B. Sc. Semester V (General) Examination, 2020 (CBCYS)
Subject: Physics
Paper: DSE-1A (Elements of Modern Physics)
Time: 2 hours Full Marks: 40

Candidates are required to give their answers in their own words as far as practicable.
THFIICH NPT A7 SRR GoF e [/

Answer any eight of the following questions: 5x8 =40

ferafafire @ @ET A6 awT Ss7 wia:

1. What is Compton effect? Obtain an expression for the Compton shift. What is
Compton wavelength?

Foha A1 57 0 Fia PN N 64T F@T F04 075 0F & @72

2. Derive an expression for the energy of the electron moving round a nucleus of charge
Ze. Draw the energy level diagram and show the transitions for different spectral lines.

Ze SHEYE [FSEFACE SETCT ATFNHe FTIEET Med ACEE 47 F@E e
a7 foa o5 F@ET AT [{Ffex I @@ w5 (transition) s |

3. (i) Show from Heisenberg’s uncertainty principle that electron cannot reside in
the atomic nucleus.

RREFANSE AT ETOITW 2300 T FE] I (NS FI NF© & |

(if) An electron has a de Broglie wavelength equal to that of a photon. Show that the
ratio of the kinetic energy of the electron to the energy of the photon is

[(m%c* + hA?)Y2 — mc?)/hy

236 2eFE@Ea w I (de Broglie) samimes as: (mio@a W ¥ (de Broglie) $asiwss & |
(@18 (A RETFES AT (HIOEH SO EH Sy

[(m?c* + h%?)M2 — mc?)/hv
4. Write down the physical significance of wave function. A wave function is described

ikr
by vy (r) = eT Calculate the probability current density of the wave function.

ikr

O SACTHEA (Slo ORTH (M| I ©F5 SCH@T AAFAS ¢ (r) = er . S5 w5

AEHEE T FEEN] TR TaIg AT F@ET
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5. A particle of total energy E (E < V) is incident on a potential barrier described by
V(x)=0forx<0
=VpoforO<x<a
=0forx>a

Obtain the expression for transmission coefficient. What is quantum mechanical tunnelling
effect?
E (E< Vo) e ¥a @@ 3 o7 afeqms 97 T7F arffes 29, (AW
V(x)=0forx<0
=V,oforO<x<a
=0forx>a
ag@ faesger (transmission) 8aFT W 46T FET (FIFEW I ST (537 52

6. Q) Starting from the time-dependent Schrddinger equation find the time-
independent Schrddinger equation satisfied by the wave function for stationary states.

ST TS A E TNFIT 2200 T [AFCRF A&7 ANFA6 ey F@T IR ©F57 ACTHF
PTG 5|

(i)  The Wave function of a particle is given by y(x) = Ae=9%" 00 < x < oo where A
and a are constants. Calculate the probability of finding the particle in the region 0 < X < co.

I FNT oI AT TNFAT y(x) = Ae 9, —w<x<oo @A A Ik a
FIF| 0 < x < o (HEAF M FNOE & TAF FEEA| T F@A7|

7. Q) Define ‘mass defect’ and ‘binding energy’ of a nucleus.
©F 6 9 [AOFICF I3 1ea RTS8 |

(i)  How does the binding energy per nucleon vary with mass number for light,
medium and heavy nuclei?

TP, TINE 8 O @ FoFICIR F@ 6 FoFad I7a e, &7 AT slke Fer@
FfHafde 3?2

8. (1 Write down the properties of nuclear force.
BSEREGEERIGIGIGE

(i)  Draw N-Z curve. Why does the number of neutrons in a nucleus increase with

the increase of mass number?

N-Z @ o5 @11 T SFICTE SATAT IS S S (FITN1A [ SEE ST IS (Fel ?
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9. Derive the mathematical expression for law of radioactive disintegration. Using the
law of radioactive disintegration find an expression for mean life of a radioactive element.

(OSHT 96 @ Tffes FI6 MT F@T | 93 57 T2 FE (FTET (ST CGNET 516 g ey
FE

10. (i) Distinguish between nuclear fission and nuclear fusion.

ST Rome a3 AOHFT MRS 97 J&y MY (77X |

(i)  What do you mean by thermonuclear reaction? Estimate the energy released in
the fission of 1 g ?*°U nucleus.

o1 FrSfFT fAfE 3e 7 @@ 1 g 22U e Remww afmm faste 1fea M T

FETI
OR
B. Sc. 5™ Semester (General) Examination, 2020 (CBCS)
Subject: Physics
Paper: DSE-1A
(Nuclear and Particle Physics)
Time: 3 hours Full Marks: 60
Group - A
fRen-3
Answer any six of the following questions: 5%6 = 30
farafafie @ @eET =3fe aerF SeF we:
1. Q) Define ‘mass defect” and ‘binding energy’ of a nucleus.
©F Pf6 A3 [TSFANTT I a8 w3 |

(i) How does the binding energy per nucleon vary with mass number for light,

medium and heavy nuclei?
FEAFT, A 3 ©IfF ©EF VSHFIE (F@ oo [FofFza I3+ e, 87 T2F IRe

fFeIE *faafdwe 237

2. Write down the semi-empirical mass formula and explain the first four terms.

o1& AT (semi-empirical) SF a (AT 3 S BIATG " I05T FET
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3. Q) Derive an expression for B~ disintegration energy. Find out the condition of

occurrence of B~ decay.
p a6 wfeg T foefg F@ET pAaha 28T 7o fF2
(i) Discuss the discrepancies of B~ ray spectrum.
B AFTF @RS (T ITEife Sl AETTHN FET

4. Q) Define Q-value of a nuclear reaction. When is a nuclear reaction exoergic or
endoergic?

o FT fAfFTm Q- Wama siesey wig | T« a6 fFofFy [FfFa =few®t (exoergic)
ST NSN3 (endoergic) TJ ?

(i) Derive an expression for the Q-value of the reaction X(x,y)Y in terms of

masses of the incident and product particles. Assume that the target nucleus to be at rest in

the laboratory.

fASFT RAFTT X(X,y)Y, Q- AT {7 F@T AT FIF 932 TR FF 87
AT AT | H@ 18 G106 [ASFIS @6 (@ 557 o903 o |

5. (i) What are the different interactions of y ray with matter?
STATR(E o7 y TR0 % F 43@9 33 (interaction) F613?
(i) A pair production cannot take place in vacuum- Explain.
T T A o5 NN FG AT - I FEAT

6. Q) Explain the principle of a Scintillation detector.
SR SR Ao 5T FET|

(i)  Can we measure the energy of the incoming particle in an lonization chamber?
Justify your statement.
AT fF Sfer® FF (lonization chamber) 31T FNF M AT F@ M2

NaeERRIRIEINEEIC)
7. (1 Briefly explain the working principle of a Van de Graaff generator.
RS ST & 1% (GATEsd 98 IS I FET|
(i) What are the essential components of a particle accelerator?
] 997 5{[8 I@F (particle accelerator) 5 SR3fe {3 57
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8. Q) Compare the properties of leptons and baryons.
(eTsT5 (lepton) 3% (IFI (baryon) 97 S QT FET|
(i) Indicate whether the following reaction is possible?
tt+n > 4p
ferfefare fafFanfe < swe=- faem s
tt4+n - o1 4p

(iii) ~ Write down the quark composition of pion (7).

TR ((+) 97 (PR (quark) ST (T
Group - B
ERIREE
Answer any three of the following questions: 10%3=30
foaferfis @ @rErT fsafe a3 s wra:
9. Q) Write down the salient features of shell model of nucleus.

TS FITIT 55 MG (shell model) EFRTSET (<!
(ii)  Predict the ground state spin-parity of 1§0 and '30.
180 a3z 170 SFAIE =& JEF (ground state) Fofq (spin) TSRS (parity) fovefy
PAEII
(iii)  Write down the properties of nuclear force.
B EREIGERRICIRIGII
10. (i) Establish the relation between range of a-particle with velocity.
o FTH AT 8 (FEF N 57 JfeD1 FE]|
(i)  Discuss Gamow’s theory of emission of a-particles from radioactive substance.

(OSHT TN 2300 o FTF fASTT T T ST (Gamow) TF6 AEHAT FET

(iif) ~ Show that the disintegration energy of a-particle is Q, = TaAAj

where T, is the kinetic energy of a-particle, A is the mass number of the parent nucleus.

(TS (T (FT (OS3T N (I forsf SAeT%] Fa fHE0a & Q, = To—

A—4

AT T, [5G o FNF IS9E 8 A ©F T2
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11. (i) Can we accelerate electron in cyclotron? Give reason.

ST {5 STRETES (cyclotron) I(@ REFEN@ TS Fa00 =E? Ife wia |

(i) Draw the schematic diagram of cyclotron and explain the principle of operation.
26 TREET I FFIHST b7 FRETST I57T FET

(iti)  Calculate the energy of emergent proton from a cyclotron, given magnetic field is
0.72 Wh/m? and extreme radius is 1 m. [ Mass of proton = 1.673x 10" kg]

TRETET 2300 (5@ (NEEF IS [T F@T | (M3 A= (B1FF (Fa = 0.72 Wb/m?

AR EIFT T = 1 m| [(F@F & = 1.673% 1077 kg]

12. (i) Derive Rutherford’s formula for the scattering of a-particles by a single

nucleus.
fTSTFI T o FF AT RFE TAMIEGF Jaio oo FET|
(i) Discuss the absorption of y- rays by matter.
srf BIAT y IRIF CNRT SNENSAT FET |

(iii)  Distinguish between internal conversion and photoelectric effect.

ASTIIT FARI AT AT OIS THIF T "R fovely FE|

13. (i) Describe in detail the construction and working of a GM counter.
GM FISHE 97 SO AT FRTIE AR OS T AEHN FET|

(i)  What are the advantages of a semiconductor detector over that of an ionisation

chamber?

e A (ionisation chamber) SRRIR] rEfIfAaR fAm TS (semiconductor
detector) 93 ST SfeT (TR

(i)  What is Cerenkov radiation?

CTETF® (Cerenkov) ffFge fF?
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