sr.No. 236171

Paper - II
(Physics)

Maximum Marks : 150 | ~ Time : 9:30 am to 12:00 Noon

- m e N e R WP e MR MR W ER G R DGR MR Gn n RN W R RE EE TR NE G AR me Ak ke mk B D MR EE AR S ED B ke AR G o B e W A e e b wm e e ok e m

(Signature of the Candidate)

: INSTRUCTIONS :
All questions in the Test are multiple choice questions.

Each question carries one mark, with four alternatives out of which one answer is
- correct. ‘ '

There will be no negative markmg

Use only BLUE/BLACK Ball Point Pen to darken the appropriate oval.

Mark your response only at the appropriate space against the number oorrespondmg to

the question while answenng on the OMR Response Sheet.

Marking more than one response shall be treated as wrong response.

Mark your response by completely darkening the relevant oval. The Mark should be

dark and the oval should be completely filled.

Use of calculator, Mobile is strictly prohibited and use of these shall lead to

disqualification.
The candidate MUST remove the last Carbon copy (Candidate’s copy) of OMR after
- completion of Test.

The question paper will be both in English & Pnnjabi. In case of any doubt, English
_ version will be taken as final.
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20.

21.

22

23.

24,

25.

Acicogdir;g to Maxwell’s law of distribution of velocities of molecules, the most probable
velocity is —

(a eater than the mean velocity ' i

(b) Equal to the mean velocity >

(¢) Equal to root mean square velocit{

d) _Less than the root mean square velocity

%moleculeséf'aﬁ;fé’ré"a’%hrm, Ay 3 g Asfes ot O
(@ Hous ISt 3 miftx (b) Hows I3t T w9Eg
©) USHOHS T9aaEt ¥ 89 (d) M ToHs <99 St 3 ule
A Ge semiconductor is doped with an acceptor impurity concentration of 10'* atoms/cm?’.
For the given hole mobility of 1800 cm?/V-s, the resistivity of this material is
%}5{ 0.288Qcm  (b) 0.694Qcm  (c) '3.472uQcm (d) 6.944 Qcm 5
Ge =3 €310"° atoms/cm® & Fergx wiET MM &% 3fT It ot | fedt
EL 1800 cm’/V-s T hole mobility St fem ueral S resistivity 3
(@) 0.288Qcm (b) 0.694Qcm (¢) 3.472Qcm (d) 6.944 Qcm

What should be the clock frequency of a 6-bit A/D converter so that its maximum
conversion time is 32 ps?

1(;)3( 1 MHz (b) 2MHz © 05 MHz (d) 4MHz
6-bitmu%eméclobkw@ﬁé?ﬁ%aﬁ?hwﬁwﬁauﬁmmﬁszusﬁ% ?
(@ 1MHz () 2MHz (¢ 05MHz (d) 4MHz

The voltage resolution of a 12-bit digital to analog converter (DAC), whose output varies
from ~10V to +10V is, approximately —

a) 1mv ) SmV (%ﬂ 20mvV (d 100mVv )
12-bit DAC &t HESS AST, fAA €t output -10V 3 +10V fou gosat 3ffat
J BI=ar Jeat

@@ 1mV " ®) SmV () 20mV () 100mV

The Common Mode Rejection Ratio (CMRR) of a differential amplifier using an
operational amplifier is 100 dB.  The output voltage for a differential input of 200 uV is
2V. The common mode gain is — -

(a 10 (b) 0.1 (c) 30dB (d) 10dB

e amplifier ~ UfGoS& amplifier & =93 & Common Mode Rejection
Ratio (CMRR) 100dB J 1200 pv 336t fsue & fuammst Hows megt o output 2V

J | common mode Yt J ,
(@ 10 (b) 0.1 (c) 30dB (d) 104dB

Under normal o‘Feratin conditons, the gate terminal of an n-channel function field effect
transistor (JFET) and n-channel metal oxide semiconductor field effect transistor
(MOSFET) in cement mode is — -

(a% both biased with positive potentials

(b) * both biased with negative potentials

(c) biased with positive and negative potentials, respectively

(d) biased with negative and positive potentials, respectively : _
AUSE 9%d Afast »idts, n-channel JFET m3 n-channel MOSFET ot gate terminal ©F
CIEIRILE M) |

(2) €2 AITIHR B 5 Ja T T

(b) T FATIH TS B A T TS -

© @?@@HM”@W%%&W#@%
(d) T FHRT SATIHL W3 AATIH 55 % T D 9%
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26. A common emitter tran51stor amplifier clrcmt is operated under a fixed bias. In this -
circuit, the operating point
- (a) remains fixed with an increase in temperature
(b) moves towards cut-off region with an increase in temperature
(c) moves towards saturation region with a decrease in temperature
(d) moves towards saturation region with an increase in temperature
fes AMTS Y=o transistor amplifier circuit AfET T8 '3 araw & faor I fem FRae
(@) 3UNE T Tuny feg rfag IfFer 3
(b) 3IUHS T TUM T cut-off 839 ¥ Fuer I
(¢) 3UHs ¥ wem foT saturation 833 ¥ Fawr I

@ m%mﬁasatmuonﬁ'saéwwa

27. The resolution of a D!A converter is approximately 0.4% of its full scale range. It is ~

(a) An 8-bit converter (b) A 10-bit converter
(c) A 12-bit converter - (d) A 16-bit converter
D/A ufgesss & fere yas d fer=rg & U9 '3 Resolution mraar04% Ifegd
(a) An 8-bit converter (b) A 10-bit converter
(¢) A 12-bit converter ) (d) A 16-bit converter

28. The speed of conversion is maximum in

(a) Successive-approximation A/D converter
(b) Parallel-comparator A/D converter
(c) Counter ramp A/D converter
(d) Dual-slope A/D converter
yfgegsa < okt mfta Jet 3

"~ (a) Successive-approximation A/D converter
(b) Parallel-comparator A/D converter
(c) = Counter ramp A/D converter
(d) Dual-slope A/D converter

29. Which of the following statements is true ?

(8 AND and NOT gates are necessary and sufﬁclent for the realization of any logical
function.

() OR and NOT gates are necessary and sufficient for the realization of any logical
function. ,

() NOR gates are sufficient to realize any logical function.

(d) NAND gates are not sufficient to realize any logical function.

J5 fofmit feg* foxaar ams ARt D

@) ANDm%NOTgateﬂaaTaanéﬁﬁé}mmémmmmaﬁ

(b) ORn@NOTgmmaga‘raam%f'aﬁéraaayaaamétn@géraé’r@@aa
g5 |

(©) NORgates%!ﬁérsaauaﬁme'fmséT@umaaaﬁl‘aﬁ

(d) NAND gates fA=t 39aUTs 55 O Mgt &t Quuas &dt I5 |
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30.

31.

32.

33.

3s.

The teﬁninal count of a modulus-13 binary counter is -

(@) 0000 ®) 1111 (© 1101 @) 1100

Modules -13 binnary counter € H3faa farzst 9
(@) 0000 ®) 1111 (c) 1101 (@ 1100

When an 8 bit serial in/serial out register is used for a 24 ps time delay, the clock
frequency must be —

(@) 4167kHz (b) 333kHz (c) 125k Hz (d) 8MH:z
H?’r"ea’Sbusenalm/senaloutaﬁﬂzanps AWt WSSt ST T9fanr aer 3 3t wEt
nfest 93

(@ 41.67kHz () 333kHz () 125kHz (d) 8MHz

In Miller integrator a resistance is used in parallel with the capacitance in the feedback

“path

(a) to speed up the integration (b) to avoid the open loop for dc

(c) to give high input impedance (d) no differentiation occurs
Mnllamtegawrﬁaqsﬁauaéfaﬁsﬁahﬁwq@ﬁi?rmpammme%mm
ger 9

(a) mggmé’rmﬁem@zaér () dc 2 open loop 3 IF= BET

(_c) yFew d @ input TT FE (d) ST niwas It TuTer

* The Schmitt trigger based circuits are better because they

(a) work faster (b) protect from false signals such as noises
(c) have longer life (d) require less number of components.
Schmitt Trigger 3 Wﬁ?ﬂﬁ&?f&ﬂ%ﬂﬁfa@ﬁﬁa

(@) 3t 5% dH deT 7 ®) 73 foss R e F  For S92 76
(c) 3 AN 3 IBT IS (d) ﬁawéragagau%az '
The depletion region in a pn junction is created by —

(a) Ionization ‘ -(b) Diffusion

(c) - Recombination (d) All of these

p-n junction feT depletion 837 fAEfM3 Jer J

(a) nrfeatads ®) ferzg

(©) YI-RGs | @ fegst mian gnrar

The dynamic resistance of an ideal p—n junction with a forwards current of 10 mA at
room temperature —

(a 250hm  (b) 040hm - (c) 250 ohm (d) 4.0ohm

feg »egRA p-n junction A T AUYE 3UHG '3 WAGRE 92 10MA J = stds
(a) 2.5o0hm (b) 0.40ohm (¢) 250 ohm (d) 4.0ohm

Paper-II (Physics) 8 Cc



36.

37.

38.

39.

The input to a lock-in amplifier has the form V;(t) = V;sin (wt + 6;) where ¥, o, §; are -
the amplitude, frequency and phase of the input signal respectively. This signal is
multiplied by a reference signal of the same frequency , amplitude ¥; and phase . If
the multiplied signal is fed to a low pass filter of cut-off frequency o, the final output
signal is

@), 3Vi¥cos (8 —6) ®) Vi¥, [cos(6; — 6;) — cos (;wt +6,+67)]
() ViVsin (6; — 6;) (@ ViV |cos(8; — 6;) + cos Gt +6; + 6:))
fex lock-in amplifier & input 5=39 V,(t) = V;sin (wt+6;) I FEAR RV, o, 6

nifest w3 input signal € 2w 5 | 8T fross, fagera frass fam mHs mifest o,

amplitude ¥, W3 3 6, 96 &8 g&' Jer I Aag g Jfenr fiews cut-off nifedt Jue
low pass femed fod° Burr I 37 vifsH meye frass 3

(a) ;Vilécos (6; - 6;) ®) Vil [cos(Bi — 8;) — cos (— wt + 91 + 9.,)] .
() ViVsin (8; — 6;) | @ ViV [cos(, — 6. + cos Gt + 6, + o)
Band-pass and band-reject filterrs can be implemented by combining a low pass and a

* high pass filter in series and in parallel, respectlvely. If the cut-off frequencies of the low

pass and high pass filters are w{? and w§”, respectively, the condition required to
implement the band-pass and band-reject ﬁlters are, respectively —

(@ ol <w"‘° and w{’ <w§’ C b)) wif<w§’ and wf® >w“’

© off>wi’ and wg® <m“’ (@ ofP>0lf and wif>wlf

Band-pass 83 band-reject f&%23, low Pass M3 high Pass fe®c &% 73 & T

T v AHETSS &1 o3 7T ASRIS | Hd 100 pass »3 high-pass 1e®ed ¥ cut-
off mifet wif W3 wliP HeT I 3t band-pass M3 band-rejet fewes § &g XI5 &

AfESt 9 - _ .

(a) wif<wl’ and wff<wf’ b)) wif<wi’ and wfiP>wfl
() olP>wf’ and wff<wl’ @) olP>0ff and wff>wl’
Dead time of proportional counter is —

(a) about1.5psec (b) about 270 p sec

(¢c) about 0.25 p sec o (d) about 100 u sec
Proportional counter & ¥if3H AHT 3

(a) about 1.5 p sec (b) about 270 p sec

(¢c) about0.25 u sec (d) about 100 p sec

In a thermocouple pressure gauge, the temperature of heater element is a function of
pressure for pressure range '

.(a) above atmosphere " (b) below 1 mmofHg
(¢) below 10> mmofHg - (d) below 1 umofHg ‘
feammnocoupleealmﬁw%ﬁa dteg 33 v 3N, anasagé}mm%
(a) <OHSH ERIIS) (b) below 1 mmof Hg
(c) below 10~ mm of Hg (d) below1umofHg
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41.

42.

43.

4.

45,

Radiation pyrometers are used in the temperature range of —

(a) 0-500°C (b) 500-1000°C(c) -250-500°C(d) 1200-2500°C
Radiation pyrometers @ 293° 3uH's fergrg feg d&t 3 :
(@ 0-500°C (b) 500-1000°C(c) -250-500°C(d) 1200—2500°C

A set of readings has a wide range and therefore it has —

(a) low precision (b) high precision (¢) low accuracy (d) high accuracy
uz3 2 fom e v femera ferfys 3w feredt for o 3

(@ uwWeHuzr (b) <FUHUS () uwWerdlEz (d)  unRdasT

The voltage of a circuit is measured by a voltmeter having thh input mpedance
comparable with the output impedance of the circuit thereby causing error in voltage
measurement. This error may be called —

(a) grosserror (b} random error
(c) error caused by misuse of instrument (d)  error caused by loading effect.

- fex AIae & famest Auwa Fast voltmeter Prirar- 1t At I fiTReT Faae &t output

qﬁwﬁmﬁaeﬂ%mputqﬁwm%ﬁﬂonlmgemsfﬁEﬂwa
fer €n § faor Aar

(a) RyIs©H ®) Qaasﬂairn

(©) msaé}eaeaa'a'aaewﬁwaﬂ(d) nﬁamémaaﬁww

The degree to which information on a map or in a digital database matches true or
accepted values is referred to as :

(a) precision and accuracy | (b) precision
(¢) accuracy (d) None of the above

fex a=i '3 vifas At foafes Joied %mmmﬁmwm
YTEI 1S & ToRgE 9

(@) FHH3HR v ufogusT (b)) B

(¢) uferosr @) Guiaz &t

Systematic error occurred due to the poor calibration of the instrument that can be
corrected by

(a) taking several readmgs (b) replacing instruments

(c¢) taking mean of values (d) taking median of values .

W39 & forrn et o awst a9 @l Avoarsna 2R § fam 3gt Aot alter w1 Aaer 3
(a) FE A WIS &I - (b) U39 T ufgeass e

(©) HS T HOE enrar o (d) HS T o I o

One factor in the accuracy of reconstructed PCM signal is the

(a) - signal bandwidth (b) carrier frequency

(c) number of bits used for quantization (d) baud rate

ysIfiafaz PCM frass & 8fgss o feg arax
(a) signal bandwidth (b) carrier frequency
() number of bits used for quantization (d) baud rate
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46.

47,

48.

49.

50.

51.

52.

Strai gauge can be used to monitor change in ' 3
(a) Pressure (b) Torque (c) Displacement (d) All of these .

Strain gage & 295" faR @ geom 3 fauifss a9 &1 S5t 7 Aaet 3

(a) TIM (b) Torque (c) AESEES (d) Budas AW
Which bridge is utilized in signal conditioning circuits for balancing purposes ?
(a) Maxwell Bridge (b) Wheatstone Bridge

(c) Wein Bridge (d} Kelvin Bridge
ﬁammm%mmﬁeﬁn%dgeﬁwaﬁ%

(a) Maxwell Bridge (b) Wheatstone Bridge

(¢) Wein Bridge " (d) Kelvin Bridge

- If the gain of closed loop mvertlng amplifier is 3. 9 with mput resistor value of 1. 6 kQ

what value of feedback resistor is needed ?

@ 24kQ ®) 410Q © 6240Q (@ 0.62kQ

ﬁa‘q'16kﬁ1nputeq§]WHBHﬁ3Ha?Equ%mamphﬁer?E‘?39aS’T
Stada yHtaw v o 1 mieEe 9

@ 24kQ (b)) 4100 © 6240Q (@) 0.62kQ

Op-amps used as high- and low-pass filter circuits employ which configuration ?
(a) Comparator (b) Non-inverting (¢) Open-loop (d) Inverting

- G m3 fors-um fesed AIaE =9 293 7R Op-amps fan ANt & 293 592 95 ¢

(@) comparator (b) mnon-inverting (¢) open-loop (d) inverting

The value of coefficient of correlation lies between

@ Otol (b) 1to-10 () Oto-1 (d -lto+l
AORYT © IS @ NS fan eafimms Jor 9 '
@@ Otol () 1to-10  (¢) Oto-l @ —1to+l

The first Stokes line of a rotational Raman spectrum is observed at 12.96 cm™,
Considering ngld rotor approximation, the rotational constant is given by —

(@ 648cm” (b 3.24em™ (o) 216cm‘1 (d 162cm™
Forst Raman spectrum S YBH strok line 12.96 cm’ fsshiz &gt ot | mi3 329
i 3 fors feg e 38, St AfasT TIREt T ReE -

(@ 648cm”’ (b)) 324cm”  (¢) 216em’  (d) 1.62cm

For a multi-electron, /, L and S specify the one-electron orbital angular momentum, total

orbital angular momentum and total spin angular momentum, respectively. The selection

rules for electric dipole transition between the two electronic energy levels, specified by

l, L and § are

(@ AL=0,21;AS=0; Al=0,%1 ) AL=0,11; AS=0; Al=%1

(© AL=0,+1;AS=+1;Al=0,+1 (4 AL=0,+1L AS=+1; Al=+1

ﬁawﬁﬁamaﬁan@swfea—@maaﬁma@ AT dadt
d=og gt »3 Aet Afus deers ot § feRm 39 3 ToRgT J5 | < et o

Taatd L L S unro feRES T6, eaﬁmﬁmse?auaﬁmse’ra%%naﬁ

(a) AL=0,11; AS=0; Al=0,%1 () AL=0,11;A5=0; Al=

(© AL=0,+1;AS=+1;Al=0,+41 () AL=0,+L;AS=+1Al= +1

Paper-11 (Physics) 11 : C



53.

5S.

56.

57.

The coherence length of laser light is —

(a) Directly proportional to the length of the active medium -

(b) Directly proportional to the width of the spectral line

(¢) Inversely proportional to the width of the spectral line

(d) Inversely proportional to the length of the active laser medium.
B9 Yaw o feara Saet 9

(2) TIPS Hritmin & Baret T Y3 migusa

(b) spectral 3ur T FIE T Y nizusH

(¢) spectral Iy & IS T feud3 nigusE

@) s Bug vty T foudts nigusa

The Ly line of X-rays emitted from an atom with principal quantum numbersn =1, 2, 3 ..
arises from the transition

(@ n=4-n=2 ®b) n=3->n=2

{c) n=5-n=2 (d n=3-n=1
'feaatom?qer&lsx-myséuﬁ%wéw%ﬂﬁzﬂfhnmn—f23 CUIESIES
Uer gt 95

(@ n=4-n=2 . (b) n=3->n=2

(c) n=5-n=2 d n=3-n=1

The last two terms of the electronic configuration of manganese (Mn) atom is 3d45°.
The term factor of Mn** ion is —

(a) Dl/Z (b) Fs/z (¢) F9/2 @ D7 2
R (Mn) e & fareet AHTEET @ nmdt © ue T&5-3d°45° 1| Mn®" ion T term factor I
(@) *Dy (b) *Fi ©  3Fy @ 3Dy

An atomic transition 'P - S in a magnetic field 1 Tesla shows Zeeman splitting. -
Given that the Bohr magneton ug = 9.27 x 10* J/T, and the wavelength corresponding
to the transition is 250 nm, the separation in the Zeeman spectral lines is approximately —

@@ 00lnm  (b) 0.1nm (© 10mm ‘@ 10nm .

gaelt 839 1 Tesla f29 atomic JUZIE P —» 1S Zeeman 4355 3 T9ABe J | Bohr
magneton MEATT yg _927x10241fr3»r§fanawsaﬁaearrr@ﬁmwﬁzso
nm d, Zeemanspectral%ﬂfﬁ‘u’m%u%?%

(a) 0.01 nm (b) 0.1 nom (c) 1.0nm (d) 10nm

Consider the hydrogen-deuterium molecule HD. If the mean distance between the two
atoms is 0.08 nm and the mass of the hydrogen atom is 938 MeV/c%, then the energy
difference AE between the two lowest rotational states is approximately —

@ 10'ev ®b) 1072%evV (© 2x10%ev (@) 107ev
hudrogen-deuterium molecule HD ¥ fegd &3 | #ad € nied fegas Hurws get
0.08nm & M3 hudrogen WCH €7 mass 938 MeV/c2 Y 3t ¥ fous Jomerdt ARt
&'aa'ra 8o f8837 AE & nighs &

@@ 10" ev () 1072eV (© 2x10%ev (d) 107eV

Paper-II (Physics) 12 | C



59.

61.

62,

For an electron in hydrogen atom the states are characterized by the usual quantum
numbers 7, /, m;. The electric dipole transition between any two states requires that —

(@ Al=0;Am =0+l () Al=z1; Am =41, £2

(€) Al=+1:Am; =0, £ (d Al=x1;Am=0,+2

Hydrogen atom <9 electron @ AfGSt AUGZE Quantum ¥R n, I, my ©nird" SIFET AfS
Y | foaR @ @ At fiee femeet 3-g<t quises Bt o Ster 3

(@ Al=0;Am; =0, £l (b) Al==1; Amy==1, £2

() Al=z%1;Am; =0, £1 @ Al=+£1;Am =0, 22

In a Ster-Gerlach experiment the atomic beam whose angular momentum state is to be
determined, must travel through —

(a) homogeneous radio frequency magnetic field

(b) homogeneous static magnetic field

(¢) inhomogeneous static magnetic field

(d) inhomogeneous radio frequency magnetic field.
Stmcalachmﬁaﬂﬂﬁaaﬁné}amﬁfmﬁs% fan feg Bw 2

L (1
(a) FHIU gualt 439 & e wrfest (b) Mg AfS gaet B9 &

(c) niRHIY AfgT Jaell 839 (d) AU Faet 339 @ IHAE nrfeh
The doublet observed in alkali spectra are due to - |

(a) screening of the K-electrons (b) spin-orbit interaction of the electrons
(c)} pressure of isotopes (d) none of the above

Alkali spectra e fem3fH= doublet & a5 3

(a) K-electrons €t A9 (b) electrons €t spin-orbit W33-fafanr
() MEHIURA T Tamf @) Gusas It adt

The hyperfine splitting of the spectral lines of an atom is due to

(a) the coupling between the spins of two or more electrons

(b) the coupling between the spins and the angular momentum of the electrons
(c) the coupling between the electron and the nuclear spin

(d) the effect of external electromagnetic fields

fea meu ©F spectral 34T T hyperfine splitting T &9 3

(a) € ¥ 27 electrons ¥ It fegarg Aovs

() electrons T AFT At w3 Jagt fegars AuTs

(c) electrons "3 nuclear 93 ¥ fegarg Ais

d) oI farset gaat 439t v g

If 50 kV is the applied potential in an X-ray tube, then the minimum wavelength of
X-rays produced is —

(@ 02mm ® 2nm () 02A @ 24

A9 fea x-ray tube &5 applied potential S0kv 9, 37 x-ray grar 83urfes uie 3 uie
3991 et ¥

(@ 02nm ®) 2nm (¢ 024 @ 24

l’aper-ll (Physics) 13 C




63.

67.

{d) isdirectly proportional to the square of the interatomic s% aration.

¢l

Consider the pure rotational spectrum of a diatomic rigid rotor. The separaﬁfﬁ{‘ i)etween

two consecutive lines (AV} in the spectrum —
a) is directly proportional to the moment of intertia of the rotor.
is inversely proportional to the moment of inertia of the rotor. e
¢) depends on the angular momentum. ‘

diatomic rigid rotor ¥ HU Y99 spectrum § frs aﬁw T-F%I spectrum
fog @ fsdzg et feg S5 3 |

(a) rotor ¥ inertia moment ¥ Y3H MU

(b) rotor ¥ inertia moment € feuds nizUSH

(0 azEdadt I nafas '

(d) i3I Nt S5 2 29 T Y3 migus

For Raman spectrum, the selection rules are

(@ AJ=0,x1; Amy=0,1 . (b) AJ=+1,42; Amy=+1,42

(¢c) AI=0,%2; Am =0, +1 : (d AI=+2; Am=+1

Raman spectrum ®&t, 3% fouH 75 '

(8 AJ=0,%l; Amy =0, 1 (b) AJ==+1,£2; Amy =1, £2
“(e)  AI=0,£2; Am=0,+1 (d) AJ==£2; Amy==l:

L-S coupling often occurs in - o T

(a) all atoms (b) lighter atoms

(c) heavier atoms o (d) occurs only in nuclei

L-S coupling »aRd auget &

(a) AT UM few. (b) ISR ugHEn f3g

(c) 39 udHIHit feg (d) fHIZ nuclei feg Trumet @

Which one of the following CANNOT be explained by considering a. harmomc
approximation for the lattice vibration in solids? .

(@) Debye’s T’ law (b) Dulong Petit’s law

(c) Optical branches in lattices (d) Thermal expansion
mwmﬁalamwwwhmomcmw%mmﬁ?mm?

TIATENT FT AT 7

(@) Debye’s T? law (b} Dulong Petit’s law |

(c) Optical branches in lattices (d) Thermal expansion

Considering the BCS theory of superconductors, which one of the following statements
is NOT CORRECT? (4 is the Planck’s constant and e is the electronic charge)

(a) Presence of energy gap at temperatures below the critical temperatures

(b) Different critical temperatures for isotopes

(¢} Quantization of magnetic flux in superconducting ring in the unit of (h/e)

. (d)} Presence of Meissner effect

Superconductors ¥ BCS fAu3 & fimrs feg Sue I8, %Wﬁ?fﬁﬂ?mﬂﬁ
&1 T ? (h Planck’s constant I M3 e fvmEt gran 3 ) S z
(a) FIHYTS IUHS 3 I IUNS 3 GO mizg & Ageat |

(b) isotopes m%ﬁmm

(c) (h/e) Gf52 ¥ superconducting I59 feu Faait Y=g & quantization

(d) meissner Y= < Hgedtt

Paper-1I (Physics) 14 | C



70.

71.

72.

The temperature (T) dependence of magnetic susceptibility (y) of a ferromagnetnc
substance with a Curie temperature T, is gwenby

(a) TT,forT<Tc 7 ~(b) -T—forT>Tc

(c) TT,forT<Tc ' (d) ;—7 forT>Tc

. fx ferromagnetic LUETIE T IUHS (1) w7 duat suscepnbnhtya) 3 »rrcrrf%-:'% Curie
IYHE T, Afa3 & earrenr 7 Ferer 3

0) FforT<Tc o ® ;E—forT>Tc

© M,forrd'c (@ ;—T- LforT > Te

For a three dimensional crystal having N primitive unit cells with a basis of p atoms, the
number of optical branches is

(@ 3 - (®) I (¢ 3p-3 (d 3N-3p

fea R-nGmit crystal 7 p atoms »raOTg ¥ N YIBR unit cells Jue" & , Eé‘l’optlcalw.
& fredt 3 |

(@ 3 (®) 3p (© 3p-3 (d 3N-3p

Consider X-ray diffraction from a crystal with a face-centered cubic (fcc) lattice. The
lattice plane for which there is NO diffraction peak is

(@ (212) ®) (111) (¢) (200) @ @1

W5 &8 fed crystal fF fec lattic AfIS X-ray diffraction 31 I3 fofmit f35° fan =<t
lattic T35 oF Qe diffraction frua &3t & :

@ ((12) ® (111 (@ (200) @ @11 -

The Hall co-efficient, Ry, of sodium depends on '

~ (a) The effective charge carrier mass and carrier density
- (b) The charge carrier density and relaxation time

(¢) The charge carrier density only

(d) The effective charge carrier mass

Sodium ¥ Hall co-efficent, Ry, Warfas

(a) YISt TIF ALTIS mass M UEST FAOS

(b)) T ATox wEse »i3 frediaes At

(¢) Aoz oo Aeodl WESR
(d) YITIAF TIH HEI mass

‘Which one of the followmg axes of rotational symmetry is NOT permmsnble in smgle

crystals ?
(a) Two-fold axix (b) three-fold axis
.(c) four-fold axis (d) five-fold axis
Rotational symmetry &t 35 f5fimnt f&&° o=t niam-awr, féa'ﬁ%crmalﬁﬂae?ﬂ' ?
(a) Two-fold axix (b) three-fold axis
(c) four-fold axis ' : - (d) five-fold axis
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73.

4.

75.

76.

t’Il‘lhefBloch theorem states that within a crystal, the wavefunction, {(#), of an electron has
e form - o

—

(@ Y@= u(?)e“fﬂ where u(#) is an arbitrary function and % is an arb1trary véctor.
®) P = u(®e'’? where u(F) is an arbitrary function and G is a reciprocal lattice

vector.

© Y@ = u(@e" where u(® = u(# + &), A is lattice vector and § is a reciprocal
lattice vector. , : : : o

@ yv@®= u(Pe*") where u(#) = u(i" + K), A is lattice vector and k is an arbitrary
vector. :

Bloch theorem ¥Ret 3 & 8 crystal f&8, electrons ¥ wavefunction, , P(7) € 839 J
(@) Y@ = u(i")ei?‘.f) where u(#) is an arbitrary function and E is an arbitrary vector.
®) Y@= u(F)e‘é'_'-’) where u(#) is an arbitrary function and G is a reciprocal lattice

vector.

© Pp@= u(i")e"&"‘) where u(¥) = u(i’,’ + K), Ais lattice vector andff is a reciprocal
lattice vector. '

@ Y@ = u@e'* where u(?) = u(f + A),Ais lattice vector and k is an arbitrary
vector.

A low density oxygen gas at low temperature, only the translational and rotational modes
of the molecules are excited. The specific heat per molecule of the gas is

@ ks = () ke © ks @ ks

fore wEse viarins I\ We Iurs §€3, molecules ¥ fHIE translation 3 rotationa
modes §3fr3 e a5 | aﬂ?q?ﬂ'moleculeﬁﬁﬁﬂsma

1 5
(@ ks ®) ks © ks @ ks
The electron dispersion relation for a one-dimensional metal is given by

ka 1
& = 2£p {si‘n2 - -gsinzka]
where £ is the momentum, a is the lattice constant, &, is a constant having dimension of
energy and |ka| < m. If the average number of electrons per atom in the conduction

band is 1/3, then the Fermi energy is -

@ = ® & 0 @ 2 @ =

fea—bmﬁrmgaérmelcuonfeﬂalaﬁﬁufenagfeaw@wwzé
ka 1

& = 28 [:sin2 - - gsinzka] .

el &k momentum 3, 4, lattice constant I g, §IF = WU FuT constant I M3 |ka| S w.

799 conduction band 28 yIt ©F atom " WIA3 859 1/3 9 3i Fermi@ﬂ?l‘fﬁ
@ = ® & © = @ =

Electronic contribution to the specific heat of metals at low temperature is —
{a) an exponential function of T {3; a linear function of T

c) zero _ : none of these

wWE IUNS 'I U3 ¥ feRm 3 BT fimset

(a) T = f& exponential 5% (b) T e fBx ueu ems
(c) fheg _ (@) feost &9 St adt
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77.

78.

79.

- 80.

81.

82.

The absolute value of velocity of electrons corresponding to the point of inflexion in the
E—k diagram is — .

(a) ~minimum (b} maxtmum (¢) zero (d) notknown

Electrons € 315t &7 AYS" HS E-4 diagram fedt inflexion ¥ fig @ MHgu 3

(a) faBa3H (b) wifoesH (¢ fres - (d) fairs

In the original BCS model of superconductivity the dependence of T¢ on isotope mass is —
@ TexM' (@) TcxM () TexM'"? (@) TcxM”
Superconductivity ¥ Hfs& BCS H'S® &1 iotopemass €3 Te uaTtﬂ?H' b

(@ TcxM! () TcxM € TcxM™ (&) TcxM?”

The maximum radius of the interstitial sphere that can just ﬁt into the void between the

‘body centered atom of bee structure is —

@ r[(z/3)-1] ® r[(v3/2)-1]

© r[Vi-1] | @ r[v2-1] |
Intersnnalaaa@éuyéumﬁwqﬁbccﬂmém&@zvmdfaam
AHT FileT 3

@ rleNH-1 & r{W32)-1]

@ r[Vi-1] @ rvZ-1]

If the static dielectric constant of NaCl crystal is 5.6 and its optical refractive index is 1 5
the ratio of its electri¢ polarizability and its total polarizability is —

(@ 05 (b) 07 ) 08 @ 09 '
AT NaCl crystal T AT dielectric constant 5.6 J w3 fEA ¥ optical refreactiv indes
1.5 3 feA & electric polarizability 3 totoal porlarizability 7 nigus3 J2ar :

(a 05 (b) 0.7 (© 08 @ 09

Deuteron has only one bound state with spin parity 1*, isospin 0 and electric qudrupolc
moment 0.286 efm’. These data suggest that the nuclear forces are havmg

(a) Only spin and isospin dependence

(b) No spin dependence and no tensor components

(¢) Spin dependence and no tensor components

(d) Spin dependence alongmth tensor components.

. Deuteron @ spin parity 1%, isospin 0 »3 fm&et qudrupole moment 0.286 efin’ &7

firam foa g a3 | &Uﬁ%ﬁ?ﬁﬂ@?%ﬁmﬂaﬁwmm
(a) f"FIElE.’spmmg1sosp1nl-ElTEﬂ?'E{T

() & spin UIIE3T m3 & Jt tensor components

(¢) spin UFUIE3T 3T Fudnft IS UT tensor components Tl

(d) tensor component AfJS spin UGS

Which one of the fol]owing sets cﬁrresponds to fundamental particles ?

- (a) Proton, electron and neutron (b) Proton, electron and proton

(c) Electron, photon and neutrino (d) Quark, electron and meson
I5 ﬁvsﬁdw fou" fozr de niarags uaHEnt ] P yier 3

@) s, fedogs m3 5l ®) Uls, feBags M3 Ués

© fe@aa'ﬁ%iésm%fs@fa% (d) W,Feﬁaavém%ﬁﬁa
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83.

8s.

86.

87.

In the B decay process, the transition 2* -~ 3%, is -

(a) allowed both by Fermi and Gammow-Teller selection rule

(b) allowed by Fermi and not by Gammow-Teller selection rule

(c) not allowed by Fermi but allowed by Gammow-Teller selection rule
(d) notallowed both by Fermi and Gammow-Teller selection rule |

B 1uies yfafowr feg, quisas 2+ >3+ 3

(a) Fermi "3 Gammow-Teller €77 T fiStHT emrar Relara3

() Fermi ¥2 fo0H ©nrar FEAEW3 UT Gammow-teller 0 &t
(¢©) Gammow Teller % 50 " AAFTIZ UT Fermi ©HIFTT At
(d) Fermi ™3 Gammow Teller 93 f&tm g9t T Felaa3 ?’iﬂ"“

The semi-empirical mass formula for the binding energy of nucleus oontams a surface

- correction term. This term d%pends on the mass number A of the nucleus as

@ A" () A © A* @ A

nucleus &t AgST G T Semi-emprical massmwmwaaaﬁﬁuauea‘uar%ﬁa

UT neucleus € A mass ‘3 fan = wrorfag 3

@ A" ®) A" © A" @ A

A neutron passing through a detector is detected because of

(a) theionization it produces

(b) the scintillation fight it produces _

(c) the electron-hole pairs it produces .

&')6( the secondary particles produced in a nuclear reaction in the detector medium
maﬁ&raw%neutronerusfmrfewwmaﬁnaaﬁ

(a) ionization # f&g @3urfes o ¥

(b) scintillation Yy&rH ¥ &g @3urfaz qger J

(c) electron-hole 73 7 fog Q3ufes Ao 3

'G)) mwﬁwﬁanuclwqﬁﬁwm@w@seﬁ%um@

The basic process underlying the neutron S-decay is

(& d-ut+e +v, b d-ou+e

(©0 s—-u+e +7, d u-d+e +7v,
Neutron B-decay € niarag3 yfafanr 3 | .
@ d-u+e +7, ) d-ou+e

c) s-oute +v, d u-d+e +7,

In the nuclear shell model the spin parity of 15N is given by N :

@ = ® = © @ =

fez nuclear shell H3® <9 15N & spin panty f%’s"’r At 9 |
+ +

@ ® > @ @ = @ =

Weak nuclear forces act on ' :

(a) both hadrons and leptons (b) hadrons only

(c) _ all particles (d) all charged particles

TR fsBamine 5% far '3 aiod weer 3 :

(@) hadrons M3 leptons SuF €3 (b) fHIZ hadrons €3

(c) A I €3 () wwaa W%'

Paper-II (Physics) I Coa8 | o c



~ 89. Which one of the following: dlsmtegrauon series of the heavy elements w1ll give 20981 as
a stable nucleus ? i

{ % Thorium series . C Neptunium series ) :
¢) Uranium series : d) Actinium series:
?%elanmtsﬁ'aa'ﬁﬂimﬁgmﬁum@ 209p; ﬁﬂféﬁnueiam%ga ’%ﬁna%aﬂ
Ea% Thorium series o fbg Neptumum series |
¢) Uranium series ' d) Actinium series _
90. According quark model, the K" meson is composed of the followmg quarks
(a) uud ®) © (c) us (d)
quarkwsas%mma K meson 35" &3 gnraat &
(a) - ®d ¢ - () us (d) si- . ke

91. Cons:der the followmg particles: the proton p. the neutron », the neutral pion m° and the
delta resonance A*.- When ordered in terms of decreasing life time, the correct
arrangement is as follows :° :

- (@ n%npA* () p.nA%, 1r° (©) p,n,n° At (d) At,nwt,p.
Jo+ uHEnit § fera® I8, proton p, neutron n, W3 neutral pion 7° 83 delta
resonance A 3 | ﬁmmmmmwﬁamymwﬂa% 1,
(@ #°%npA* @) pnata® (© pnatAt (@ Ahnatp
92. The binding energy per nucleon of helium nucleus is 7 MeV and that of deuteron is

1 MeV. Then~- . .
a) helium nucleus is more stable gb deuteron nucleus is more stable
Ec; both are less stable ’ d} both are equally stable
Helium f58a@MiA ¥ nucleon € Yyt = bmdmg g9 TMeV 3 13 deuteron 1 MeV
31 feo |
(2) frorer RS Y () frme Afe D
(c) € ufz AfEg Is o @ €2 fed frd rfgg I

93. Nuclei which are B~ emitters lie — -
(a) below the line of B-stability -+ (b) on the line of B-stability -

(c) abovethe line of P-stability (d) below the N=Z line
Nuclei 7 p~ emitters Y=ra3 3¢ I5, AETUS JTT5 a
(a) P-stability Jur 3° I5F (b) P-stability Ju7 €3
(c) P-stability o7 3 §3 (d) N=Z I I&'

94. The nuclear reaction 4,H* - ,He* + 2_ 1¢° + 26MeV represents —

(a) fusion (b) fission . (c) P-decay (d) y-decay
f59 nuclear YSHRFMIT 4, H* - ;He* + 2_1¢% + 26MeV TIHG T 3
(@ fusion ~ (b) fission (c) P-decay (d) vy-decay

95, The baryon nurnber of proton, the lepton number of proton, the baryon number of -
" electron, the lepton number of electron are respectively — _ _

a Zero, zero, onc and zero .~ . One, one, zero and one _
%c; One, zero, zero and one d) Zero,one,oneand zero
1]28%baryonma’ qzs%leptonvﬁa fedaes 2 baryon?i‘aa fedads 2 lepton
(a) Zero, zero, one and Zero ' (b) One, one, zero and one
(c) One, zéro, zero and one (d) Zero, one, one and zero
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96.

97.

98.

Paper-1I (Physics) 20 . C

Identify the CORRECT statement for the following vectors d = 3 + 2f and b= : £+ 2f.
(a) The vectors @ and b are linearly independent.

(®) The vectors @ and b are linearly dependent.

(¢) The vectors & and b are orthogonal.

(d) The vectors d and b are normalized. .
T d=31+2f M3 d=31+2j =t QoS qE@ HugT a3:

(@) 29e @3 b Iuiu Uug 'I SS9 B

(b) T @3 b Junio Uug '3 uedls TS|

() Weg dn2 b mfedt as

(d) ¥Wed dm3 b AT o5

The number of independent components of the symmetric tensor A; j with indices i, j =1,
2.3 is

@ 1 d) 3 ) 6 d 9
Rt 25ms Ay &% fEdtAR ij=1,2, 3 ¥ §339 weat & fasdt 3
(@ 1 ® 3 (c) 6 d 9

f (x) is a symmetric periodic function of x i.e. f (x)= f (-x). Then, in general the Fourier
series of the function f (x) will be of the form

(?) f(x) = Zn=1(a" cos(nkx) + b,sin (nkx))
(b) fx)=ay+ Z:=1(a" cos(nkx))
(C) f(x) =Z:=1(bnsin (nkx))

@ fer=ar+) Gasintrkn))

f(x)x?fﬁamaﬁﬁmrﬁamamf(x) f () feq, ruws QU feg, f ()
56 O ST Bt T o qu d_ar?

(a) flx) = Zn=1(a" cos(nkx) + bysin (nkx))
® o =a+ Z:=1(an cos(nkx))

© F@ =) (busin k)

(Y fx) =ay+ Zm (b, sin(nkx))

Two matrices A and B are said to be similar if B = P"'AP for some mvertlble matrix P,

Which one of the following statements is NOT TRUE ?
(a DetA=DetB (b) Trace of A = Trace of B
(©) A and B have same eigen vectors. (d) A and B have same eigen values.

T 38t A w3 B § Aad NS fxar AR, m3 B = P'AP & P RIA fem Bmefowr mr
@ﬁamﬁvmmnﬁaﬁ%?

(a) DetA=DetB b A?fgIs =B fos

() A3 BYRHG &W6eacad & (d) A ™3 B { AW SvoN® o5
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100.

101.

102.

103.

104.

105.

106.

Paper-II (Physics)

Thevalué'oftheintegralﬁﬂdz where the contour C is the nit circle: | z-2 | = 1, is

@ 2m (®) axi (©) =i @ o
Yo § 2O o i, il firz9 C ferrdt dm@ B z- 2| =19
@ 2mi ®) 4ni © wm @ o

0 <3 '
Iff(x)= {x 3;3:-1; > 3, then thg Laplace transform of f (x) is

(@ sie* ®) se’ © s? d) sie

0 ’ .
w9 f(x) = {x 3’}':;,2233 3 3t f(x) T BUBH JUIBIS T ¢

(@ s 2 ™ b) ste (c) g2 ) g2
If F = xi + yj + 2k, then its divergence is— :
@ i+f+k ® 3
() x+y+tz (d) None of these
o F=xi+yj+zk Jstferofeamsd:
@ i+j+k _ ® 3
© xty+z @) fegtfed agt &t
If [*) B(x)dx = 2, then n is -

1 . 0
2 -1 d) None of these
© &
Aad [ P(x)dx =2, Fnd
@ I T om0
© -1 @ fegt fed 3t &t

The Newton Raphson method is used to find the root of the equation x2 — 2 = 0. If the
iterations are started from —1, the iterations will - :

(a) Convergeto-1 (b) Convergeto V2

(c) Converge to —2 (d) Not converge
i’runaﬁu‘rerqmamﬂaaax ~2=0 o &% ¥z &1 oi3T 7Aer J, Ho9

gw@ —1 3 wrd3 Jor 3 37 Toa d=ar - ,

(@) -1emifsqy ®) V22 mrsgy

© —V2? mifsgu @) mfgy adt

The minimum number of cards to be dealt from an arbitrérily shuffled deck of 52 cards to

guarantee that three cards are from the same smt is —

(@ 3 (b) %ﬁ (@
szaméféé}aﬁaléfﬁ%waa'tﬁz méémaﬁ%anﬁsfﬁhzaﬁs"ﬂf
i T 35 a93 Avrs Ao &9 05 .
(@ 3 _ b) 8 © 9 @ 12
In a Binomial distribution, if the mean is 9 and S.D. is V6, then values of » and p
respectively are — ‘
(@ 27,173 (b) 81,1/9 (c) 36,1/4 (d 18,172
eI fesvis feg e HoH's 99 i3 S.D.V6 ?JsTnm%pETap-@'aﬂE%
@ 27,13 () 81,19 (© 36,14 () 18,12

21

- B -
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107. With z = x + iy, which of the followmg functions f (x,y) is NOT a (complex) analytic

function of z 7
(@) [y = (x+ip-8) (4+f V' +2ixp)” (b)  f(oy) = (x+iy) (1-x=iy)’
(© fxy) == +2ip-3) @ fey) = (-x+ip) Q+xtiy)

z = x + iy RAfJ3, %Wf(xy)mﬁvmz?(m)ﬁﬂ@n&&maﬁ%?

() fey) = @+i-8 @+’ +2iy) ()  fxy) = (i) (I-x-iy)’
© [y = +2iny-3)° @) Sy = (I-x+iy)! 2+x+ip)°

108. The solution of the partial differential equatlon u(x t) - u(x =90 satxsfymg
the boundary conditions u(0, t) = 0 = u(L, t) and 1mt1al condmons u(x, 0) = sin (T) and

(%u(x,t)l = sm( ) is -

(@) sin (—) cos (—) L sin (2nx) (21::) .

(b) 2sin ( ) cos (—) — sin (—) cos 2’“)

(© sin (—) cos ( + 2 sin (_) sin (__)

@ sin(F)cos (T )+_ sin (22) sin (22)

Wigs BasHa Ailes v d8 3 2 u(xt)——u(xt) 0 Fhreast mfdt

ae?

u(0, 9 = 0 = w(L,t) W3 wirdsnit it
_u(x.O) = sin (Tx) and Eu(x, t)l = sin (?) is -
on () (5] & n (32 s ().
2sin (E) cos (ﬂ) — sin ( ) cos (zm)

o (5)os () + £ C)in(2)
sin ( L )cos (—-) _— sm _) sin (zm)

109. Let u be a random variable uniformly distributed in the interval [0, 1] and V = —¢ lh(u),
where c is a real constant. If ¥ is to be exponentially distributed in the interval [0, o]
with unit standard deviation, then the value of ¢ should be _

(a In2 - by 172 © 1 d -1
Hed nAfET u § [0,1] e nSoG feo AHG QU fea S AR n3 v = —cln(u)ﬁﬁcﬁ'?a
mmmaalﬁaan[Ow]%mamﬁafewérmﬁmmwma}
u fou o 7R 3t ¢ T HiE JRar
(@ 2 b 12 © 1 d -1
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110.

111.

The inverse Laplace transform of

sz(s+1)
(2) -t2 b)) s +1-et(Q t—l4et (@) stP(1-e)
sz(ﬂl}?mmmﬂm% |
(@) Etz et (b) _;t2+1—.e"(c) t—1+et (d) §c2(1—e"t)

Two uniform thin rods of equal length, L, and masses M; and M, are joined together
along the length. The moment of inertia of the combined rod of length 2L about an axis
passing through the mid-point and perpendicular to the length of the rod is ~

(@ M+ Mz) (b) M, + Mz)— () M+ Mz)— @ ™+ Mz)—
emawsﬂLm%mmM,m%Mzé‘uzwﬂwfaaﬁrtﬂ»ﬁsﬁw JGIEL
favar | ﬁﬁm@éﬁa&m@ﬁuﬁe%m%é&se@ummsﬁw
G Tisd:

@) M+ M) (b) (M1+M2)— © (M1+Mz)"" (d) (M1+Mz)—

112.

113

l 14.

In a central force field, the trajectory of a particle of mass m and angular momentum L in
planc polar co-ordinates is given by,

; == (1 + & cosB) where, € is the eccentricity of the particle motion. Which one of the

-followmg choices for € gives rise to a parabolic trajectory ?

(a) e=0 M) e=1 {c) 0<e<0 d e>1
Fodt Aast 3= fou, AHS® U9< 168 39 m »i3 dE09 B39 L dug o8 uaHg
Tad-3ur fen yag it wnaét%1=—(1+ecoso) R e, It TB wuE T
%&?ﬁﬁmﬁlﬁaﬁﬁvﬁewmﬁ?ﬁaﬁmm%ﬁﬁmaﬁaﬂ?'
(8 e=0 b)) e=1 (c) 0<e<0O _(d) £>1

A partlcle of unit mass moves along the x-axis under the influence of a potential, ¥ (x) =
x (x — 2)°. The particle is found to be in stable equilibrium at the point x = 2. The time
period of oscillation of the particle is

3n

@3 = ® = © 3 @ 2
ot Tlse WA Fuz T UINE X-nEAT 3V () = x (r— 2 6 T YEE & 5 aGe I
T x= zﬁe‘%mm’émwﬁlmémaﬁﬁg&EWW%

@ ® = © X @ =

2

NN

' An electron is moving with a velocity of 0.85¢ in the same direction as that of a moving

photon. The relative velocity of the electron with respect to photon is

(a ¢ ‘ ® -c¢ © 015 (d —-015¢ .

fox fedaas 0.85c & ISt o 225 & ot =kt fowr ¥ W fogr 9 é‘é’a%uara@
ﬁafeﬂaazéralahéaﬁ |

@ c ®) () 0.15¢ (@ -0.15¢ ‘
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115.

- 116.

117.

118.

119.

The Lagrangian of a system with one degree of freedom q is given by L = ag? + Bq?,
where a and B are non-zero constants. If p, denotes the canonical momentum conjugate
to g, then which one of the following statements 1s CORRECT ?

(a) pq = 2fq and it is a conserved quantity.

-(b). = 2fq and it is not a conserved quantity.

(c) pq = 2aq and it is a conserved quantity.

(d) - pq = 2aq and it is not a conserved quantity.

foa Aaos & Sadmis feo foxr foordt &t vast &% ¢ 8 L = ag? + g2 oo
mm%mﬁaaﬁﬁaa-mﬁmwaﬁlﬁaapq,qmﬁm%
ABSIB HASAH § TIAGT O 37 Jo ol ot fog fxoar AAY 3 7

(@) p,,——Zquéﬁaaﬂ'u'F&anaaT%

() p, = 2Bqn3 feT Hofterz Wz &t 3

(©) pg = 2ag 3 feg Aefim=z W3 3

(@) pq = 2aq 3 feT Aaftmis w3ar adt T |

A cylinder of mass M and radius R is rolling down without slipping on an inclined plane

of angle of inclination 6. The aumber of generahzed co-ordinates requlred to describe

the motion of this system 1s -

a) 1 (b) (© %i
Muﬁn@Rmau-f%nmmwé&'w B U3 '3 f3maz 3 fast Bud o

€3 Tz nr faor I fen € ge3r9 InE w2t 18t At 9 Ao wifteast & Ages 9

@ 1 b 2 © 4 @ 6
Hamilton’s canonical equations of motion are —
'-"'a—H d'=a_H (b) '=£and'.—_a_u .
(a) ql p! a . B d qi aaI;’i pl - aaq!
—9H H =21 = _ 94
(c) qaﬂ: 3 L andp; = o @ =55 andp;=—-2-
geI9 Hmﬂ éﬁ-ﬁ‘E‘S ot R At MiaTs D a
(a) =22 andj aH (b) =3 an =
ql aH pl aH Qi _'ap‘ pi gg; :
(© q=57andp; = D =3 ,andp:=—-—

ap;
If a co-ordinate is cyclic, Hamiltonian would reduce the number of variables in new
. formulation by ~

(a) One b) Two (c) (d) Four
A9 & miftegs Jaat 9, %mﬁamﬁawﬁnfumw%éw
(@ f= ) € @ & . (@ w9

According to the special theory of relatmty, the speed v of a free partxcle of mass m and
total energy E is —

(a) v—c/l—mTcz b v= (1+m2)
(© v-a}l (mcz)z o d v-c(1+

AoysT @ ferm fRufs nigAmg, uﬁmméﬂﬁﬁ@aﬁfﬁéuze@sﬂaaaazéfméfv%-

(2) v—c’l—mTcz | b) v= ;(1"'1";)
© v=c}1'—(-”i;—’)2 @ v=c(1+’"T‘2_
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120.

121.

122.

123.

124.

125.
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Let x and p.denote, respectively, the co-ordinate and momentum operators satisfying the

;anonfpc]:al commutation relatlon [x. p] =i in natural units (& = 1). Then the commutator
x, pe”] is

(@) i(I-pe® ®) ip)e” () il-<€?) (d ipe”

fearrasT M3 I=kts ATea § GHET x M3 p TIAER U6 A Fuadt feeret (h = 1)%
aﬁ?ﬁaﬁmﬁﬁﬂ ﬁEIU[xp]—t E&UHS‘T&H%EI?? I %H[x pe?] o et fom
YIISA -

(@ i(l-pe® () ipe?. (O i) (@ ipe”

The Poisson bracket of two integrals of motion is

(a) zero (b) ity "~ (c) infinite - (d) | infegral of motion
7=t St @ Mg O unfeas SREe 3 : = _
(@) frew ®) feast - (¢) »E3 (@ T ey
The Hamiltonian is defined as o ' '
(@ H=Xkpege+Ll - ® H=ZXpidx—L
(€ H=Xiqbr+l = (d) H=3F qubx—L
¢ fer sgt ufggms disr 7 Faer 9
(@ H=Xxpedx+L . ) H=ZXiprdx—L
(©) H=Xpqxbp+L (d) H =% quk -1

Which one of the following transformation is canonical ?

(a) P= q’Q‘ 4 (b) P= Q,Q=—P(C) Q—"'p9P —Q(d) Q=p9P-=_q

UITTE BB I T
(@ P=q,Q=p (b) P= Q,Q——P(C) Q—-p,P —q(d Q=p,P=—4q

The Lagrangian of a free parhcle in spherical polar co-ordinates is given by
L= -,‘;m['r2 + 162 + r2(¢?sin’@)] The quantity that conserved is -

® 35 ® % - © 5% @ F+0

me%m?mwmwa
L —im[r +r92+r2¢25m29]
a W39 gt 9 9

@ 3 ® 2 © @ F+ro
For a particle moving in a central ficld,

(a) theKkinetic energy is a constant of motion. -

(b) thepotential energy is velocity dependent. . .

(c) the motion is confined in a plane.

(d) the total energy is not conserved.

et B39 fou aStHI® uaHE Set

(@) wﬁamﬁﬁﬁ@aﬂfﬂfeﬁ% () Fot B9 9EsT %nﬁufha%
(©) feog oS fog Tt ARG D @ m@aﬂfaﬂwama‘aﬁw




126. A plane electromagnetic wave travelling in free space is incident nomiéli‘y on a glass
plate of refractive index 1.5. If there is no absorption by the glass, its reflecttvity is
(@) 4% ® 16% - () 20% ) 50%
fex mure farset g9t Bfdd HaE y&'e fod SuRt Fogs ar ude ‘3 OF 3 fam
WUfgeas3 Foamid 1.5 3 AdT I5A T AEt AHA &3t & 3F nufeeassr 9 |

(@) 4% () 16% © 20% @ 50%

127. The electric and magnetic fields E(z, ¢) and B(z, t), respectively corresponding to the
scalar potentlal fp(z, t) = 0 and vector potential A(z,t) = itz are
(@ E=izandF =—jt ) E=izandF =t
() E=-izandF = —jt (@ E=-izandB =jt
farmet w3 daelt 839 E(z,6) 3 B(z,t) PR AABT HI=w 9(z,t) = 0 M3 ¥
Aaesr. A(z, t) = itz © ANG T5 _ ,
(a) E= Lzandl—?'——j (b) E=izand§=]‘t
(¢ E=-izandB = —jt (d E=-izandB = = Jt

128. - The space-time dependence of the electric field of a linearly polarized llght in free space
is given by xEgcos(wt — kz) where Eg, w and k are the amplitude, the angular frequency
and the wave vector, respectively. The time averaged energy density associated with the
electric field is

) '4'5'050 ®) '2‘8050 (c) &E§ (d) 28050
&aﬁﬁmﬁmémmﬁaﬁmﬁﬁ%ﬁm—mma
xEgcos(wt — kz) T Trfenr wier § T8 By, 0 »3 k gHET MEIfeQs, deed
w@ﬁm@sﬁa%azamnm@m@wwﬁmﬁsamma%

@ jeEf 0 ek} © &} @) 25Ef

129. A circularly polarized monochromatic plane wave is incident on a dielectric interface at

Brewster angle. Which one of the following statements is CORRECT ?

(a) The reflected light is plane polanzed in the plane of incidence and the transmitted
light is circularly polarized.

(b) The reflected light is plane polarized perpendlcular to the plane of incidence and
the transmitted light is plane polarized in the plane of incidence.

(c) The reflected light is plane polarized perpendicular to the plane of incidence and
the transmitted light is elliptically polarized.

(d) There will be no reflected light and the transmitted light is circularly polarized.

fea diwardt 33fors Hahfen Bfae, agres o= %eaa?faﬂse"rufaﬁu %ﬂzﬁ% { 35

fofuntt fog foaar ams At J 2

(a) wfez = T uasm %qﬁmmmmaﬁwﬁzma’mﬁf ‘

) ufes d= 2 o %uﬁﬁaamém%»@whamuﬁaae%
93 ‘3 IS [/ Y

(¢) wfe3 Iz o woss %qﬁﬁww%m%n@qﬂﬁawmm
@ wmmﬁ%mmwmwﬁam% '
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130. An insulating sphere of radius ‘a’ carries a chargé density p(7) = po(a? — %) cos 6;
r <a. The leading order term for the electric field at a distance d, far away from the
“charge .qilis';ﬁ'ibution, is proportional to o '
(@ d' ® 4~ © a” @ a”*
fer AU 335 @@ 939 ‘¢’ »iag foorA Juo I RS IR wes p() =
po(a? —r?) cos@ I fmeet ¥39 d gt '3 oo 98 T <t g9 AfES I, fAm O iy
Yy fan @ nigu3 ‘T AfES T

@ 47 ® 47 - (@ a7 @ da”

131. A magnetic dipole moment 77 is placed in a non-uniform magnetic field B. If the
position vector of the dipole is 7, the torque acting on the dipole about the originis— -
@@ #x @xB) - () 7 x V@A.B) |
(¢ MxB (@ i x B+7# x V(.B)
Jeolt Juget aist 7 wAHS Feet 839 B few Aerfu 1St It | Rae € uget & I
Afagt # 9 37 15 @ Ady feo @ U9 '3 oA e S9R ¢
(@ 7 x (@xB) ' () # x V(@m.B)
© mxB | @ 7 xB+# x V@.B)

132. In a non-conducting medium characterized by e = &, u= Hp and conductivity ¢ = 0,
the electric field (in Vm™') is given by E = 205in[10%¢ — kz]j. The magnetic field H
(in Am™) is given by —

20K

(@) 20k cos [10%t — kz]1 ) msin[lost ~kz]j

(©) %’;—;sin[lﬂst—ké]i d) ~ 20k cos [108t - kz]

ot niERTER NI S e = &5, p= po SRAST 3 AT®aT 0 = 0.3 fomeet 439
ooy weAfenr AT 3 1 guelt 339 (Vm! f9), E = 20sin[108t — kz]] oA
earrfenr Aer 3 | St 339 H (in Am” fev) fom gurar wafimr rar |

-

; : 3 20k 8y _
(@) 20k cos [10%t - kz]i (®) 5, sin[10% kz] §
© 1o, Sin[10% ~ kz]t (@ - 20k cos [10% — kz] ]
0

133. An oscillating current I(t) = I, exp(—iwt) flows in the direction of the y-axis through a
thin metal sheet of area 1.0 cm” kept in the xy-plane. The rate of total encrgy radiated
per unit area from the surfaces of the metal sheet at a distance of 100 mis

2,.2 2 2
@ 12:::.'::63 (b) 1:;:::,::3 : () 12’:’8:,63 @ 24::::0(:3
fom RS a82 1(0) = I, exp(—iwt),y-iaR-3ur ¥, xy-U9ss <8 Ft uzdl urs far
o 829 1.0 cm? 3 It aidt ger 31 o3 2 vams I yerfivs AiEt Qe vy giee
8§39 100 m = gt 3 I ' : |

Inw ’ozﬂ,z Iozll) ’o(l.}z
@) 12ngqc? (b) 12meqc? (© 12meqc? (d) 24megc?
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134.

135.

A point charge q of mass m is kept at a distance d below a grounded infinite conducting
sheet which lies in xy-plane. For what value of d will the charge remain stationary ?

_ q - q
(a) 4 /mgne, (b) Jmgne,
(c) There is no finite value of d. d) @

mwéﬁ?@aﬁqamﬂamﬂsﬂmﬁﬂzaf& mplaneﬁ'aﬂfas?r%?ﬁzsrd_
gat '3 Jemr famrm d%faﬂﬁs’émnfaaaaarr?

( a) 4, m:vneo ‘ | (b) Jﬂm
() dv agt rfag s &t 9 @ imz"fo

When a charged particle emits electromagnetic radiation, the electric field E and the
Poynting vector § = -:—OE" x B at.a large distance r from the emitter vary as -:; and ;1;
respectively. Which of the following choices for » and m are correct ?

(a n=landm=1 : (b) n=2andm=2

(¢) n=landm=2 (dd n=2andm=4

o fow g dtz yang famet-gut yaH yefom aeer 9, et 939 B o

136.

137.

Poynung%azas-—ExB fi’nrseé}rs‘qewmﬁw m% ~ o9 uwee
I5) nm%mﬁﬁﬁﬁ%aaﬁ%'&ﬁawﬁa'mmﬁ 3 ?
(@ n=landm=1 b)) n=2andm=2
(c) n=landm=2 (d n=2andm=4.

“The work done on the charges by the electromagnetic force is equal to the decrease in
energy stored in the field, less the energy which flowed out through the surface” is the
statement of —

(a) Gauss’s theorem - (b) Stoke’s theorem

(¢} Gauss’sdivergencetheorem ~ (d) Poynting theorem
“farmset Sadlt Aadt Dorgr grow '3 3 famr A, u39 few Aqfos i3t 8o fem
St ® S 9, @anre?mﬂﬁuaraaywﬁlaae?”feﬂ?m%

(a) Gauss’s theorem T (b) Stoke’s theorem €7

(¢) Gauss’s divergence theorem®  (d) Poynting theorem "

The field of magnetic vector B is always —

(a) Irrotational ~ (b) Solenoidal
" (¢) Non-solenoidal - (d) Both irrotational and non-solenoidal
et JAeI B e A ol Jer I ¢ -
(a) Irrotational (b) Solenoidal .
() Non-solenoidal (d) irrotational %2 non-solenoidal &
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138.

139.

140.

141,

The state of polarization when the x and y components of the electric field is glven by
equation

E, = Epsin [kz - wt + 5]
E, = Eysin [kz - wt~ E]
(a) Linearly polarized _ (b) Right-circularly polarized

(c) Left-circularly polarized (d) Left-elliptically polarized
ggeesr Ot Afadt 7 fimeet 939 ¥ x »i3 y I3 fon milaesE onrar R AR U8

E, = E,sin [kz - wt + g]
E, = Egsin [kz - wt — %]

(a) WA TgeEIT - (b) FR-U dageT ugeEs

(c) ¥ Wt TIITT ugTES (@) HI-Id Fogee ugeEs

In an electromagnetic field, which one of the following remains invariant under Lorentz
transformation?

(@ ExB ®) E*-c¢*B* (¢) B? @) E?

(@ ExB (b) E*-c*B* () B? @ E?

A particle with an initial velocity vof enters a reglon with an electric field on and a
magnetic field Bof. The trajectory of the particle will
(a) be an ellipse ' . (b) beacycloid

(c) beahelix with constant pitch (d) not be confined to any plane

st aSt vl &5 fe ag, ﬁn&éf&saww@mﬁaamiﬁaqénaw%
YT & SEg-ur It | -

(a) & vizarg Taat () wéaSfes Tdt
(c) Afae It '3 Isdters @ faA g93s '3 fenfez &dt &3 7 Ager
A particle of mass m is confined in a two-dimensional square well potential of dimension

a. This potential ¥ (x, y) is given by
Vix,y)=0for-~a<x<aand—a<y<a

= oo elsewhere.
The ground state energy for this particle is given by,
2 2n?h? - SwEa? Amn?
(@ ;1:1? ' () :laz © 2::;:;3 (@) ;:.az

%aaaafaram?mwmaa‘uaeﬁe—mmﬂmfeanﬁaaaaﬁar
famom 1 ¥ (x, y) & foT Agresr gantt aigt Q1
Vix,y)=0for-a<x<aand—a<y<a

= oo elsewhere
fen yaHE & gasst Qo § fem 39t TemfenT Ao 3
I I~ R
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142. The ground state of sodium atom (*'Na) isa %Sy, state. The difference in energy levels
arising in the presence of a weak external miagnetic field B, given in terihs of Bohr’
magneton, gg is e S
(a) upB (b) 2ugB (© 4ugB (d) 6#33 .

Fgtont eH (MNa) & TISE Afat 25,,, T 1 fod e et gt 859 B & ot
&% Tudt §9vr 8537, Bohr magneton py IO TOHTENMT W AGARF S ¢ <- - - -
(@ usB ) 2upB (© 4ugB . (d) 6#33

143. The normalized ground state wave function of a hydrogen atom is given by :p(r) =

——2_¢=7/% where a is the Bohr radius and r is the distance of the electron from the

Vam a3/?

nucleus, located at the origin. The expectation value (—) is—

@ I ®y 3 G

TEIZAS MieH & AUeE uersw Afadt @ sfos TN & yir) = J— Zgr/e gt

eamfemw%ﬁéasohrradmsan@ f‘eﬁaasétmvs Hﬂarmsfaﬁawﬁmnaea’r
%fen@mmmm(—)?r -

47 2"-

@ = ® = © @ 5

a? a? a? .a
144, A one-dimensional harmonic oscillator carrying a charge —q 18 placed in a uniform

electric field E along the positive x-axis. The oorrespondmg Han:ultoman operator is—

Kz he o
( ) Zm : zt3 kx +qEx (b) 2m ddxz *3 kxz - qu -
- _2_ 2 _ _"_i. -
(c) +3kx + gEx (d) T +2kx? qu

feanm%%qfaamn%ﬁ?mﬁ-qahnaa*mﬁx—m%w %wf‘aﬂw
439 E fog dftmr famr 3 | Mgt Afisedinis Howa 3 '

@ =£,1 ~kx® + qE. L Y S,
) 2m dx? x qEx (b) 2mdx® 2 x . q x S W
'-—-'if-’-z-+—k + qE Q) -2 liyr gEx
(C) Zm dx? x qex - ( ) 2mdx? 2 x q . :
145, Which one of the following relations is true for Pauli matrices a,, ay and crz ?
(@) o,0y, =00, ) o.0,=0; e
() oyo,=io, _ (d) o0, = ayax "
Pauli matrices oy, 0, "3 o, Bt I6 fofient fog” fogar g @ﬁ:’S’a
(@) oy0y =0y0, : (b) o0, =0,
(c) o0y =0, (@) ooy =—0,0,

146. A muon (4~) from cosmic rays is trapped by a proton to form a hydrogen—hke atom.
Given that muon is approximately 200 times heavier than an electron, ‘the longwt
wavelength of the spectral line (in the analogue of Lymen series) of such an atom wnll be-
(@) 5624 () 6674 (© 3754 (d 1334 o
glorst fagat gnrar y=rfu3 & muon (u™)  Yd Tnirar TEISHG 98T MieH selE
st efanr fapr | fenﬁﬁwféwﬁféanﬁmf%ﬁaéw%zoowmwa,
mﬁ%ﬂwém%w(aﬂaqnﬁa)ﬁaﬂagwéeﬁaaéaﬂ
(@ 5624 ®) 6674 © 3754 ) 133A _
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147. Inthe Born appmxlmanon, the scattering amplitude f (6) for the Yukawa potential

V(r) = =—is given by :
(in the followmg‘b = ,2ksm-2-, = %’S)

2mp __2mg Zmp . 2mp
@ -~y ® gy © T ne o) @ _iﬁ?

g 55 SEt §96 niaH's, ﬁnﬁsﬁuﬁwﬁ@s%fsﬁ»ﬁﬁaﬂ&)aw@wﬁﬁ -
—ur

V(r)-pe

95 fofunit feg b = st!n-E-——)

__mp g 2mp _2mp
(a) M(uieb?) "(b)  R2(u2+b?) (© n2f(uZ+bd) @ - A2 (ui+b2)3
148. The energy eigen values of a'particle in the potential V(x) = -mmzx2 — ax are

@ En=(n+3)ho- ® E,=(n+ )hw+zm -
© E,,-V(n+z)hw‘_-;-:—z @ En=(n-Yho

e yaHE & eigenvalues 57 V(x) = lmmx —qxw‘:."aﬁma
@ E.=(n+ )hw—m:,z ®)  En=(n+ )hw+2mmz
© En=(n+ )hw-— @ En=(n-3)ho

149. The perturbation
[b(a -X), —a<x<a
otherwise

Sets on a particle of mass /m confined in an infinite square well potential
—a<x<a

V() = {00, otherwise

The first order correction to the ground state energy of the particle is
ba ba

® 5 &7 © 2a (@ ba
{b(a -Xx),~a<x<a ,
: otherwise -
W%uamg ﬁ»ﬁnmﬁa%@ﬁ%mm%mﬁww@:
V) = { —a<x<a
0o, otherwise
mwuﬁa’r@wmufaw@@a%n
RO~ ® % © 2ba @ ba
150. The condmon foranoperatorptobeHemutxanmthestaterp :s
(8) I'I’"l’df—fwllmd‘r (b) fll!wd‘r'l'p*wwdf
() ll!'pil)d‘r— : (d)még’fgwdr—fp*ww dr
ﬁampézp nﬁs’tfeaaamﬁlmm
(a) I'b"mlld‘r—fll"#df - ®) flbpwdt—fp*llﬂbdr
© 'b'pwdt p @ Mpwdf-fp*w‘df
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