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B.Sc. Programme 5th Semester Examination, 2022

DSE1/2/3-P1-PHYSICS

The question paper contains paper DSE-1A and DSE-1B.
The candidates are required to answer any one from fwo papers.
Candidates should mention it clearly on the Answer Book.
DSE-1A

NUCLEAR AND PARTICLE PHYSICS

GROUP-A / {@r-3 / wg-

Answer any four questions from the following:

freteRe @-ciw o1af eivea Tea wes
P TR UTTEHD] SR AEIER]
(a) Give three evidences in favour of the shell model of the nucleus.
RN (FHCF CT5 WGCeTa FATF Foab et wie |
el HISeTd! YaHT A AIaeT THITES W THEN |

(b) Binding energies of ;0" and ,CI”are 127.35 MeV and 289.3 MeV respectively.
‘Which one of the two nuclei is more stable?

;O @R | CI* - @3 787 *feefd 271 JAFE 127.35 MeV 6 289.3 MeV | @asfer wg
G107 =M 7

L0 A CI® B TIPSt q9 HAT 127.35 MeV A 289.3 MeV © |
F Yfaerga s R 6 2

(c) Give the list of leptons. Mention the charge of leptons.
EeioeT wifere! faform o4 @fefl eieiba weiia St Srere 311
Lepton @1 Jdl §aTSgelq | Lepton &1 g8 ASiesw alSded |

(d) Write and explain the working principle of Cyclotron.
AIZFIGCAR IS (572 € I 3
Cyclotron @7 &1d fgr Farde qui TN |
(e) What are the main characteristics of the compound nuclear reaction?

@i “aefEs [feam aum el $ Sy
firs x] wfafrare! g9 fAdvaEs @ @ g ?
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() Is the photoelectric effect possible with free electron? Explain.
Y& BEH 91 CPIOIRR T AT 45 31wq o qppepi @64 |
B qad golag id BIERARES shae wag w 2

GROUP-B/ fawtat- 4/ wojg-w
Answer any four Questions from the following
Q- 51315 eivera Taa wie
B IR TEEGH gev faer

2. What is meant by “Long range ¢-

R SR et e

Particles™? Explain their origin.

w%m?mﬁmﬁsww

Long range o-particles ¥=Trot o gy - e scafrar o THEN |

3. What is ‘weak interaction

o -—— f:"'l%’-"__

v T LR

cBC

'la)

(b)

674?12

paradox’ of single particle shell model? How was the 343
paradox finally resolved?

4. (a) Show that the minimum  photon ene

positron-electron pairs in the field of free electron is 4me? .

A SFe BT &=y positron-electron ®T wier
BB A 4’ §D Wl SWSIR |

(b) Explain why electrons cannot exist inside the nucleus.

quammmm?mﬁawmm—amw
gﬁ?ﬂ?%ﬁnucleusmmﬂﬁ??mm|

Explain the principle, construction and o

mﬁtmﬁmﬁﬁm% forsfiet @ sprefeieniet aprant 1)

Draw the schematic dia
o e s

ﬁsawwwﬁk‘mmww
Synchrotron wy

mmﬁw%am%mwml
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Tgy required for the production of

peration of photomultiplier tube (PMT).

Photomultiplier tybe (PMT) &1 Rygrea, wiveaam aif srigomeiar U TN |

€ram and describe the working principle of synchrotrons,

Wﬁrnﬁaﬁﬁ%wmﬁaﬂ
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7. (a) Elaborate the principle of CPT invariance in elementary particles.
SR B Wz CPT Wi et Mfef fwifs et )
UrRIfA® UM CPT in variance &1 frgrer avi= e |

(b) What are the possible total isospin for the following reaction?
frafefre Rt e e s sizmi-Fo (isospin) 8 41 7
wmmwisospingﬁ%fﬁgﬁ?

K'+p—->3t+nt

N

GROUP-C / fa@tat-at / wmg-11

_ , 1272 = 24
Answer any two questions from the following
e @-ceiw 715 e Tea e
T 3E IETEED! TR AR

8. (a) The continuous Aray spectrum of radio-active substances presented a peculiar 5+5

difficulty. Explain the difficulty. How was it resolved?

cowErn sieda fFRifven [o1-2fim 2@ asf Rer s S 3w | wppfaut it

1 aft freica sium v 2 — 3w

Radio-active Jareid! fiReR B-fvver Wagwer fafm sfewrs URd Y| 9
BISATE aoF THEN | THATS HE R TRAT 2

(b) What is internal conversion?
eTEA TS @00 T @R 9 — i |
Internal conversion & & ?

9. (a) Define total and differential cross-section of a nuclear reaction.
G Al [ b ¢ s ey weie w4
TSer gREY] gfafharel @ oY f=1ar sa Jaaaar affig THEN |
(b) What is the importance of measuring the Q-value of various reactions?

3
e sfimefiRe Rigam Q-ww e ewg R R 9
fafr= ufafrar Q-value &' 4 A 72 & © 2

(c) State at least eight conservation laws which governs the elementary particle reaction.

6
ettefsrs e s frad wg gz sws wibf wrame @iza e 2.1
aRfe For afifrarens fraft o Bk arsaer e Prmes admeeER |
10.  Describe the liquid drop model of the nucleus stating clearly its basic assumptions. 8+4
Discuss the limitation of this model.

(e SrEmefE =Rer Rye @ @ s @aed wae-can) (liquid drop)
TCTHAGA I5a1 W8 | @R UL Hsiaare! Sicsiis) 54 |

YA TGRS W HUH JaRe WAV liquid drop model @) aviy
THER | T Areed! W qaree |
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1 tantalum foil. Electrons of §

: lrikesa‘hi . hose due to the
: : : amma rays § ~ Are thos
I1.(a) A collimated beam of 1.6 MeV g ge from thepf,:(())lglluction? Assume that any

) 5 to emer !
0.6 MeV energy are observed o off air ;
y ect or p : tion.
photo-electric effect, Compton SLdItCl'l:;g [fot undergo a second nterac
0

electron produced of the tantalum foil IS 30| AT
1.6 MeV *fea st saifere aral @@ #iteel ol el 1 A | % R e
* 0.6 MeV *f&a SEaiaefe Hoe s @@ LS 7 G 2R 7 4CA A1S Tesfy
R hI- 2ol W, FoGa g« (e W‘“ﬂﬂ-“
FEETA SO weater ey Gt oy (i ffar FUR .

. fEprav | SalCIE
1.6 MeV & waford y-faworel tantalum I g

ic effect,
0.6 MeV Swil wys goragi owr ug| @ @ geaRld pth(l)l:(;l;e:.g(i:ltr; ©
Compton scattering effect @7 pair production = g 8 ? Tanta

TP IR BR Gt yfbarr shew i Aifferge | .

. . - icles.
(b) Discuss the four different types of interactions among the elementary part

2R welva ey brfS fom e fafe scamsa w41
TRIAT BUES WS G AR GHRET SRBAT aoi TR |

DSE-1B
ELEMENTS OF MODERN PHYSICS

GROUP-A / Rets-7 / ws-%

i Answer any four questions from the following: 3x4 =12

frsfeifre @ o1af3 aivam Tea wes
77 fOETa B AR geEwdr IR e —

(a) What is Raman effect? Calculate the work function of a metal if the threshold 1+2
wavelength for it is 580 nm.
TA-2OR & 2 T 93 41w cwra 2o wemd 530 nm WO & 419 B e
T TS G 39
WW%@?@WWW wavelengthflﬁ‘IFTSSOnm'lTQ
FHP! work function B HH @oger |

(b) State (i) Position-momentum and (i1) Energy-time Uncertainty Principle. 3
(i) SFEH-SA35 3 (ii)%-waawmaﬁ%ﬁq@w:

3 ) l

(1) Position-momentum and (i1) Energy-time Uncertainty &) Rrgr=

(¢) Define matter waves, Calculate the de-Broglie wavelength of an electron having 142

kinetic energy of 1000 eV

TE-TTHT | W | 1000 eV
- o= 1& o Bltaaat de-Broglie wwmitwde ol

ua*reirmzﬁa?_m 1000evmmw
TR de

wavelength @7 79 @T'jﬂsrﬁ:
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(d)

(¢)

(H

What 18 nuclear fusion? Write

the approximate nuclear binding energy of an atomic nucleus,

down the semi-empirical mass formula for calculating 142

o d e @y aafl aiefan o wlepuitfer “asifaa awa =fes e wa

Wt S eama wa sa g

Nuclear @) fusion @& # ¢ vgey yavy it st afafda anasr aote

A @B AT semi-empirical mass formula clEEY |

What is operator in Quantum Mechanics? Define the expectation value of an I+2

operator,

(@RIO qwfawicaa owoa e s 4w ? (P11 BT efepmt SItaa Hee wig

Quantum Mechanics #1 operator @ &1 ? vge operator &1 mafére yeaam1 ufdmm
'aﬂg‘m |

Define spontaneous and stimulated emission,

HO:PE qar Tiifors fosfrcera siew wie
Spontancous 319 Stimulated emission @1 TRy fegey |

GROUP-B / faein-2 / wig-

Answer any four questions from the following
frferie - s1afd s Tea we

Write a note on wave-particle duality. Discuss the gamma ray microscope
experiment to illustrate the uncertanity relation.

S| (AOOR T DIl 571 wfepsTrel ek I i sy stt-af weofrme armm
2Rt WA 39|

Wave-particle duality #1f%r gSer fewoft g™ | Uncertanity relation &g faror
e AT gamma ray microscope TRETTHT auie THER |

Give the requirements that a wavefunction should satisfy. A wavefunction of a
particle moving in a range from —eo to +oois given by y(x) = e Normalise the
wavefunction and find the expectation value of x*.

G G SAPHS EE 2SR AATAS Faae w1 (ren Sie « S waw wrerme
—oo (A +oo TN A GAAN p(x) = ™ 7 | G GBI ¥E© 79 9% -7
eyt 3 foefa w4

TIEl wavefunction & GIE T U IATGYIEH TUE® IATSTER] | TIET —oo 2R

+oo WH PR TRPI FUBT  wavefunction w(x)=e > B| WH wavefunction
&g normalise T8 x* T FRIT A9 Wiogen |

6%4 =24

3+3

24242
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e anpear black? Base
4. Explain the term blackbody. Does a blackbody always app

Planck’s law of Blackbody radiation draw a plot of
(i) Spectral energy density vs frequency and ratures
. e :
(i1) Spectral energy density vs wavelength at different temp

WWWWWuWW%WWM?WWWﬁWWCWM

5T 3 (i) 2R = T aw Tim @ (i) 2R e T
T wE 391

' 2 Plank @
Blackbody @) aen TR | @ Blackbody Wi el &
Blackbody radiation &T¢ 3METRE TRY fRraer T4 |

(1) Spectral energy density vs frequency

(ii) Spectral energy density vs wavelength that different temperatures.

5. (2) How do you account for the drop of B/4 for low A and larger A? Here B represents
the binding energy and A4 represents the mass number.

@B PR B/4 Toiite Rreica A-a7 T @ s Tom e | il frera A
FAA 2 (AT B T (I AR T8 & 9 4 287 2As1a SR |

=1 4 3 & 4 A1 B4 @Y wH g Fifta urg sad Rvey T ? T8l
B 9Tl binding energy 3 4 ¥=TTe] mass number g3 |

(b) Give four characteristics of nuclear forces.

= *ifess ol tafiEy e
Nuclear forces &I B+ IR faRIvES Ta<geN |

6. (a) Define half-life, mean life and decay constant of a radioactive substance.

G (S 2L half-life, mean life, 928 decay constant-43 FEat @7 |
UJCT radioactive UGTIPT half-life, mean life 3ify decay constant ®7 TRYTST

fegem |

(b) Why a-spectrum is discrete but B-spectrum continuous?
CRI 2RI CFea o3t v e B-aefi Fraffoes v 2 it )
o-spectrum discrete 3 B-spectrum continuous 1 g ?

7. (a) What is meant by optical pumping?

welbe #iif~k FeTre & @l 2
Optical pumping 9=l & 375 ?

(b) What are the advantages of linear accelerator over cyclotron?

ARG Toia HRETA TP e i 9 9
Cyclotron %! @I linear accelerator ®1 & HIga] B ?
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GROUP-C / fasta-a / wys-11
Answer any fwo questions from the following 12%2 = 24
fmfafae ci-cote 515 et Taa wie
B g weIEnd I fAgEy
8. (a) What is LASER? What are Einstein’s A and B coefficients? Obtain a relation |4+2+45
between Einstein’s 4 and B coefficients?
LASER & 7 Si39Bi30a 4 @ B 77251 & 7 @030 4 @ae B oo 5y 74 2
4|
LASER & & ? Einstein @I 4 3" B coefficient 8% & @& 89 7 Einstein @1 A
A B P coefficient T WISl |
(b) Why Ru{herford’s_ -model could not explain the stability of an atom? State Bohr’s 242
quantization condition for defining stationary orbit.
memmmmmmm?@awmmmmm
@I RAFBIREH *$ 9@ %4
Rutherford @1 Higelel WRATYHT Rerdrad! e aofe 71< Wb+ ? Stationary orbit
aRwfda ! fAiffT Bohr @1 quantization condition SATSTEN] |
9. (a) With the help of neat diagram, explain the construction and working principle of 6
Geiger-Muller counter.
sifzroea foraa T2 Fred-eia oo il @ wrEfeeal it w4
Tael GH Y@eE®! derdr ey Geiger-Muller counter @ Gear A e
fRygra®! aui= e |
(b) Stating the law of radioactive disintegration, obtain a relation governing the 2+4
radio-active decay.
coeTE Rifzeia iz Sras $0, (T w57 TeoAfe oD = )
Radioactive disintegration qars$? radioactive decay g fAa=Iwr
e @WIogE |
10.(a) Derive the expression to estimate the nuclear size/radius from Rutherford’s 8
o-scattering experiment.
AVIACFITGD a_ﬁ@qﬁmmmqﬁafmwﬁwmﬂw
Nucleus @I 3THER / pefar A (T Rutherford @1 o-scattering TR <R
wreRoT EIogerd | _ ‘ 50
(b) What the outcomes of Davisson and Germer experiment? Explain how these
o de-Broglie hypothesis of matter wave?
results directly confirm the de-Brog P
WT“?’RWWWW@WWM&W@%W -oifere SIS
\ b
w5 wg R e PCF - !
7 D! qRehere]
Davisson &f Germer @1 TREV! faroes @ Ei-ﬁsgi |
de-Broglie e} srev! RIGIIETS FA Wt e
Turn Over
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I'1.(a) Consider a particle of energy £ ~

5124

’ a sle
V,. moving from left to nght. towards & SIP

potential of height V;, represented by the equations
V=0 for —em<xs0

V=V,for 0sxS>
. A ; » golution in
(i) Write the Schrodinger wave equation and its physically acceptable

the two region.

(ii) What is quantum mechanical tunneling? o
p— rerad W,

W E < v, emm qaf e anfie oo s gl v, THerTm A faer

verata vk aft farare wiftaad atat oratal soe |

V=0 @ —cc<x<0

V=V, @M 0<x< e
() Cefoerta ot sifaeil e 2 (ST argercasy Hfb Swwstea e (3T |
(i) ifaR Brafere i 9

3Tl E < Vo ol 9UH! FU1 UIel V, I9rg WUH! step potential HT xa 2fg @rfgq
foR HfAREP B | Step potential F1= Fh@=vERT qof T4 AfFT ?

V=0 for —ee<x<0
V=V, for 0<x<ee
(i) Schrodinger P wave equation oRE TWHI HAHT Wibrd FATT & g3
&= WIogai |

(ii) Quantum mechanics AT tunneling & &I ?

(b) Determine the probability of finding a particle of mass “m” between x =0 to x = —

if the particle is described by the normalised wave function

v, (x)= FZ— sin nTn'x for 0< x <L and is in the n =3 state.

4P m OEE N GR AWAZGE, GHE AFS-E (1) = |2 sin 7
L L

L
0<x<L-93 & x=0 (&> x_ﬁ-awmwwwﬁcﬁlwmwﬁasm
n=73 SIZF AP SO ?

U3el “m” mass HUB! ?FUTE—H'&‘ x=0 =zfyg x=_11. WOuRH ey

10
GogER | afd @9 U normalised  wave 9 I oy

y/,,(x)=1}% sinnTmcfor 0<x<L n=3 state 97|

X
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