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B.Sc. Programme 5th Semester Examination, 2022

DSE1/2/3-P1-PHYSICS

Time Allotted: 2 Hours Full Marks: 60

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

NUCLEAR AND PARTICLE PHYSICS

GROUP-A / eil-% / ag-&

Answer any four questions from the following:

RS @1 517f6 aivas Teq wies
B AR YTTEHDH] IR AEIE
(a) Give three evidences in favour of the shell model of the nucleus.
AN (RS (e TCCCETR FACH {10 2l wis |
I AISAD! UEHT G dIdST THVES U T8 |

(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 | CIP - a7 3% *feafe] 251 IS 127.35 MeV 8 289.3 MeV | @afem sty

@31711%‘ B ¢
L0 A | CI*® &I qegdr) SHolid! A9 HH 127.35 MeV 39 289.3 MeV |
BT gfderaw warar Rer & 2

(¢) Give the list of leptons. Mention the charge of leptons.
TG oifert ot 9| &fSfs oG e i Srar w41

Lepton &1 ?f»ﬁ Eﬂf@‘g’gﬁil Lepton P §§ ISR E!?l'lGﬂ'&ﬁ'\"-[i

(d) Write and explain the working principle of Cyclotron.
FIRCHIECTA P =74 @ I 41
Cyclotron &1 &R Rigra saksa 9viF 4814 |

(e) What are the main characteristics of the compound nuclear reaction?

- (Tl ot R e aiEelE § S e
A ary gfdfbarer sqe fadwaes & @ g7 ?
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() Is the photoelectric effect possible with free electron? Explain. o
T& TR T (FIDIRETHET GTFs [ 78T ¢ AN I |
@ Jad goraeE Rid wiesdfics shae I9d B ?

GROUP-B / Retl-2 / gug-a

Answer any four questions from the following 6x4 =24
Fefaiie a-@m siafe evie Seawe
P IR YFEEd IR g
& What is meant by “Long range o-particles”? Explain their origin. ' 6

“R AR TR el eT0e 3 I 2 Wit Sesife it
Long range a-particles 91Tl & 3w ? foriiees! STRye! quiq T |

E What is ‘weak interaction paradox’ of single particle shell model? How was the 3%
paradox finally resolved?

“wder R Sensae@er” § ¢ ol WA= *7 »1fE T F9 QR -
[ AN

UHell BT el ASeAD! ‘weak interaction paradox’ @ & ? AT Paradox oS H¥eY
AT TRAT I=THT ?

4. (a) Show that the minimum photon energy required for the production of 3
positron-electron pairs in the field of free electron is 4mc?.

mmwmmﬁW-Wm@Wwﬁﬁwm$mwﬁm
NS 2T 4mc’ |
I FAdEIMDI &1 positron-electron BT TrET IART THHT FAfdT ~ped B
SSld! qF dmc’ B W @SR |
(b) Explain why electrons cannot exist inside the nucleus. 3
(I SIS (PECFA K 2R A TS 2 N — JIA F91
sergei 9 nucleus 3 &= Ha= ? o= ey |

> Explain the principle, construction and operationsof photomultiplier tube (PMT). 6

CFICB-NFBEEE Bora NS, Ml ¢ Frfeers e w4
Photomultiplier tube (PMT) @1 RigT=, a1 1Y HRIYOMAID! quie T |

6. Draw the schematic diagram and describe the working principle of synchrotrons. 6

et »ffe foa www w5 FrRfe s 1)
Synchrotron &1 AT 95 ferafed wrf Rigrae! avi= TN |
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" 7. (a) Elaborate the principle of CPT invariance in elementary particles.

2NfSiE TR ey CPT Wi ArTet Fifef Reifae witsnat w21
ureifies BT CPT in variance &1 Rigrd o= T8 |

(b) What are the possible total isospin for the following reaction?
ffeiRe R sy TRy Giie SiZeT-F14 (isospin) T i ¢
gy gfifsar a=nfdd §at isospin 86 & & & ?

kK"+p->2"+n"

GROUP-C / Retat-a / a8-11

Answer any fwo questions from the following
Fwferie @-Fim 76 aeiw Tea wie
FH1 G5 UTIEHD] SR oIEIEN

8. (a) The continuous Sray spectrum of radio-active substances presented a peculiar
difficulty. Explain the difficulty. How was it resolved?

coeiEy mida e [Ko-aRm e «alb Reds st Sorgismt e 1| ekt 5t
791 @t Fei e T4t 2@E — 39 F9)
Radio-active Uarfd! fAR=ix B-fdHorar ?La’c?;rqﬁ fafera wfewE wga T8 | =9
HfSTS o THER | THATS HER T TRAT ?

(b) What is internal conversion?
O TSR IO F @R 9 — I 71

1

Internal conversion & &I ?

9. (a) Define total and differential cross-section of a nuclear reaction.

@35 2R Rftram @it © s7we ez e 341
STl A SRifhaTeT Ger if =TT 9 dawee! aREIRT TR |
(b) What is the importance of measuring the Q-value of various reactions?
Rifew e R Q-u= »fwit ewg 1 H 9
fafr=1 ufafsar Q-value &1 719 ATHH! A5@ & B ?
(c) State at least eight conservation laws which governs the elementary particle reaction.
2Nafiie oz R e s g7ew wwe St Hiawe Wiz [{ge w9
URfAE Hor ulafharens Frafsa 7 o snsaer w@reve FaHes aarsdE |

10. Describe the liquid drop model of the nucleus stating clearly its basic assumptions.
Discuss the limitation of this model.

(e SrEimefd =Bery Rye I I AREIgE (@@ SFe-cFt (liquid drop)
TOGHAGT I W8 | A2 MG ATRES! SCAG T4

JURYT FRIAES WE ©TH gaNa TRA@! liquid drop model @I v
TR | T Hrserd! AT FATSIEN |
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11.(a) A collimated beam of 1.6 MeV gamma rays strikes a thin tantalum foil. Electrons of 6
0.6 MeV energy are observed to emerge from the foil. Are those due to the
photo-electric effect, Compton scattering effect or pair production? Assume that any
electron produced of the tantalum foil do not undergo a second interaction.

1.6 MeV *fea smizfim Wi g a3t iea Sabes FETS Sars 0 | o
7 0.6 MeV *fea S IR TEe (F (@3 O R 3 %1 @ et 7o
& TOLERT GUFE, IBY GIFF A G ACRH-GF T AR ? W M T
e BINBEIN FEEE W f@e oWy i iR saeg

1.6 MeV @1 Wadford y-fRoel tantalum &7 g=Teg  Ehe® | ©E TSN
0.6 MeV SOl 9UHI Soagd <@ U6 | & @ gadg photo-electric effect,

Compton scattering effect T pair production ¥ T&f & ? Tantalum foil AT ST~

(b) Discuss the four different types of interactions among the elementary particles. 6

el Ty ey SR for g R siesne 34
il BUEw WIS B AR UHREB! AREpATD] avie THE |

DSE-1B
ELEMENTS OF MODERN PHYSICS

GROUP-A / f{ei-3 / I-&

3 Answer any four questions from the following: 3x4 =12
R @-coie srafb evas Tea wies
Ta fegusT Y IR TeEe®! IR fAgEN —
(a) What is Raman effect? Calculate the work function of a metal if the threshold 1+2

wavelength for it is 580 nm.

oo fr o 7 @2l aee 0T @i S 580 nm T S@ @ 4G B SR
PICECRE LT

9 wig B B ? Ife USel urge! Jueiesd! wavelength @1 W9 580nm ¥
! work function P FF WIIEN |

(b) State (i) Position-momentum and (ii) Energy-time Uncertainty Principle. 3
(i) TREE-SARe @ (ii) ¥ a7 wirsTeor A fage #4)
AT : i
(1) Position-momentuin and (i1) Energy-time Uncertainty a1 fagr
(c) Define matter waves. Calculate the de-Broglie wavelength of an electron having 1+2
kinetic energy of 1000 eV.
;%;ﬂm s wie 1 1000 oV sfo™fE I @3 S de-Broglie SHoadi 1
T TN

gl @ER B 8 ? ST 1000 eV T ol 9UBI sadnidl  de-Broglie
wavelength @ A @roqen |

”
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(d

(e)

®
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What is nuclear fusion? Write down the semi-empirical mass formula for calculating
the approximate nuclear binding energy of an atomic nucleus.

(FERT W [ 9 @B ANRT @@ S AR @ & A0 w5
i S feEe o 3@ @

Nuclear @ fusion & B ? TSeT URHIY] AIAGT AT TAHT IEID SSHiD!
A @ioTe! fAfd semi-empirical mass formula TR |

What is operator in Quantum Mechanics? Define the expectation value of an
operator.

CPIIFBIN IR (L BIET PICP 0T 2 (FIN HIETPF LGP T IR w1 |
Quantum Mechanics T operator @ &l ? USTT operator ®I TR !
ESEIE '
Define spontaneous and stimulated emission.

TOLPE @R Trifoe efseaa kel e |

Spontaneous 3 Stimulated emission T IRYTET fa&FEN |

GROUP-B / Teii-2 / wg-@

Answer any four questions from the following
Fwfeie - 5afp avia Tea wie
B IR yeTEeD! SR fAgE

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

e (gee T DIt @11 wfrsael et fBfae v T si-atd SR w0
2 S |

Wave-particle duality &1 vSer fewoll Te| Uncertanity relation &g for=or
Tt AT gamma ray microscope TReTUTHT goiF THERT |

Give the requirements that a wavefunction should satisfy. A wavefunction of a
particle moving in a range from —oo to +oois given by y/(x) = ¢~'/> Normalise the
wavefunction and find the expectation value of 2

G ST WS TR 26T LTSN KA W) (ReH! Wiy G T SRS
oo (AT +oo TNNE T HNA y(x)=e = | ST SFHS “Ifil® 79 @R 17~
erep Wi e 341

TSel wavefunction 3 WIE T U AG¥TS TURG IATSIEY | TSET —oo AW

+oo TH PR TG HUBH  wavefunction w(x)=e ™ ©| TF wavefunction
g normalise TS X7 BT TG A9 HISHER |

&
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4.

5. (@)

)

6. (a)

(b)

7. (a),

(®)

5124

Explain the term blackbody. Does a blackbody always appear black? Based on the
Planck’s law of Blackbody radiation draw a plot of

(1) Spectral energy density vs frequency and
(i1) Spectral energy density vs wavelength at different temperatures.

FRIE =0 P 9| FHIE [ 70T I (AR 9 F2IE RiFA0 201082 7aw o
& 77 (1) 3 =S Ty I 4% @ (ii) I =& Ty = S [fon Tweom
ETRIfoT o 41

Blackbody ¥sg®! @& THER{| @ Blackbody W& ®reil IRT® ? Plank &V
Blackbody radiation T SMERYT TR FRFa=oT T |

(1) Spectral energy density vs frequency
(i1) Spectral energy density vs wavelength that different temperatufes.

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

@3 @R B/A SAiTe FeIm 4-93 T @ Fwig Son saie | offt e 3
FAR 2 @ACH B 2o (T A7 394 #& GR 4 57 2T SR |

71 4 I Il 4 A1 B/4 1 A1 " R U va) fvawer THg ? g8t
B =Tl binding energy 31 4 =Tl mass number CE R

Give four characteristics of nuclear forces.-
e = ol t@fiEr @
Nuclear forces @I G R fARIyaEs A< |

Define half-life, mean life and decay constant of a radioactive substance.
@3 (O&HFA 2t half-life, mean life, 93 decay constant-9% & (72|
UJ<T radioactive UGTI®DI half-life, mean life 31 decay constant T TR¥TST

fgere |

Why o-spectrum is discrete but B-spectrum continuous?
I IR CFed o3¢ Rfven e B3+t foafifven o 2 it <5211
o-spectrum discrete Y B-spectrum continuous &= O ?

What is meant by optical pumping?

SAfbe ANfFeRr FeTe & @R 9

Optical pumping #=Tel & o ?

What are the advantages of linear accelerator over cyclotron?
ARHIACT o TR Taewa JfR g

Cyclotron &I &9 linear accelerator BT & HIZET B ?

T
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8. (a)

(b)

9. (a)

(b)

10.(a)

GROUP-C / fqeta-a / 98-

Answer any fwo questions from the following

FEfeRe -3 7f6 et Tea wie
B g8 UTTERd! SR RATEN

What is LASER? What are Einstein’s 4 and B coefficients? Obtain a relation
between Einstein’s 4 and B coefficients?

LASER & ? SZP013079 4 @3 B 729 & 2 ZP0I1207F 4 G2 B T2 N0 F=94F oo
4

LASER & @l ? Einstein & 4 31 B coefficient 8 & & g.? Einstein &I 4
3T B BT coefficient T+ @WIogary |

Why Rutherford’s model could not explain the stability of an atom? State Bohr’s
quantization condition for defining stationary orbit.
AMACHICSH TGS AR ZAG T FA0O 2 = (@ 9 By %9210 @S 391 &)
QIR FRIFBIRCE *$ Rgo T4

Rutherford & #ArSelel WRATH! ReRared! f= quig 9 |dH= ? Stationary orbit
RHTRS <1 AT Bohr 1 quantization condition IATSTEN |

With the help of neat diagram, explain the construction and working principle of
Geiger-Muller counter. -

Afvea Foram T FAwi-Tee SIS0 i @ i i w1

T3S A% N@=Fd! Fear forR Geiger-Muller counter & GReAT 31 i
g guiF THeN |

%

Stating the law of radioactive disintegration, obtain a relation governing the
radio-active decay.

coe % Rfterel SN2 Trae 30, (TEia F1 7=oFe (6 2ot 41

Radioactive disintegration 99 ¥aAS? radioactive decay o fAa=sor 1+
FHIBROT GIogerd |

Derive the expression to estimate the nuclear size/radius from Rutherford’s
o-scattering experiment.

| AR or-Rogae #fFF (G SR e e e

(b)

5124

Nucleus &I JHR /T AT=HI Affd Rutherford T a-scattering TReror IRy
FHIHROT EIoge |

What are the outcomes of Davisson and Germer experiment? Explain how these
results directly confirm the de-Broglie hypothesis of matter wave?

i @3 Tl 2T FEATe I AL 391 G2 T Feig fB-gaitw dwmm
-5 0§ TN [WeS I - T

Davisson 3 Germer @I UReUd AfGie®s & @& 1 ? JAG UReTHA

de-Broglie UgTel Tevd! Rigraers &ad QIS yaiog 79 ?

12x2 =24
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11.(a)

(b)

Consider a particle of energy £ < V), moving from left to right, towards a step
potential of height ¥ represented by the equations.

V=0 for —ec<x<0
V=V, for 0<x<oo

(i) Write the Schrodinger wave equation and its physically acceptable solution in
the two region.

(i1) What is quantum mechanical tunneling?

R E < V,, *f&om a6 I v 2o uewes @t 1, Thermg g+ Re@a st
Berane @R @t [eEe ANead =a (TR 2R

V=0 @ —=c<x<0
_ V=V, @I 0<x< oo
() iR o FATRH @77 GR (ST Q2N 7o ST Sl (@72 |
(i) fe Biafer &5 9

T3l E < Vo Holl 9UDHI BT TSI V,, 9T {UB! step potential AT < 2Ra 1R
foR BfEIZDT © | Step potential 7 FHHRUEGRT quiq 7+ Afpo ?

V=0 for —=<x<0

V=V,for 0<x<oo

(i) Schrodinger @ wave equation 3RE ITFPH! NRBT Wt ARTT A ES]
&3 I

(ii) Quantum mechanics AT tunneling & & ?

N

L]

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) =1’% sin nTzz'x for 0 < x < L and is in the n =3 state.

9B m OEE Tl GR TG, GH AT y (x) = % sin _”? AN

_0<x<L-9 & x=0 mx=%-aamm¢mwwﬁ=ﬁrwa«nﬁmmﬁ

5124

n =3 SR AT S TS ? -

T3Sl “m” mass YUB] HUAs x=0 <R x=% qr gred Gfe gRIaHr
Goge |  d® ®H  FHOATS  normalised wave o GEIS® WA

V. (= % sinn—zrxforOSxSL n=3 state HT |

¥
4

6+2.




