expression for radlus of the

Newton’s ring due to the transmitted light. ;
weieed 5 : OR

Define dispersive and resolving power of a diffraction grating. Derive an expression' for

the resolving power of the grating having N slits.

A plane transmission grating having 5000 lines/cm is used to obtain a spectrum of light

from a sodium lamp in the second order. Calculate the angular separation between the

two sodium lines whose wavelengths are 589 nm and 589.6 nm.
Calculate the specific rotation if the plane of polarization is turned through 30.5°

traversing 25 cm length of 10% sugar solution.

Define an optical fiber and mention its types. Explain the numerical aperture and

acceptance angle for the optical fiber and derive the expression to establish a relationship

between them.
Dispersive powers for crown and flint glass lenses are 0.015 and 0.030 respectively. How

can you design an achromatic contact of the lenses of focal length 50 cm?

What is an electric Quadrupole"A Derive an expression for the electric potential at any

point on the axial line at a distance ‘r* from the centre of 2 short Quadrupole Also, show

that the electric potential at that point is inversely proportional to .
OR

Discuss the medification of Gauss law due to the presence of the dielectrics and derive a
relation among displacement vector, polarization vector and the electric field.

13
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cha arOé ~:q and mass m is p]aced mldway between two equal positive charocs
“qo of separation d. If the negative charge executes SHM between the posmve charges,
then derive an expression for the time period of the oscillations.

11. Calculate the mean free time and mean free path between the collisions for the free
electrons m copper with number densxtv of the electron 8.5 x 10% m™ and resistivity
1751038 ‘ohm-m.(e = 1.6 x 10 C, m, = 9.1 x 10! kg and effectlve speed of the
electron = 1.6 x 10° m/s)

12. Define the cycletron and cyclotron frequency. show that energy of a charged particle in a
cyclotron is independent to the oscillating electric field.

OR

State Ampere’s law in magnetism. Calculate the magnetic field outside and inside a
current carrying long straight conductor.

13. An inductance of an inductor L connected to a battery of emf & through a resistor of
resistance R. Show that the p. .d. across the inductor after time tis VL = ee ™t At what
time the p.d. across the inductor is equal to the p.d. across the resistor such thati=io/2.

14. What is magnetic flux density at the center of a circular coil of radius 2 cm and with 20
turns carrying current of 10 A?

@Wnte Maxwell equations in differential f:orm. State and explain the pointing vector and
theorem.
16. What is the physical significance of wave function? Derive the relation of Schrodinger
wave equation in time dependent form. -
- . *ER

x X »

14
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D

2)

3)

4

Deduce the time period of a simple harmonic vibration. Explain why a loaded bus is more

comfortable than an empty bus. (3+2)

Explain forced oscillation with its differential equation.- Write the relation for the frequency

dependent amplitude and hence give a rough sketch of the resonance curve. (3+2)
' Or ,

Calculate the average amplitude of a sinusoidal sound wave in air of a frequency of 1.5 KHz

and average intensity 10-SW/cm?, where density of air is 1.29kg/m”>. (&)

Give an account of bad acoustic properties of a hall and discuss the method to improve these
defects. , ' : 5)
Explain the physical meaning of Dispersive and resolving powers of a Grating. Two spectral
lines have wavelengths A and A+AXL respectively where AL <<A. Show that their angular
separation A@ in a grating spectrometer is A8 =—(-§':—-—, where‘d” and ‘m’ are grating

: i .

m

elements and no. of order respectively. (2+3)

Or
In newton’s ring experiment, “Central spot is dark in reflected system” and “Fringes get
closer as the no. of order increased” explain. Is it possible to make central spot bright in

reflected system? If so how? (3+2)

L]

5) A séap film 5*10° cm thick is viewed at an angle of 35° to the normal. Find the

wavelength of the visible light which will be absent from the reflected light. &)

6) Light of wavelength 580nm falls on a calcite crystal of certain thickness. The emerging

light is circularly polarized. What must be the thickness of such crystal? o)

7) Calculate the focal length of combination of two thin lenses of focal length f; and >

separated by a distance‘d’. Find the position of two principal points. (5)

8) Trace the ray diagram that shows the propagation of light through the step and graded index

optical fiber. Write the importance of self-focusing in an optical fiber. (3+2)




9) Charge of uniform density p=3.2uC/m’ fills a non-conducting solid sphere of radius of 5.0
cm.What is the magnitude of the electric field a) at 3.5 cm b) 8.0 cm from the sphere’s
center ®)
Or " s i
Two large parallel plates are separated by a distance of Sem.The plates have equal but
opposite charges that create an electric field in the region between the plates. An alpha
particle (g=3.2*10"° C, m= 6.68*102"kg) is released from the positively charged plate, and
it strikes the negatively charged plate 2*10° sec later. Assuming that the electric field .
between plates is uniform and perpendicular to the plates, what is the strength of electric
field? ' (%)

10) Calculate the potential at a point due to a uniform line of charge of length L at a distance D
from its one end which lies in the perpendicular line. ' )

11) Explain how electric energy is stored in a capacitor and derive an expression for energy _
density of electric field, (2+3)

12) Explain super conductivity and its types with examples. Write the difference(s) between
super conductor and perfect conductor. _ (3+2)

13)If a test charge revolves round a circular path of radius 8.5cm where the magnetic field
increases at steady rate 0.13T/s, calculate the magnitude of induced electric field at a point

12.5em? ®)
14) Derive expression for inductances of a solenoid and toroid. Then show that inductance is the
property of the coil. )
Or
What is Hall Effect? Write its importance. Show that the hall coefficient Ry = -1/ne, where
the symbols have their own meanings. ' (1+143)

15) The Sun delivers about 10°W/m? of energy to the earth’s surface through EM radiation
calculate a) the total power incident on a roof of dimensionsASm *20 m. b) Radiation
pressure and force exerted on the roof, assuming roof is perfect absorber. (2+3)

16) A beam of electrons having energy of each 3ev is incident on a potential barrier of height 4ev-
JIf the width of the barrier is 20nm, calculate the percentage transmission of the beam through

the barrier. - (5)

%%k
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SR N

. Describe L.C oscillation qualitatively by using necessary circuits and graph.
OR

Define the terms sharpness of resonance and quality factor. Derive the relation of quality
factor in terms of band width.

[y

2. Define transverse wave. Develop a differential equation of the wave in a stretched string
and then find the velocity of transverse wave.

3. A reverberation time of 2.3 sec is observed in a hall of volume 5500 m’. The sound

absorbing surface of the hall has an area of 750 m®. Calculate the average absorption
coefficient. :

4. What are constructive and destructive interference? Prove that the path difference for
constructive interference is integer multiple of A and that for destructive interference is
odd integer multiple of A/2.

OR

How can you distinguish the plane, circularly and elliptically polarized light by using
nicol prised and wave plate?

5. What is diffraction of light? Explain’ the dispersive power and resolving power of a
diffraction grating. Derive the relation and also relate them.

6. A 30 cm long polarimeter tube containing 50 cm® of sugar solution produces an optical
rotation 14.5° when placed on a polarimeter tube. If the specific rotation ofisugar solution
is 65°, calculate the quantity of sugar contained in the tube. )

7. Two thin converging lenses of focal lengths 30 cm and 40 cm respectively are placed
co-oxially in air separated by a distance of 20 cm. An object is placed 40 cm in front of
the first lens. Find the position and nature of the image.

8. What is optical fiber? Explain numerical aperture and acceptance angle. Also compare the
attenuation property efficiency and cost of single mode and multimode optical fibers.

9. What is electrical dipole and dipole moment? Derive an expression of the electric field
intensity at a point due to dipole at equatorial line?




10.

12.

13.

14.

15.

16.

Define the three electric vectors E,P,D and develop a relation between them.
OR

A cylindrical capacitor has radii 'a' and 'b". Show that half the energy stored lies within the
cylinder whose radius is r = ab .

. What will be the conductivity of sodium metal having atomic weight 22.9 and density

1.013 gm/cm™? The relaxation time of sodium metal is 3x10™* sec.

What type of particles can be accelerated by a cyclotron? Explain the working of
cyclotron and synchrofron with their differences.

OR

Differentiate between electromagnetic induction and self-induction. Develop an
expression for self-inductance of a teroid.

Using Ampere's law, calculate the magnetic field inside, outside and on the surface of a
long current carrying conductor and hence plot a graph between the magnetic field versus
distance from the center of the conductor.

Determine the energy stored in an inductor. Also, determine the energy density in
magnetic field.

A radio wave transmits 25 W/m® of power per unit area. The flat surface area is
perpendicular to the direction of propagation of the wave. Calculate the radiation pressure
on it and maximum electric and magnetic field associated with the wave.

What are the significances of wave-function? Using the wave function derive and
expression for the time dependent Schrodinger wave equation.

Fkk
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. Define centers of suspension and oscillation of a compound pendulum and show that they

are interchangeable. What length of the pendulum has its minimum time period?
OR

Define SHM. Derive the expression for energy of SHM. Show that the KE and PE of
simple harmonically oscillating object changes with time however the total energy is
invariant.

What is LC oscillation? Derive the differential equation of free oscillation and compare
its solution with mass spring system.

What is piezoelectric effect? Describe the construction of a piezoelectric oscillator for
the production of ultrasonic waves.

Explain how interference fringes are formed by a thin wedge shaped film examining by
normally reflected light. Derive a relation for the fringe width on such ‘system of
interference fringes.

OR

What is double refraction? Explain how would you use the phenomenon to produce linear
polarized light and circularly polarized light.

A diffraction grating used at normal incidence gives a line (540 nm) in a certain order
superposed on the violet line (405 nm) of the next higher order. How many lines per cm
are there in the grating if the angle of diffraction is 30°?

. In Ramsden’s eyepiece a coaxial lens system is used. There are two lenses in air and are

of equal focal length of separated by a distance 2f/3. Find positions of the cardinal points.

Discuss the physical significance of numerical aperture (NA). How does it depend on
refractive index of core and cladding?

Calculate the thickness of doubly refracting plate capable of producing a path differences
of % between extraordinary and ordinary rays of wavelength 5890 A . (Use po = 1.53;

and p. = 1.54)

What is an electric dipole and dipole moment? Show that electric field for a short dipole
drops inversely to cube of the distance at any point from the dipole on an axial line.

OR

What is an electric qudrupole? Calculate potential for points on the axis of the qudrupole.




10.

.

12

13
14.

15.

16.

Two point charges 6pc and -24pc are 18 cm apart in air. Locate the positions of zero
potential on the line joining the charges.

Two capacitors having capacitance 25uF and SuF are connected in paralle] and charged
with a 100V power supply. Calculate the tota] energy stored in the two capacitors.

What is superconductor? Explain critical magnetic field. Describe the characteristics of
superconductor.

OR

Explain Biot-Savart Jaw. Show that a current carrying circular coil behaves as a magnetic
dipole for a large distance.

Explain meaning of self induction. Calculate inductance for a solenoid and Toroid.

Deuterons in a cyclotron describe a circle of radius 0.32 m just before emerging from
dees. The frequency of the applied emf’s 10 MHz. Find the flux density of the magnetic
field and the energy of deuterons emerging out of the cyclotron. (mass of deuterons =
3.32x10%7kg)
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. Write the differences between mechanical oscillation and e.m. oscillation. Set up the

differential equation of damped harmonic mechanical oscillation. Obtain the relation for
frequency of such oscillation. Hence explain the conditions for different types of damped
oscillation

OR

Define sharpness of resonance. Derive the relation for current amplitude of forced e-m
oscillation.

What are the measures of good acoustic building? Show that the reverberation time
decrease with increase in absorbing factors in a hall.

Two thin lenses of focal length f1 and f2 separated by a distance having an equivalent
focal length 50 cm. The combination satisfies the condition for no chromatic aberration
and minimum spherical aberration. Find the separation between the two lenses if both
lenses are of same materials.

. Prove that the intensity of first maxima is 4.54% of the central maxima in Fraunhoffer's

single slit diffraction.
OR

Write the physical meaning of dispersive power and resolving power of grating. Show
that resolving power is directly proportional to the total number of rulings on the grating.

Newton's Rings arrangement is used with a source emitting two wavelength A} and A,. It
is found that the n™ dark ring due to A, coincides with (n+1)th dark ring to ;. Find the
diameter of n™ dark ring. (A; = 6x107° ecm, &, = 5.9x107° ¢m radius of curvature of the lens
R=90cm). '

A quartz crystal has refractive indices 1.553 and 1.544. Calculate the thickness of a
quarter wave plate for sodium light of wavelength 5890A°.

Explain the terms stimulated emission, population inversion, optical pumpling and
metastable. Explain working principle of He-Neliaser.

A heavy circular ring of radius R oscillates in a vertical plane about a horizontal axis at a
distance x from the center. Show that the time period is minimum when x =R




9. Derive the relation for potential at any point due to an electric dipole and show that no

10.

il

12;

14.

¥5.

16.

work is done in bringing a charge from infinity to dipole along the perpendicular bisector
of the dipole.

OR

A plastic rod contains uniformly distributed Q charge. The rod has been bent in 120°
circular arc of radius '’ as shown in figure below. Prove that the electric field intensity at

the center of bent rod is E = 283(27
Mg,

Derive the relation for rise and fall of current in charging and discharging of capacitor
through resistor. Plot graphs between current and time and explain the figures.

The space between two concentric conducting spherical shells of radii b= 1.70 cm and a
=1.70 cm and a = 1.20 cm is filled with a substance of dielectric constant k = 23.5. A
potential difference V = 73 V is applied across the inner and outer shells. Determine (a)
the capacitance of the device (b) the free charge q on the inner shell.

What is Hall-effect? Derive an expression for the Hall coefficient and established the
relation between mobility of charge carrier and conductivity of material of wire.

OR

Derive a relation resistivity of a conductor using microscopic view. From your result,
explain why resistivity of a conductor increase with necessary with increasing
temperature.

. Explain the phenomenon of self induction. Calculate the value of inductance for (a) long

solenoid and (b) Toroid.

What is Ampere's law? Derive the expression for magnetic flux density outside and inside
a long straight conductor carrying current L.

Define Poynting vector. Prove thatg =(Ex ]_3))/ u,, where the symbols have their usual

meanings.

Discuss the significance of the wave function and deduce the time independent
Schrodinger's wave equation.

F k%
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. Differentiate between bar pendulum and torsional pendulum. Prove that there exists four

collinear points in bar pendulum.
OR

Prove that LC circuit is an analogy of simple harmonic motion and hence prove that
maximum energy stored in electric field is equal to maximum energy stored in magnetic
field.

In simple harmonic motion, when the displacement is one-half the amplitude, what
fraction of the total energy is KE and what fraction is PE? At what displacement is the
energy half KE and half PE?

. A source of sound has a frequency of 256 Hz and amplitude of 0.50 cm, calculate the

energy flow across a square cm per sec. The velocity of sound in air is 330 m/s and
density of air is 1.29 kg/m’.

Prove that interference in thin film of reflected and transmitted light are complementary
to each other.

OR

What is diffraction of light? Discuss the intensity distribution with special reference to
diffraction of light in a single slit.

Two thin converging lenses of focal lengths 30 cm and 40 cm respectively are placed co-
axially in air separated by a distance of 20 cm. An object is placed 40 cm in front of the
first lens. Find the position and nature of the image.

A 200 mm Jong tube and containing 48 cm of sugar solution produces an optical rotation
of 11° when placed in a saccharimeter. If the specific rotation of sugar solution is 66°,
calculate the quantity of sugar contained in the tube in the form of a solution.

In a Newton's ring experiment the diameter of the 10% ring changes from 1.40 cm to 1.27
cm when a liquid is introduced between the lens and the plate. Calculate the refractive
index of the liquid.

What is an optical fiber? Show that Numerical aperture of an optical fiber is given by the
expression, NA =p+/2A , where the symbols carry their usual meanings.

Determine the electric field at a distance z on the central axis from the center of a charged
ring. Also, find the maximum value of electric field.

OR

' Calculate the potential at any point due to an electric dipole. Also, find the potential on

the axial line.




10.

3

135

12.

13

14.

15.

16.

Over certain region of space the electric potential is v = 15x—3){2y+12y22. Find the
expression for the X, ¥ and z components of the electric field over this region. What is the
magnitude of the field at the point P that has coordinates (1, 0, -2y m?

Write the general methods to calculate the capacitance of a capacitor and hence
determine the capacitance of a cylindrical capacitor of inner and outer radii ‘a’ and b’
respectively.

Calculate the drift speed of electrons when 20 A current is supplied through a copper

. 5 5 2
wire of cross-sectional area 1 mm?” and electron density 10% m”.

Determine the energy stored in an inductor. Hence, prove that the energy density in
magnetic field 1s directly proportional to square of magnetic field.

OR

Obtair an expression for magnetic field intensity due to a circular coil carrying current at
its axial point

A copper strip 3.0 cm wide and 2.0 mm thick is placed in a magnetic field 1.75T. If a
current of 150 A is setup in the strip, calculate (i) Hall voltage and (ii) Hall mobility if the
number of electrons per unit volume is 8.4 108m™ and resistivity is 1.72x10® ohm-m.

Define poynting Vector. Prove that g = —l—(gx _é)
1

A beam of electrons having energy of 3eV is incident on a potential barrier of height 4

O
V. If the width of the barrier is20 A, calculate the percentage transmission of the beam
through the barrier.

LS
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Dlﬁ'ercntlate between bar pendulum and toxslonal pendulum. Using a torsional pendulum
derive a relation for modulus of rigidity of the metallic wire.

OR

Compare the damped and forced LCR oscillation. Derive the differential equation of
forced em-oscillation and compare it with driven mechanical oscillation

Show that in a bar pendulum, minimum time period is achieved if radius of gyration is
equal to the distance of point of suspension or point of oscillation from center of gravity.

Write some features of acoustically good auditorium. Derive Sabine's formula.

4, Two thin convergmg lenses of focal lengths 3 cm and 4 cm respectively are placed

coaxially in air separated by a distance of 2 cm. An object is. placed at 4 cm in front of
first lens. Locate the positions of the principal points and final xmage

What is polarization? Derive the relation for plane, elliptical and cucular polarized light.
OR

What are the coherent sources of hght‘7 How such sources develop in lab? Show that the

square of diameters of the n™ dark ring by the reflected light of Newton's ring. is directly

proportional to the natural number.
Define acceptance angle and numerical aperture. In an optical fiber, show that Numerical
Aperture (NA) = fLeoe V(24), symbols have their usual meanings.

In a Fraunhofer Single slit diffraction, a convex lens of focal length 20 cm is placed just
after a slit of width 0.6 mm. If a plane wave of wavelength 6000A° falls on slit normalily,
calculate the separation between the second minima on either side of central maximum.

Calculate the minimum no of lines per cm in a 2.5 cm wide grating which will just

resolve the sodium lines 5890 A and 5896 A in second order spectrum.

A thin ridg'made of plastic of radius R is uniformly charged with linear charge density A

Calculate the electric field intensity at any point at an axial distance y from the center. If

electron is constrained to be in axial line of the same rmg, show that the motxon of

electron is SHM. S
OR

.- Discuss the behavior of dielectrics in a paraliel plate capacitor. Based on Gauss law of

electrostatic in dlelectnc show thatD £ E+P whe_ije symbols have their usual

. meamng

_




10 The potentlal in a region between " x= Om andx 6misV=aibx’ where a =10 and
b =-7V/m. Determine (i) the potentials at x = Om, 3m and 6m and (11) the magnitude and
- direction of electric fields-at x = 0m, 3m and 6m. ~

1. What are the current density and mobility? Explain the atomic view of the resistivity and
show that p = {m/ne’t}, whete symbols have their usual meanings. -

12. Give general method of calculating capacitance of a capac1tor Use the method to
calculate the capacitance of a spherical capacitor.

13. A toroid has number of turns 1250, internal radius 52 mm, extemal radius 95 mm and
- thickness of the ring 13 mm, calculate the inductance.

OR
A solenoid having an inductance of 6.3 pH is connected in series with a 1.2 kQ

resistance. If a4 14 V battery is connected across the pair, how long will it take for the
current through the resistor to reach 80% of its final value?

14. Explain Hall effect. What results you can draw from Hall experiment? Obtain an
expression for the Hall voltage in a current carrying specimen placed in a magnetic field.

15. State Maxwell equation in integral form. Convert them into differential form. Explain -

each of these equations.

16. A free particle is confined in a box of width L. Using Schrodinger wave equation find an
expression for energy eigen value.

% %k %k
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Derive a relation to find the moment of inertia of a rigid body about an axis passiﬁg
through its center of gravity using the torsional pendulum.
: OR

What is resonance? Formulate the differential equation of forced electromagnetic

oscillation. Then determine the expression for resonant frequency.

A string has a linear density of 625 gm/m and is stretched with a tension 50N. A wave,
whose frequency and amplitude are 160Hz and 10mm respectively, is travelling along the
string. At what average rate. is the wave transporting energy along the string?

Why is it important to study the reverberation time, before the construction of a Cinema

Hall? Derive a relation for reverberation time based on absorption coefficient, volume -

and surface area of the hall.
What happens to the energy when waves perfectly cancel to each other in interference?
‘Derive the relations for thin film interference by reflected light.

OR
Show that the diameters of the Newton’s rings when two surfaces of radii R1 and R2 are
placed in contact are related by the relation (1/R;)-(1/Rz) = (4nA/d%,), where n is the

integer nurnber of the fringes.
A grating with 250 grooves/mm is used with an incandescent light source. Assume the

visible spectrum to range in wavelength from 400 to 700 nm. In how many orders can one -

see the entire visible spectrum?

Define .the polarization of light. Write its importance in different optical instruments.

Derive the relation for the thickness of quarter wave plate and half wave plate.

Two thin converging lenses of focal length 3cm and 4cm respectively are placed
coaxially in air and separated by distance of 2cm. An object is placed 4cm in front of the
first lens. Find the position of the nature of the image and its lateral magnification.

A glass-clad fiber is made with a core glass of refracnve index 1.55 and the cladding is

. doped to give a fractionial index difference of 5.5x10™*. Determine (i) Cladding index @)

the critical internal reflection angle (iii) the extemnal critical acceptance angle and (iv)
numerical aperture (NA). o

qo of separation d. If the negative charge -q is displaced in perpendicular direction to the
line joining them and released. Show that the particle describes a SHM with a period.

eo mHJ d3
9o

T=
. ‘ "OR

Calculate electric. field- at any pomt is axial distance due to a dlpole and a quadrapole
What conclusion you can draw from your results ’ _

. A particle of charge -q and mass m is placed midway between two equal positive charges



10 Charges ave umformly dxstnbuted through out the volume of an mﬁmtely large cylmder
of radius ‘a’. Show that the electnc field at a distance ‘r’from the cylinder axxs r<ais

-givenby E= T where p is the volume charge density. .
. Go .

11. A cylindrical capacitor has radii a and b. Show that half the stored electric potential
energy lies within a cylinder whose radius is r=+ab

12. Explain Hall Effect. Derive a relation for hall resistance. From this relation explain the
meaning of quantization of hall resistance. )

13. The current density in a cylindrical wire of radius R = 2 mm and uniform cross-sectional
area is given by J =2 x 10° Am?. What is the current through the outer portion of the wire
between radial distances R/2 and R? '

14. Explain the phenomenon of “self-induction”. Find an expression for the self-induction of
“atoroid having N numbers of turns, radius r and carrying current i

OR

State Ampere s law. Find the exprersswns for magnetlc field outside and inside the long
straight wire by using this law.

15. Write down the Maxwell’s equations for non conducting Find the equation of propagation
of plane electromagnetic wave for E-field and B-field for such medium. Show that-
electromagnetic wave travels with velocity less than velocity of light in such medium.

16. Derive schodinger time independent wave equation. A particle is moving in one
dimensional potential well of infinite height and width ‘a’. Find the expression for energy

of the particle.
de Aok
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]’stinguish between free and forced vibrations. Write the differential equation of forced
oscillation. Determine the amplitude of oscillation for forced oscillation and hence
explain sharpness of the resonance. ‘

OR

Define simple harmonic motion. Show the average kinetic energy is half oft the total
energy of a particle executing simple harmonic motion.

A 2uF capacitor is charged upto 50V. The battery is disconnected and 50mH coil is
connected across the capacitor so that LC oscillation to occur. Calculate the maximum
value of the current in the circuit.

The elastic limit of steel forming a piece of wire is equal to 2.70x10® Pa. What is the
maximum speed at which transverse wave pulses can propagate along this wire without
exceeding this stress? (density of steel = 7.89x10 kg/m3)

What are Newton’s rings? How can you use these rings to determine the refractive index
of a given liquid?
OR

Discuss the phenomenon of Fraunhofer diffraction at a single slit. Show that the relative

. . . . 4
intensities of the successive maxima are 1:——2— —
: 9n* 25%

Light of wavelength 6000 A falls normally on a thin wedge shaped film of refractive
index 1.4, forming fringes that are 2 mm apart. Find the angle of the wedge.

If the plane of vibration of the incident beam makes an angle of 30° with the optic axis,
compare the intensities of extraordinary and ordinary light. '

Show that the diameter of circle of least confusion depends on the diameter of lens
aperture and dispersive power of the material of the lens but is independent of the focal
length of the lens.

An optical fiber has a numerical aperture of 0.22 and core refractive index 1.62.

‘Determine the acceptance angle for the fiber in a liquid which has a refractive index of

1.25. Also, determine the fractional refractive index change.




10.

1.

12.

13.

14.

15.

16.

Prove that electric field due to a short dipole at axial point is twice that at equatorial point.

A capacitor of capacitance C is discharging through a resistor of resistance R. After how
many time constants is the stored energy 1/8 of its initial value?

Give a general method to calculate electric field and potential due to continuous charge
distribution. Using your method, calculate electric field at an equitorial distance y due to a

long charged rod having linear charge density A.

Consider a circular coil of radius R carrying current I. Find the magnetic field at any
point on the axis of the loop at a distance z from the center of the loop. Show that the
circular current carrying coil behaves as a magnetic dipole for large distance.

In a Hall Effect experiment, a current of 3.2A lengthwise in a conductor 1.2 cm wide, 4.0
cm long and 9.5um thick produces a transverse Hall voltage (across the width) of 40uV
when a magnetic field of 1.4T is passed perpendicularly through the thin conductor. From
this date, find (a) the drift velocity of the charge carriers and (b) the number density of
charge carriers.

Derive an expression for growth and decay of current in LR circuit. Explain inductive
time constant by sketching graph between current and time for both cases.

OR

Derive expressions for inductance of a Solenoid and Teroid. Then show that inductance is
the property of the coil.

Write and explain Ampere’s law in magnetism. How Maxwell modified it. Based on this
modified equation, explain the term displacement current. Prove displacement current is
equal to conduction current.

Explain Schrodinger’s wave equation. Derive time independent Schrodinger wave
equation. Use this equation to find energy for a particle in a box of infinite square well
potential.

% %k %
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. Point out the similarities and dissimilarities between the oscillations of bar pendulum and

torsinal poendulum. Show that the radius of gyration is equal to distance from center of

suspension to center of gravity of compound pendulum, when time period in minimum,

Derive a differential equation for LC Oscillation. Show that the maximum value of
electric and magnetic energies stored in LC circuit is equal.

OR

Prove that if a transverse wave is travelling along a string, then the slope at any point of
the string is numerically equal to the ratio of the particle speed to the wave speed at that
point. ~

The time of reverberation of an empty hall is 1.5 sec with 500 audiences present in the
hall the reverberation time falls to 1.4sec. Find the no. of persons present in the hall if the
revagberation time falls down to 1.32 sec.

Show that the intensity of the first subsidiary maxima of Fraunhoffer's diffraction at a
single slit is 4.5% of that or principal maxima.

, OR
;

What is double diffraction? Explain how Nicol prism can be used as polarizer and
analyzer?

. In a Newton's ring experiment, the radius- of curvature of the lens is S5cm and the lens

diameter is 20mm. (a) How many bright rings are produced? Assume that A=589nm
(b) How many bright rings would be produced if the arrangement were immersed in water
(u=1.33)?

A diffraction gratting 3cm wide produces the second order at 33° with light of wavelength
600nm. What is the total number of lines on the gratting.

What is population inversion? Explain why laser action cannot occur without population
inversion between atomic levels?

What are cardinal points of an optical system? Determine the equivalent focal length of a
combination of two thin lenses separated by a finite distances.

A ring has a charge q uniform distributed in it. Derive an expression for the electric field
at any point on the axial line of the ring. Extend your result to find the potential.

OR

Write an expression for electric field at any point in the axial line of a charged ring.

Using this equation, calculate the electric field at any point in the axial line of a charged
disk.




10. What is the magnitude of the electric field at the point (3,2) m if the electric potentlal is
given by V = 2x+5xy+3y’ volts. What acceleration does an electron experiences in the
x-direction.

- - o f .
11. Derive an equationJ = cE. Explain why resistivity of a conductor increases with

increasing temperature plot a graph between Ry (Resistance at any temperature 6) and
temperature. Based on the graph, explain what are superconductor? How they dlffer from
perfect conductor? Describe the characteristics of superconductor.

12. Derive an expression for energy stored in magnetic field. Show that the energy stored per
unit volume is directly proportional to the square of the magnctxc ﬂux densxty Compare
this result with electric energy density.

OR

What is self induction? Define inductance of a coil. Show by calculation inductance of a

coil depends on the permeability of a medium and the geometry of the coil.

13. A long circuit coil consisting of 50 turns with diameter 1.2m carries a current of 10Amp.
(a) Find the magnetic field at a point along the axis 90cm from the center. (b) At what
distance from the center, along the axis, the field is 1/8 greater as at the center.

14. Describe the principal and working of Cyclotron. Show that the time taken by the ion in a
Dee to travel a semicircle is exactly same whatever be its radius and velocity. _

15. Write Maxwell's equations in free space and dielectric medium. With the help of
Maxwell's equations, Derive charge conservation theorem.

16. A beam of electrgns having energy of each 3eV is incident on a potential barrier of height
4eV. If the width 'of the barrier is 20A°, calculate the transmission coefficient of the beam
through the barrier.
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Candidates are required to give their answers in their own words as far as practicable.
Artempt All questions.

All questions carry equal marks.

Assume suitable data if necessary.

. Obtain an ‘expression for the time period of a-;:or;lpound pendulum and show that its time

period is unaffected by the fixing of a small additional mass to it at its centre of
suspension.

OR

What is electromagnetic oscillation? Derive differential equation of damped LCR
oscillation and find its frequency.

A particle is moving with simple harmonic motion in a straight line. If it has a speed v;
when the displacement is x; and speed v, when the displacement is x; then show that the

v, 2%, —v2x,2 |2
amplitude of the motion is, a=| 2~ 172 |

. In the progressive wave, show that the potential energy and kinetic energy of every

particle will change with, time but the average K.E. per unit volume and P.E. per unit
volume remains constant.

Two coherent sources having constant phase & but different amplitudes A; and A;
superimpose, prove that the intensity of superimposed beam is

1=A+A,” +2A, A, cosd.

OR
Explain the phenomenon of double refraction. Describe the construction and action of
Nicol prism.

White light is incident on a soap film at an angle sin™ (%) and the reflected light on
examination by a spectrometer shows dark bands. The consecutive dark bands correspond
to wavelength 6.1x107°cm and 6.0x107°cm. If p=1.33 for the film, calculate its thickness.

Light of wavelength 600nm is incident normally on a slit of width 0.1mm. Calculate the
intensity at 6=0.2°.

Two lenses of focal lengths 8cm and 4cm are placed at a certain distance apart. Calculate
the position of principal points if they form an achromatic combination.



8. An optical fiber has a NA of 0.2 and a cladding refractive index of 1.59. Determine

acceptance angle for the fiber in water which has a refractive index of 1.33.

9. A ring has a charge q uniformly distributed in it. Find the expression for the electric field

10.

11.

12.

13.

14.

15.

16.

at any point on the axial line of the ring. Locate the point at which the field is maximum.

OR
Prove that electric field due to a short dipole at axial point is twice that at equatorial p‘oint

A particle of charge —q and a mass m is placed midway between two equal positive
. charges qo of separatlon d. If the negative charge —q is displaced in perpendicular
direction to the line joining them and released, show that the particle descries a SHM with

1
€, mﬂ3d3}2
Q, |

11A cylindrical capacitor has radii a and b. Show that half the stored electric potential
energy lies within a cylinder of radius r = vab.

. ' * ¢ .

aperiod T= [

A flat silver strip of width 1.5cm and thickness 1.5mm carries a current of 150A. a
magnetic field of 2.0 Tesla is applied perpendicular to the flat face of the strip. The emf
developed across the width of strip is measured to be 17.9uV. Estimate the number
density of free electrons in the metal.

A straight wire segment of length / carries current I. Show that the magnetic field B
produced by that segment at a displace y from it along a perpendicular bisector is

B = (o /2my) [I(I*+4y)].
Find the inductance of a toroid having N number of turns and radius R.
J OR

Show that the energy per unit volume in electric field and magnetic field are proportional
to the square of their fields.

-
State and explain Maxwell’s equations. Derive the continuity equation: V.J = —aa-?

Determine the total energy of a particle using Schrodinger equation, when the potential
energy has value V=0 for 0<x<a, and V=afor x<0 and x>a. :
Kk
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Candidates are required to give ’melr answers in their own words as. far as practicable,

Attempt AUl questions.. |
All questions carry equé:ilmarks ,
Assume suu‘able data if Aécessary.

Differ:entiate between linear 'and‘angular harmonic motion. Show that the motion of -

torsion pendulum is angular harmionic motion. Also find its time period.
OR . , ,
Derive . the dlﬁerentlal equatlon of the forced’ oscillation of LCR ClICUlt with an AC

source and find the expression for the current amplitude. Hence explan ‘the condition of
current resonance in such circuit. '

A 750g block oscillates on the end of a spring \thSC force constant k= 56N/m The mass' o
moves in a fliid which offers a reﬂstwe force F = -bv, where b = 0.162Ns/m. What is the

period of the oscillation? -
A room has dlmensmns 6mx4mx5m Find:

iy Mean free path of sound wave in the room
ii) The number of reflections made persecond by the .sound wave w;th the walls of the
-room. (Take velomty of sound in air= 350ms™). : . ‘

Define interference. Show that mterference in thin film due to reflected and transmitted
lights are complementary. :

What are Nuw*on s tings? How can you determine thp refractive index of gnen hCIUld
- using Newton’s rings experiment?

E.xplam the dispersive and resolving power of a diffraction grating. Derive expressions
and develop a relation between them. . .

A 200mm long tube containjncr 48cm’ of sugar solution produces an optical rotation of -

11° when placed on a saccharimeter. If the specific rotation of sugar selution i is 66°,
w]culate the quantity of sugar contained in the tube in the form of solution.

| Prove that the condition for achromatism for the x,ombmauon of two lenses of focal
“ length f; and f; having dispvrswC power ©; and co2 ched t a separate distance X s
(Oalffx) +Hw/fh)= (K/f] f5) (0)1'*‘0);) - '

_ 8 Differentiate between spontaneox.s and stimulated ernission -of radiation. Explam tne
—

construction and working of He-Ne laser wnh a suitable energy le ‘sl diagrag—"

Derive an expression for the electric field at a point P at 2 chsranc\, X from a circular
‘plastic disc of radius a along its central axis. Does this expression for E reduces to an
expected result for x>>a? o : ’ : S

OR' .



. T T

: 10 A,capacltor of. capac1tance ; I A
gw.rmany time: constants is the énergy stored bec rhes oqe ¢ fourth of m‘txal value? : p:;:.

1;A;Calculate the el ccu‘ ield .due to a-ur ufn~mly charged rod of I\.ngth I:at a-point along 1ts' TN
I Ionc axis ata distance *a’ from its nearest end. '

1’7 Explelmrmclple and wmkms of cyclotron. Show that the time spem by the, pamcle «./-*
in e:’* e 1s 1ndepend°nt of its speeu and radius-of its circular path. N

Hee . . OR

*Us: Biet San.l’t Law-to cqlm late nlangPUC field on the axial lme of a canent can‘ymg
circularleop. Explain how the coil behaves for a large distance point. ‘

13. A cooper smp lJOpm thick 1s place d | in a magnetic field of strength 0. 65T perpendicular
- to the plane of the strip and current of 23Amp is set up in the strip. Calculate: (i) the Hall
voltage (i) Hall coefficient and (iii) Hall mobility, if the number of electrons per unit
volume is 8.5x10%*/m’® and resistivity is 1.72 x 10* Ohm-m. .

" 14. A parallel plate capacitor with circular plates of 10cm radius is charged producing
~ uniform displacement current of magnitude 20A/m?. Calculate )] dE/dt in the IEUIOH (ii)
. Dlsplacemcnt current density and (iii) Induced magnetic field. R

N

__15. Obtain an expressmq for energy transfer rate by electromagnetic wave From your result

show that 1 o E? ms- wWhere I i is the mtensva em wave and Eine is root mean square value
of electric ﬁeld

16, Derive the sc hrodmgcr time independent wave equation. Also what do you mean by a
potential barrier?

ITE
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Candidates are required to give their answers in their own words as far as practieable.
Attempt All questions.

All questions carry equal marks.
Assume suitable data if necessary.

. Show that there are four collinear points within compound pendulum havmg same time

period. Give their physical 51gn1ﬁcance _
OR.

Derive the differential equatlon of damped harmomc oscillation in LCR c1rcu1t Solving

the equation find the damped frequency of the oscillation and explam its s1gmﬁcance .

A uniform eucular disk whose radius R is 12 6cm is suspended as a physxcal pendulum‘

from a point on its rim. (a) What is its period? (b) At what radlal distancer <R. Is there a
pivot point that gives the same period?.

Define absorption coefficient of sound. Derive a relation between reverberation t1me and
absorption coefficient for acoustically good hail.

Explain how interference fringes are formed by a thin wedge shaped film, when examined

" by nomally reflected” hght How w1ll you estlmate the d1£ference of film thickness

between two points? .~ ¢
OR - _
Show that the intensity of second order maxima of Fraunhoffer’s single slit diffraction is

2
o times the intensity of central maxima.
T

In Newton s ring arrangement a source emitting two wavelengths 6x10”m and

5. 9x10 m is used. It is found that n™ dark ring due to one anelength coincides with

(n + 1)™ dark ring due to other. Find the diameter of the n™ dark ring if radius of curvature
of lens is 0.9m.

Calculate the thickness of quarter \jva\}e plate for light of wavelength 5893A. Given
refractive indices of ordinary and extraordinary ray are 1.544 and 1.553 respectively.

Define acceptance angle of an optical fiber. Derive the relation for Numerical Aperture
(NA) of the optical fiber. Also write down 1ts significance.

Two thin converging lenses of focal lengths 0.2m and 0.3m are placed coaxially 0.10m
apart in air. An object is located 0.6m in front of the lens of smaller focal length. Find the
position of the two principal pomts and that of image.

Derive an expression for the electric potentlal at any point on the axis of the umformly
charged disk. Extend your result to calculate electric field.

OR

Derive an expressicn for the electric field at any point on the axis of the ‘short linear
quadrupole.



10. A copper slab of thickness b is inserted into a parallel plate capacitor exactly half way

11

12.

13.

14.

between the plates. If the separation of the plate is d and the area of each plate is A, show
€y Ab
@-byd’

that the change in capacitance is equal to

. What is the drift speed of the conduction electrons in a copper wire (molecular mass = .

63.54 g/mol, density 8.96 g/cm®) with radius 900 pm when it has a umform current ]7mA
flowing in the wire?

A long straight wire of radius R carries a uniformly distributed current 1. Calculate
magnetic fields at any points inside and outside the wire.

The conducting rod shown in figure has length L a.nd is being pulled along horizontal,
frictionless conducting rails at a constant veloc1ty v. The rails are connected at one end

with a metal strip. A uniform magnetic field B directed out of the page, fills the region

in which the rod moves. Derive an expressxon for the rate of thermal energy being
generated ir: the rod.

A coil has an mductance of 53 mH and a re31stance of 0. 3SQ Ifa 12V emf is applied

across the coil, how much energy is stored in the magneuc field after the.current has bulltv _:'j ) » ‘
up to its equilibrium value? After how many time constants will half this ‘equilibrium be "

stored in the magnetic field?

OR

In a certain cyclotron a proton moves in a circle of radius 0.5m. The magnitude of the

magnetic field is 1 20T What is the osclllator frequency? What is. the kinetic energy of .

=+ the-proton ineV?™

15.

16.

Define poynting vector. Prove that §= —1—.(]_3)>< E), where the symbolsAh'ave their usual
meanings. Ho | . |
An electron is trapped in an one dimensional infinite potential well of Width ‘a’ such that
V=w for 0<x and x2>a |

V=0 for 0<x<a

Using boundary condition, prove that the total energy of the system is

I1*n%h?

E =
2ma?

Where symbols carry their usual meanings.

* kK
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1. Define forced oscillation. Show that the total energy of the damped oscillation decreases
1th increasing time. : -

Derive a differential equation for LC oscillation.. Solve the equation and show that thé
maximum value of electric and magnetic energies stored in L.C. circuit are equal. -

OR

/A meter stick swings about pivot point at one end, 2t distance ‘b’ from the SLACk’S center -

' of mass: Calculate the period of oscillation using parallel axis theorem.

Give an account of bad acoustic properties of a hall. Derive the cxpresswn for
reverberation time in a good acoustics of a hall.

4. at are coherent sources? Describe a method for determining the refractive index of
transparent liquid film using the interference phenomenon. S

OR .

Describe the construction of Nicol Prism. Expiain how it can be used as polarizer and
analyzer.

5. A diffraction grating is used at normal incidence. In such arrangement a green “line
(A = 5400A) of certain order is superimposed on the violet line (A = 40504). of the next
(" order. If the angle of diffraction is 30°, how many lines are there in 1 centimeter?

5. A light source emits light of two wavelengths 43004 and S100A. The sourcé isused ina

v

double slit experiment. The distance between the sources and the screen is 1.5m and the

distance between. the slits is 0.025mm. Calculate the separatlon between the third order
bright fringes due to these two wavelengths. :

,)(f A thin convex and thin concave lens, €ach-of focal length SOcm are coaxially situated
and separated by 10cm. Find the position and nature of the final image formed of an
object placed 20cm from the convex lens.

8, What is population inversion? Explain the lasing action of a gas laser with necessary
- energy level diagram.

9. Consider a circular plastic disk of radius R that has a positive surface charge of uniform
\/(en51ty on its upper surface. Find the electric field at any point at a d1stance x from the

centre of the disk along its central axis.

OR




[

4 Define electric quadrupole. Calculate the electric potent1a1 of linear quadrupole of

10.

11.

separation 2a at an axial distance r from its centre.

As a parallel plate capacitor with circular plates 20cm in dlameter is being charged, the

current density of the dlsplacement current in the region between the plates is uniform

and has a magnitude of 20A/m Calculate the magnitude of magnetic field (B) at a
dE
distance r = 50mm from the axis of symmetry of this reglon. Also calculate T in this

region.

Assuming that each atom of copper contnbutes one free electrons, calculate the drift

- velocity of free electrons in copper conductor of cross sectional area 10™*m’ carrying a

14,

4

current of 200A. Given:

Atomniic weight of copper = 63.5 g/mol
Density of copper = 8.94x10%kg/m’
Charge of an electron = 1. 6x10‘19C

. State Ampere’s law. Use this 1aw to find magnetic field that a current produces inside and

outside a long straight wire of circular cross section.
‘ ’ OR

Derive an ei(pression for energy stared in an inductor. Show that the magnetic energy

density is directly proportional to the square -of the magnetlc flux density. How can you

. compare electric energy density with this result?

3. A cyclotron which has the dees of radius 42cm and magnetic field of flux densrcy
0.5 weber/m’ is employed to accelerate protons. If the final velocity of the proton is

2.02x10"m/sec, calculate the charge to mass ratlo for the proton and the frequency of the
alternatmg potential between the dees.

¥ the given ﬁgure when switch S is closed.on a, the current rises and approacnes a
limiting value E .

-

a) Find the current through the inductor as a function of time.

b) When the switch is closed on b, the current reduces to zero. Find the rate of decay of

Ve

15.

16.

current through the inductor.

State Maxwell equations in integral form. Convert them into differential form. Explain
each of these equations.

Discuss the significance of the wave function and deduce the timé independent
Schrodmger equatlon

* k%
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10.

Define physical pendulum show that point of Suspension and point of oscillation are interchangeable.

Define damped harmonic oscillator; find time period and frequency for under damping oscillation. .

Define interference. Show that interference in thin film due to reflected and transmitted light are

complementary.

OR

What is double refraction? Obtain the mathematical relation for linéarly, circularly and elliptically

polarized light.

. Define diffraction. Derive the intensity diStribution pattern of single slit due to diffraction.

What is the importance of laser? Discuss the laser action of He-Ne laser with labeled diagram.

The maximum Pressure Variation that the car can tolerate in loud Sound is about 20 N/m?. If normal
atmospheric pressure is about 10° Pascal what is the corresponding maximum displacement for sound

wave in air of frequency 1000Hz. (density of air 1.3 kg/m’and velocity of sound in air is 343 m/sec).

Two thin converging lenses of focal length 20 cm and 40 cm respectively are placed Coaxially 10 ¢m
apart. An object is located at a distance 48 cm from the first lens. Find (a) Position of image (b) Position

of principal point and (c) position of focal points.

Light is incident normally on a grating 0.5 cm wide having 2509 lines? Find the angle of diffraction for
the principal maxima of two sodium line in first order spectrum. (A; = 5890 A, A, = 5896A). Are the two

lines resolved?

A circuit has L = 10mH and C = 14F, How much resistance must be inserted in the circuit to reduce the

(undampeped) resonance frequency by 0.01%?

Design an electric- quadrupole. Derive the electric field intensity at point on the axial line of the
quadrupole. ‘
OR

Derive an expression for the potential at any point due to an electric dipole.

An air filled parallel plates Capacitor has a Capacitancé of 1.3 pF. The separation of the plates is doubled

and wax is inserted between them. The new Capacitance is 2.6 pF. Find the dielectric constant of the

wax.



11.

x2.
13.
14.
15.

16.

Define resistivity. Discuss Atomic view of resistivity and show that ¢ = m/ne’t. Where symbols carry to

their usual meaning.

what is the magitude of m%agneiic tield n=edea to be accelerated in the cyclotron? (mg= 3.34X1 0%kg) -

State & explain Hall Effect. Derive an expression for Hall coefficient for an Electron.

A circular loop of wire 10 cm in radius carries a current 100 Amp. What is the energy density at the

. center of the loop?

Prove that the speed of electromagnetic wave is equal to velocity of light in free space.

Derive an expression for one dimensional time independent Schrodinger wave equation.

OR

Define tunneling effect and derive the expression for transmission coefficient for a barrier of width a and
potential of height V.

]



