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DSE1/2/3-P1-PHYSICS

Time Allotted: 2 Hours Full Marks: 60

The figures in the margin indicate full marks.

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

DSE-1A
NUCLEAR AND PARTICLE PHYSICS

GROUP-A / fTon-5 / wg-&
L. Answer any four questions from the following: 3x4=12

frsferfe - 5o @ Tea wies
frAferRad g7t gTvdeT HHERd! STR s

(a) On what factors do stability of a nucleus depends? 3
AefFnre afiy & & fEaee Sr e sm e
TacIeD! RRRET 7 BRPEGH! R TS ?

(b) Sketch the N-Z plot, where N is the neutron number and Z the atomic number. 241
Give its significance.

N-Z @f5a o= 9| @A N 251 fAa M4 @3k Z Z& 2MasiefR 7|
N-Z e XG@IRA B | Fet N TYHI] FET 81 X Z RHTY] Al 8 | Iy Heed < |

(¢) What is artificial radioactivity? Give example. 2+1

FiEw (owfEae! [ ¢ Tuad we |
P T P 81 9 ISRV T |
(d) Compute the Q-value of the reaction: ;Li(p, @) jHe . Take mass of {H, Li and 3
JHe as 1.00814u, 7.01823u and 4.00387u respectively.
fsfaie Rfgaia Q- M ==
ILi(p, @) 3He
@4, |H, JLi @R jHe @297 TG 1.00814u, 7.01823u &K 4.00387u

FeforRae wfaiferaraT Q-A TUMHT TR
| TLi(p, a) yHe
78t |H, 1Li T {He @Y gz $991: 1.00814u, 7.01823u 31 4.00387u e |
(¢) What do you mean by ‘self-quenching’ and *dead-time’ in respect of a G.M. Counter? 3
G.M. ST “Self-quenching’ € “dead-time” IE7C9 T @AY
G.M. T T2 AT ‘self-quenching’ ¥ ‘dead-time’ 577! & &1 ?
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4, (a)

(b)
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Outline the basic assumption and properties of quarks.

(SR 7S Yo Fiaife o iz Sma w2
FATDDT TR TRV X D! SIRET F771S |

GROUP-B / fReri-4 / wig-@
Answer any four questions from the following

fFrfaiee - 5afh eivaa Tea we
Fr=fifae o7 avaer mysee TR A9
Differentiate between the energy spectrum of alfa () and beta (f3) particles.
a @R B eI *if&-#Ba sy #iida Trae 39
I (ar) ST (B) BUTEHD! i1 AT ey R Seorg ) |

Describe the mechanism through which gamma rays interact with matter.

st 2, stwieda e e fceifE o — ot 3¢ ==
AT (Gamma) feRureT TeTRRAT S=eefehar 7 =) auie 7% |

6x4 =24

With the help of a neat labelled diagram, explain the principle of action of a 4+2

semiconductor radiation detector.

o3 sifeen wxefbfee @b w «3f SiReE R e

(detector) FIENITE =y =54 |
WWWWWWWWWWWW
Give two advantages of Semiconductor detector over ionization chamber.
WICAIRTEH (R Goal Gifsrreie fors3a-wa b et Sra w1
STEHPRUT RIS SeFaTeras T Pl g8 HleeE® 23 |

What is meant by ‘resonance condition’ in a cyclotron? Derive an expression for 2+4

the maximum energy produced in this machine.

W‘Wﬁ-ﬂ@’w%@ﬁmﬁm%/@wﬁswmm

s

AIRAACHAT ‘ST ST 372 & & 2 7 Fo7 Seae e Sty o

GHHRT G |

Assuming Fermi gas model of the nucleus, derive an expression for the average 6

kinetic energy of nucleus with Z protons and N neutrons.

fFefeR F-m-wen @@ fiw, Z |US @bT ¢ N-RYT W88 3@ «afd

- et o1e sfesfers affmEr fd ==

TARTDY Hl =T et HF Z FepTeoy T N TRV HTF Terefareren aiRaer i

SofiepT FATRY FHtEHRT R |

Write short notes on the following nuclear properties.
(i) Angular momentum or spin.

(i) Electric quadrupole moment.
fAeferaiom i wafiEref smore s adq e
(i) (I SAR9 WL Spin (34)

(ii) ¥FREF quadrupole moment,

fFr=forRae w=wm] o BieT Rumfies s

(i) ot afey a7 R (zrgpom)y”

(if) Rregeer wrer e |

3+3
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GROUP-C / feti-ot / wg-1

Answer any fwo questions from the following 12x2 =24
R -l 715 e Taa e
fraferfas 39 gdaer wewar SR &9
8. (a) Explain why pair production does not occur in vacuum. How are neutrinos (4+2)+2+4

detected?
*[FPEICA (4 “pair production” 9C6 i iy ¥4 1 R i@ e sz ¢
I (vacuum) AT 5 SISt SeUTer g RN ST TR | AT e} Tl TS5 2
(b) What is Geiger-Nuttall law?
“Geiger- Nuttall” %@ & 9
‘Geiger- Nuttall’ a5 5 & 2
(¢) A beam of mono energetic y -ray is incident on an Al-sheet of thickness 10 cm.

The sheet reduces the intensity of the beam to 21% of the original. Ca]culate the
linear and mass absorption coefficient, given density of Al = 2600 kg/m’.

e =fEeim «af s 2R @ 10 om @ SoERRERE (Al) 2o B9 or
T A SIS T (o 2T SIqOIA 35 MO B0F — (ARE 8 ©F (N @l el
9| SERENEE (Al) 93 97F 2600 kg/m”.

Al GAoifed p R0 10 em Aeddr Al-ofear shwd yuar & | dfieer dimer
%ﬂamméwﬁzl%wamlm?wmaaﬁwwwwmmﬁ
B 2600 kg/m’ RRgua & |

9. (a) Define resonance reaction. What is the main characteristic of compound nucleus (2+2)+(2+6)
reaction?

“Resonance-condition™- @3 7@l e | F~iTe e Rigam 3 e &
f&e
31T SifHehaT eI 7R 1 e el ity ge fder & &) 0

(b) How does a heavy charged particle interact with matter? Obtain the classical
formula for energy loss and then introduce relativistic correction to obtain
Bethe-Bloch formula.

fFerg aof Twen R fbears st simda o ReifEat (interact) 3 2 & o017
*I& 2191 TS classical-T4 N 39| 203 STvifree) oy w@re woas Ko <@
“Bethe-Bloch” 3@ fAda =7

IR TTF T FHTer GaTeiRIT PRt SFRIRAT T 2 it aiferen onifit ety G R
Y ufes “Bethe-Bloch” ¥ STH T+ ATafées TR SR K |

10.(a) What are the types of conservation laws applicable to nuclear reactions? 4+(2+4+2)

Sl Rivam & [ e ke s ece 2o
SO SfHRETEHT ST g7 WA BT THRE® P &7 2

(b) Explain clearly what is meant by Q-value of nuclear reaction. What are
endoergic and exoergic reactions? Explain threshold energy.

‘Q-value® IS & @RIT =TSN U +7 | “Endoergic” € “Exoergic” [ef@e
fafemat & o syerew *ifesz el i =94

e ufafhamdr Q-AF “-dr & & TWE ®UHT T R | Riffe ¥ vaaiie
TfcfERTes & & 2 =G Sl SGRET R |
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11.(a)

(b)

(a)

(b)

(c)

(d)

(e)

(D

What are magic number and semi-magic numbers? Explain the salient features of (2+3+3)+4
single particle shell model. Discuss the limitations and failure of single particle
shell model.

Wifes-a9a (Magic number) € s R (Semi-magic number) &S &
(@& 9 “Single particle shell model”-97 SrEals) AR a4l 21 “Single
particle shell model”-&3 Fsiaae] @ Lo ST HA F41

TGS AT ¥ 7Y SIgE HeEAT & & 2 “Single particle shell model” &Y J& fadwaee
TR | “Single particle shell model” @1 fRiffaar ¥ ftherar IR Bedher R |

Discuss about neutron interaction with matter.

G feeira «minda siex Sriferst <6 o wism 34|
ueTef T AYET] SaRfhaT IR T R |

DSE-1B

GROUP-A / Fel-7 / 9 5-&

Answer any four questions from the following: 3x4=12
e @-iw s evsa Tea me:

fFr=rferRed 7 grvger aEwd! IR TS

What is stopping potential? How does itdepend on the intensity and frequency of light?  2+1

fgfe fawa @ 2 Wbl witeTa Sige! @ Fi1Ea Toi7 e fea 3w ¢
Tefie qiewaTer & &1 7 AT Hp1e! e T SR H) R &8 2

Using Heisenberg’s uncertainty principle show that electron cannot reside inside 3
nucleus. ‘

QEANA ST T (0T (il (¥ TS EA ORI (597 TS A a1

ETSSITEIDT JTTHETT RIGTT TANT RR Serag e Ao = a8 Saa ik oaTS |

What are the longest and shortest wavelengths for Balmer series? 3
[Ry =109737 cm™]

AR T Cweoa Rifow € THe SFHd F© ? [ Ry, =109737 em™!)

qICTR ST SATRT =T AT T BIeT e B8 2[Ry, =109737 em ™' ]

Can we represent matter waves associated with a free particle by wave function 3
W(x, t)= Acos(wt — kx) ? Explain.

Sl & W(x, )= Acos(wr — kx) G2 ST JHF FA GFH TS I A RIE
ol s ot a0 < ¢ I+
& BT U G DU e yer a¥TEw @ a9 5e ¥(x, 1) = Acos(@r — kx)
grT nfafAféeg 7 west ? e R |

What do you mean by “dead time® and ‘recovery time’ of a GM counter? 3
@3 GM FICHIER IO 3757 (dead time) G “WFFF FNT 5700 & @Rl 9

GM TUrda! ‘dead time’ ¥ ‘recovery time® =l & & ?

What do you mean by nuclear fission and fusion? Give examples. 3
e ores ¢ s e & @R 7 Tage wie |

qRHTY] e T Herd et & 8l 2 ISTER0T S |

4
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GROUP-B / feeti-2 / wg-@
Answer any four questions from the following 6x4 =24
4 Fefafes a-m 5176 ez Teawie
Frforfaa o+ Tvaer ToEw®! SR &9
2 What is Compton effect? Derive an expression for Compton shift. 1+5
oG TaFa 1 9 Fofbe wemitn ) st afE fefa 32
BT WG HADT & & 2 FFICH RO e FHtaor et |

3. (a) Why normalization of wave function is necessary? Normalize the following 2+3
wave function:

“o?x? 2 ikx

W(x)=Ade @ " "™,
TR SR TN LG (T 9 WG GIH WHATS0 qA5N2E 92

\P(x) - Ae—azxz.-"rgeka
T THRIDT FFTIERUT i 3maead © ? e yariers arm=iavor 1R:

\P(x) 3 Ae—ﬂzxz 'zefk.\-

(b) Calculate the lowest energy of an electron in one dimensional force free region 1

of length 4A.

GFNGT IS € 4A T e @b FEe B =@ o 1)
TS 4A DT U I T ST FAITGD] FEHET B Tl TUAT R |

4. (a) Consider a radio active nucleus P to decay into another radio active nucleus O, 5
the later again decays into a stable and product R. If 4, and 4, be the decay

constant for nuclei P and Q respectively and N,, N,and N; be the number of
atoms of the three kinds respectively at any instant 7, then show that
N3 - (N])D|:l +ie_22r ——)L'g_e_j‘lr}
A=A A =4
(Ny)g = Number of P atoms at time 1 =0.
43 (TEHT (@FHE P (S O GF0 (T (@FHSF O-5104 (@ | WAF O-CSt% T
@S R-50C 21| P € Q (FWF HHLIF TG 4, IR A, G 1 TS P, Q 9% R
(FECP TR IAEE N, N,'8 N, L& @48 @
N; = (Nl){n Z WS —Le‘ﬂ
A =4 =4
(N))o — =0 Z0S P (FEE 3R
fomR R 5 v e e P ot MareHT Jfeeradr &g 9 | afeat R
R 3T IUTET R AT & | A 4, X 4, A PR O T &1 RRATE N, N, %
N, T ufey earet ¢ AT e ofiF HeRET IRATIES 8 W
N3=<N1){1+ A "»——’1-4}
‘ =4 =4
T8I (N))g — =0 GHIHT P R HeET & |
(b) Half life of a radio-active substance is 60 days. Calculate its average life. 1
4 cowiEr smivefa wHig 60 = | @31 51w Wy g =3
et gerefer s 3y 60 & © | F@Y S e TUHT R |
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8. (a)

5124

Discuss graphically the variation of average binding energy per nucleon with
mass number. Using the binding energy curve, explain the release of energy in
fusion of light nuclei and fission of heavy nuclei.

cETfbTaa FRN SR A AN 51 ST 2f 35w *ifea «fFeT wiEn 79 959
*fe (FTiboas AR 2w (s ol e ok S @aE Feik et
e gfe e 54

SR T Uiy e ST aedRt Ster aRedE R SUE Sewe
TR | STEIBRY ol Ia! TART RN BT AP Gorad ¥ qRT A epapT fademr
Fottep! R @ ) |

What do you mean by Einstein’s 4, B coefficients? Establish relation between
them.

SIEPFORE 4, B @E 6700 & (@1l ¢ rwa Sy 7o alfevt 39|
ST A, B 0T Fr=irer & s ? Rrfes dreet e e R |

What do you mean by matter wave? Calculate de-Broglie wavelength associated
with an electron accelerated through a potential V. How would the wavelength

change if the potential becomes very high? Given m, = rest mass of electron.

e o= To0e & @R 7 V R 2t @ wifte o3 2Ea it -aoe wamnd
o 1t e evew oS Sbwitne < orars e “fFads & 2 o

mmmﬁasm?wmﬁaymtﬁamwwm
fE-srfer o Seaf 0T TR | A eI BY Y T R e aRe T 57 9

Given m = rest mass of electron.

GROUP-C / faem-ot / g
Answer any two questions from the following
frfafee -cem 4f6 eme Tea we
Fr=ferRae 39 gfaer nvswa SR 3w
Consider a particle of energy £ is incident on a potential barrier given by:

F(x)=0 for x<0
=V, for 0<x<a
=0 for x>0

If E <V, find the transmission coefficient.

E & {32 @b et @iwe Rea att (Potential barrier) @7 T2 s+ 2z
V(x) =034 x <0
=V, W™WF0<x<a
=0 TF x>0
W E <V, 2, Orgee s e eaiess wiw e
FHolt. E 9@ &0 V(x) =0 for x<0
=V, for 0<x<a
=0 for x>0
GRT fRgUa! FIfAd feusr g=fiee WUt & | IR £ < ¥, WY, 56R0r ories g
< |

4+1+1

1=+5

14243
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(b) What is tunnel effect? Explain with an example.

e i & 9 9l Srregel sreganeet <ot
ST T ST & BT 2 SRRV TTef SARET TR |

9. (a) Briefly discuss the essential features and working of a cyclotron.

@& FRCFIBI e afiE a3 S e ST
GIFFAICIADT TP RLTEs T FRIVUT BleadET SaHa R |

(b) What are the advantages and disadvantages of a GM counter?

96 GM FIEBIET Fful @ spfReef & & o
GM 79T T HIgET ¥ AHIFSTES B & 2

(¢) Can a cyclotron be used to accelerate electrons? Explain.

AR AR & e ias GaifEe w21 A 2 300 341
& golFGITaTS iy A ArgaaierT SR T i 9 e R |

10.(a) Discuss how nutrino hypothesis explains the conservation of energy, momentum

(b)

(c)

of beta decay and accounts for continuous [ -ray energy spectrum.

e oy e [ smem cvm =, Sarem e v fimahe orRE
*fe 2fieh a0 S 39 |

~feY aRepeamTer St TR, diereray TRy ¥ PR Ster-Rwor g gt et
YT T8 BAH T |

Establish the relation between « disintggration energy an « particle Kinetic
energy.

werr! Fbe =feea A s s sifeifes sore afes o2
3T (o) forEres S91T T S0 (o) T TRt Tt HTeT T2 e 717 |

Calculate the kinetic energy of @ particle emitted by the decay of s Rn™=2,
[Mass of gRn** =222.017531 amu, Mass of Polonium nucleus = 218.008930
amu, Mass of « -particle = 4.002603 amu]

sRn*> @ REGem 707 Teorm o -3 offenfe fdn o7 [ RnP @z wa =

222.017531 amu, coeafaam fASRFa™ ©2 = 218.008930 amu, o -397 ©7 =
4.002603 amu]

ssRn™> Y eTeTE IRIRFT SrhT BHURDY TN I UFT R | [ o R Y e =
222.017531 amu, T Ffreme®! seaaM = 218.008930 amu, 3T BT

_ SIHT = 4.002603 amu]

11.(a)

5124

A particle is moving in an one dimensional potential defined as follows:

V =0 for —%<x<%

a
=w for|x|==
x| 2

Solve the Schrodinger equation for the above potential to find the normalized
wave function and energy eigenvalues.

Gf6 Tl e aFNifEs e sfeRte
a a
V=0 39« —E<x-<E
= o0 W'X|2%

mwﬁm%wﬁmmﬁmwwma« &g =3 Wi
At

3+4
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TSl BT AR a1 Ue STt e feres! B

V=0 for —%<x<%

a
=0 forlxiz—z-

RIS T TR ¥ Fholl AeaifOrs Ew el U HIfY B GEereddrey s
HER FHeRT FHE R |

(b) Sketch ¥ and | ¥ |* for ground state and first two excited states.

ofiwa ke b Srefere s v W @ | Y P SReE 991

=TT ST ¥ ufee g8 SR SraReTesd! At ¥ 3 | W BT X a9 |
(c) What do you mean by Zero point energy?

w1y fa *ife qee & @l 9
I forg St w1l & gfs 2

5124 8
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UNIVERSITY OF NORTH BENGAL

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 one from fwo papers.
Candidates should mention it clearly on the Answer Book.

DSE-1A
NUCLEAR AND PARTICLE PHYSICS

GROUP-A / fFori-& / we-&

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

e @-co orafh eia Seawes
B TR UTIEED] SR e

(a) Give three evidences in favour of the shell model of the nucleus. 3
PR (TR (T WS AT ToAlD 2w wis |
3T AlSeD! UEHT G dIdET YHIUES TR THEN |

(b) Binding energies of ;0'°and ,,CI*are 127.35 MeV and 289.3 MeV respectively. 3
Which one of the two nuclei is more stable?
| (O am | CI* - @7 q% =feafe 2o IUE 127.35 MeV € 289.3 MeV | @afFa Wy
' ’ IG5 2 ¢

| JO° 3 LCIY &Y Irasr Soife! a9 HHe 127.35 MeV 3 2893 MeV |
1 Yfderaa surer Rer 2

(c) Give the list of leptons. Mention the charge of leptons. 1
@bt Siferpt fofoiam w21 &ifSfb =it Foim st Sras 341
Lepton W1 A IATSTER] | Lepton P G5 doies darsqsid |

(d) Write and explain the working principle of Cyclotron. 3

FNRCHIBCA PITAS BT S Y] 41|
Cyclotron ®T & g Fase gof= e |

(¢) What are the main characteristics of the compound nuclear reaction? 3

i efRe Ridm eam e S A o
Al g gfafharer wRa faeyaes @ & g9 7

+1

=
S
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(f) Is the photoelectric effect possible with free electron? Explain. 3
TG FEFCA B PGS GroE & 789 ¢ A1 34 |

& yau goag Ria Breigafics ghae G B ?

GROUP-B / f[eeii-4 / 99g-a
Answer any four questions from the following 6x4 =24
Fwfeie c-cem wrafp e Sea wie
F AR JETEED! I e
2 What is meant by “Long range a-particles”? Explain their origin. 6

R R e T 360 6 @i 2 Sitra Seeife i 39
Long range a-particles ¥=7el & gfero ? fariisws Saftrer avia 14e9 |

3 What is ‘weak interaction paradox’ of single particle shell model? How was the 343
paradox finally resolved?

‘w1 fcaifEEa SieisEedier i 2 Forg SensEs@el o wife T S Z@E0E -
AT 4|

UHAl PY YA ASAD! ‘weak interaction paradox’ @ B ? I Paradox TS HAN
FEETE TRAT ST ?

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

A8 (¥ I& AEFAC CFGE G G- SR (ST TLAWMRS G FHIWH (oA I =i
S T 4mc’ |

WA gelagi®! &3 positron-electron BT TSI SART o AR =eq B
SHUTD! AF dme’ §B T SETSTEN |
(b) Explain why electrons cannot exist inside the nucleus. 3

I 2N (FHCIA W 2L RIS A 4 — GG 341
goigei {9 nucleus 3 v&w waas ? 99 THEN |

3. Explain the principle, construction and operation of photomultiplier tube (PMT). 6

cFIchI-FGeram Braa M, Al © e 711
Photomultiplier tube (PMT) @1 RigT=i, d@1 A HTAUOMeild! guid THerd |

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

et ~Refe oo e s SRS s 391
Synchrotron &1 AIeT 95 frEwfed o1t Rigrae! avfF 159 |

5124 2
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7. (a) Elaborate the principle of CPT invariance in elementary particles. 4
eefi TR W CPT FrRasare! el Reifs sl =21

yreifes GO CPT in variance &1 g avia e |

(b) What are the possible total isospin for the following reaction? 2
Fwfafas Rftrm o= s it S eH-914 (isospin) T F 2
fagu®! ufafbar a=nfdd Haf isospin 86 & & & ?

kK"+p—>2"+x"

GROUP-C / faeti-of / we-11

Answer any fwo questions from the following 12x2=24
e @-ceim 7fe em Tea we
P g8 TTIEGD] SR AEgErN]
8. (a) The continuous fray spectrum of radio-active substances presented a peculiar 5+5

difficulty. Explain the difficulty. How was it resolved?

coofEy *mitda fAafven [6-afm 3@ wl Rese spifRat Bt w5t 1| wejfEa 3m
771 @fb fFei sy o9 srare — 3w w91

Radio-active TeRi@ FR<R B-fRvme! Wagaa fiE =g waa 79| @
BfSATE qoi TR | THATE BRI FAEE TRAT ?
(b) What is internal conversion? 2
HETEA AR IS B @R 2 — Y133
Internal conversion & &I ?

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

a6 sfzmeRe [ifEram @b ¢ sk ergren e 34
vaer gy gfafbareY o eif Piear s Saveer afRafa e |

(b) What is the importance of measuring the Q-value of various reactions? 3
fen =irmifaes Ridam Q-wiw #Rsito ewg F1 1 ¢
faff=r gfafrar Q-value &1 719 AM=®! WEd & B ?

(¢) State at least eight conservation laws which governs the elementary particle reaction. 6
enefis i BT Fagd s aaew swe wibh e Wiz [{3s 711
gRfre or aRifharers Pafsa w1 B sneder W PRrEs qarsTe |

10.  Describe the liquid drop model of the nucleus stating clearly its basic assumptions. 8+4
Discuss the limitation of this model.

e SRwmef =Eer [RIe @ @ 2[R @uEd S -@6l (liquid drop)
Wﬁaaﬁml GB TR AN SNCEABH F4 1

ANRES WE WO ga8e WH@! liquid drop model @I goi+
Tﬁ‘aﬁ'ﬁl TH Arserd! AT aama“‘rql
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11.(a)

(b}

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
clectron produced of the tantalum foil do not undergo a second interaction.

1.6 MeV e simafim wEite g e siIoa GiRbEN FERESE S€s FC | WHwes
o7 0.6 MeV e SEaBaaRe e (U0F (@9 208 e 331 I | 9% Yerds
& T3t GrFs, TN GEF3 Jl (I ATRHA-GF T AR ? ¥t e Teot
Brenlie BB PrarER W fad wwy e R s Al

1.6 MeV #1 Gaford y-FRoa tantalum & y=ong fEHrew | = gA€e
0.6 McV Toll WU Soag @ U¥| B &I FodgsA photo-electric effect,
Compton scattering effect @7 pair production = &l 1 ? Tantalum foil T ST

qUE TeaEE BR SHT Gbar wes 9f wfHferge |

Discuss the four different types of interactions among the elementary particles.
aitafia e g o1 fon farm R et 91

rerfirs SUTEH HIEH! G TR THRET SIRmATd] quid THE |

DSE-1B
ELEMENTS OF MQDERN PHYSICS

GROUP-A / fTotl-= / Tig-&
Answer any four questions from the following:
fsfiRe @-@W 51Af 2ve Tea wies
adl fagusr & IR UEEG®! Su¥ e —

(a) What is Raman effect? Calculate the work function of a metal if the threshold

{b)

(c)

5124

wavelength for it is 580 nm.

- 2eR T 2 A b s o0 2ifes SEd 580 nm R ST @ AR FI A
PICECORECHE

e W B @ ? 9fd ueer 9@l Swees®! wavelength @1 A 580nm HY
TEH work function B AF WISIEH |

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

(i) TEH-s e (i) X a7 sfswete S Rge w1

TSTEIH ,
(i) Position-momentum and (ii) Energy-time Uncertainty &1 Rigr

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

gAK@ we | 1000 ¢V e 7@ @@l ETheE de-Broglie STRANH WA
s

et @R @ & ? TSer 1000 eV T ol #USl goragiiel de-Broglie
wavelength @1 HIF Hroqe |

Ix4=12

1+2

142




iJG?CBCS!B.ScJProgrammelSth Sem./Physics/PHYSPDSE1/2022

(d) What is nuclear fusion? Write down the semi-empirical mass formula for calculating

the approximate nuclear binding energy of an atomic nucleus.

FER A & 2 93 2l o SR s w59 = sSowm w5
iy GfoTE ©3 Fafb @ |

Nuclear @7 fusion & &1 ? TICT UATY] NS AT ARPT IRgerd Soife!
A1 @roe! AT semi-empirical mass formula SEgEN |

(e) What is operator in Quantum Mechanics? Define the expectation value of an

operator,
PRGN IRRBICAR CHTH B D A0 9 (I BIETDA ST S TG WS |
Quantum Mechanics HT operator & 8 ? TSl operator I SITURIT Hera! qrRATST

fRger |

(f) Define spontaneous and stimulated emission.

TOrPE G TIPS Fsfaca st e |
Spontaneous 3f Stimulated emission &7 TR f¥7E |

GROUP-B / fq@ii-4 / wiig-w

Answer any four questions from the following
Fefafie - sfe amie Teawe

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

G| tawetn Tom il (7| st o BfEe waim e st e weaw
A ST 1

Wave-particle duality #1fer vser fewefl g | Uncertanity relation a8 f2rzor
Tl fAfRT gamma ray microscope TRev@®T gofs TR |

Give the requirements that a wavefunction should satisfy. A wavefunction of a
particle moving in a range from —ee to +eeis given by w(x)=¢* >, Normalise the
wavefunction and find the expectation value of x°.

aFf6 T W e 26UT AreATeE Kewe e | grewl sty 9T T wrorE
—o0 (RTF +oo I TH BN (x) =™ * | S OB #oS F7 @R x2-97
e i fefg 751

USTl wavefunction @ I TH U HAID JUES TISIEN | TSEl —eo SR

+oo WF YR TNH YIB! wavefunction w(x)=e ®/* B | &9 wavefunction
&TE normalise & x* BT WA A Woge |

1+2

1+2

6x4 =24

343

2+2+2
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4. Explain the term blackbody. Does a blackbody always appear black? Based on the 1+1+4
Planck’s law of Blackbody radiation draw a plot of

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

FHRIEG 2l P I FHIE [T T I (IR ¢ FReaE [fFare e Jraa Seim
of& T3 (i) 3@ = Ty 9w T20% @ (i) 3@ =fE vy wm g [{fen Twem
ETfoa o%w 41

Blackbody ¥rsa@] @l e | & Blackbody W8 HTell aRa™® ? Plank &V
Blackbody radiation @78 ST TRR fFFavor TN |

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

5. (a) How do you account for the drop of B/A4 for low A and larger 4?7 Here B represents 3
the binding energy and A4 represents the mass number,

G @R B/A SIS FoIE 4-93 T ¢ fFwaeg S e | ofit e ada
FAR 9 LA B 25 (I #7197 35 *If& 43R 4 287 #ia=ieq SR |

e 4 aif I 4 AT B/4A 1 "= ueae At quE aad e g 2 gEt
B W=Tal binding energy 3% 4 ¥=ITal mass number g3 |

(b) Give four characteristics of nuclear forces. 3

“irerietfes »ifiers siafb taf*ies e
Nuclear forces @1 &7 IR favwdaEs ERIESERT

6. (a) Define half-life, mean life and decay constant of a radioactive substance. 3
«FH (oT@T 2MItda half-life, mean life, 9 decay constant-<43 FEI (77|

UJeT radioactive U&Tei@T half-life, mean life 3 decay constant ! gfRwmer
fegerq |

(b) Why o-spectrum is discrete but B-spectrum continuous? 3
(I AR CFeT o3 [foen e B-3+i foaffven a1 2 ot 39311
o-spectrum discrete 3 B-spectrum continuous = &8 ?

7. (a) What is meant by optical pumping? 2
 weifBariE ek 2ETs & @Rl 9
Optical pumping ¥=Tel & gf3ro ?
(b) What are the advantages of linear accelerator over cyclotron? e
FIRCHIER T2 Fenade gaeea 3t F 9

Cyclotron Eal GeTEAT linear accelerator P D BIZET B ?
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8. (a)

(b)

9. (a)

(®)

10.(a)

(b)

5124

GROUP-C / f@etat-9t / -1

Answer any fwo questions from the following

FefEie a-m 4 ez Tea wie
F g2 UTTERDH SR fAgE

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

LASER & 9 SIES01307a 4 @32 B 7251 & ¢ SZAI13Aa 4 @32 B AL S =94 B9«
4|

LASER & & ? Einstein &I 4 3if7 B coefficient 8 & & g7 ? Einstein &I 4
Y B I coefficient ¥+ @WIoqar |

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

AMRACPICTS T AT ARG A1 FA0S 2 7 (@ ¢ 57 FFo RBfAS - &=
R FRAFBIRE =6 7ge T4 |

Rutherford 1 #iserel GRANS! Rerare! f&= goi 75 ¥$H= ? Stationary orbit
uR¥ifda s-el i Bohr @1 quantization condition &SI |

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

~ifven foraa e MeR-TaR F1eoE i ¢ S e =)

T3el HHT X@TfHa®! Herdl fouy Geiger-Muller counter @1 SXgAT 3 &
fagTeaT gois T8N |

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

wEiEn Riversi wIizd Srae I3, (@@ 51 7S 5=t Tom 391

Radioactive disintegration 9 ¥a8& radioactive decay os fa=or T+
FHIHROT Gl |

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

IS o-foga 11 (e el g FRNeae Zew 54

Nucleus &1 PR /sefaary ar=1dT Affa Rutherford ®1 o-scattering uReror 2Ry
FHIHROT WIoJer |

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

(ofoxm @32 TE ~IFrFR T I SEn 79| O3 T e -ahitw awvm
FN-ST%H ©F FA WS B0 -1 9|

Davisson 31 Germer &I UREVHI ARTGES & & T ° IJADI UReTHelcl
de-Broglic UgTRf TEv®! figr=<iens &Rl QIS UHIOT T ?

-

12x2 =24

1+2+5

2+2

2+4
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11.(a) Consider a particle of energy £ < ¥, 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?

@ E < Vy, sfevta qafb o401 arfes zre omins a3 v, Swerreiw yiv Rerza sy
beTe 3R T e SR AR (R 2

V=0 @¥Md —o<x<0

V=V, @A 0< x < oo
() ifewm o= FMiwa @ g EfeTei azaarn 16 S oy @ |
(i) afes il & 2

TSEl E < Vol qUe! U1 UIel V, A1 WUB! step potential 7T €8 2Ry gifes
forR wfave®! © | Step potential 7= FHiFHRUERT gvi= 7+ wiFdw ?

V=0 for —=<x<0

(i) Schrodinger @I wave equation ol THP! Hifadd Werd FH™E O §3
AT WIer |

(ii) Quantum mechanics #T tunneling & & ?

"

(b) Determine the probability of finding a particle of mass “m” between x=0 to x= %

5124

if the particle is described by the normalised wave function

y/n(x)=1’% sin nirx for 0 £ x< L and is in the n =13 state.

R

@FH m @A FA R TANFRETC, G FAFF-GT 7, (x) = % sin

0<x<L-&F & x=0 Q&F x:{%-mwwwwﬁ@w @z 7w 41

n=3 ST AT ORE IS ?

USET “m” mass WUPH! HUs x=0 =R x=% q1 gt afee weTEEr
EogEE | aft &\ FUAE normalised  wave o gEIS® WA
w,,(x)‘——J% sinigiforOSxSL n=3 state HI|

6+2




