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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 / [Rel-% / Avg-®

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

fsfae @-Fw pi1gfe 2T Tea nies

Fl IR UAEHdH] SR AEIBN

Give three evidences in favour of the shell model of the nucleus. 3
ALY (PR (CT61 NCSCETR HACT fOei(b e Wi |

U AISADB! UeTHT B HIIeT THIVES URd e |

Binding energies of ;O'°and ,,CI”are 127.35 MeV and 289.3 MeV respectively. 3
Which one of the two nuclei is more stable?

(00 @R | CI” - @ 79 *feafe] 2e1 I 127.35 MeV @ 289.3 MeV | @afer 3K

@ N =T 9

L0 AT | CI® PI IIBRT ol A HH 127.35 MeV 3 289.3 MeV B |
G gfderad saraT ReR © ?

Give the list of leptons. Mention the charge of leptons. 1
@50 wiferl fevforma 11 @SB @17iGa iR SNk Trard 341
Lepton &1 e IS8 | Lepton &I §s dToisss ddreJany |

Write and explain the working principle of Cyclotron. 3

FIZHIGTR PN 7748 I 4|
Cyclotron &1 HR RIGT Ja<Ss 9 T8N |

What are the main characteristics of the compound nuclear reaction? 3

A Aanefes R e @HEel | F e
AT g=ATY] Ufifshare! uqE faeydes & & g1 ?
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() Is the photoelectric effect possible with free electron? Explain. 3
Y& FETHG A PIOIZETHUT qCFS 6 MBI 2 P 4 |

& qad golagd fAd Bieisdlded shac §9d B ?

GROUP-B / Re-4/ wz-1@

Answer any four questions from the following 6x4 =24

Faferiie - 5i1af etie Seq wie
FH TR UTEwd IR Qe

2. What is meant by “Long range a-particles”? Explain their origin. 6
R A ST I 6709 F (@RI ¢ OIna TS e 541

Long range o-particles ¥=TTel & 30 ? faeiigwa! IRl quiF T8 |

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

“vda frlifEE SsieE@efer Fi ¢ [Fe M@ (17 o178 T I AR -
IR AN

Udhell DU Il AlSIdl ‘weak interaction paradox’ & B ? T Paradox oIS &I
[T TRAT AT ?

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>.

(TG (T [& TG O A& GT- (TG (S0 BAMCT &) IS (oo Fe17 *Ifeq
ARG 2 4mc’ |

A Solag Pl S positron-electron BT SIS IART DT MRT =Ired BICH
Sfldl A1 4mc’ ekl é@Tﬁﬁ%ﬁﬁl

(b) Explain why electrons cannot exist inside the nucleus. 3
(I AN (FHCFE WY ZETE AFCS A A — [T 541
gﬁ@?%nucleusﬁamﬂﬁ??aﬂﬁ’ﬁﬁﬁl

5. Explain the principle, construction and operation of photomultiplier tube (PMT). 6
FICHI- Mz B8 M, fsfie @ e i 21

Photomultiplier tube (PMT) &1 RigT=, W1 31f Hrigomeliar qoi= e |

6. Draw the schematic diagram and describe the working principle of synchrotrons. 6
PR ~fReiEre e wwa F@ S SiEa w41
Synchrotron &I I 9§ foaafed o Rigrae! 9ol f]g ql
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7. (a) Elaborate the principle of CPT invariance in elementary particles. 4
21=If3RF 907 303y CPT Seifaearrel Sifeft [eifie Sl 7=
greIfde BUMT CPT in variance &I Rigr=i o9 a4 |
(b) What are the possible total isospin for the following reaction? 2
feafeie f[iea sy i<y (N SNEET-F4 (isospin) F Fi 2
fague! gfafhamdr T¥=1fdd §ol isospin 8% @ & g ?

kK"+p—>2"+n"

GROUP-C / [etal-at / -1

Answer any fwo questions from the following 12x2=24
e - 716 @ve Tea wie
@l Gz UTIERD] IR AEIB
8. (a) The continuous Aray spectrum of radio-active substances presented a peculiar 5+5

difficulty. Explain the difficulty. How was it resolved?
cowE swicdd e [o1-afm 3ie @ Rosw spifat Sorisiet s | spyfat et
9| Gft RFeICI TN 91 2R — 641 41
Radio-active U@l fReR B-famvra Wagaa fafes wfes wga 78| <«
HSATS IV T | THATS O FHE TRAT ?
(b) What is internal conversion? 2

TeELIel T IO [ @RI 9 — A T

Internal conversion & &I ?

9. (a) Define total and differential cross-section of a nuclear reaction. 3

G35 sAeRE RieraR IS @ w73 ergrean e 341
TSl WA ufafrare o $if far e Saear gReTia TN |

(b) What is the importance of measuring the Q-value of various reactions? 3
fafen siiedfe Ridam Q-w i wwg J i 9
faf=1 ufafshar Q-value @1 A9 TG A8d & © ?

(c) State at least eight conservation laws which governs the elementary particle reaction. 6
e e RIFICE forEe S0 @aw s oree Si6h T wigd 9o 311

URM™E HO1 gfafharars FRfEd T ST sreder SReval FaHss qasded |

10.  Describe the liquid drop model of the nucleus stating clearly its basic assumptions. 8+4
Discuss the limitation of this model.
(ifere e ~iFeim kg @ @I 2[gg @@ 9o9e-@&F ol (liquid drop)
CTHAGH I WG | G2 N ANT@S! S| 4|

IR ATFIdESw T HUAT ddse GRATV®T liquid drop model &7 oid
T | 9 AlScTdl WA garsJaiy |
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11.(a)

(b)

(a)

(b)

(©)
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A collimated beam of 1.6 MeV gamma rays strikes a thin tantalum foil. Electrons of
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 *f&2 sMiafRE weaifers i @6 2Ios SHwbEN TEECE She F(F | SNG0ed
77 0.6 MeV *I[&1 JEFEALHE T (T (9 200 A F91 AT | @2 S G (ol
& PO-2E0P A, F=900 Qg 7l (RF ACPHA-GF Gl FACR 2 A NS TR
B(eTRA GIFBIS TR K TRl o (i @t saez =1l

1.6 MeV @ ddferd y-fdRolel tantalum &1 U=Talrs RaSs | I g€
0.6 MeV oIl ¥U®!I Soldgl <@ U8 | & @ gelde™ photo-electric effect,

Compton scattering effect dT pair production = I&f & ? Tantalum foil AT ST~
qUDI Solag™ BR Hb! Fham™T Sl 9+ AToe | |

Discuss the four different types of interactions among the elementary particles.
2N el Wy BiRMG fow gacaa ffEea siicstvai w1
I HUTER HISTD! Gl IR GBRBT A<RIHATH] o T |

DSE-1B
ELEMENTS OF MODERN PHYSICS

GROUP-A / Te%-% / A 8-®

Answer any four questions from the following:
feafere @- 51Ef6 et Teq nies
el fISudl g TR UeEwd! IR fQAgey —

What is Raman effect? Calculate the work function of a metal if the threshold
wavelength for it is 580 nm.

T-2e F 9 T @3 4Igd CF0g 2ife TS 580 nm T OW & 4Igd I SoHEA
W F e 391

AT y¥d & B ? Al UICT gl Udelcsdl wavelength BT AF 580nm 9
JHHT work function ®I A WIS |

State (i) Position-momentum and (ii) Energy-time Uncertainty Principle.

(i) SEH-SARA € (i) W&-37 7 Sfpor Fife [ige w11
ERIERGIN

(i) Position-momentum and (ii) Energy-time Uncertainty &I RIgT

Define matter waves. Calculate the de-Broglie wavelength of an electron having
kinetic energy of 1000 eV.

TG-S & WS 1 1000 eV fof& I& @ IEFER de-Broglie S s
ISEREEE

el @R @ B ? TSl 1000 eV TfAST ol WUH! Soldgdl  de-Broglie

wavelength &1 H11 @Ioed |

3x4=12

1+2

1+2
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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.

FHI WA F ¢ G0 AR (@ A ARSI *f& = &
Y ST B I (=74 |

Nuclear &I fusion & & ? USCT URAIY] 1A AT AMMAfHT qegdpRl ISid]
A @ioa! MR semi-empirical mass formula &89 |

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

@A IR CFCG HITF IS 65 9 (I B =it Tead T 7S |

Quantum Mechanics AT operator & 8 ? USCT operator Pl ATUfET Heddh! YRATT
ST |

Define spontaneous and stimulated emission.
HO5PE G Tl (>0 fafaicea kel mie |
Spontaneous 31+ Stimulated emission @I TRHTET faT8 |

GROUP-B / {ei-4/ @ s-@

Answer any four questions from the following
e - Al @t Ted wie
FH TR UTEwd IR Qe

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

Sl (Aol T DIt (714 | SfebTrel o fofqe T Tey ai-af SR TeE
AP A FH |

Wave-particle duality AT User fewof ‘f]g 1| Uncertanity relation &g far=or
THa! fAfed gamma ray microscope gReTuTH! quid ‘Ii]g q |

Give the requirements that a wavefunction should satisfy. A wavefunction of a

—ax2/2

particle moving in a range from —eo to +oois given by y(x)=e . Normalise the

wavefunction and find the expectation value of x”.

GFb T SFHS TEE VA ARNCHASE {7 W6 | (e WR I O Ao
—oo (AT +oo SNUE W T y(x) = /> | O AT MO 9 4R 32~
&S R CRDERE

T3el wavefunction o HE T UH 3MAeID T2T8%H dAISIer] | UICI —oo QR

700:2/2

+oo {H YFq TRAPI PUIDI  wavefunction y(x)=e ©| IF wavefunction

T8 normalise & x* ®I FHTAT A EEIS G

1+2

1+2

6x4 =24

3+3

2+2+2
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5. (a)

(b)

6. (a)

(b)

7. (a)

(b)
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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.

TG W6 FIY | FHTE [ AP I AR 9 F3678 [IGa0ela 21w as Go
fofe 3 (1) 3N *If& Torg T F=11% @ (i) @ =& Torg I ooy [Kfen Twor
(TRfoq o= T

Blackbody ¥&d! &N e | & Blackbody & @Tell <Ra=@ ? Plank I
Blackbody radiation oIS STERY TR FIA®HROT TN |

(1) Spectral energy density vs frequency

(i1) Spectral energy density vs wavelength that different temperatures.

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

G5 @R B/A SRS FoI 4-93 T ¢ fmaie Soi freamer | ofit [Frei 3
TR 9 FACT B 2T (Il 217 I *I& G2 4 2eT A SR |

o1 A4 31 It 4 A1 B/A D1 A "Dl [ qurg %) [qgeiyor Tgw ? Jel
B ¥=ITel binding energy 31 4 =TTl mass number g@mu

Give four characteristics of nuclear forces.
e *Ifex 5 (3E @1
Nuclear forces @1 G- IR fIRIvdES JaeIaN |

Define half-life, mean life and decay constant of a radioactive substance.
b (oEET MR half-life, mean life, €<% decay constant-&< Jes] (=7 |
U3CT radioactive UGTI®I half-life, mean life 31 decay constant &I TRHTET

fagem |

Why o-spectrum is discrete but B-spectrum continuous?

IS ~ReF (F0q o-3fn [fver e p-3efie fafafven =1 2 Fpiant 9411
a-spectrum discrete 37 B-spectrum continuous b= g6 ?
What is meant by optical pumping?

FoAfBRTIE #Aif~R F@ice [ @RI 9

Optical pumping =Tl @& gfero ?

What are the advantages of linear accelerator over cyclotron?
HIZEPIGR Tof IR GA AR 2
Cyclotron Pl JeT-THT linear accelerator Pl B BIgaT B ?

1+1+4
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(b)

9. (a)

(b)

10.(a)

(b)
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GROUP-C / faetat-a / -

Answer any fwo questions from the following

e - 716 @vae Tea wie
H1 33 UREwdl SR fAIE

What is LASER? What are Einstein’s A4 and B coefficients? Obtain a relation
between Einstein’s 4 and B coefficients?

LASER & 9 SI39513079 4 @32 B 725! IF 9 SZ61307 4 932 B HIER W& F1F Bl
9|

LASER & & ? Einstein ®I 4 317 B coefficient 8 & @ g7 ? Einstein &I 4
A B BT coefficient A= WISIBI |

Why Rutherford’s model could not explain the stability of an atom? State Bohr’s
quantization condition for defining stationary orbit.

AMIACFICGT SICwe ST BTG Gt F900 @ T @ 9 7 I FK@iTe FA &y
(G (PIAFBIZCEI *IS g 411

Rutherford &I #ISelel URA 0 BT ReRdre! fda auie 79 F&Ha ? Stationary orbit
gAY Tl (ffd Bohr @I quantization condition aﬂlﬁﬂg |

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

“ifvea oas AR Hiea- o ST fslid € Fifeee i 741

USCT BT XEfAd] el ol Geiger-Muller counter @1 AR@T 1 &R
NEARCARCHERIGEIE

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

cosE Ritemo Sz Srar 3, (T 1 FoIfFe =5 Bioi 41

Radioactive disintegration R FARSQ radioactive decay o8 =0T T+
FHIHROT WISgBI |

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

AMRCFICC o-vgae! AP (AT 2Tl 1 FiFae Bio 91
Nucleus @I 3MHR /A ATdT fFd Rutherford T a-scattering aReror <Ra

THIBROT TIoBlY |

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

(ofexq «ae Tl 21T Fellzre] S SNEDA 741 2 FonTae T B-gofew esme
Foll-oam wg TR fAow F - F91

Davisson ¥ Germer &I UR&UIHI ASE® & & g1 ? IJADI UR&THA
de-Broglie UaTef olexd! RigTiels Haxl Al YA TS ?

12x2 =24

1+2+5

2+2

2+4

2+2
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11.(a) Consider a particle of energy £ < V, moving from left to right, towards a step

(b)

5124

potential of height V; represented by the equations.
V=0 for —ec<x<0
V=V, for 0 <x<oo

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

(i) What is quantum mechanical tunneling?

@ E < V,, *Te7mim @3h I IS 200 TRmeE GF0 V, Shoprag ivf e e
BeTsIie @R @ e AT 71 R 2R

V=0 @ACT —00<x<0

V=V, @ 0< x < oo
() TR o TNFD @14 R (STOFOIR &ZeN] F6 T &) (774 |
(i) Ffe Bicafers &6

TS E < Vool HUPBT BT UIST V,, SATg UBI step potential AT < <Rg qIfe=y
R D SEdI B | Step potential 7+ FHIGRUGRT quie T+ Afho ?

V=0 for —o<x<0

V=V, for 0 <x<o0

(i) Schrodinger @I wave equation oiReq IHFHI HIfAHII W TN T g3
& Ao |

(i) Quantum mechanics ¥ tunneling @ &I ?

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

. NTX ..
sin T for 0 < x <L and is in the n =3 state.

2
v, (x)= 7

2 .
G0 m OEE T IR TAACIZGC, G SIHS-GF p, (x) = = sm% G

0<x<L-93 & x=0 Q& x:%-aﬂaﬂwwnwwﬁcﬁwmwﬁawﬁ
n=23 IR AU O E FO 9

USCl “m” mass YUD HUTAs x=0 <RY xz% o ursd Afed gEITaT
Gofer| Il ™A PUAE  normalised  wave o gRIK® WA

2 .
v, (x)= 7 s1nn—7L[xfor0SxSL n=3 state HT|

6+2
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