E Prepp

al Exams Guide

UPSC CSE 2021 MAINS PAPER 7 JANUARY 16, 2022 PHYSICS OPTIONAL PAPER-II QUESTION PAPER

ﬁﬁ?ﬁ (qg-a=11)

PHYSICS (Paper II)

freffa awg : a7 gve SHferead 3 : 250 |
Time Allowed : Three Hours Maximum Marks : 250 I

T - aEaret o s

T 3 & g Freafafaa frdat =t oo sraaigEs 9¢ -

T AT WeA & S g @uet # fawora € qun fedh v ssh A A s g R |

IEHICaR &1 el g WEAl & TR A ¢ |

T gET 1 3R 5 Afrard € qun arh uel § & TS GUS d HH -8 -FH Uk W A A1 W1 &
IR T |

s W /A & forg fraa s 9ae wmwa feu g |

HAT & ITR gdt wiftrera wrenm # o s =, e e sas wav-uw 6 feanman @, sk
Zq WIEGH &1 Tq6¢ Jeold UIA-T8-IoR (T80, ) gfeaat & qays R fafde v w= fear s
=fen | wiftrea wream & srfafcn s et o 9 fog 1o SR W & e e et |

afe Sravas €, a1 IYITH ATHS! 1 994 hIfog qar It fafde Hiferg |
W e IfcaRad 7 81, Tehd qGT YsaTael! FHfeld AT A°T A UIH € |

HAT o ORI ol UM HATTAR b1 ST | A H1eT T8 2, T 9 & SR H AT H A AT
T I siva: fean man g | v -we-SwR yfeqst # @it SieT T I8 A1 I6S A F WE T H
HTET AT AR |

QUESTION PAPER SPECIFIC INSTRUCTIONS

Please read each of the following instructions carefully before attempting questions :

There are EIGHT questions divided in TWO SECTIONS and printed both in HINDI and in
ENGLISH.

Candidate has to attempt FIVE questions in all.

Question Nos. 1 and 5 are compulsory and out of the remaining, THREE are to be attempted
choosing at least ONE question from each Section.

The number of marks carried by a question/part is indicated against it.

Answers must be written in the medium authorized in the Admission Certificate which
must be stated clearly on the cover of this Question-cum-Answer (QCA) Booklet in the space
provided. No marks will be given for answers written in a medium other than the authorized one.

Assume suitable data, if considered necessary, and indicate the same clearly.
Unless and otherwise indicated, symbols and notations carry their usual standard meanings.

Attempts of questions shall be counted in sequential order. Unless struck off, attempt of a question
-shall be counted even if attempted partly. Any page or portion of the page left blank in the
Question-cum-Answer Booklet must be clearly struck off.
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A beam of 12 eV electron is incident on a potential barrier of height 25 eV and -

width 0-05 nm. Calculate the. transmission. coefficient.
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Normalised wave function of hydrogen atom for 1s state is
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0
being the Bohr radius. Calculate the expectation value of potential energy in this

state.
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spectral line of 400 nm wavelength when a spectrometer whose resolution is

Find the minimum magnetic field needed for the Zeeman effect to be observed in a
0-010 nm is used. Write the answer in the nearest high integer.

25 eV F9TE 3R 0-5nm SIeE & fawa A9 w 126V

srrafora BT § | WSRO UM <6l TUET HIIT |

1€€h.1 | Sgzo.1| ggot. | 965P.z
|t PAEE1 | 18R, | E6¥P. | SSzz.T
-2552.1'|9854. | 996¥: |-g€10.2
1| §581.x [ 4of9. | gg¥S. | 12281
9Lz1.1 | 1125 | S909. | Lgbo.1
Szz1.1 | g60S. | 9z19. | €2€0:1
bli1.1 | 9g6t. Awm—o. 1919.1
SZ1r.a |Sigh. | o

Llor.1 | ¥olb.. n.mo. 1bgS.1 ||
‘ofor.1 | £Sgb. | 9LE9. | £g95.1

¥g60.1 | €¥SY. | obbg. | LzSS.1
6£60.1 | ¥EVY. | SoSg. | €LES.1
‘§6g0.1 | SzEV. | 04SQ: | 0zZS.1
2580.1 | 91z¥. | 9€99. | 890S.1
-1180.1 | Lo1¥. | £olg. | g16¥.1
‘oLLo-1 |ocool. | 14lg. | oLl
1€Lo.1 | z6gE. | 6€g9. | Ezgb.1
2600.1 | SRLE. | Lobg. | LiV.x
§S90.1 | gLot. | LL6g..| EEEP.1
6190.1 | z4SE. | Lol | 161¥.1

bgSo.1 | gg¥€. | gr1l. | oSob.1
0550.1 | 0g€E. | 681L. | 016€.1
o~mo~ §SzE. | 1924 | 14L8.1
m oS1€. | SEEL | ¥E9€.1
' ¢o~ SPot. | gobl. | 66¥E.1

€zbo:1 | 1¥62. | EgbL. | ¥oEE.1
“§6%0.1 | LEgz. | 8SSL. | 1€2€.1
L L9€o:1 | €€42. | YEQL. | 0O1E.1
ovto.1 | 6z9z. || 114L. | 696z:1
¥1£0.1 | 9252, | ggLll. | obgz.1
6gzo.1 | €zbz. | 9ogl. | z1iz.1
99z0-1 |0z€2. | S¥6L. | 9g5z.1
| €¥zo.1 | g1zz: | Szog. | 19vz.1

| 696.¥S | o1600. §6:601

PIIN GHFHIY POV WVWV PO BWB D

£€ | oft.£€ | oS1o0. om

Sgz.g1 | €4zo. | g6S.9f .
nem.w~ | ©ofo.| Sir.fE€ . f

9650:6. | ofSo:l #Ll1.gr -
muawm wwoo. mvv.wu i
£9ob-4 | z4g0.| ogg.pr
L¥69.9 | E¥lo.| Poh.f1
[¢0S09" | Izgo. | egI.T1
zoo.S: | . Lobo. €z0.11 .
L0LE6.y | =Eoor. | zbL6.:6
1iSh,¥ | gorr. | oSzo.6
‘[61zo.% 2Z1.'| 2991.8
6929.€ | €SEL. | 16gE.L
zgoz.€ | .96¥1.| 6589.9.
zzv6.T £S91. | L6¥0.9
95¥9.z lzg1. | 6ELY.S
9S4E.z° | 610z. | OES6.P
£6z1.2 1€2zz. | Ligh.¥
€bo6.1 | ogbz. | z550.¥
869.1 Szlz. | £699.€
§60§.1 z10€. | 102£.£
9SEE.1 6z¢¢. | zvoo.£
2128 649F. | €g1Z.2

10z0.1 | £102. | LQIg. | Y1221

1g810.1 { 1161+ | 04zg. | 2602Z.1
2910.1 {0181+ | €S€g. | z61.1
|| S¥10.1 | gol1. | LEVG. | ESg1.1
8210.1 | Log1. | 125g. | SE€L1.1
t110.1 {goS1. | Lo9g. | gI191.1
600.1 | Sobre | ¥69g. | €0S1.1
-5goo.1.|vof1. | 1848. mwm:
zloo.1 | foz1. | 6988.

| 1900-1 | ZO1I. | 8568. | £911.1
0500.1 | zoo1« | gho6. | zSor.1
z£00.1 | 10g0. | 1£26. | £€g0.1
8100.1 |0090. | g1¥6. | g190.1
8000-1 | 00¥0. | g096. | gobo.1
2000.1 [ 00Z0. | Zogb. | zozOo-1

Ouany Norws Ocany Non0s Onaee Dorwe Onasy VOros Onasw Borwao
oA A GAAAR GRARR DD OD MYRDDD

®

Fqus | g «? £q800 [xqus| 52 | g9

1.(a)
L(b)

1.(c)

www.prepp.in

SNOLLONNA JDI'TOSYIdAH ANV TVLINANOJIXA

'1Zzo.1 | S11Z. |QOIg. | LEEZ.1 |

HXS-B-PHY



www.prepp.in

1.(d)

1.(e)

2.(a)

2.(b)

2.(c)

our P

r Personal Exams Guide

O-ST%Wﬁmm%ﬁqaﬁiwmﬁmaﬁmlmaﬁ%v

ﬁquﬁﬂﬁm%m@m%@aﬁaﬁwmﬁﬁmﬁm_

Fif |

Calculate the Larmor precessional frequency for a magnetic induction field of 0-5 T.
Hence calculate the splitting in wave numbers of a spectral line due to normal
Zeeman effect for the same field. 10

HCI ¥ g Tvita aufsa (Sagw) & veen ufte 2118 om™ W foard &t R | sty
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The first line in the pure rotational spectrum of HCI appears at 21-18 cm!. Calculate
bond length of the molecule. Given atomic masses of H and Cl are 1-008 and
35-45 amu, respectively. 10

qISel T TRl &1 Suan @xa gy fag i s,
() o,0,+0,0,=0; 0,0,+0,0,=0; 0,0,+0,0,=0
(i) o,0_=2(1+0;)

(i) o,+0p=io, &l a*pry

Using Pauli spin matrices prove that,
(i) o,0,+0,0,=0; 0,0,+0,0,=0; 0,0,+0,0,= 0
(i) o,0_=2(1+0),)
(iii) o,+op=ic, where a# By 8+6+6

T O & G SAFIETa 1 A sy o saeht et 002 em & i fraffa 6t
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Find the uncertainty in the momentum of a particle when its position is determined

within 0-02 cm. Find also the uncertainty in the velocity of an electron and a-particle
respectively when they are located within 15% 108 cm. e &

& & 50A e AR Ia FATE & CHfHT B (FTE) A @R | HE
(FFE) & Fg W 15A F FaTa & fraR F0 & @rere it gwraen (wfisan)
o T T e el gaaw et @ feafa 7 e

A particle is moving in a one dimensional box of width 50A and infinite height.

Calculate the probability of finding the particle within an interval of 15A at the
centres of the box when it is in its state of least energy. 15
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3.(a)  3637A % IS G F € H ITANT I Y T T o A qUIhA (THFgH) &l Q@A
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U | Hefira Tara 3R Ut-weram aredl & forg A # 9w x4 ot worn g afe
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In observing the Raman spectrum of a sample using 3637A as the exciting line, one
gets stoke line at 3980A. Deduce the Raman shift in m™ units. Compute the
wavelength in A for corresponding stokes and antistokes lines if the exciting line
is 6465A. 20

3.(b)  TSHUI-SHE A hl ATCAT HIT | THUI-FHET JIHA & HIRUT B3 o1 - GATY I
WagHt (avisw) Xama & faures &t ==t Hifsg |

Explain spin-orbit coupling. Discuss the splitting of spectral lines of H-atom due to
spin-orbit coupling. 15

3(c) UF q GATEHAT aTal TagF AT # Gl SAFgl 1 FEeH T ©;

m=8 L=4 s=1
n2=7 12':2 §H = %

(i) L-STF & AMQ g L 1 G 7w Aforg sk J & S |

(i) j-j T S HFD §C J FT G 7 A1 HIC |

The quantum numbers of two electrons in a two valence electron atom are;
n1=8 ll=4 =';'
n2=7 12=2 8§ = %

(i) Assuming L-S coupling, find the possible value of L and hence of J.
(ii) Assuming j-j coupling, find the possible values of J. 7+8
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o e
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A particle of rest mass m, has a kinetic energy K, show that its de Broglie
wavelength is given by

5, hc
VIK(K+2m,c)]
Hence calculate the wavelength of an electron of kinetic energy 2 MeV. What will
be the value of 4 if K<< myc®? 15

4.(b) ﬁwﬁﬁaﬁmﬁ%m@mmmaﬁmﬁmaﬁmaﬁﬁqqﬁ
AdE F9 grETg e # 2 | ¥e o qufse fF aft s st e sEea @
2 @ wu  Pfafea @ & are fraea & wfisar s 16% (wfae@) 2 |

Calculate the probability of finding a simple harmonic oscillator within the classical
limits if the oscillator is in its normal state. Also show that if the oscillator is in its
normal state, then the probability of finding the particle outside the classical limits
is approximately 16%. 15

4(c)  ETT 3R s S W &1 v i | geerse fe g gEgiee wn |
HIWEAT F! & IST <l # |

Describe normal and anomalous Zeeman effect. Explain how it lifts the degeneracy
in hydrogen atom. 20

Qug ‘B’ SECTION ‘B’
5(2) A, -3 o U THR FRROGS 30° & §- -1 IR TE SHH & ST TRIEa & I[erRal

%|97mw%ﬁmmi60°%%nquﬁwm%m?hﬁ 2
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An X-ray beam of wavelength (4,) undergoes a first order Bragg reflection at a
Bragg angle of 30°. X-ray of wavelength 97 nm undergoes 3rd order reflection at a
Bragg angle of 60°. Consider that the two beams are reflected from the same set of
planes. Find the value of 4,. 10
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Using the expression for internal energy

U=3 N_L, show that Einstein specific heat capacity is given by;

h(D/kBT
e -1

2 holkgT
C=3R[ ha)) ( e

kB T ehw/kBT 2 1)2

Also show that Einstein specific heat capacity given above is proportional to

e "%sT at very low temperature. 10

5.(c)  p° 3R K HEH QA1 € AfUER 2t AR 2~ F o e € | wwEsy % p° @ stea
sﬁa-«rm(mlo-ﬁs)]c% taq St &1 (~1071%) & goren | Brer 71 2 |

p° and K° mesons both decay mostly to z* and 7. Explain why the mean lifetime
of p° is shorter (-~ 1023s) compared to the mean lifetime of K°(~101%). 10

5(d frafafea Famel @ o= g sut & 1o = € 2
(@) ud (b) ud (c) dds (d) uss
What are the properties of the particles made up of the following quarks ?

(@ ud  (b) ud (c) dds  (d) uss 10

S.(e)  gaen sifufsrand w= Bt € 7 wie & wifas wferw A, frad s gaar siffran
gidt €, 39 41 3 foeprea € 2

What are chain reactions ? What do you mean by critical size of the core in which
chain reaction takes place ? 10

6.() I F HLAAT T FTHEed ¢ ? S o raw raed & frg ;R wfaor
&1 T W6 HIIY 3R quis ff s @ i adF A ag aa arar 2 |

What is the importance of study of deuteron ? Obtain the solution of Schrdinger
equation for ground state of deuteron and show that deuteron is a loosely bound
system. 20

6.() zuizy f& Tfhfm v & geg Afem AW F 78w 'R AR T
ho=414"MeV a1 2 |

Show that in the nuclear shell model, the level spacing between major oscillator
shells is approximately Aw=414"">MeV. 15
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How many types of neutrinos exist ? How do they differ in their masses ? 15

B=49 F WA TH n-p-n TIER ITAME IcAH yatfs faer § =10V sk
Ry =2 kQ % gy fepan wmen | afy gifirees & womes ok MUR (99) & i
& 100 kQ RS g1 gAT R A Wi WITES AT Y A0AT B | A WY
Vge=0 |

An n-p-n transistor with =49 is used in common-emitter amplifier mode with
V..= 10V and R, = 2 kQ. If a 100 kQ resistor is connected between the collector and

the base of the transistor, calculate the quiescent collector current. Assume Vpp= 0.
20

aTfcadh JaedT | WAV YT ThivaH & 3d3ﬁ&rﬁwmsﬂa¢h@m%€§
FIVT I J R A7 Fa1e Tore g & AT Y Ao Hiforg o 7 A H
0-57 % &= & Gad &0 o1 & Tega Aol &1 ot ot faifa @ F fag Fifsg |

In the metallic state the transition metal scandium has a single electron in 3d
subshell. Calculate the values of total angular momentum J and the Lande splitting
factor g and use these values to determine the energy of the lowest energy dipole
moment in a field of 0-57. 20

6x10~4 cm ) e WA HR 1015 cm> F AT igal & AT p-I« fafeqswia FET
¥ forq g dreean &t o Hifvrg | Fafeeta @ wrEgars 12 fargsn @

Calculate the pinch-off voltage for n-channel silicon FET with a channel width of
6x10~4 cm and a donor concentration of 103 cm™. Given that dielectric constant of

silicon is 12. 10

feamd 1 uftuy & fog .4 9R @ =t @ifea S |

Vee
§ o ; R.=10kQ
B
—>IB Pt *
+ N _VCE
Vo —
Sketch the dc load line for the circuit shown. 10

7 HXS-B-PHY

epp



www.prepp.in
Prepp
8.b)  UF 3G H Ng>* Tl i "igdl el ¢ fH & Weds # i 4399 B ¢ |
7€ A U fh 78 s 102 m™ €, 1K R T3 &1 geehig yafa it aomn i |

A solid contains a dilute concentration of Nd>* ions, each of which possess three 41
electrons. Assuming that there are 10 m3 of these ions, calculate the magnetic
susceptibility of the sample at 1K. 20

8.(c) ATARE TITAROT T TEAT Y ATEAT HITY SR TRIR T TOITh ht TRATS
#fre | w=f fifsg f6 foa ofdfeafoat & safe saiaor wfear wecagt &t
STt ® |

Explain the phenomenon of internal conversion and define the internal conversion
coefficient. Discuss under what conditions the internal conversion process becomes
important. 20
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