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KENDRIYA VIDYALAYA GACHIBOWLI, GPRA CAMPUS, HYD–32   
SAMPLE PAPER TEST 07 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. In the circuit the galvanometer shows zero deflection. If the batteries A and B have negligible 

internal resistance, the value of resistance R will be 

 
(a) 100    (b) 200     (c) 500     (d) 1000  
Ans: (a) 100 
 

2. Which of the following has negative temperature coefficient of resistivity? 
(a) metal   (b) metal and semiconductor   (c) semiconductor (d) metal and alloy 
Ans: (c) semiconductor 
 

3. If an ammeter is to be used in place of a voltmeter, then we must connect with the ammeter a 
(a) low resistance in parallel  (b) low resistance in series 
(c) high resistance in parallel  (d) high resistance in series 
Ans: (d) high resistance in series 
 

4. Two parallel large thin metal sheets have equal surface densities 26.4 x 10-12 C/m2 of opposite 
signs. The electric field between these sheets is 
(a) 1.5 N/C   (b) 15 x 10-16 N/C  (c) 3 x 10-10 N/C  (d) 3 N/C 
Ans: (d) 3 N/C 
 

5. A charge moves with velocity v in a region where electric field E


 and magnetic field B


 both 
exist. The force on the particle is 
(a) ( )q v B

 
  (b) ( )qE q v B 

  
  (c) ( )qE q B r 

  
  (d) ( )qE q E v 

  
 

Ans: (b) ( )qE q v B 
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6. The direction of ray of light incident on a concave mirror is shown by PQ while directions in 

which the ray would travel after reflection is shown by four rays marked 1, 2, 3 and 4 (Fig. given 
below). Which of the four rays correctly shows the direction of reflected ray? 

 
(a) 1   (b) 2   (c) 3    (d) 4 
Ans: (b) 2 
 

7. A network of six identical capacitors, each of value C is made as shown in fig. The equivalent 
capacitance between points A and B is 

 
(a) C/4   (b) 3C/4   (c) 3C/2   (d) 4C/3 
Ans: (d) 4C/3 
 

8. The variation of magnetic susceptibility with the temperature of a ferromagnetic material can be 
plotted as 

 
Ans: (b) 
 

9. In a Young's double-slit experiment the fringe width is found to be 0.4 mm. If the whole 
apparatus is dipped in water of refractive index 4/3, without disturbing the arrangement, the new 
fringe width will be 
(a) 0.30 mm  (b) 0.40 mm   (c) 0.53 mm   (d) 0.2 mm 
Ans: (a) 0.30 mm 
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10. In an ac circuit the voltage and current are given by the following expressions V = V0 sin t and 
I = I0 cos t, where the symbols have their usual meaning. Which of the following statement is 
correct? 
(a) Voltage lead the current by a phase angle of /2. 
(b) Voltage lags behind the current by phase angle of . 
(c) Voltage and current are in phase. 
(d) Voltage lags behind the current by phase angle of /2. 
Ans: (d) Voltage lags behind the current by phase angle of /2. 
 

11. As shown in figure, P and Q are two co-axial conducting loops separated by some distance. 
When switch S is closed, a clockwise current IP flows in P (as seen by eye E) and an induced 
current IQ1 flows in Q. The switch S remains closed for a long time. When S is opened, a current 
IQ2 flows in Q. Then the directions of (as seen by eye E) are 

 
(a) respectively clockwise and anticlockwise 
(b) both clockwise 
(c) both anticlockwise 
(d) respectively anticlockwise and clockwise  
Ans: (d) respectively anticlockwise and clockwise  
 

12. Given below are two statements labelled as Statement P and Statement Q: 
Statement P: The resistance of an intrinsic semiconductor decreases with increases in 
temperature. 
Statement Q: The concentration of electrons becomes more than the concentration of holes in an 
intrinsic semiconductor when heated. 
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    (d) Both P and Q are false 
Ans: (c) Both P and Q are true 
 

13. Two identical junctions may be connected in series with a battery in three ways. The potential 
drops across the two junctions are equal in 

 
(a) circuits (1) and (2)    (b) circuits (2) and (3) 
(c) circuits (1) and (3)    (d) circuit (1) only 
Ans: (b) circuits (2) and (3) 
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14. The shape of the interference fringes in Young’s double slit experiment when D (distance 

between slit and screen) is very large as compared to fringe width is nearly 
(a) straight line (b) parabolic (c) circular (d) hyperbolic 
Ans: (a) straight line 
When the distance between the slits and the screen is D is large, the fringe width is nearly a 
straight line. 
 

15. An electron moves on a straight line path XY as shown. The abed is a coil adjacent to the path of 
electron. What will be the direction of current, if any, induced in the coil? 

 
(a) The current will reverse its direction as the electron goes past the coil 
(b) No current induced 
(c) abcd 
(d) adcb 
Ans: (a) The current will reverse its direction as the electron goes past the coil 
According to Lenz’s law, the current induced in coil will opposes the increasing magnetic field 
when electron pass the coil from X to Y. 
 

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): In the absence of an externally applied electric field, the displacement per unit 

volume of a polar dielectric material is always zero. 
Reason (R): In polar dielectrics, each molecule has a permanent dipole moment but these are 
randomly oriented in the absence of an externally applied electric field. 
Ans: (a) Both A and R are true and R is the correct explanation of A. 
In polar dielectrics, each molecule has a permanent dipole moment but these are randomly 
oriented in the absence of an externally applied electric field. 
 

17. Assertion (A): A ray of light is incident from outside on a glass sphere surrounded by air. This 
ray may suffer total internal reflection at second interface. 
Reason (R): If a ray of light goes from denser to rarer medium, it bends away from the normal. 
Ans: (b) Both A and R are true but R is not the correct explanation of A. 
They ray will suffer total internal reflection at second interface only if its angle of incidence is 
greater than the critical angle. 
 

18. Assertion (A): The resistance of a given mass of copper wire is inversely proportional to the 
square of length. 
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Reason (R): When a copper wire of given mass is stretched to increase its length, its cross-
sectional area also increases. 
Ans: (d) A is false but R is true. 
By stretching the conductor wire then its cross-section area decreases to keep volume of wire 
constant. But mass of the wire remain same. 
 

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

 
 

19. An object is kept in front of a concave mirror of focal length 15 cm. The image formed is real 
and three times the size of the object. Calculate the distance of the object from the mirror. 
Ans:  

 
OR 

Calculate the radius of curvature of an equi-concave lens of refractive index 1.5, when it is kept 
in a medium of refractive index 1.4, to have a power of -5D? 
Ans: 

 
 

20. Write Einstein’s photoelectric equation and point out any two characteristic properties of photons 
on which this equation is based. 
Ans: If radiation of frequency (ν) greater than threshold frequency (ν0) irradiate the metal 
surface, electrons are emitted out from the metal. So Einstein’s photoelectric equation can be 
given as 

2
max max 0

1
2

K mv hv hv    

Characteristic properties of photons: 
(i) Energy of photon is directly proportional to the frequency (or inversely proportional to the 
wavelength). 
(ii) In photon-electron collision, total energy and momentum of the system of two constituents 
remains constant. 
(iii) In the interaction of photons with the free electrons, the entire energy of photon is absorbed. 
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21. Two stable isotopes of lithium 6
3 Li and 7

3 Li have respective abundances of 7.5% and 92.5%. 
These isotopes have masses 6.01512 u and 7.01600 u respectively. Find the atomic weight of 
lithium. 
Ans:  

 
OR 

In a typical nuclear reaction, e.g., 
2 2 3
1 1 2 3.27H H He n MeV    , 
although number of nucleons is conserved, yet energy is released. How? Explain.  
Ans: In nuclear reaction 
2 2 3
1 1 2 3.27H H He n MeV    , 
Cause of the energy released: 
(i) Binding energy per nucleon of 3

2 He becomes more than the (BE/A) of 2
1H  

(ii) Mass defect between the reactant and product nuclei 
2 2 3 2

1 2[2 ( ) ( ) ( )]E mc m H m He m n c       

 
22. A long straight wire AB carries a current of 4 A. A proton P travels at 4 x 106 m/s parallel to the 

wire 0.2 m from it and in a direction opposite to the current as shown in the figure. Calculate the 
force which the magnetic field due to the current carrying wire exerts on  the proton. Also 
specify its direction. 

 
Ans:  

 
 



Prepared by: M. S. KumarSwamy, TGT(Maths)                                                                Page - 7- 

23. Explain briefly how electromagnetic waves are produced by an oscillating charge. How is the 
frequency of EM waves produced related to that of the oscillating charge? 
Ans: An oscillating or accelerated charge is supposed to be source of an electromagnetic wave. 
An oscillating charge produces an oscillating electric field in space which further produces an 
oscillating magnetic field which in turn is a source of electric field. These oscillating electric and 
magnetic field, hence, keep on regenerating each other and an electromagnetic wave is produced 
The frequency of EM wave = Frequency of oscillating charge. 
 

24. Explain the terms ‘depletion layer’ and ‘potential barrier’ in a p-n junction diode. How are the (i) 
width of depletion layer, and (ii) value of potential barrier affected when the p-n junction is 
forward biased?  
Ans: Depletion region: Due to the diffusion of electrons and holes across the junction, a region 
of (immobile) positive charge is created on the n-side and a region of (immobile) negative charge 
is created on the p-side, near the junction. This space charge region on either side of the junction 
together is known as depletion region. 
Barrier potential: It is formed due to loss of electrons from n-region and gain of electrons by p-
region. Its polarity is such that it opposes the movement of charge carriers across the junction. 
In forward biased (a) width of depletion layer decreases and (b) the value of barrier potential also 
decreases as V0 – V. 
 

25. A short bar magnet has a magnetic moment of 0.48 J/T. Find the magnitude and direction of the 
magnetic field produced by the magnet at a distance of 10 cm from the centre of magnet on (i) 
the axis, (ii) equatorial lines (normal bisector) of the magnet. 
Ans: 

 

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

 

26. Draw the magnetic field lines for a current carrying solenoid when a rod made of (i) copper, (ii) 
aluminium and (iii) iron are inserted within the solenoid as shown.  

 
Ans: (i) When a bar of diamagnetic material (copper) is placed in an external magnetic field, the 
field lines are repelled or expelled and the field inside the material is reduced. 
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(ii) When a bar of paramagnetic material (Aluminium) is placed in an external field, the field 
lines gets concentrated inside the material and the field inside is enhanced. 

 
(iii) When a ferromagnetic material (Iron) is placed in an internal magnetic field, the field lines 
are highly concentrated inside the material. 

 
 

OR 
Write the expression for the magnetic moment ( M


) due to a planar square loop of side ‘l’ 

carrying a steady current I in a vector form. In the given figure this loop is placed in a horizontal 
plane near a long straight conductor carrying a steady current I1 at a distance 'l' as Shown. Give 
reasons to explain that the loop will experience a net force but no torque. Write the expression 
for this force acting on the loop. 

 
Ans: Magnetic moment due to a planar square loop of side l carrying current I is m I A

 
 

For square loop A = l2 
∴ 2m Il n


, where n  is unit vector normal to loop. 
Magnetic field due to current carrying wire at the location of loop is directed downward 
perpendicular to plane of loop. Since the magnetic moment is parallel to area vector hence torque 
is zero. 
Force on QR and SP are equal and opposite, so net force on these sides is zero. 
Force on side PQ, 1PQF Il B 
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27. The energy levels of a hypothetical atom are shown alongside. Which of the shown transitions 
will result in the emission of a photon of wavelength 275 nm? Which of these transitions 
correspond to emission of radiation of (i) maximum and (ii) minimum wavelength? 

 
Ans: 

 
 

28. Explain with a proper diagram how an ac signal can be converted into dc (pulsating) signal with 
output frequency as double than the input frequency using p-n junction diode. Give its input and 
output waveforms. 
Ans: A junction diode allows current to pass only when it is forward biased. So, if an alternating 
voltage is applied across a diode the current flows only in that part of the cycle when the diode is 
forward biased. This property is used to rectify alternating voltages and the circuit used for this 
purpose is called a rectifier. 
Circuit Diagram 

 
Input and output waveforms. 
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29. Three concentric metallic shells A, B and C of radii a, b and c (a < b < c) have surface charge 

densities +σ, -σ and +σ respectively as shown in the figure. If shells A and C are at the same 
potential, then obtain the relation between the radii a, b and c. 

 
Ans: 
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30. In an experimental arrangement of two coils C1 and C2 placed coaxially parallel to each other, 

find out the expression for the emf induced in the coil C1 (of N1 turns) corresponding to the 
change of current I, in the coil C2 (of N2 turns). 
Ans: 

 
It shows that varying current in a coil induces emf in the neighbouring coil. 

OR 
A device X is connected to an ac source. The variation of voltage, current and power in one 
complete cycle is shown in the figure.  

 
(i) Which curve shows power consumption over a full cycle? 
(ii) What is the average power consumption over a cycle? 
(iii) Identify the device ‘X’. 
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Ans: (i) A 
(ii) Zero 
(iii) L or C or LC Series combination of L and C 
 

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

 
31. A 2uF capacitor, 100  resistor and 8 H inductor are connected in series with an ac source. 

(i) What should be the frequency of the source such that current drawn in the circuit is 
maximum? What is this frequency called? 
(ii) If the peak value of emf of the source is 200 V, find the maximum current. 
(iii) Draw a graph showing variation of amplitude of circuit current with changing frequency of 
applied voltage in a series LCR circuit for two different values of resistance R1 and R2 (R1 > R2). 
(iv) Define the term ‘Sharpness of Resonance’. Under what condition, does a circuit become 
more selective? 
Ans:  

 
Circuit is more selective if it has greater value of sharpness. The circuit should have smaller 
bandwidth Δ. 

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. 
Construction: It consists of laminated core of soft iron, on which two coils of insulated copper 
wire are separately wound. These coils are kept insulated from each other and from the iron-core, 
but are coupled through mutual induction. The number of turns in these coils are different. Out of 
these coils one coil is called primary coil and other is called the secondary coil. The terminals of 
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primary coils are connected to ac mains and the terminals of the secondary coil are connected to 
external circuit in which alternating current of desired voltage is required. Transformers are of 
two types: 

 
1. Step up Transformer: It transforms the alternating low voltage to alternating high voltage 
and in this the number of turns in secondary coil is more than that in primary coil (i.e., NS > NP). 
2. Step down Transformer: It transforms the alternating high voltage to alternating low voltage 
and in this the number of turns in secondary coil is less than that in primary coil (i.e., NS < NP). 
Working: When alternating current source is connected to the ends of primary coil, the current 
changes continuously in the primary coil; due to which the magnetic flux linked with the 
secondary coil changes continuously, therefore the alternating emf of same frequency is 
developed across the secondary. 
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 

 
From (i) and (ii) 

 
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 differenceVS across its ends will be equal to the emf (εS) induced in it; 
therefore 

 
where r = NS/NP 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 
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(ii) Given, VP = 2200 V, NP = 3000 turns, VS = 220 V 

 
 
32. (i) Give a brief description of the basic elementary process involved in the photoelectric emission 

in Einstein’s picture. 
(i) Light of wavelength 2500 Å falls on a metal surface of work function 3.5 eV. What is the 
kinetic energy (in eV) of (a) the fastest and (b) the slowest electronic emitted from the surface? 
If the same light falls on another surface of work function 5.5 eV, what will be the energy of 
emitted electrons? 
Ans: (i) Einstein’s Explanation of Photoelectric Effect: 
Einstein explained photoelectric effect on the basis of quantum theory. The main points are 
1. Light is propagated in the form of bundles of energy. Each bundle of energy is called a 
quantum or photon and has energy hν where h = Planck’s constant and ν = frequency of light. 
2. The photoelectric effect is due to collision of a photon of incident light and a bound electron 
of the metallic cathode. 
3. When a photon of incident light falls on the metallic surface, it is completely absorbed. Before 
being absorbed it penetrates through a distance of nearly 10–8 m (or 100 Å). The absorbed photon 
transfers its whole energy to a single electron. 

 
The energy of photon goes in two parts: a part of energy is used in releasing the electron from 
the metal surface (i.e., in overcoming work function) and the remaining part appears in the form 
of kinetic energy of the same electron. If ν be the frequency of incident light, the energy of 
photon = hν. If W be the work function of metal and EK the maximum kinetic energy of 
photoelectron, then according to Einstein’s explanation. 
hν = W + EK 
or EK = hν – W ...(i) 
This is called Einstein’s photoelectric equation. 
If ν0 be the threshold frequency, then if frequency of incident light is less then ν0 no electron will 
be emitted and if the frequency of incident light be ν0 then EK = 0; so from equation (i) 
0 = hν0 – W or W = hν0 
If λ0 be the threshold wavelength, then ν0 = c/λ0 
where c is the speed of light in vacuum 
∴ Work function W = hν0 = hc/λ0  ...(ii) 
Substituting this value in equation (i), we get 

EK = hν – hν0 ⇒ 1
2

mv2 = hν – hν0 ...(iii) 

This is another form of Einstein’s photoelectric equation. 
(ii) Wavelength of incident radiation ( λ ) = 2500 Å 
Work function (W) = 3·5 eV 
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According to Einstein’s photoelectric equation, 

 
(a) KE of fastest electron = 1· 47 eV 
(b) KE of slowest electron= 0 eV 
If the same light (having energy 4. 97 eV) falls on the surface (of work function 5.5 eV), then no 
photoelectrons will emit. 

OR 
(i) State Bohr postulate of hydrogen atom that gives the relationship for the frequency of emitted 
photon in a transition. 
(ii) When four hydrogen nuclei combine to form a helium nucleus, estimate the amount of 
energy in MeV released in this process of fusion. (Neglect the masses of electrons and neutrinos) 
Given: 
(a) mass of 1

1H =1.007825 u 
(b) mass of helium nucleus = 4.002603 u, 1 u = 931 MeV/c2 
Ans: (i) Bohr’s postulate: It states that an electron might make a transition from one of its 
specified non-radiating orbits to another of lower energy. When it does so, a photon is emitted 
having energy equal to the energy difference between the initial and final states. The frequency 
of the emitted photon is given by 
hν = Ei –Ef 
where Ei and Ef are the energies of the initial and final states and Ei > Ef . 
(ii) Energy released =Δm × 931 MeV 
Δm =4m ( 1

1H ) – m( 4
2 He )  

Energy released (Q) = [4m( 1
1H ) – m( 4

2 He )] × 931 MeV 
= [4 × 1.007825 – 4.002603] × 931 MeV = 26.72 MeV 
 

33. A charge is distributed uniformly over a ring of radius ‘a’. Obtain an expression for the electric 
intensity E at a point on the axis of the ring. Hence show that for points at large distances from 
the ring, it behaves like a point charge. 
Ans: Given a charge uniformly distributed over a ring of radius  ′a′. We have to find electric field 
intensity E at a point on the axis of ring. 
Let λ be the linear density of ring. Let P be a point on the axis of ring at a distance x from the 
center of the ring. Consider a small element of length dl distant r from point P. Charge on the 
element dq = λdl 
Let this element be considered a point charge, then electric field intensity due to this element at 
point P is given by,  
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2 2
0 0

1 1 ( )
4 r 4 r

dq dldE dq dl 
 

      

2 2 2,r x aNow   (from right angled ΔAOP ) 2 2
0

1
4 (x a )

dldE 





where dE makes an angle θ with the 

axis of the ring. Resolve dE into two components: 
i) dEcosθ parallel to the axis of the ring. 
ii) dEsinθ perpendicular to axis of ring. 
The ring consists of many such elements. Each element in the ring gives rise to the electric field 
intensity dE having horizontal and vertically components at point P. Horizontal components (dEcosθ) due 
to all elements are added up as they are in the same direction. However, dEsinθ component of electric 
field due to one element is cancelled by dEsinθ component due to element opposite to this element as 
they are equal and opposite in direction. 
Therefore, net electric field intensity at P due to charge on the ring is:

 

E cos cos
 whole ring

EdE dE     

(∵ elements are very small in size and very large in number)Using equation (i), we have  

2 2
0 

1E cos
4 (x a ) whole ring

dl 



  

From ΔAOP,  2 2 1/2cos
( )

x x
r x a

  


 

2 2 2 2 1/2
0 

1 xE
4 (x a ) (x a ) whole ring

dl


 
   2 2 3/2

0  

x
4 (x a )  whole ring





   

Now, 
  whole ring

dl   circumference of ring =2πa 

2 2 3/2
0

xE 2 a
4 (x a )

 


  


 

But, λ(2πa) = total charge on the ring = q  

2 2 3/2
04 ( )

qxE
x a

 


 

Direction of total field intensity is along the axis of the ring. 

When x >> a, then x2 + a2 ≈ x2then, 2
0

1 qE
4 x

  along OP 

This expression is same as the electric field intensity due to a point charge at a distance x from the point 
charge q. Thus, ring behaves like a point charge if the point of observation is far away from the ring as 
compared to the radius of the ring. 

OR 
State Gauss theorem in electrostatics. Apply this theorem to obtain the expression for the electric 
field at a point due to an infinitely long, thin, uniformly charged straight wire of linear charge 
density  C/m. 
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Ans: Gauss Theorem: It states that the total electric flux through a closed surface is equal to 
times the net charge enclosed by the surface 
Electric field due to infinitely long, thin and uniformly charged straight wire: Consider an infinitely long 
line charge having linear charge density λ coulomb metre−1 (linear charge density means charge per unit 
length). To find the electric field strength at a distance r, we consider a cylindrical Gaussian surface of 
radius r and length 1 coaxial with line charge. The cylindrical Gaussian surface may be divided into three 
parts: 
(i) Curved surface S1 (ii) Flat surface S2 and (iii) Flat surface S3. 

 
By symmetry, the electric field has the same magnitude E at each point of curved surface S1 and is 
directed radially outward. 
We consider small elements of surfaces S1, S2 and S3. The surface element vector dS1 is directed along 
the direction of electric field (i.e., angle between E and dS1 is zero); the elements dS2 and dS3 are directed 
perpendicular to field vector E (i.e., angle between dS2 and E is 90∘ and so also angle between dS3
 and E). 
Electric Flux through the cylindrical surface 

21 3

2 3

S S S S

1E E E EdS dS dS dS     
      

∮ ∮ +∮ ∮  

21 3

0 0 0
1 2 3cos 0 cos90 cos90

S S S S

E dS E EdS dS E dS      


∮ ∮ ∮ ∮  

1E S 0 0d    

1E dS ∮  (since electric field E is the same at each point of curved surface) 

=E2πrl (since area of curved surface =2πrl) 
As λ is charge per unit and length of cylinder is l therefore, charge enclosed by assumed surface = 
(λl) 
∴ By Gauss's theorem 

0

1E    dS charge enclosed  



 

0 0

1E.2 ( l) E
2n r

rl     
 

 

Thus, the electric field strength due to a line charge is inversely proportional to r. 
 
 

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 Parallel-Plate Condensator 
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A condensator is a device that stores electrical energy in an electric field. It is a passive 
electronic component with two terminals. Condenser or condensator are commercial names of 
capacitor. The effect of a capacitor is known as capacitance. Today capacitors (condensator) are 
widely used in electronic circuits for blocking dc current while allowing ac current to pass. In 
electric power transmission system, they stablize voltage and power flow. The property of 
energy storage in capacitor was exploited as dynamic memory in early digital computers, and 
still in modern DRAM.  

 
The simplest model of capacitor consists of two thin parallel conductive plates each with an area 
filled with a dielectric with permittivity . It is assumed that the gap d is much smaller than the 
dimensions of the plates. Since, the separations between the plates is uniform over the plate area, 
the electric field between the plates E is constant and directed perpendicularly to the plate 
surface, except for an area near the edges of the plate where field decreases because the electric 
field lines bulge out of the sides of capacitor. 
(i) A parallel plate capacitor is charged. What happens when the plates are pulled apart? 
(ii) If a parallel plate capacitor has n number of interleaved plates, area of plates is A and 
separation between them is d. What would be the total capacitance of combined plate system? 
(iii) A capacitor of capacitance 1 F is filled with two dielectric of dielectric constant 4 and 6 (in 
Fig.) What would be the new capacitance? 

 
OR 

(iii) The plates of a parallel plate capacitor are 4 cm apart, the first plate is at 300 V and the 
second plate at - 100 V. What is the voltage at 3 cm from the second plate? 
Ans: (i) ∵ V = Ed, 
As E remains the same, so V increases as distance increases. 
(ii) For n number of plates in an interleaved capacitor, the total capacitance would be 

 
where C0 = 0A/d is the capacitance for a single plate and n is the number of interleaved plates. 
(iii) The arrangement is equivalent to a parallel combination of two capacitors, each with plate 
area A/2 and separation d, 
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OR 

 
 

35. Case-Study 2:  
Read the following paragraph and answer the questions 

Wave-Particle Duality of Matter 
Wave and particle light and other electromagnetic radiation sometimes act like wave and 
sometimes like particles. Interference and diffraction demonstrate wave behaviour, while 
emission and absorption of photons demonstrate the particle behaviour. In 1924, the French 
physicist Prince Louis Victor de Broglie put forward the bold hypothesis that moving particles of 
matter should display wave-like properties under suitable conditions. His reasoning, freely 
paraphrased, went like this: Nature loves symmetry. Light is dualistic in nature, behaving in 
some situations like waves and in other like particles. If nature is symmetric, this duality should 
also hold for matter. Electrons and protons, which we usually consider as particles may in some 
situations behave like wave. If a particle acts like a wave, it should have a wavelength and a 
frequency. The relation was proposed by de Broglie in his Ph.D. thesis for which he was 
awarded the Noble Prize in Physics in 1929. The wavelength is given by 

h
p

   

where þ in momentum of the particle and h is the Planck constant. This wavelength is known as 
the de Broglie wavelength of the particle. The dualism of matter is inherent in the de Broglie 
relation which contains a wave concept (A) and a particle concept (p). In fact, the equation also 

applies to light when light shows its photon character, each photon has a momentum hp


  

 

 
 

(i) State de-Broglie hypothesis. 
(ii) Are matter waves electromagnetic? Write de-Broglie equation. 
(iii) What consideration led de-Broglie to suggest that material particles can also show wave 
property? 

OR 
(iii) An electron is accelerated through a potential difference of 100 V. What is the de Broglie 
wavelength associated with it? To which part of the electromagnetic spectrum does this value of 
wavelength correspond? 
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Ans: (i) According to hypothesis of de Broglie “The atomic particles of matter moving with a 
given velocity, can display the wave like properties.” 

(ii) No, matter waves are not electromagnetic. The de-Broglie equation is h h
mv p

    

(iii) (a) Light is dualistic in nature i.e., it behaves as matter and wave both, so this duality should 
hold good for material particles also. 
(b) The two physical quantities which govern all the forms of physical universe are mass and 
energy. Matter (mass) can be converted into energy and vice versa. 

E = mc2 
OR 

(iii) de Broglie wavelength, 
2

h h
p meV


 
  
 

 

                       
This wavelength belongs to X-ray spectrum. 
 

 
 


