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Answer 1o the two Sections must be written in two separate answer books Max. Marks: 100

o baires 1o the nght indieate marks

I accessany . assume data with appropriate justification
ol nann constant ky = 1.38 « 10 *' J/K; Planck constant b= 6.63 x 10 o
@ felectron m, = 900 x 10 " kg, mass of proton = 1.67x 10 kg
er ity of free space €5 8 85 = 10" coul’/N-m’, permeability of free space po = 4% x 107" N/A?

SECTION-I

Answer the following questions by choosing the most appropriate option from the given [10]
shuices. Write the answer to these questions in the Table form shown at the end of the paper.

Which of the following pairs of light sources are coherent?

1C
A two headlights of a car (B) one point source and its image in a plane mirror
'C two pinholes uniformly illuminated by (D) two candles
k2 same point source.
Ia - Michelson interferometer set up with a light source of wavelength 500 nim, the movable mirror is
dic loced through 0.025 mm. The number of fringes that crosses the field of view will be
(A) 100 (B) 50 (C) 150 (D) 200
W or 4 diffraction grating is illuminated with white light, the first-order maximum of green light

(A i closer to the central maximum than that of blue light.
B s closer to the central maximum than that of red light.
C o criaps the second order maximum of the red light.
‘[ cseriaps the second order maximum of blue light.
If i width of the slits in a diffraction grating and b is width of the opaque space between the slits,
th second order in the diffraction pattern will be absent if
(A)c=2b (B)2a=b (Ca=b (D) None of these
In » caicite crystal, the angle between any two faces meeting at a blunt comer is
(A) acute (B) obtuse (C) right-angle (D) None of these

['wo lincarly polarized light waves, x = asin(wt + &) and y = b sin(wt) are superposed. The

re. Juant light wave will be circularly polarized if
(h6=m a#b (B)E=m a=b (C)6=§;a¢b (D)5=E:a=b
Wi ¢ one of the following statement is NOT true for a laser?

(A kate of emission must be greater than rate of absorption

(B) L tetime of electrons in metastable state is of the order of lew ms

(C) Ruby laser is a continuous laser beam,
([ Kete of spontaneous emission must be lesser than rate of stimulated emission

M. radistion in laser cavity obeys
(1) Planck's radiation law  (C) Wein's law (D) None of these

(£ Faylcigh-Jeans law
W01 of the following components is responsible for the rectification action in a rectifier?

(A capacitor (13) load resistance (C) transformer (D) diode

Whicn of the following is true?
(/. Solar cells are lemperature sensitive.
(E Most of the solar cells give above 50 % elficiency.
(€ Soar cell is not a photovoltaic device.
(L Solar cell requires external de source for operation.
[P.T.O.]
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cribe the set up to obtain Newton's rings. Derive the "'xPrL.bSIU{: i

Al does this equation suppest s . characteristics of the rings’
| geest about the charac sketch of the normal

2 ad . " . A w -

o e the differences between interference and d,[TraLllon? iy the types of diffraction?
criierence pattern and the diffraction pattern for a single sht. Ylieh ate =

S-1ibe each of them in brief.

¢ diameter of dark rings. .

physical meaning of each

fine the dispersive mLAN UL L E- ate the .
Persive power and resolving power of a grating. St and resolving

L "“”_Ul’v‘ed in the expressions. Explain the differences between dispersive power
wer ol a grating b
two independent experiments, He-Ne laser beams are incident normally on a g’lass slab m:: » ]s‘bs
caleite erystal. What will be the difference in the pattern when the beams coming ou? of the sha .
vcllected on the screens? What is the reason for the difference? What is the function of a ha
ve-plate? How can it be constructed using a calcite crystal?
:plain the difference between spontancous emission and stimulated emission. Derive the
pressions giving the relationship between the Einstein's coefficients.
 lich are the types of solar cells? What is DSC? Define the Fill Factor and Efficiency of a solar cell.
+ Lt could be the maximum value of the fill factor? Obtain the relationship between the two. Draw a
etch of IV characteristics of a solar cell indicating the maximum power rectangle.

Answer any FOUR of the following: [20]

- taun film having an index of refraction of 1.5 is surrounded by air. It is illuminated normally by
vte hight and is viewed by reflection. Analysis of the resulting reflected light shows that the
velengths 360, 450 and 602 #m are the only missing wavelengths in or near the visible spectrum.

o What is the thickness of the film? (ii) What visible wavelengths are brightest in the reflected

nierference pattern?

<-rays of wavelength 10 A is incident on a laboratory diffraction grating with 15000 lines/inch. Can

we 2ot the diffraction pattern” Explain your answer. What should be the grating element to get 3
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_ers o the diffraction pattern of X-rays? Comment on the answer regarding such a grating.
sose a telescope with an objective lens of 5 m diameter is constructed on the dark side of the
n. The viewing there (except for brief periods of sunlight) would be excellent. What would be the
Cration between two objects that could just be resolved on the planet Mars in 500 nm light? The
1o to Mars at closest approach is 8.05 x 107 km.
(.ckness of a quarter-wave plate for a light of wavelength A is 14.7 Hm. What will be the
“lne s of a half-wave plate for the same light? For the material used in the both plates z4, = 1.55

nd 4 = 1.54.
‘rom a ruby laser (A = 694.3 A) has an average power of 10 MW and lasts 1.5 ns. (i) What is
energy of the pulse? (ii) How many photons are emitted in this pulse?

pulse
total
diodes used in a bridge rectifier circuit have constant forward resistances 1Q and infinite
ssistance. The ac supply voltage is 220 V r.m.s. and load resistance is 480 Q. Calculate 0]
4 current and (ii) power dissipated in each diode.

four
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SECTION-II

iower the following questions by choosing the most appropriate option from the given [10]

:-- ~es Write the answer Lo these questions in the Table form shown at the end of the paper.

s of the Tollowing statements for the ultrasonic waves is true?
rley travel faster than the audible sound waves in air. -

are Iongitudinul Waves.

it frequency between 200z 1o 20kHz.

) They possess

) They can travel in the vacuum.
P L
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: ing a f : xpressed as a gradiey,
(b)  Pooethata vector £ = yzi + zxJ + xyk representing a force ficld clan bcfe fg iRy
a o 1 Also obtain P and div(F). Give your comments about the force e ' ,
¢ the differential form this law in terms of

(c) St Faraday's law of electromagnetic induction. Deriv

the ccetrie and magnetic fields. e
: , - i jonal cube o

(d)  Wrie the expression for energy of an electron trapped permanently in a three dlmcn: of exlball
volume 1O nm’. Caleulate the energy emitted by the electron (in ¢¥) and wavelengt
wien (e electron makes a transition from energy state Exjz to Ej ).

() A Lietmocouple has a linear sensitivity of 30 pV/°C, calibrated at a cold junction temperaiurc Cffo
*C 11 s used to measure an unknown temperature with the cold junction temperature of 30 °C. Find
the actaal hot junction temperature if the emf generated is 3.0 mV.

(0 A vessel of 6.2 liter volume is evacuated using an exhaust pump with minimum attainable vacuum
of 107 torr. If the pumpin% speed is 800 em’/s, calculate the time taken to reduce the pressure in the
vessel from 760 torr to 107 torr.,
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Write (he uaswers to Q.1 and Q.4 in the following format:

Q. No. iI{ -J_-EEEL
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Orly one clioice for each answer is permissible.
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Ultrasonic Waves, when used |1

human body. Which of the l‘::tll::\r\-::': PUTPOse of diagnosis or therupy, pass Mvomgh e ooy parts oF
(A) It will travel faster i the bon, bl
(H‘) 1t will traye) faster in the mu
(C) It cannot travel in the bones
(D) It cannor travel in the muscll-:'s

€S compared (o the muscles,
scles compared 1o the bones.

(%) The continuj .
nuity ¢ b :
¥ €quation in the clectrodynamics represents the law of conservalion of

(A) energy B) lines .
" : .( ) linear momentum (C) angular momentum (D) electric charge
For a conservative force field ()
AV-F= Vx F v
. (MV-F=o B)VxF=0 (OVF=0 (D) None of these
The speed of the electromagnetic waves in a free space is equal to
(A) ViiE (B) 1/yue (©) JHo€o (D) 1/y/ko€o

L) (“\})‘3.: }5 I‘:‘-‘ degeneracy of groum! state energy of a particle trapped in three dimensional box?

A) 2 fo (B) 3 fold (C) 4 fold (D) ground state is non-degenerate
1 Which of the following equipment works on principl i i

principle of quantum mechanical tunneling?

(A) TEM (B) ST™ (C) SEM (D) XRD i
(%) Which of the following uses electromagnetic radiation from hot object/region for non-contact
lemperature measurement?
(A) graded mercury thermometer (B) bimetallic strips
(C) pyrometer (D) thermocouple
Which of the following forms of temperature sensor displays significant nonlinear change in its

resistance with temperature?

{A) platinum resistor (B) thermocouple
(C) thermistor (D) bimetallic thermometer

(1) Which of the following is working principle of diffusion pump?
(A) transfer of momentum  (B) positive displacement
(C) gas entrapment (D) mechanical displacement

(.5 Answer any FOUR of the following: [20]
(1) What are the differences between the ultrasonic waves and the electr_umngneﬂc ‘wuvu? wmm the
Jifferent principles for the production of the ultrasonic waves? Explain any one(just the principle).

(b, State and prove the divergence theorem.
Write the Maxwell’s equations in differential form. Which basic law of electricity and/or
g cach equation repm;lqts? What is Maxwell’s contribution to these equations? What is its physical

significance? . . :
Starting from plane wave solution of standard wave equation, oblain the time dependent Schrddinger
mainly used (o design thermometers? Describe the
or an exhaust pump. Derive Gaede's equation for the

it i
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2. Figures to the right indicate marks.
3. If necessary, assume data with appropriate justification
Data : Boltzmann constant ke = 1.38 x 107" J/K: Planck constant h = 6.63 « 107" 14
mass of electron m, = 9.1 x 107" kg, mass of proton = 1.67x 107" kg
permittivity of free space €,= 8 85 « 10~ :

coul’/N-m?, permeability of free space jiy = 471 < 10 A
SECTION-I
Q.1 Ansﬁwer the. following questions by choosing the most appropriate option from the gziven [10]
choices. Write the an

swer to these questions in the Table form shown at the end of the pap=r

(1)  Which of the following does not use the principle of division of amplitude for obtain nz o' crent
sources?

(A) Michelson interferometer (B) Fresnel’s biprism  (C) Newton's rings (D) All of these

(2) In the Newton’s rings experimental set up, the diameter of 4"

A s dark ring is found to be 0.25 =m The
diameter of 16" dark ring would be
(A) 0.50 cm (B) 0.125 cm (C)0.75 cm (D) 0.625 cm

(3) A beam of white light is incident on a diffraction grating. The angle of diffraction will be ‘argest for
the color
(A) violet (B) green (C) red (D) yellow

(4) If the diameter of the objective lens of a telescope is reduced to half, the resolving pove- af 12
telescope will be
(A) the same (B) halved (C) doubled (D) None of these

(5) Which of the following is true for the magnitude and the orientation of the electric field ve tors in a
circularly polarized light?

(A) the magnitude and the orientation both vary continuously.

(B) the magnitude changes and its orientation remain same.

(C) the magnitude remains the same and its orientation changes.

(D) the orientation remains the same but nothing can be said about the magnitude.

(6) Nicol’s prism works on the principle of

(A) reflection (B) selective absorption (C) interference (D) doubl= refraction
(7) The light from a laser source is considered to be monochromatic because all the emitted photons

(A) are in phase (B) have same energy

(C) have same amplitude (D) are in the same direction

(8) In CO; laser, population inversion is achieved by . : _
(A) electrical pumping  (B) optical pumping (C) chemical pumping (D) Xeray prniving

(9) The peak inverse voltage (P1V) of a diode in rectifier circuit is
(A) maximum voltage that can be applied across the diode in the non-conducting direction
(B) maximum voltage that can be applied across the diode in the conducting direction
(C) voltage corresponding to rated maximum voltage
(D) none of the above.
(10) Solar cells work on the principle of

photoelectric effect (B) stimulated emission
gg.mm recombination (D) photovoltaic effect

[P.1.0.]
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Q.4 Answer the following questions by choosing the most appropriate option from the siner  |[18)

)

)

'{. ]
Answer any FOUR of the following } fh ”(;W 120)

Where are anti-reflection (ilms used? Derive (e equations 1o determine the thicknes he lm and
the refractive index of the material 1o be ysed for the (il

Write the equation for a diffraction grating which gives the condition (or obtaining prircinal maxima

in the diffraction pattern. State (he physical meaning of each term in the equat on Derive the
expression for the maximum number of orders that can be obeerved Iso, obtain t ndition for
absent spectra in the diflraction pattern.

Define the resol mg power of a telescope and a microscope D the lactor :ontrol the
resolving power of o telescope and a microscope

Describe the l‘l'IL‘IlUIHL‘ImT\ of double refraction. xplain ||||‘.;.IL':;"-, theory for doubsle ¢ )

What is population inversion? How is if attained in (i) Ruby laser, (11) He-Ne laser an Cly laser
What 18 the role of I'nil!'t‘t'b.r"rcncclint_- surtaces in these lasers?

Describe the construction and working of half-wave rectifier with necessan L
expression for the efficiency of this rectifier. What will be the maximum efficic ney

Answer any FOUR of the following: s
In a double-slit experiment with a monochromatic light, interference fringes are obiained on a screes
placed at some distance from the slits. i the screen is moved by 0.05 m towards the slir, thic change ir
fringe width is 3x10™°m. (i) If the distance between the slits is 107°m, calculate the wave'cngih of the
light used. (i) When the screen is af a distance 10 cm from the slits, a thin transparent slate ¢
thickness 0.05 cm is introduced in the path of one of the slits. 1t is found that the interferonce patte
shifts by 0.5 cm. Calculate the refractive index of the plate

A lens of focal length 100 cm forms a Fraunhoffer diffraction patiern of a single slit 57 widh 004 ¢

in its focal plane. The incident light contains two wavlengths &, and 4> It is fourd that the fourrs
minimum corresponding to A; and the fifth minimum correspending te A- occur at the <am e point 0.3
cm from the central maximum. Calculate X, and }...

Find the minimum number of lines i a plane diftraction grating required 1o just resolve the sodign:
doublet (5890 A and 5896 A) in the (i) first order and (ii) second order.
Two plane-polarized light waves with amplitudes a and 5 are superposcd on cach oo T} pha

difference between them is 8. What will be the nature of the polarization of the resul'ast |1 at “vave
(i) 8 =0, (i) 5 = m/2, (iii) 3 = n/2 und @ = b7 Explain using an appropriate equation.

A laser beam has a power of 50 mW. It has an aperture of 3 x 10 m and wavelength 7000 A, A bea:
is focused with a lens of focal length 0.2 m. Calculate the arca! spread and intensity o7 the nage.

In the bridge rectifier circuit, the primary to secondary turns ratio of is 4. The load resisines is 20
0 and the input ac voltage is 230 V with a frequency of 50 Hz. Find (i) dc output o tage, (1) poed
inverse voltage and (iii) output frequency. The diodes are assumed Lo be ideal.

choices. Write the answer to these questions in the Table form shown at the end of the paper,

The speed of the ultrasonic waves in vacuum is cqual to

i alr imes greater than the speed of aud ble sour iv air
speed of audible sound inair  (13) 20 times greater than the spees i i
%3))::0 : (12) 20 times smaller than the speed of audible sov ot in air

The frequency of ultrasonic waves produced by magnetostriction method is g 1 e length of the
ferromagnetic rod is L. Il the length of the feromagnetic rod is reduged 10 L2 and necessary
changes in the circuit are made, the frequency of the ultrusanic waves produced will be e val e

A2 (1) 2/ (©)/ (L) i
12l
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The concept of dispiacement eurrent introduced by Maxw el indicat

(A) the current passing through the s lator when the electoe feld | iy b e
(B) the current passing through the conductor when the magnetic fiel NIk

(C) that the changing magnetie field produces an electnic Held

(D) that the changing ¢lectoe field produces a magnetic field

.m o‘“‘f ﬁ""l\“ mg sel l'lf eql."lllnn\ "-‘F'“"{.‘l"( the {".]lr‘lll!'fl ol o n of the le
waves in free space”?
M

(A\FE - tou\,%:-;-f =0 VH+ Eglig =5 = 0
(B]wﬁ-f tguo%’::—f = 0, F + zoup%;i =0
1C]V‘E+t,uoﬂm'-,§= 0,778 + znu°§= 0
(D) P2xE + zauo%:-fi =0 F2xH + sﬂuo%f‘: =0

The wave function for a particle must be normalizable becaise
(A) the particle’s charge must be conserved.,

(B) the particle’'s momentum must be conserved

(C) the particle’s angular momentum must be conse/ved.

D) the particie must be somewhere.

Which of the following 15 the kinctic energy operator in one dimension’

( (.2‘ Ezdz 4z 42 A g2

S 2mdx (B) 2mdr? () 2mdr? /s 2maxt

An electron trapped in a box is in the ground state where its energy 1 2 V. Considering one
&imensional case. its encrgy in the next higher level would be closest to.

(A)50¢eV (B3) 10.0eV (C)12.5eV (D) 150 eV

Radiation pyrometer is normally used for temperature range
(B) between 0 “C w 300 °C

(A) below 0 °C
(C) between 300 °C to 800 °C (DY more than 800 €

Conductivity of an NTC scusor will increase 1l
(B) temperature remains constart ‘of Tong tir

(A) tempersture increase:

(C) temperature decreases (D) temperature reaches zero “(

mnrounorumm: 120
ltrasonic waves it solid, liqui¢ n v modiom

m-cmwwmwm -
mwﬂnﬂmm&hmmﬂumw waves in NHz rge

mﬁMhMIWWMMhmMN (i .-uin}ml
db-qmmn.orm-u_mmm curl of 8 yestor ikt F ma
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Q.6 Answerany FOUR of the following (20

(a) A piezo-electric crystal of Young's modulus 79«10 N/m? ard density i Yy naving
P . -
frequency o ¥ Pe e ad

thickness Imm is vibrating at its resonance frequency Calculate ¢!
to produce ultrasonic waves.
r for . magnetic

) With the help of Maxwell's equations in free space, derive the wasv e squatics
waves propagating in free space in terms of electric field vector(E ). Prove that ! ec’ of these

waves is equal 10 the speed of light
«©) For a vector field B = (yz?)i + (xy)] + (y2)k, prove that div(curl 7 1 = 0

(d  An electron is permanently trapped in a box of width a. Write the normalize 09
function for the electron. Caleulate the probability of finding this electron detwe

compare it with classical analog. '
= - T

15 rnal wave -
5a and

(¢) A 3.0 liter chamber is to be evacuated from atmospheric pressure (/60 Torr) (o] se zonds %
Considering the leak rate of 20 cm’/s, estimate the required pumping speed. a
()  The resistance of a platinum resistance thermometer is 4.2 £ and 4.9 L at and 100 °C *
respectively. Calculste its resistance at 80 K and 120 K. ‘
TA R TR R R L
Write the answers to Q.1 and Q.4 in the following format:
eN |l O | @ | ® | ® &  © M | ® ) (10 |
Ans. [

Odyonmﬁrwhmil permissible.
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1. Answer to the two sections must be written in two separate answer books
2. Figures to the right indicate marks.
s (h= L - 3 1
< l_)_!_t_&(h' (“f‘ \. 107°)s; me=9.1x 10 kg'. k=138 x 10“ JVK::Wien's constant=2 9 x |0 mK)
4. Answer MCQ in a table. Just an example:

1{Al11]|c[21]B]
2[B[12(D|22[D
3 II}' 2_1_1__

Section-1

Instructions:

Q-1 Choose the correct Answer. Each question carries EQUAL marks. 25

1. The energy of a one-dimensional harmonic oscillator in the first excited state is?
3hw Shw

hw
@wo ®me ©O3F O
The relation between coefficient of reflection R and transmission T for a particle
incident on a potential step with energy E greater than height of the step is
(A)R=T (B)R+T=0 (C)R+T=1 (D) R=%
3 In Kronig-Penney model of electrons in a linear lattice if the strength of the
periodic potential increases, the width of the allowed energy band
(A) Increases (B) Decreases
(C) Remains constant - (D) None of these
4. Suppose the energy near the valence band edge of a crystal is given by £ =
— Ak?, where A = 1073%/m? . The effective mass of the electron is given by

(A)5 x 107%%g (B) =5 X 10~31kg (C) 5.5 x 103 kg (D) =5.5 X 107*°kg

e

S In the approximate expression of Tunneling transmission probability T =
e~ 2kzL_the expression of k; is given by
JZm(V- J2Zm(V=E
(A) k, = 2L B) k, =
- 2m(E-V
(© kg 222 Zm(E V) (D) k; = __———J?;_j
6. The reflection coefficient of reflection for a particle incident on a potential step
with energy E less than height of the step is
1 1
(A) 1 (B)0 (€) 2 (D) 3

7. Photons obey which of the following statistics
(A) Maxwell-Boltzmann (B) Fermi-Dirac (C) Bose-Einstein (D) None of these

8. The Fermi-Dirac distribution function is given by

(A F(B) = zezemry ) 1) = Gz
(© f(B) = amims (D) f(E) = sagemi—s

9. Three particles are to be distributed in 4 levels a, b, ¢ and d. All possible ways ©
distribute them if the particles are Bosons is
Page 1 of $7
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10.

11,

12.

13.

14.

15.

16.

17.

18.

19,

20.

21.

- ') 64 (D) 20 ol
A) 10 (B)4 ((J'ﬁ_ " b it
S['i'n): wavelength corresponding to the maximum energy for blackbody radiatio

at 2000 K and 5000 K respectively are
(A) 580 nm and 1450 nm (B) 1450 nm and 580 nm

(C) 1540 nm and 850 nm (D) 850 nm and 1540 nm . ‘
Copper contains 8.5 x 1073? free electrons per cubic meter. Assuming free
electron model, the Fermi energy for these electrons is

(A) 7.03 eV (B) 100 eV (C) 0.005 eV (D) None of these
Einstein’s specific heat model reduces to classical Dulong-Petit law at

(A) Low temperature (B) High temperature

(C) Room temperature (D) None of these

Free electrons do not contribute to the specific heat of solids because

(A) Of the energy distribution of Fermi -Dirac (B) They are free
(C) They are not Bosons (D) None of these
In p-type semiconductor, accepter level forms near

(A) Conduction band (B) Valance band
(C) At the center of the band gap. (D) None of these
When the scattering in metal is isotropic, which of the following is true:
(A)Relaxation time is larger than mean collision time

(B) Relaxation time is smaller than mean collision time

(C) Relaxation time is equal to mean collision time

(D) Cannot compare relaxation time and mean collision time

Electrical resistivity at very low temperature is essentially determined by
(A) Lattice vibrations (B) Imperfections

(C) Impurities (D) Both impurities and imperfections
The transition temperature of superconductor

(A) Increases with increasing isotopic mass

(B) Decreases with increasing isotopic mass

(C) Independent of isotopic mass

(D) Decreases with decreasing isotopic mass

The Meissner-Ochsenfeld experiment requires the characterization of a
superconductor by

(A) p=0 (B) B=0 (C) E=0 (D) Both a and b

For a superconductor the relative permeability is

(A) Very large (B) Positive  (C) Negative (D) Zero

In semiconductors, in equilibrium at temperature T, the rate of recombination

depends on

(A) Density of holes ((g; Emity of electrons

(B) Only temperature - troduct of density of holes and e]

In the metals, the relaxation time which damm fhe o onductivity rei‘ ;:t::ns
(A)Drift velocity (B) Diffusion velocity _

(C) Fermi velocity ”'(D)iﬂ’mn"d"ﬂﬂy el
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22. I'he Einstein’s relation between the diffusion constant and the mobility
= (AD = ,u.k,,T (B) D = ukpT? (C)D = HkgT? (D) D = ukyT*
23. At very high temperature p-type semiconductor behaves as
(:fﬁ)n-type seml_conductor (B) Intrinsic semiconductor
" (C) p-type semiconductor (1)) Super-conductor
24. In p-type semiconductor which carry no electron or hole current. the excess

electron density will disappear with time.
" (A)Linearly (B) Quadralica!ly (©) Expuncnlially (D) r}lgebraicall}'
25.  The work function of the semiconductor is the energy required to extract an
electron located at
(A)Center of the band gap (B) Fermi level
(C) Conduction band (D) Valance band

Attempt ANY SIX. Each question carries TWO marks. M

L Explain in short, the Rayleigh-Jeans law for the blackbody radiation. Also
explain why it fails?

2. What were the basic assumptions of Planck’s blackbody radiation law in
comparison to that of the classical approach that led Planck to get the correct
distribution to match with the experimental results?

3. What are allowed and forbidden bands? Use them to explain the difference
between semiconductors and conductors and insulators.

4. Derive Einstein’s specific heat of solids formula. Explain in short, the Debye
theory (only in words).

5. What is the difference between mean collision time and the relaxation time? In

which cases are they likely to differ?
What is the evidence to show that the electrons transfer energy to the lattice due

6.
to collisions? ‘ ‘
7 Super-current in a wire flows only on the surface of the super—coqductmg wire.
Why.? . -
8. Comment on the expression: 27 | P(0) sin® d® = 1. What is the nature of P(8)
in case of the electron scattering in metals?
Attempt ANY THREE. Each question carries THREE marks. 09
1 Explain the Tunneling effect of quantum particles in detail. Write any two

applications of the same. -
2 lef;asc of particle incident on a potential step V with energy E less than the -
- potential V, define and derive the expression of the terms ™ Leakage Probability
and “Penetration Distance”.
3. What is Bloch theorem. Use it
bands.
4. Startin

to describe the Kronig-Penney model of energy

g with F(t), the probability of electron to remain uncollided for time t,
Page 3 of § '.’] .
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of the mean collision time. State the assumptions involved.

of Pb is 7.2 K. However, at 5 K, it loses the
- 4 o

a magnetic field of 3.3 x 10* A/m. Find

il'_\

obtain the value
5 The transition temperature
superconducting property if subjected to
the maximum value of H which will allow the material to retain

superconductivity at 0 K.

Q-1V Attempt ANY ONE. Each question carries FOUR marks. 04
1. Explain the three different types of statistics of particles. Write and explain at .
Jeast 5 major differences between them. . .
7 5 Show that the number of free electrons in an intrinsic semiconductor is given by
n;, = constant exp(-Wy /2kT), where the constant may depend on temperature.
Section-1I
Q-1 Choose the correct Answer. Each question carries EQUAL marks. 25
1. Find the magnitude of ~ for a dielectric material in which E = 10MV/mand =
5.
(A)8295x 10705 (B) 8295 x10°
(C)5.295x 1070 (D)5.295x 107° =
2 The magnitude of induced dipole moment in an atom or molecule is ?
(A) proportional to the applied electric field '
(B) inversely proportional to the applied electric field ‘ .

(C) proportional to the square of the applied electric field
(D) inversely proportional to the square of the applied electric field

3. Curl of magnetization (T)isequalto___.
(A) bound surface current density
(B) free surface current density
AC) bound volume current density

(D) free surface current density
4. A long solenoid with 40 tuns/cm has an aluminum core and carries a current of

2A. Calculate the magnetization developed in the core. The magnetic
susceptibility of aluminum is 2.3x10°
(A)0.18 A/m (B)0.0018 A/m (C)0.1 A/m (D) 0.01 A/m
5. The equation VX H = sﬁis valid in
(A) Dielectrics in the presence of steady state current
(B) Dielectrics in the presence of time varying current
(C) Dielectrics when current is zero
(D) Only conducting medium
6.  Theterm [(Tx ). represents___
(A) the electromagnetic energy stored in volume V

Page 4 of"gf. -
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(IE) the rate at which energy flows out of the bounding surface §

(C) the rate at which energy is dissipated in the form of Joule heat in the ¢
volume V ' |

(D) None of the these

7. Poynting’s theorem is the statement of for electrodynamics.
(A)conservation of momentum (B) conservation of energy
(C) work-energy theorem (D) None of these

8. Diagonal terms in Maxwell’s stress tensor represents sisbgal
(A) pressure

(B) shear stress
(C) electromagnetic energy density
(D) momentum carried by electromagnetic field

9. Unit of Poynting’s vectoris .
(A) Watt / sec (B) Watt (C) Intensity / sec (D) Intensity
10.  The power of the electromagnetic wave with electric and magnetic field
intensities given by 12 V/m and 15 (V-sec /m’)is .
(A) 180 (B) 120 (C) 90 (D) 45

1. Consider D = (10xi— 4y]+ kz k) -:-’n% and B = 2j mT. To satisfy the Maxwell's
equation for region o = 0 and p = 0, the value of k will be___.

(A) -8 uC/m’ (B) -6 uC/m*  (C) -4 uC/m’ (D) -2 uC/m?’

12. The electric field in the electromagnetic wave passing througlf a dielectric
medium is given by E = 500 cos( 1.2 X 10’x — 2.04 X 10%°t) j, where all
quantities are in SI units. What will be the relative permeability of the medium?
(A) 2 (B) 5/3 (C) 413 S o1

13.  An electron is thrown perpendicular to tht_: magnetic field then
(A) magnetic field will not affect the motion of an electron.

(B) electron will move in the same d1rec'llon .wnth increasing ‘rnomentum
(C) electron will move in the opposite direction with increasing momentum

D) electron will start moving in a cirr;le. . !
14 (Wl)len an electron passes from the region of lower potential to higher

potential :
(A) it accelerate
(B) it accelerates

s and bend towards normal
and bends away from the normal

< all
it accelerates but doesn't bend at
8 :Zt Z‘:Jesn’t accelerate but bends towards normal
Lagran, oltz theorem . . . .
- (A) smgg g:l::zgular magnification is directly proportional to the linear

i nservation of energy in goomeu-icgl optics
% :2 fhal:olt:li%f::tside paraxial region without additional proof
(D)ellelthe BEL_; main factor causing decrease of resolving power?
e K‘;’mfm t(hné") oma (C)astigmatism (D) spherical aberration

.
-
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17. Incase of a ten-stage electron multiplier tube having o=2, the approximate total

amplification factor n = :
(A) 10° (B) 10° (€) 10° (D) 10°
18, In electron microscope. spherical aberration increases
(A) linearly with aperture angle (B) as square of the aperture angle

(C) as cube of the aperture angle (D) as fourth power of the aperture angle
19.  Focusing effect of longitudinal magnetic field can be used for
(A) electron-optical imaging (B) mass spectroscopy
(C) electromagnetic separation of isotopes (D) both (b) and (c)
20.  The relation between the velocity of charged particle (of charge e and mass m)
and the potential difference is

(A)v=E B)v = fz—nfi (C)v=2E Dv= |=

21.  IfF1 and F2 represents the principal foci of electrons moving from right to left
and left to right respectively between two coaxial cylinders with potentials U1
and U2 (such that U2>U1) respectively then
(A)FI>F2 (B)F2>F1 (C)FI=F2 (D) None of these

22, For electrons moving from the source in axially symmetric electric field and in
paraxial approximation
(A) the diverging paths have smaller curvature
(B) all paths have same curvature
(C) the diverging paths have larger curvature
(D) the diverging paths may have both have smaller and larger curvature

23.  For electrons moving in axially symmetric electric field and in paraxial
approximation, if f1 and f2 represents the foci on both sides of the lens for the
different potentials then the relation between focus and potential is

n_ |»n 8- m B0 r_n
(A)F—j% (B)ﬂ- U2 (C)!z vz (D)Tl- =
24.  For electrons moving in axially symmetric magnetic field, the focusing effect
will happen
(A) depending on both the direction of field lines and the initial velocity of
electron

(B) depending only on direction of field lines

(C) depending only on the initial velocity of electron

(D) irrespective of both the direction of field lines and the initial velocity of
electron

25.  Which of the following is false for electron microscopes?
(A) Have greater resolution with respect to optical microscope
(B) Works on the principle of de-Broglie wavelength of electrons
(C) Contrast is d by difference in abst at respective points of the
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What are 1 .

L . ‘]l'lc’“"]) Mastrina’ ik ’ . . 4
‘ S lelectrics? Obtain the relation between Displacement field D
and polarization P.

Explain the : :
et 4 [ & 8) TQ1( n L7 A . 1 . :
I physical significance of bound current and obtain the relation

;’;(:::C;i;;:l{l:;;‘esh;&und ‘cunb'r:nl.density (J'b). a_md mugncli'.z,ulit:-n (M). | )
ik quations will be modified when Electromagnetic wave is

Propagating in loss free linear dielectric medium?

Newton’s 3rd law is not obeyed in electrodynamics. Explain the statement.

The motion of slow secondary electron towards the surface of emitter strongly

depends on whether the emitter material is metal, semi-conductor or insulator.”

Explain the given statement in regards to electron multiplier tube.

State and prove Bethe’s law for electron refraction.

A diverging magnetic lens is impossible to design. Explain the given statement.

Explain how dark field image yields microphotographs of an object with higher

contrast compared to bright field image.

Attempt ANY THREE. Each question carries THREE marks.

A short cylinder of radius ‘a’ and length ‘L’ carries a uniform polarization P,
parallel to its axis. Find the bound charge, and sketch the electric field for

(i) L>>a(ii) L <<aand (iii) L ~ a. '

A plane electromagnetic wave with angular frequency w =5 X 10* rad/s
travels along the direction ~ 42 +~ in a medium with relative permittivity
2.25 and relative permeability 1. The electric field has an amplitude of 10 V/m.
Write an expression for a possible electric field as a function of x, y, z and t.
Electric field between the plates of the parallel plate capacitor is in x-direction.
write down the Maxwell’s stress tensor for given situation and find out the
pressure felt by negative plate. | .

An electron beam is incident at an angle of 400 with an interface betx.vecn
potential of the regions is constant and are respectively
0 V. Assuming the electron to be at rest when potential
of refraction and corresponding refractive index.

the accelerating voltage used is 10KV. If the aperture
calculate the limit of resolution of

two regions. The
U1=1000 V and U2=110
is zero, calculate the angle
[n an electron microscope,
angle is of the order of 1/10th of a degree,
such a microscope.

Attempt ANY ONE. Fach question carries FOUR marks.

nservation of momentum in case of electrodynamics.

; i co .
Obtain the equation of Itz equation in electron OpUics.

Derive Lagrange Helmho

09
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3. Boltzm: M i+ o= 0 f
. Boltzmann corstant; k=1.38x10"" J/K, Planck’s constant: h=6.63x10 Js

SECTION -1

[ A "'_‘EL'JE':E‘]" S :g‘.__i|] brief. ) 16

| @) | Deline barricr sotential =

) | Give equatic 1 or zero point energy
i l_l_)g_tjnc Ferm, cnergy
R TR AT S P R ; Tat ; i i

What is the Jil erence between mean collision time and the relaxation time?

o) Explain con v tors and semiconductors using band theory

1 | Write Schroe linger equations and solutions for all the three regions of a barrier potential. {710

N

“ind rms specd of O, at 30 °C (mass of O, m=5.31%107° kg)
R 5

v i X T T
Gl ™

Q2 | : | Cempare M ~vell-Bolzmann, Bose-Einstein and Fermi-Dirac statistical methods with o | 8
L i S gienampics S 2
| L) | Foran ideal sus derive the formula for the average molecular energy. T 07 S
T
| Q. 3 | Answer the follawing: w17
a) | Derive an copression for conductivity of metals and explain its vaﬁalionﬁ
| itemperaturC. s i
' b) | The critical ficld for niobium is 1 x 10° A/m at 8 K and 2 x 10> A/m at 0 K. Calculate the 3
| | zansition temperature of the element.
; f L OR .
Q.3 I Answer the following: . 17
") 1 Obtain Silsbee's rule for maximum current carried by a super-conducting wire.
| L) | Tie electron 21l hole mobilities in a silicon single crystal at room temp are reSpcctwely‘ ;
J 017 anc 0.02¢ 1 */volt-see. Find the diffusion coefTicients of electrons and holes. $
s Figs SECTION - 1I '
: W
{ [ Answer t ing in brief: 16
Q.4 [ Answer the following in brief: . - 3
+) | Witz expressions for surface and volume bound currents in terms of magnetization. .
e ——— T T 4
h) | Exolain I)o]%:lbl'lly of a molecule. =
2) | State the Gauss s law for dielectrics. -
J) | What are lincar diclectrics? Show that & = 1+ . ._
b o= i 3
e) | Explain Lorent force. ) -
0 | Calculate the wavelength of an electron under a potential difference ?lf 10kV.
) | Explain why short focal length magnetostatic lenses require short coils. _ e
; i . “ssion decreases at higher energies,
. h) | Explain why in melals secondary electron emission cases 2.
.| inci yri eolronsS2e - Ry it S e
e || | ncident primary clenoRbe A
{ AR A " : i > g

P
poinaty
[ o )
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b)

c)

) | What is the working principle of oplical fibers? Explain the terms (i) critical angle (ii) |
a) | How dc ) arization current arise in a diclectric? Show that the polarization

B) | Derive 11 =<plain the integral as well as differential form of the work-energy theare

| ¢) | Caleulate th= thickness of silver coating to be done for a microwave experiment to

| 1L IVIATTATCAJDA O ) AN Sreme & ==e e . £ g i 7“- ii
S 5 ¢f BE_| (Comp.Sc., Electronics, Textile Processing) Examination A
““Day: Friday Date: _110Oct Year:__2019 Time: 3.00t0 6.00 p.m, o |

SUBJECT: APH1201 - APPLIED PHYSICS-II

—_—

5| a) | Write Ma wvell's equations in matter in integral form explaining physical meaning of each :

¢ interface between two different media.

/ of them Uerive the boundary conditions at th _ :
) | Consid monochromatic planc-wave representation of electromagnetic  waves

sropag: 0 in +z direction. Write the wave equations for E and 6. Show that the

Maxwel 't squations impose restrictions on the solution of these equations such that (j)
(“) E‘ and B are in phasc and mutually

| electrorng elic waves are transverse (nd,

e

07'9'

07

: Jjng?ﬂ}('ﬂr.‘l nlar

re of optical fiber.

=~
ﬂ!r

angle of 1¢ eptance and derive the expression for the numerical apertu
OR

satisfies 1« continuity equation in terms of bound charges. Derive the Ampere’s law in

terms of L. puxili field.

| electrod: namics,

ai a frequency of 10GHz.
Given:  resistivity of silver = 1,59 * 10 2-m, &=¢g = 8.85 = 107 mkg™'s’

= ply =47 1077 m-kg-s"’h’a. o

: &) S

What is 111t by a thin lens? Briefly explain a thin electrostatic lens. Provide comp:
between 111 1 electrostatic lens and a thin optical lens. Derive the equation for focal |
! of o thin ¢ ¢-rostatic lens and show that for a constant electric field, the lens c2
| conerge cr liverge) the electron beam. 2

What is an e cctron multiplier? With proper schematics explain the working of e
! multiplier Why U shaped electrodes are preferred in electron multiplicr tubes? Briefly

| explain the uses of electron multipliers. &

"An electron beam is accelerated by a potential difference of 100V in an electron
| microscops ¢ an this electron beam be used to image structures of size 0.5 A? Explain

| your answct.

, - OR

Q.6

a)

| mediums and motion of electrons in a region where the electric field changes. Explain the
Snell’s law for motion of electric

' imilatities @nd difference in this analogy. Derive tion of
charges in clectric field and compare it with Snell’s law for light propagation in dielectric
mediums. Fxplain similarity iaw.

Provide an analogy bcfw:en propagation of light in the boundary between dielectric |

With schematics compare the propagation of light in regions o[_'rcfracti\fe index. change a's
well as motion of electrons in the regions of change in electric potential. Derive Snell’s

law for both cascs. Explain is similarity law and the physics behind it.

Angle of incidence of a light beam on a dielectric medium is 4'5". Lf the angle of refrwtion
'« 33° what i5 (he refractive index of the second medium provided the first medium is air?
An el::ctron heam is incident at the same angle as the light beam and needs to be refracted

nd the ratio of the electric

(deflected) @i the same angle as the refracted light beam. Fi

| potentials in the two regions.
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Q4  Answer he following in brict .
: 1) Write the equation for Lorentz force. Which terin in the Lorentz force equation is responsible * _—
for hange energy of the particle and why?
i b)  An :lectron traveling with a velocity of 2.1 <10° m/s suddenly cnters a region of electric
! Geld 12kV/em and magnetic fiedd of 0.17T. Culculate its change in kinetic energy.
t ¢)  What is the importance of electric potential (U), its first and second derivatives (U’ and U"")
: in ¢ cctrostatic lens?
d) Plotthe change in numbe- of - 2condary electruns emitted from metal surface as a function of \
the energy of the incident prian electrons and explain the shape of the plot. '
¢! 5how that magnetic forces do not work, how i 1gnetic forces affect the motion of a paricle” \
) Why polarizability tenscr is considered for 1 nolecule in some cases?
g1 A glass clud fibre is made wit core glass of re wctive index 1.5 and the cladding is doped to
cive a fractional index d fferes ¢z £ 0,0005 D ermine (i cladding index (ii) critical internal
| ~>flection angle (iii) external critioal accept ne angle and (1v) numerical aperture
¢ b) Which physical property/quanity e represent in dielectrics” What is its value for vacuum?
Why?

v T Al s

Q.5 a) Write the integral form of Maxwell’s equations and derive the boundary conditions on the
{ields &, B, D and H at the boundiry of two diclectric media.
§ b) Defire skin depth for Evi waes propagatiag .a matter. Write down the expression for the
skiin depth in good conductors (like metals). Ce culate the skin depth for copper (o = 57x10°
S/m, p = o) at frequencies 50 Hz and 1000 H.. ' X i
¢) Consider an electromagnetic planc wave propagating in +x direction. If the electric field

vectors is £ = Egcos(kx = wt)f, what will be the magnetic fields ate the Poynting
veetor. | & FeRgi b

d) Les:ribe the origin of polarization curLa}t { fp) due to bound ¢ s 1 1 matter. Show that it
satisfies the continuity equation. y 35

{ on
State and prove the work-energy theorem of elcctrodynamics. Give the physical significance

ol Povnting vector. ; J
i s equations in matter, hence explain the concept o!

xpressions for Maxwell’
- . el plate capacitor completely filled with a 2.50 m
e ot the electric field E betwee the

lic plane waves ing in
and, (ii) E,and B are in phase
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' 11 : SECTION -1
, ‘ Q! Answerthe follov/ing in biicl.
{8 | 1) Write the expression of prol-Lility current enity in one and three dimensions.
" o) Define potertial function ¢i a otential < :p. What is the tr Jnsmittance and reflectance of
- electron beam of encray £ cd.atonast o] ential Vo if £ > Vo & E < Vo; Where Vo is the
R po ential ste height _ ~
{1 - Write the Schrodingct ecu ion for the ban snic oscillator. What is zero point energy of
iy harmonic oscillator? Cun Vit e zeio?
1 d). Whatis cﬂccmq mass of el ciron? Write i1s ex pression.
148 F | ¢ Explainin brief, (1)'1 pe-L anc Type-11 supcrecnductor (i) Meissner Effect
g L | ) Whatdo you mean by Ferm! leyel? Explain wi L diagram, how it varies with lmpunucs.
‘1 | ) Supercurrent ina wire flov - only onthe s rfr ¢ of the cuper- .conducting wire, why? 3
1 b | ) Definc (i) eflective raass : (il diffusion ur :al f‘..
1 1 }
|4 (]ir..‘ a} .\ beani of perticles ofkdie ¢ e rgyikis el ention a potent ul barrier of height Vand width
it o .. Sate the potential fin b, e the © h dinger qlnh . with the meaning of constants
t‘ ] [ ' |p; cared i m the cqwuo 1. L e rcflection ar ansniission mcﬂ:cacnt hence explam tunne|
11 5 cffect. !‘ L { i T3
i b [io)| kA Lubd meter offatoric’ nydiogeniat 23 5 and at atmospheric, prcssurc contains abou
2.7510"" atoins. 1Fmd the pomber J{'t'zc&- at-ms in their first excited states at 273 K and a!

10,273 K. Write yotr cor lusion. [Given: Cround state energy’ of hydrogen = —136 eV.

Boltzmann constant == 8.5 =10 cV K] ' : ;
L B A o)t o Sl : B3
P e ) i R i
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Qud  Answvar the DIlowang in bree L they formed '

Vit ar: bound charges o f ool it e L_ I y sht hand side of the Ampere s law
Naxwel added a rerm cadled I|.| cinen: L vihe TE
i What was wrong with e ongi 1 Ainere sl : e
datine namencal aperture ol ar prical fiber and ve Its expression. that using

‘ ‘ e communication Qver
2nlist the advantages of data tran smission using il or optic communicati

oppet wired lines. ; 7

¢) 'Wimtare the dillerences Setween angular and linea: magnifications of an elccuostnllc.lcns.

1 Uskalate the lataral resolution of ana electron micro scope having aperture angle of 7.6
emdlaying an electron beam accelerated through a potential of 100 kV. g

8)  Write the equat.cn for force on = harged parla':'i_- 1 clectromagnetic field. Identify the part
sesxcasible for Changing the kinc ic energy of ¢ans =d particles. .

% W e the differences betwear 1aguler and liea: magnifications of an clectrostatic lens?
Wr e the equation for forve on a « harpe! particic ir clectromagnetic field. [deatify the part
t5pacibie for changing the kine' ¢ en2szy of ¢l arg - particles. :

& -

Q5 3) Oowia Maxwell's equations in inatter and derive the boundary conditions at the interface o
Letween two different media. | '
&) Defiac Maxwell’s stress tensor. Derive the expression for the total force felt by volume charge 07
disirbution in tenms of the strass t ‘nsor. '

_ Ol
Qs a2 \Trt: l‘-h\-wi_t's equations inne um Aithps ¢ ar. - or current. Derive the wave equation for 1
<iecu wEmanetic waves. Oblin the =xprossions for el ctic and magnetic ficld vectors in case of
wone s ratic plane polarized we es. P
b} An electomagnetic wave is tlng in a liscar media with electrical

~
S
-ls

i Mpm!rm' Wity () and refractive ind {#) . Write down the expression for
: mwofagaodm&u;@o;(oiﬂm). what would be . lmé an EM wave of

&E-qne.-tym"‘!&m_ ough + conductor made - {si
Civen:p=159x 10 Qm, e =5, 885X 107 1'm

?.'6 ) misa&hwéﬂﬁm comp::ﬁsaz.-n e
wmmm !‘-fownilcnglh_qi'u:h

‘and a_&_h e

-~ : .
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| SECTION -1
4 L1
Q.1 An \::r the follo \\mp in briel ' )
, a et B |
tn‘.\.;.\-':d fependent an i | e depende: it S-hitdingsr equatiuns and name all the terms

b) (.._1 Hate G reBebiliy of 14 ing ‘he purl.;lc vithiwave function w = (3)?x between
X = 0M3 nhd 2% 10,35 :

i' Vrite ms Lh'-"““ll':fi" Sl (ong 1o a ste pondi Lumr:r potential

d) Explain wﬂdi_l:‘-ior 5, &2 ie nductopsiand |isu otors with respect 10 energy band.

€) W hatare the main f2at e ofthe Ohm's 1w’ }

i Define averade mobility and relaxation time, £

£) Write the expression for the criieal magnetic fieldiHe s a function of temperature,

E) Show graphically the yuration:of condu: twur;,‘ with teiperature for an exurinsic

s..mLconLLcmr .

o — Ry
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i HOZ  Day: Edoay 02tiw tRR T ApPLIED PHSICSHIL
T SUBJECT: Afnler i - o=
L CECTION =11
Q.4 Answer the following in brief: onducting plates separated by 0.5 mm I.f the pe.all-:::
A hydrogea atom is placed sctween o ct---t"r -lr-:ulalt: lhe dictance between the posilive
ditlerence between the two plates is 500 'V, calc
negaive charge centors. 2t
e d 67x10719 m?, &, = 8.85 x 10712 C*/N-n
Given: atomic polarizability of } atom - T = 0.667/ at
o
) Define: (1) atomic poiarizabulity (2) electiic displacement £
VL . e T e surface of a curre
o & smg F'c}':lung yector, show that the radiative energy ef:}.hﬂ t-‘mu?r!; thlor
“umying wireisthe some o5 cnergy due to Joule's heating of the conduc !- c skt travelln
) DiTerentinte betweon step n lex and grade | index fiber. Al<o show the path 0
aroagh both ofithem. Show =/eva it diagram:
€) Lxpiain the cause of cliromal e aberration in elcctrostatic lenses.
1}y What is short coil focusing 'n magnotostatic le ses? :
3) Calculate the pitch of tie heli . omy ad by ¢ neutron entering a ragion of magnetic field of
C.25T with initial velocity of - x 0% nys. i
Ll Anclectron entersa region in space having bot); electric and maznetic field. What is the
force on the electron? . i
QS ) Show with the help of Maxwell's equations tha: light is an electromagnetic (EM) wave and =
I5 velocity is lf,../p,r.-, - Alsg, prove hatthe ©M. adiation is rransverse and; the electric field
v ZCton, magnetic field vector and propagation vector are mutually perpendicular.
Lhs ; ' oy el 3 e
by W "15_ the M_axwellf equations i integral form. Hence, obiain the boundary conditions on
the £, 2 D and & fieid vestors. 3
. ‘. . . . . e, e 1 . . - 5 I, e R 4
¢, What is polarization currf:.r,_l__t? Sk a;ﬁhﬂt the continuity equation is satisfied i an Blmtriea!ly = |
jzed erl je ._--- S = ct SO Pk T I #, , '
pO'ﬂﬂZ".‘Ll mﬂﬁ."ﬂﬂl- 1.&. ?l J‘F = a “hm J.. 15 .th& pﬂ]ﬂ!ﬁ&[]qn cu .2-! -ﬁ_ensi‘}.* : q = S !
the Lound charge density. _ |
Find the wavelength and pmpagubonspeed in '

tae comesponding values i

" eciper foe rudio waves
1 ;ﬂmdnglivi;t}' Gfﬂﬂ }

MG Compare
107 2nhosm,

€ vacsuum, |
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SUBJECT: APH1201 - APPLIED PHYSICS ..

' o
e 1 # L

Derive the expression (7

'C-:xpiain the working of a thin @ectrostatic thin lens with gehematics _
lens cannol 1OCUS.

jor ‘hc fMal 1ength ul' ;u\:h a1ens 1._1,_1 shtl\\' st w |I,h.;.u| I'H-'J‘Iﬂl EEI*] the

clection multiplier with proper 6

imum secondary election yield
ndary electron yield as

What is an electron muliplie:? Explain the working of an
s-hematics. What type of material is to be used 10 have max
1 the case of electron multipliers and also explain the change 1 Sec0
a functicn are”ﬁ'ﬁ)’ of primury elections,
: -

enters a region of magaetic 04

I o0V and it
i liat the elestrons follow a

required £0 1

An p!&lr}au.hea_ﬂﬁs aceclerat.d by an electri. fiel
ficld at 15 Compute the a ount of magneiic field
liclical path of pitc 1 2.

"

OR

' _
26 @) Describein detail the working of miagneto-1atic I¢n5§s--;l id?’” _flh'-" m?“f;‘:‘g:ﬁﬁ?ﬂl 07
[ for focusing of electrons '$ '.$!1icvcd-.in1,_l;l‘-a-iﬁt'l-".5}3:-!%"' 1"'“”’53211% ns. Which magnetic

f , field components encaunier: € by the electon while entening SHER e & atic lens differs

1‘

\
i

field component is resporsi b for focusing 5f © ectrons wa nagn
from an elestro-static len? ~

| - A i§.

: :' ide an analow Lol o M s i el _o-ila{ié.ibéﬂ ens. What nreéqm‘:%
1) Provide an analogy betweer an cpticalithin lens and @n €EOst B L e CE ) how thes
.l. - R g Tt : ..I:,_- A BN .. [ L ? x 1&“‘- lh,eif Oﬁﬁm .El"id !w“l; m

= 1 oS of aberrations that ailect an ele liﬂ,.-m‘-l@ lens? EXP : R

' ybemations can be redvoed. R
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Q.1

Q.2
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Q.3
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= EXAM. SEAT NO.:

THE MAHARAJA SAYAJIRAO UNIVERSITY OF BARODA
S S of BE | (Electncal Engg ) Examination
Day. Wednesday Date: _25 April Year:__2018 Time: 11.30am.to 2:30p.m.
SUBJECT: APH1201 — APPLIED PHYSICS-II

[. Answer 10 the two sechions imust be writien in two separate answer books. Og
2, 1 isures 10 the nght mdicate marks
3 wann constant. b 138107 VK. Planck’s constant, h=6.63=10™ Js
SECTION -1
e the following in briet 16

4)  Ueline barnier potential

b} Caplain conductors, semiconductors and insulators using energy band

J)  Witat 18 zero point energy”?

{)  Detine Fermi energy

¢)  What is the difference between mean collision time and the relaxation time? In which
casws are they likely to differ?

) How can you dilferentiate between a perfect conductor and a superconductor with the
help of Meissner effect?

2) How do you characterize an intrinsic semiconductor at 0 K? Why?

h) show graphically the variation of conductivity with temperature for an extrinsic
semiconductor

a) D scuss the case of quantum harmonic oscillator and sketch probability density for
various n. Write conclusions.

5)  Find rms speed of Oz at 0 °C (mass of O, m=5.31<107° kg)
OR
1) Compere Mavwell-Bolzmann, Bose-Einstein and Fermi-Dirac statistical methods with

suitable examples
b) Outline the Kronig-Penney model

Answer the following.

a) Obuain an expression for conductivity of metals and comment on its variation with
temperature.

b, A copper wirc is | m long and has & uniform cross-section of 0.1 mm’; the resistance of
\be wire is found 1o be 0.172 ohm. What is the resistivity of the material?

¢ Thecritical ficld for niobium is 1 = 10° A/m at8 K and 2 x 10’ A/m at 0 K. Calculate the
(rons tion temperature of the clement.

OR
Answer e following:

4 Siow that the number of free electrons in an intrinsic semiconductor is given by n, =
Write the for the critical magnetic field H, as a function of temperature. Show

b

1, Vs T. Oblain Silsbee's rue for maximum current carred by a

10
07

10
07

17

17
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TH MAHARAJA SAYAJIRAO UNIVERSITY OF BARODA

S. S 0 BE.| (Electrical Engg ) Examination
H% Day: Weinesday Date: 26 April_Year:__2018 Time: 1130 am.to 230 pm.
SUBJECT: APH1201 - APPLIED PHYSICS-II

Q6 a) What s meant by a thin lens? Briefly explain a thin electrostatic lens. Provide comparison
betwear {iin electrostatic lens and a thin optical lens, Derive the equation for focal length
of 8 o electrostatic lens and show that for a constant electric field, the lens cannot
comiorg. o diverge) the electron beam
B What i a0 clectron multiplier? With proper schematics explain the working of electron
maltolicr. Why U shaped clectrodes are preferred in clectron multiplier tubes? Briefly
explain 1ae uses of electron multipliers.
¢) An clecion beam enters a region of transverse magnetic field of 0.55 Tesla. This field is
wsed to focus the beam of electrons. If the speed of the electron beam is 1.2x10'mvs,
calculsic the spread of the beam around the focal point. Given that apex angle 29¥=21.3°. If
this beats of clectrons (same speed and same apex angle) is used in an axial magnetic field
hav ing (e - ame strength, calculate the pitch of the helix traced by the electron beam.

OR

Q6 =2) Provide an enalogy between propagation of light in the boundary between dielectric
mediv - aird motion of electrons in a region where the electric field changes. Explain the
sir da-es 21 difference in this analogy. Derive Snell’s law for motion of electric charges
in clec ¢ Te d and compare it with Snell’s law for light propagation in dielectric mediums.
Expia siilarity law.

b) With pioper schematics show the construction of an axi-symmetric electrostatic lens.
. the path of electrons in such a lens. Using Gauss law show that it can be used t©

focus 4 paraxial beam of electrons very close to the optic axis.
©) Augle of ingidence of a light beam on a dielectric medium is 45°. \f the angle of refraction
is 33, what s the relracuve index of the second medium provided the first medium is air?
A electron beam is incident at the same angle as the light beam and needs 1o be refracted
(dellecied) ot the san “angle as the refracted light beam. Find the ratio of the electric

L
(i
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10 y lux!g_‘. Date: 11 Qg Year: 2’; g.l Examination
UBJECT. APH" : Time: 3 0o
+ APH1201 - 10 6,00 p.m
N H1201 - APPLIER PHYSICS.)|
- 10 e two sectio
-:; IBUres 10 the Figi “mlltl;tl l:::;‘;iki;l. wWritlen in twg stparate answer books
LEmann constant: Z " :
ant, k=138« VK, Planck S constant, h=6.63x10™
vy SECTION — |
Q.1 ! _‘_‘ WOt the following in brief. -
—— % . .Ilnc barrlm potential S ——— 16
—— 12 Eiplain i conductors and sc:mcondummnd theory
—— & Give equation for zero point energy
 4)  Define : Fermi energy
I'I__L_h =) [ \What is the difference between mean collision time and the relaxation time?
b 5 _Explain Ml:lh'jnef effect
e L .' hat are intrinsic and extrinsic semiconductors?
B' | “aew graphically the variation of conductivity with temperature for an extrinsic
= | 5 miconductor
02 Ta) | \_\?Lfc Schroedinger equations and solutions for all the three regions of a barrier potential. | 10
1% | ndrms speed of Oz at 30 °C (mass of Oz, m=5.31x10™ kg) 07
 — o , OR
Q2 | a) Lumpare Maxwell- Bolzmann, Bose-Einstein and Fermi-Dirac statistical methods with 10
L suitable examples
_ 1t Foranideal gas derive the formula for the average molecular energy. 07
Q.2 mswer the following: E— T
Ta | Serive an expression for conductivity of metals and explain its vanation with
| | wmperawre. :
- |© | The eritical field for niobium is | x 10° A/m at 8 K and 2 x 10° A/m at 0 K. Calculate the
transition temperature of the element.
i ] OR
Q.3 | / asver the following: 17
"~ 1. buain Silsbee's rule for maximum current carried by a super-conducting wire.
" Tu " he electron and hnlu mobilities in a silicon single crystal at room temp are respectively
17 and 0.025 m*/volt-sec. Find the diffusion coefficients of electrons and holes.
s SECTION - 11
9 ollowing in brief: te
n m
Qi Aupnstthe | °—‘“; for s ol m_,_gu__luw
[ ) | Write exprossions for »
| b1 | Expisin polurizability of s molec
[ )| Suaie the Gauss's law for -
| 91| What are linear Showthalg=ltn
) | Explai PO v et 0 e e ce of 10kV.
el & ™ g ’ - s 1 !
1) { Eapiain Wiy SO0 s sotandary oleciron cnjasion desroases al
s I - e _,__‘_!.— - -
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sUBJECT: APH1201 - Al e

aining physical meaning ::}[eacﬂ
n two different media.

0.5 e Maswell's equations it matier in |Ilngr| form exp
{ electromagnetic waves

erFace LW e

Giem Derive the boundary conditions at the interface ;b":-, ;

ll: atcider a monochromatic  plane-wave rcpfcsum.d 0 . F T e
i i : or E ¢ )

Opagating irection. Write the wave equalions j "

| s el impo the solution of these equations such that (i)

(ii) E and B are in phase and mutually

- Mavwell's equations impose restrictions on
leciromagnetic waves are Lransverse and,

ri andicular . R — ] i1
1‘ ) Wit is the working principle of optical fibers? Explain the terms (i) critical angle (i1)
L ]

i ¢ of acceptance and derive the expression for the numerical aperture of optical fiber.

OR

Q8| o) | Hovw does polarization current arise in a dielectric? Show thﬂl'lhﬂ P’Ol'r‘-uﬁm: s .l
satislies the continuity equation in terms of bound charges. Derive the Ampere’s law in

07

== _ | terms of the auxiliary field.
b) | Derive and explain the integral as well as differential form of the work-energy theorem of
_ _ clecirodynamics.

3)  oulate the thickness of silver coating 1o be done for a microwave experiment to operate
it . fequency of 10GHz,
diven. resistivity of silver = 1.59 = 107 2-m, s=g, = 8.85 = 10712 m"’kg"'s‘h’.
=g, =4 %107 mkg-sA™

-

Q.6 | a) | What is meant by a thin lens? Briefly explain a thin electrostatic lens. Provide comparison
belwecrla thin electrostatic lens and a thin optical lens. Derive the equation for focal
L of a thin electrostatic lens and show that for a constant electric field, the lens cannot

_ . cenverge (or diverge) the electron beam,

07

bj | What s an electron multiplier? With proper schematics explain the working of electron

i tiphier. Why U shaped electrodes are preferred in electron multiplier tubes? Briefly
_explain the uses of electron multipliers,

¢ An electron beam is accelerated by a potential difference of 100V in an electron
Cinicroscope. Can this electron beam be used to image structures of size 0.5 A? Explain

| your answer,
OR

Q.6 & Povide an analogy between propagation of light in the boundary between diclectric
e diums and motion of electrons in a region where the electric field changes. Exdp'flin the
i dlarities and difference in this analogy. Derive Snell's law for motion of electric
sherges in electric field and compare it with Snell's law for light propaga dielectric
niediums, Explain similarity law, il e

07

~ I5) | With schematics compare the propagation of light in regions of refractive index change
|I well us motion of electrons in the regions of m in ohu:'ic potential, Derive Snnlll':
| Jawt for both cases. Explain is similarity law and the physics behin 1t

@ Avgle of incidence of u light beam on a diclectric medium 1ihe angle of refraction
T3 what is the mfrmzﬂ Index of the second medium WWM% is air?
.L A1 eleciron b is incident ut the same angle as the light beam and needs 1o be refracted
o

(eflected) ut the sume angle s the refructed light beam. Find the ratio of the electric

praientinls in the two regions.




