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Subject: PHYSICS 
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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 2 marks each, Section C contains five questions of 3 marks each, section D 

contains three long questions of 5 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. 

 

Q.No Question Marks  
SECTION A 

 

Q.1 The image below shows two examples of electric field lines. 

 

 
 

Which of the following statements is true? 

A. The electric fields in both I and II arise due to a single positive point 

charge located somewhere on the left. 

B. The electric fields in both I and II can be created by negative charges 

located somewhere on the left and positive charges somewhere on the 

right. 

C. The electric field in I is the same everywhere but the electric field in II 

becomes stronger as we move from left to right. 

D. As you move from left to right, the electric fields in both I and II 

become stronger. 

1 

Q.2 The capacitance of a capacitor is Co. It is connected to a battery of voltage V 

which charges the capacitor. With the capacitor still connected to the battery, a 

slab of dielectric material is introduced between the plates of the capacitor. 

 

1 



Which of the following explains the effect of the dielectric slab in the above 

situation? 

A. The electric field between the plates of the capacitor rises. 

B. The potential difference between the plates falls. 

C. The total charge on the capacitor increases. 

D. The ability of the capacitor to store charge decreases. 

Q.3 In a given region, electric potential varies with position as V(x)=3+2x2. 

Identify which of the following statements is correct. 

A. Potential difference between the two points x = 2 and x = -2 is 2 V. 

B. A charge of 1 C placed at x = 2 experiences a force of 6 N. 

C. The force experienced by the above charge is along +x - axis. 

D. The electric field in the given region is non-uniform along x - axis. 

1 

Q.4 Two statements are given-one labelled Assertion (A) and the other labelled 

Reason (R). 

  Select the correct answer to these questions from the codes (A), (B), (C), and 

(D) as given below. 

 

Assertion: As the temperature of a conducting wire increases, the drift velocity 

of the electrons also increases. 

Reason: With an increase in temperature, the average time of collision 

increases. 

A. Both A and R are true and R is the correct explanation of A. 

B. Both A and R are true and R is NOT the correct explanation of A. 

C. A is true but R is false. 

D. A is false and R is also false. 

1 

Q.5 A wire of length L carrying a current I can be turned into a circular loop of N 

turns. For what value of N, will the magnetic moment of this current-carrying 

loop be maximum? 

A. one  

B. 4πL 

C. infinite 

D. (Magnetic moment is a constant for a given L and is independent of N) 

1 

Q.6 A deuteron and an alpha particle move with the same kinetic energy under the 

effect of identical magnetic fields.   

What will be the ratio of the radii of their paths followed? 

A. 1 

B. √2 

C. 1/2 

1 



D. 2 

Q.7 Two blocks of different materials are placed in a uniform magnetic field B. The 

magnetic field lines passing through the two blocks are represented as follows. 

 

: 

 

Identify the suitable values of relative permeability μr and magnetic 

susceptibility χ for the materials I and II. 

A. For I : μr > 1, χ < 0, For II : μr < 1, χ > 0 

B. For I : μr < 1, χ = 0, For II : μr > 1, χ = 0 

C. For I : μr = 0, χ = 1, For II : μr = 1, χ = 0 

D. For I : μr < 1, χ < 0, For II : μr > 1, χ > 0 

1 

Q.8 There is a pair of concentric and coplanar conducting loops of radii R1 and R2 

such that R2 = 0.01 R1.   

To which of the following is the mutual inductance M for this pair directly 

proportional? 

A. 1/R1
2 

B. R1
2 

C. 1/R1 

D. R1 

1 

Q.9 A 5 ohm resistor, a 5 mH inductor and a 5 μF capacitor, joined in series 

resonate with an ac source of frequency ωo. If only the resistance is changed to 

10 ohm, the circuit resonates at a frequency ω1. If only the inductor is changed 

to 20 mH, the circuit resonates at a frequency ω2. Find the ratio ω1/ω2. 

A. 0.5 

B. 1 

C. 2 

D. 4 

1 

Q.10 Which of the ac circuits with the following input voltage and current dissipates 

maximum power P? 

A. Input voltage Vo = 2 volt, Io = 4 ampere and phase angle Φ = π/4. 

B. Input voltage V = Vo sinωt volt and the current I = Io sin(ωt - π/2) 

ampere 

C. Input voltage V = 2 cosωt volt and the current I = 4 sinωt ampere 

1 



D.  

Input voltage V = 100 sin100t volt and the current I = 100 sin(100t 

+π/3) milliampere 

Q.11 The diagram below shows the electric field (E) and magnetic field (B) 

components of an electromagnetic wave at a certain time and location. 

 

 
 

What is the direction of propagation of the em wave? 

A. perpendicular to E and B and out of the plane of the paper 

B. perpendicular to E and B and into the plane of the paper 

C. parallel and in the same direction as E 

D. parallel and in the same direction as B 

1 

Q.12 Two statements are given-one labelled Assertion (A) and the other labelled 

Reason (R). Select the correct answer to these questions from the codes (A), 

(B), (C), and (D) as given below. 

Assertion (A): Interference pattern has all maxima that are equally bright and 

bands are large in number in comparison to the diffraction pattern that has 

maxima of decreasing intensity and fewer in number. 

 

Reason (R): Interference is the result of the superposition of the waves from 

two different wavefronts whereas diffraction is the result of the superposition of 

the wavelets from different points of the same wavefront. 

A. Both A and R are true and R is the correct explanation of A 

B. Both A and R are true and R is NOT the correct explanation of A 

C. A is true but R is false 

D. A is false and R is also false 

1 

Q.13 Under ideal conditions, consider two different sources of light producing 

identical waves that happen to be in phase with each other.  

 

The two sources are placed at the corners of a square. They broadcast waves 

uniformly in all directions. 

 

1 



Which of the following locations of the two sources will ensure that the waves 

always produce constructive interference at the center of the square? 

A. any two corners of the square 

B. only the adjacent corners of the square 

C. only corners across the diagonal of the square 

D. one source at the corner and the other at the center 

Q.14 Given below are two charged subatomic particles P and Q, that are accelerated 

through same potential difference V.  

Here, 

Masses: mP = mQ 

Charges: ½ qP = qQ 

 

Which of the two sub atomic particles will have longer de Broglie wavelength? 

A. Particle P, because it has the greater momentum 

B. Particle Q, because it has the greater momentum 

C. Particle P, because it has the smaller momentum 

D. Particle Q, because it has the smaller momentum 

1 

Q.15 Assuming that the momentum of an electron is measured with complete 

accuracy, that is., the corresponding uncertainty in its momentum being zero, 

what is the uncertainty in a simultaneous measurement of the electron’s 

position? 

A. zero 

B. unity 

C. infinitely large 

D. some finite value between unity and infinity 

1 

Q.16 Each of the statements below are based on the properties of electron orbits in a 

hydrogen atom.  

Identify a statement that correctly satisfies the Bohr’s model of an atom. 

A. The angular momentum of the orbiting electron is 3h/π. 

B. The potential energy of the electron in any stable orbit is positive. 

C. The radius of the second electron orbit is 2a0, where a0 is Bohr’s radius. 

D. An amount of energy = -3.4 eV given to an electron in its second orbit 

will let it escape the atom. 

1 

Q.17 Two statements are given-one labelled Assertion (A) and the other labelled 

Reason (R).  Select the correct answer to these questions from the codes (A), 

(B), (C), and (B) as given below. 

Assertion (A) : The curve between the binding energy per nucleon versus mass 

number droops at high mass numbers (A>170) as well as at low mass numbers 

(A<30). 

1 



Reason (R) : Nuclei with middle mass numbers (30<A<170) have higher 

binding energy per nucleon. 

A. Both A and R are true and R is NOT the correct explanation of A. 

B. Both A and R are true and R is the correct explanation of A. 

C. A is false and R is also false. 

D. A is true but R is false. 

Q.18 In an ON state, the individual Silicon and Germanium diodes, allow a voltage 

drop of 0.7 V and 0.3 V respectively across them. In the circuit shown, the Si 

and the Ge diode, are connected in a parallel combination to a voltage source of 

10V. 

 

 
 

What is the voltage Vo for the circuit network? 

A. 0 volt 

B. 9.3 volt 

C. 9.7 volt 

D. 10 volt 

1 

 
SECTION B 

 

Q.19 (a) If electric field strength at a point is zero at a given point, then what can you 

say about the electric potential at that point? Explain. 

(b) In the two instances below, state whether electric field intensity and electric 

potential are zero or non-zero at the mid-point joining the two-point charges. 

 

 

2 

Q.20 As shown below, a magnetic dipole moment is oriented in 3 different ways in a 

uniform magnetic field. 

 

2 



 
 

(a) Which orientation results in the largest magnetic torque on the dipole? 

(b) Which orientation has the largest potential energy? 

 

Give a reason for your answer. 

Q.21 A capacitor consists of two parallel plates, with an area of cross-section of 

0.001 m2, separated by a distance of 0.0001 m. If the voltage across the plates 

varies at the rate of 108 V/s, determine the value of displacement current 

through the capacitor. 

2 

Q.22 The critical angle for the total internal reflection of diamond in air is 24o. State 

whether the two statements given here are correct or incorrect. Give a reason 

for your answer. 

 

(a) The critical angle for total internal reflection of diamond is more than 24o 

when surrounded by water. 

 

(b) The sparkle of the diamond increases remarkably when placed in water. 

2 

Q.23 Estimate the number of dark fringes on the either side of the central maximum 

that can be produced by diffraction set up with slit of width 5 x 10-6 m and 

incident light of wavelength 600 nm.  

2 

Q.24 By what factor does kinetic and potential energy of an electron in a hydrogen 

atom change as it moves from n = 1 to n =3? 

 

OR 

 

(a) Multiplication factor or reproduction factor K for a nuclear reactor is 

defined as number of fission reactions produced by a given generation of 

neutrons to the number of fission reactions in the preceding generation.  

What should be the value of K for the following purposes? 

 

i. To keep the nuclear fission reaction self-sustaining 

ii. To switch off the nuclear reactor 

 

(b) Why are moderators more effective in slowing the fast moving neutrons 

instead of abundant 238U atoms found in the naturally occurring U sample? 

2 

Q.25 In the circuit containing an ideal PN diode D and a resistor R is given an input 

square wave as shown. 

 

2 



 
 

(a) What is the shape of the output waveform across diode D? 

(b) Give an explanation for your answer in (a) 

OR 

    

Categorize each of the following junction diodes as either forward biased or 

reverse biased. Give reason for each answer. 

 

  
SECTION C 

 

Q.26 An alpha particle is moving with a velocity v. It enters a magnetic field (B) as 

shown below. The magnetic field is perpendicular and into the plane of paper. 

 

. 

 

A uniform electric field is applied in the same region as the magnetic field so 

that the alpha particle passes undeviated through the combined fields. 

 

(a) What should be the direction of the electric field? 

2 



 

(b) Without any change in the electric and magnetic field, the alpha particle is 

replaced by the following particles: 

(i) proton moving with a velocity v 

(ii) electron moving with a velocity v/2 

Will there be any change a deviation in the path of the particles? Give a reason 

for your answer. 

Q.27 Coil 1 has self-inductance L1 which is 3 times the self-inductance L2 of coil 2. 

If during a certain instant, the rate of increase in current and the power 

dissipated in these two coils is the same, then determine the ratio of 

 

(a) their induced voltages 

(b) currents 

(c) energy stored in the two coils at that instant. 

3 

Q.28 A bulb is connected through a capacitor in an ac circuit as in the circuit (i). The 

bulb in the circuit glows when the frequency of the input ac voltage is ω. 

 

 
                       Circuit (i)         

 

A circuit (ii) is constructed by including an inductor L as shown, keeping all 

other components the same as in circuit (i). The bulb continues to glow when 

the frequency of the input ac voltage is ω. 

               

 

 
                   Circuit (ii) 

 

Now the frequency ω of the ac supply is changed in both the circuits while 

keeping the voltage amplitude constant and same in both the circuits. 

Explain the effect on the brightness of the bulb in each circuit if 

(a) the frequency of input ac voltage is lowered 

3 



(b) the frequency of input ac voltage is increased  

(c) the frequency of input ac voltage approaches zero 

OR 

A series LCR circuit as shown in the diagram is connected to an input ac 

voltage. The voltage across the capacitor lags the applied input voltage by 45o. 

  

(a) Represent the phase relationship for the voltages across the three elements 

L, C and R using a phasor diagram. 

(b) Determine the phase angle Φ in the given circuit. 

(c) Determine the value of inductor L. 

Q.29 (a) Mention one proposition that is predicted as per wave theory of light but 

discarded on the basis of the actual experimental observation in the 

phenomenon of photoelectric emission. 

 

(b) A cat is able to see in low light intensity situations by virtue of its large 

sized pupils of diameter ~ 16 mm and due to the presence of excess number of 

cone cells on its retina. They can detect light of intensity I as low as ~ 10-10 

W/m2.  

If intensity I of light is defined as energy of radiation times the number of 

photons per unit area, then determine the minimum number of incident photons 

per second of wavelength 600 nm that are required in a radiation to be detected 

by a cat’s eye? Take hc ~ 2 x 10-16 J-nm. 

OR 

(a) Give reason: A radiation of wavelength λ < λthreshold incident on a metal 

sphere placed on an insulated stand results in the emission of photoelectrons for 

some time and then stops. 

(b) In the photoelectric experiment apparatus containing the collector and the 

emitter plate, a saturated photoelectron current is observed. If an external 

electric field is applied in the direction opposite to the motion of the 

photoelectrons, what is the change observed in each of the following? Give 

reasons. 

 

i. The saturation value of the photocurrent 

ii. The kinetic energy of the photoelectrons striking the collector plate 

3 

Q.30 a. A glass container contains hydrogen atoms with all its atoms in their ground 

states. The container is irradiated with electromagnetic waves containing 

3 



wavelengths corresponding to Lyman, Balmer and Paschen series. The 

electromagnetic waves exiting the glass container are found to have certain 

strong absorption spectral lines. Identify one or more series to which these 

absorption spectral lines would correspond to. Explain. Assume that once an 

electron absorbs a photon and jumps to a higher level, it does not absorb more 

photons to jump to even higher levels. 

 

b. An electron in its orbit undergoes transitions across the energy levels either 

by absorbing or emitting the photons. A given hydrogen atom is in third excited 

state. 

 

Determine the final quantum number and the energy of the photon, 

i. when a photon with shortest wavelength is emitted  

ii. when a photon with longest wavelength is absorbed 

 

 

  
SECTION D 

 

Q.31 (a) An unknown charge q is placed at the origin and another charge of 1 nano-

coloumb is placed at position B(1,0,0). The x- component of the electric field 

due to these two charges at position A(2,1,2) is zero. Determine charge q. 

 

 

5 



 

 

(b) A given solid sphere of radius R made of an insulating material carries a 

charge q distributed uniformly throughout its volume. The potential due to this 

charge distribution as a function of distance r from the center of the sphere is 

given as: 

 

 
 

(i) At which location with respect to the sphere, is the potential V maximum in 

this case? 

(ii) In case the above sphere is made up of a conducting material instead of an 

insulating material, what would be your answer for part (a)? How is the charge 

q distributed across a charged conducting sphere? 

OR 

A parallel plate capacitor of capacitance C is charged to a potential V by a 

battery. Q is the charge stored on the capacitor. Without disconnecting the 

battery, the plates of the capacitor are pulled apart to a larger distance of 

separation. 

 

What changes will occur in each of the following quantities? Will they increase, 

decrease or remain the same? Give an explanation in each case. 

 

(a) Capacitance 

(b) Charge 

(c) Potential difference 

(d) Electric field 

(e) Energy stored in the capacitor 

Q.32 a. In the circuit given below if I is the current entering the network of resistors 

of equal resistances, 

 

5 



 
 

i. Using Kirchhoff’s rules, prove that current through the arm AC is equal to 

that in the arm CE. Show the distribution of the current diagrammatically. 

ii. Redraw the diagram to show the split in junction C without altering the 

current in any arm. 

b. In the circuit of two cells, each of emf E but different internal resistances are 

connected in series as shown in the diagram. Determine the external resistance 

R in terms of internals resistances r1 and r2, such that potential drop across the 

cell E1 is zero. 

 

 

OR 

(a) In the given dc circuit, a voltmeter whose resistance is 6000 ohm is used to 

measure the voltage drop across the 3000 ohm resistor. Determine the % 

difference in the voltmeter reading that is observed when compared to the true 

voltage across 3000 ohm resistor when the voltmeter is not connected. 

 
 

 



(b) In the circuit given, consider R1 = r, R2 = 2r and power supply of voltage V. 

 

 

 
 

Determine the power consumed by the circuit in each of the following 

instances: 

i. when the switch is open  

ii. when the switch is closed 

iii. while the switch is closed, the resistor R2 is heated so that its resistance is 

doubled. 

Q.33 (a) In reference to the picture given here, a convex lens of focal length f(in air), 

is immersed in the water to view a small black stone that is placed at the bottom 

of the container is at a depth d from the lens. 

 

 

Will the stone in the water be visible as seen from above, for d = f or d < f  or   

d > f ? Give reason for your answer. 

(b) In the given combination of three triangular prisms, a ray of light enters the 

first prism on the left and exits from prism on the right after refraction. 

Consider the angles of the prisms to be small and the ratio Ao/A = 2. 

 

 
 

5 



Prove that for a net deviation produced in the light ray to be zero, μ = μo in the 

given combination. 

(c) A glass prism of absolute refractive index of 1.52 is surrounded by a 

medium. The emergent rays are bent either upwards or downwards. 

  

Select the suitable surrounding mediums from the given table of refractive 

indices here for each of the above refractions through the prisms P and Q.  

Give reason for the choice of the mediums. 

Medium Refractive index 

Benzene 1.50 

Carbon disulphide 1.63 

Ethyl alcohol 1.36 

Aqueous sodium chloride 1.54 
 

 

OR 
 

(a) The interference pattern due to light shows bright and dark regions that 

appear similar to the antinodes and nodes of a standing-wave pattern on a 

string. While both the patterns are based on the superposition principle, give 

one major point of difference between the standing waves pattern and the 

interference pattern. 

(b) Given two sets of slits S1 and S2. 

 



Also given are two possible incident light wavelengths λ1 and λ2. 

 
 

State with reason for what combination of the slits and wavelengths will the 

interference pattern be: 

i. most spread out  

ii. least spread out? 

(c) Determine the value of y at which the intensity of the fringe reduced to half 

the intensity of the central maxima formed at point O.  
SECTION E 

 

Q.34 Case study: Refraction 

Refraction at a curved refracting surface of radius of curvature R is governed by 

curved surface formula that is given as 

 

 
 

 
For a plane refracting surface, the curved surface formula gets modified as: 

n2/v = n1/u …..(2) 

 

Consider a bird flying vertically downwards towards a fish inside the pond on 

the ground. At a given instant, if the true height of the bird is x from the plane 

surface of water, the bird will appear at a height y as seen by the fish in the 

water due to refraction of light through the plane air-water interface. 

 

4 



 
 

Also if the bird is flying down through a height x in time t, the fish will see the 

bird fall through a height y in the same time t. 

 

(a) Show how equation (1) gets modified to equation (2) for a plane refracting 

surfaces. 

(b) Use this modified surface formula for a plane refracting surface, in order to 

determine if, x = y, or x < y or x > y, for the fish in the water looking at the bird 

in the air. 

 

(c) Draw a ray diagram to show the position of the bird at a height y as seen by 

the fish in the water. Confirm the result obtained in (b) diagrammatically. 

                                                              OR 

Draw a diagram to show how the bird in the air sees the fish in the water. Is it 

near or farther from the surface of water as compared to the true depth d? 

 

(d) Does the fish see the bird flying towards it at a speed greater or lesser than 

the true speed? Justify the answer qualitatively only. 

Q.35 Case study: Clipper circuits 

A half wave rectifier circuit is also known as a clipper. A clipper circuit 

removes either the positive half or negative half or a part of the input positive or 

negative cycles of the input AC signal.  

In a typical half wave rectifier circuit, as shown in the circuit diagram, only the 

positive half cycles are completely removed. This circuit is also known as the 

Series Positive Clipper. 

 

 
Similarly, just by reversing the diode, only the negative half cycles are 

removed. This is Series Negative Clipper circuit. 

 

4 



 
Now a Series Positive Clipper circuit can be modified by including a battery as 

shown here. 

 
 

During the positive input half cycle, the diode is reverse biased by the input 

supply voltage Vi. But since the positive terminal of the battery is connected to 

p-side and the negative terminal of the battery is connected to n-side of the 

diode, the diode is forward biased by the battery voltage VB.  

That means the diode is reverse biased by the input supply voltage (Vi) and 

forward biased by the battery voltage (VB). Initially, the input supply voltage Vi 

< VB , so VB dominates over the Vi . Hence, the diode is forward biased by the 

VB and allows electric current through it. As a result, the signal appears at the 

output.  

As soon as Vi becomes greater than VB, the diode is reverse biased. So no 

current flows through the diode.  

As a result, input signal does not appear at the output. Instead a constant 

voltage = VB appears across the output. So the clipping takes place during the 

positive half cycle, at the time the input Vi is greater than the VB. 

 

Now consider the negative input half cycle. The diode is forward biased by 

both VB and Vi. That means, during the negative half cycle, it doesn’t matter 

whether the Vi is greater or less than the VB, the diode remains forward biased. 

So the complete negative half cycle appears at the output.  

Thus, the series positive clipper with positive bias clips a small portion of the 

positive half cycles in the output. 

Answer the following questions: 

 

(a) Draw the circuit diagram to represent the series clipper circuit with a 

negative bias. 

 

(b) Which part of the input ac cycle will get clipped in the case of series clipper 

circuit with a negative bias? Represent the clipped output waveform through 



this circuit. 

 

(c) Explain the output waveform during the positive input cycle in the series 

clipper circuit with a negative bias. 

                                                     OR 

Explain the output waveform during the negative input cycle in the series 

clipper circuit with a negative bias. 
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Q.No Question Marks  
SECTION A 

 

Q.1 C. The electric field in I is the same everywhere but the electric field in II becomes 

stronger as we move from left to right. 

1 

Q.2 C. The total charge on the capacitor increases. 1 

Q.3 D. The electric field in the given region is non-uniform along x - axis. 1 

Q.4 D. A is false and R is also false. 1 

Q.5 A.  one  1 

Q.6 B. √2 1 

Q.7 D. For I : μr < 1, χ < 0, For II : μr > 1, χ > 0 1 

Q.8 D. R1 1 

Q.9 C. 2 1 

Q.10 A. Input voltage Vo = 2 volt, Io = 4 ampere and phase angle Φ = π/4. 1 

Q.11 A. perpendicular to E and B and out of the plane of the paper 1 

Q.12 A. Both A and R are true and R is the correct explanation of A 1 

Q.13 A. any two corners of the square 1 

Q.14 D. Particle Q, because it has the smaller momentum 1 

Q.15 C. infinitely large 1 

Q.16 A. The angular momentum of the orbiting electron is 3h/π. 1 

Q.17 B. Both A and R are true and R is the correct explanation of A. 1 

Q.18 C. 9.7 volt 1  
SECTION B 

 

Q.19 (a) As  

 

 
 

If E =0, at a given point, then   

 

 
 

i.e., V = 0 or constant at that point.  

 

[1 mark for correct explanation] 

(b) At mid-point P in Fig I,  E is zero, but V is non-zero. 

2 



At mid-point P in Fig II,  E is non-zero, but V adds up to zero. 

 

[0.5 mark for each point] 

  
Q.20 (a) orientation II 

Since  τ⃗ = 𝑚⃗⃗  𝑥 𝐵⃗  = mB sinθ, torque is maximum when θ = 90°. 

 

(0.5 marks for correct identification and 0.5 marks for the correct reason.) 

(b) orientation I 

U = -𝑚⃗⃗  . 𝐵⃗  = -mB cosθ, potential energy in case of orientation I is positive. 

 

(0.5 marks for correct identification and 0.5 marks for the correct reason.) 

  

2 

Q.21 Displacement current through a capacitor connected to time varying current is given as, 

 

 
here ΦE = E A = VA/d 

 

[1 mark for correct formula] 

 

Therefore, 

 
 

[1 mark for final result] 

  

2 

Q.22 (a) Correct. 

As the critical angle is sin ic = n2/n1 , where n2 is the refractive index of the 

surrounding medium and n1 is the absolute refractive index of the diamond.  

 

Now as n2 for air < n2 for water, 

sin ic for the diamond in water will be more than sin ic for the diamond in 

air. 

[0.5 mark for the correct answer] [0.5 mark for the correct explanation] 

 

(b) Incorrect. 

As the critical angle for the total internal reflection of diamond when 

surrounded by water is more than that when in air, the extent of total 

internal reflection that occurs in water is less than that occurs when in air. 

So the diamond sparkles more in air than when immersed in water. 

 

[0.5 mark for the correct answer] [0.5 mark for the correct explanation] 

  

2 

Q.23 As for dark fringes: 

sinθ = mλ/a 

2 



 

For maximum value of sinθ = 1 

 

[0.5 mark for the correct formula] 

[0.5 mark for the correct condition of maximum number of fringes] 

m = a/λ = 5 x 10-6 /600 x 10-9 m = 8.3 

 

So 8 dark fringes will be seen on either side of the central maximum. 

 

[1 mark for the correct calculations and final answer] 

  
Q.24 Kinetic energy K = ½ mv2 = X/2n2  

 

Potential energy U = - X/n2  

 

K in n = 1 is X/2 

 

K in n = 3 is 

 

 
 

Kinetic energy of the electron falls by a factor of 1/9. 

 

[1 mark for correct explanation and final answer] 

U in n = 1 is - X/1 

U in n = 3 is -X/32 = -X/9 

 

Potential energy of the electron rises by a factor of 1/9. 

 

[1 mark for correct explanation and final answer] 

OR 

(a) i. K = 1  

ii. K < 1  

[0.5 mark each] 

(b) Moderator molecules are smaller in size, so the neutrons undergo 

elastic collisions with these molecules and lose their energies effectively.  

On the other hand, when the fast moving neutrons collide with big 

molecules of 238U, the nature of collisions is inelastic and the energy 

losses are not effective.  

[1 mark for the correct explanation] 
 

  

2 



Q.25  

 
 

[1 mark for the correct output waveform with the label of the voltage value] 

Since the P end of the PN diode is earthed, the PN diode will be forward 

biased and conduct only during the time the input wave form has voltage = 

– V.  

 

When the input waveform is +V, the diode will be reverse biased.  

Since the diode is ideal, during the forward bias, its resistance will be zero 

and hence no voltage drops across it. During reverse bias, its resistance will 

be infinite and hence the voltage drop will be +V, that is, same as the input. 

 

[1 mark for the correct explanation of the output waveform] 

OR 

(a) Forward bias. P side is at higher positive potential than the N side of the 

pn junction. 

 

(b)  Reverse bias. P side is at zero potential (lower) and the N side is at 

positive potential (higher). 

 

(c) Forward bias. P side is at lower negative potential (higher) and the N 

side is at higher negative potential (lower). 

 

(d) Reverse bias. P is at lower (negative) potential and the N side is at zero 

potential (higher). 

[0.5 mark for each explanation and correct answer] 
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SECTION C 

 

Q.26 (a) downwards in the plane of the paper (or) perpendicular to B and v, 

downwards 

(b) 

(i) proton moving with a velocity v 

No deviation (0.5 marks) 

qE = qvB 

Force does not depend on mass and the charge cancels out. So the proton 

will also pass undeviated. (0.5 marks for correct explanation) 

 

(ii) electron moving with a velocity v/2 

The electron will deviate upwards. (0.5 marks) 

Since velocity is halved, electric force > magnetic force. (0.5 marks for 

correct explanation) 
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Q.27 (a) As e = L dI/dt 

e1/e2 = L1/L2 = 3L/L = 3 

 

[1 mark for the correct ratio] 

(b) As power P = eI 

I1/I2 = P1e2/P2e1 = e2/e1 = 1/3 

 

[1 mark for the correct ratio] 

(c) Energy stored in a coil, U = ½ LI2 

 

U1/U2 = ½ L1I1
2/½ L2I2

2 = 3(1/3)2 = 1/3 

 

[1 mark for the correct ratio] 
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Q.28 (a) In circuit (i): 

if ω is lowered, Xc = 1/Cω increases 

Irms = Vrms/√𝑅2 + 𝑋𝑐
2 is lowered.  

Bulb glows dimmer. 

In circuit (ii): 

for lower ω, Xc is more, so very less current flows through the capacitor 

arm. But XL = Lω is small, so most of the current flows through the 

inductor arm.  

The bulb in the inductor arm glows brighter. 

 

[0.5 mark for each conclusion on the blub glow] 

(b) In circuit (i): 

If ω increases, Xc = 1/Cω decreases. The current Irms = Vrms/√𝑅2 + 𝑋𝑐
2 

increases. The bulb glows brighter. 

 

In circuit (ii): 

If ω increases, the capacitive reactance decreases, and the inductive 

reactance increases.  

So more current flows through the capacitive arm than in the inductive arm. 

So the bulb glows dimmer. 

 

[0.5 mark for each conclusion on the blub glow] 

(c) If ω -> 0, the power supply is almost dc. 

In circuit (i): 

Xc ->  Infinity , Irms -> 0, Bulb doesn’t glow at all. 

 

In circuit (ii): 

No current flows through the capacitive arm. Maximum current flows 

through the inductor arm.  

Bulb glows the brightest. 

 

[0.5 mark for each conclusion on the blub glow] 
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OR a. The phasor diagram: 

 

 

 
 

[1 mark for the correct phasor diagram and correct labels] 

b. Phase angle is 90 - 45 = 45 

Since it is below the x axis, Φ = - 45 

 

 

[0.5 mark for correct phase angle] 

c. As tan Φ = (XL - XC)/R = (Lω - 1/Cω)/R 

and tanΦ = tan (- 45) = - tan45 = -1 

 

So 

-1 = (Lω - 1/Cω)/R 

 

[1 mark for correct formulae] 

 

Transposing and substituting the values 

L = 97/9 = 10.7 H 

 

[0.5 mark for correct calculations] 
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Q.29 (a) Wave theory predicts that the photoelectric effect should occur at any 

frequency, provided the light intensity is high enough. But as observed in 

the photoelectric experiments, the light must have a sufficiently high 

frequency for the effect to occur irrespective of the intensity of the incident 

light. OR 

 

Wave theory predicts that all the electrons along the wavefront absorb 

energy continuously. Each electron takes time to pick up sufficient energy 

to overcome the work function and get ejected out of the metal.  

But as observed in the photoelectric experiments, the photoelectric emission 

is an instantaneous phenomenon. 
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[1 mark for either of the correct statement] 

(b)  As I  = EN/A 

I  = hcN/ λπr2  

N = I λ πr2 / hc 

 

 

[1 mark for the correct formula] 

N = 6028 photons per second 

 

[1 mark for the correct calculations and final result] 

 

OR 

 

(a) The incident wavelength lower than the threshold value results in the emission of 

photoelectrons from the valence band. Once all the valence electrons in the valence band 

of the metal sphere are emitted, the photoemission stops as the incident radiations 

doesn’t supply sufficient energy to eject the electrons from the inner shells of the metal 

atoms. 

 

[1 mark for the correct explanation] 

 

(b) i. The saturation value of the photo current remains constant. The rate at which the 

photoelectrons emitted per unit time remains unchanged. 

 

[1 mark for the correct explanation] 

 

ii. The kinetic energy of the photoelectrons increases due to electrostatic force 

experienced by the electric field applied in the direction opposite to their motion towards 

the collector plate. 

 

[1 mark for the correct explanation] 

 

Q.30 (a)  As there are no electrons present in n = 2 or above in the ground state of 

hydrogen atom, the electron in the ground state gets excited only when it 

absorbs electromagnetic radiation of wavelength corresponding to Lyman 

series.  

The absorbed wavelengths will appear as absorption spectral lines in the 

exciting em radiation.  

 

[1 mark for the correct explanation] 

(b) i. When a photon is emitted with the shortest possible wavelength, it has 

the largest possible energy. The largest possible energy is released when the 
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electron jumps from the initial state (ni = 4) to the ground state (nf = 1). So 

the final quantum number is nf= 1  

Energy of the photon emitted =  

 

 
 

[1 mark for the correct explanation and final answer] 

ii. When a photon is absorbed by the hydrogen atom, the electron jumps to a 

higher energy state. The photon has the longest possible wavelength when 

its energy is the smallest. The smallest possible energy change in the 

hydrogen atom arises when the electron jumps from the initial state ni =4 to 

the immediate next possible higher state, that is, nf =5. 

Energy of the photon absorbed = 

 

 
 

[1 mark for the correct explanation and final answer] 

   
SECTION D 

 

Q.31 a. Position vectors 

 
 

Here magnitude of 

 
 

 
 

Here magnitude of  

 
 

[1 mark for writing correct vector form of position vectors] 
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[1 mark for writing correct vector form of resultant electric field at point A] 

 

Given in the problem is Ex = 0 

 

 
 

q  ≈ -0.9 x 10-9 C = -0.9 nC  

 

[0.5 mark for putting correct condition of Ex =0] 

 

[1 mark for correct final answer] 

b. 

(i) At the center of the sphere. 

 

[0.5 mark for the correct identification] 

 

(ii) Potential is constant, same and maximum across the volume of the 

sphere of conducting material. 

 

[0.5 mark for the correct answer] 

 

Charges are distributed only on the surface of the conducting sphere. The 

charge inside the surface of the conducting sphere is always zero. 

 

[0.5 mark for the correct statement] 

 

OR 

 

(a) Capacitance decreases.  

Capacitance is inversely proportional to the distance of separation. 

 

[0.5 mark for correct change] [0.5 mark for correct explanation] 

 



(b) Charge decreases. From Q=CV, C decreases and V remains the same, so Q 

decreases. 

 

[0.5 mark for correct change] [0.5 mark for correct explanation] 

(c) Potential difference remains the same. As the capacitor is connected to the battery, 

the potential V of the capacitor will remain the same as that of the battery. 

 

[0.5 mark for correct change] [0.5 mark for correct explanation] 

 

(d) Electric field decreases. 

E due to a plane sheet of charge = σ/∈o is independent of the distance from the sheet. But 

charge density σ on the plate decreases, so E decreases. 

 

OR:  

Alternatively, 

As E = V/d = Q/Cd = Q/∈oA 

Since Q decreases, E also decreases. 

[0.5 mark for correct change] [0.5 mark for correct explanation] 

 

(e) Energy stored in the capacitor decreases. 

Energy stored is proportional to both Q and V. Charge Q decreases but potential V is 

constant. 

 

[0.5 mark for correct change] [0.5 mark for correct explanation] 

Q.32 a. The current distribution through the given network can be: 

 

 

 
 

[0.5 mark for the correct representation of the current in the network] 

 

Applying Kirchhoff’s loop rules: 

 

Loop ABCA 

-(I-I1)r – I2r +I1r = 0, that is, 2I1- I2 = I .....1) 
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Loop BDCB 

-(I - I1 - I2)r + I3r + I2r = 0, that is, I1 +2I2+I3 = I ---(2) 

Loop DECD 

-(I-I1-I2+I3)r +(I1 + I2 - I3)r –I3r = 0 , that is, 2I1 +2I2 – 3I3 = I ----(3) 

Solving the three equations, 

I1 = 4I/7 ; I2 = I/7; I3 = I/7 

 

[0.5 marks each for the three values of current] 

 

We see that I2 = I3, that is, the currents through the arm AC and CE are the 

same.  

[0.5 marks for the correct conclusion] 

 

The modified circuit diagram would be: 

 

 

 
 

[0.5 mark for the correct representation of the currents in the network] 

b. Current through the circuit 

I = 2E/(R+r1+r2 ) 

 

Potential drop V1 across the first cell, 

V1 = E - Ir1  

 

Potential drop V2 across the first cell, 

V2 = E - Ir2  

 

[1 mark for the correct equations of V1 and V2] 

 

For the potential drop V1 across first cell to be zero, 

V1 = E - Ir1 =0 

E = Ir1  

I = E/r1 

 

E/r1 =2E/(R+r1+r2 ) 



 

Transposing and solving, 

R = r1 - r2 

 

So if R = r1-r2, the potential drop across the cell E1 with internal resistance 

r1 will be zero. 

 

[1 mark for the correct formula relating R and internal resistances] 

 

OR 

  
(a) The true voltage drop across the three resistors in series is divided in 

proportion their resistances. 

 

Voltage across 3000 ohm resistor V, 

 

 
 

 

[1 mark for the voltage across the 3000 ohm resistor without voltmeter] 

When the voltmeter of resistance 6000 ohm is connected across 3000 ohm, 

the effective resistance of the 3000 ohm arm will be, 

 

 
 

So the voltmeter reading will be: 

 
 

[1.5 mark for the voltage across the 3000 ohm resistor with voltmeter] 

 

Percentage error 

 

 
 

Voltmeter reading will be 16.6 % lesser than the true voltage across 3000 

ohm resistor. 

 

 

[1 mark for the correct percentage difference in voltage the voltmeter] 

b. i. When the switch is open: 

Power1 = V2/R1 = V2 /r 

 

ii. When the switch is closed, 

Power2 = V2/Req = 3V2/2r 

5 



 

iii. When R2 is heated, its value = 4r ohm 

 

Power3 = 5V2/4r 

 

[0.5 mark for each correct power calculations] 

  
Q.33 a. Focal length of the lens is more in water than in the air, fwater > fair  

Image of the stone is visible from above, only if it is placed at distance less 

than focal length of the lens in the water. 

 

[0.5 mark for the correct reasoning] 

 

Since fwater > fair, for the stone to be visible when seen from the above, if the 

distance d < fwater , and d < fair . 

 

[1 mark for the correct conclusion] 

b. Given Ao/A = 2 and deviation produced by each prism  

δ = (μ - 1)A 

δnet = δ - δo + δ = 2δ - δo  

 

[0.5 mark for the correct relation for δnet] 

 

For δnet = 0,  

2δ = δo 

 

2(μ-1)A = (μo - 1)Ao  

As Ao/A = 2 

So, 2(μ-1) = (μo - 1).2  

(μ-1) = (μo - 1) 

μ = μo 

 

[1 mark for the correct proof] 

c. For downward refraction as in P, the surrounding medium should have a 

refractive index less than that of the prism. 

 

So the medium surrounding the prism can be that of Benzene and Ethyl 

alcohol. 

 

And for the upward refraction as in Q, the surrounding medium should have 

a refractive index more than that of the prism. 

 

So the medium surrounding the prism can be that of Carbon disulphide and 

Aqueous sodium chloride. 
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[1 mark for the correct reasoning] 

 

[1 mark for the correct choice of examples in each case] 

OR 

 

(a) (1) Waves on a string propagate in only one dimension while the light-wave 

interference pattern exists in three dimensions;  

(2) The standing-wave pattern represents no net energy flow, while there is a net energy 

flow from the slits to the screen in an interference pattern. 

(any one point) 

[1 mark for the correct point of difference] 

 

(b) i. S1 and λ2 

Most spread-out fringes imply greater fringe width. 

Since fringe width, β = λD/d  

 

For greater β , higher λ and small d is required.  

So slits S1 and wavelength λ2 will produce fringe pattern that is most spread out. 

 

[0.5 mark for correct answer and 0.5 mark for correct explanation] 

 

ii. S2 and λ1 

Least spread-out fringes imply smaller fringe width. 

Since fringe width, β = λD/d 

 

For smaller β, lower λ and greater d is required.  

 

So slits S2 and wavelength λ1 will produce a fringe pattern that is most spread out. 

 

[0.5 mark for correct answer and 0.5 mark for correct explanation] 

 

 

(c) The intensity of a given fringe where the phase difference between the two incoming 

waves r1 and r2 is Φ, is given as,  

I = 4Io cos2Φ/2 

 

Intensity at central maxima = maximum = 4 Io 

As given at P, Intensity = half of that at central maximum = 2 Io 

2Io = 4Io cos2Φ/2 

 

1/2 = cos2Φ/2 

 

Calculating, the phase difference, Φ = π/2 

 

[1 mark for the correct phase difference] 

 

As we know the relation between path difference δ and the phase difference Φ, 



 

Φ = (2π/ λ) . δ 

 

π/2 = (2π/ λ) . δ 

 

So path difference, δ = λ/4 = d y/D ….. 

from equation (3) 

 

So the intensity of the fringe at y = λD/4d, will be half of that at the central maximum. 

 

[1 mark for the correct expression of y at which intensity is half that at the central 

maximum] 

  
SECTION E 

 

Q.34 (a) 

  

 

for plane refracting surfaces,  

R -> Infinity,  

so substituting in the equation (1), the RHS -> 0 

 

 
 

[1 mark for the correct steps] 

(b) Apply equation (2) for bird – fish situation,  

 

n1 = 1, u = x, v = y 

 

n2/y=1/x 

 

x.n2 = y 

 

Since n2 > 1 

 

y > x 

 

[1 mark for the correct explanation] 

(c) 
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OR 

 

 
 

The fish appears closer to the plane surface. 

 

[1 mark for the correct representation of the refracting rays] 

d. The fish sees the bird fall through a distance y in time t whereas the bird 

actually falls through x in the same time t.   

 

Since y > x, the fish sees the bird flying downwards at a greater speed than 

the actual speed. 

 

[1 mark for the correct explanation] 

  
Q.35 (a) 4 



  

 

[1.5 mark for the correct diagram and the labels of the + and - voltages] 

(b) The negative cycle of the input signal gets clipped. 

[0.5 mark for the correct identification of the cycle] 

 
[0.5 mark for the correct output waveform] 

(c)  During the positive half cycle, the diode D is forward biased by both 

input supply voltage Vi and the battery voltage VB.  

[0.5 mark for the correct identification of the bias of the diode] 

 

So it doesn’t matter whether the input supply voltage is greater or less than 

battery voltage VB, the diode always remains forward biased. Therefore, 

during the positive half cycle, the signal appears at the output. 

[1 mark for the correct explanation of the output waveform] 

 

OR 

 

During the negative half cycle, the diode D is reverse biased by the input 

supply voltage Vi and forward biased by the battery voltage VB. 

 

[0.5 mark for the correct identification of the bias of the diode] 

 

Initially, the input supply voltage Vi is less than the battery voltage VB. So 

the diode is forward biased by the battery voltage VB. As a result, the signal 

appears at the output. When the input supply voltage Vi becomes greater 

than the battery voltage VB, the diode will become reverse biased. As a 

result, no signal appears at the output. 

 

[1 mark for the correct explanation of the output waveform] 

  
 


