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PHYSICS
( Core )

Paper : PHYC4C

( Elements of Modern Physics )
( Theory )

Full Marks : 60
Time : 2 hours

The figures in the margin indicate full marks
Jor the questions

1. oo© WMAIRT 7] W5 Seqcs! i Sfre : 1x5=5

Choose the correct answer from the
following :

(@) e [P do” RrFe F62egd A
sfexfe 9 $

The maximum kinetic energy of the
photoelectrons in a photoelectric effect
experiment depends on

(i) weifee T SEeN g
intensity of the incident light
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(i) SefEe I F=FFT 8|S
frequency of the incident light

(iii) S1ofSS T TG 89[{©

polarization of the incident light

(iv) S°MS (P S7{©
angle of incidence

(b) F=ooq Rewerd afemrs, A ST F'54 o

m [ (AT weEe FRoAR) e
TR @ 6 @Te Reste w1 I FoE
Y S A7 =, (963 NAH A —A

In a Compton scattering process, a
photon of wavelength A is scattered off a
charged particle of mass m (initially at
restf by an angle 6. If the final
wavelength of the photon is A’, then the
difference A" -2

(i) 69 SRS 7 3, Rg A3 9”@ 7=
depends on 6, but not on A

(i) A3 $°{© 163 37, T8 m T 'O 7=

depends on A, but not on m

(i) A € 6 TSR 9o{© F$T 7
depends on both A and 8

(iv) 83 ¢*{© 7$9 37, [T 7 erqo 7=
depends on 6, but not on m
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(d)
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fAffe Sroee 9b1 olge SO q@T FN A |
5599 fowge, $'= 98 RiS9[ AT wok @l
1% 2

The temperature of a cavity of fixed
volume is doubled. Which of the
following is true for the blackbody
radiation inside the cavity?

(i) TR *fe 2 @9 I m
Its energy increases 2 times
(ii) TR =& 16 89 I W
Its energy increases 16 times
(iti) TR *f& 8 @ FfM IF
Its energy decreases 8 times
(iv) TR (& 16 89 I IW

Its energy decreases 16 times

O WWHE WS, 5Be SRR o W
eifRfe 23 T

The spin and parity of 3 Be nucleus, as

predicted by the shell model, are
respectively

3

(i) 5 € S3qu
§ and odd
2
3

(i) 5 S I

§ and even
2
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(iti) 5 e R
l and odd
2

A1

(iv) 5 I 30
l and even
2

(e) Rferm-fam E@Rs, @R ATHem Ehe =

In a He-Ne laser, the laser transition
takes place in

(i) &= fRfermre
He only

(ii) &= REs
Ne only

(i) AT FETS, SR e Rfemme
Ne first, then in He

(iv) 29T RBfemms, o7 Az FHime
He first, then in Ne

2. e [ R Teg fa 2x5=10

Answer the following questions :

(a) o FRIOMN O YRR 1T A1 |
Describe Planck’s quantum hypothesis.

(b) el fooTe Tz vy Ry siea 7= 2
wfepoIel MS TR I 0 w4 |
Why is it not possible for an electron to

exist inside the nucleus? Explain using
uncertainty principle.
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(c) “Io[Cers Tertl &9 (OIETE SHEl FIRAS
AJCeTEA ETICIbE il i A e 2 (ARG )
S{I5ECOIAET | 1+1=2
What is population inversion? Can
population inversion be achieved
without a metastable state? Share your
opinion.

(@ ~refr Welen @ &2 @ RO SER
@ FF ofgerd eEm 41 C2fee 2

1+1=2
What is Pauli’s neutrino hypothesis?

Which  particle was  theoretically
predicted by this hypothesis?

(e) el Rfmm o-7m 7 @ R oroR&l
@ ©PERl, o fire IR WE @
A=A PRI AR 2 1+1=2
What is the Q-value of a nuclear
reaction? How can it be wused to

determine whether a reaction is
exothermic or endothermic?

3. (a) SR T [$7 OwRE FoWE A AR A0

oG 7Ol Fo [SOIS (IIFOILE —co < X S o0
S|P fooge b1 F(9FR oo A=
w920l Foe il gy FE ? 1+1+1=3
What is a wave function? Write Born’s
interpretation of wave function. Among
the given two functions, which one
represents a physically acceptable wave

function of a particle in the range
—o0 £ X < oo?

(i) wix)=Ae ™, A>0
(i) w9 =Ae™, A>0
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(b)) ER-aFRFd =1 @ I=E IN
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4. (a)

(6)

efEee 35w *fS s <9

frm =g, a, =15-5 MeV, ag =16-8 MeV,
a. =0-7 MeV, a, =23-0 MeV ¥

+34 -3 FHefared e
a, ={ 0 o A @
~34 S-SR fHSfarea SR

Using semi-empirical mass formula,
calculate the binding energy of 233U

nucleus.
Given, a, =15-5MeV, a, =16-8 MeV,
a. =0-7 MeV, a, =23-0 MeV and
+34 for eveneven nuclei
a, =1 0 for odd A nuclei
-34 for odd-odd nuclei

RS I Iore & wE =2 2y viefes
E w4 1+2=3

What.is meant by a coherent beam?
Explain spatial coherence.

S-S A2’ F7| a1 =R Bavr @
401

Explain the gamma-ray microscope
thought experiment with diagram.

()

S. (a)

(7))

FOfR @ U @REPER Sl #9012
TR o RYpaey W o[ FEE 4R
E R 3+1=4

Discuss the salient features of nuclear
forces. How are they different from
gravitational and electromagnetic forces?

fq e e T, o"G-4"5 Bl M
1 | 4

Explain the proton-proton cycle, which
is the main source of energy from sun.

1231 /Or

FR-12E (S-S (CNO)  B&reel T
w1, R pfele 9RT SHe SrPH 10 e
T |

Explain the carbon-nitrogen-oxygen

(CNO) cycle, the dominant energy source
in stars more massive than the sun.

oI 9 Y, 2IF AT FE ST e
R @A R TR SR TS
@for-fepT Fata AR =& 3+3=6
Show that Planck’s law reduces to
Wien’s law in the short wavelength limit
and Rayleigh-Jeans law in long
wavelength limit.
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(b) T3 q°R R ? @A TE WEFE 7@ P
E Seies ¢ @l Rewsia @a 551
TR RS AT 61 SR T 41 |

1+5=6
What is Compton effect? Obtain an
expression for the change in wavelength
of a photon when it is scattered by a free
electron through an angle ¢ with respect

to the original direction.

(c) TSl o=l (O wif¥e 5@ qRapHz &
€7 SR GrEE we ok T
(PP Sy 911 2 =i Suraer &
5 3+2+1=6
What are the basic assumptions of the
liquid drop model of nucleus? What are
the dissimilarities between a liquid drop
and a nucleus? What are the
discrepancies of this model?

£
N

/

S

A8
_/ ".
Hygevs

[ CAY
N
\

6. 1 T ot e v G fora . 3x2=6
Write short notes on (any two) :

(a) eFR Rag

Nuclear reactor

(b) W fRepfy
Ultra-violet catastrophe

(c) b1 fReom
Beta decay
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