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

2022

PHYSICS
(General)

Paper Code : IV - A & B

Full Marks : 45 Time : Two Hours

Paper Code : IV - A

(Marks : 15)

Choose the correct answer.

Each question carries 1.5 marks.

1. Electron Volt (eV) is unit of —

(A) Charge

(B) Potential difference

(C) Energy

(D) Momentum

1. •ẑ Ï°Ü˛ê Δ̨ö ˆû˛yŒê˛ Ü˛yÓ˚ ~Ü˛Ü˛⁄

(A) xyôyö

(B) !Óû˛Ó ˛õyÌ≈Ü˛ƒ

(C) ¢!_´

(D) û˛Ó˚ˆÏÓà

2. When a negative charge is placed at the center of the sphere, then the direction of electric

field on the Gaussian Surface.

(A) Radially Outward

(B) Radially Inward

(C) Along the tangent to the surface

(D) None of the above
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2. ˆày°ˆÏÜ˛Ó˚ ˆÜ˛ˆÏw Îáö ˆöˆÏà!ê˛û˛ xyôyö fliy˛õö Ü˛Ó˚y •Î˚ñ ï˛áö àyí˛z§ ˛õ,ˆÏ¤˛Ó˚ ˜Óò%ƒ!ï˛Ü˛ ˆ«˛ˆÏeÓ˚ !òÜ˛ ÈÙÙÙÈ

(A) Óƒy§yô≈ ÓÓ˚yÓÓ˚ Óy•zˆÏÓ˚Ó˚ !òˆÏÜ˛

(B) Óƒy§yô≈ ÓÓ˚yÓÓ˚ ˆû˛ï˛ˆÏÓ˚Ó˚ !òˆÏÜ˛

(C) ˛õ,¤˛ï˛ˆÏ°Ó˚ flõ¢≈Ü˛ ÓÓ˚yÓÓ˚

(D) í˛z˛õˆÏÓ˚Ó˚ ˆÜ˛yö!ê˛•z öÎ˚

3. In a transistor, the value of emitter current is 8 mA and the value of collector current is 7.8

mA. Find the corresponding base current —

(A) 50 μA

(B) 100 μA

(C) 150 μA

(D) 200 μA

3. ~Ü˛!ê˛ ê Δ̨yö!çfiê˛ Ï̂Ó˚Ó˚ ˆ«˛ Ï̂e !öÉ§yÓ˚Ü˛ ≤ÃÓy Ï̂•Ó˚ üyö 8 mA ~ÓÇ §Ç@ˇÃy•Ü˛ ≤ÃÓy Ï̂•Ó˚ üyö 7.8 mAñ §Ç!Ÿ’‹T

û)˛!ü ≤ÃÓyˆÏ•Ó˚ üyö ÈÙÙÙÈ

(A) 50 μA

(B) 100 μA

(C) 150 μA

(D) 200 μA

4. The electric potential at a point is 5 3 15V x y z    . The magnitude of the electric field

at the point is —

(A) 3 2

(B)

2 15

(C) 5 2

(D) 7
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4. ~Ü˛!ê˛ !Ó®%ˆÏï˛ ï˛!í˛¸Í !Óû˛Ó 

5 3 15V x y z   

 •ˆÏ°ñ ï˛!í˛¸Í ≤ÃyÓˆÏ°ƒÓ˚ üyö Ü˛ï˛⁄

(A) 3 2

(B)

2 15

(C) 5 2

(D) 7

5. S.I. unit of magnetic field —

(A) Tesla

(B) Newton

(C) Dyne

(D) Pascal

5. ˆã˛Ô¡∫Ü˛ ˆ«˛ Ï̂eÓ˚ S.I. ~Ü˛Ü˛ •° ÈÙÙÙÈ

(A) ˆê˛§°y

(B) !öí z̨ê˛ö

(C) í˛y•zö

(D) ˛õyflÒy°

6. Three identical capacitors are connected once in parallel and once in series combination. The
ratio of the equivalent capacitance is —

(A) 3 : 1

(B) 6 : 1

(C) 9 : 1

(D) 1 : 1

6. !ï˛ö!ê˛ §üyö ôyÓ˚Ü˛ˆÏcÓ˚ ôyÓ˚Ü˛ §üyhsˇÓ˚y° ~ÓÇ ˆ◊î# §üÓyˆÏÎ˚ Î%_´ Ü˛Ó˚y •°– ò%•z ˆ«˛ˆÏe ï%˛°ƒ ôyÓ˚Ü˛ˆÏcÓ˚

xö%̨ õyï˛ Ü˛ï˛⁄

(A) 3 : 1

(B) 6 : 1

(C) 9 : 1

(D) 1 : 1
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7. Unit of capacitor is —

(A) Ohm

(B) Coulomb

(C) Farad

(D) Tesla

7. ôyÓ˚Ü˛ Ï̂cÓ˚ ~Ü˛Ü˛ •°ÈÙÙÙÈ

(A) Ä•ü

(B) Ü%̨ °¡∫

(C) ú˛ƒyÓ˚yí˛

(D) ˆê˛§°y

8. Which gate is called inverter ?

(A) OR GATE

(B) AND GATE

(C) NOT GATE

(D) NAND GATE

8. ˆÜ˛yö ˆàê˛ˆÏÜ˛ •zöû˛yê≈˛yÓ˚ Ó°y •Î˚⁄

(A) OR GATE

(B) AND GATE

(C) NOT GATE

(D) NAND GATE

9. Value of dielectric constant for air medium is —

(A) 1

(B) 0

(C) 5.4

(D) 80
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9. ÓyÎ˚% üyôƒˆÏüÓ˚ ˛õÓ˚y˜ÏÓò%ƒ!ï˛Ü˛ ô &ÓˆÏÜ˛Ó˚ üyö •ˆÏ°y—

(A) 1

(B) 0

(C) 5.4

(D) 80

10. Which materials are ferromagnetic materials ?

(A) Cobalt

(B) Tin

(C) Zinc

(D) None of the above

10. ˆú˛ˆÏÓ˚yüƒyàˆÏö!ê˛Ü˛ ˛õòyÌ≈!ê˛ •°ÈÙÙÙÈ

(A) ˆÜ˛yÓyŒê˛

(B) !ê˛ö

(C) òhflÏy

(D) í˛z˛õˆÏÓ˚Ó˚ ˆÜ˛yö!ê˛•z öÎ˚

_____________
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Paper Code : IV - 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 of group.

Group A

(Electrostatics)

1. (a) Calculate the ratio of the electric force to the gravitational force on earth’s surface,

which are acting on an electron in electric field of 300 volts/cm. Given e/m for an

electron = 

71.778 10 emu

. 3

(b) Find the work done needed to bring an electric dipole of dipole moment  p


 in an

external uniform electric field 

E


. 3

(c) What is the differential form of Gauss’s Law ? 2

(d) Apply Gauss’s law to calculate electric field in case of uniformly charged infinite

conducting plane of surface charge density 



. 2

2. (a) Calculate the capacitance of a cylindrical capacitor when inner cylinder is charged and

outer cylinder is grounded. 5

(b) Calculate the energy stored in a charged capacitor. 3

(c) Two protons in thorium nucleus are 3×10–15 m apart. What is their mutual potential

energy. 2

3. (a) A 10 μF capacitor charged to 100 V is connected in parallel to an uncharged

capacitor. After making the connect the common voltage is found to be 30 V. What is

the capacitance of second capacitor. Calculate net loss of energy. 5

(b) Find an expression for the electrostatic pressure of a charged conductor. 5
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Group B

(Current Electricity)

4. (a) State and explain Biot-Savart’s Law. 2

(b) Using Biot-Savart’s Law find magnetic field due to an infinite straight wire carrying

current-I. 4

(c) A long wire carries a current of 2A. An electron travels with a velocity of 4×104 m.s.–1.

parallel to the wire 0.1 m from it in a direction opposite to current. What force does

the magnetic field of current exert on the moving electron ?

Given,

7
0 4 10   

 S.I. unit

191.6 10e C  3

(d) State Lenz’s law. 1

5. (a) What do you mean by thermoelectric power ? 1

(b) The thermoelectric power dE dT  against Lead (Pb) for iron (Fe) at temperature t°C

is given by 
1734 – 4.87t v C  and that for copper (Cu) by 
136 0.95t v C  .

Find e.m.f. of a 
Cu Fe

 couple with junctions at 0°C and 100°C. 4

(c) A d.c. e.m.f. E is suddenly applied to a circuit of a resistor ‘R’ and inductance ‘L’ in
series. Determine the variation of voltage as a function of time both across R & L. Plot
them in same graph and explain the graph. 3+2

6. (a) Derive an expression for the instantaneous value of current in a circuit comprised of
inductance L, capacitance C and an ohmic resistance R connected in series when an ac

emf 

0 sinE E wt

 is applied to the circuit. 6

(b) The equation of an alternating current is 50 sin 400i t .amp. What are the frequency

of AC signal and Peak Value of the current ? What is its r.m.s. value. 1+1+2

Group C

(Electronics)

7. (a) What are ‘avalanche breakdown’ and ‘zener breakdown’ ? 1½+1½
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(b) Draw the circuit diagram of full wave rectifier using two diodes. Explain its operation.

1+3

(c) For a transistor, 

1 , 10E BI mA I A 

. Determine   and 



. 1½+1½

8. (a) Construct AND, OR and NOT gates using NOR gates only. Draw the circuit symbols

only. 3

(b) Draw the circuit diagram of a 2-input AND gate using diode and write down its truth

table. 2+1

(c) Convert the decimal number 45.24 into binary number. 2

(d) Prove the Boolean identity 

.A A B A B  

. 2

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!fliÓ˚ ï˛!í˛¸ÍV

1. (a) 300 volts/cm üy Ï̂öÓ̊ ï˛!í˛̧Í Ï̂«˛ Ï̂e xÓ!fliï˛ ~Ü˛!ê˛ •ẑ Ï°Ü˛ê Δ̨̂ ÏöÓ̊ í z̨̨ õÓ̊ ˛õ,!ÌÓ#˛õ,̂ Ï¤˛ ≤ÃÎ%_´ ï˛!í˛̧Í Ó° Ä

üyôƒyÜ˛£Ï≈î Ó Ï̂°Ó˚ xö%̨ õyï˛ !öî≈Î˚ Ü˛Ó˚– •ẑ Ï°Ü˛ê Δ̨̂ ÏöÓ˚ e/m = 1.778×107 emu– 3

(b) ~Ü˛!ê˛ ï˛!í˛¸Í !mˆÏüÓ˚& S

p


= !mˆÏüÓ˚& ºyüÜ˛V ˆÜ˛ ~Ü˛!ê˛ §%£Ïü ï˛!í˛¸ÍˆÏ«˛eˆÏï˛ 

 E


 !öˆÏÎ˚ xy§ˆÏï˛ !Ü˛

˛õ!Ó˚üyî Ü˛yÎ≈ Ü˛Ó˚ˆÏï˛ •ˆÏÓ– 3

(c) àyí ẑ̨ Ï§Ó˚ §)̂ ÏeÓ˚ xÓÜ˛!°ï˛ xyÜ˛yÓ˚!ê˛ !Ü˛Ó˚*˛õ⁄ 2

(d) àyí ẑ̨ Ï§Ó˚ §)e ˆÌ Ï̂Ü˛ §%£Ïüû˛y Ï̂Ó xy!•ï˛ ~Ü˛!ê˛ x§#ü §üï˛° ˛õ!Ó˚Óy•#Ó˚ çöƒ ï˛!í ¸̨Í Ï̂«˛e ≤ÃyÓ°ƒ !öî≈Î˚

Ü˛Ó˚– §üï˛ˆÏ°Ó˚ xyôyˆÏöÓ˚ ï˛° âöc •° 



– 2

2. (a) ~Ü˛!ê˛ ˆã˛yä ôyÓ˚̂ ÏÜ˛Ó˚ (cylindrical capacitor) ôyÓ˚Ü˛c !öî≈Î˚ Ü˛Ó˚ ÎyÓ˚ xû˛ƒhsˇÓ˚#ö ˆã˛yä!ê˛ xyôyö@ˇÃhflÏ

Ä Ó!•fli ˆã˛yä!ê˛ û)˛!üfli– 5

(b) ôyÓ˚ˆÏÜ˛Ó˚ üˆÏôƒ §!MÈ˛ï˛ ¢!_´ !öô≈yÓ˚î Ü˛Ó˚– 3
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(c) ò%!ê˛ ˆ≤Ãy!ê˛ö ˆÌy!Ó˚Î˚yü !öí z̨!Üœ̨ Î˚y Ï̂§ 3×10–15 m ò)Ó˚̂ Ïc xÓ!fliï˛– ˆ≤Ãyê˛öm Ï̂Î˚Ó˚ ˛õyÓ˚flõ!Ó˚Ü˛ !fli!ï˛ ¢!_´

Ü˛ï˛⁄ 2

3. (a) ~Ü˛!ê˛ 

10 F

 ôyÓ˚Ü˛ Ï̂Ü˛ 100 VÈÙÈ~ xy!•ï˛ Ü˛Ó˚y •°– ~Ó˚̨ õÓ˚ ôyÓ˚Ü˛!ê˛ Ï̂Ü˛ xy Ï̂Ó˚Ü˛!ê˛ xöy!•ï˛ ôyÓ˚̂ ÏÜ˛Ó˚

§yˆÏÌ §üyhsˇÓ˚y° Óï≈˛ö#ˆÏï˛ Î%_´ Ü˛Ó˚y •° ~ÓÇ ˆòáy ˆà° Óï≈˛ö#Ó˚ ≤Ãyhsˇ#Î˚ !Óû˛Ó 30 V ~ !fliÓ˚ •°–

!mï˛#Î˚ ôyÓ˚ˆÏÜ˛Ó˚ ôyÓ˚Ü˛c Ü˛ï˛⁄ Ü˛ï˛ ¢!_´ «˛Î˚ •°⁄ 5

(b) xy!•ï˛ õ!Ó˚Óy•#Ó˚ ˆ«˛ˆÏe !fliÓ˚ ï˛y!í˛¸!ï˛ÏÜ˛ ã˛yˆÏ˛õÓ˚ Ó˚y!˚¢üy°y !öî≈Î˚ Ü˛Ó˚– 5

(c) ò%!ê˛ ˆ≤Ãy!ê˛ö ˆÌy!Ó˚Î˚yü !öí z̨!Üœ̨ Î˚y Ï̂§ 3×10–15 m ò)Ó˚̂ Ïc xÓ!fliï˛– ˆ≤Ãyê˛öm Ï̂Î˚Ó˚ ˛õyÓ˚flõ!Ó˚Ü˛ !fli!ï˛ ¢!_´

Ü˛ï˛⁄ 2

!Óû˛yà ÈÙÈ á

S≤ÃÓy•# ï˛!í˛¸ÍV

4. (a) ÓyˆÏÎ˚yÈÙÈ§yû˛yˆÏê≈˛Ó˚ §)e!ê˛ !ÓÓ,ï˛ Ü˛Ó˚ Ä Óƒyáƒy Ü˛Ó˚– 2

(b) ÓyˆÏÎ˚yÈÙÈ§yû˛yˆÏê≈˛Ó˚ §)e!ê˛ ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚ ~Ü˛!ê˛ x§#ü ï˛!í˛¸Í ˛õ!Ó˚Óy•# ï˛yˆÏÓ˚Ó˚ üˆÏôƒ !òˆÏÎ˚ ‘I’ ï˛!í˛¸Í

≤ÃÓyˆÏ•Ó˚ çöƒ ˆã˛Ô¡∫Ü˛ ˆ«˛ˆÏeÓ˚ üyö !öô≈yÓ˚î Ü˛Ó˚– 4

(c) ~Ü˛!ê˛ °¡∫y ï˛yÓ˚ ÎyÓ˚ ü Ï̂ôƒ !ò Ï̂Î˚ 2A ï˛!í ¸̨Í ≤ÃÓy!•ï˛ • Ï̂FåÈ– ˙ ï˛y Ï̂Ó˚Ó˚ ˛õy¢ !ò Ï̂Î˚ ï˛y Ï̂Ó˚Ó˚ §üyhsˇÓ˚y Ï̂°

0.1 m ò)Ó˚c !òˆÏÎ˚ 4×104 m/s à!ï˛ˆÏÓˆÏà ˛õ!Ó˚ºüîÓ˚ï˛ •zˆÏ°Ü˛ê˛ΔˆÏöÓ˚ í˛z˛õÓ˚ Ü˛# ˛õ!Ó˚üyî ˆã˛Ô¡∫Ü˛ Ó°

≤ÃÎ%_´ •ˆÏÓ– •zˆÏ°Ü˛ê˛Δö!ê˛ ≤ÃÓy•üyeyÓ˚ !Ó˛õÓ˚#ï˛ !òˆÏÜ˛ ºüî Ü˛Ó˚ˆÏåÈ–

7
0 4 10   

 S.I. unit

191.6 10e C  3

(d) ˆ°OÈÙÈ~Ó˚ §)e!ê˛ !ÓÓ,ï˛ Ü˛Ó˚– 1

5. (a) ï˛y˛õÈÙÈï˛!í˛¸Í «˛üï˛y Ó°ˆÏï˛ Ü˛# ˆÓyé˛⁄ 1

(b) ï˛y˛õÈÙÈï˛!í ¸̨Í ¢!_´ dE/dTñ t°C ï˛y˛õüyey Ï̂ï˛ ˆ°y•yÓ˚ (Fe) çöƒ §#§y Ï̂ï˛ (Pb) 1734 – 4.87 t μv/

°C~ÓÇ ï˛yüyÓ˚ (Cu) çöƒ §#§y Ï̂ï˛ (Pb) 136 – 0.95 t μv/°C Cu – Fe ï˛y˛õÈÙÈï˛!í ¸̨Í Î%̂ Ï@¬Ó̊ e.m.f

üyö !öî≈Î˚ Ü˛Ó˚– ˆÎáyˆÏö ò%•z §ÇˆÏÎyàfliˆÏ° 0°c ~ÓÇ 100°CÈÙÈ~ xÓ!fliï˛– 4

(c) ~Ü˛!ê˛ xyˆÏÓ¢Ü˛ Ä ˆÓ˚yô (R)ÈÙÈ~ ˆ◊î# §üÓyÎ˚ !Ó!¢‹T ~Ü˛!ê˛ Óï≈˛ö#ˆÏï˛ •ë˛yÍ Ü˛ˆÏÓ˚ ‘E’ volt !í˛. !§.

ï˛!í ¸̨Íã˛y°Ü˛ Ó° ˆòÄÎ˚y •°– Óï≈̨ ö# Ï̂ï˛ §ü Ï̂Î˚Ó˚ §y Ï̂Ì R Ä L ~Ó˚ ò%•z ≤Ãy Ï̂hsˇÓ˚ !Óû˛Ó ˛õ!Ó˚Óï≈̨ ö !öî≈Î˚

Ü˛Ó˚ ~ÓÇ ~Ü˛•z ˆ°á!ã˛ˆÏe í˛z_´ ˛õ!Ó˚Óï≈˛ö=!° ˆòáyÄ Ä Óƒyáƒy Ü˛Ó˚– 3+2
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6. (a) ˆ◊î# §üÓyˆÏÎ˚ Î%_´ ~Ü˛!ê˛ ˆÓyôÜ˛ R ~ÓÇ xyˆÏÓ¢Ü˛ (L) ~ÓÇ ~Ü˛!ê˛ ôyÓ˚Ü˛ (C) myÓ˚y à!ë˛ï˛ Óï≈˛ö#Ó˚

ò%•z ≤ÃyˆÏhsˇ E = E0 sin wt ˛õ!Ó˚Óï≈̨ # ï˛!í ¸̨Íã˛y°Ü˛ Ó° ≤Ã Ï̂Î˚yà Ü˛Ó˚y •°– Óï≈̨ ö#Ó˚ ˆÜ˛y Ï̂öy ~Ü˛ ü%•)̂ Ïï≈̨ Ó˚

≤ÃÓyˆÏ•Ó˚ Ó˚y!¢üy°y ≤Ã!ï˛¤˛y Ü˛Ó˚– 6

(b) ~Ü˛!ê˛ ˛õ!Ó˚Óï≈̨ # ï˛!í ¸̨Í ≤ÃÓy Ï̂•Ó˚ §ü#Ü˛Ó˚î i = 50 sin 400 πt amp ˛õ!Ó˚Óï≈̨ # ï˛!í ¸̨Í ≤ÃÓy Ï̂•Ó˚ Ü˛¡õyB˛

~ÓÇ ¢#£Ï≈üyö (Peak Value) Ü˛ï˛⁄ í z̨•yÓ̊ r.m.s. value Ü˛ï˛⁄ 1+1+2

!Óû˛yà ÈÙÈ à

S•ẑ Ï°Ü˛ê Δ̨!ö:V

7. (a) Úxƒyû˛y°yMÈ˛ ˆÓ Ü˛í˛yí˛zöÛ ~ÓÇ ÚˆçöyÓ˚ ˆÓ Ü˛í˛yí˛zöÛ !Ü˛⁄ 1½+1½

(b) ò%!ê˛ í˛y Ï̂Î˚y Ï̂í˛Ó˚ §y•y Ï̂Îƒ ~Ü˛!ê˛ ˛õ)î≈ ï˛Ó˚D ~Ü˛ü%á# Ü˛yÓ˚̂ ÏÜ˛Ó˚ Óï≈̨ ö#!ã˛e!ê˛ xB˛ö Ü˛Ó˚– í z̨•yÓ˚ Ü˛yÎ≈≤Ãîy°#

Óî≈öy Ü˛Ó˚– 1+3

(c) ~Ü˛!ê˛ ê˛Δyö!çfiê˛yˆÏÓ˚Ó˚ çöƒ 1 , 10E BI mA I A  –   ~ÓÇ 



ÈÙÈ~Ó˚ üyö !öî≈Î˚ Ü˛Ó˚–

1½+1½

8. (a) ÷ô%üye NOR ˆàê˛ ÓƒÓ•yÓ˚ Ü˛ Ï̂Ó˚ AND, OR, NOT ˆàê˛ ˜ï˛Ó˚# Ü˛Ó˚– ˆàê˛=!°Ó˚ ≤Ãï˛#Ü˛ !ã˛•´ xB˛ö

Ü˛Ó˚– 3

(b) í˛y Ï̂Î˚yí˛ ÓƒÓ•yÓ˚ Ü˛ Ï̂Ó˚ ò%•z •zö˛õ%ê˛ !Ó!¢‹T AND ˆà Ï̂ê˛Ó˚ Óï≈̨ ö# !ã˛e xB˛ö Ü˛Ó˚ ~ÓÇ ê Δ̨Δ$Ì ˆê˛!Ó° ˆ°á–

2+1

(c) 45.24 ò¢!üÜ˛ §ÇáƒyˆÏÜ˛ !mÜ˛ §ÇáƒyˆÏï˛ ˛õ!Ó˚Óï≈˛ö Ü˛Ó˚– 2

(d) ö#ˆÏã˛Ó˚ Ó%!°Î˚yö §ü#Ü˛Ó˚î!ê˛ ≤Ãüyî Ü˛Ó˚–

.A A B A B  

2

_____________


