SOME IMPORTANT ADDITIONAL QUESTIONS FROM NCERT EXAMPLAR
EMW
1) Electromagnetic waves with wavelength
i) oy is used in satellite communication.
i) & is used to kill germs in water purifies.
iii) osis used to detect leakage of oil in underground pipelines.
iv) 8y is used to improve visibility in runways during fog and mist conditions.
(a) Identify and name the part of electromagnetic spectrum to which theseiomsliat
belong.
(b) Arrange these wavelengths in ascending order of their magnitude.
(c) Write one more application of each.
2) You are given a ‘2 parallel plate capacitor. How would you establish an instantaneous
displacement current of 1 mA in the space betweanldtes?
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 timécroscope?
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 (u = 3)ehangle of minimum deviation equal to the angle of the prisiind
the angle of the prism.
5) A jar of heighth is filled with a transparent liquid of refractivelex. (Fig.). At the centre of the jar on the
bottom surface ia dot. Find the minimum diameter of a disc, such that when mglacéide top surface
symmetrcally about the centre, the doirigisible.

WAVE OPTICS

1) I's Huygendés principle valid for |l ongitudunal

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 sutiligh

4) A polariod (l) is placed in front of a monochromatic source. Another polatiod (Il) is placed in
front of this polaroid (I) and rotated till no light passes. A third polaroid (Ill) is now placed in
between (I) and (I1). In this case, will light emergenir (I1). 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 potedii@rence. How are the

deBroglie wavelengthg , and/, related to each other?

2) There are two sources of light, each emitting with a power of 100 W. One emiatgs>of
wavelength 1 nm and the other visibight at 500 nm. Find the ratio of number of photons ef X
rays to the photons of visible light of the given wavelength?

ATOMS

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

2) When an electron falls fromtdgher 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 4dtom remain unchanged if proton had a charge (e4B)
el ectron a ecwhareeg k6 x(108. Give rdayons 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 santal @mgular momentum
according to the Bohr model?

5) Using Bohr model, calculate the electric current created by the electron wheratbmlit in the
ground state.

NUCLEI

1) Hej and Hef nuclei have the same massmber. 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 rdaf
(b)Which one of the following cannot emit radiation and why? Excitedeus, excited electron.

dN
dt A
I ;

t ——d

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

SEMICONDUCTOR

1) The conductivity of a semiconductor increases with increasariperature. Why?

2) In Fig. V, is the potential barrier across angunction, when ndattery is connected across the

junction Which graph shows forward/reverse bias.
1

T 3

v

3) In Fig. assuming the diodes to be iddatplain the biasing of diodes;B. D..
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AVAS

A
~10V &—=—AA\N,

D,

B

4) A 220 V A.C. supply is connected between points A an(Fi8.). What will be the potential
differenceV across the capacitor?

é_[>|_£

220V C=V
Ac. T
B
5) Truth tablefor the given circuit (Fig.is
A C
D_. E
N
Be—m¥% / D

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

7) Sn, C, and Si, Gare 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 4 unction be measured by simply connecting a voltmeter
across the junction?

9) In a CE transistor amplifiehere 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).
t )
I I
(nA)
P P
V> V=
(volt) ./
Q
(a) (b)

() Name the type of a diode whose characteristics are shokig.ifA) and Fig. (B).
(i) What does the point P in Fig. (A) represent?
(i) What does the points P and Q in Fig. (B) represent?
11) If the resistanceR, is increased (FiQ. how will the readings of the ammeter and voltmeter
change?
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12) Two car garages have a common gatétvineeds 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 ofpower 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

Rsfor safe operation (Fif2

Rs
Oo—Wy O
Unregulated Regulated
voltage voltage
O O

15) If each diode in Fighas a forward bias sestance of 2% and infinite resistance in reverse bias,
what will be the values of the currdatl,, |5 andl,?

A L 125Q B
C D
E F
1,4

5V
16) Draw the output signals; andC, in the given combination afates (Fig.

A ! | A
O 1 2 3 4 5t c,
B
B 1 | 1

G

17) Consider the circuiarrangement shown in Fig. for stuny input and output characteristics of
npn transistor in CE configuration.

Le &
I i R, L 4
Ve, (mA)

>

Q
AMmA ecenan.a. =
R, E BV, : I,= 30uA

vwn l ;

8V v, (Vo]t;)

Select the values &z andR¢ for a transistor whos®se = 0. 7 V, so that the transistor is operating at
point Q as shown in the clateristics shown in Figsiven that theriput impedance of the transistor
is very small andVcc = Vgg = 16 V, also find the voltage gain and power gain of circuit making
appropriate assumptions.
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COMMUNICATION SYSTEM

1)
2)

3)
4)
5)

6)

7

8)

9)

Would sky waves be suitable for transmission ofsighals of 60 MHz frequency?

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 totekimal reflection?

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?

Compute thé.C product of a tuned amplifier circuit required to generate a carrier wave of 1 MHz
for amplitude modulation.

Why is a AM signal likely to be more noisy than a FM signal upon transmission through a
channel?

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 l&v@) at a height of 25 m? Calculate the percentage increase

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

If the whole earth is to be connected by LOS communication using space waves (no restriction of
antenna size or tower height), what is theimirm number of antennas required? Calculate the
tower height of these antennas in terms of earths radius?

The maximum frequency for reflection of sky waves from a cettjar of the ionosphere is
found to befay =9(Nma>)1’2, where N is the maximumelectron 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, Fayer of the ionosphere while signals of frequencies higher than
8MHz are not receivelly reflection from the flayer of the inonosphere. Estimate the maximum
electron densities of the Bnd F, layers on that day.

On radiating (sending out) an AM modulated signal, the total radiated power is due to energy
carried byl ¢, 71 ¢ 71 m &1 ¢ +1 m Suggest ways to minimise cost of radiation without
compromising on information.

10) A 50 MHz sky wave takes 4.04 ms to reach a receiver vicansmission from a satellite 600 km

above eart hodos stransmiasiore time Byssatelliteineghgb fing 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. Gateu(i) the percentage modulation, (ii)

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

Y Y | I

£

=5
[
-
e
3
[
[ ——
==
=

\

~ v

v

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 lbjode detector which has the values of
RandC as

(i) R=1km C=0.01pF.

(ii) R=10 km, C=0.01pF.

(iii)  R=10km C=0.1pF.
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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 radRjsand outer radiu®. A chargeQ 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 g and 083qg are placed fixed on x-axis separated by di st addc.e Wher e
should a third charge 2 g 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.

A1
3y 4

(@ Which charges are positive?

(b) Whichcharge 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 chargesyeach are placed at the corners of a regular pemiag o fab s ()8 e g 6
(a) (i) What will be the electric field at O, the centre of the pentagon?
(i) What will be the electric field at O if the charge from one of the corners (say A) is removed?
(iif) What will be the electric field at O if the chargeat A is replaced byqg?
(b) How would your answer to (a) be affected if pentagon is replaceesiged regular polygon with

chargeq at each of its corners?

/\q

I

ELECTROSTATIC POTENTIAL AND CAPACITANCE

1) Consider two conducting spheres of ragjiand R, with R; > R,. If the two are at the same
potential, the larger sphere has more charge than the smaller sphere. State whether the charge
density of thesmaller sphere is more or less than that of the larger one.

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

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

4) A test charge is made to move in the electric field of a point charge Q alogiifferent closed
paths (Fig. First path hasections 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 radiRsand the other of radiusR2 both have ame 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 Kis closed and Kis open. What are the charges on each
capacitorsThen K was opened ahK; was closed (order is important), What will be the charge
on each capacitor nowZ[= 1' F]

C=6C K K,

———C- ()

E=9V C

Al
Al
N

CURRENT ELECTRICITY

1) What are the advantages of the mdint method in a Wheatstone bridge? What additional
measurements would be required to calcuRtgown 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 tesise coils?

5) PowerP is to be delivered to a device via transmission cables having resi®ankfeV is the
voltage acros® andl the current through it, find the power wasted and how can it be reduced.

6) AB is a potentiometer wire (Fig. If the value ofR is increased, in which direction will the
balance point J shift?

E R
{3

J
Ak-‘ T B
7) While doing an expement with potentiometer (Figt was found that the deflection is one sided
and (i) the deflection decreased while moving from one end A of the wire to the endtBe (i
deflection increased. while the jockey was moved towards the end B.

() Which terminal +oii ve of the celE,, is connected & in case (i) and how i§; related toE?
(i) Which terminal of the celt; is connected at X in case (ii)?
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8) A cell of emfE and internal resistanaeds connected across an external resist&ddot a graph
showing the variation of P.D. across R, velRes

9) First a set oh equal resistors dR each are connected in series to a battery offearfd internal
resistancdR. A curentl is observed to flow. Then theresistors are connected in parallel to the
same battery. It i s observed théa?t t he current

10) Let there ben resistorsR; € é € é € é R, with Rpax=max R, € é é é éR) and Ry, = min
{R; é é . R}. Show that when they are connected in parallel, the resultant resiRané,,
and when they are connected in series, the resultant resiRanc&:.x . Interpret the result
physically.

11) The circuit inFig shows two cells connected in oppositioretch other. Celt; is of emf 6V and
internal resistance 2Q; the c@} is of emf 4V and internal resistance 8Q. Find the potential
difference between the points A and B.

A I & ]
4‘ ol .
E, E,

12) Two cells of same entt but internal resistancg andr, are connected in seriés an external

resistorR (Fig) . What should be the value & so that the potential difference across the
terminals of the first cell becomes zero.

] E

AW
K
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 resistanBg to Rs.
14) Two cells of voltage 10V and 2V and internal resistances 10U and 5Q respectively, are connected
in parallel with the positive endf 10V battery connected to neiy@ pole of 2V battery (Fig.

Find the effective voltage and effective resistance of the combination.
R
AWM —

Ia 2V

W
_| I, 5Q

1, | 10Q
10V

15) (a) Consider circuit in FigHow much energy is absorbed by electrons from the initial state of no
current (ignore thermal motion) to the state oftdrélocity?
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(b) Electrons give up energy at the rateRit per second to the thermal energy. What time scale
would one associate with energy in problem ()2 no of electron/volume = #Im®, length of
circuit = 10 cm, crossection = A = (1mnf)

R= bl

V=6V

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 tablghasvn 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?

ik

1

-

4) A uniform conducting wire of length H2and resistanc® is wound up as a current carrying coil
in the shape of (i) an equilateral triangle of si&jgii) a square of sidea and, (iii) a regular
hexagon of sidea. The coil is connected to a voltage sowgeFind 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 plan& formed by the dipole axis and the axis of earth. IRdie point on the
magnetic equator and & Let Q be the point of intersection of the geographical and magnetic
equators. Otain the declination and dip anglesPaandQ.

EML

1) Consider a magnet surrounded by a wiith 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.
" AT

I
Bar Bar
magnet magnet

S—

Circuit open Circuit closed
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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 sobampithg a
currentl (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?

@"‘"e

G

T

5) Consider a metallic pipe with an inner radius of 1 cm. If a cylindrical bar magnadius 0.8cm
is dropped through the pipe, it takes more time to come down thtakes 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 Bigvery high frequencies and find
the effective impedance.

R, C, L,
W] IIWW‘—
G,
L, R | R,
e
\
2) Study the circuits (a) and (b) shown in Fig and answer the following questions.
R RC L
A ——wv—|
oY )
NS NS
(a) (b)

(@) Under which conditions would the rms currents in the ¢icuits be the same?
(b) Can the rmgurrent 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 &f.xis shown in FigFind the bandwidth and mark in tfigure.
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1.0 1.5 2.0

ofrad/s] —>
5) The alternating current in a circuit is described by the gslyglwn in Fig Show rms current in

this graph.

e
T 2T

1
< ¥ L[]
. _]0:: T 2T

-2+ t—>

34

6) How does the sign of the phase arfgddoy which the supply voltage leads the current iL@R
series circuit, change as the suppigluency is gradually increased from very low to very high
values.

7 A device 06X6 is connected to an a. C source.
conplete cycle is shown in Fig

(@  Which curve shows power consumption over a full cycle?
(b)  What s the average power consumption over a cycle?
(c) ldentify the device 06X6.

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 resistana®imected 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 flowsni theload, 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 toaliarnating current decreases with
increasing frequency.

12) Explain why the reactance offered by anuatbr increases with increasing frequency of an
alternating voltage.
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SOLUTIONS

EMW
1) Electromagnetic waves with wavelength
i) oy is used in satellite communication.
i) ovis used to kill germs in water purifies.
iii) asis used to detect leakage of oil in underground pipelines.
iv) oy 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 aending order of their magnitude.
() Write one more application of each.
SOL: (a)ay Y Microwave, &Y UV Y Xrays,a Y Infrared
( bi<exay<a
(c) Microwave- Radar
UV - LASIK eye surgery
X-ray - Bone fracture identification (bone scanning)
Infrared- Optical communication.
2) You are given a MF parallel plate capacitor. How would you establish an instantaneous
displacement current of 1 mA in the space between its plates?
SOL:

dv
h=C=

1x10° =2x10° dav.
dt

dv
dt
Hence, applying a varying potential difference of BY 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 fored 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 2B. 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,

x10° =5x10V /s

N |

1) 2D
m=2 = f=—"=""225=0.025m
I m 10
= 1 = 40 diopters.
0.025

3) An unsymmetrical double convex thin lens forms the image @ 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 (4 = 3) the angle of minimum deviation is equal to the angle of the prism.
Find the angle ofthe prism.

SOL: At minimum deviation

(A+D,)]
sin ""l
u= [ 2 |

sin ( A ]
2
~Glven D= A

A A
-smA_Zsin2cos —2cosﬂ
Ve A A i 2

sin sin
2 2

J A
SA=3 or —=30° .. A=60°
2 2

S CO

5) A jar of height h is filled with a transparent liquid of refractive index. (Fig.). At the centre of the
jar on the bottom surface isa dot. Find the minimum diameter of a disc, such that when placexh the
top surface symmetrically about the centre, the dot iswvisible.

SOL: Letd be the diameter of the disc. The spot shall be invisible ihitident rays from

the dot at O to the surface %t are at the critical angle.
Leti be the angle of incidence.

1
Th in {
en s = u

Now, d_/z=tanl

S =htant=h[F1]’

Py

2-1
WAVE OPTICS

1) s Huygendés principle valid for |l ongitudunal s
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 onarth for sunlight?

SOL:Spherical with huge radius as compared to

4) A polariod () is placed in front of a monochromatic source. Another polatiod (Il) is placed
in front of this polaroid (I) and rotated till n o light passes. A third polaroid (Ill) is now
placed in between (I) and (Il). In this case, will light emerge from (). Explain.

SOL: Only in the special cases when the pass axis of (lll) is parallel to (I})) dhere shall be no

light emerging. In allother cases there shall bight emerging because the pass axis of (ll) is no

longer perpendiculdo the pass axis of (ll1).

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

Brewster Gtaana=nQéWhere‘ pi<'e.
m

When light travels in such a medium the critical angle igisi* ,;  where' ;<* ;.

As | tan— | > | sin—] for large angles;g < — .

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

deBrogliewavelengths/, and /, related to each other?

SOL:
2mE
- =N a _ /8-
Ay Ay "Px/pp—\&T— 8:1

2) There are two sources of light, each emitting with a power of 100 W. One emitsrays of
wavelength 1 nm and the other visible light at 500 nm. Find theatio of number of photons
of X-rays to the photons of visible light of the given wavelength?

SOL: Total E is constantLet n; andn, be the number of photons offdys and visible region

nlEl = r17E7

n, 500°
ATOMS
1) The mass of a Hatom is less than the sum of the masses ofpeoton and electron. Why is
this?
SOL:Ei nst e i-emdigy equialerse givds= mc. Thus the massf a Hatom is m+ m, 1 —
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, thdifference 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 acharge (+4/3¢
and el ectron eawhelkreslé e 10°A. Give feasdns 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 axcited 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 modgl= 1 —8 and electons having different energies belong
to differentlevelshaving different values aif. So, their angular momenta will lifferent, asmw =
nh
20
5) Using Bohr model, calculate the electric current created by the electron when the-&tom is
in the ground state.

SOL: v = velocity of electron r = Bohr radius.
CNumber of revolutions per unit timeﬁ
v
. 2pr
C Current =Pt e
Y

NUCLEI
1) He§ and Hef nuclei have the same mass number. Dbey have the same binding energy?

SOL: No, the binding energy of £lis greater.
2) Draw a graph showing the variation of decay rate with number of active nuclei.
SOL:

T

dN
di

3) (a)Which sample, A or B shown in Fig. has shorter mealife?
(b)Which one of the following cannot emit radiation and why? Excited nucleus, excited
electron.

dN
dt A
| .

t ——d
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SOL: (a) B has shorter mean life ds is greater for B.

(b) Excited electron because energy of electronic energy levels isramtipe 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 thanOlprotons 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 increaselxation time decreases but effect of decrease in
relaxation time is much less than increase in number density.

2) In Fig., V,is the potential barrier across a pn junction, when no battery is connected across

the junction. Which graph shows forward/reverse bias.
1

]‘ "

Ve

Ans: 1 corresponds to forward bias and 3 corresponds to reverse bias of junction.
3) In Fig., assuming the diodes tde ideal, Explain the biasing of diodes D& D ».

A R D,
~10V e—=—AAAN, >

B

SOL: D, is forward biased and s 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?

'l_D'__L_

220V C=V
A.c, T
B
SOL: 2202 V.
5) Truth table for the given circuit (Fig.) is
A C
) oE
N\
Be—+ / D
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== OO 2
ol =R = s
-0 = O

6) Why are elemental dopantsfor 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 formivglent bonds with Si or &
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 an@das 0.7eV, related to
their atomic size.
8) Can the potential barrier across a pn 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 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?
SOL: No, the extra power required for ampldieutput is obtained from the DC source.
10).

1 1
I I
(nA)
P P
V=> V=
(volt) /
Q
(a) (b)

() Name the type of a diode whose characteristics are shown in Fig. (A) and Fig. (B).
(i) What does the point P in Fig. (A) represent?
(i) What does the points P and Q in Fig. (B) represent?
SOL: (i) ZENER junction diodend solar cell.
(i) Zener breakdown voltage
(iif) Q-short circuit current  P- open circuit voltage.
11) If the resistanceR; is increased (Fig.), how will the readings of the ammeter and voltmeter
change?
= VBB i VBE - . . _ L . .
SOL: Ig = —==——== . If Ryis increasedgwill decrease. Sinck=1 I, it will result in decrease i

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 enteboth. Devise a circuit that resembles this situation using

diodes for this situation.

SOL:

[ Z

T

E:
OR gate gives output according to the truth table.

B C

Rl | o o >

0 0
1 1
0 1
1 1

13) Explain why elemental semiconductor cannot be used to make visible LEDs.
SOL:El ement al s e migapdsrsach that emissioss ake annRdregion.

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 shouié the

value of Rsfor safe operation (Fig.)?

Rs
Lo W O
Unregulated Regulated
voltage 'Z{' voltage
O O
SOL:
P
Iax = -~ =0.2A =200mA
VZ
Rg = Vi- Ve o % 10Q.
Iy 0.2

151 f each diode in Fig. has

bias, what will be the values of the current, I, I3 and [ ,?
125Q

a forward bias
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SOL: I;is zero as the diode in that branch is reverse bised. Resistance in the branch AB and EF are

each (125 + 25y = 150Y.
As AB and EF are identical parallel branches, their effecégistance is 132=75Y

~ Net resistance in the circuit = (75 + 25) Q= 100Q,

~ Current I, = % =0.05A.

As resistances of AB and EF areequal, and I, = [, + L + [, I, =0

aly=1,=222 - 0,025A
2
16) Draw the output signalsC,; and C, in the given combination of gates (Fig.).
A { i A
0 , 2 3 ét(s) C,
B | l l
O § 2 3 4 5t ,
G
SOL:
A
| ]
1
5 O 1 5 3 4 stg—
| ] ]
O 1 2 3 4__s
G,
—t+—
P 1 2 3 4 5
C,
l 1 ]
3 2 3 4 5

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

ks
R. L A
Ve (mA)
C
B Q
AMA }ccaceaas .
R, 5 BV, : I,= 30pA
Ve [V :
Vea 1 .
8V Vv, (Volts)

il

Select the values oRg and R¢ for a transistor whose Vge = 0. 7 V, sothat 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/cc = Vgg = 16 V, also find
the voltage gain and power gain of circuit making appropriate assumins.
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SOL: From the output characteristics at pdhtVce = 8V & Ic = 4mA
Vee = lc RC+ Ve

R =Vcc‘vcs
C !C
_16-8 _
‘< 4x10°
Since
vl.m: IL(RU+VLIL‘
16-0.7
= 510KQ
B 30x10°
I. 4x10°
=2C = =133
Now, A I, 30x10°
Voltage gain =Av=-ﬂ&
Ry
2x10°
= =188 52XV
510x10*

=0.52

Power Gain = A = fxA,

g Re
=-f R
_2x10°
510x10°
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 MMi 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 longe
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 comddtaehinoternal
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:

=(133)* x =69

A +A =15A-A =3
5 2A =18,2A, =12

An
A

2
. m= =—
; 3

c
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4) Compute theLC product of a tuned amplifier circuit required to generate a carrier wave of
1 MHz for amplitude modulation.
SOL:

1 =1MHz
2xJLC

1
27 %10°
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 voltagedsed 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 onlybe done at the mixing/ modulating stage and not while signal is transmitting in channel.
Hence, noise doesno6t 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 gound level, (ii) at a height of 25 m? Calculate the
percentage increase in area covered in case (ii) relative to case (i).
SOL:

() Range = /o x6.4x10%x20 = 16 km

Area covered = 803.84 km?

JIC =

(i) Range = \/2x6.4x10%x20 +V2x6.4x10°x25
=(16 + 17.9) km = 33.9 km
Area covered = 3608.52 km?

-~ Percentage increase in area

_ (3608.52-803.84) ,
- 803.84

00

= 348.9%

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:

d? = 2AR+h, )’ <

8Rh, = 2(R+h)? (Qdm = 2\f2Rh,,)

4Rh, = R* +h,? +2Rh,.
(R-h)=0
R=h,
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Since space wave frequency is used, 4 << h,, hence only tower height
is taken to consideration.

In three diamensions, 6 antenna towers of h, = R would do.

8) The maximum frequency for reflection of sky waves from a certaidayer of the ionosphere
is found to bef =9(Nmax)1’2, where Njax is the maximum electron density at that layer of
the ionosphere. On a certain day it is observed that signals of frequensikigher than 5MHz
are not received by reflection from the K layer of the ionosphere while signals of
frequencies higher than 8MHz are not received by reflection from the Flayer of the
inonosphere. Estimate the maximum electron densities of theg Bnd F, layers on that day.

SOL:

For F, layer

2
5x10°=9(N_J)"20or N_ = (-g-xm“) =3.086 x 10" m*

For F, layer
8x10°=9(N_)"?or

N = (gxlO°J= 7.9%x10"m™ =79 x 10" m™,

9) On radiating (sending out) an AM modulated signal, the total radiated power is due to
energy carried by 0., 0.1 0, & ©. + 0, Suggest ways to minimise cost of radiation
without compromising on information.

SOL:

Of o, - o, w.and @+, , only @ +@, or o -, contains information.
Hence cost can be reduced by transmitting ® +o_, ®,-®_, both @, +®_
&o-o

10) A 50 MHz sky wave takes 4.04 ms to reach a receiver via-teansmission from a satellite
600 km above ear t hotanssissior time ey satelits regligitilenfigd the e
distance between source and receiver. If communication between the two was todome by
Line of Sight (LOS) method, what should size and placement of receiving and transmitting
antenna be?

SOL:
2x = velocity
e
2x=3x10°m/s X 4.04 x 10%s
5
leg:]sz&m =6.06 x 10°m = 606 km
d? = x* - h? =(606)* - (600)* = 7236; d = 85.06 km
* h, Distance between source and receiver = 2d =170 km
d.,,,=2\/2Rh,,.2d=dm. 4d*= 8 Rh,
2
— i — d 1236 0.565 kn = 568m,

or =" 2x6400

SIROHI CLASSES PH-955555224481025224£34 Page22



11) An amplitude modulated wave is as shown in Fig. Calculate (i) the percentage modulation,
(if) peak carrier voltage and, (iii) peak value ofinformation voltage.

v

SOL:
From the figure
Vo™ 10 =50V, V= 22 =10V
(i) Percentage modulation
296) = Ymax = Vo 501 00 =(5°' ‘°Jx100= 40 100 =66.67%
Voer + Vo 50 +10 60

50+10
(i) Peak carrier voltage = V_ = !m_;..‘.’m!' e 30V

2
(iii) Peak information voltage = V_ = pV, = §x30 =20V,

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 ofR and C as

(i) R=1 km C= 0.01pF.
(ii) R =10 km C = 0.01pF.
(iii) R=10 km) C=0.1pF.

SOL:

£, = 1.5kHz, fL =0.7x10%s

m

Jf. = 20MHz, fl =0.5x107s

<

(i) RC=10°x10%=10"s

1 1
So, T« RC <T is satisfied

< m

So it can be demodulated.
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(i) RC=10*x 10%=10"s.
1

1
Here too << RC <

c m

So this too can be demodulated
(Hi) RC=104 x 10'? = 10F% s,

Here fL> RC, so this cannot be demodulated.

<
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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 radiudR; and outer radius R,. A chargeQ is placed at
the centre of the spherical cavity. What will be surface charge density on (i) the inner
surface, and (i) the outer surface?

L

3) If the total charge enclosed by a surface is zero, does mnply 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 g and 03q are placed fixedon  x-axisseparatedby di st ad&.e Wher e
should a third charge 2 g be placed such that it will not experience any force?

SOL: At P: on 2y, Force due tgjis to the left and that due t&q is to the right.

2¢° _  6q°

"t A dmey(d + x)?

o (d+ 7= 328 P 4e _d_
" 2X¢ -2dx - =0 20 ex—> q
d , V3d
x=—t%
2" 2

(-ve sign would be between g and -3g and hence is unaceptable.)

d\f_dd
"2 2

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

A
3 4

(@ Which charges are positive?

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

() 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 neutrpoint between a positive and a negatiharge. 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 chargmaligr snagnitude.
Thus, electric field is zero near charge A.
6) Fivechargesqeach are placed at the corabendFiagf )a r eg!l

(1 +/3) to the left of q.
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(a) (i) What will be the electric field at O, the centre of the pentagon?

(i) What will be the electric field at O if the charge from one of the corners (say A) is removed?
(iif) What will be the electric field at O if the chargeq at A is replaced byi g?

(b) How would your answer to (a) be affected if pentagon is replaced bysided regular polygon
with charge g at each of its corners?

Afl

E
q &

D C

¢ I

SOL:
1 q e 1 2q ——
A —

(a) () zero (i) = e alongO. (i) P along OA

(b) same as (a).

ELECTROSTATIC POTENTIAL AND CAPACITANCE

1) Consider two conducting spheres of radiR; and R, with R; > R,. If the two are at the same
potential, the larger sphere has more charge than the smaller sphere. State whethe
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 adjacertonductors carrying the same
charge?

SOL: Yes, if the sizes are different.

4) A test chargeqis 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 eléctield.
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 radiusk and the other of radius 2R, both have same surface
charge densityd. They are brought in contact and separated. What will be new surface
charge densities on them?

SOL:

They will be at equal potentials:
Before contact

=0 AR’ Q' 9
Sl R 2R
Q,=0.47(2R")=4(c 4nR* |=4Q, A
’ ( ) -0, =20
After contact :
Q' +Q, =Q, +Q,=5Q, - 8Q," =5(0.47R?)
s 2
=5(g4nR") Q,’:g(a‘AER’) and QQ=%(O’.4NR’)
. 5
. 0,=5/30 and - O, =€ o,

6) In the circuit shown in Fig., initially K ; is closed and k is open. What are the charges on
each capacitors. Then Kwas opened and K was closed (order is important), What will be
the charge on each capacitor now?¢ = 1HF]

C=6C K K,

E=ov[ c3c] c,=3cT

SOL:
Initially : Ve (]: andV,+V,=E

=>V,=3V and V,=6V

~L@,=C,V,=6Cx3 =18 uC C, K, K,
it (-} ()
Q,=9uC and Q,=0
Later : Q,=Q; +Q, E=9V— C,0= =G
with CV+ C V=0 =>Vs= Q, =(3/2)V
2 3 2 C7+(:3 ‘

Q, =(9/2) «C and Q,'=(9/2)uC
CURRENT ELECTRICITY
1) What are the advantages of the nulpoint method in a Wheatstone bridge? What additional

measurements would be required to calculat®kown 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 galvanomgigs., can be calculatedpplying
Kirchhoffds rules to the circuit. We would need
resistances and galvanometer and internal resistance of the galvanometer.
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2) What is the advantage of using thick metallictsips to join wires in a potentiometer?

SOL: The metal strips have low resistance and need not be counted in the potentiometéy ¢téngth

the null point. One measures only their lengths along the straight segments (of lengths 1 meter each).
This is easif 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, andg@igd 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-efficient (less temperature sensitivity) of resistance
and high resistivity.

5) Power P is to be delivered to a device via transmission cables having resistariRg If V is
the voltage acrosR and | the current through it, find the power wasted and how can it be
reduced.

SOL: Power wasted = I°’R: whereRc is the resistance of the connecting wies= —Rc

In order to reduc®c, power should be transmitted at high voltage.

6) AB is a potentiometer wire (Fig) . If the value ofR is increased, in which direction will the
balance point J shift?

i
= F@/J .

SOL: If Ris 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 thatthe 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 ive of the cellE,, is connected aKX in case (i) and how i€, related to E?

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

8) A cell of emfE and internal resistancer is connected across an external resistanée Plot a
graph showing the variation of P.D. across R, versds

SOL:
Va

1 PRy R L

>
>

R
9) First a set ofn equal resistors ofR each are connected in series to a battery of erf and

internal resistanceR. A current | is observed to flow. Then then resistors are connected in
parallel to the same battery. It is observed that the current is increased 10 times. What is

Mo ?
SOL:
I= = : ER=101
R+nR R+
n
1+n 1+n
l_l - — =
1+2 n+l
n
s n=10.

,,,,,,,,,,,

10) Let there ben resistorsR; é é é € € é R, with Rpspx=max (R.€ é é é é R,) and Ry, =
min {R; é é . R.}. Show that when they are connected in parallel, the resultant resistance
Re< Rmin @and when they are connected in series, the resultant resistaniRe> R,y . INnterpret
the result physically.

SOL:
KL S +—]——, R - R\ Rown , +R“"">l
R, R, R, R, R, R, R,

andRs=R;+ é é é é+R, Ruax-

In Fig. (b), Rmin provides an equivalent route as in Fig. (a) for current. But in addition theneiafg (
routes by the remainingn{ 1) resistors. Current in Fig.(b) > current in Fig. (a). Effective Resistance
in Fig. (b) <Rmin. Second circuit evidentlgffords a greater resistance. You can use Fig. (c) and (d)
and proveR; > Ryax.
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Re.

| v | v | v ||

! ! L 15

(a) ®) (c) (d)

11) The circuit in Fig shows two cells connected in opposition to each other. CEJj is of emf 6V
and internal resistance 2Q); the cellE; is of emf 4V and internal resistance8Q. Find the
potential difference between the points A and B.

_{E :I_:_lﬁj ]3

SOL:
Fa ot 0.2A A B
2+8 ._“_._U -
P.D.across E, =6-02%x2=56V E EI,

P.D.across E,=V,, =4+02x8=56V 1
Point B is at a higher potential than A

12) Two cells of same emfE but internal resistance r; and r, are connected in series to an
external resistor R (Fig) . What should be the value ofR so that the potential difference
across the terminals of the first cell becomes zero. - E

— | .

SOL:

_ E+E

R+1 +1. T

2E
. D
Vi=E-In=E-———n,=0
n+n+R
or p=_ 2En
n+n+R

__ 2y

n+n+R
r,+r,+R=2r,
R=r ~r,

13) Two conductors are made of the same material and have the same length. Conductor A is a
solid wire of diameter Imm. Conductor B is a hollow tube of outer diamete2mm and inner
diameter 1mm. Find the ratio of resistanceR, to Rg.

SOL:
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R, I
A z(107° x0.5)

R, = Pl
% 2(107%)? - (0.5x10°)]
R, (1077 -(0.5x107%)? _

—A .
R, (5x10°) =gl

14) Two cells of voltage 10V and2 V. and i nt er n alandr5¢ sespsctivaly) are s
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.

R

R 1Y ¥ A —
Ia 2V

_-' I, 5Q
lrm—

10V
SOL:Applying Kirchhoffés junction rul e:
l1=1+1,
Kirchhoffds | oRplOlr.u{le gives: 10 =
2=5bT RI=5(,7 )T RI
4=10,7 1017 2RI e é é (i)

(i) - (if) = 6 =3RI+ 10for, 2 =1(R+,l:.]

2 = (R+ R_)I Comparing with V_ = (R + R JI

and V=2V
10
Rdl 33 39 e
R R
_M— """‘V
N AV
I,‘_{ —_— =
s L I'AN
< “ A | —
L 100 I" R,
10V Vg

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 oRI? per second to the thermal energy. What time scale

would one associate with energy in problem (a) = no of electron/volume = 18/m°, length of

circuit = 10 cm, crosssection = A = (Immj.
R= 60

1'(|

SIROHI CLASSES PH-955555224481025224£34 Page31

10Y



SOL:

6
(a) I=3 =1A=ney,A

] 1
= - — =——x107"* 3
%= 102 x1.6x107°x10° 1.6 /A

KE = %mc v X nAl

= l><9.1><10"“ x—l—-xlo*’xlo“xlo*‘xlo" . 2x10™7g
2 2.56

(b) Ohmic loss =RF=6x 1?=6J/s
~17

All of KE of electrons would be lost in 2XI60 s; 1077 g
MAGNETIC
1) Show that a force that does no work must be a velocity dependent force.
SOL: dw= F.di=0=> F.vdt=0=> Fv=0.
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 cyctoon if the frequency of the radio

frequency (rf) field were doubled.
SOL: Particle wildl accelerate and decelerate alte
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 samargent but in the opposite direction. The wire

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

F
pe— =

SOL:
F=BINSin 6 = Bl
B=tel
2zh

1%t | ‘
F=mg= Hlt
2rzh P Q

p o Mel’l _ 4mx107 x250x25x]1 iR
2xmg  2xx2.5x10°x9.8 1
=51x 10" L
h=0.51cm

4) A uniform conducting wire of length 12a and resistanceR is wound up as a current carrying
coil in the shape of (j an equilateral triangle of sidea; (ii) a square of sidesa and, (iii)) a
regular hexagon of sidesa. The coil is connected to a voltage sourdé,. Find the magnetic
moment of the coils in each case.
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SOL:

. 12a 12a 12a
For triangle n=——=4 For square n =——=3 For hexagonn =——=2
3a 4a 6a
A 3
Area of triangle —23 a 3L [ a;Area of square=’  ; Area of hexagon =7a2
Current | is sameor all . Magnetlc moment M = InA
For triangle =1a%\/3 ; for square =3la’ ; for hexagon =333
(Note:mis 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 developiagnetic moments opposite to

applied field and hence i®t much affected by temperature.

Paramagnetism and ferromagnetism is due to alignments of atogetitamoments in the direction

of the applied field. As temperature increases, this aligment is didtaritehence susceptibilities of

both decrease asperature increases.

2) Consider the planeS formed by the dipole axis and the axis of earth. LeP 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 & and Q.

SOL:

S
Refer to the adjacent Fig.
1. Pisin S (needle will point both north) Declination = 0
P is also on magnetaguator.
Cdip=0
2. Qis on magnetic equator.
Cdip =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.

N [ .

U

Bar Bar
magnet magnet

—

Circuit open Circuit closed

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 nourrent 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 increaseor decrease? Explain.
SOL: The current will increase. As the wires are pulled apart the flux will leak through the gaps.
Lenzdéds | aw demands that i nduced e. m. f. resi st t
current.
3) A solenoid is connected to dattery 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 antt he fl ux i ncreases. Lentds | aw implies th
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 | (Fig.) . The cente 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?

@"’"g

G

T

SOL: When the current in the solenoid decreases a current flows inrtieedieection in the metal

ring as in the solend. 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 isdropped 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 metallicTgipse currents willgpose the
motion of the magnet. Therefore magnetds downwa
due to gravityg. On the other hand, an unmagnetised iron bar wilpneduce eddy currents and will
fall with an acceleratiog. Thus the magnaetill 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.

R G Ay
I G,
L, R | R
e
ph—

SOL: At high frequencies, capacitora short circuit (low reactance) and
inductora open circuit (high reactance). Therefore, the equivalent
circuit Z & R; + R; as shown in the Fig.

R,
55 R, R,
vy Sl 'y 'A'A'A A'A' A'L
- A — =5
I
&, (=)

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

@ Under which conditions would the rmscurrents in the two circuits be the same?
(b) Can the rms current in circuit (b) be larger than that in (a)?

R R C L
o)

NS

(a) (b)

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

will be same as that iR circuit.

(d) No, becaseR OZ, sol,Ol,,.

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 I, is shown in Fig. Find the bandwidth and mark in the
figure.

1.0

. (A) 0.5

.5 1.0 1.5 2.0
o(rad/s) —>
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SOL: Bandwidth corresponds to frequencies at whigh max@ 0.7 max.

1,
J2
It is shown in the Fig.

Dw =1.2i 0.8 =0.4rad/s

T 1.0

s A
5 1.0 1.5 2.0
o{rad/s) —

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

current in this graph.
3 ——

—
- N
Ly
™

< T . _‘
o _10:: T 2T
‘255 t —>
-3+
SOL: I;ms = 1.6A (shown in Fig. by dotted line)
3 1
1
=T T 4 |
i _1'3':: T 2T
23 t—>
_3_._

6) How does the sign of the phase andle, by which the supply voltage leads the current in an
LCR series circuit, change as the supply frequency is gradually increased from velgw to
very high values.

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

77 A . device 06X06 is connected to an a. C source.
one complete cycle is shown in Fig

(@  Which curve shows power consumptiorover a full cycle?
(b)  What is the average power consumption over a cycle?
(©) l' dentify the device 06X6.

SOL: (a) A
(b) Zero
(c)LorCorlLC
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8) Both alternating current and direct current are measured in amperes. But how is the

ampere defined for an alternating curent?
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 c ursuck prdperty ahad hemce ibisused ® define nmg vakié f e c t
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 acrbgsdapacitor 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,
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