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Note:
1. Read the instruction carefully before attempting.
2. This question paper has two section, Section A and Section B.
3. There are total of six questions in this question paper. One in Section A and

oo

8.
9.

six in Section B

Section A consist of multiple choice based questions and has the total
weightage of 60%.

Section A will be conducted online on BB Collaborate platform

Section B consist of long answer based questions and has the total weightage
of 40%. The questions for section B shall also appear in BB Collaborate
Section B is to be submitted within 24 hrs from the scheduled time i.e. if the
examination starts at 10:00 AM, the long answers must be submitted by
09:59:59 AM next day. Similarly, if the examination starts at 2:00 PM it must
be submitted by 01:59:59 PM next day. (Exceptional provision due extraordinary
circumstance due to COVID-19 and due to internet connectivity issues in the far-flung areas).

No submission of Section B shall be entertained after 24 Hrs.

Section B should be attempted after Section A

10.Section B should be attempted on blank white sheets (hand written) with all

the details like programme, semester, course name, course code, name of the
student, Sap id at the top (as in the format) and signature at the bottom (right
hand side bottom corner)

11.Both section A & B should have questions from entire syllabus.
12.The COs mapping, internal choices within a section is same as earlier

1.

Section — A (Attempt all the questions)
(60 marks. Please write how marks have been distributed)
MCQs
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GQUESTION 1 0.8 poinits.  Eawe Ancemr

o03
Heavy ruciel have

] TR REUAroEs Sesn profons
esgusl rum ber of profons and nEuinons

.. more slectrons han nestons.

more protoas than neutrons

Hadive Soaks

HAgtions 10 ol Toal 3at Hame Calegony
oo B T S B T Ankadavisch just x L e TOMET_ Liscisss jde RE1ST iLcomterg s iTITHLLaeps il an

__________________________________________________________________________________________________________|]

TGS P Tariil. Bl S rorithind Evviia iviilins Pant & - Esdnls

Agbone 1D @l doal 3at Hame Calsgony

[ @ coa coa Course Gioals Course Objeciives

GQUESTION 2 A points  Bave Ancesr

03

A beryllum-E atom st rest endergoss double alpha decay a3 Tollows

4 He 4 D265
EE-; SOOAEE

The kinetic en=rgy of =ach departing o-particle, in k2, I clossstio
L1130

#

Agbone 1D ol Goal 3ot Hame Calngory
[ @ ico3 So3 Course: Gials Course Chjecives

GQUEETION 3 18 poinis  Bave Ancesr

A=K

YWhich of fe= folloswing lsiare & ruth about quantum mechanics? [Sedect all that appily)
[ An elecion can seem io imiersne win Brelf when passing through dowbie siits

ISP Nk 71 iz, i 8o s e i v _ickbdaamrasl_de_TO1ET_Lisoiites|Se_BA1ST_ihcombent e {7273 Liatepe il am
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e P Tadl. End Sartadted Ecafinilios Pan & — Emanis
Thi= iotal probabiity of finding the parick in space masd be unity.
Enengy s quanized.

A paricis has a chance to b= found In & region which showld dassically be Impossiblke for it & be found in

Aadive Goalc

Aghione 1D Sl oal 3at Name Calngory
Pl coa CoZ Course Goals Course Objecives
QUESTION 4

[+ )]

WWhich among the foliowing Is (fars) tnee In oase of Pholo-seciric efisc™ (Select all bt apply}

Itls an insianisneous pPOCEEE
The exfinction volisge always r=mains constant with Inorease In intensity for & given Sreguency of Bght
The kineSic energy of phofo-slecims does not changs with increase In Imtensiy of iscidenst mdiatan

U Thi work fsnction of a ghven metal iInoreases with Incresse in freqgesncy of Incldent mdltan

Aagdlve Boak

Aotions 1D Gl sl St Hame Calngony

a e;. [+ | cod Course Soals Course Ohjscives
QUESTION 5

=03

'3 C-14 has a kaif-ife of 5730 years, Ten how kong will ik ke for the number of C-14 atoms = & sample o drop
fo 178 of Inttisl guartiy™

258 ¥ 10% years
1.72 ¥ 10% years
1.44 ¥ 107 years

228 ¥ 10% years

g i T L e ISt s i b s fagcariries_icksaarmsl_kis_TOMET_tcousss_|de_S818T_ 16 coskend_ide_1T2TI04_ thabepe ral

18 points  Eave Anceer

0.8 poinds.  Eawe Ancesr
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QUESTION &

o3

The: radistions Shat can lonke= the mafier are

! mipha radiations
) beds radiafions
") gmmma radiztions
all of the above
Aalive Boalks
Agbione 1D Lefat ]
QUESTION T

oo

The @imarsions of e quanity

h

Py Tadl. Ened Sa il Exa nilkes Mai & — Ewranli. .

iTosl Sat Hams Calngony
Course Gials Course Chjeriives

iToal 3at Harme Calngony

7 = equiialent i mose of

Lip:s

Foal 3at Harme Calngory

L bs TOAET_ LLosiies de BE1ET ikcosten ioe (TITHM Laeps il

0.8 points

0B points

fave Ancear

‘Bave Ancaer
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T30 P Tail E i St Exaf inalios P & - Esnainls

QUESTION & 0.8 points  Eave Ancesr

:mnr_epl of matter srave was seppesi=d by
Laplace
e Eroglle
Helenbsg
Schrodinger

Andive Goals
Agtone 1D

o @ oo

doal 32t Hame Calngory
Course Gioals Course Ohjeciives

G |

QUESTION 3 18 poinis  Bave Ancenr

GO
Which of leese Isiare true sisiements? (Select all St apply}

Paopubytion rversion s ot 3 necessany condiion o produce Laser.
Ansomion s aksays stmalated
‘Spantneous =mission |s akseys accompanisd by sSimeinisd smissian.

| Exmmple of opfical pumping Is Ruby Laser

Aastive Doals

Aghione 1D ol doal 32t Name Calngory

far’ e;. (=} S0 Course Gioals Course Ohjeciives
QUESTION 10 0.8 points  Eave Ancesr

For a pariicl= inslde an infinike poi=ntsl box of widih L, ihe podertial Is masimom when ¥ =quals io

P i, e o P i e s g _iaeeesriast ke _TO1ET_Wceiiten_ide_SH18T_iEcosterd ide_17ITI64_Lhateps ruil i
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T2 Piiwfiies Tadl Eid Sartieibal Exafindlios Pail & — Enraili
L
2
L
L
ful
O 3L
il
Aoltve Boals
Agtione 1D aal ol 3t Hame Calngory
far @ coa CoF Course Gy Course Chjeciives
QUESTION 11
(=]

Which of fees= Is a properly of Lasers™

) Allofthe above

Aalitve Boals
Aotions 1D Gaal doal 3t Hame Calngony
G0

u,a [+ ] Course Gy Course Chjeciives

QUESTION 12

o4
The pisoions emitied by stmulsied smission

) hawee fhe same phase = Shat of e incident mdistion.

g i 1L, S i T S [Ty e _eRbiairiml = TOVET_ Lioeiied_|g=_ S8 IKcnsient_ige_ 1727284 LEakperul

0.8 poinds.  Bave Ancesr

0.8 points  Have Ancesr
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T Provyimes Taml Ered Sartend Examinalios Pan & - Ewranis
! el In e same dirsclion as et of the Incldent phodon.

) hawve Bhe ame wavelengih as that of She iIncident phobon.
Aot ihe aboee

HAagdtve Goals
Agbions 1D 3ol Goal 3at Hame Calngory
g

o @ o

QUESTION 13 0.8 points.  Bave Ancwsr

=0
The Compiom shift &\ 5 twice e Compion wavelemngih ithe scatierng angle s

Agtions 1D sl Soal Jat Hame Calegory
G

QUESTION 14 dpoinis  pave Ancesr

=]
Find the mamber of alpha-decays Bt ocosr in a 1 pm sample of Thorum-232 In one year, e dsiniegration
constand of Thorlum-232 1s 158 ¢ 10718 5712

1z3px 1070
! s 75y w010

! 1798 % 100

i T LS. e o B Pl i B 0 M R RS ST il i iiiisl bl TOMET_LLooiited jde SE1ST_ 1L combend e 1 TITN_LEdlp= il a
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~ ag7sy il
Agdtve Doak

Actions 1D ol
o [} Co3

QUESTION 15

[en k]
Isofones are wose which have

! Same number of pevions
| Bame number of protons
‘Sams number of secinons
' Bame stomic numies
Asdtve Doak
Agtions 1D ol
a ,a, coa [+=nc

QUESTION 18

Ll

Priimss Tal Efed Safteid B indlks PEi s — Ewmans. .

Soal Sat Hame Calngony
Course Goals Course Objeciives
08 points
Toal Sat Mams Cailmgony
Course Goals Course Ohjecilives
1.8 poinis:

The dmamsion of The ralio of the probabilles of spostaneous and sSmulated smission &

M-:LE‘T—I
- MEL—E‘T
- M-:LE‘T—E‘

MELE‘T—I

¥ s _TOAET_ iieeuse jse_BE8T_ikcomieny jde i T2TI0H,_iEwieps i

Bave Ancear

Bave Ancear
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THaded Provime Tail Ered Sartetni Exaf inilios Pii & - Ewrsil
Asitve Boals
Actions 1D oal Soal 3at Hame Calagory
o [+ SO Course Goals Course Dbjeciives
GQUESTION 17 3 points.  Eave Ancemr
L) ]

Fird the condition af which de Brogle wavelzmgih £qussls the Compion wase len gt
w=0T7C

J e
Ww=05¢C
w=02¢

Asitve Doals
Aglions 1D Sl Toal 3=t Hame Calagory

QUESTION 18 08 points  Bave Ancesr

ooz
The todsl probabiity of Neding ihe particle In space must b=

! Unity
Infinity
Agdtvs Doalks
Actions 1D oal Soal 3at Hame Calagory
[ @ coa oo Course Gosls Course Dbjecives
P T L, e IS B B i ch oy _nsasrensl k= _TOVET_Lisouses_|o= SE187_iGcostent o= (72784 _iiatp=rul 12
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Piddiise Tadl Erd Saifatel Ecifindlos P & — Ewranis. .

GQUESTION 13

co2
In e bwo 3l infeference sxperiment we get the infsference pafem when

e sifis wene open albernabiveh.
) i experimend provides no means of detesmining through which s pholon passes,
) & detecior Is added io defermine through which siit photon goes.

faalf of he phoborns wenl Seowegh ane 5IE and half through e other.

Hadhve Boaks

Agtione 1D sl ol 3at Hames Calsgony
QUESTION 20

O3

Find the misitake In the b=low given thermanuck=ar reaction.

13 13 1]

Instend of newinng there should be Bhe emizsion of ant-newsinino.
Instend of posinon here sihould be the emission of electron.
Instesd of G Z = 6, A = 13) hene should be the emibssion of © (Z = 8, & = 14} along wih an efecton.

! Mo prodiesm i ihe nesciion.

Agdhee Boaks
Aglions IO Gl Toal 3at Harme Calegory
& @ cod co3 Course Goals Course Chjecives

GQUESTION 21

Uiz 2 |t Amiadaiinch jg X (s TOAET_theeuse jds_SE1AT ikcomient e 1727364 ikslepsmi

1.8 points

1.8 points

1.8 points

‘Hawve Ancear

‘Have Ancwor

‘Bave Ancear

i ]
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TN P Tl E fod Sab i Excai indlios Pai & - Elradls
Wikich of B folicwing lfare the propertes of & wanse function™ (Baelect sil that spply)

| Hmust be single valed,
Htmust be nomailzable.
it should not be finlte evenrwhere.

Hmust be confineous and have & confineous irst derdvathne everywhere.

Asitve Goalc
Aglions 1D Gl Goal 3ot Hame Calngory
o3 ooz cog Coune Goals Course Ohjeciives
QUESTION 22 1.8 poinds.  Bave Ancenr
co2
d!

Suppose ¥=e is eigen funclion of operator e then the eigen value will be

Aglions 1D Gl Gosl 32t Harme Calngory
cog Coune Goals Course Ohjeciives

GUESTION 23 0.8 points.  Bave Ancesr

=03
Domema {y) mdlation are Tast mosing

g T L, i I Pl i S M TR LR Ch [RpTooiife_idssdrmes] ke TOVET_Liceim e DEST_iLcomlent e 1 TITIE_ Lhakpsrl 122
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T3 Provvimes Taml. Ered Saricin Examinatios Pt & - Esmanis

| protons.
poions

Hgdhee Boak
Agbons 1D

_;'_",EIGD!

8

QUESTION 24

How doe=s e probablity of an =keciron temneing Swowegh 2 poleniial basrier vary with e thickness of the bamies?

B decreases mrersely wilh bamier Shickness.
! Mz Independent of fhe bamier hickness
K decreases Ineary wilh bamer fickness

4 N derreases exponentially with bammer hickness

Hgdhee Boak

Agtione 1D sl ol 3at Harme Calngory
o coa cog Course Goals Course Ohjecives
QUESTION 25

=02

The square of B magnibude of the wave funchion s called
! cumend densiy

probabilEy dersity
.| zero point enssgy

' volume density

Il T LI o2 IS a paiiai s MRk IS [Rpthorines_iRssaariesl ks TOAET_Liceusss_jds 58187 iEcoment joe 1727384 LEslepsml

0.8 pointE  Bave Anceer

0.8 poinls  Bawe Ancesr

Page |11
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T3 Pravisss Tadl End Sortacitnd B indlios P & — Endrahls
Aaltve Goalks
Agtions 1O ol G-oal St Hame Calngony
i | E:l o2 coa Course Giaoals Course Objscives

QUESTION 28

[ k]
The decay constant of & radioscive m.ljthutinii'i.m haif-ife of e nuclide, in miruvies, B closs=st ba:

11
B4

15
BT

HAnitve Goaks
Agtions 1O @l ol 3ot Hame Calngory
coa

@ @ oo

QUESTION 2T

02

Fird the expectafion value of posSion of a parficie having weve funclion @ = a2x beteeen x =0 & 1, @ =0
elisewhaeT

ﬂ-i-

3

.n.l"'“‘

(=]

M T L, 2 IS e S i R T LACh pTho i _insiasinesl = TOVET_ilesiise g BT iGcombent s 1 TITE_ LEa s il

1.8 points  Bawe Ancwor

3 points.  Sawve Ancemr

14521
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THaa Py Tail. Ered S rtaatind B ndlkos Pt & - Enrnts
ﬂ:
3
Agdive Goalc
Acbons 1D aoal oal 3et Hame Calngory
O ,2. coa cog Course CGiosls. Course Chjsrives

QUESTION 28

o4

Find the Intersity of lxser besm of 40 mW and diamssier 1.5 mm. Assume G indensly © b= unfom fhrough the
Es=mm.

OLOATS maW

1777 1wt

ZES Wim

566 ¥ 107 wim?

Agdive Goalc

Agbions 1D doal Goal 3at Hame Calngory

O E:. (=8 ) 20 Course CGiosls. Course Chjsrives
QUESTION 23

[ ]

Wikt are e numbers of protoss: Z and eeutrons B in the missing tagressnt of fe foliowing Nsskon resclon™
E,n -+ Z%EU - 74 1?265 4 4%?1

Z=52and M=37
Z =37 and M= B3

g T L

_TIMET_Liceiies_jde_SSST_iEcomen ise_ 172784 _LEniep il

18 poiniE  Eave Ancesr

18 poiniE  Eave Ancesr
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T30 P Tail. Ered So el Exafindtios P an & - Ewranis .
) Zom 3T @nd N = 55

) Zom 37 and M =52

Hagitve Doals

Agtione 1D al ol 3ot Hame Calngory

QUESTION 30 3 poinis  gave Ancesr
(=]

Dwtermime the stabliy of Cl (£ = 17, A = 36] with respesct o alpha, beis-plus, and beta-minus. Do nod corsider
e possibilly of decay by slectron caplune. The folioa g siomic masses amn known:

dHo 4000605
g .
e 31707

ﬁ = 35967081
Q359607
i‘g Ar 35067385
The CA{Z =17, A = 35) nuclde
subject to befs-plus decay only.
" subject to sipha decay onty.

subject io befs-plus or beta-mimus decay, buf mot 1o alpha decay.

! subject to beta-minus decay only.
Acilve Boak
Agtione 1D al ol 3ot Hame Calngory
O @ ©oa coa Course: Goats Course Cbjecives
GUESTION 31 a2 points  EBavo Ancemr
i T Lo, i o o i 8 i A S, [Ty irbdasiieal_kis TOAET_Llosiises |de BEET_iGcombent ide 1T Lk e il 1A
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T e P Tail. Erd St B inalios Pt s - Ewrails .
[ k]
Oine of the: fuslon reaciions Shat ocour in the sum s

3t LT . 4 1 1
E:IEiEhE :HEini-jH

The reaction =nemgy, In Mey, s close=si o
R -]

14z

QUESTION 32

L= 5
Phodons ane sleciromagrestic radlxrton with est mass and charge.

- yarisble, rero
) mmro, Tem
wariabie, megathve
zErO, nEgaiive
Hadhvs Boaks

N T Ligiel, el ISl pl e S i el ilish g ooire_ideiasiesl k= TOTET tlosiisd g AT iLcoskny ise 1 T273E_Lkap=rl

0.8 poinis.

Eave AnEeer
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TR P Tl Efed Sl Evad inalios Pail & - Esmanti
Aclions 1D ol Ganal Bt Name Calngory
[’ 'E:' [ ] cod Course Giels Course Chjsciiives
QUESTION 33 0.8 points  Eave Ancamr
[ E]

I uclear fizsion, & companed 0 the originel mess of e heayy nuckeus, e bl mass of = product 5
depend on individual reactions
less
L
esgusl

Aadlve Goalc
Agtione 1D sl Qonl 3at HameE Calngory
iCo3

& B o

QUESTION 34 18 points  Save Ancesr

=03
Wikich lsiare fee properdy of neuting? {Select all hat apply )

Mass smalier Sian eieciron
spin = 12

Follow Bose-Einstein siatistics
Charge =0

Aailve Goalc
Agtione 1D sl Jonsl 3at Hame Calngory
coa

o @ oo

QUEETION 35 3 poinds. Bawe Ancesr

B M T Uik e Ao P i B T BRI ST _ikbiritd_bm_TOET_Liceuisan |de_SE1ST_1Ecomtent_ide | T2T284_Liskjm il 18
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T30 P Tail. Ered So et Exafindtios e & - Ewrmns
L]

An slactran in an infinfe poteniial well makes a FansEion fom 3md level o the prousd sisies Jowest =nergy level)
and In 30 doing emits a pholon of warelengih 20.5 nm. What Is the widh of this well™

Z mm
021 mm
.. 054 nm
! D&= nm

BAaitve Doalks
Agtions 1D Gl G-oul 3ot Hame Calngony

GUESTION 36
ooz

A b=am of 12 &V sl=cirons. |8 Incldent on a poteniial barrier of helight 30 2% and widh 0.05 mm. Caloulyie the
Fransmission coeficent.

GQUESTION 3T

[k ]
The meciear radius of Copper (£ = 75 and A = 54 s

S&im

i T L, i i o o 8 MR A ch [P ookl ddinaal_jds_TOMET_ Llosise |de 8187 ikcostent ide 1 TITI04_ Lk ps il

3 poinis:

1.8 points

Eave Aneeer

Eave Aneeer
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T30 P Tadl. Ered S roaitnd Exs indtios Pai & — Enrants
24 im

) A& 1m
T !

Hadhve Doaks
Agtions 1D ol Goal 3ot Hame Calngony

QUESTION 38 0.8 points  Bave Ancesr

[0 k]
The rai= of radioactty= decay Is proporfional o

mamiber of unstable nucke]
.. mmmber of profons
! mmmiber of neufrans
mafure of mys

Agdlve Goalk
Agtione 1D @l 12:oal 3at Harme Calngory
co3

u@ ico3 Course Gioals Course Objecives

QUESTION 35 1.8 points Bave Anceor

03
Scandium B (Z = 21, A = 44 deCcays by emilling & posinon. The nuckside that Is the product of Bee decay s

D THE =22, A=)
18 E -, A 43}
Br (=21, A =45}
O Ca [T =30, A-44)

Hadhve Doaks

g T L, e o o ol i e R AR, g i asfiesl k= TOAET ticeiises ld=_BE1ET_iGcoskn ids 1 TITI84_LLakps il
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T2 Prwiiee Tadl Ered Sarteitni B inalios Pl & - Emranli.
Agtions 1D [T chosl 3at Mams Calngony
[’ E} coa 23 Course Goms Course Objsrives
QUESTION 40 0.8 points.  Bave Ancemr
03

Rutherfords expedmenis, Inowhich ke bombasded & very thin goid foll with alpha particies, showed that

mioesf of the o pafickes passed Swnagh the foll with negilgible defi=cion Dut some wene defiscied through
Iarge angies.

) wil of the: o parfiicles passed through the foll withowt sigrificant defiection.
= @ particies were inssry polsriz=d afer passimg throagh the Soll

/ mone of the a paricles were abie to penetrate the: ol

HAgdlve Doals

Agtions 1D ol deoal 3t Hame Calsgory

[’ E} coa 23 Course Goms Course Objsrives
ek Save amd Swhmdl do save and swhmdl. Cliek Save Al Arsivers o sove aff answers.

Z3ve All AnEwaTs

g i T L e o pe i i v o dmusseh fshioines_icksmasrimsl_kds_TO16T_Licouse jde_SE18T_1Ecosien_ide_ 1727364 _tkahperul T
*kkkkkkk
Section — B (Attempt all the questions)
(40 marks)
Q2 Starting from the momentum conservation equations (in Compton effect) derive a
relation between the angle of scattering @ and angle of recoil 6.
)
cot 7
tanf = ——~— 6 Co1
hv
1+ >
m,C

where v is the frequency of incident photon and m, is the rest mass of the electron.
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Q3 Find the Normalization constant N for the wave-function
x| 8 CO2
o(x) = N e ™sinax

Q4 A beam of electrons impinges on an energy step barrier of height 0.035eV. Calculate
the fraction of electrons reflected and transmitted at the barrier when the energy of the 6 CcO?2
electron is (i) 0.045eV (ii) 0.020eV

Q5 Write a note on the semi-empirical mass formula inclusive of all terms of binding 8 CO3
energy.

Q6 A piece of an ancient wooden boat shows an activity of *4C of 3.9 disintegrations per
minute per gm of Carbon. Estimate the age of the boat if the half-life of 14C is 5568 6 COo3
years. Assume that the activity of fresh 14C is 15.6 dpm. gm.

Q7 Establish a relation between Einstein’s A and B coefficients. 6 CcO4

*kkkkkkhkkkkhkhkkikik
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