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           SOME IMPORTANT ADDITIONAL QUESTIONS FROM NCERT EXAMPLAR  

EMW  

1) Electromagnetic waves with wavelength 

i) ɚ1 is used in satellite communication. 

ii)  ɚ2 is used to kill germs in water purifies. 

iii)  ɚ3 is used to detect leakage of oil in underground pipelines. 

iv) ɚ4 is used to improve visibility in runways during fog and mist conditions. 

(a) Identify and name the part of electromagnetic spectrum to which these radiations 

belong. 

(b) Arrange these wavelengths in ascending order of their magnitude. 

(c) Write one more application of each. 

2) You are given a 2‘F parallel plate capacitor. How would you establish an instantaneous 

displacement current of 1 mA in the space between its plates?     

RAY OPTICS 

1) Will the focal length of a lens for red light be more, same or less than that for blue light? 

2) The near vision of an average person is 25cm. To view an object with an angular magnification of 

10, what should be the power of the microscope? 

3) An unsymmetrical double convex thin lens forms the image of a point object on its axis. Will the 

position of the image change if the lens is reversed? 

4) For a glass prism (µ = 3) the angle of minimum deviation is equal to the angle of the prism. Find 

the angle of the prism. 

5) A jar of height h is filled with a transparent liquid of refractive index ì (Fig.). At the centre of the jar on the 

bottom surface is a dot. Find the minimum diameter of a disc, such that when placed on the top surface 

symmetrically about the centre, the dot is invisible. 

 
WAVE OPTICS  

1) Is Huygenôs principle valid for longitudunal sound waves? 

2) Consider a point at the focal point of a convergent lens. Another convergent lens of short focal 

length is placed on the other side. What is the nature of the wavefronts emerging from the final 

image? 

3) What is the shape of the wavefront on earth for sunlight? 

4) A polariod (I) is placed in front of a monochromatic source. Another polatiod (II) is placed in 

front of this polaroid (I) and rotated till no light passes. A third polaroid (III) is now placed in 

between (I) and (II). In this case, will light emerge from (II). Explain. 

5) Can reflection result in plane polarised light if the light is incident on the interface from the side 

with higher refractive index? 
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DUAL NATURE OF RADIATION AND MATTER  

1) A proton and an -particle are accelerated, using the same potential difference. How are the 

deBroglie wavelengths 
Pl  and al  related to each other? 

2) There are two sources of light, each emitting with a power of 100 W. One emits X-rays of 

wavelength 1 nm and the other visible light at 500 nm. Find the ratio of number of photons of X-

rays to the photons of visible light of the given wavelength? 

ATOMS 

1) The mass of a H-atom is less than the sum of the masses of a proton and electron. Why is this? 

2) 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? 

3) Would the Bohr formula for the H-atom remain unchanged if proton had a charge (+4/3)e and 

electron a charge (ī3 / 4) e , where e = 1.6 × 10
ï19

C. Give reasons for your answer. 

4) Consider two different hydrogen atoms. The electron in each atom is in an excited state. Is it 

possible for the electrons to have different energies but the same orbital angular momentum 

according to the Bohr model? 

5) Using Bohr model, calculate the electric current created by the electron when the H-atom is in the 

ground state. 

NUCLEI  

1) 
3

2He  and 
3

1He nuclei have the same mass number. Do they have the same binding energy? 

2) Draw a graph showing the variation of decay rate with number of active nuclei. 

3) (a)Which sample, A or B shown in Fig. has shorter mean-life?  

(b)Which one of the following cannot emit radiation and why? Excited nucleus, excited electron. 

 
4) Why do stable nuclei never have more protons than neutrons? 

SEMICONDUCTOR  

1) The conductivity of a semiconductor increases with increase in temperature. Why? 

2) In Fig., Vo is the potential barrier across a p-n junction, when no battery is connected across the 

junction. Which graph shows forward/reverse bias.  

 
3) In Fig., assuming the diodes to be ideal, Explain the biasing of diodes D1 & D2. 
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4) A 220 V A.C. supply is connected between points A and B (Fig.). What will be the potential 

difference V across the capacitor? 

 
5) Truth table for the given circuit (Fig.) is 

 
6) Why are elemental dopants for Silicon or Germanium usually chosen from group XIII or group 

XV? 

7) Sn, C, and Si, Ge are all group XIV elements. Yet, Sn is a conductor, C is an insulator while Si 

and Ge are semiconductors. Why? 

8) Can the potential barrier across a p-n junction be measured by simply connecting a voltmeter 

across the junction? 

9) In a CE transistor amplifier there is a current and voltage gain associated with the circuit. In other 

words there is a power gain. Considering power a measure of energy, does the circuit voilate 

conservation of energy? 

10) . 

 
(i) Name the type of a diode whose characteristics are shown in Fig. (A) and Fig. (B). 

(ii) What does the point P in Fig. (A) represent? 

(iii)  What does the points P and Q in Fig. (B) represent? 

11) If the resistance R1 is increased (Fig.), how will the readings of the ammeter and voltmeter 

change? 
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12) Two car garages have a common gate which needs to open automatically when a car enters either 

of the garages or cars enter both. Devise a circuit that resembles this situation using diodes for this 

situation. 

13) Explain why elemental semiconductor cannot be used to make visible LEDs. 

14) A Zener of power rating 1 W is to be used as a voltage regulator. If zener has a breakdown of 5V 

and it has to regulate voltage which fluctuated between 3V and 7V, what should be the value of 

Rs for safe operation (Fig.)? 

 
15) If each diode in Fig. has a forward bias resistance of 25Ý and infinite resistance in reverse bias, 

what will be the values of the current I1, I2, I3 and I4? 

 
16) Draw the output signals C1 and C2 in the given combination of gates (Fig.). 

 
17) Consider the circuit arrangement shown in Fig. for studying input and output characteristics of 

npn transistor in CE configuration. 

 
Select the values of RB and RC for a transistor whose VBE = 0. 7 V, so that the transistor is operating at 

point Q as shown in the characteristics shown in Fig. Given that the input impedance of the transistor 

is very small and VCC = VBB = 16 V, also find the voltage gain and power gain of circuit making 

appropriate assumptions. 
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COMMUNICATION SYSTEM  

1) Would sky waves be suitable for transmission of TV signals of 60 MHz frequency? 

2) Two waves A and B of frequencies 2 MHz and 3 MHz, respectively are beamed in the same 

direction for communication via sky wave. Which one of these is likely to travel longer distance 

in the ionosphere before suffering total internal reflection? 

3) The maximum amplitude of an A.M. wave is found to be 15 V while its minimum amplitude is 

found to be 3 V. What is the modulation index? 

4) Compute the LC product of a tuned amplifier circuit required to generate a carrier wave of 1 MHz 

for amplitude modulation. 

5) Why is a AM signal likely to be more noisy than a FM signal upon transmission through a 

channel? 

6) A TV transmission tower antenna is at a height of 20 m. How much service area can it cover if the 

receiving antenna is (i) at ground level, (ii) at a height of 25 m? Calculate the percentage increase 

in area covered in case (ii) relative to case (i). 

7) If the whole earth is to be connected by LOS communication using space waves (no restriction of 

antenna size or tower height), what is the minimum number of antennas required? Calculate the 

tower height of these antennas in terms of earths radius? 

8) The maximum frequency for reflection of sky waves from a certain layer of the ionosphere is 

found to be fmax =9(Nmax)
1/2

, where Nmax is the maximum electron density at that layer of the 

ionosphere. On a certain day it is observed that signals of frequencies higher than 5MHz are not 

received by reflection from the F1 layer of the ionosphere while signals of frequencies higher than 

8MHz are not received by reflection from the F2 layer of the inonosphere. Estimate the maximum 

electron densities of the F1 and F2 layers on that day. 

9) On radiating (sending out) an AM modulated signal, the total radiated power is due to energy 

carried by m. Suggest ways to minimise cost of radiation without + c & m c ï ,c 

compromising on information. 

10) A 50 MHz sky wave takes 4.04 ms to reach a receiver via re-transmission from a satellite 600 km 

above earthôs surface. Assuming re-transmission time by satellite negligible, find the distance 

between source and receiver. If communication between the two was to be done by Line of Sight 

(LOS) method, what should size and placement of receiving and transmitting antenna be? 

11) An amplitude modulated wave is as shown in Fig. Calculate (i) the percentage modulation, (ii) 

peak carrier voltage and, (iii) peak value of information voltage. 

 
12) An audio signal is modulated by a carrier wave of 20MHz such that the bandwidth required for 

modulation is 3kHz. Could this wave be demodulated by a diode detector which has the values of 

R and C as 

(i)  R = 1 kɱ, C = 0.01µF. 

(ii)  R = 10 kɱ, C = 0.01µF. 

(iii)  R = 10 kɱ, C = 0.1µF. 
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ELECTRIC CHARGES AND FIELDS  

1) An arbitrary surface encloses a dipole. What is the electric flux through this surface? 

2) A metallic spherical shell has an inner radius R1 and outer radius R2. A charge Q is placed at the 

centre of the spherical cavity. What will be surface charge density on (i) the inner surface, and (ii) 

the outer surface? 

3) If the total charge enclosed by a surface is zero, does it imply that the elecric field everywhere on 

the surface is zero? Conversely, if the electric field everywhere on a surface is zero, does it imply 

that net charge inside is zero. 

4) Two charges q and ð3q are placed fixed on x-axis separated by  distance ôdõ. Where 

should a third charge 2 q be placed such that  it will not experience any force?  

5) Fig. shows the electric field lines around three point charges A, B and C. 

 
(a) Which charges are positive? 

(b) Which charge has the largest magnitude? Why? 

(c) In which region or regions of the picture could the electric field be zero? Justify your 

answer. 

 (i) near A, (ii) near B, (iii) near C, (iv) nowhere. 

6) Five charges, q each are placed at the corners of a regular pentagon of side óaô (Fig.). 

(a) (i) What will be the electric field at O, the centre of the pentagon? 

(ii) What will be the electric field at O if the charge from one of the corners (say A) is removed? 

(iii) What will be the electric field at O if the charge q at A is replaced by ïq? 

(b) How would your answer to (a) be affected if pentagon is replaced by n-sided regular polygon with 

charge q at each of its corners? 

 
ELECTROSTATIC POTENTIAL AND CAPACITANCE  

1) Consider two conducting spheres of radii R1 and R2 with R1 > R2. If the two are at the same 

potential, the larger sphere has more charge than the smaller sphere. State whether the charge 

density of the smaller sphere is more or less than that of the larger one. 

2) Do free electrons travel to region of higher potential or lower potential? 

3) Can there be a potential difference between two adjacent conductors carrying the same charge? 

4) A test charge q is made to move in the electric field of a point charge Q along two different closed 

paths (Fig.). First path has sections along and perpendicular to lines of electric field. Second path 
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is a rectangular loop of the same area as the first loop. How does the work done compare in the 

two cases? 

 
5) Two metal spheres, one of radius R and the other of radius 2R, both have same surface charge 

density „. They are brought in contact and separated. What will be new surface charge densities 

on them? 

6) In the circuit shown in Fig., initially K1 is closed and K2 is open. What are the charges on each 

capacitors. Then K1 was opened and K2 was closed (order is important), What will be the charge 

on each capacitor now? [ C = 1‘F] 

 
CURRENT ELECTRICITY  

1) What are the advantages of the null-point method in a Wheatstone bridge? What additional 

measurements would be required to calculate Runknown by any other method? 

2) What is the advantage of using thick metallic strips to join wires in a potentiometer? 

3) For wiring in the home, one uses Cu wires or Al wires. What considerations are involved in this? 

4) Why are alloys used for making standard resistance coils? 

5) Power P is to be delivered to a device via transmission cables having resistance RC. If V is the 

voltage across R and I the current through it, find the power wasted and how can it be reduced. 

6) AB is a potentiometer wire (Fig) . If the value of R is increased, in which direction will the 

balance point J shift? 

 
7) While doing an experiment with potentiometer (Fig) it was found that the deflection is one sided 

and (i) the deflection decreased while moving from one end A of the wire to the end B; (ii) the 

deflection increased. while the jockey was moved towards the end B. 

(i) Which terminal +or ïve of the cell E1, is connected at X in case (i) and how is E1 related to E? 

(ii) Which terminal of the cell E1 is connected at X in case (ii)? 
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8) A cell of emf E and internal resistance r is connected across an external resistance R. Plot a graph 

showing the variation of P.D. across R, verses R. 

9) First a set of n equal resistors of R each are connected in series to a battery of emf E and internal 

resistance R. A current I is observed to flow. Then the n resistors are connected in parallel to the 

same battery. It is observed that the current is increased 10 times. What is ónô? 

10) Let there be n resistors R1 ééééééRn with Rmax = max (R1 éééééRn) and Rmin = min 

{ R1 éé.. Rn}. Show that when they are connected in parallel, the resultant resistance RP< Rmin 

and when they are connected in series, the resultant resistance RS > Rmax . Interpret the result 

physically. 

11) The circuit in Fig shows two cells connected in opposition to each other. Cell E1 is of emf 6V and 

internal resistance 2Q; the cell E2 is of emf 4V and internal resistance 8Q. Find the potential 

difference between the points A and B. 

 
12) Two cells of same emf E but internal resistance r1 and r2 are connected in series to an external 

resistor R (Fig) . What should be the value of R so that the potential difference across the 

terminals of the first cell becomes zero. 

 
13) Two conductors are made of the same material and have the same length. Conductor A is a solid 

wire of diameter 1mm. Conductor B is a hollow tube of outer diameter 2mm and inner diameter 

1mm. Find the ratio of resistance RA to RB. 

14) Two cells of voltage 10V and 2V and internal resistances 10Ù and 5Q respectively, are connected 

in parallel with the positive end of 10V battery connected to negative pole of 2V battery (Fig ). 

Find the effective voltage and effective resistance of the combination. 

 
15)  (a) Consider circuit in Fig. How much energy is absorbed by electrons from the initial state of no 

current (ignore thermal motion) to the state of drift velocity? 
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(b) Electrons give up energy at the rate of RI
2
 per second to the thermal energy. What time scale 

would one associate with energy in problem (a)? n = no of electron/volume = 10
29

/m
3
, length of 

circuit = 10 cm, cross-section = A = (1mm)
2
. 

 
 

MAGNETIC  

1) Show that a force that does no work must be a velocity dependent force. 

2) Describe the motion of a charged particle in a cyclotron if the frequency of the radio frequency 

(rf) field were doubled. 

3) A long straight wire carrying current of 25A rests on a table as shown in Fig. Another wire PQ of 

length 1m, mass 2.5 g carries the same current but in the opposite direction. The wire PQ is free to 

slide up and down. To what height will PQ rise? 

 
4) A uniform conducting wire of length 12a and resistance R is wound up as a current carrying coil 

in the shape of (i) an equilateral triangle of side a; (ii) a square of sides a and, (iii) a regular 

hexagon of sides a. The coil is connected to a voltage source V0. Find the magnetic moment of the 

coils in each case. 

 

MAGNETISM  

1) From molecular view point, discuss the temperature dependence of susceptibility for 

diamagnetism, paramagnetism and ferromagnetism. 

2) Consider the plane S formed by the dipole axis and the axis of earth. Let P be point on the 

magnetic equator and in S. Let Q be the point of intersection of the geographical and magnetic 

equators. Obtain the declination and dip angles at P and Q. 

EMI  

1) Consider a magnet surrounded by a wire with an on/off switch S (Fig) . If the switch is thrown 

from the off position (open circuit) to the on position (closed circuit), will a current flow in the 

circuit? Explain.  
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2) A wire in the form of a tightly wound solenoid is connected to a DC source, and carries a current. 

If the coil is stretched so that there are gaps between successive elements of the spiral coil, will 

the current increase or decrease? Explain. 

3) A solenoid is connected to a battery so that a steady current flows through it. If an iron core is 

inserted into the solenoid, will the current increase or decrease? Explain. 

4) Consider a metal ring kept (supported by a cardboard) on top of a fixed solenoid carrying a 

current I (Fig.) . The centre of the ring coincides with the axis of the solenoid. If the current in the 

solenoid is switched off, what will happen to the ring? 

 
5) Consider a metallic pipe with an inner radius of 1 cm. If a cylindrical bar magnet of radius 0.8cm 

is dropped through the pipe, it takes more time to come down than it takes for a similar 

unmagnetised cylindrical iron bar dropped through the metallic pipe. Explain. 

A.C. 

1) Draw the effective equivalent circuit of the circuit shown in Fig, at very high frequencies and find 

the effective impedance. 

 
2) Study the circuits (a) and (b) shown in Fig and answer the following questions. 

 
(a) Under which conditions would the rms currents in the two circuits be the same? 

(b) Can the rms current in circuit (b) be larger than that in (a)? 

3) Can the instantaneous power output of an ac source ever be negative? Can the average power 

output be negative? 

4) In series LCR circuit, the plot of Imax is shown in Fig. Find the bandwidth and mark in the figure. 
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5) The alternating current in a circuit is described by the graph shown in Fig. Show rms current in 

this graph. 

 
6) How does the sign of the phase angle ‰, by which the supply voltage leads the current in an LCR 

series circuit, change as the supply frequency is gradually increased from very low to very high 

values. 

7) A device óXô is connected to an a. c source. The variation of voltage, current and power in one 

complete cycle is shown in Fig  

(a) Which curve shows power consumption over a full cycle? 

(b) What is the average power consumption over a cycle? 

(c) Identify the device óXô. 

 
8) Both alternating current and direct current are measured in amperes. But how is the ampere 

defined for an alternating current? 

9) A coil of 0.01 henry inductance and 1 ohm resistance is connected to 200 volt, 50 Hz ac supply. 

Find the impedance of the circuit and time lag between max. alternating voltage and current. 

10) A 60 W load is connected to the secondary of a transformer whose primary draws line voltage. If 

a current of 0.54 A flows in the load, what is the current in the primary coil? Comment on the 

type of transformer being used. 

11) Explain why the reactance provided by a capacitor to an alternating current decreases with 

increasing frequency. 

12) Explain why the reactance offered by an inductor increases with increasing frequency of an 

alternating voltage. 
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SOLUTIONS 
EMW  

1) Electromagnetic waves with wavelength 

i) ɚ1 is used in satellite communication. 

ii)  ɚ2 is used to kill germs in water purifies. 

iii)  ɚ3 is used to detect leakage of oil in underground pipelines. 

iv) ɚ4 is used to improve visibility in runways during fog and mist conditions. 

(a) Identify and name the part of electromagnetic spectrum to which these 

radiations belong. 

(b) Arrange these wavelengths in ascending order of their magnitude. 

(c) Write one more application of each. 

SOL: (a) ɚ1 Ÿ Microwave, ɚ2 Ÿ UV ɚ3 Ÿ X rays, ɚ4 Ÿ Infrared  

(b) ɚ3 < ɚ2 < ɚ4 < ɚ1 

(c) Microwave - Radar 

    UV - LASIK eye surgery  

    X-ray - Bone fracture identification (bone scanning)  

 Infrared - Optical communication. 

2) You are given a 2ⱧF parallel plate capacitor. How would you establish an instantaneous 

displacement current of 1 mA in the space between its plates? 

SOL: 

 
Hence, applying a varying potential difference of 5 10

2
 V/s would produce a displacement current of 

desired value. 

RAY OPTICS 

1) Will the focal length of a lens for red light be more, same or less than that for blue light? 

SOL: As the refractive index for red is less than that for blue, parallel beams of light incident on a 

lens will be bent more towards the axis for blue light compared to red. Thus the focal length for blue 

light will be smaller than that for red. 

2) The near vision of an average person is 25cm. To view an object with an angular 

magnification of 10, what should be the power of the microscope? 

SOL:The near vision of an average person is 25cm. To view an object with magnification 10, 

 
3) An unsymmetrical double convex thin lens forms the image of a point object on its axis. Will 

the position of the image change if the lens is reversed? 

SOL: No. The reversibility of the lens makes equation. 
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4) For a glass prism (µ = 3) the angle of minimum deviation is equal to the angle of the prism. 

Find the angle of the prism. 

SOL: At minimum deviation 

 

 

 

 
5) A jar of height h is filled with a transparent liquid of refractive  index ì (Fig.). At the centre of the 

jar on the bottom surface is a dot. Find the minimum diameter of a disc, such that when placed on the 

top surface symmetrically about the centre, the dot is invisible. 

 
SOL: Let d be the diameter of the disc. The spot shall be invisible if the incident rays from 

the dot at O to the surface at 
2

d
 are at the critical angle. 

Let i be the angle of incidence. 

 
WAVE OPTICS  

1) Is Huygenôs principle valid for longitudunal sound waves? 

SOL: Yes. 
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2) Consider a point at the focal point of a convergent lens. Another convergent lens of short 

focal length is placed on the other side. What is the nature of the wavefronts emerging from 

the final image? 

SOL: Spherical. 

3) What is the shape of the wavefront on earth for sunlight? 

SOL: Spherical with huge radius as compared to the earthôs radius so that it is almost a plane. 

4) A polariod (I) is placed in front of a monochromatic source. Another polatiod (II) is placed 

in front of this polaroid (I) and rotated till n o light passes. A third polaroid (III) is now 

placed in between (I) and (II). In this case, will light emerge from (II). Explain. 

SOL: Only in the special cases when the pass axis of (III) is parallel to (I) or (II) there shall be no 

light emerging. In all other cases there shall be light emerging because the pass axis of (II) is no 

longer perpendicular to the pass axis of (III). 

5) Can reflection result in plane polarised light if the light is incident on the interface from the 

side with higher refractive index? 

SOL: Polarisation by reflection occurs when the angle of incidence is the 

Brewsterôs angle i.e. 2

1

tan B

m
q

m
= where ‘2 < ‘ 1. 

When light travels in such a medium the critical angle is sinCq = ‘ 2 ; where ‘2 < ‘ 1. 

As | tan —B | > | sin —c| for large angles, —B < —C . 

Thus, polarisation by reflection shall definitely occur. 

DUAL NATURE OF RADIATION AND MATTER  

1) A proton and an ♪-particle are accelerated, using the same potential difference. How are the 

deBroglie wavelengths Pl  and al  related to each other? 

SOL: 

 
2) There are two sources of light, each emitting with a power of 100 W. One emits X-rays of 

wavelength 1 nm and the other visible light at 500 nm. Find the ratio of number of photons 

of X-rays to the photons of visible light of the given wavelength? 

SOL: Total E is constant. Let n1 and n2 be the number of photons of X-rays and visible region 

 
ATOMS 

1) The mass of a H-atom is less than the sum of the masses of a proton and electron. Why is 

this? 

SOL: Einsteinôs mass-energy equivalence gives E = mc
2
. Thus the mass of a H-atom is mP+ me ï   

where B  13.6eV is the binding energy. 
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2) 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? 

SOL: Because electrons interact only electromagnetically. 

3) Would the Bohr formula for the H-atom remain unchanged if proton had a charge (+4/3)e 

and electron a charge (ī3 / 4) e , where e = 1.6 × 10
ï19

C. Give reasons for your answer. 

SOL: Yes, since the Bohr formula involves only the product of the charges. 

4) Consider two different hydrogen atoms. The electron in each atom is in an excited state. Is it 

possible for the electrons to have different energies but the same orbital angular momentum 

according to the Bohr model? 

SOL: No, because accoding to Bohr model, En = ï 
Ȣ
 and electons having different energies belong 

to different levels having different values of n. So, their angular momenta will be different, as mvr =

2

nh

p
. 

5) Using Bohr model, calculate the electric current created by the electron when the H-atom is 

in the ground state. 

SOL: v = velocity of electron;  r  = Bohr radius. 

Ḉ Number of revolutions per unit time = 
2

v

rp
  

Ḉ Current  = 
2

v

rp
 e 

NUCLEI  

1) 
3

2He  and 
3

1He nuclei have the same mass number. Do they have the same binding energy? 

SOL: No, the binding energy of H1
3
 is greater. 

2) Draw a graph showing the variation of decay rate with number of active nuclei. 

SOL: 

 
3) (a)Which sample, A or B shown in Fig. has shorter mean-life?  

(b)Which one of the following cannot emit radiation and why? Excited nucleus, excited 

electron. 
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SOL: (a) B has shorter mean life as l is greater for B. 

(b) Excited electron because energy of electronic energy levels is in the range of eV, only not in MeV. 

as  -radiation has energy in MeV. 

4) Why do stable nuclei never have more protons than neutrons? 

SOL: Protons are positively charged and repel one another electrically. This repulsion becomes so 

great in nuclei with more than 10 protons or so, that an excess of neutrons which produce only 

attractive forces, is required for stability. 

 

SEMICONDUCTOR  

1) The conductivity of a semiconductor increases with increase in temperature. Why? 

SOL: number density of current carriers increases, relaxation time decreases but effect of decrease in 

relaxation time is much less than increase in number density. 

2) In Fig., Vo is the potential barrier across a p-n junction, when no battery is connected across 

the junction. Which graph shows forward/reverse bias.  

 
Ans: 1 corresponds to forward bias and 3 corresponds to reverse bias of junction. 

3) In Fig., assuming the diodes to be ideal, Explain the biasing of diodes D1 & D 2. 

 
SOL: D2 is forward biased and D1 is reverse biased and hence no current flows from B to A and vice 

versa. 

4) A 220 V A.C. supply is connected between points A and B (Fig.). What will be the potential 

difference V across the capacitor? 

 

SOL: 220 2  V. 

5) Truth table for the given circuit (Fig.) is 
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SOL:  

 
6) Why are elemental dopants for Silicon or Germanium usually chosen from group XIII or 

group XV? 

SOL: The size of dopant atoms should be such as not to distort the pure semiconductor lattice 

structure and yet easily contribute a charge carrier on forming co-valent bonds with Si or Ge. 

7) Sn, C, and Si, Ge are all group XIV elements. Yet, Sn is a conductor, C is an insulator while 

Si and Ge are semiconductors. Why? 

SOL: The energy gap for Sn is 0 eV, for C is 5.4 eV, for Si is 1.1 eV and for Ge is 0.7eV, related to 

their atomic size. 

8) Can the potential barrier across a p-n junction be measured by simply connecting a 

voltmeter across the junction? 

SOL: No, because the voltmeter must have a resistance very high compared to the junction resistance, 

the latter being nearly infinite. 

9) In a CE tr ansistor amplifier there is a current and voltage gain associated with the circuit. 

In other words there is a power gain. Considering power a measure of energy, does the 

circuit voilate conservation of energy? 

SOL: No, the extra power required for amplified output is obtained from the DC source. 

10) . 

 
(i) Name the type of a diode whose characteristics are shown in Fig. (A) and Fig. (B). 

(ii)  What does the point P in Fig. (A) represent? 

(iii)  What does the points P and Q in Fig. (B) represent? 

SOL: (i) ZENER junction diode and solar cell. 

(ii) Zener breakdown voltage 

(iii) Q- short circuit current, P- open circuit voltage. 

11) If the resistance R1 is increased (Fig.), how will the readings of the ammeter and voltmeter 

change? 

SOL: IB = 
1

ïBB BEV V

R
. If R1 is increased, IB will decrease. Since Ic= Ib, it will  result in decrease in IC 

i.e decrease in ammeter and voltmeter readings. 
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12) Two car garages have a common gate which needs to open automatically when a car enters 

either of the garages or cars enter both. Devise a circuit that resembles this situation using 

diodes for this situation. 

SOL: 

 
 OR gate gives output according to the truth table. 

A B C 

0 0 0 

0 1 1 

1 0 1 

1 1 1 

13) Explain why elemental semiconductor cannot be used to make visible LEDs. 

SOL: Elemental semiconductorôs band-gap is such that emissions are in IR region. 

14) A Zener of power rating 1 W is to be used as a voltage regulator. If zener has a breakdown 

of 5V and it has to regulate voltage which fluctuated between 3V and 7V, what should be the 

value of Rs for safe operation (Fig.)? 

 
SOL: 

 
15) If each diode in Fig. has a forward bias resistance of 25Ý and infinite resistance in reverse 

bias, what will be the values of the current I 1, I 2, I 3 and I 4? 
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SOL: I3 is zero as the diode in that branch is reverse bised. Resistance in the branch AB and EF are 

each (125 + 25) Ý = 150 Ý. 

As AB and EF are identical parallel branches, their effective resistance is 150/2 = 75 Ý 

 
16) Draw the output signals C1 and C2 in the given combination of gates (Fig.). 

 
SOL: 

 
17) Consider the circuit arrangement shown in Fig. for studying input and output 

characteristics of npn transistor in CE configuration. 

 
Select the values of RB and RC for a transistor whose VBE = 0. 7 V, so that the transistor is 

operating at point Q as shown in the characteristics shown in Fig.  

Given that the input impedance of the transistor is very small and VCC = VBB = 16 V, also find 

the voltage gain and power gain of circuit making appropriate assumptions. 
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SOL: From the output characteristics at point Q, VCE = 8V & IC = 4mA 

VCC = IC RC + VCE 

 
COMMUNICATION SYSTEM  

1) Would sky waves be suitable for transmission of TV signals of 60 MHz frequency? 

SOL: No, signals of frequency greater than 30 MHz will not be reflected by the ionosphere, but will 

penetrate through the ionosphere. 

2) Two waves A and B of frequencies 2 MHz and 3 MHz, respectively are beamed in the same 

direction for communication via sky wave. Which one of these is likely to travel longer 

distance in the ionosphere before suffering total internal reflection? 

SOL: The refractive index increases with increase in frequency which implies that for higher 

frequency waves, angle of refraction is less, i.e. bending is less. Hence, the condition of total internal 

relection is atained after travelling larger distance (by 3MHz wave). 

3) The maximum amplitude of an A.M. wave is found to be 15 V while its minimum amplitude 

is found to be 3 V. What is the modulation index? 

SOL: 
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4) Compute the LC product of a tuned amplifier circuit required to generate a carrier wave of 

1 MHz for amplitude modulation. 

SOL: 

 
5) Why is a AM signal likely to be more noisy than a FM signal upon transmission through a 

channel? 

SOL: In AM, the carrier waves instantaneous voltage is varied by modulating waves voltage. On 

transmission, noise signals can also be added and receiver assumes noise a part of the modulating 

signal. 

However in FM, the carriers frequency is changed as per modulating waves instantaneous voltage. 

This can only be done at the mixing/ modulating stage and not while signal is transmitting in channel. 

Hence, noise doesnôt effect FM signal. 

6) A TV transmission tower antenna is at a height of 20 m. How much service area can it cover 

if the receiving antenna is (i) at ground level, (ii) at a height of 25 m? Calculate the 

percentage increase in area covered in case (ii) relative to case (i). 

SOL:  

 
7) If the whole earth is to be connected by LOS communication using space waves (no 

restriction of antenna size or tower height), what is the minimum number of antennas 

required? Calculate the tower height of these antennas in terms of earths radius? 

SOL: 
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8) The maximum frequency for reflection of sky waves from a certain layer of the ionosphere 

is found to be fmax =9(Nmax)
1/2

, where Nmax is the maximum electron density at that layer of 

the ionosphere. On a certain day it is observed that signals of frequencies higher than 5MHz 

are not received by reflection from the F1 layer of the ionosphere while signals of 

frequencies higher than 8MHz are not received by reflection from the F2 layer of the 

inonosphere. Estimate the maximum electron densities of the F1 and F2 layers on that day. 

SOL: 

 
9) On radiating (sending out) an AM modulated signal, the total radiated power is due to 

energy carried by ⱷc, ⱷc ï ⱷm & ⱷc + ⱷm. Suggest ways to minimise cost of radiation 

without compromising on information. 

SOL: 

 
10) A 50 MHz sky wave takes 4.04 ms to reach a receiver via re-transmission from a satellite 

600 km above earthôs surface. Assuming re-transmission time by satellite negligible, find the 

distance between source and receiver. If communication between the two was to be done by 

Line of Sight (LOS) method, what should size and placement of receiving and transmitting 

antenna be? 

SOL: 
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11) An amplitude modulated wave is as shown in Fig. Calculate (i) the percentage modulation, 

(ii) peak carrier voltage and, (iii) peak value of information voltage. 

 
SOL: 

 
12) An audio signal is modulated by a carrier wave of 20MHz such that the bandwidth required 

for modulation is 3kHz. Could this wave be demodulated by a diode detector which has the 

values of R and C as 

(i) R = 1 kɱ, C = 0.01µF. 

(i i)  R = 10 kɱ, C = 0.01µF. 

(i ii)  R = 10 kɱ, C = 0.1µF. 

 

SOL: 
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ELECTRIC CHARGES AND FIELDS  

1) An arbitrary surface encloses a dipole. What is the electric flux through this surface? 

SOL: Zero. 

2) A metallic spherical shell has an inner radius R1 and outer radius R2. A charge Q is placed at 

the centre of the spherical cavity. What will be surface charge density on (i) the inner 

surface, and (ii) the outer surface? 

SOL: (i)  
╠

Ⱬ╡
  (ii) 

╠

Ⱬ╡
  

3) If the total charge enclosed by a surface is zero, does it imply that the elecric field 

everywhere on the surface is zero? Conversely, if the electric field everywhere on a surface 

is zero, does it imply that net charge inside is zero. 

SOL: No, the field may be normal. However, the converse is true. 

4) Two charges q  and ð3q are placed fixed on x -axis separated by  distance ôdõ. Where 

should a third charge 2 q  be placed such that  it will not experience any force?  

SOL: At P: on 2q, Force due to q is to the left and that due to ï3q is to the right. 

 
5) Fig. shows the electric field lines around three point charges A, B and C. 

 
(a) Which charges are positive? 

(b) Which charge has the largest magnitude? Why? 

(c) In which region or regions of the picture could the electric field be zero? Justify 

your answer. 

 (i) near A, (ii) near B, (iii) near C, (iv) nowhere. 

SOL: (a) Charges A and C are positive since lines of force emanate from them. 

(b) Charge C has the largest magnitude since maximum number of field lines are associated with it. 

(c) (i) near A. There is no neutral point between a positive and a negative charge. A neutral point may 

exist between two like charges. From the figure we see that a neutral point exists between charges A 

and C. Also between two like charges the neutral point is closer to the charge with smaller magnitude. 

Thus, electric field is zero near charge A. 

6) Five charges, q each are placed at the corners of a regular pentagon of side óaô (Fig.). 
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(a) (i) What will be the electric field at O, the centre of the pentagon? 

(ii) What will be the electric field at O if the charge from one of the corners (say A) is removed? 

(iii) What will be the electric field at O if the charge q at A is replaced by ïq? 

(b) How would your answer to (a) be affected if pentagon is replaced by n-sided regular polygon 

with charge q at each of its corners? 

 
SOL: 

 
 

ELECTROSTATIC POTENTIAL AND CAPACITANCE  

1) Consider two conducting spheres of radii R1 and R2 with R1 > R2. If the two are at the same 

potential, the larger sphere has more charge than the smaller sphere. State whether the 

charge density of the smaller sphere is more or less than that of the larger one. 

SOL: More. 

2) Do free electrons travel to region of higher potential or lower potential? 

SOL: Higher potential. 

3) Can there be a potential difference between two adjacent conductors carrying the same 

charge? 

SOL: Yes, if the sizes are different. 

4) A test charge q is made to move in the electric field of a point charge Q along two different 

closed paths (Fig.). First path has sections along and perpendicular to lines of electric field. 

Second path is a rectangular loop of the same area as the first loop. How does the work done 

compare in the two cases? 

 
SOL: As electric field is conservative, work done will be zero in both the cases. 
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5) Two metal spheres, one of radius R and the other of radius 2R, both have same surface 

charge density Ɑ. They are brought in contact and separated. What will be new surface 

charge densities on them? 

SOL:  

      
6) In the circuit shown in Fig., initially K 1 is closed and K2 is open. What are the charges on 

each capacitors. Then K1 was opened and K2 was closed (order is important), What will be 

the charge on each capacitor now? [ C = 1ⱧF] 

 
SOL: 

 
CURRENT ELECTRICITY  

1) What are the advantages of the null-point method in a Wheatstone bridge? What additional 

measurements would be required to calculate Runknown by any other method? 

SOL: The advantage of null point method in a Wheatstone bridge is that the resistance of 

galvanometer does not affect the balance point and there is no need to determine current in resistances 

and galvanometer and the internal resistance of a galvanometer. Runknown can be calculated applying 

Kirchhoffôs rules to the circuit. We would need additional accurate measurement of all the currents in 

resistances and galvanometer and internal resistance of the galvanometer. 
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2) What is the advantage of using thick metallic strips to join wires in a potentiometer? 

SOL: The metal strips have low resistance and need not be counted in the potentiometer length l1 of 

the null point. One measures only their lengths along the straight segments (of lengths 1 meter each). 

This is easily done with the help of centimeter rulings or meter ruler and leads to accurate 

measurements. 

3) For wiring in the home, one uses Cu wires or Al wires. What considerations are involved in 

this? 

SOL: Two considerations are required: (i) cost of metal, and (ii) good conductivity of metal. Cost 

factor inhibits silver. Cu and Al are the next best conductors. 

4) Why are alloys used for making standard resistance coils? 

SOL: Alloys have low value of temperature co-efficient (less temperature sensitivity) of resistance 

and high resistivity. 

5) Power P is to be delivered to a device via transmission cables having resistance RC. If V is 

the voltage across R and I  the current through it, find the power wasted and how can it be 

reduced. 

SOL: Power wasted PC = I
2
RC where RC is the resistance of the connecting wires. PC = RC 

In order to reduce PC, power should be transmitted at high voltage. 

6) AB is a potentiometer wire (Fig) . If the value of R is increased, in which direction will the 

balance point J shift? 

 

SOL: If R is increased, the current through the wire will decrease and hence the potential gradient 

will also decrease, which will result in increase in balance length. So J will shift towards B. 

7) While doing an experiment with potentiometer (Fig) it was found that the deflection is one 

sided and (i) the deflection decreased while moving from one end A of the wire to the end B; 

(ii) the deflection increased. while the jockey was moved towards the end B. 

i)Which terminal +or ïve of the cell E1, is connected at X in case (i) and how is E1 related to E? 

ii)Which terminal of the cell E1 is connected at X in case (ii)? 
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SOL: (i) Positive terminal of E1 is connected at X and E1 > E. (ii) Negative terminal of E1 is 

connected at X. 

8) A cell of emf E and internal resistance r is connected across an external resistance R. Plot a 

graph showing the variation of P.D. across R, verses R. 

SOL: 

 
9) First a set of n equal resistors of R each are connected in series to a battery of emf E and 

internal resistance R. A current I  is observed to flow. Then the n resistors are connected in 

parallel to the same battery. It is observed that the current is increased 10 times. What is 

ónô? 

SOL: 

 
10) Let there be n resistors R1 ééééééRn with Rmax = max (R1 éééééRn) and Rmin = 

min {R1 éé.. Rn}. Show that when they are connected in parallel, the resultant resistance 

RP< Rmin and when they are connected in series, the resultant resistance RS > Rmax . Interpret 

the result physically. 

SOL: 

 
and RS = R 1 +éééé+ Rn   Rmax . 

In Fig. (b), Rmin provides an equivalent route as in Fig. (a) for current. But in addition there are (n ï 1) 

routes by the remaining (n ï 1) resistors. Current in Fig.(b) > current in Fig. (a). Effective Resistance 

in Fig. (b) < Rmin. Second circuit evidently affords a greater resistance. You can use Fig. (c) and (d) 

and prove Rs > Rmax . 
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11) The circuit in Fig shows two cells connected in opposition to each other. Cell E1 is of emf 6V 

and internal resistance 2Q; the cell E2 is of emf 4V and internal resistance 8Q. Find the 

potential difference between the points A and B. 

 
SOL: 

 
12) Two cells of same emf E but internal resistance r1 and r2 are connected in series to an 

external resistor R (Fig) . What should be the value of R so that the potential difference 

across the terminals of the first cell becomes zero. 

 

SOL: 

 
13) Two conductors are made of the same material and have the same length. Conductor A is a 

solid wire of diameter 1mm. Conductor B is a hollow tube of outer diameter 2mm and inner 

diameter 1mm. Find the ratio of resistance RA to RB. 

SOL: 
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14) Two cells of voltage 10V and 2V and internal resistances 10Ý and 5Ý respectively, are 

connected in parallel with the positive end of 10V battery connected to negative pole of 2V 

battery (Fig ). Find the effective voltage and effective resistance of the combination. 

 
SOL: Applying Kirchhoffôs junction rule: 

I1 = I + I2 

Kirchhoffôs loop rule gives: 10 = IR + 10I1   .... (i) 

2 = 5I2 ï RI = 5 (I1 ï I) ï RI  

4 = 10I1 ï 10I ï 2RI  ééé.(ii)  

 
15) (a) Consider circuit in Fig. How much energy is absorbed by electrons from the initial state 

of no current (ignore thermal motion) to the state of drift velocity? 

(b) Electrons give up energy at the rate of RI
2
 per second to the thermal energy. What time scale 

would one associate with energy in problem (a)? n = no of electron/volume = 10
29

/m
3
, length of 

circuit = 10 cm, cross-section = A = (1mm)
2
. 
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SOL: 

 
MAGNETIC  

1) Show that a force that does no work must be a velocity dependent force. 

SOL: dW= . 0F dl=  => .v 0F dt=  => .v 0F = . 

F  must be velocity dependent which implies that angle between F and v is 90°. If v changes 

(direction) then (directions) F should also change so that above condition is satisfied. 

2) Describe the motion of a charged particle in a cyclotron if the frequency of the radio 

frequency (rf) field were doubled. 

SOL: Particle will accelerate and decelerate altenatively. So the radius of path in the Deeôs will 

remain unchanged. 

3) A long straight wire carrying current of 25A rests on a table as shown in Fig. Another wire 

PQ of length 1m, mass 2.5 g carries the same current but in the opposite direction. The wire 

PQ is free to slide up and down. To what height will PQ rise? 

 
SOL: 

 
4) A uniform conducting wire of length 12a and resistance R is wound up as a current carrying 

coil in the shape of (i) an equilateral triangle of side a; (ii) a square of sides a and, (iii) a 

regular hexagon of sides a. The coil is connected to a voltage source V0. Find the magnetic 

moment of the coils in each case. 
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SOL: 

        

For triangle n= 
12

3

a

a
= 4   For square n = 

12

4

a

a
= 3  For hexagon n = 

12

6

a

a
= 2 

Area of triangle = 
21 3 3

2 2 4

a
a a³ ³ = ;Area of square= 

2a  ; Area of hexagon = 
23 3

2
a  

Current I is same for all . Magnetic moment M = InA 

For triangle = 
2 3Ia   ;  for square = 

23Ia  ; for hexagon = 
23 3Ia     

(Note: m is in a geometric series) 

MAGNETISM  

1) From molecular view point, discuss the temperature dependence of susceptibility for 

diamagnetism, paramagnetism and ferromagnetism. 

SOL: Diamagnetism is due to orbital motion of electrons developing magnetic moments opposite to 

applied field and hence is not much affected by temperature. 

Paramagnetism and ferromagnetism is due to alignments of atomic magnetic moments in the direction 

of the applied field. As temperature increases, this aligment is disturbed and hence susceptibilities of 

both decrease as temperature increases. 

2) Consider the plane S formed by the dipole axis and the axis of earth. Let P be point on the 

magnetic equator and in S. Let Q be the point of intersection of the geographical and 

magnetic equators. Obtain the declination and dip angles at P and Q. 

SOL: 

 
Refer to the adjacent Fig. 

1. P is in S (needle will point both north) Declination = 0 

 P is also on magnetic equator. 

  Ḉ dip = 0 

2. Q is on magnetic equator. 

 Ḉ dip = 0   but declination = 11.3°. 
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EMI  

1) Consider a magnet surrounded by a wire with an on/off switch S (Fig) . If the switch is 

thrown from the off position (open circuit) to the on position (closed circuit), will a current 

flow in the circuit? Explain.  

 
SOL: No part of the wire is moving and so motional e.m.f. is zero. The magnet is stationary and 

hence the magnetic field does not change with time. This means no electromotive force is produced 

and hence no current will flow in the circuit. 

2) A wire in the form of a tightly wound solenoid is connected to a DC source, and carries a 

current. If the coil is stretched so that there are gaps between successive elements of the 

spiral coil, will the current increase or decrease? Explain. 

SOL: The current will increase. As the wires are pulled apart the flux will leak through the gaps. 

Lenzôs law demands that induced e.m.f. resist this decrease, which can be done by an increase in 

current. 

3) A solenoid is connected to a battery so that a steady current flows through it. If an iron core 

is inserted into the solenoid, will the current increase or decrease? Explain. 

SOL: The current will decrease. As the iron core is inserted in the solenoid, the magnetic field 

increases and the flux increases. Lentôs law implies that induced e.m.f. should resist this increase, 

which can be achieved by a decrease in current. 

4) Consider a metal ring kept (supported by a cardboard) on top of a fixed solenoid carrying a 

current I  (Fig.) . The centre of the ring coincides with the axis of the solenoid. If the current 

in the solenoid is switched off, what will happen to the ring? 

 
SOL: When the current in the solenoid decreases a current flows in the same direction in the metal 

ring as in the solenoid. Thus there will be a downward force. This means the ring will remain on the 

cardboard. The upward reaction of the cardboard on the ring will increase. 

5) Consider a metallic pipe with an inner radius of 1 cm. If a cylindrical bar magnet of radius 

0.8cm is dropped through the pipe, it takes more time to come down than it takes for a 

similar unmagnetised cylindrical iron bar dropped through the metallic pipe. Explain. 
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SOL: For the magnet, eddy currents are produced in the metallic pipe. These currents will oppose the 

motion of the magnet. Therefore magnetôs downward acceleration will be less than the acceleration 

due to gravity g. On the other hand, an unmagnetised iron bar will not produce eddy currents and will 

fall with an acceleration g. Thus the magnet will take more time. 

A.C. 

1) Draw the effective equivalent circuit of the circuit shown in Fig, at very high frequencies 

and find the effective impedance. 

 
SOL: At high frequencies, capacitor å short circuit (low reactance) and 

inductor å open circuit (high reactance). Therefore, the equivalent 

circuit Z å R1 + R3 as shown in the Fig. 

 
2) Study the circuits (a) and (b) shown in Fig and answer the following questions. 

 

(a) Under which conditions would the rms currents in the two circuits be the same? 

(b) Can the rms current in circuit (b) be larger than that in (a)? 

 
SOL: (a) Yes, if rms voltage in the two circuits are same then at resonance, the rms current in LCR 

will be same as that in R circuit. 

(d) No, because R Ò Z, so Ia Ó Ib. 

3) Can the instantaneous power output of an ac source ever be negative? Can the average 

power output be negative? 

SOL: Yes, No. 

4) In series LCR circuit, the plot of Imax is shown in Fig. Find the bandwidth and mark in the 

figure. 
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SOL: Bandwidth corresponds to frequencies at which Im=  
1

2
 Imax å  0.7Imax . 

It is shown in the Fig. 

wD  = 1.2 ï 0.8 = 0.4 rad/s 

 
5) The alternating current in a circuit is described by the graph shown in Fig. Show rms 

current in this graph. 

 
SOL: Irms = 1.6A (shown in Fig. by dotted line) 

 

6) How does the sign of the phase angle ꜚ, by which the supply voltage leads the current in an 

LCR series circuit, change as the supply frequency is gradually increased from very low to 

very high values. 

SOL: From negative to zero to positive; zero at resonant frequency. 

7) A device óXô is connected to an a. c source. The variation of voltage, current and power in 

one complete cycle is shown in Fig  

(a) Which curve shows power consumption over a full cycle? 

(b) What is the average power consumption over a cycle? 

(c) Identify the device óXô. 

 
SOL: (a) A 

(b) Zero 

(c) L or C or LC 
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8) Both alternating current and direct current are measured in amperes. But how is the 

ampere defined for an alternating current? 

SOL: An a.c current changes direction with the source frequency and the attractive force would 

average to zero. Thus, the a.c ampere must be defined in terms of some property that is independent of 

the direction of current. Jouleôs heating effect is such property and hence it is used to define rms value 

of a.c. 

9) A coil of 0.01 henry inductance and 1 ohm resistance is connected to 200 volt, 50 Hz ac 

supply. Find the impedance of the circuit and time lag between max. alternating voltage and 

current. 

SOL: 

 
10) A 60 W load is connected to the secondary of a transformer whose primary draws line 

voltage. If a current of 0.54 A flows in the load, what is the current in the primary coil? 

Comment on the type of transformer being used. 

SOL: 

 
11) Explain why the reactance provided by a capacitor to an alternating current decreases with 

increasing frequency. 

SOL: A capacitor does not allow flow of direct current through it as the resistance across the gap is 

infinite. When an alternating voltage is applied across the capacitor plates, the plates are alternately 

charged and discharged. The current through the capacitor is a result of this changing voltage (or 

charge). Thus, a capacitor will pass more current through it if the voltage is changing at a faster rate, 


