
Prepared by: M. S. KumarSwamy, TGT(Maths)                                                                Page - 1- 

KENDRIYA VIDYALAYA GACHIBOWLI, GPRA CAMPUS, HYD–32   
SAMPLE PAPER TEST 04 FOR BOARD EXAM (2022-23) 

(ANSWERS) 
SUBJECT: PHYSICS       MAX. MARKS : 70 
CLASS : XII        DURATION: 3 HRS  
General Instructions: 
1. There are 35 questions in all. All questions are compulsory 
2. This question paper has five sections: Section A, Section B, Section C, Section D and Section E. 

All the sections are compulsory. 
3. Section A contains eighteen MCQ of 1 mark each, Section B contains seven questions of two 

marks each, Section C contains five questions of three marks each, section D contains three long 
questions of five marks each and Section E contains two case study based questions of 4 marks 
each. 

4. There is no overall choice. However, an internal choice has been provided in section B, C, D and 
E. You have to attempt only one of the choices in such questions. 

5. Use of calculators is not allowed. 
 

SECTION – A 
 Questions 1 to 18 carry 1 mark each. 

 
1. A metallic shell has a point charge q kept inside a cavity. Which one of the following diagrams 

correctly represents the electric lines of force? 

 
Ans: (b) Electric field is zero within the metal, so there should be no line of force within metal 
and lines are always normal to equipotential surface. 
 

2. An electron is released from rest in a region of uniform electric and magnetic fields acting 
parallel to each other. The electron will 
(a) move in a straight line.  (b) move in a circle. 
(c) remain stationary.   (d) move 1n a helical path. 
Ans: (a) move in a straight line. 
 

3. Which of the following statements is correct? 
(a) Magnetic field lines do not form closed loops. 
(b) Magnetic field lines start from north pole and end at south pole of a magnet. 
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(c) The tangent at a point on a magnetic field line represents the direction of the magnetic field at 
that point. 
(d) Two magnetic field lines may intersect each other. 
Ans: (c) The tangent at a point on a magnetic field line represents the direction of the magnetic 
field at that point. 
Properties of magnetic field lines: 
(i) Magnetic field lines forms closed loops which starts from north pole and end at south pole 
from outside of the magnet and directed south to north pole inside the magnet. 
(ii) The tangent at a point on a magnetic field lines represents the direction of the magnetic field 
at that point. 
(iii) Two magnetic field lines never intersect each other. 
 

4. The current in the primary coil of a pair of coils changes from 7A to 3A in 0.04 s. The mutual 
inductance between the two coils is 0.5 H. The induced emf in the secondary coil is 
(a) 50 V   (b) 75V   (c) 100 V   (d) 220 V 
Ans: (a) 50 V 

Emf induced in the secondary coil, 0.5(3 7) 0.5 4 50
0.04 0.04

die M V
dt

  
      

 
5. Three charges q, -q and q0, are placed as shown in figure. The magnitude of the net force on the 

charge q0, at point O is 
0

1
4

k


 
 

 
 

 

(a) 0  (b) 0
2

2kqq
a

  (c) 0
2

2kqq
a

  (d) 0
2

1
2

kqq
a

 

Ans: (c) 0
2

2kqq
a

 

 
6. The Electric flux through the surface  

 
(a) in Fig.(iv) is the largest. 
(b) in Fig.(iii) is the least. 
(c) in Fig.(ii) is same as Fig.(iii) but is smaller than Fig. (iv) 
(d) is the same for all the figures. 
Ans: (d) is the same for all the figures. 
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According to Gauss law, the electric flux () through the closed surface depends only on the 
amount of charge enclosed inside the surface. It does not depend on size and shape of the 
surface. 
Here, charge enclosed inside all the figures are same. 
So, electric flux will remain same. 
 

7. Dimensions of a block are l cm x l cm x 100 cm. If specific resistance of its material is 3 x 10-7  
Ω m, then the resistance between the opposite rectangular faces is 
(a) 3 x 10-9 Ω    (b) 3 x 10-7 Ω    (c) 3 x 10-5 Ω    (d) 3 x 10-3 Ω 

 
Ans: (b) 3 x 10-7 Ω 
 

8. The area of a square shaped coil is 10-2 m2. Its plane is perpendicular to a magnetic field of 
strength 10-3 T. The magnetic flux linked with the coil is 
(a) 10 Wb   (b) 10-5 Wb   (c) 105 Wb   (d) 100 Wb 
Ans: (b) 10-5 Wb 
 

9. According to Einstein's photoelectric equation, the graph between the kinetic energy of 
photoelectrons ejected and the frequency of incident radiation is  

 
Ans: (d) 
From Einstein photoelectric emission equation, Ek = hν – φ 
 

10. Given below are two statements labelled as Statement P and Statement Q: 
Statement P : A total reflecting prism is used to erect the inverted image without deviation. 
Statement Q : Rays of light incident parallel to base of prism emerge out as parallel rays. 
Select the most appropriate option: 
(a) P is true, but Q is false   (b) P is false, but Q is true 
(c) Both P and Q are true    (c) Both P and Q are false 
Ans: (a) P is true, but Q is false 
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The emergent beam is parallel to the incident beam. The rays do not suffer any deviation, only 
their order is reversed. So a total reflecting prism can be used as an erecting prism. 
 

11. A glass prism of refractive index 1-5 is immersed in water (refractive index 4/3), A light beam 
incident normally on the face AB (fig. shown) is totally reflected to reach the face BC if 

 
(a) sinθ > 8/9 (b) 2/3 < sinθ < 8/9 (c) sinθ ≤ 2/3 (d) none of the above 
Ans: (a) sinθ > 8/9 
By geometry, 90° – θ = 90° – α 
⇒ θ = α 

 
For total internal reflection at face AC, 

α = θ > C ⇒ sin θ > sin C  4 / 3 8sin sin
1.5 9

w

g

n
n

       

 
12. In Bohr's model of hydrogen atom, the total energy of the electron in nth discrete orbit is 

proportional to 
(a) n   (b) 1/n    (c) n2    (d) 1/n2  
Ans: (d) 1/n2  
 

13. The diagram shows the energy levels for an electron in a certain atom. The transition that 
represents the emission of a photon with the highest energy is 

 
(a) I   (b) II    (c) III    (d) IV 
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Ans: (c) III 
In emission line I, energy is absorbed and not emitted. While in the emission lines II, III and IV, 
energy is emitted. The line having maximum energy is III, because energy difference between 
successive levels decreases rapidly with increase of n. 
 

14. Consider sunlight incident on a slit of width 104 Å. The image seen through the slit shall 
(a) be a fine sharp slit white in colour at the center. 
(b) a bright slit white at the center diffusing to zero intensities at the edges. 
(c) a bright slit white at the center diffusing to regions of different colours. 
(d) only be a diffused slit white in colour.  
Ans: (a) be a fine sharp slit white in colour at the center. 
Wave length of visible light varies from 4000Å to 8000Å. As the width of slit is comparable to 
that of wavelength. Hence, diffraction occur at centre. So at the centre all colours appear i.e., 
mixing of colours from white patch of centre. 
 

15. The variation of induced emf (E) with time t in a coil if a short bar magnet is moved along its 
axis with a constant velocity is best represented as:  

 
Ans: (b) 
 
 

ASSERTION-REASON BASED QUESTIONS 
In the following questions, a statement of assertion (A) is followed by a statement of Reason (R). 
Choose the correct answer out of the following choices. 
(a) Both A and R are true and R is the correct explanation of A. 
(b) Both A and R are true but R is not the correct explanation of A. 
(c) A is true but R is false. 
(d) A is false but R is true. 
 
16. Assertion (A): When a charged particle moves in a circular path, it produces electromagnetic 

wave. 
Reason (R) : Charged particle has acceleration. 
Ans: (a) Both A and R are true and R is the correct explanation of A. 
The circular motion of charged particle is an accelerated motion and an accelerated charge emits 
electromagnetic wave. 
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17. Assertion (A): If a proton and an electron a replaced in the same uniform electric field, they 
experience different acceleration. 
Reason (R): Electric force on a test charge is independent of its mass. 
Ans: (b) Both A and R are true but R is not the correct explanation of A. 
Force on a proton and an electron in a uniform electric field is same because magnitude of 
charge on both is exactly the same. 
 

18. Assertion (A) : Thermonuclear fusion reactions may become the source of unlimited power for 
the mankind. 
Reason (R): A single fusion event involving isotopes of hydrogen produces more energy than 

energy from nuclear fission of 
235
93

U  

Ans: (c) A is true but R is false. 
When fusion is achieved by raising the temperature of the system so that particles have enough 
kinetic energy to overcome the coulomb repulsive behaviour, it is called thermonuclear fusion. It 
is clean source of energy but energy released in one much more energy is released in a single 
fission than in a single fusion. 
 

SECTION – B 
Questions 19 to 25 carry 2 marks each. 

 
 

19. A slab of material of dielectric constant K has the same area as that of the plate of a parallel plate 
capacitor but has the thickness d/2, where d is the separation between the plates. Find out the 
expression for its capacitance when the slab is inserted between the plates of the capacitor.  
Ans: 

 
 

20. A charged particle enters perpendicularly a region having either (i) magnetic field or (ii) an 
electric field. How can the trajectory followed by the charged particle help us to know whether 
the region has an electric field or a magnetic field? Explain briefly. 
Ans: The path of the charged particle will be circular in a magnetic field. This is due to the 
reason that the force acting on the particle will be at right angles to the field as well as direction 
of motion, resulting in a circular trajectory. 
In the case of electric field, the trajectory of the particle will be determined by the equation 

2 21 1
2 2

qEs ut t s ut at
m

         
   

     

Where q and m are charge and mass of the particle, E is the electric field and s is the distance 
travelled by the particle in time t. Thus, the trajectory will be a parabolic path. 
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21. What are optical fibres? Mention their one practical application. 
Ans: Optical Fibre: An optical fibre is a device based on total internal reflection by which a 
light signal may be transmitted from one place to another with a negligible loss of energy. It is a 
very long and thin pipe of quartz (n = 1 .7) of thickness nearly ≈ 10–4 m coated all around with a 
material of refractive index 1.5. A large number of such fibres held together form a one end at a 
small angle of incidence, it suffers refraction from air to quartz and strikes the quartz-coating 
interface at an angle more than the critical angle and so suffers total internal reflection and 
strikes the opposite face again at an angle greater than critical angle and so again suffers total 
internal reflection. Thus the ray within the fibre suffers multiple total internal reflections and 
finally strikes the other end at an angle less than critical angle for quartz-air interface and 
emerges in air. 
As there is no loss of energy in total internal reflection, the light signal is transmitted by this 
device without any appreciable loss of energy. 
Application: Optical fibre is used to transmit light signal to distant places. 

 
 

22. A 100 W sodium lamp radiates energy uniformly in all directions. The lamp is located at the 
centre of a large sphere that absorbs all the sodium light which is incident on it. The wavelength 
of the sodium light is 589 nm. 
(i) What is the energy associated per photon with sodium light? 
(ii) At what rate are the photons delivered to the sphere? 
Ans: Given P = 100 W, λ = 589 nm = 589× 10– 9 m 

(i) Energy of one photon, 
34 8

19
9

6.63 10 3 10 3.38 10
589 10

hcE J







  
   


 

(ii) Number of photons (n) delivered to the sphere per second is given by 
20

19

100 3.0 10
3.38 10

PP nE n
E      


photons/second 

OR 
If light of wavelength 412.5 nm is incident on each of the metals given below, which ones will 
show photoelectric emission and why?  

Metal Work Function (eV) 
Na 1.92 
K 2.15 
Ca 3.20 
Mo 4.17 

Ans: The energy of the incident photon, 
34 8

9

6.63 10 3 10
412.5 10

hcE h J






  
  


 

17

19

0.048 10 3
1.6 10

eV eV
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Metals having work function less than energy of the incident photon will show photoelectric 
effect. Hence, only Na and K will show photoelectric emission. 
 

23. Distinguish between a metal and an insulator on the basis of energy band diagrams.  
Ans: 

Metals Insulators 
(i) Conduction band and valence band 
overlap each other. 

There is large energy gap between 
conduction band and valence band. 

(ii) Conduction band is partially filled and 
valence band is partially empty. 

Conduction band is empty. This is because 
no electrons can be excited to it from 
valence band. 

 
24. A rectangular wire frame, shown below, is placed in a uniform magnetic field directed upward 

and normal to the plane of the paper. The part AB is connected to a spring. The spring is 
stretched and released when the wire AB has come to the position A’ B’ (t = 0) How would the 
induced emf vary with time? Neglect damping. 

 
Ans: When the spring is stretched and released, the wire AB will execute simple harmonic 
(sinusoidal) motion. So, the displacement of wire AB at any instant will be 
x = – a cos ωt [at t = 0, x = –a] 
Magnetic flux linked with the loop at any instant, 
z(t) = BA = Blx = –Bla cosωt  [∵ A = lx] 

By Faraday’s law, emf induced across AB, ( ) ( cos )d dt Bla t
dt dt
       

= Blaω sin ωt = 0 sin ωt  [∵ 0 = Blaω] 
where a = BB′= AA′ is the amplitude of motion and ω is angular frequency. 
Clearly induced emf (t) Varies sinusoidally with time. 

OR 
(i) Two loops of different shapes are moved in the region of a uniform magnetic field pointing 
downward. The loops are moved in the directions shown by arrows. What is the direction of 
induced current in each loop?  
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(ii) Predict the polarity of the capacitor C connected to coil, which is situated between two bar 
magnets moving as shown in figure. 

 
Ans: (i) Loop abc is entering the magnetic field, so magnetic flux linked with it begins to 
increase. According to Lenz’s law, the current induced opposes the increases in magnetic flux, so 
current induced will be anticlockwise which tends to decrease the magnetic field. 
Loop defg is leaving the magnetic field; so flux linked with it tends to decrease, the induced 
current will be clockwise to produce magnetic field downward to oppose the decrease in 
magnetic flux. 
(ii) Current induced in coil will oppose the approach of magnet; therefore, left face of coil will 
act as N-pole and right face as S-pole. For this the current in coil will be anticlockwise as seen 
from left, therefore, the plate A of capacitor will be positive and plate B will be negative. 
 

25. A hydrogen atom initially in its ground state absorbs a photon and is in the excited state with 
energy 12.5 eV. Calculate the longest wavelength of the radiation emitted and identify the series 
to which it belongs. [Take Rydberg constant, R = 1.1 x 107 m-1] 
Ans: Let ni and nf are the quantum numbers of initial and final states, then we have 

2 2
max

1 1 1

f i

R
n n

 
   

 
 

The energy of the incident photon = 12.5 eV. 
Energy of ground state = –13.6 eV 
∴ Energy after absorption of photon can be –1.1 eV. 
This means that electron can go to the excited state ni = 3. It emits photon of maximum 

wavelength on going to nf =2, therefore, 2 2
max max

1 1 1 1 5
2 3 36

R R
 

     
 

 

7
max 7

36 36 6.545 10
5 5 1.1 10R

     
 

= 6545 Å 

It belongs to Balmer Series. 
 

SECTION – C 
Questions 26 to 30 carry 3 marks each. 

 

26. A capacitor of unknown capacitance, a resistor of 100 Q and an inductor of self inductance 

2

4L


  
 

 henry are connected in series to an ac source of 200 V and 50 Hz. Calculate the value 

of the capacitance and impedance of the circuit when the current is in phase with the voltage. 
Calculate the power dissipated in the circuit.  

Ans: Capacitance, 5
2

2
2

1 1 1 2.5 104 40000(2 50)
C F F F

L 


    


 

Since V and I are in same phase 
Impedance = Resistance = 100 Ω 
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Power dissipated = 
2 2(200) 400

2 100
rmsE W W   

 
27. The focal length of a convex lens made of glass of refractive index (1.5) is 20 cm. What will be 

its new focal length when placed in a medium of refractive index 1.25? Is focal length positive or 
negative? What does it signify? 
Ans: Given, aμg = 1.5 
Focal length of the given convex lens when it is placed in air is f = + 20 cm 
Refractive index of the given medium with respect to air is aμm = 1.25 
New focal length of the given convex lens when placed in a medium is  

1 2

1 1 1( 1)a
gf R R


 

   
 

  ...(i) 

1 2

1 1 1( 1)
'

m
gf R R


 

   
 

  ...(ii) 

Dividing (i) by (ii), we get 
( 1)' 1.5 1 0.5 2.5
( 1) 1.2 1 0.2

a
g

m
g

f
f




 
   

 
 

∴ f' = 2.5f = (2.5 × 20) cm = +50 cm as 1.5 1.2
1.25

gm
g

m





    

New focal length is positive. 
The significance of the positive sign of the focal length is that given convex lens is still 
converging in the given medium. 
 

28. (i) An infinitely long positively charged straight wire has a linear charge density λ cm-1. An 
electron is revolving around the wire as its centre with a constant velocity in a circular plane 
perpendicular to the wire. Deduce the expression for its kinetic energy. 
(ii) Plot a graph of the kinetic energy as a function of charge density A.  
Ans: (i) Infinitely long charged wire produces a radical electric field. 

02
E

r



  ... (i) 

 
The revolving electron experiences an electrostatic force and provides necessarily centripetal 
force. 

2mveE
r

   ... (ii) 

2
2

0 02 2
e mv emv

r r
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Kinetic energy of the electron, 2

0

1
2 4

eK mv 


   

(ii) 

 
 

29. If N drops of same size each having the same charge, coalesce to form a bigger drop. How will 
the following vary with respect to single small drop? 
(i) Total charge on bigger drop 
(ii) Potential on the bigger drop 
(iii) Capacitance 
Ans: Let r, q and v be the radius, charge and potential of the small drop. 
The total charge on bigger drop is sum of all charge on small drops. 
(i) ∴ Q = Nq (where Q is charge on bigger drop) 

(ii) The volume of N small drops = 34
3

N r  

Volume of the bigger drop = 34
3

R  

Hence, 3 3 1/34 4
3 3

N r R R N r     

Potential on bigger drop, 
0

1
4

QV
R

   

2/3
2/3 2/3

0 0

1 1
4 4

N q q N N v
r r 

       
0

1
4

qv
r

 
  

 
  

(iii) Capacitance = 4πε0R = 4πε0N1/3r = N1/3 (4πε0r) 
= N1/3C [where C is capacitance of the small drop] 

OR 
Two identical parallel plate capacitors A and B are connected to a battery of V volts with the 
switch S closed. The switch is now opened and the free space between the plates of the 
capacitors is filled with a dielectric of dielectric constant K. Find the ratio of the total 
electrostatic energy stored in both capacitors before and after the introduction of the dielectric.  
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Ans: Two capacitors are connected in parallel. Hence, the potential on each of them remains the 
same. So, the charge on each capacitor is QA = QB = CV 

Formula for energy stored = 
2

21 1
2 2

QCV
C

  

Net capacitance with switch S closed = C + C = 2C 

∴ Energy stored = 2 21 2
2

C V CV    

After the switch S is opened, capacitance of each capacitor = KC 
In this case, voltage only across A remains the same. 

The voltage across B changes to '
'

Q QV
C KC

   

∴ Energy stored in capacitor 21
2

A KCV  

Energy stored in capacitor 
2 2 2 21 1 1

2 2 2
Q C V CVB
KC KC K

    

∴ Total energy stored 
2 2

2 2 21 1 1 1 1 1
2 2 2 2

CV KKCV CV K CV
K K K

         
   

 

Required ratio
2

2 2 2

2 2
( 1) ( 1)

CV K K
CV K K

 
 

 

 

30. In a plane electromagnetic wave, the electric field oscillates sinusoidally at a frequency of 2.0 x 
1010 Hz and amplitude 48 V/m. 
(i) What is the wavelength of a wave? 
(ii) What is the amplitude of the oscillating magnetic field? 
(iii) Show that the average energy density of the electric field equals the average energy density 
of the magnetic field. [c = 3 x 108 m/s] 

Ans: (i) Wavelength, 
8

2
10

3 10 1.5 10
2 10

c m
v

 
   


 

(ii) 70
0 8

48 1.6 10
3 10

EB tesla
c

   


 

(iii) Energy density of electric field is 2
0

1
2EU E …(i) 

Energy density of Magnetic field is 2

0

1
2BU B


  …(ii) 

where ε0 is permittivity of free space and μ0 is permeability of free space 
We have, E cB   ...(iii) 

∴ 2 2 2
0 0

1 1( )
2 2EU cB c B     

 
 

But 
0 0

1c
 

  

2 2
0

0 0 0

1 1 1
2 2E E BU B B U U

  
      
 

 

OR 
A parallel plate capacitor (fig.) made of circular plates each of radius R = 6.0 cm has a 
capacitance C = 100 pF. The capacitor is connected to a 230 V ac supply with an angular 
frequency of 300 rad/s.  
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(i) What is the rms value of the conduction current? 
(ii) Is conduction current equal to the displacement current? 
(iii) Determine the amplitude of magnetic field induction B at a point 3.0 cm from the axis 
between the plates. 
Ans: Given R = 6.0 cm, C=100 pF = 1 × 10–10 F, w = 300 rad/s, Vrms = 230 V 

(i) Impedance of circuit Z = capacitance reactance, 1
CX

C
  

Root mean square current, rms
rms rms

VI V C
Z

    

= 230 × 300 × 10–10 
= 6.9 × 10–6 A = 6.9 μA 
(ii) Yes, the conduction current is equal to the displacement current. 
(iii) The whole space between the plates occupies displacement current which is equal in 
magnitude to the conduction current. 

Magnetic field, 0
22

IrB
R




  

Here r = 3 cm = 3×10–2 m, R = 6 cm = 6 × 10–2 m 
Amplitude of displacement current = Peak value of conduction current = 0 2rmsI I  

Amplitude of magnetic field, 0 0 0
2 2

2
2 2

rmsI r I rB
R R

 
 

   

7 6 2
11

2 2

4 10 6.9 10 1.41 3 10 1.63 10
2 (6 10 )

T


  




     
  

 
 

 

SECTION – D 
Questions 31 to 33 carry 5 marks each. 

 
31. State the working of ac generator with the help of a labelled diagram. The coil of an ac generator 

having N turns, each of area A, is rotated with a constant angular velocity . Deduce the 
expression for the alternating emf generated in the coil. What is the source of energy generation 
in this device? 
Ans: AC generator: A dynamo or generator is a device which converts mechanical energy into 
electrical energy. 
Principle: It works on the principle of electromagnetic induction. When a coil rotates 
continuously in a magnetic field, the effective area of the coil linked normally with the magnetic 
field lines, changes continuously with time. This variation of magnetic flux with time results in 
the production of an alternating emf in the coil. 
Construction: It consists of the four main parts: 
(i) Field Magnet: It produces the magnetic field. In the case of a low power dynamo, the 
magnetic field is generated by a permanent magnet, while in the case of large power dynamo, the 
magnetic field is produced by an electromagnet. 
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(ii) Armature: It consists of a large number of turns of insulated wire in the soft iron drum or 
ring. It can revolve round an axle between the two poles of the field magnet. The drum or ring 
serves the two purposes: (a) It serves as a support to coils and (b) It increases the magnetic field 
due to air core being replaced by an iron core. 
(iii) Slip Rings: The slip rings R1 and R2 are the two metal rings to which the ends of armature 
coil are connected. These rings are fixed to the shaft which rotates the armature coil so that the 
rings also rotate along with the armature.  
(iv) Brushes: These are two flexible metal plates or carbon rods (B1 and B2) which are fixed and 
constantly touch the revolving rings. The output current in external load RL is taken through 
these brushes. 
Working: When the armature coil is rotated in the strong magnetic field, the magnetic flux 
linked with the coil changes and the current is induced in the coil, its direction being given by 
Fleming’s right hand rule. Considering the armature to be in vertical position and as it rotates in 
clockwise direction, the wire ab moves downward and cd upward, so that the direction of 
induced current is shown in fig. In the external circuit, the current flows along B1RLB2. The 
direction of current remains unchanged during the first half turn of armature. During the second 
half revolution, the wire ab moves upward and cd downward, so the direction of current is 
reversed and in external circuit it flows along B2RLB1. Thus the direction of induced emf and 
current changes in the external circuit after each half revolution. 

 
Expression for Induced emf: When the coil is rotated with a constant angular speed ω , the 
angle θ between the magnetic field vector B and the area vector A of the coil at any instant t is θ 
= ωt (assuming θ = 0° at t = 0). As a result, the effective area of the coil exposed to the magnetic 
field lines changes with time, the flux at any time t is 
φB= BA cos θ = BA cos ωt 
From Faraday’s law, the induced emf for the rotating coil of N turns is then,  

(cos )Bd dN NBA t
dt dt


      

Thus, the instantaneous value of the emf is ε = NBA ω sin ωt 
where NBAω=2πυNBA is the maximum value of the emf, which occurs when sin ωt = ±1.  
If we denote NBAω as ε0, then ε= ε0 sin ωt ⇒ ε = ε0 sin 2πnt 
where ν is the frequency of revolution of the generator’s coil. 
Obviously, the emf produced is alternating and hence the current is also alternating. Current 
produced by an ac generator cannot be measured by moving coil ammeter; because the average 
value of ac over full cycle is zero. 
The source of energy generation is the mechanical energy of rotation of armature coil. 
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OR 

(i) Draw a labelled diagram of a step-up transformer. Obtain the ratio of secondary to primary 
voltage in terms of number of turns and currents in the two coils. 
(ii) A power transmission line feeds input power at 2200 V to a step-down transformer with its 
primary windings having 3000 turns. Find the number of turns in the secondary to get the power 
output at 220 V. 
Ans: (i) Transformer: A transformer converts low voltage into high voltage ac and vice-versa.   
Let NP be the number of turns in primary coil, NS the number of turns in secondary coil and φ 
the magnetic flux linked with each turn. We assume that there is no leakage of flux so that the 
flux linked with each turn of primary coil and secondary coil is the same.  

 
According to Faraday’s laws the emf induced in the primary coil and emf induced in the 
secondary coil 

P PN
t
 

 


  …….  (i) 

and emf induced in the secondary coil 

S SN
t
 

 


  …….  (ii) 

From (i) and (ii), S S

P P

N
N




  

If the resistance of primary coil is negligible, the emf (εP) induced in the primary coil, will be 
equal to the applied potential difference (VP) across its ends. Similarly, if the secondary circuit is 
open, then the potential difference VS across its ends will be equal to the emf (εS) induced in it; 
therefore  

( )S S S

P P P

V N r say
V N




     

where S

P

Nr
N

  is called the transformation ratio. If iP and iS are the instantaneous currents in 

primary and secondary coils and there is no loss of energy; then 
For about 100% efficiency, Power in primary =Power in secondary 

1S P P
P P S S

P S S

i V NV i V i
i V N r

       …….  (iii) 

In step up transformer, NS > NP → r > 1; 
So VS > VP and iS < iP 



Prepared by: M. S. KumarSwamy, TGT(Maths)                                                                Page - 16
- 

i.e., step up transformer increases the voltage, but decreases the current. 
(ii) Given, VP = 2200 V, NP = 3000 turns, VS = 220 V 

We have, 220 3000 300
2200

S S S
S P

P P P

V N VN N turns
V N V

         

 
32. (i) Define electric flux. Write its SI unit. 

(ii) “Gauss’s law in electrostatics is true for any closed surface, no matter what its shape or size 
is.” Justify this statement with the help of a suitable example. 
(iii) A point charge + 10 C is at a distance 5 cm directly above the centre of a square of side 10 
cm as shown in figure. What is the magnitude of the electric flux through the square?  

 
Ans: (i) Total number of electric field lines crossing a surface normally is called electric flux. Its 
SI unit is Nm2C–1 or Vm. 
(ii) According to Gauss theorem, the electric flux through a closed surface depends only on the 
net charge enclosed by the surface and not upon the shape or size of the surface. 
For any closed arbitrary shape of the surface enclosing a charge the outward flux is the same as 
that due to a spherical Gaussian surface enclosing the same charge. 
Justification: This is due to the fact that  
(a) electric field is radial and 

(b) the electric field 2

1E
R

  

Thus, electric field at each point inside a charged thin spherical shell is zero. 
(iii) Obviously the given square ABCD of side 10 cm is one face of a cube of side 10 cm. At 
the centre of this cube a charge + q =10 μC is placed. 

 
According to Gauss’s theorem, the total electric flux through the six faces of cube 

0

q


  

∴ Total electric flux through square
6

5 2 1
12

0

1 1 10 10 1.88 10
6 6 8.85 10

q Nm C








    


 

OR 
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(i) Consider a system of n charges q1, q2, ... qn, with position vectors relative 1 2 3, , ,..... nr r r r
   

 to 

some origin ‘O’. Deduce the expression for the net electric field E


 at a point P with position 
vector pr


, due to this system of charges. 

(ii) Two charges of value 2 C and -50 C are placed 80 cm apart. Calculate the distance of the 
point from the smaller charge where the intensity is zero. 
Ans: Electric field due to a system of point charges. 
Consider a system of n charges q1, q2, ... qn, with position vectors relative 1 2 3, , ,..... nr r r r

   
 to some 

origin ‘O’. We wish to determine the electric field at point P whose position vector is r


. 
According to Coulomb’s law, the force on charge q0 due to charge q1 is 

1 0
11 2

0 1

1
4

p

p

q qF r
r


   

where 1 pr is a unit vector in the direction from q1 to P and r1P is the distance between q1 and P. 

Hence the electric field at point P due to charge q1 is 1 1
11 2

0 0 1

1
4

p

p

F qE r
q r

 

   

Similarly, electric field at P due to charge q2, 2
22 2

0 2

1
4

p

p

qE r
r


   

According to the principle of superposition of electric fields, the electric field at any point due to 
a group of point charges is equal to the vector sum of the electric fields produced by each charge 
individually at that point, when all other charges are assumed to be absent. Hence, the electric 
field at point P due to the system of n charges is 

1 2 ...... nE E E E   
   

 

1 2
1 22 2 2

0 1 0 2 0

1 1 1......
4 4 4

n
p p np

p p np

qq qE r r r
r r r  

    
     

2
10

1
4

n
i

ip
i ip

qE r
r 

  
   

(ii) The electric field cannot be zero at a point between the charges because the two charges are 
of opposite signs. The electric field cannot be zero at a point to the right of B because magnitude 
of charge at B is of opposite sign and is greater in magnitude than the charge at A. 
Let the resultant electric field be zero at P located at a distance x metre to the left of point A. 
∴ AP = x metre and BP = (x + 0.8) m 
EA = EB 

6 6 2
2

2 2

2 10 50 10 ( 0.8)
( 0.8) 25

xk k x
x x

   
   


 

( 0.8)
5

xx 
    ⇒ 5x = ±(x + 0.8)g 

⇒ 5x = x + 0.8 or 5x = – x – 0.8 ⇒ 4x = 0.8 or 6x = –0.8 
⇒ x = 0.2 m or x = –0.8/6 ⇒ x = 0.2 m = 20 cm 
The negative answer is not possible because in that case P will lie between the charges. 
Therefore, x = 20 cm. 
 

33. Draw a circuit diagram of a full wave rectifier. Explain the working principle. Draw the 
input/output waveforms indicating clearly the functions of the two diodes used. 
Ans: Rectification: Rectification means conversion of ac into dc. A p-n diode acts as a rectifier 
because an ac changes polarity periodically and a p-n diode allows the current to pass only when 
it is forward biased. This makes the diode suitable for rectification. Working: The ac input 
voltage across secondary S1 and S2 changes polarity after each half cycle. Suppose during the 
first half cycle of input ac signal, the terminal S1 is positive relative to centre tap O and S2 is 
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negative relative to O. Then diode D1 is forward biased and diode D2 is reverse biased. 
Therefore, diode D1 conducts while diode D2 does not. The direction of current (i1) due to diode 
D1 in load resistance RL is directed from A to B  

 
In next half cycle, the terminal S1 is negative and S2 is positive relative to centre tap O. The 
diode D1 is reverse biased and diode D2 is forward biased. Therefore, diode D2 conducts while 
D1 does not. The direction of current (i2) due to diode D2 in load resistance RL is still from A to 
B. Thus, the current in load resistance RL is in the same direction for both half cycles of input ac 
voltage. Thus, for input ac signal the output current is a continuous series of unidirectional 
pulses. 
 
In a full wave rectifier, if input frequency is f hertz, then output frequency will be 2f hertz 
because for each cycle of input, two positive half cycles of output are obtained. 

OR 
(i) Distinguish between an intrinsic semiconductor and a p-type semiconductor. Give reason why 
a p-type semiconductor is electrically neutral, although nh >> ne. 
(ii) A semiconductor has equal electron and hole concentration of 2 x 108 m-3. On doping with a 
certain impurity, the hole concentration increases to 4x 1010 m-3, 
(a) What type of semiconductor is obtained on doping? 
(b) Calculate the new electron and hole concentration of the semiconductor. 
(c) How does the energy gap vary with doping?  
Ans: (i)  

Intrinsic semiconductor p-type semiconductor 
(i) It is a semiconductor in pure form.  It is a semiconductor doped with trivalent 

impurity atoms (Like Al, Ga, etc.). 
(ii) Intrinsic charge carriers are electrons 
and holes with equal concentration. 

There is excess of holes in p-type 
semiconductors as majority charge carrier. 

(iii) Current due to charge carriers is 
feeble (of the order of μA). 

Current due to charge carriers is significant 
(of the order of mA). 

When the trivalent impurities are doped in to the tetravalent pure semiconductor like Si or Ge 
then the fourth electron of the Si or Ge needs to be bounded then the electron in the outermost 
shell of the Si or Ge can jump in to the vacancy and create hole on its own atom. But the number 
of the electrons and holes are same in magnitude and apposite in sign. Hence a p-type 
semiconductor is electrically neutral. 
(ii) Given ne = 2 × 108 / m3, nh = 4 × 1010 / m3 
(a) The majority charge carriers in doped semiconductor are holes, so semiconductor obtained is 
p-type semiconductor. 

(b) 
2 8 2

2 6 3
10

(2 10 ) 10 /
4 10

i
e h i e

h

nn n n n m
n


    


 

New electron concentration = 106 / m3 
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hole concentration = 4 × 1010 / m3 
(c) Energy gap decreases on doping. 
 

SECTION – E(Case Study Based Questions) 
Questions 34 to 35 carry 4 marks each. 

 
34. Case-Study 1:  

Read the following paragraph and answer the questions.  
The Bohr Atom 
Rutherford's model of the atom, although strongly supported by evidence for the nucleus, is 
inconsistent with classical physics. An electron moving ina circular orbit round a nucleus is 
accelerating and according to electromagnetic theory it should emit radiation continuously and so 
lose energy. If this happened the radius of the orbit would decrease and the electron would spiral 
into the nucleus. Evidently either this model of the atom or the classical theory of radiation 
requires modification. 

 
In 1913, in an effort to overcome this paradox, Bohr, drawing inspiration from the success of the 
quantum theory in solving other problems involving radiation and atoms, made two 
revolutionary suggestions. 
Electrons can revolve round the nucleus only in certain ‘allowed orbits’ and while they are in 
these orbits they do not emit radiation. An electron in an orbit has a definite amount of energy. It 
possesses kinetic energy because of its motion and potential energy on account of the attraction 
of the nucleus. Each allowed orbit is therefore associated with a certain quantity of energy, called 
the ‘energy of the orbit’, which equals the total energy of an electron in it. 
An electron can ‘jump’ from one orbit of energy E2 to another of lower energy E1 and the energy 
difference is emitted as one quantum of radiation of frequency f given by Planck's equation  
E2 – E1 = hf. 
(i) What is the value of angular momentum of electron in the second orbit of Bohr’s model of 
hydrogen atom? 
(ii) When an electron falls from a higher energy to a lower energy level, the difference in the 
energies appears in the form of electromagnetic radiation. Why cannot it be emitted as other 
forms of energy? 
(iii) Imagine removing one electron from He4 and He3. Their energy levels, as worked out on the 
basis of Bohr model will be very close. Explain why. 

OR 
(iii) When an electron jumps from 2nd stationary orbit of H-atom to 1st stationary orbit. How 
much energy is emitted? 

Ans: (i) The angular momentum of an orbiting electron = 
2
nh


 

Here, n = 2 
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Angular momentum = 2
2

h h
 
  

(ii) The electrons are charged particles. When an electron falls from a higher energy to a lower 
energy level, it accelerates. We know accelerating charged particle radiates energy in the form of 
electromagnetic radiation. 
(iii) Bohr model is applicable for hydrogen atom and some lighter atoms in which a single 
electron revolves around a stationary nucleus of positive charge Ze (called hydrogen like atom). 
If we remove one electron from He4 and He3, atoms contain one electron and becomes hydrogen 
like atoms. Now we can apply Bohr model to define the energy levels. 

OR 

(iii) As we know, energy of nth orbit, 2

13.6
nE eV

n
   

For n = 1, 1 2
13.6 13.6
(1)

E eV eV     

For n = 2,  2 2
13.6 3.4
(2)

E eV eV     

Now, energy emitted, ∆E = E2 – E1 = – 3.4 – (–13.6) = 10.2 eV 
 

35. Case-Study 2:  
Read the following paragraph and answer the questions 
Electron Drift 
An electric charge (electron, ions) will experience a force if an electric field is applied. If we 
consider solid conductors, then of course the atoms are tightly bound to each other so that the 
current is carried by the negative charged electrons. Consider the first case when no electric field 
is present, the electrons will be moving due to thermal motion during which they collide with the 
fixed ions. An electron colliding with an ion emerges with same speed as before the collision. 
However, the direction of its velocity after the collision is completely random. At a given time, 
there is no preferential direction for the velocities of the electrons. Thus, on an average, the 
number of electrons travelling in any direction will be equal to the number of electrons travelling 
in the opposite direction. So, there will be no net electric current. If an electric field is applied, 
the electrons will be accelerated due to this field towards positive charge. The electrons, as long 
as they are moving, will constitute an electric current. 
The free electrons in a conductor have random velocity and move in random directions. When 
current is applied across the conductor, the randomly moving electrons are subjected to electrical 
forces along the direction of electric field. Due to this electric field, free electrons still have their 
random moving nature, but they will move through the conductor with a certain force. The net 
velocity in a conductor due to the moving of electrons is referred to as the drift of electrons. 

 
(i) Define the term drift velocity of charge carriers in a conductor. Write its relationship with 
current flowing through it. 
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(ii) A steady current flow in a metallic conductor of non-uniform cross-section. Which of these 
quantities is constant along the conductor: current, current density, drift speed? 
 
(iii) A potential difference V is applied across the ends of copper wire of length l and diameter 
D. What is the effect on drift velocity of electrons if (i) V is halved? (ii) I is doubled? 

OR 
(iii) Two conducting wires X and Y of same diameter but different materials are joined in series 
across a battery. If the number density of electrons in X is twice that in Y, find the ratio of drift 
velocity of electrons in the two wires. 
Ans: (i) Drift velocity is defined as the average velocity acquired by the free electrons in a 
conductor under the influence of an electric field applied across the conductor. It is denoted by 
vd. 
Current, I = NeA vd 
(ii) Current remains constant throughout the metallic conductor. 
Current density J = I/A is not constant because cross-sectional area is a variable parameter. 

Drift velocity d
Iv

neA
  is not constant since 1

dv
A

  

(iii) (a) As dv V when V is halved the drift velocity is halved. 

(b) As 1
dv

l
 when l is doubled the drift velocity is halved. 

OR 
In series current is same, 
So, X Y dI I I neAv    
For same diameter, cross-sectional area is same 

X YA A A   

X Y x x y yI I n eAv n eAv     

Given, 12
2 2

y yx
x y

y x y

n nvn n
v n n

      

 
 
 


