B.Sc. 5™ Semester (General) Examination, 2021 (CBCS)
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.

AT TS [Acer SIFT GoF 7o 3T/

Answer any eight of the following questions: 5x8 =40
fysferfie @ @it et dets Sod re:

1. Write down Einstein’s photo-electric equation and explain it. Discuss how this equation explains

the phenomena that cannot be explained by classical theory.
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2. (i) Elucidate de Broglie postulate of matter wave.
7 I 4 16 [T AT |

(if) What should be the kinetic energy of an electron so that its de Broglie wavelength is equal to

h .
Compton wavelength A, = — Mg being rest mass of electron.
0
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3. Draw a neat sketch diagram of Davison-Germer experiment on matter wave. Explain how the
experiment confirms the existence of matter wave for electron.
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4. (i) State and explain Heisenberg uncertainty principle.

R sfsmorRm AT Ryo F@ e Tt F@T |

(i) Estimate the minimum energy of a confined particle using uncertainty principle.

SIfePbOT 0T STRIC i A Peod e 17 < e



5. What do you mean by normalization of wave function ? The wave function of a particle moving
along x-axis is given by y (x) = A (1 + cos “a—x) ,—a<x<a
=0, X<—aandx > a
Normalize the wave function to find A.
O TR ARN0FIT I T @A 2 x-O0F I AT 9T FAF 0% FCOFEA
TFIT = \|I(X)=A(1+COST;—X),—3SXS a
=0, X<—aandx > a

O AerFHt ARROFIT @ A €T 9 AT @

6. (i) Write down the time independent Schrodinger equation for a particle confined in one

dimensional potential box
V(X)=woforx=0andx =a

=0for0<x<a
@A 9 V(X)) =oforx=0andx=a
=0for0<x<a
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(i) Find the eigenvalue and eigen function of the above equation. Shhow that the energy of the
particle is quantized.
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7. (i) Draw the binding energy curve per nucleon against mass number and explain the stability of
lighter and heavier nuclei.
#fS [ASfFaa IT e 8 SR @Hfba 9Fd @ 99 Q@ T OGEF 8 S O&FH
BEFRIGERURPEIRIE G
(if) What is mass defect? How is it related with binding energy of a nucleus?
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8. (i) Write down the semi-empirical mass formula and explain the first three terms.
¢ S (semi-empirical) €3 5@ Gedt 8 &3 oA sfom 4t Fa|
(i) Find the radius of $Cu nucleus given the radius of 2Al nucleus is 3.6 fm.

St cu — a3 frSfaem e Ry s@t | creat i 4 Al faSfaie e 3.6 fm)

A
9. (i) Show that the disintegration energy of a-particle is Q, = T“ﬂ

2



where T, is the kinetic energy of a-particle, A is the mass number of the parent nucleus.
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(i1) Derive an expression for 3~ disintegration energy.
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10. (i) What is a nuclear reactor ? What are the essential components of a nuclear reactor ?

frofsar fwigs 1 ¢ [FofFam RuiEe 93 g el F Fi e

(if) The half life of a radioactive substance is 10 days. After how many days will only zth of the
substance be left behind ?
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B.Sc. 5™ Semester (General) Examination, 2021 (CBCS)
Subject: Physics
Paper: DSE-1A
(Nuclear and Particle Physics)

Time: 3 hours Full Marks: 60

Candidates are required to give their answers in their own words
as far as practicable.
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Answer any six of the following questions: 5x6 = 30
fafeifio @ cicat =3fb deds S whe:

1. (i) Draw the binding energy curve per nucleon against mass number and explain the stability of
lighter and heavier nuclei.
#fs el ITTie 8 sTRYR @ifta 9% F@EN 9T *F I SEF 8 TR TEF
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(if) What is mass defect ? How is it related with binding energy of a nucleus ?
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2. (i) Draw N-Z curve. Why does the number of neutrons in a nucleus increase with the increase of
mass number?

N-Z @74 oFd @ | [TSTFACTE ST AT AR AR (FIT9G TSGR 4T INT &4 2
(i) Find the radius of $3Cu, given the radius of 234l is 3.6 fm.
6t Cu — 93 [RSfFaem I AR @ | creat i 3541 fASfFeT e 3.6 fm)
3. (i) Give two similarity between liquid drop and the nucleus of an atom.
o9 9] 8 *FaF e fFaieT aer @t Sy Serd AT
(i1) Explain the stability of magic nuclei on the basis of shell model.

WG NSIFACIR Sl F5F NG (shell model)- 43 STRICT I FAT

4. (1) What do you mean by the activity of a radioactive element? Find an expression for the

activity of a radioactive element in later time ‘t” in terms of activity at initial time.
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(if) The half life of a radioactive element is 60 days. Find the decay constant and average life of

the element.
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5. (i) What do you mean by nuclear reaction cross-section? Find an expression for nuclear reaction
cross-section in terms of number of incident particles (N;), the exposed area (A), the number of

particles undergoing nuclear reaction (N) and the number of nucleus per unit volume (n).
ROFa RIFTR o=mm e I @RI ? NOFT [T oFmgm, were F9R 34 (N;), 34

Fawd (A), NOHT RIFIT S3 ([T FU 5147 (N), A6 95 Aol NOFICHI 5140 (n)-
R SRS S BT

(if) What is the unit of nuclear reaction cross-section?
NS RIFTR 2rgeme 9 i 2

6. (i) What are the different interactions of y ray with matter?
stteds 51t y 303 5 35 «@eaa R (interaction) 961 2

(ii) Write down Einstein’s equation for photoelectric effect and mention the importance of the

cut off frequency.
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7. (i) Explain the principle of a Scintillation detector.
T I O [ AT
(ii) A pair production cannot take place in vacuum- Explain.
o] SRAMA 7 AL GG Al - [ AT

8. (i) What are the four fundamental interactions? What are hadrons and leptons?
I P! BIF 4R AF [IRRI @eg 2 =g (Hadron) 8 @196 (Lepton) 2

(i) Write down the quark composition of proton and kaon (K*).

2NTF QR IR (K) 9F @RI (quark) =16 @Tealt|
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Answer any three of the following questions: 10x3 =230

fasfefioc @ @it f5aft gets Beg whe:

9. (i) Why is it difficult to explain the a-decay from a radioactive nucleus by classical theory?

(OQIZT OO0 (ATH NS ST @ - LT STNTO~ FNWT AT 81 I N (= ?

(i) Draw the energy spectrum of B-decay and hence explains the discrepancies of [-ray
spectrum.

B- RBd Q3 @RET @14 wFd FEN QIR B- IRF @RET @TF PG fel SAETsar $ET |

(iii) Derive an expression for §~ disintegration energy.

B i <R a1 Fiefa

(iv) Explain how Pauli neutrino hypothesis solved the -ray spectrum discrepancies.

G fe] Pl TSR e ST B- T WHET @749 opEiow 73 $EF 2
10. (i) Write down the salient features of shell model of nucleus.

[y 35 305 (shell model) @B @04
(ii)Predict the ground state spin-parity of 2Al and '%0.
2741 9R 130 fASTHICT 1% @ (ground state) A (spin) 93 &SR (parity) A Tt

(iii) A nucleus of has positive quadrupole moment. What conclusion can you draw about the
shape of the nucleus?

(P ST 59aS (quadrupole moment) SATSs TR | fASIFACTT Spie ST QI
I 00 AEN ?

11 (i) Derive Rutherford’s formula for the scattering of a-particles by a single nucleus.
TSI 713t o -7 ROPo1T e ImEceiess aft aifodt 3@t
(ii) Establish the relation between range of a-particle with velocity.
o- I AT 8 @I T T4 2Dt @M

(iii) Determine the Q — value in the following nuclear reaction
BN+ 3He -» 0+ {H+Q

Given: M(3He) = 4.00388 a.m.u; M(13N) = 14.00755 a.m.u; M(130) = 17.00453 a.m.u and

M(}1H) = 1.00815 a.m.u



feafeifio Ao Rfat @ Q- st A s |
YN+ 4He - 70+ 1H +Q

@S 9IR : M(He) = 4.00388 a.m.u; M(*4N) = 14.00755 a.m.u; M(130) = 17.00453 a.m.u
and M(1H) = 1.00815 a.m.u

12. (i) What are the essential components of a particle accelerator?
91 99 5318 6T (particle accelerator) 7 wfefer <5 <5 2
(ii) Draw the schematic diagram of Tandem accelerator and explain the working principle.
TIIc® a9 518 q@d (Tandem accelerator) O3 FREAING fboa STRAIC 541 T |
(iii) In the following reaction name the unknown particle ‘X’.
K +p->K'+X
fCa= RiGsm srer=n w4t <X [T |
K~+p->K"+X
13. (i) Write down the specific characteristics of the Geiger Muller region.

MRS YK (Geiger Muller) S2eteTd R (I8 SCATTAT ST

(if) What is the quenching of a G.M counter? Why is it necessary? What do you mean by

‘self quenching’ in G.M counter ?

G.M FTGIRR (FICTAH2 (Quenching) IS H (IR ? 47 ATAGTS! Bt 2 G.M
FIGOIIA NGF (self) (FIANBE IATS Bt (IR ?

(iii) What do you mean by ‘dead time” of G.M counter ?
G.M ITGOIRA AT TN (dead time) IeACS B (IRMT 2



