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UNIVERSITY OF NORTH BENGAL
B.Sc. Programme 5th Semester Examination, 2023

DSE1/2/3-P1-PHYSICS

Time Allotted: 2 Hours Full Marks: 60
The figures in the margin indicate full marks.

The guestion 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 / Rehi-3 / T [E-5
i, Answer any four questions from the following; 3x4=12
e @-com 51af eivia Tea wiss
FrfeIRad T FREeT THEH®! IR o9
(a) On what factors do stability of a nucleus depends? 3
fRefFamm =ifg & & Reew Sr Regwme
TEeiRrae! ReRAT 4 PRBEGHT 1R TS 2
(b) Sketch the N-Z plot, where N is the neutron number and Z the atomic number. 2+1
Give its significance.
N-Z @B o 21| It N ge1 o6 w41 Gk Z T SH=aetfaas 3
N-Z Seiee! @I B | JgT N A S &1 Y Z TRA7Y] ST 8 | I 767 <9 |
(¢) What is artificial radioactivity? Give example. 2+1
i (TaEe! 9 Trige wia |
i AT %5 &1 ¢ ISRV T |
(d) Compute the Q-value of the reaction: ;Li( p, a) 3He . Take mass of {H ! gLi and 3
sHevas 1:00814u, 7.01823u and 4.00387u respectively.

ffafae Rigba Q-wm fdg wa:
;Li( D, &) ;He
@A, 1H, JLi @ 3He €7 IFC 1.00814y, 7.01823u 43R 4.00387u
fer=ferRaa fcrfspamet Q-1 7o TR:
ILi(p, a) 3He
78t 'H, 1Li ¥ 4 He &7 o9 9T 100814y, 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. FITDIE “Self-quenching’ '8 ‘dead-time’ TS % @RI ¢
G.M. TTUTEeT T “self-quenching’ T ‘dead-time’ T & B ?

P
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() Outline the basic assumption and properties of quarks,

TR RS & Twaife ¢ AFime Sy )
FIBDT TR HROT X UIEHeDT HURET TS |

GROUP-B / emi-< / wag-a
Answer any four questions from the following

Twfrie - o1af? e Seawe
frfofaT 33 ovaer magwer SoR 3w
Differentiate between the energy spectrum of alfa (¢r) and beta (B) particles.
o G B P ¥~ ey “nde Sme T
DT (o) FeT (B) PorEHDY IoTt AT ey RreTar Fearg |

Describe the mechanism through which gamma rays interact with matter,

SII1 2N, =iwteds s fFei P w5m -— o 9 73
T (Gamma) fARUTeT TaTefeT smeRfdpar T o= quiT T |

4. (a) With the help of a neat labelled diagram, explain the principle of action of a

semiconductor radiation detector.

a5 *ffsmen sReifbies @ftes e ool Sdeimad R smee®
(detector) TS Ty 71

BT T TIRTDY YGIRAT FgeTey SFeaers AR §ee i Rigra e |

(b) Give two advantages of Semiconductor detector over ionization chamber,
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AR (BT A etEs Rerhea-aa 76 iR Srad )
SARIHRROT IR TS TP Pl 3§ BreaTe 29 |

What is meant by ‘resonance condition’ in a cyclotron? Derive an expression for
the maximum energy produced in this machine.

m‘wﬁ-ﬁ@’wﬁs@m@mm/@wﬁwwmw
ez

TG ST STRETDT 315F & &7 2 29 T Seufee AT Tty i
TR G |

Assuming Fermi gas model of the nucleus, derive an expression for the average
kinetic energy of nucleus with Z protons and N neutrons.

FIREFICR wfl-sr-see 1 B, Z T @bt o N-=T BoET I&F 6
WWWWWZW@?NWWW%W
FATDT T FHeeoT {7epTer |

Write short notes on the following nuclear properties,

(1) Angular momentum or spin.

(ii) Electric quadrupole moment.

WefgrieT P (aRig ol s sefre 3dar e

(i) (PP St w1l Spin (96)

(ii) m?ﬁquadrupole moment.

Fre=tferaes o=y o Bie Rruvites ora:

(i) it 7Ry 3T R (2ppom)

(ii) foregerr spder Ae

6x4 =24

4+2

2+4
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' GROUP-C / faeti-at / wyg-
Answer any fwo questions from the following 12x2 =24
FraRiRe @-cm 715 et Bea we
Prerierfaa 3 gdaeT TaEEY IWR &9
8. (a) Explain why pair production does not occur in vacuum. How are neutrinos (4+2)+2+4

detected? :

R (F4 “pair production” TG = i 4| ST o sme e

D (vacuum) AT fob ST IeqMET g - ST TR | =T BT Il NG 2
(b) What is Geiger-Nuttall law?

“Geiger- Nuttall” % 5 ¢

‘Geiger- Nuttal’ Fm & a1 2

(c) A beam of mono energetic y -ray is incident on an Al-sheet of thickness 10.em.

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

fAfie =femr=m <3l aitat 2R @3l 10 cm QR TEREEE (Al ATeT B9 1@
T A SO T (O S SRSE &5 *ISR* Z(e1 — (A1 6 B (4IFe) aeir® el
T4 SRR (Al) @3 99 2600 kg/m®.

TFr GTfed AR 10 om AeE@ Al-sfier stase T B | dfiee dmar
STt et 21% T GRS | RaP T S AT YUR TOET R | Al B
T 2600 kg/m’ T B |

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

“Resonance-condition”-93 IK® w8 F%e WefFam Ricam = el &
5

T wfefebar ol R | e Taretias wRifarey ger Rawar F a2

(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.

roia ool T R St et smitda A Reif@ (interact) @ 2 &
e 271 T classical-T R T #ICa SeoRFFol OF SRpr® SRl Reav I
“Bethe-Bloch” ¥ frefa 32

Y ST YT e TRTIRHT el SrRfaT e 2 St 1T afi el & Ui TR
3 RS “Bethe-Bloch” T WA T A& TUR ST N |

10.(a) What are the types of conservation laws applicable to nuclear reactions? 4+(2+4+2)
| T Rivram & & @ st 77 e o ¢

U TRITEFATEEHT 117 § SYEIT ITaT SRpIRE % &1 2

(b) Explain clearly what is meant by Q-value of nuclear reaction. What are
endoergic and exoergic reactions? Explain threshold energy.
‘Q-value’ TS & @A TSI JIH F21 “Endoergic” 9 “Exoergic” o
Rfernt & o Jerow Ra uimet g T2
AR IRIfFaer QA @ F B WY ®UHT rEar R | VRIS T wifie
SIfiferaTes o g 2 ~gre Frolf TR R |
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11.(a) 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.

TWifEP-T (Magic number) ¢ WEIRFE TN (Semi-magic number) IS ¥

@R ¢ “Single particle shell model”~a31 Traatalsy (aFEaf JraM F91 “Single

particle shell model”-4g izl ¢ Jeetal LT 1

ST ST ¥ 3Y 1SS W& & & 2 “Single particle shell model” BY 5&7 Rdwares

TEAT R | “Single patticle shell model” &7 fRyfSaaT T fAherar IN Betwat ) |

(b) Discuss about neutron interaction with matter.

S0 et eimida sz Rraiferat 5 < wigssa 321

UTRf T TG SFeRISHAT IR 77t 7R |
DSE-1B
GROUP-A / faet-% / wg=s
1. Answer any four questions from the following: 3x4 =12
R 3-FR 513 arag Tea wies
AferRaeT T BTvaeT THEwa! STR 3S:

(a) What is stopping potential? How does it depend on the intensity and frequency of light?  2+1
fofe [7ea 1 ¢ bt w=i Siget @ w~oiieEa B reim fsa @ »

T Qeweret & 8 ? 2t Sipreren! ST ¥ SR Hed) ik 575 7

(b) Using Heisenberg’s uncertainty principle show that electron cannot reside inside 3
nucleus.

2RI oGSl TS (A0 (16 @ AETFE ISR (oo ARFTS =i |
BTEOIerIenT SITTHETT RIgTT TINT R i JRrerdt iyt oo T sPR 3TS |

(c) What are the “longest and shortest wavelengths for Balmer series? 3
[Rg =109737 cm ']

1T QR PG AT '@ TS GG I 9 [ Ry = 109737 om™]
T ST I FIFT AT T D) RS F & 2 [ Ry, = 109737 em ™!
(dy Can we represent matter waves associated with a free particle by wave function 3
W(x, )= Acos(wt ~ kx) ? Explain.
WL W (x, )= Acos(wf - kx) GR T ST T I Y@ TR X YT
St T foes! s SMf 9 vt )
& BT @ T HURIT FRE Garf TR PO YR W(x, 1) = Acos(wt - kx)
GRT yfcifeee T w8t ? AR R |
(e) What do you mean by ‘dead time’ and ‘recovery time’ of a GM counter? 3
G GM FIGHIER O W (dead time) R eI T 97 & @R 2
GM Toreent ‘dead time’ T ‘recovery time’ e 5 &Y 2
(f) What do you mean by nuclear fission and fusion? Give examples. 3
el R ¢ wuatem s & @Rl o Seigge v
TRHATY] fRES T HETT w3 & 7 ISR |
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Bt GROUP-B / Rehi-¢/ ¥g-a@
Answer any four questions from the following 6x4 =24
ffeiee - 516 evam Seawe
frafaRaa 3 arger maEe® ST AT
2. What is Compton effect? Derive an expression for Compton shift. 1+5

o5 &t & ¢ Folbw emitnsfy #ifieetea e fsfa ==
HIIST T GAP! P 8 ? T Javury (Afea THiawor A |

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

T(x) e Ae—azxz/zeikx )
S5 SO AT TG (e ¢ AWE ST SOTE0 A H T
T(x) = Ae—azx?'/Zeikx
T YHRIDT ARG foe S1Taeaes © 2 i TaRicTs STl TR:
\P(x) - Ae—azxz/ﬁeikx
(b) Calculate the lowest energy of an electron in one dimensional force free region 1
of length 44,

GG TF 8 4A TR et b e #ife )
TS 4A TP ST TR 4T STFCITPT FIMET FH It TUAT R |

4. (a) Consider a radio active nucleus P to decay info another radio active nucleus Q, 5
the later again decays into a stable and product R. If 4, and A, 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 £, then show that

N3=(N1)0[1+ A4 e-ﬂz’—Le-&’}

A=A A =4

(N1)o — Number of P atoms at time ¢ =0.
G (ST FEF PSR T 9T (TR (FHS O-9109 @ | WRF O-(50F 2
@FHT R-75% 281 P8 O (FETA TP TG A, GR A, 9K ¢ TSP, Q 4R R
(TR AN AL N, N,'8 N, T A8 @

N3=(N1)0{l+ 4 e'zi”-Le"‘"}

A=A =24
(N > ¢ =0 TZ0S P (T TR
TR R 5 Go Afsarert e P st WA Jlrea=r 71 575 | aftear SR
R 31T e R AT ST B | AR A, T A, I PR Q P & RERATEA N, N, T
N, T Uf SewbTe] ¢ |1 S5er: FFT STRPIRpT IRATI[E &
- L VR SV Y

Ny --(N1)0[1+12_21e ﬂz—ﬂle ]

TET (N — ¢ =0 THIAT P ARSI ST & |
(b) Half life of a radio-active substance is 60 days. Calculate its average life. 1

9T (TE R AWt w4 60 Fe1 @ o1 Ty e 1)
fEaerT qarefet e 3 60 &7 © | gET aita Sitee TUET IR |
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5

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.

@WWWWWWW%WWWWWIW
%ﬁmmﬂmmﬁ%@ﬂw@wwmmﬁ%@mﬁw
=& 3 g 21 '

R | IR FA DT I TR 5T TPP! VeoTad T TR TR R
ENIEARCLIGE ko) res Rind

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

PO 4, B 94II% 7S B (@Il 9 G703 045 FPors s 31
METTFDT A, B 0 1Y & JRI6 2 fofies ey aveey omar e |
What do you mean by matter wave? Calculate de-Brogiie 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.

WWW%@N?VWWWW@@W@M@W
%wuﬁﬁmwwm@wmﬂﬁa@ﬁsm?

TR T AR F IR 0 FIRT v ahe, SR TR seme St
%-Waﬁéﬁwwm%mmmﬂ%qﬁuﬁa@éﬁmﬁwﬁaﬂaw?

Given m, = rest mass of electron.

GROUP-C / fett-st / woqg
Answer any fwo questions frem the following
Tasforidre ca-cotm 7fb ermia S wie
frfeaa 37 gdfoer s o 3w

8. (a) Consider a particle of energy E is incident on a potential barrier given by:

5124

Vix) =0 for x<0
=V, for 0<x<a

=0 for x>0
If E <V,, find the transmission coefficient.

E % R <2 3ot efve R a1l (Potential barrier) €3 o wfEe =2
V(ix) =0 Tq x<0
=V, M 0<x<aqa
=0 T4 x>0
M E < V, 23, Simge A aeicaa W g 792
I E GBI B V(%) =0 for x <0
=V, for 0<x<gq

=0 for x>0

wﬁsmwmﬁamﬁaws:\:ﬂwﬂwrmu%k%mwww
eI |

4+1+1

1+5

1+2+3

12x2 =24
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N

9. (a)

(b)

(c)

10.(a)

(b)

(c)

11.(2)

5124

What is tunnel effect? Explain with an example.

o (31 & 9 9T Ttz st i 32

ST T 1B 3 &Y 7 IRTERURPT AT ST W |
Briefly discuss the essential features and working of a cyclotron.

§PfB PRI ATIEAR (A IR TN TR D 91|
ARTAISD! TARTD [FINATES I PRITU DediaT Tehel | |

What are the advantages and disadvantages of a GM counter?
@6 GM FiTDicam Rt @ PfRuref & & o

GM TURD 1 IS I TSRS P 57 ?

Can a cyclotron be used to accelerate electrons? Explain.
TR AR o EETRce IS Fa1 T p w341

P FOITGITETS T T TTGTFAIC SRANT 7+ H85 ? ST R |

Discuss how nutrino hypothesis explains the conservation of energy, momentum
of beta decay and accounts for continuous /3 -ray energy spectrum.

el =g o [t sretm oo e, sameR et a3 T Rorhe
e 2 e e SImat 74

~fe aRepeTeT St TRamT, SeTamey TR T PR derfnor St iy pet
AT TS BAHA K |

Establish the relation between « disintegration energy an ¢ particle kinetic
energy.

SieTeRI B *Ifea Fiel wrieTrl et sifwifer ok elfodt 33
3T (ar) AT T T 3T (o) 0T IR Tt ATy ey i )|

Calculate the kinetic energy of @ particle emitted by the decay of 8‘:-,Rr1223 .
[Mass of ¢Rn*® =222.017531 amu,Mass of Polonium nucleus = 218.008930
amu, Mass of « -particle = 4.002603 amu]

wsRn*? @3 ROeR 71 B, o -7 e ey w1 [ Rn*P @7 ®7 =
222.017531 amu, ¢RI WSEFAGR © = 218.008930 amy, o 97 ©F =
4.002603 amu]

s R BT SIS SRANT SFHT HURBY It A AT R | [ 4R BT g =
222.01753 | amuy, WIARE RO 5™ = 218.008930 amu, ST PHURDT
SEAM =4.002603 amu)

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

a a
V=0 for —E<x<5

= f0r|x|Z§

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

G Foll 278 GTNET [Forq SifRa
V=079 —£<x<%
= oo T |x|>—

MWWWWWWWWWWWWWW
efa =

3+4
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TSl T AR TRHEIE U ST SeHTearT iesad! S:

V=0 for —%<x<%

a
= > =
cmoforlxl_2

AFTIge R e ¥ It e ATTEs e UT Hifd &Y qeded et S
ISR FHIPRUT THIY TR |

(b) Sketch W and | ¥ |* for ground state and first two excited states.
SiReR o 2w 16 Srefere BEa T P @R | ¥ [ SRIAFA)
foreTerT st ¥ ufgel g SRS saeEwm At W 3 | ¥ P e &S |

(c) What do you mean by Zero point energy?
1+ 4+ 3e70s R @Rl 9

7 famg ol WTTet o qfee ?

5124 8



