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B.Sc. 5th Semester (General) Examination, 2022 (CBCS)
Subject : Physics
| Course: DSE-1A
| (Elements of Modern Physics)

Time: 2 Hours Full Marks: 40

The figures in the right hand margin indicate full marks.

Candidates are required to give their answers in their own words
as far as practicable.

Answer all questions.
Y 2ATE STANSET o e
AT I e ORI Ged e 20q)

1. Answer any five of the following questions: ' 2x5=10
e @7 @ Al deie Ged s s
(a) Find the momentum carried by the photon of wavelength 600nm.

600nm STHWGT=T @6 ©qds [efd e |

(b) An electron of hydrogen atom jumps from n=2 energy level to ground state. What will be

the wevelength of emitted photon? Energy of h‘ydrogen atom at ground state
E,=—13-6eV
G FRGIE AN n=2 *GTH (AF (STBR SERGEAR G T ] e
TSI FO Q2 (IR ARGIE 27T *f& E;=—13-6eV |

(c) Hydrogen has one electron but we observe many lines. — Explain.

TGN G0 G AT Tres Iifes @A @ W1 —i7 I

(d) Calculate the de-Broglie wavelength of electrons accelerated by 500 volt. e/m for

‘electron = 1-7 x 10" coulamb kg'.
500 (@75 @i GHIfE® Beeraie @0oRd M B SqH W-a3 Sxmerd [ el | TR
e/m = 1-7 x 10" coulamb kg

(e) A particle limited to the x axis has the wavefunction
v (x) = cx? between x = 0 and x = 2
= 0 elsewhere.
Find the probability of finding the particle between x = 0-50 and x = 0-60.
(PN PA O NCATHD
V(X)) = e T x = 0 98 x = 2-93 W& O[PS
=0 Tl
x = 0-50 8 x = 0-60-49 Wxy ST A A ez 3w |
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(f) The half life of radon is 3-8 days. After how many days will only Eth of a radon sample
be left behind? i )
orE Sy 3-8 fe | Fom o @O 1o e TG A2

(g) At what rate should *’U nuclei disintegrate in order to generate 1 watt power? 200 MeV
g 5 5 5 J 235,
energy is produced due to disintegration of one U nucleus.
2 2 U @ ol T 1 watt TO B T a5 U et 200 MeV. @
Teol = |

(h) What are the essential components of a nuclear reactor?

Ao g 2 SRl J?

2. Answer any two questions: 5%2=10
@ (Pl qio AT Ted WIS 8

(a) What is Compton effect? Do you observe compton effect with visible light. Show that the
change in the wavelength of the photon in compton effect is given by :

h
e
moc( COS¢)

Where mj, = rest mass of the electron and ¢ is the scattering angle. 1+1+3=5

WW%?WJWW%WWMW? orle (@ FH5 T (e
SR AfRES Akz——h—(l—cosq))
C

T = T Bl OF G = Row
(b) A particle of total energy E(E>Vy) is incident on a step potential described by
V(x) =0 forx<0
=V, for x > 0

obtain the expression for reflection coefficient (R) and transmission coefficient (T). Prove
that R+ T=1 2+2+1=5

E(E>V,) e e 4 4191 Mo e wisifes 2o, AN
V(x)=0forx<0
=V, forx >0 »
qra oo adiE (R) 98 Feel ol (T)-47 W e et | et el R+ T=1.
(¢) (i) Define ‘mass defect’ and ‘packing fraction’.
S aRe TN SaA -G IS WE |

(ii) Prove that binding fraction curve and packing fraction curve is complementary to each
other. (1+1)+3=5

o] 0, THA AR (@ QR IR S @2 G THAER AT




(d)

@)

(ii)
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Find the relation between half life and decay canstant from law of radioactive
disintegration. Prove that the product of mean life and decay canstant for any radioactive
substance is 1.

m@ﬁ%@c@@@emﬁmﬂ%ﬂ%@%@lﬂqw,%w
S TREIT SRS @I (37 i v 1|

Half life of a radioactive _element is 7. What fraction of the element be left behind
after time t=§ 2 2+2+1=5

93 (oufER stieel ity 7, t=§ R AT €2 S O B2lice! ST 7 2 2

3. Answer any two questions: d 10x2=20
& P 7o 2o @71\3'. whe ¢

(a)

(b)

(1)

(i)

(1ii)

@)

(i1)

Show from Heisenberg’s uncertainty principle that electron cannot reside in the nucleus.

mﬁm’%mﬁmﬁwwm@wmw

The wavefunction of a particle is given by

X
\u(x)zAsinT, 0<x<L

Normalize the wavefunction to find A. Find the probability of finding the particle in

L
the region 0 < x < 5
Tl
G I O SrorwT v (x) =Asin7, 0=x-1

O SR AT I A-q7 W R TR 0 < x < L T PN A=l
TR R Fea | : ;

Find the ratio of Compton wavelength to de-Broglie wavelength for a relativistic
electron. 3+(2+2)+3=10

4 B (relativistic) TERGER T/ Smume o W T SRR ST I 72

Starting from the time-dependent Schrodinger equation, find the time independent
Schrédinger equation. :

TR AT ®fCralg ANl (A WY Farer =fSeaNg ARwels Wl st |

The wavefunction of a particle is given by
X
Y (x) = Asin?— 0<x<a
a
Find the probability current density of the wavefunction.
G I S SRR e

o S TEX
V(x) = Asin? — | 0O<x<a
a

meﬁwwwwmwﬁcﬁW|
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(iii) What are the limitations of Rutherford’s atomic model? - 3+4+3=10
AMEEICT 2191 ToER Foel I e .

(¢) () The ground state wavefunction of the linear harmonic oscillatior is

a Y —axz// Mo
v (x) = = s == - Find the ground state energy.
' . H o
R FEIEE =Wed SRREs o S y (x) = (%} a 4 a:$ -

ohEd wfe [ @i | i

(i) Write down the properties of nuclear force.
eFR IER i@ @Gl

(iii) Draw N—Z curve. Why does the number of neutrons in a nucleus increase with the .

increase of mass number? 3+3+(2+2)=10
N—-Z @14 o5 Sl | SRR SR AT AN A (g TG A2l A0S
(P ?

(d) (i) Draw the enrgy spectrum. of B-decay and hence explain the discrepancies of B-ray

spectrum.

B I WY @1 S | B IR @AY FTER SeRRefowE SEna @ |

(i1) Explain how Pauli neutrino hypothesis solved the B-ray spectrum discrepancies.

AT Freid Tl 2<FER MR 2 SPRafouf 78 @

(iii) Whatis nuclear chain reaction? Distinguish between controlled and uncontrolled chain
reaction. (2+2)+2+(2+2)=10

R *eE R s e g a3z e e [fewm s iy @
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Course: DSE-1A
(Nuclear and Particle Physics)

Time: 3 Hours . , Full Marks: 60

The figures in the right hand margin indicate Sull marks.

Candidates are required to give their answers in their own words
as far as practicable.

T 2TF AT A g
AT 767 fzer g Ce7 fire 23

1. Answer any ten of the following questions: - 2x10=20

ﬁﬁﬁ%@@wwmmmmz

(a)

The radius of a nucleus is R = 1-443 fm, where A is the mass number. Determine the

- density of a nucleus when mass of a nucleus is 1-7 x 10“27kg.

(b)

(c)

(d)

(e)

®

(2

1
93 WSfFaem wEe p - 1-443 fm, @G A SR @ e A g

17 x 107 kg T Fomiee e e e

A nucleus has zero quadrupole moment. What conclusion can you draw about the shape
of the nucleus?

I NS fer BICEIbEs (quadrupole moment) I | FeIeR wien TR Ol FF g
FACS AT o

Define ‘mass defect’ and packing fraction’.
OIED G A wonr-aq e[ Wi |

On what two important factors does the stability of a nucleus depend?
FeeE Bty (stability) 1 wf5 <siazerg (factors) @oig g wcg s

A pair production cannot take place in vacuume-Explain.

A CRATH #77 Sy wGG N —=7=7 Y |

The half life of a radioactive substance is 10 days. After how many days will only %th
of the substance be left behind ?

aﬁm@mﬁwwmﬁwmzﬁm%w%mﬁWﬂwW?

What is meant by ‘long range o-particles’?

R ot (range) I q-off TS F (@I 2
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(h) The kinetic energy of a a—partic-le emitted from ngo is 8.776 MeV. Mass of the o-particle
1s 6.67x107? kg. Find the velocity of the o-particle.
2P0 (A 5T -1 sifexife 8.776 MeV | a-FAT ©F 6.67x10kg20 oI (ol
[BREEE '
(1) Show that photoelectric effect cannot occur with a free electron.
OIS @ Y& TG 911 SEreibe o woolfSs 2 o)
() What is Cerenkov radiation?
(T9Fe (Cerenkov) (e Fre
(k) Distinguish between an ionization chamber and a proportional counter.
RIS % (ionization chamber) 3R WA (proportional) FITHF @ M AL e |
(1) What is Synchrétron?
e
(m) Write down the quark composition of neutron (n) and Y° (sigma).

T (n) @ Froml (2*)-93 @ oot oicai |
(n) Indicate whether the following reaction is possible?
T +po>A +7°
frafere el weq R <o 2
T +p>A°+7°
2. Answer any four questions: 5x4=20
F (! DI SR Teg wie ¢
(a) Write down the semi-empirical mass formula and explain the first three terms. 2+3=5
EEEIEIIRE (semi-empirical) SF9@ T2l & 225 foals sigrq TR ! |
(b) (1) State Geiger-Nuttal law. '
RN b R vt |
(i1) Derive an expression for B disintegration energy. Find out the condition of occurrence

of B* decay. 2+(2+1)=5
B* o e aifemE fdf B e zeam =6 Fie

() (i) What is pick up and stripping nuclear reaction? Give an examplé of each.
&R (pick up) @ fifvzd (stripping) FEFR Rifemal 31 957 2 AT G 07 Tzl
e |
(ii) Define Q-value of a nuclear reaction. When is a nuclear reaction exoergic or endoergic?
2+(14+2)=5
S R Q-9 &\l nie | I @ WeHy e G (exoergic) w2y
wfean (endoergic) =7 :
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(d) Draw the schematic diagram of cyclotron and explain the principle of operation.
G0 R T R By e QI e | 1+4=5

(e) Describe the construction and operation of 2 photo_multiph'er tube. 2+3=5
T T BI-am o qae IR 771 5 |

(f) What are quarks? Mention different types of quarks. How do the quarks combine to form

baryons and mesans? ; 1+2+42=5
@RIE Fe R[fey W@W@%W%@ﬁwmﬁma«mmm%m Ie
2

3. Answer any two questions: 10x2=20

& (I 77 v Seq wie
(@ (i) Show from Heisenberg’s uncertainty principle that electron cannot reside in the nucleus.
QTR Sfserm T (o 2T N T WORIT e g a7

(ii) Write down the properties of nuclear force.

ﬁﬁzﬁamwﬁaﬁrm:

(iii) Predict the ground state spin parity of léC and fZS 3+3+(242)=10
I?)C G ?ES TSI AT w=g (ground state) ‘{‘1{5{ (spin) € Aoy (parity)
GRERZc

(b) (i) What is quantum mechanical tunneling?
(PRI <TRW1 Sier feray e
(ii) Discuss Gamow’s theory of a-decay.
o-RE6ET =g sy (Gamow’s) &gt icarpay R
(iii) What do You mean. by internal conversion? _ 2+6+2=10
SR WG @S @i e
(¢) (i) Draw the schematic diagram of a linear acceleration and explain the principle of
operation.
936 @RS (linear) w3 PRI WEw NS By ARANCA FIRI S |
(ii)) Can we accelerate electron in a Cyclotron? Give reason.

Sl 5 AR W0F e i © TS AfF? —IfE e |

(iii) Calculate the energy of emergent proton from a Cyclotron, given magnetic field is
0-8 tesla and radius of dee is 90 cm. [Mass of proton = 1-67x10‘27kg.] (44+2)+242=10
RS (e fisfs @b “fie foefr <z TN AR GIFFFRG = 0-8 Boraqt s
dee-93 IR 90 cm. (25T ©g - 1:67x10 kg ]
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(d) (@) Describe in detail the construction and working of a GM counter.

GM FCBIF-a9 519 8 S [iFesi SiEs -6l |

(i1) A GM counter cannot detect neutron. Why? :
@b GM FICTHR B *FIe FH00 A 1| &7

(iii)) What do you mean by ‘Self quenching’ in GM counter?

GM FIOIE e @IEahe &ce F @R e?

6+2+2=10




