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P-II (1+1+1) G / 22 (N)

2022

PHYSICS
(General)

Paper Code : V - A & B

Full Marks : 45 Time : Two Hours

Paper Code : V - A

(Marks : 15)

Choose the correct answer.

Each question carries 1.5 marks.

1. As an object approaches the speed of light, It’s mass becomes 

(A) Zero

(B) Double

(C) Remains same

(D) Infinite

1. ˆÜ˛yöÄ Ó›Ó˚ ˆÓà xyˆÏ°yÓ˚ ˆÓˆÏàÓ˚ Ü˛yåÈyÜ˛y!åÈ ÎyÄÎ˚yÓ˚ §yˆÏÌ §yˆÏÌ ~Ó˚ û˛Ó˚  •ˆÏÎ˚ ÎyÎ˚–

(A) ¢)öƒ

(B) !m=î

(C) ~Ü˛•z ÌyˆÏÜ˛

(D) x§#ü

2. A frame of reference has four co-ordinates x, y, z and t is referred to as the —

(A) Inertial frame of reference

(B) Non-inertial frame of reference

(C) Space-time reference

(D) None of the above



(  2  )

[P.T.O.]

2. ~Ü˛!ê˛ !öˆÏò≈¢ï˛ˆÏsfÓ˚ ã˛yÓ˚!ê˛ fl˛iyöyB˛ Ó˚ˆÏÎ˚ˆÏåÈ x, y, z ~ÓÇ t ~ˆÏÜ˛  !•§yˆÏÓ í˛zˆÏÕ‘á Ü˛Ó˚y

•Î˚ ÙÙÙÈ

(A) çí˛¸ï˛#Î˚ !öˆÏò≈¢ï˛sf

(B) xçí ¸̨ï˛#Î˚ !ö Ï̂ò≈¢ï˛sf

(C) xÓfliyöÈÙÈ§üÎ˚ !ö Ï̂ò≈¢ï˛sf

(D) Ä˛õˆÏÓ˚Ó˚ ˆÜ˛yˆÏöy!ê˛•z öÎ˚

3. The energy of a hydrogen atom in the first excited state is —

(A) – 13.6 eV

(B) – 1.51 eV

(C) – 3.40 eV

(D) – 0.85 eV

3. •y•zˆÏí»˛yˆÏçö ˛õÓ˚üyî%Ó˚ ≤ÃÌü í˛zˆÏ_!çï˛ hflÏˆÏÓ˚Ó˚ ¢!_´ ÈÙÙÙÈ

(A) – 13.6 eV

(B) – 1.51 eV

(C) – 3.40 eV

(D) – 0.85 eV

4. For the orbital quantum number 3l  , the total number of possible values of the magnetic

quantum number, 

lm

 is —

(A) 3

(B) 7

(C) 4

(D) 5
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4. â)î≈Ü˛ ˆÜ˛yÎ˚yrê˛yü §Çáƒy 

3l 

 ~Ó˚ çöƒ ˆã˛Ô¡∫Ü˛#Î˚ ˆÜ˛yÎ˚yrê˛yü §ÇáƒyÓ˚ (

lm

) §Ω˛yÓƒ üyö=!°Ó˚ ˆüyê˛

§Çáƒy ÈÙÙÙÈ

(A) 3

(B) 7

(C) 4

(D) 5

5. The radius R of a nucleus is given by [where A is mass number] —

(A)

1
3

0R R A

(B)
1

3

0R R A

(C) 3
0R R A

(D) None of these

5. !öí˛z!Üœ˛Î˚yˆÏ§Ó˚ Óƒy§yô≈ R •° [ˆÎáyˆÏö A •ˆÏ°y û˛Ó˚ §Çáƒy] —

(A)
1

3

0R R A

(B)
1

3

0R R A

(C) 3
0R R A

(D) ˆÜ˛yˆÏöy!ê˛•z öÎ˚

6. Which of the following statements with reference to nuclear forces is not true ?

(A) Short range

(B) Charge independent

(C) Strongest force

(D) Spin independent
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6. !öí˛z!Üœ˛Î˚ ÓˆÏ°Ó˚ §yˆÏÌ §¡õ!Ü≈˛ï˛ !öˆÏã˛Ó˚ ˆÜ˛yö Ó_´Óƒ!ê˛ §ï˛ƒ öÎ˚–

(A) fl∫“ ˛õ!Ó˚§Ó˚

(B) xyôyö fl∫ï˛sf

(C) §ÓˆÏã˛ˆÏÎ˚ ¢!_´¢y°# Ó°

(D) â)î≈ö fl∫ï˛sf

7. Packing fraction for BCC lattice is —

(A) 52%

(B) 68%

(C) 74%

(D) 78%

7. BCC °ƒy!ê˛ˆÏ§Ó˚ ˛õƒy!Ü˛Ç û˛@¿yÇ¢ —

(A) 52%

(B) 68%

(C) 74%

(D) 78%

8. A pure semi-conductor behaves as insulator at —

(A) 273 K

(B) – 273°C

(C) 373 K

(D) None of the above

8. !Ó÷k˛ xô≈˛õ!Ó˚Óy•# xhsˇÓ˚ˆÏÜ˛Ó˚ üï˛ ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚ ˆÎ ï˛y˛õüyeyÎ˚ ï˛y•y —

(A) 273 K

(B) – 273°C

(C) 373 K

(D) Ä˛õˆÏÓ˚Ó˚ ˆÜ˛yˆÏöy!ê˛•z öÎ˚
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9. The energy corresponding to a wavelength   is —

(A)

h

c

(B)

hc



(C)

hc



(D)

c

h



9.



 ï˛Ó˚D˜ÏòˆÏâ≈ƒÓ˚ §yˆÏÌ §¡õ!Ü≈˛ï˛ ¢!_´ —

(A)

h

c

(B)

hc



(C)

hc



(D)

c

h



10. Which of the following is correct statement of Heisenberg Uncertainty Principle ?

(A)

2
p x  



(B)

2
L   



(C)

2
E t  



(D) All of the above
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10. ö#ˆÏã˛Ó˚ ˆÜ˛yö!ê˛ •y•zˆÏçöÓyà≈ x!öÿ˛Î˚ï˛yÓ˚ ö#!ï˛üy°yÓ˚ §!ë˛Ü˛ !ÓÓ,!ï˛È ⁄

(A)

2
p x  



(B)

2
L   



(C)

2
E t  



(D) Ä˛õˆÏÓ˚Ó˚ §Ó=!°

_____________
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Paper Code : V - B

(Marks : 30)

The figures in the margin indicate full marks.
Candidates are required to give their answers

in their own words as far as practicable.

Answer any three questions, taking at least one from each group.

Group - A

(Special Theory of Relativity)

1. (a) What is an inertial frame ? Explain the concept of time dilation and deduce necessary

relation from Lorentz transformation equations. 1+2+2

(b) Derive the formula for the relativistic variation of mass with velocity. 5

2. (a) What is proper length ? Find the expression of apparent length contraction. 1+4

(b) A man standing on the moon’s surface observed two space craft approaching him from

opposite direction with velocities 0.8C and 0.7C respectively. What will be the relative

velocity of the first space craft with respect to an observer on the second space craft ?

5

Group - B

(Atomic and Nuclear Physics)

3. (a) Write down Bohr’s postulates. 2

(b) Obtain the expression for energy of an electron in the n-th orbit of a hydrogen like

atom according to Bohr theory. 5

(c) An electron jums from n2-th orbit to n1-th orbit. Find the expression of the wavelength

of emitted radiation. 3

4. (a) What do you mean by Q-value of a nuclear reaction ? Find the Q-value of the
following reaction :

10 2 11 1
5 1 5 1B H B H  
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Given that  10
5 10.1165 amuM B  ,  2

1 2.01472 amuM H  ,

 11
5 11.01286 amuM B   and  1

1 1.00814 amuH  . 1+4

(b) Give the theory of a cyclotron and discuss its operation. 5

Group - C

(Solid State Physics and Elementary Quantum Mechanics)

5. (a) Distinguish between conductors, insulators and semi-conductors on the basis of Band

Theory of Solids.

(b) Sodium Chloride (NaCl) crystal has density of 2.17×103 kg-m–3 and molecular weight

58.5. Find the lattice constant of NaCl crystal. Given that Avogadro’s number is

6.023×1023.

(c) Derive Bragg’s law. 3+4+3

6. (a) What do you mean by threshold frequency and stopping potential.

(b) Prove that the change in wavelength of the incident radiation due to Compton scattering

is given by

 
0

1 cos
h

m c
   

where the symbols have their usual meanings.

(c) What are the differences between Raman Scattering and Compton Scattering ?

2+5+3

7. (a) Write down the time dependent Schrodinger’s equation. From this establish the time

independent Schrodinger’s equation.

(b) Find the de-Broglie wavelength associated with an electron with a velocity 107 ms–1.

(2+5)+3
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ÓDyö%Óyò

≤ÃˆÏï˛ƒÜ˛ !Óû˛yà ˆÌˆÏÜ˛ xhsˇï˛ ~Ü˛!ê˛ Ü˛ˆÏÓ˚ ≤ÃŸ¿ !öˆÏÎ˚ ˆüyê˛ !ï˛ö!ê˛ ≤ÃˆÏŸ¿Ó˚ í˛z_Ó˚ òyÄ–

!Óû˛yà ÈÙÈ Ü˛

S!ÓˆÏ¢£Ï xyˆÏ˛õ!«˛Ü˛ï˛yÓyòV

1– SÜ˛V çí˛¸ï˛#Î˚ !öˆÏò≈¢ï˛sf Ü˛yˆÏÜ˛ ÓˆÏ°⁄ §üˆÏÎ˚Ó˚ !Óhfl,Ï!ï˛Ó˚ ôyÓ˚îy!ê˛ Óƒyáƒy Ü˛ˆÏÓ˚y ~ÓÇ ˆ°yˆÏÓ˚O Ó˚*˛õyhsˇÓ˚

§ü#Ü˛Ó˚î ˆÌ Ï̂Ü˛ ≤Ã Ï̂Î˚yçö#Î˚ §¡õÜ≈̨ !ê˛ ≤Ã!ï˛¤˛y Ü˛Ó˚– 1+2+2

SáV xyˆÏ˛õ!«˛Ü˛ï˛yÓ˚ §)e xö%§yˆÏÓ˚ à!ï˛ˆÏÓˆÏàÓ˚ §yˆÏÌ û˛ˆÏÓ˚Ó˚ ˛õ!Ó˚Óï≈˛ˆÏöÓ˚ §ü#Ü˛Ó˚î ≤Ã!ï˛¤˛y Ü˛ˆÏÓ˚y– 5

2– SÜ˛V ≤ÃÜ,̨ ï˛ Ï̃òâ≈ƒ Ó° Ï̂ï˛ Ü˛# ˆÓyé˛⁄ ˜òâ≈ƒ §Ç Ï̂Ü˛yã˛ Ï̂öÓ˚ Ó˚y!¢üy°y !öî≈Î˚ Ü˛Ó˚– 1+4

SáV ãÑ̨ y Ï̂òÓ˚ ˛õ,̂ Ï¤˛ òÑy!í ¸̨̂ ÏÎ˚ ÌyÜ˛y ~Ü˛çö ˛õÎ≈̂ ÏÓ«˛Ü˛ ˆòá Ï̂°ö ˆÎ ò%!ê˛ xhsˇÓ˚#«˛Îyö !Ó˛õÓ˚#ï˛ !òÜ˛ ˆÌ Ï̂Ü˛ ï˛yÓ˚

!òˆÏÜ˛ ÎÌye´ˆÏü 0.8c Ä 0.7c à!ï˛ˆÏÓˆÏà ôyÓüyö– !mï˛#Î˚ xhsˇÓ˚#«˛ÎyˆÏö ÌyÜ˛y ˆÜ˛yö ˛õÎ≈ˆÏÓ«˛ˆÏÜ˛Ó˚

fl∫y Į̈̂ õ Ï̂«˛ ≤ÃÌü xhsˇÓ˚#«˛Îyö!ê˛Ó˚ xy Į̈̂ õ!«˛Ü˛ ˆÓà Ü˛ï˛ • Ï̂Ó⁄ 5

!Óû˛yà ÈÙÈ á

S˛õyÓ˚üyî!ÓÜ˛ Ä !öí˛z!Üœ̨ Î˚ ˛õòyÌ≈!ÓòƒyV

3– SÜ˛V ˆÓyˆÏÓ˚Ó˚ ˆ˛õyfiê%˛ˆÏ°ê˛=!° ˆ°á– 2

SáV ˆÓyÓ˚ ï˛_¥ xö%§yˆÏÓ˚ •y•zˆÏí»˛yˆÏçöÈÙÈ§ü ˛õÓ˚üyî%Ó˚ ~Ü˛!ê˛ •zˆÏ°Ü˛ê˛ΔˆÏöÓ˚ nÈÙÈï˛ü Ü˛ˆÏ«˛ ¢!_´Ó˚ Ó˚y!¢üy°y!ê˛

!öî≈Î˚ Ü˛Ó˚– 5

SàV n2 Ü˛«˛ ˆÌ Ï̂Ü˛ n1 Ü˛ Ï̂«˛ •ẑ Ï°Ü˛ê Δ̨̂ ÏöÓ˚ §Çe´üî âê˛ Ï̂° !öÉ§,ï˛ xy Ï̂°y Ï̂Ü˛Ó˚ ï˛Ó˚D Ï̃ò Ï̂â≈ƒÓ˚ Ó˚y!¢üy°y !öî≈Î˚

Ü˛Ó˚– 3

4– SÜ˛V !öí˛z!Üœ˛Î˚ !Ó!e´Î˚yÓ˚ QÈÙÈû˛ƒy°% Ó°ˆÏï˛ Ü˛# ˆÓyé˛⁄ !ö¡¨!°!áï˛ !Ó!e´Î˚y!ê˛Ó˚ QÈÙÈû˛ƒy°% !öî≈Î˚ Ü˛Ó˚–

10 2 11 1
5 1 5 1B H B H  

ˆòÄÎ˚y xyˆÏåÈ  10
5 10.1165 amuM B  ñ  2

1 2.01472 amuM H  ,

 11
5 11.01286 amuM B   ~ÓÇ  1

1 1.00814 amuM H  – 1+4

SáV §y•zˆÏÜœ˛yê˛ΔöÈÙÈ~Ó˚ ≤ÃˆÏÎ˚yçö#Î˚ ï˛_¥ Ä Ü˛yÎ≈≤Ãîy°# xyˆÏ°yã˛öy Ü˛Ó˚– 5
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!Óû˛yà ÈÙÈ à

SÜ˛!ë˛ö xÓfliyÓ˚ ˛õòyÌ≈!Óòƒy Ä ≤ÃyÌ!üÜ˛ ˆÜ˛yÎ˚yrê˛yü Ó°!ÓòƒyV

5– SÜ˛V Ü˛!ë˛ö ˛õòyˆÏÌ≈Ó˚ ˛õê˛#ï˛ˆÏ_¥Ó˚ Ä˛õÓ˚ !û˛!_ Ü˛ˆÏÓ˚ ˛õ!Ó˚Óy•#ñ xhsˇÓ˚Ü˛ Ä xô≈˛õ!Ó˚Óy•#Ó˚ üˆÏôƒ ˛õyÌ≈Ü˛ƒ Ü˛Ó˚–

SáV ˆ§y!í˛Î˚yü ˆÜœ˛yÓ˚y•zí˛ (NaCl) ˆÜ˛°yˆÏ§Ó˚ âöc 2.17×103 ˆÜ˛!çÈÙÈ!ü–3 ~ÓÇ xyî!ÓÜ˛ =Ó˚&c 58.5–

NaClÈÙÈˆÜ˛°yˆÏ§Ó˚ çy°Ü˛ ô &ÓÜ˛ !öî≈Î˚ Ü˛Ó˚– ˆòÄÎ˚y xyˆÏåÈ xƒyˆÏû˛yàyˆÏí»˛y §Çáƒy 6.023×1023–

SàV Ó ƒyà §ü#Ü˛Ó˚î!ê˛ !öî≈Î˚ Ü˛Ó˚– 3+4+3

6– SÜ˛V ≤ÃyÓ˚Ω˛ Ü˛¡õyB˛ Ä !öÓ,!_ !Óû˛Ó Ó°ˆÏï˛ Ü˛# ˆÓyé˛⁄

SáV ≤Ãüyî Ü˛Ó˚ ˆÎ ÈÙÙÙÈ Ü˛¡õê˛ö !Ó Ï̂«˛˛õˆÏîÓ˚ çöƒ xy˛õ!ï˛ï˛ !Ó!Ü˛Ó˚̂ ÏîÓ˚ ˆ«˛ˆÏe ï˛Ó˚D˜ÏòˆÏâ≈ƒÓ˚ ˛õ!Ó˚Óï≈̨ ö

 
0

1 cos
h

m c
   

ˆÎáyˆÏö !ã˛•´=!°Ó˚ !öçfl∫ xÌ≈ Óï≈˛üyö–

SàV Ó˚yüö !ÓˆÏ«˛˛õî Ä Ü˛¡õê˛ö !ÓˆÏ«˛˛õˆîÓ˚ üˆÏôƒ ˛õyÌ≈Ü˛ƒ=!° Ü˛#⁄ 2+5+3

7– SÜ˛V §üÎ˚ !öû≈˛Ó˚ ˆ◊y!í˛ÇàyÓ˚ ~Ó˚ §ü#Ü˛Ó˚î ˆ°ˆÏáy– ˆÎáyö ˆÌˆÏÜ˛ §üÎ˚ !öÓ˚ˆÏ˛õ«˛ ˆ◊y!í˛ÇàyÓ˚ §ü#Ü˛Ó˚î

≤Ã!ï˛¤˛y Ü˛Ó˚–

SáV 107 !üê˛yÓ˚†ˆ§ˆÏÜ˛[˛ à!ï˛ˆÏÓà §¡õß¨ ~Ü˛!ê˛ •zˆÏ°Ü˛ê˛ΔˆÏöÓ˚ !í˛ÈÙÈÓ à!° ï˛Ó˚D˜Ïòâ≈ƒ !öî≈Î˚ Ü˛Ó˚–

S2+5V+3

_____________


