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The fizures n the margin indicate fildl mavis.

The question paper contains paper DSE-1A and DSE-18,
The candidates are required to answer any one from #wo papers.
Candidates should mention it clearly on the Answer Book.

DSE-14A
NUCLEAR AND PARTICLE PHYSICS

GROUP-A / Hete-& | qg<6

Angwer any fewur questions: 3xd4=12
(- AT 2rAe Tad wss

oo g e Hed T TaeT THEHE T g —

Why do stable nuclei conlain cxecess neulrons? 3
s B HE R o el F A WEE AT ¢

R Afirengwo! fore el =g QHTereT e, 7

A nucleus with A = 235 splitsinte two nuclei of mass numbers in the ratic 2 : 1. 1 %4 1%

Find the ratic of the radii of sagh new nuclei.

A = 235 TPRY TF OF6 WEIFIH 96 Toa WEFIT Few Ite e TR-ada
WS 2 ; 1, g uis et heE wmere FfE )

SEHHIT TEAT A =235 9T i 5§ T MRSl ARG g, S G
T AT 2. 1 8 | Rt Arfipmeen e e |

A nucleug emils an g-particle followed by two B particles. Show that the {inal 3
rucleus is an isotope of the original one,

<l FEFT e B o-F e wEeR 7 p-ae Wefe T (ete @ Wi
TG et e @b

U HIMeheT TIET o= Sodeid T T TS 2 T B-B0 JoFad T | JfFad e
AR AT STEHET 8 | 3@ |

Define (1) total nuelear cross-section, and (i1} differential nuclear cross-section. 1

Terafeiare aiffaim woss whas

{i} “total nucleyr cross-section”
(iiy “differential nuclear cross-section”.

EECIEG KT

(i} T ATHDRT IRIES Fie
(i) F=Tifaes TfieRT syl @ile
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{e)

(f)

2. {a)

(b)
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An X-ray of wavelength 4, =0.2 nm is Complon scattered by a block of material.

The scattercd wave is observed al an angle of 45° compared 1o the incident wave.
Find the wavelength ol the scattered wave.

0.2 nm T REE Xoray-a@ F50w Rrwor o orme, 1% g awf 450
e Ry T ors RFFe 3ty s fsfg 93

e &-T4H] TRIPT o0 o7e41g A, = 0.2 nm &, UF Aien! WUseT Sac ferses qua
% | W TRes! GovT 457 01T Resam ot ot daeite TRTeT & | et
Qe T T e i |

Briefly describe quarks. State the charge and other quantum numbers of cach,
Quark {(FFRIRF) I Tt (71| ISl (e =T o CEre meeef Sra )
TR HIATH U TR | A FRaianT 1T ¥ 9725 3iae Iooid ™R |

GROUP-B / -/ wig-g

Answer any four questions

(-1 bAfT e Taa whe
e Rt WHEws W §F FRaeT INEaml ST %

The mass of a hydrogen atom is 1.008142 amu, and of a neutron is 1008982 amu.
Caleulale the packing [raction and binding energy por nucleon of the 0'° nucleus.
Given | amu — 931 MeV.

G TICRCE R SF 1008142 amu T2 &5 BIR B9 1008982 amu,

(i} Binding cnergy per nucleon of the O'° nucleus

(if) *TIe TFamia (packing fraction)-«ia I >3z fef @, 27a: 1 amu = 931 Mey,
ST STU[RT GeA 1.008142 amu S, X TIeT <2 TR 1008982 amu B | 'S
T e HRTer < astrgat TR =fereraives TFT T : | amuw = 931 McV |

The neutron is an electrically, neutral particle but posscsses a non-zcro magnetic
moiment. Explain the discrepancy.

iRt 4l ©fe g St zen s e AT (IS <o = | I 77
Y5 T e TR U BT % R AR-3 e e 3 1 2 R e

Explain magic numbers of nuelel. Give four cvidences for the existence of the
nuelegar shell structure,

RfETTa wifer sk & ? “Nuclcar Shell Struclure” & 275 (I-(Fi+ FAT 2o
GECEEN

RREEERRT ST HBE & &, JeT | Ao GE HRaTahT aTfeae! s TRaeT
THTE Seoid T |

Clearly explain the problem of energy-momentum conscrvation for pB-decay, and
explain how il was resolved.

“B-Decay-a7 @ Taas ¢ «drm e Tl wtors B ffie ma 9 wa e
{526 e =) Frera o ey e w1 29 w1 T @)

[~ 81T SETHT Tl HYSURAT HARATETS FUY FUHT GRed] X T T SR TR
TREAT = Ui T )

Bxd — 24

24
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A, List the processes respensible fur y-ray sbsorplion in matter and discuss their
relaiive importance. :
ol - et AmiHalE e T ) Bt e FeIE i )
y-FuTE) GeTdET ST A1 frEw ufaes geies = AT O sieaees
Ay Teee! T W |

f. Describe the construclion and working principles of a photomultiplier tube (PMT)
with a representative diagram.

&g Photo-multiplier tube {PMT)-48 715%1 '@ TS Tl T 1
HemfeerR 96t (PMT)-F TeeT ¥ &1 Rgraens wirfiee Seeafgd aoiH |

7. {a) Explain “betatron start” in a synchrotron, and how it is achieved.
Synchrotron ¢ “Betatron Start” 950% T @Rt ¢ SR T 2 ¢
RIBICIHHAT 'Sei TEE & B T T8 HEs] WIR TR H~=T ST 7 1
(b} Briefly explain why a cyclotron cannot accelerate lighter particles like electrons.
TR (3 ZTFRE AT 01 FY B TR S T TS AT A
TR ToT BT U, T S Ts FERCS, 4 11T farT Wihrar |-y | 7 TR |

GROUP-C ; [Fts-a1 / g
Answer any s questions
CE-CFH Ffo &R TER wG
o7 RegTaT wAwE T F g AEST TN 4
8. (a) Explain the concept of mean field in'nueleatr models.
(e e (e “Moan Field™ 2108 11 o (7))

S THTEeT 3T Ae! ITTETROTe! TamsH] T |

(b} Explain the mechanism of energy loss by a charged particle in matter due to
ionization, in detail.

el (ionization), 3 FRRY AR wifEw [ wE weOm <fe ot 9t
ool IR TiCe SgEEaT 911
TR TehOTERT AT METRfHT ATafiie SUERT &7 il 41feehT et e RHT ST T |

9. (a) Explain the\basic theory for the emission of an o-particle using guantum
mechanical tunneling.

“Quantum Mechanical Tunneling” &= AR c-decay-<9 2R TE AT T L

FATEN AT ST IONT RN 1-GUTEhY TEATPT HTERT (g e T |
{b) Describe the construction and working principle of a linear accelerator,

4575 Linear Accelerator-97 516w '€ FHRITE 2 T

Tep T MfEereeRT e T wr R ae T |

10.(a) Explain the meaning of the Q-value of a nuclear reaction. Define exoergic and
endoergic reactions. Define threshold energy of a reaction.

5t R RN Q-value W & @M p Teoird ¢ sioraiht R & ¢ wol
i@ *Threshold energy” -4 FXE Wi |

TR TRifemT Q-IFT ore =T ) | [T ¥ Grelfuie Hifenent qieTeT
T | WiATrTTeT TR St afedTeT S |
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{b) Define “baryon number” and “lepton number”, Using at least iwo examples, show 2+4
that they are conserved in a nuclear reaction.
IR AR @ B A FRCEE O WS | CRlemeEel el 9 o, (-G {0
SR R cevn aom wW w7 g
ART-3fep ¥ P 3i TR 7% | A g 9ol Felge e ety R Riefree i
TfetfEmamT TRfa g Wi 3aTs |

11.(a} Draw a neat diagram showing the binding encrgy per nucleon va mass number S+l
curve for nuclei, Indicate the probable regions for fission and fusion on the curve.

“Feelam & Binding Energy” vs “SamI’-g9 ol 9% w41 4% Bg @
ARefies FeGEme moatem « e Rurem e @ oruf Bive =)
ATHTESDRT S F7EFT Sofieb] Ty TR 9T ST ST A SEapes AT
R BN | 7R THHT T T WareicsT T e Wivd 7R |

(b) Using a labelled diagram, describe the working principle and construction of a 8
semiconductor radiation deteetor,

Ty fooas A @ semiconductor radiation detector-ia 9 TS 26t 753
ST TRg- R HalT TR aref-aTEe Ao Seawe! E egR RgreT AR

DSE-1B
GROUP-A / fioii-< wg-w

1. Answer any fier questions from the following: Ixd =12
fesferiie (3-rw 51Afh civis Te kies
$+ TIIET THETDRT T A —

(a) Describe the failure of the Rutherford madel in explaining ‘slability of atoms’ and 1%4. 11
‘discrete atomic spectra’.

e R =iy R, R e <l g e v At e a7 et
ST TG 39|
YGRS T IR R T fRifieh S aviamies T T sriwe e qur e |

(b) State and explain “momentum-space™ and “encrgy-time” uncertainty principle, i Ji+| %
“THAT-TIT 2R =TT FRaFrE FfepeTel Sife Rge wa a4 F)
HEAT-TRA, ¥ St T AT Rigriend Srere W e 1 |

(), Find the expressions for momentum operator and Energy opcrator, 1 Jf+] 12.
SRR R, ={er BT A T
T e I | P! TRV Gl AT |

{(d) Distinguish between nuclear fission and nuclear fusion. 3

e Rerm e MEFT Aame-«m S «ide B 3
AT fAgue T iy Ry i avae o gy

(¢) Obtain an expression for probability current density in one-dimension. 3

& “Probability current density’ &= Skt fidg 731
e ST FETeET AT 61 S cdes ! ST UIH T |
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(1}

2. {a)

(b)

(b)

(c)

4. {a)

(b)
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Derive Schrodinger equation for a non-relativistic particle.
- SRS Al oL Schrisdinger equation B T )
TR IEITETET FHT ST *Schrddinger equation” T T |

GROUP-R / Feist-2 / ajg-@

Answer any four question from the following
e -l sralt omid T we
TH TEICT TN IO 89

Whal is the Compton effect? Find an expression for the change in wave length in
Compton effect.

‘Compton Effecl® i 3@ ¢ Compton Effect-< e #RERCHR 2wt W =5
P T MR 3 BT 2 BFUSH SHIGHT o areaTeen! TRETiHe! o1 S s @ |
What is the difference between Complon efiect and Photoelectric effect?
*Compton Effect’ € ‘Thotoelectric Bffect =47 W04 idwm @4

I T ¥ FepTelfae[e W1 & & 370 © 2

Write down the characteristics of nuclear [orees.

W e raf g oy

AT Tl FNITES o g 1

raw the N-Z plot of muclei.

N-Z- 45 (F4 BT Fe 57 |

ATerEwe! e N-Z i S |

Define half life’ and ‘mean life’ of agadioaciive substance.
(TSEFY AT S % oG S -7 R 7 |

eafimr aaTelent aref-aTer TR AT RAa-Te-aBT afeTT &9 |

Using the uncertainty prineiple, find the value of the ground statc energy of the
electron in hydrogen atom.

Wil A6 TR SR te woge TR ey « e 1 S 99
St~ TR R WERT T STeTorT STUHT Soiahe -IepT STTeT SRaelT Frali=a! 71T B |

A neutron and an electron have the same de-Broglie wavelength, which one is
mowing faster?

H7r{p Zger e ¢ b BB ‘ge-Broglie” SHRRATHIR S e, (wiBe A wowd ¢
e~ ¥ O AT de-Broglie T ¢T3 @AM W | 35+ BRI TR 01 5 2

Explain the Gamma-ray Microscope experiment. Hence establish the validity of
the nncertainty principle.

“S1YT1- (1 SEGIRTIT #Fr 260 59| W[ s o) Siepeast Nifds taret 2fest w)

y=2eHT HTEEPIDIY S e g8TTes ue Srfifeete Ragreamr gitemur e |

A particle is confined in the region between x = 0 and x = @ . The wave function
represeniing the particle is given by w(x, 0) = Ax{e — x).

{i} Normalize the wave function.

(i1} Find probability current density.

Gxd =249
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7. {a) What do you mean by B™-decay? Give an example where a nucleus undergoes B' decay.

G0 T x = 0 A x = ¢ TEE WEE WAcE) T A T GIH wwm worEe
iy, N = Ax{a - x|

(1) =9 weormls Normalize (FIOIRF) 591

{ii) *Probability Current density’ ffa =2

TICTE x =0 T & = o B arg@ 4797 HifST & | Sueng wfoffeeg T 997 T
TR Re@ B w(x, 0) = 4x(a — x)

(i) TR WBRIATS | iemo T |

(i) TPHTIET SATRITRIRT 7o &1 |

B* Decay 0% & (@R} ¢ «i3eib Bwizeel wie (4 <l e B Decay PN %
B4R Y % BT 7 TIST SFITPAT BT -8R Heh! SR 9 |

{b) Find the expression for the energy released in B" dscay,

B~ Decay -&7 (a0 {oref® »iflra it fdm =
B8] Fall I AT T a1 |

GROUP-C / fetst-of / wogn
Answer any two of the following questions
Tt co-cem 7o e Ted we
T FFACT WU TR o

8. (a) Draw and explain the following graph in case of photo-electtic process.

“Variation of photocurrent with intensity”
*Photo-electric process’- 47, CTH TR cortibaf wmm ¢ 3dai s

“Fgor A STl e~
Tore R SR T AR ST qikgdm el i S A
TS ST T |

() The work-function of a metal is 2.14 &V, If the metal is exposed to the light of

5124

wavelength 4.6 %1077 m, calculate

(1) Maximum kinetic energy of the photoelectrons,
(i) Threghold frequency.

{iiiy Stopping potential.

5 41oR T TATF 2,14 V. TR GEH 4.6 x 1077 m RATET ST T3 2w
0, O3 P e R am e

fi) Photoelectron-&3 #iH 5 fEfEF |

(ii) Threshold T=IF |

(iiiy i Rew)

Gl IPT T W 2,14 ¢V B | 3y Y OTges 4.6 x 1077 m SoRwg AU
TOBTRTHT Sy T e,

(i) TIEEeREF® I 1S e, B T |

(i) =T HETEET A TR

(iii) ¥ forqaeT BEE |

3|

1222 =24
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(¢} What do you mean by guanium mechanical tunneling cifect? 2
‘Quantum mechanical tunneling cffect’ oS & @R
T AFTahe] TrifeTe TTH SiehT & Bl 2

(d) How did Bohr's quaniization principle help in cxplaining atomic stability? 2%

FoWa Bolir Quantization fsa AT e 21y i< e 709 74
Boht-aT gReTE Rigradt s Reafers game wad! wegh = ?
{e} Why are alkali metals most suilable for photoeleciric emission? 2
‘Photoelectric Emission’-49 &= Alkali 4§ S50 FAT (3 9
VIERTST TSTHTRT Feai-ep! (FFef STeehel T UTge® [t SIe g8+ 7

9. (a) Calculate mass dettet and binding cnergy per nucleon for {3P. Given: 3
mass of 1:P = 30973763 1,

mass of proton = 1.007825 v,
mass of noutron = 1.008665 u.

3P @ 2ffs TBEITER B “Mass defect’ 4% “Binding Cnergy’ qe |

ra|—

T3P T B = 30.973763 u,
GeliTE W — 1007825 v,
oI =9 = 1.008665 u.
2 p BT ATRI SoTFT G ¥ A7 Sl ARy ATl e T |

1P I G = 30.973763 u,
e 5™ = 1007825 .

"ﬂ; BT AT — 1008665 u |

{b) With a ncat diagram describe varigus parls ol'a nuclear reactor, 6
s o 5 FEE Nuclear Reactor’ -47 35 ore 9 ==
TeeT 9 R HIR AT Reae e ffT JrTEn s s T |

(€} Show (hat half lifs of aradioactive substance is Ty = %93 where A = radioactive 24
decay consiant.
(rtte 1 T o sitds =Y T, = 2693 g, e & = (o6TET Decay #9901

A
I RN TR S T,y = L9V 8 it s, e A = ¥t e |

10.{2} Consider a parlicle ol energy £ movipg {rom left to right towards a step potential — 4+(3-3)
ol height F; represented by the equalions:
Fix)=10 for —m=x<0
Fix)=F, for 02x <

If energy ol the particle is £ = Fj,

(i} Write the Schrédinger equations and find ils physically acceptable solutions in
the two regioms by setling up boundary conditions.
{ii} Find out the iransmission and reflection coctiicients,

5124 7 Turm Chirsr
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yla, £-*feF BT a3fs T ot e cacs e it sifediter s ‘Step potential®
frfEfare s =t 2w am)
Fixy=0 for —ec<x <0
Vixy =¥, Ier 02 x5 %
T, TEE £ o>,
(i} Schradinger equation 16 % ¥t 2¥iT * 929 Ix Teale it Ge=Tg IET
argeratsly T el =)
(1) Tt iR aar Rowrsm sifnnrs M
TS TeR-fveer 9UTE 7, W B AT 2 Rivgeng niytite T wftamees
Fix)=10 for —=<x=0
Vixy=V, for 0<x=zew
Foll £ %! w31 H0 AT Ry Star 3k star o afifier et 5 Lak sver et
E >V
() Schrédinger 1 WRHR SwRg ) A KT sfewaT w AR ggaer dmenr
THPY iferss TTHMES G |
(ii) mermm sy witferamie! ArTgEw e
} Caleunlate the mass nurmber of a muclens whose radius is 4.8 Fermi. Given,
tp = L.35 m.

A=3f5 TGP AR’ e 9 9 TP 4.8 Fermi. (07071 9WE 5 = 135 tn)
4.8 Fermi THTES YT TIET HIP Rl G oifF [BHE T | 1y = 1.35 fin

) What is semi-emperical mass [ermula (SEMF)? Lixplain the *volume energy’ and
*Coulomb energy’ terms in SEMUI.

‘Seri-emperical mass formula’ ﬁ?_ W% 31 7R “Volume Cnergy” 992 “Coulomb
Energy’ 091
-G ITIRIE, ST WA & 81 7 SFIoheT oll A1 iy Soalt o7 |

} Draw the B-ray spectium. How does Pauli's prediction of neulrino help in
cxplaining the nature of the said speeurnm?

B-ray &l srEm A be 948 For i siiEfm Neflien wre s e e
= (1

p-xeaft Wi feror v | 77 aviveT e g AR qreehimr TgRAE srEe
BT AR T P

Whalt is de-Broglie hypothesis?

de-Broglie hypothesis T fage =)

-srvatent aReseuT & a1 ?

What is the significance of Davisson-Germer experiment?

Davisson-Germer G @z=g gyt 71

Davisson-Germer S THHTT T8 o 87 ?
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