Chapter One

ELECTRIC CHARGES
AND FIELDS

MCQ |

1.1 In Fig.1.1, two positive charges g, and q, fixed along the y axis,
exert a net electric force in the + x direction on a charge q, fixed
along the x axis. If a positive charge Q is added at (x, 0),
the force on q,
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Fig. 1.1
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1.2

*q

+q

(@) shall increase along the positive x-axis.

(b) shall decrease along the positive x-axis.

(c) shall point along the negative x-axis.

(d) shall increase but the direction changes because of the
intersection of Q with g, and q,.

A point positive charge is brought near an isolated conducting
sphere (Fig. 1.2). The electric field is best given by

+q
@) (ii)
+q
(iii) (iv)
Fig. 1.2
(@) Fig () () Fig (iii)
(b) Fig (ii) (d Fig(iv)

1.3 The Electric flux through the surface

(@ in Fig.1.3 (iv) is the largest.

(b) in Fig. 1.3 (iii) is the least.

() inFig. 1.3 (ii) is same as Fig. 1.3 (iii) but is smaller than Fig. 1.3 (iv)
(d) is the same for all the figures.

S
S
' I S
(i)

(ii) (iii) (iv)

Fig. 1.3
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1.4 Fivechargesq,, q,, d,, d,, and g, are fixed at their positions as shown

in Fig. 1.4. S is a Gaussian surface. The Gauss’s law is given by Gaussian Surface
UjE.ds -4
5 & o s

Which of the following statements is correct?

(@) E on the LHS of the above equation will have a contribution
from q,, g, and g, while g on the RHS will have a contribution
from g, and q, only.

(b) E on the LHS of the above equation will have a contribution

Os s

from all charges while q on the RHS will have a contribution
from g, and g, only. Fig. 1.4
(c) E on the LHS of the above equation will have a contribution
from all charges while g on the RHS will have a contribution
from q,, q,and g, only.
(d) Both E on the LHS and q on the RHS will have contributions
from g, and g, only.

1.5 Figure 1.5 shows electric field lines in which an electric dipole p is
placed as shown. Which of the following statements is correct?

(@) The dipole will not experience any force.

(b) The dipole will experience a force towards right. -
(c) The dipole will experience a force towards left. I

(d) The dipole will experience a force upwards.

A\ 2

1.6 A point charge +q, is placed at a distance d from an _q p
isolated conducting plane. The field at a point P on the Td .
other side of the plane is 7
(a) directed perpendicular to the plane and away from —

the plane.
(b) directed perpendicular to the plane but towards the plane.
(c) directed radially away from the point charge.
(d) directed radially towards the point charge.

Fig. 1.5

1.7 Ahemisphere is uniformely charged positively. The electric field at
a point on a diameter away from the centre is directed
(@) perpendicular to the diameter
(b) parallel to the diameter
(c) atan angle tilted towards the diameter
(d) at an angle tilted away from the diameter.
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1.8 If Dl E.dS = 0 over a surface, then

1.9
1.10
1.11
Gaussian surface
. " -* -
1.12
&—R— Q R
5Q R/2 l
-2Q ,
Fig. 1.6

(a) the electric field inside the surface and on it is zero.
(b) the electric field inside the surface is necessarily uniform.

(c) the number of flux lines entering the surface must be equal to
the number of flux lines leaving it.

(d) all charges must necessarily be outside the surface.

The Electric field at a point is

(@) always continuous.

(b) continuous if there is no charge at that point.

(c) discontinuous only if there is a negative charge at that point.
(d) discontinuous if there is a charge at that point..

If there were only one type of charge in the universe, then
(@) ms E.dS # 0 on any surface.

(b) U‘l E.dS =0 if the charge is outside the surface.

©] []l E.dS could not be defined.

(d) Ujs E.dS = a if charges of magnitude q were inside the surface.

)

Consider a region inside which there are various types of charges
but the total charge is zero. At points outside the region
(@) the electric field is necessarily zero.

(b) the electric field is due to the dipole moment of the charge
distribution only.

() the dominant electric field is « is , for large r, where r is the

distance from a origin in this region.

(d) the work done to move a charged particle along a closed path,
away from the region, will be zero.

Refer to the arrangement of charges in Fig. 1.6 and a Gaussian
surface of radius R with Q at the centre. Then

(@) total flux through the surface of the sphere is ﬁ .
)

-Q
(b) field on the surface of the sphere is W .
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(c) flux through the surface of sphere due to 5Q is zero.
(d) field on the surface of sphere due to —2Q is same everywhere.

1.13 A positive charge Q is uniformly distributed along a circular
ring of radius R. A small test charge g is placed at the centre of
the ring (Fig. 1.7). Then

(@ Ifg>0andisdisplaced away from the centre in the plane
of the ring, it will be pushed back towards the centre.

(b) Ifg<0and is displaced away from the centre in the plane
of the ring, it will never return to the centre and will
continue moving till it hits the ring.

(c) Ifg <0, it will perform SHM for small displacement along
the axis.

(d) g at the centre of the ring is in an unstable equilibrium
within the plane of the ring for q > 0.

VSA

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

1.15 Ametallic spherical shell has an inner radius R, and outer radius
R,. 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?

1.16 The dimensions of an atom are of the order of an Angstrom. Thus
there must be large electric fields between the protons and electrons.
Why, then is the electrostatic field inside a conductor zero?

1.17 Ifthe 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.

1.18 Sketch the electric field lines for a uniformly charged hollow
cylinder shown in Fig 1.8.

4+t
++ A+t
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Fig. 1.9

oCs’

oCl
Fig. 1.10

i iiad®)
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1.19

S.A

1.20

1.21

1.23

What will be the total flux through the faces of the cube (Fig. 1.9)
with side of length a if a charge q is placed at

(a) A: a corner of the cube.

(b) B: mid-point of an edge of the cube.
(¢) C: centre of a face of the cube.

(d) D: mid-point of B and C.

A paisa coin is made up of Al-Mg alloy and weighs 0.75g. It has a
square shape and its diagonal measures 17 mm. It is electrically
neutral and contains equal amounts of positive and negative
charges.

Treating the paisa coins made up of only Al, find the magnitude of
equal number of positive and negative charges. What conclusion
do you draw from this magnitude?

Consider a coin of Example 1.20. It is electrically neutral and
contains equal amounts of positive and negative charge of
magnitude 34.8 kC. Suppose that these equal charges were
concentrated in two point charges seperated by (i) 1 cm

(~ é x diagonal of the one paisa coin} , (ii) 100 m (~ length of a long

building), and (iii) 10°m (radius of the earth). Find the force on
each such point charge in each of the three cases. What do you
conclude from these results?

Fig. 1.10 represents a crystal unit of cesium chloride, CsCl. The
cesium atoms, represented by open circles are situated at the
corners of a cube of side 0.40nm, whereas a Cl atom is situated at
the centre of the cube. The Cs atoms are deficient in one electron
while the Cl atom carries an excess electron.

(i) What is the net electric field on the Cl atom due to eight Cs
atoms?

(i) Suppose that the Cs atom at the corner A is missing. What is
the net force now on the Cl atom due to seven remaining Cs
atoms?

Two charges q and -3q are placed fixed on x-axis separated by
distance ‘d’. Where should a third charge 2q be placed such that
it will not experience any force?
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Fig. 1.11 shows the electric field lines around three point charges

A, BandC.

\y// R

Fig. 1.11

(@) Which charges are positive?
(b) Which charge has the largest magnitude? Why?

(c) Inwhich 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.

Five charges, q each are placed at the corners of a regular pentagon
of side ‘a’ (Fig. 1.12).

(@ (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?

(ii) What will be the electric field at O if the charge q at A is
replaced by —-q?

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

In 1959 Lyttleton and Bondi suggested that the expansion of the
Universe could be explained if matter carried a net charge.
Suppose that the Universe is made up of hydrogen atoms with a
number density N, which is maintained a constant. Let the charge
on the proton be: e =- (1 + y)e where e is the electronic charge.

(a) Find the critical value of y such that expansion may start.
(b) Show that the velocity of expansion is proportional to the
distance from the centre.

oM
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-Q

q
Fig. 1.13

Q

1.27

1.28

1.29

Consider a sphere of radius R with charge density distributed as

pr)=kr forr <R

=0 forr >R.

(@) Find the electric field at all points r.

(b) Suppose the total charge on the sphere is 2e where e is the
electron charge. Where can two protons be embedded such
that the force on each of them is zero. Assume that the
introduction of the proton does not alter the negative charge
distribution.

Two fixed, identical conducting plates (a & B), each of surface

area S are charged to —-Q and g, respectively, where Q >q> 0. A
third identical plate (y), free to move is located on the other side of
the plate with charge q at a distance d (Fig 1.13). The third plate
is released and collides with the plate £ . Assume the collision is
elastic and the time of collision is sufficient to redistribute charge

amongst f &y .

(@) Find the electric field acting on the plate y before collision.
(b) Find the charges on 3 and y after the collision.

(c) Find the velocity of the plate y after the collision and at a distance
d from the plate .

There is another useful system of units, besides the SI/mks A
system, called the cgs (centimeter-gram-second) system. In this
system Coloumb’s law is given by

Qq .
F==-r
r2

where the distance r is measured in cm (= 102 m), F in dynes
(=10°N) and the charges in electrostatic units (es units), where

les unit of charge = é x107°C

The number [3] actually arises from the speed of light in vaccum
which is now taken to be exactly given by ¢ = 2.99792458 x 108
m/s. An approximate value of ¢ then is ¢ = [3] x 10® m/s.

(i) Show that the coloumb law in cgs units yields
1 esu of charge = 1 (dyne)'/2 cm.

Obtain the dimensions of units of charge in terms of mass M,
length L and time T. Show that it is given in terms of fractional
powers of M and L.
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(i) Write 1 esu of charge = X C, where X is a dimensionless number.
Show that this gives

1 10° N.m?
dre, x> C?

1 ~
With X ZEXH) g,we have

1
4r €,

2
(3P xlo"Ncl2

Nm?
c? (exactly).

1

T =(2.99792458)* x10°
T 4r e,

O

Two charges —q each are fixed separated by distance 2d. A third q

charge g of mass m placed at the mid-point is displaced slightly A//ed[x
by X (x<<d) perpendicular to the line joining the two fixed charged

as shown in Fig. 1.14. Show that q will perform simple harmonic~9  d d
oscillation of time period. Fig. 1.14

T {87z3gomd3 }1/2
2

q

Total charge —Q is uniformly spread along length of a ring of
radius R. A small test charge +q of mass m is kept at the centre
of the ring and is given a gentle push along the axis of the ring.
(@) Show that the particle executes a simple harmonic oscillation.

(b) Obtain its time period.

q
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ELECTROSTATIC
POTENTIAL AND
CAPACITANCE
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2.1 A capacitor of 4 p F is connected as shown in the circuit (Fig. 2.1).
The internal resistance of the battery is 0.5 () . The amount of charge ~ 41F

on the capacitor plates will be — |_"\1’Ba’_
@ O

(b) 4uC 25V

(9 16pCc L aw

(d 8ucC 20 Fig. 2.1

2.2 A positively charged particle is released from rest in an uniform
electric field. The electric potential energy of the charge

(a) remains a constant because the electric field is uniform.
(b) increases because the charge moves along the electric field.

(c) decreases because the charge moves along the electric field.
(d) decreases because the charge moves opposite to the electric field.
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Figure 2.2 shows some equipotential lines distributed in space.
A charged object is moved from point A to point B.
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Fig. 2.2

(@) The work done in Fig. (i) is the greatest.
(b) The work done in Fig. (ii) is least.
¢) The work done is the same in Fig. (i), Fig. (ii) and Fig. (iii).

d) The work done in Fig. (iii) is greater than Fig. (ii)but equal to
that in Fig. (i).

(
(

The electrostatic potential on the surface of a charged conducting
sphere is 100V. Two statments are made in this regard:

S, : At any point inside the sphere, electric intensity is zero.
S, : At any point inside the sphere, the electrostatic potential is
100V.
Which of the following is a correct statement?

(@) S,istrue but S, is false.

(b) Both S, & S, are false.

(c) S,istrue, S, is also true and S, is the cause of S,,.

(d) S,istrue, S, is also true but the statements are independant.

Equipotentials at a great distance from a collection of charges whose
total sum is not zero are approximately

(@) spheres.
(b) planes.

c) paraboloids
d) ellipsoids.

—_ o~

3
2

S
2
5
2

Fig 111

i)

11

50V
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2.6 A parallel plate capacitor is made of two dielectric blocks in series.
One of the blocks has thickness d, and dielectric constant k, and

7 // the other has thickness d, and dielectric constant k, as shown in
d, / k, Fig. 2.3. This arrangement can be thought as a dielectric slab of
) thickness d (= d,+d,) and effective dielectric constant k. The k is
d,
\
Fig. 2.3 @ kd, +k,d, (b)k1d1 +k,d, ©) kk,(d, +d,) d) 2k Kk,
d, +d, k, +k, (k,d, +k,d,) k, +k,

MCQ II

2.7 Consider a uniform electric field in the Zz direction. The potential is
a constant
(@) in all space.
(b) for any x for a given z.
() for anyy for a given z.
(d) on the x-y plane for a given z.

2.8 Equipotential surfaces

(@) are closer in regions of large electric fields compared to regions
of lower electric fields.

(b) will be more crowded near sharp edges of a conductor.

(c) will be more crowded near regions of large charge densities.

(d) will always be equally spaced.

2.9  The work done to move a charge along an equipotential from A to B

B
(a) cannot be defined as —J E.dI
A

B
(b) must be defined as — j Edl
A

() iszero.
(d) can have a non-zero value.

2.10 Inaregion of constant potential

the electric field is uniform
the electric field is zero
there can be no charge inside the region.

the electric field shall necessarily change if a charge is placed
outside the region.

Ry

(a
(b
(c
(d

— —— —

2.11 In the circuit shown in Fig. 2.4. initially key K is closed and key

12
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K, is open. Then K| is opened and K, is closed (order is important).
[Take Q,"and Q,” as charges on C, and C, and V, and V, as voltage

respectively.]
Ky K
¢) ¢)
p— C,—— C, ——
E
Then Fig. 2.4

(@) charge on C, gets redistributed such thatV =V,

(b) charge on C, gets redistributed such that Q"= Q,’

(c) charge on C, gets redistributed such that CV, +C\V,=C E

(d) charge on C, gets redistributed such that Q"+ Q,”=Q

2.12 If a conductor has a potential v = Q0 and there are no charges
anywhere else outside, then

(@) there must be charges on the surface or inside itself.

(b) there cannot be any charge in the body of the conductor.
(c) there must be charges only on the surface.

(d) there must be charges inside the surface.

2.13 A parallel plate capacitor is connected to a battery as shown in
Fig. 2.5. Consider two situations:

A: Key K is kept closed and plates of capacitors are moved apart
using insulating handle.

B: Key Kis opened and plates of capacitors are moved apart using
insulating handle.

Choose the correct option(s).

(@ In A : Q remains same but C changes.

(b) In B : V remains same but C changes.

(c) In A : V remains same and hence Q changes.
(d) In B : Q remains same and hence V changes.

VSA

2.14 Consider two conducting spheres of radii R, and 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 the

Fig. 2.5

13



‘ Exemplar Problems-Physics

14

2.15

2.16

2.19

2.20

2.21

2.22

2.23

2.24

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

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

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

Can the potential function have a maximum or minimum in free
space?

A test charge q is made to move in the electric field of a point charge
Q along two different closed paths (Fig. 2.6). 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?

Prove that a closed equipotential surface with no charge within
itself must enclose an equipotential volume.

A capacitor has some dielectric between its plates, and the capacitor
is connected to a DC source. The battery is now disconnected and
then the dielectric is removed. State whether the capacitance, the
energy stored in it, electric field, charge stored and the voltage will
increase, decrease or remain constant.

Prove that, if an insulated, uncharged conductor is placed near a
charged conductor and no other conductors are present, the
uncharged body must be intermediate in potential between that
of the charged body and that of infinity.

Calculate potential energy of a point charge —q placed along the
axis due to a charge +Q uniformly distributed along a ring of radius
R. Sketch P.E. as a function of axial distance z from the centre of
the ring. Looking at graph, can you see what would happen if -q is
displaced slightly from the centre of the ring (along the axis)?

Calculate potential on the axis of a ring due to charge Q uniformly
distributed along the ring of radius R.

Find the equation of the equipotentials for an infinite cylinder of
radius r,, carrying charge of linear density A.
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2.25 Two point charges of magnitude +q and -gq are placed at
(-d/2, 0,0) and (d/2, 0,0), respectively. Find the equation of the
equipoential surface where the potential is zero.

2.26 A parallel plate capacitor is filled by a dielectric whose relative
permittivity varies with the applied voltage (U) as € = aU where
o = 2V A similar capacitor with no dielectric is charged to
U, = 78 V. It is then connected to the uncharged capacitor with
the dielectric. Find the final voltage on the capacitors.

2.27 A capacitor is made of two circular plates of radius R each,
separated by a distance d<<R. The capacitor is connected to a
constant voltage. A thin conducting disc of radius r<<R and
thickness t<<r is placed at a centre of the bottom plate. Find
the minimum voltage required to lift the disc if the mass of the
disc is m.

2.28 (a) Inaquark model of elementary particles, a neutron is made of
one up quarks [charge (2/3) e] and two down quarks [charges
—(1/3) e]. Assume that they have a triangle configuration with
side length of the order of 107'*m. Calculate electrostatic
potential energy of neutron and compare it with its mass 939
MeV.

(b) Repeat above exercise for a proton which is made of two up

and one down quark.

2.29 Two metal spheres, one of radius R and the other of radius 2R,
both have same surface charge density o . They are brought in
contact and separated. What will be new surface charge densities
on them?

2.30 In the circuit shown in Fig. 2.7, initially K, C‘_Igc , K, =
is closed and K, is open. What are the charges ) N >_ _< ’ )
on each capacitors.
Then K, was opened and K, was closed T .
(order is important), What will be the charge
on each capacitor now? [C = 1uF]

es!
Il

©

<
\
Al
\|
Al

2.31 Calculate potential on the axis of a disc of
radius R due to a charge Q uniformly distributed on its surface. Fig. 2.7

2.32 Two charges g, and q, are placed at (0, O, d) and (0, O, -d)
respectively. Find locus of points where the potential a zero.

2.33 Two charges —q each are separated by distance 2d. A third charge
+ ¢ is kept at mid point O. Find potential energy of + q as a function
of small distance x from O due to — q charges. Sketch P.E. v/s x and
convince yourself that the charge at O is in an unstable equilibrium.

15



Chapter Three

CURRENT
ELECTRICITY

MCQ |

3.1

3.2

Consider a current carrying wire (current | ) in the shape of a circle.
Note that as the current progresses along the wire, the direction of
J (current density) changes in an exact manner, while the current |
remain unaffected. The agent that is essentially responsible for is

(a) source of emf.

(b) electric field produced by charges accumulated on the surface
of wire.

(c) the charges just behind a given segment of wire which push
them just the right way by repulsion.

(d) the charges ahead.

Two batteries of emf ¢ and ¢, (¢, > ¢) and internal
resistances r, and r, respectively are connected in parallel
as shown in Fig 3.1.

(@) The equivalent emf Eeq of the two cells is between ¢,
and ¢, i.e. £ < Eoq < Eye

Fig 3.1
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3.6

Current Electricity

(b) The equivalent emf Eeq is smaller than ¢, .
() The Eeq is given by E =€ FE, always.
(d) €y is independent of internal resistances r, and r,,.

A resistance R is to be measured using a meter bridge. Student
chooses the standard resistance S to be 100Q. He finds the null
point at |, = 2.9 cm. He is told to attempt to improve the accuracy.
Which of the following is a useful way?

a) He should measure |, more accurately.

b) He should change S to 1000Q and repeat the experiment.

c) He should change S to 3Q and repeat the experiment.

d) He should give up hope of a more accurate measurement with
a meter bridge.

(
(
(
(

Two cells of emf’s approximately 5V and 10V are to be accurately
compared using a potentiometer of length 400cm.

(@) The battery that runs the potentiometer should have voltage of 8V.

(b) The battery of potentiometer can have a voltage of 15V and R
adjusted so that the potential drop across the wire slightly
exceeds 10V.

(c) The first portion of 50 cm of wire itself should have a potential
drop of 10V.

(d) Potentiometer is usually used for comparing resistances and
not voltages.

A metal rod of length 10 cm and a rectangular cross-section of

1
lem x 5 cm is connected to a battery across opposite faces. The
resistance will be
1
() maximum when the battery is connected across 1 cm x 5 cm
faces.

(b) maximum when the battery is connected across 10 cm x 1 cm
faces.

1
() maximum when the battery is connected across 10 cm x 5
cm faces.

(d) same irrespective of the three faces.

Which of the following characteristics of electrons determines the
current in a conductor?

(@) Drift velocity alone.

(b) Thermal velocity alone.

(c) Both drift velocity and thermal velocity.
(d) Neither drift nor thermal velocity.

17
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3.7

3.8

3.9

3.10

Kirchhoff’s junction rule is a reflection of

(@) conservation of current density vector.
(b) conservation of charge.

(c) the fact that the momentum with which a charged particle
approaches a junction is unchanged (as a vector) as the
charged particle leaves the junction.

(d) the fact that there is no accumulation of charges at a junction.

Consider a simple circuit shown in Fig 3.2. @ stands for a

variable resistance R’. R’ can vary from R to infinity. r is internal
resistance of the battery (r<<R<<R).

(a) Potential drop across AB is nearly constant as R’ is varied.
(b) Current through R’is nearly a constant as R’ is varied.
(c) Current | depends sensitively on R”.

\%
(d) |2r

R always.

Temperature dependence of resistivity p(T) of semiconductors,
insulators and metals is significantly based on the following
factors:

(@) number of charge carriers can change with temperature T.

(b) time interval between two successive collisions can depend
onT.

(c) length of material can be a function of T.

(d) mass of carriers is a function of T.

The measurement of an unknown resistance R is to be carried
out using Wheatstones bridge (see Fig. 3.25 of NCERT Book).
Two students perform an experiment in two ways. The first
students takes R, = 10Q and R, = 5Q. The other student takes R,
= 10002 and R, = 500Q. In the standard arm, both take R, = 5.

Both find R = %R3 =10Q within errors.
1

(@) The errors of measurement of the two students are the same.

(b) Errors of measurement do depend on the accuracy with which
R, and R, can be measured.

(c) If the student uses large values of R, and R, the currents
through the arms will be feeble. This will make determination
of null point accurately more difficult.

(d) Wheatstone bridge is a very accurate instrument and has no
errors of measurement.
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3.11 In a meter bridge the point D is a neutral point R S
(Fig 3.3). | YV | B | VvV |
l L« 41 L
(@) The meter bridge can have no other neutral A| 100 | C
point for this set of resistances. D 2
(b) When the jockey contacts a point on meter wire [ ‘ 1
left of D, current flows to B from the wire.
(c) When the jockey contacts a point on the meter
wire to the right of D, current flows from B to
the wire through galvanometer. |
(d) When R is increased, the neutral point shifts to | I (*)
left.
Fig 3.3
VSA
3.12 Isthe motion of a charge across junction momentum conserving?
Why or why not?
3.13 The relaxation time 1 is nearly independent of applied E field
whereas it changes significantly with temperature T. First fact is
(in part) responsible for Ohm'’s law whereas the second fact leads
to variation of p with temperature. Elaborate why?
3.14 What are the advantages of the null-point method in a Wheatstone
bridge? What additional measurements would be required to
calculate R by any other method?
3.15 What is the advantage of using thick metallic strips to join wires
in a potentiometer?
3.16 For wiring in the home, one uses Cu wires or Al wires. What
considerations are involved in this?
3.17 Why are alloys used for making standard resistance coils?
3.18 Power P is to be delivered to a device via transmission
cables having resistance R_.. If V is the voltage across R E R
and | the current through it, find the power wasted “—( )
and how can it be reduced.
3.19 ABis a potentiometer wire (Fig 3.4). If the value of Ris A J B
increased, in which direction will the balance point J (\( /
shift?
Fig 3.4

19




‘ Exemplar Problems-Physics

3.20

3.21
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3.22

3.23

3.24

3.25
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While doing an experiment with potentiometer (Fig 3.5) 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.

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

(i) Which terminal of the cell E| is connected at X in case (ii)?

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.

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 | 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 ‘n’?

Let there be nresistors R, . .......... R withR_=max(R,......... R)
andR _=min{R, ..... R_}. Show that when they are connected in
parallel, the resultant resistance R.< R . and when they are
connected in series, the resultant resistance R, >R __ . Interpret

the result physically.

The circuit in Fig 3.6 shows two A
cells connected in opposition to _| I_,_l |
each other. Cell E, is of emf 6V |
and internal resistance 2Q; the E E.
cell E, is of emf 4V and internal
resistance 8Q. Find the

potential difference between the
points A and B. Fig 3.6

e @

Two cells of same emf E but E E
internal resistance r, and r, are | | | |
connected in series to an |
external resistor R (Fig 3.7).
What should be the value of R N
so that the potential difference

across the terminals of the first R
cell becomes zero.

o w

Fig. 3.7
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Current Electricity

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 R L toRL.

Suppose there is a circuit consisting of only resistances and
batteries. Suppose one is to double (or increase it to n-times) all
voltages and all resistances. Show that currents are unaltered.
Do this for circuit of Example 3.7 in the NCERT Text Book for
Class XII.

Two cells of voltage 10V and 2V and internal resistances 10Q
and 5Q respectively, are connected in parallel with the positive
end of 10V battery connected to negative pole of 2V battery
(Fig 3.8). Find the effective voltage and effective resistance of the
combination.

A room has AC run for 5 hours a day at a voltage of 220V. The
wiring of the room consists of Cu of 1 mm radius and a length of
10 m. Power consumption per day is 10 commercial units. What
fraction of it goes in the joule heating in wires? What would happen
if the wiring is made of aluminium of the same dimensions?

[p.,=1.7 x 105, .p,= 2.7 x 10°Qm]

In an experiment with a potentiometer, V, = 10V. R is adjusted to
be 50Q (Fig. 3.9). A student wanting to measure voltage E, of a
battery (approx. 8V) finds no null point possible. He then
diminishes R to 10Q and is able to locate the null point on the
last (4") segment of the potentiometer. Find the resistance of the
potentiometer wire and potential drop per unit length across the
wire in the second case.

(@) Consider circuit in Fig 3.10. 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? per second to the
thermal energy. What time scale would one associate with
energy in problem (a)? n = no of electron/volume = 10%°/m?,
length of circuit = 10 cm, cross-section = A = (1mm)?

(|

Fig 3.10
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Chapter Four

MOVING CHARGES
AND MAGNETISM

MCQ |

4.1

4.2

Two charged particles traverse identical helical paths in a completely

opposite sense in a uniform magnetic field B = B k.

(@ They have equal z-components of momenta.
(b) They must have equal charges.
(c) They necessarily represent a particle-antiparticle pair.

e e
(d) The charge to mass ratio satisfy : (Hj + (H) =0,
1 2

Biot-Savart law indicates that the moving electrons (velocity v)
produce a magnetic field B such that

(@ BLwv.

(b) B ||v.

(c) it obeys inverse cube law.

(d) itis along the line joining the electron and point of observation.



Moving Charges and Magnetism

4.3 A current carrying circular loop of radius R is placed in the x-y
plane with centre at the origin. Half of the loop with x > O is now
bent so that it now lies in the y-z plane.

(@) The magnitude of magnetic moment now diminishes.
(b) The magnetic moment does not change.

(c) The magnitude of B at (0.0.z), z >>R increases.

(d) The magnitude of B at (0.0.z), z >>R is unchanged.

4.4 An electron is projected with uniform velocity along the axis of a
current carrying long solenoid. Which of the following is true?

(@) The electron will be accelerated along the axis.
(b) The electron path will be circular about the axis.

(c) The electron will experience a force at 45° to the axis and hence
execute a helical path.

(d) The electron will continue to move with uniform velocity along
the axis of the solenoid.

4.5 Inacyclotron, a charged particle

(@) undergoes acceleration all the time.

(b) speeds up between the dees because of the magnetic field.
(c) speeds up in a dee.

(d) slows down within a dee and speeds up between dees.

4.6 A circular current loop of magnetic moment M is in an arbitrary
orientation in an external magnetic field B. The work done to rotate
the loop by 30° about an axis perpendicular to its plane is

(a) MB.
MB
2

MB
© T

(d) zero.

MCQ I

(b) V3

4.7 The gyro-magnetic ratio of an electron in an H-atom, according to
Bohr model, is

(@) independent of which orbit it is in.

(b) negative.

(c) positive.

(d) increases with the quantum number n.
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4.8

4.9

4.10

Consider a wire carrying a steady current, | placed in a uniform
magnetic field B perpendicular to its length. Consider the charges
inside the wire. It is known that magnetic forces do no work. This
implies that,

(@) motion of charges inside the conductor is unaffected by B since
they do not absorb energy.

(b) some charges inside the wire move to the surface as a result
of B.

(c) if the wire moves under the influence of B, no work is done by
the force.

(d) if the wire moves under the influence of B, no work is done by
the magnetic force on the ions, assumed fixed within the wire.

Two identical current carrying coaxial loops, carry current | in an
opposite sense. A simple amperian loop passes through both of
them once. Calling the loop as C,

(@) NB.dI =m2ul |

(b) the value of N3-d| is independent of sense of C.

(c) there may be a point on C where B and dl are perpendicular.
(d) B vanishes everywhere on C.

A cubical region of space is filled with some uniform electric and
magnetic fields. An electron enters the cube across one of its faces
with velocity v and a positron enters via opposite face with velocity
- v. At this instant,

(@) the electric forces on both the particles cause identical
accelerations.

(b) the magnetic forces on both the particles cause equal
accelerations.

(c) both particles gain or loose energy at the same rate.
(d) the motion of the centre of mass (CM) is determined by B alone.

4.11 A charged particle would continue to move with a constant velocity

in a region wherein,
@ E=0, B = 0.
b) E#£0,B # 0.

© E=0,B = 0.
(d) E=0,B=0.
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4.13

4.14

4.15

4.16
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4.17

4.18

4.19

4.20

Moving Charges and Magnetism

Verify that the cyclotron frequency w = eB/m has the correct
dimensions of [T]™.

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

The magnetic force depends on v which depends on the inertial
frame of reference. Does then the magnetic force differ from inertial
frame to frame? Is it reasonable that the net acceleration has a
different value in different frames of reference?

Describe the motion of a charged particle in a cyclotron if the
frequency of the radio frequency (rf) field were doubled.

Two long wires carrying current |, and |, are arranged as shown in
Fig. 4.1. The one carrying current |, is along is the x-axis. The
other carrying current |, is along a line parallel to the y-axis given
by x =0 and z = d. Find the force exerted at O, because of the wire
along the x-axis.

A current carrying loop consists of 3 identical quarter circles of
radius R, lying in the positive quadrants of the x-y, y-z and z-x
planes with their centres at the origin, joined together. Find the
direction and magnitude of B at the origin.

A charged particle of charge e and mass m is moving in an electric
field E and magnetic field B. Construct dimensionless quantities
and quantities of dimension [T ]J*.

An electron enters with a velocity v = v i into a cubical region (faces
parallel to coordinate planes) in which there are uniform electric
and magnetic fields. The orbit of the electron is found to spiral
down inside the cube in plane parallel to the x-y plane. Suggest a
configuration of fields E and B that can lead to it.

Do magnetic forces obey Newton’s third law. Verify for two current

elements dl_ = dI i located at the origin and dl, = dI j located at

(0, R, 0). Both carry current I.

>,

o
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ARASASIPY]
2V 20V 200V
Fig. 4.2
4.22
LA
4.23
A B
RX XXy Y
Fig. 4.4 4.24
4.25
4.26

A multirange voltmeter can be constructed by using a
galvanometer circuit as shown in Fig. 4.2. We want to construct
a voltmeter that can measure 2V, 20V and 200V using a
galvanometer of resistance 10Q and that produces maximum
deflection for current of 1 mA. Find R, R, and R, that have to be
used.

A long straight wire carrying current of 25A rests on a table as
shown in Fig. 4.3. 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?

A 100 turn rectangular coil ABCD (in XY plane) is hung from one
arm of a balance (Fig. 4.4). A mass 500¢g is added to the other arm
to balance the weight of the coil. A current 4.9 A passes through
the coil and a constant magnetic field of 0.2 T acting inward (in xz
plane) is switched on such that only arm CD of length 1 cm lies in
the field. How much additional mass ‘m’ must be added to regain
the balance?

A rectangular conducting loop consists of two wires on two opposite
sides of length | joined together by rods of length d. The wires are
each of the same material but with cross-sections differing by a
factor of 2. The thicker wire has a resistance R and the rods are of
low resistance, which in turn are connected to a constant voltage
source V. The loop is placed in uniform a magnetic field B at 45°
to its plane. Find 1, the torque exerted by the magnetic field on the
loop about an axis through the centres of rods.

An electron and a positron are released from (0, 0, 0) and

(0, 0, 1.5R) respectively, in a uniform magnetic field B = B,i , each

with an equal momentum of magnitude p = e BR. Under what
conditions on the direction of momentum will the orbits be non-
intersecting circles?

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 V. Find the
magnetic moment of the coils in each case.
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4.27 Consider a circular current-carrying loop of radius R in the x-y
plane with centre at origin. Consider the line intergral

F()= jB.dI

-L

taken along z-axis.

(@) Show that 3 (L) monotonically increases with L.

(b) Use an appropriate Amperian loop to show that J(w) = g1 ,
where | is the current in the wire.

(c) Verify directly the above result.

(d) Suppose we replace the circular coil by a square coil of sides R
carrying the same current |. What can you say about S,

3(L)and 3(w0)? - ©) oS

4.28 A multirange current meter can be constructed by using a
galvanometer circuit as shown in Fig. 4.5. We want a current meter
that can measure 10mA, 100mA and 1A using a galvanometer of

resistance 10Q2 and that prduces maximum deflection for current ¢ 1) 1) o
of ImA. Find S, S, and S, that have to be used 10mA 100mA 1A
Fig. 4.5

4.29 Five long wires A, B, C, D and E, each carrying current | are
arranged to form edges of a pentagonal prism as shown in Fig.
4.6. Each carries current out of the plane of paper.

(@) Whatwill be magnetic induction at a point on the axis O? AxisE
is at a distance R from each wire. ®

(b) What will be the field if current in one of the wires (say A) is
switched off?

(c) What if current in one of the wire (say) A is reversed?

27



Chapter Five

MAGNETISM AND
MATTER

MCQ |

5.1 A toroid of n turns, mean radius R and cross-sectional radius a

5.2

carries current I. It is placed on a horizontal table taken as
X-y plane. Its magnetic moment m

(@) is non-zero and points in the z-direction by symmetry.

(b) points along the axis of the tortoid (m = m‘).

1
(c) is zero, otherwise there would be a field falling as PES at large

distances outside the toroid.

(d) is pointing radially outwards.
The magnetic field of Earth can be modelled by that of a point dipole
placed at the centre of the Earth. The dipole axis makes an angle of
11.3° with the axis of Earth. At Mumbai, declination is nearly zero.
Then,

(@) the declination varies between 11.3°W to 11.3°E.

(b) the least declination is 0°.
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Magnetism and Matter

(c) the plane defined by dipole axis and Earth axis passes through
Greenwich.

(d) declination averaged over Earth must be always negative.

In a permanent magnet at room temperature

(@) magnetic moment of each molecule is zero.

(b) the individual molecules have non-zero magnetic moment
which are all perfectly aligned.

(c) domains are partially aligned.
(d) domains are all perfectly aligned.

Consider the two idealized systems: (i) a parallel plate capacitor
with large plates and small separation and (ii) a long solenoid of
length L >> R, radius of cross-section. In (i) E is ideally treated as
a constant between plates and zero outside. In (ii) magnetic field is
constant inside the solenoid and zero outside. These idealised
assumptions, however, contradict fundamental laws as below:

(a) case (i) contradicts Gauss’s law for electrostatic fields.
(b) case (ii) contradicts Gauss’s law for magnetic fields.

(c) case (i) agrees with []]E.dl =0.
(d) case (ii) contradicts D]H.dl =len

A paramagnetic sample shows a net magnetisation of 8 Am when
placed in an external magnetic field of 0.6 T at a temperature of
4K. When the same sample is placed in an external magnetic field
of 0.2T at a temperature of 16K, the magnetisation will be

(@) — Am

(b) =Am™

(0 6Am™

MCQ II

5.6

S is the surface of a lump of magnetic material.

(@) Lines of B are necessarily continuous across S.

(b) Some lines of B must be discontinuous across S.
(c) Lines of H are necessarily continuous across S.
(

d) Lines of H cannot all be continuous across S.
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57

5.8

59

5.10

The primary origin(s) of magnetism lies in

(@) atomic currents.

(b) Pauli exclusion principle.
(c) polar nature of molecules.
(d) intrinsic spin of electron.

Along solenoid has 1000 turns per metre and carries a current of
1 A. It has a soft iron core of 4 =1000. The core is heated beyond
the Curie temperature, T_.

(@) The H field in the solenoid is (nearly) unchanged but the B field
decreases drastically.

(b) The H and B fields in the solenoid are nearly unchanged.

(c) The magnetisation in the core reverses direction.

(d) The magnetisation in the core diminishes by a factor of
about 108.

Essential difference between electrostatic shielding by a conducting
shell and magnetostatic shielding is due to

(a) electrostatic field lines can end on charges and conductors have
free charges.

(b) lines of B can also end but conductors cannot end them.

(c) lines of B cannot end on any material and perfect shielding is
not possible.

(d) shells of high permeability materials can be used to divert lines
of B from the interior region.

Let the magnetic field on earth be modelled by that of a point
magnetic dipole at the centre of earth. The angle of dip at a point on
the geographical equator

(@) is always zero.
b) can be zero at specific points.

(
() can be positive or negative.
(d) is bounded.

VSA

511

512

5.13

A proton has spin and magnetic moment just like an electron. Why
then its effect is neglected in magnetism of materials?

A permanent magnet in the shape of a thin cylinder of length 10 cm
has M = 10° A/m. Calculate the magnetisation current | ,.

Explain quantitatively the order of magnitude difference between the
diamagnetic susceptibility of N, (~5 x 107) (at STP) and Cu (~107).
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Magnetism and Matter

From molecular view point, discuss the temperature dependence
of susceptibility for diamagnetism, paramagnetism and
ferromagnetism.

A ball of superconducting material is dipped in liquid nitrogen and
placed near a bar magnet. (i) In which direction will it move?
(ii) What will be the direction of it's magnetic moment?

Verify the Gauss’s law for magnetic field of a point dipole of dipole
moment m at the origin for the surface which is a sphere of radius R.

Three identical bar magnets are rivetted together at centre in the
same plane as shown in Fig. 5.1. This system is placed at rest in a
slowly varying magnetic field. It is found that the system of magnets
does not show any motion. The north-south poles of one magnet is
shown in the Fig. 5.1. Determine the poles of the remaining two.

Suppose we want to verify the analogy between electrostatic and
magnetostatic by an explicit experiment. Consider the motion of
(i) electric dipole p in an electrostatic field E and (ii) magnetic dipole
m in a magnetic field B. Write down a set of conditions on E, B, p,
m so that the two motions are verified to be identical. (Assume
identical initial conditions.)

A bar magnet of magnetic moment m and moment of inertia | (about
centre, perpendicular to length) is cut into two equal pieces,
perpendicular to length. Let T be the period of oscillations of the
original magnet about an axis through the mid point, perpendicular
to length, in a magnetic field B. What would be the similar period T’
for each piece?

Use (i) the Ampere’s law for H and (ii) continuity of lines of B, to
conclude that inside a bar magnet, (a) lines of H run from the N pole
to S pole, while (b) lines of B must run from the S pole to N pole.

Verify the Ampere’s law for magnetic field of a point dipole of dipole
moment m =mk . Take C as the closed curve running clockwise
along (i) the z-axis from z = a > 0 to z = R; (ii) along the quarter circle
of radius R and centre at the origin, in the first quadrant of x-z
plane; (iii) along the x-axis from x = R to x = a, and (iv) along the
quarter circle of radius a and centre at the origin in the first quadrant
of X-z plane.
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5.22 What are the dimensions of y, the magnetic susceptibility? Consider

an H-atom. Guess an expression for y, upto a constant by
constructing a quantity of dimensions of y, out of parameters of
the atom: e, m, v, R and #,. Here, m is the electronic mass, v is
electronic velocity, R is Bohr radius. Estimate the number so
obtained and compare with the value of |4/ ~10° for many
solid materials.

5.23 Assume the dipole model for earth’s magnetic field B which is given

524

5.25

2m cos d
by B, = vertical component of magnetic field = Lo 20T

4r r?
: e Hy Singm
B,, = Horizontal component of magnetic field = P —

0= 90° - lattitude as measured from magnetic equator.
Find loci of points for which (i) |B| is minimum; (ii) dip angle is zero;
and (iii) dip angle is + 45°.

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.

There are two current carrying planar coils made each from identical
wires of length L. C, is circular (radius R) and C, is square (side a).
They are so constructed that they have same frequency of oscillation
when they are placed in the same uniform B and carry the same
current. Find a in terms of R.



Chapter Six

ELECTROMAGNETIC
INDUCTION

MCQ 1

6.1

6.2

A square of side L meters lies in the X-y plane in a region, where the
magnetic field is given by B =B, (2i+3j+4K)T, where B, is
constant. The magnitude of flux passing through the square is

(@ 2B, L> Whb.

(b) 3B,L> Wh.

() 4B, L> Wh.

(d) +29B,L> Wh.

Aloop, made of straight edges has six corners at A(0,0,0), B(L,0,0)
C(L,L,0), D(0,L,0) E(O,L,L) and F(0,0,L). A magnetic field
B=B, (i + K)T is present in the region. The flux passing through
the loop ABCDEFA (in that order) is

(@ B,L> Wb.

(b) 2B,L*> Whb.

© 2 B,L*> Whb.

(d 4B,L*> Wb.
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A cylindrical bar magnet is rotated about its axis (Fig 6.1). A wire is
connected from the axis and is made to touch the cylindrical surface
through a contact. Then

(a) adirect current flows in the ammeter A.

(b) no current flows through the ammeter A.

() an alternating sinusoidal current flows through the ammeter A
with a time period T=2n/®.

(d) a time varying non-sinosoidal current flows through the
ammeter A.

There are two coils A and B as shown in Fig 6.2. A current starts
flowing in B as shown, when A is moved towards B and stops when
A stops moving. The current in A is counterclockwise. B is kept
stationary when A moves. We can infer that

(a) thereis a constant current in the clockwise direction in A.
(b) there is a varying cuirent in A.
(c) thereis no currentin A.

(d) there is a constant current in the counterclockwise direction
in A.

Same as problem 4 except the coil A is made to rotate about a vertical
axis (Fig 6.3). No current flows in B if A is at rest. The current in coil
A, when the current in B (at t = 0) is counterclockwise and the coil A
is as shown at this instant, t =0, is

(a) constant current clockwise.

(b) varying current clockwise.

(c) varying current counterclockwise.
(d) constant current counterclockwise.

The self inductance L of a solenoid of length | and area of cross-
section A, with a fixed number of turns N increases as

(@) land A increase.

(b) | decreases and A increases.
(¢) lincreases and A decreases.
(d) both | and A decrease.

MCQ II

6.7 Ametal plate is getting heated. It can be because

34

(@) adirect current is passing through the plate.
(b) itis placed in a time varying magnetic field.
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Electromagnetic Induction

(c) itis placed in a space varying magnetic field, but does not vary
with time.

(d) a current (either direct or alternating) is passing through the
plate.

An e.m.fis produced in a coil, which is not connected to an external
voltage source. This can be due to

(@) the coil being in a time varying magnetic field.
(b) the coil moving in a time varying magnetic field.
(c) the coil moving in a constant magnetic field.

(d) the coil is stationary in external spatially varying magnetic field,
which does not change with time.

The mutual inductance M, of coil 1 with respect to coil 2

(@) increases when they are brought nearer.

(b) depends on the current passing through the coils.
(¢) increases when one of them is rotated about an axis.
(d) is the same as M, of coil 2 with respect to coil 1.

A circular coil expands radially in a region of magnetic field and
no electromotive force is produced in the coil. This can be because

(@) the magnetic field is constant.

(b) the magnetic field is in the same plane as the circular coil and
it may or may not vary.

(c) the magnetic field has a perpendicular (to the plane of the coil)
component whose magnitude is decreasing suitably.

(d) there is a constant magnetic field in the perpendicular (to the
plane of the coil) direction.

VSA

6.11

Consider a magnet surrounded by a wire with an on/off switch S
(Fig 6.4). 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.

—7
a—

Bar Bar
magnet magnet
Circuit open Circuit closed

Fig. 6.4
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6.12

6.13

6.14

6.15

6.16

SA

6.17

6.18

6.19

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.

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.

Consider a metal ring kept on top of a fixed solenoid (say on a
carboard) (Fig 6.5). The centre of the ring coincides with the axis
of the solenoid. If the current is suddenly switched on, the metal
ring jumps up. Explain

Consider a metal ring kept (supported by a cardboard) on top of a
fixed solenoid carrying a current | (see Fig 6.5). 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?

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 magnetic field in a certain region is given by B = B, cos(et)k

and a coil of radius a with resistance R is placed in the x-y plane
with its centre at the origin in the magnetic field (see Fig 6.6) . Find
the magnitude and the direction of the current at (a, 0, 0) at

t=n/20,t=n/0 and t =3n/20.

Consider a closed loop C in a magnetic field (Fig 6.7). The flux
passing through the loop is defined by choosing a surface whose
edge coincides with the loop and using the formu-

¢ =B,.dA, +B,.dA, +.... Now if we chose two different surfaces

S, and S, having C as their edge, would we get the same answer
for flux. Jusity your answer.

Find the current in the wire for the configuration shown in
Fig 6.8. Wire PQ has negligible resistance. B, the magnetic
field is coming out of the paper. 0 is a fixed angle made by PQ
travelling smoothly over two conducting parallel wires
seperated by a distance d.



Electromagnetic Induction

6.20 A (current vs time) graph of the current passing through a solenoid

is shown in Fig 6.9. For which time is the back electromotive force
(u) a maximum. If the back emf at t = 3s is e, find the back emf at
t=7s, 15s and 40s. OA, AB and BC are straight line segments.

2 A
<
€ A
°t’ 1A
3 C
0 5 15 20 25 30 35 40
1A + Time (s)
s
2A T
B
Fig. 6.9
6.21 There are two coils A and B seperated by some distance. If a current
of 2 A flows through A, a magnetic flux of 102 Wb passes through
B (no current through B). If no current passes through A and a
current of 1 A passes through B, what is the flux through A?
LA A
6.22 A magnetic field B = B, sin(pt)k covers a large region where a A
wire AB slides smoothly over two parallel conductors separated C
by a distance d (Fig. 6.10). The wires are in the x-y plane. The wire L 5 v
AB (of length d) has resistance R and the parallel wires have
negligible resistance. If AB is moving with velocity v, what is the N
current in the circuit. What is the force needed to keep the wire ©O B X
moving at constant velocity? Fig. 6.10
6.23 A conducting wire XY of mass m and neglibile resistance
slides smoothly on two parallel conducting wires as y
shown in Fig 6.11. The closed circuit has a resistance R :
due to AC. AB and CD are perfect conductors. There is a CA X S B
magnetic field B = B(t)k. o | T °
(i) Write down equation for the acceleration of the wire R o8 [~
XY. Y \|/ S X
. s . . . C x(t) D
(i) If B is independent of time, obtain v(t) , assuming v
(0) = u,. Fig. 6.11

(iii) For (b), show that the decrease in kinetic energy of XY equals
the heat lost in R.
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6.24

'\m

N
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6.25

6.26

Q.27

ODBAC is a fixed rectangular conductor of negilible resistance
(CO is not connnected) and OP is a conductor which rotates
clockwise with an angular velocity o (Fig 6.12). The entire system
is in a uniform magnetic field B whose direction is along the normal
to the surface of the rectangular conductor ABDC. The conductor
OP is in electric contact with ABDC. The rotating conductor has a
resistance of A per unit length. Find the current in the rotating
conductor, as it rotates by 180°.

Consider an infinitely long wire carrying a current | (t), with

% =) =constant. Find the current produced in the rectangular
t
loop of wire ABCD if its resistance is R (Fig. 6.13).
A< I >B
/
dr

—>
X

R

< ~

I (1)
Fig. 6.13

Arectangular loop of wire ABCD is kept close to an infinitely long
wire carrying a current I(t)=1,(1-t/T)forO<t<T and
I (0)=0fort>T (Fig. 6.14). Find the total charge passing through
a given point in the loop, in time T. The resistance of the loop is R.

A< L, >B
L,+x
e
X
> W

I(t)
Fig. 6.14

A magnetic field B is confined to a region r < a and points out of
the paper (the z-axis), r = O being the centre of the circular region.
A charged ring (charge = Q) of radius b, b > a and mass m lies in
the x-y plane with its centre at the origin. The ring is free to rotate
and is at rest. The magnetic field is brought to zero in time At.
Find the angular velocity o of the ring after the field vanishes.
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6.28 Arodof mass m and resistance R slides smoothly over two parallel
perfectly conducting wires kept sloping at an angle 6 with respect
to the horizontal (Fig. 6.15). The circuit is closed through a perfect
conductor at the top. There is a constant magnetic field B along
the vertical direction. If the rod is initially at rest, find the velocity
of the rod as a function of time.

6.29 Find the current in the sliding rod AB (resistance = R) for the Fig. 6.15
arrangement shown in Fig 6.16. B is constant and is out of the X A
paper. Parallel wires have no resistance. v is constant. Switch S sJ T
is closed at time t = 0. C 1 9Bl v g
OB l
6.30 Find the current in the sliding rod AB (resistance = R) for the Y B

arrangement shown in Fig 6.17. B is constant and is out of the
paper. Parallel wires have no resistance. v is constant. Switch S is
closed at time t = 0.

Fig. 6.16

X A

s

2 o8 @BT

_>Vd

L

| o[ o]
oB® oB
Fig. 6.17

6.31 A metallic ring of mass m and radius | (ring being horizontal) is
falling under gravity in a region having a magnetic field. If z is the
vertical direction, the z-component of magnetic field is B, = B,
(1+4 2). If R is the resistance of the ring and if the ring falls with a
velocity v, find the energy lost in the resistance. If the ring has
reached a constant velocity, use the conservation of energy to
determine v in terms of m, B, A and acceleration due to gravity g.

6.32 Along solenoid ‘S’ has ‘n’ turns per meter, with diameter ‘a’. At the
centre of this coil we place a smaller coil of ‘N’ turns and diameter
‘b’ (where b < a). If the current in the solenoid increases linearly,
with time, what is the induced emf appearing in the smaller coil.
Plot graph showing nature of variation in emf, if current varies as
a function of mt? + C.
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Chapter Seven

ALTERNATING
CURRENT

MCQ 1

7.1

7.2

If the rms current in a 50 Hz ac circuit is 5 A, the value of the
current 1/300 seconds after its value becomes zero is

(@) 5/2 A
(b) 5/3/2 A
() 5/6 A

(d 5/2 A

An alternating current generator has an internal resistance Rg
and an internal reactance Xg. It is used to supply power to a
passive load consisting of a resistance Rg and a reactance X, . For
maximum power to be delivered from the generator to the load,
the value of X is equal to

(@) zero.
b)) X "
@ -X

"
(d R.

9



7.3

7.4

7.5

7.6

7.7

Alternating Current

When a voltage measuring device is connected to AC mains, the
meter shows the steady input voltage of 220V. This means

(a) input voltage cannot be AC voltage, but a DC voltage.
(b) maximum input voltage is 220V.

(¢) the meter reads not v but <v2?> and is calibrated to read
2
V<V >

(d) the pointer of the meter is stuck by some mechanical defect.

To reduce the reasonant frequency in an LCR series circuit with a
generator

(@) the generator frequency should be reduced.

(b) another capacitor should be added in parallel to the first.
(¢) theiron core of the inductor should be removed.

(d) dielectric in the capacitor should be removed.

Which of the following combinations should be selected for better
tuning of an LCR circuit used for communication?

(@ R=20Q,L=1.5H, C=35pF.
(b) R=25Q, L=2.5H, C=45yF.
(© R=15Q,L=23.5H, C=30yF.
(d R=25Q,L=1.5H, C=45yF.

An inductor of reactance 1 Q and a resistor of 2 Q are connected in
series to the terminals of a 6 V (rms) a.c. source. The power dissipated
in the circuit is

(@) 8W.
(b) 12W.
(¢ 14.4W.
(d) 18W.

The output of a step-down transformer is measured to be 24 V
when connected to a 12 watt light bulb. The value of the peak
current is

41



‘ Exemplar Problems-Physics

42

MCQ I

7.8

7.9

7.10

7.11

As the frequency of an ac circuit increases, the current first increases
and then decreases. What combination of circuit elements is most
likely to comprise the circuit?

(@) Inductor and capacitor.
(b) Resistor and inductor.
(c) Resistor and capacitor.

(d) Resistor, inductor and capacitor.

In an alternating current circuit consisting of elements in series,
the current increases on increasing the frequency of supply. Which
of the following elements are likely to constitute the circuit ?

(@) Only resistor.

(b) Resistor and an inductor.
(c) Resistor and a capacitor.
(d) Only a capacitor.

Electrical energy is transmitted over large distances at high
alternating voltages. Which of the following statements is (are)
correct?

(@) For a given power level, there is a lower current.
(b) Lower current implies less power loss.
(¢) Transmission lines can be made thinner.

(d) Itis easy to reduce the voltage at the receiving end using
step-down transformers.

For an LCR circuit, the power transferred from the driving source
to the driven oscillator is P = 1°Z cos ¢.

(a) Here, the power factor cos ¢ >0, P > 0.

(b) The driving force can give no energy to the oscillator (P = 0) in
some cases.

(c) The driving force cannot syphon out (P < O) the energy out of
oscillator.

(d) The driving force can take away energy out of the oscillator.

7.12 When an AC voltage of 220 V is applied to the capacitor C

(@) the maximum voltage between plates is 220 V.
(b) the current is in phase with the applied voltage.
(c) the charge on the plates is in phase with the applied voltage.
(d) power delivered to the capacitor is zero.



. ___________________________________________________________________________________________________}
Alternating Current
7.13 The line that draws power supply to your house from street has
(@) zero average current.
(b) 220V average voltage.
(c) voltage and current out of phase by 90°.
(d) voltage and current possibly differing in phase ¢ such that
s
<—.
o<z
VSA
7.14 IfalC circuitis considered analogous to a harmonically oscillating
spring block system, which energy of the LC circuit would be
analogous to potential energy and which one analogous to kinetic
energy? R, C, L,
7.15 Draw the effective equivalent circuit of the circuit shown in I c
Fig 7.1, at very high frequencies and find the effective impedance. L, R, R,
7.16 Study the circuits (a) and (b) shown in Fig 7.2 and answer the ~
following questions. ~
R R C L Fig. 7.1
,,,,,,,,,,,,, A g
o) o\
J A4
(@) (b)

Fig. 7.2

(@) 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)?

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

7.18 Inseries LCR circuit, the plotof | vs o is shown in Fig 7.3. Find
the bandwidth and mark in the figure.

I (A)

5 1015 20
o(rad/s) —

Fig. 7.3
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7.19

7.20

SA

7.21

7.22

7.23

7.24

The alternating current in a circuit is described by the graph
shown in Fig 7.4 . Show rms current in this graph.

—

N
L1
LI

< _T . |
~ oL T
- IF T 2T
27 t—>
-3+
Fig. 7.4

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.

A device X is connected to an a.c source. The variation of voltage,
current and power in one complete cycle is shown in Fig 7.5.

(@) Which curve shows power consumption over a full cycle?
(b) What is the average power consumption over a cycle?

(c) Identify the device ‘X'.
| | |
I I I
| |
| I |
I I

Fig. 7.5

Both alternating current and direct current are measured in
amperes. But how is the ampere defined for an alternating
current?

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.

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



Alternating Current

load, what is the current in the primary coil? Comment on the
type of transformer being used.

7.25 Explain why the reactance provided by a capacitor to an
alternating current decreases with increasing frequency.

7.26 Explain why the reactance offered by an inductor increases with
increasing frequency of an alternating voltage.

7.27 An electrical device draws 2kW power from AC mains (voltage
223V (rms) = /50,000 V). The current differs (lags) in phase by

¢(tan¢ = ZSJ as compared to voltage. Find (i) R, (ii) X_ - X ,and

(iii) 1,,- Another device has twice the values for R, X.and X . How
are the answers affected?

7.28 1MW power is to be delivered from a power station to a town
10 km away. One uses a pair of Cu wires of radius 0.5 cm for this
purpose. Calculate the fraction of ohmic losses to power
transmitted if

(i) power is transmitted at 220V. Comment on the feasibility of
doing this.

(ii) a step-up transformer is used to boost the voltage to
11000V, power transmitted, then a step-down transfomer is
used to bring voltage to 220 V.

R
(pey = 1.7 x1078SI unit) o

i,/
7.29 Consider the LCR circuit shown in Fig 7.6. Find the net —)I—u-—NVWW\N—
L

.V
current i and the phase of i. Show that I = 7 Find the

C.
i
impedence Z for this circuit. ()
V,, Sin ot
7.30 Foran LCR circuit driven at frequency o, the equation reads Fig. 7.6
Lﬂ+ Ri ﬁtﬂ:vi =V, sinot
dt C

() Multiply the equation by i and simplify where possible.
(i) Interpret each term physically.
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7.31

(il Cast the equation in the form of a conservation of energy
statement.

(iv) Intergrate the equation over one cycle to find that the phase
difference between v and i must be acute.

In the LCR circuit shown in Fig 7.7, the ac driving voltage is
v =yv_sin ot.

(i) Write down the equation of motion for q (t).

(ii) At t =t , the voltage source stops and R is short circuited. Now
write down how much energy is stored in each of L and C.

(iii) Describe subsequent motion of charges.

LA e

R L

oll

Fig. 7.7



Chapter Eight

ELECTROMAGNETIC
WAVES

MCQ |

8.1 One requires 11eV of energy to dissociate a carbon monoxide

8.2

molecule into carbon and oxygen atoms. The minimum frequency
of the appropriate electromagnetic radiation to achieve the
dissociation lies in

(@) visible region.

(b) infrared region.
(c) ultraviolet region.
(d) microwave region.

A linearly polarized electromagnetic wave given as

E= Eoicos (kz — @t) is incident normally on a perfectly reflecting

infinite wall at z = a. Assuming that the material of the wall is optically
inactive, the reflected wave will be given as

(@ E, =-E,icos(kz - wt)-

(b) E = EoiCOS(kZ +ot) -




‘ Exemplar Problems-Physics

48

8.3

8.4

8.5

8.6

8.7

(C) Er = —EoiCOS(kZ + Cl)t)
(d E, =E,isin(kz — wt)-

Light with an energy flux of 20 W/cm? falls on a non-reflecting
surface at normal incidence. If the surface has an area of 30 cm?.
the total momentum delivered (for complete absorption) during
30 minutes is

(@) 36 x 10°kgm/s.
(b) 36 x 10* kg m/s.
(c) 108 x 10* kg m/s.
(d) 1.08 x 10” kg m/s.

The electric field intensity produced by the radiations coming from

100 W bulb at a 3 m distance is E. The electric field intensity
produced by the radiations coming from 50 W bulb at the same
distance is

d J2E.

If E and B represent electric and magnetic field vectors of the
electromagnetic wave, the direction of propagation of electromagnetic
wave is along

The ratio of contributions made by the electric field and magnetic
field components to the intensity of an EM wave is

@ c:1
(b) c2:1
© 1:1

(d Ve:1

An EM wave radiates outwards from a dipole antenna, with E  as
the amplitude of its electric field vector. The electric field E; which



Electromagnetic Waves

transports significant energy from the source falls off as

(@}

(d) remains constant.

r2
1
r

MCQ I

8.8

8.9

8.10

An electromognetic wave travels in vacuum along
z direction: E = (Eli + Ezj) cos(kz — @t ) - Choose the correct options
from the following:

(@) The associated magnetic field is given as

1 N R
B = E(Eli - Ezj)cos (kz-wt).
(b) The associated magnetic field 1is given as

1 - .
B= E(Eli _ Ezj) cos (kz-wt).

(c) The given electromagnetic field is circularly polarised.
(d) The given electromagnetic wave is plane polarised.

An electromagnetic wave travelling along z-axis is given as:

E=E_ cos (kz - wt.). Choose the correct options from the following;
1- 1 -

(@) The associated magnetic field is given as B= - kxE =6(k xE).

(b) The electromagnetic field can be written in terms of the

associated magnetic field as g =¢ (Bx k).
(© k.E=0,k.B=0.
(d) kxE=0,kx B=0.

A plane electromagnetic wave propagating along x direction can
have the following pairs of E and B

(@ E, B,.
(b) E,. B,
(¢ B, Ey.
(d E, B,.
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8.11 A charged particle oscillates about its mean equilibrium position
with a frequency of 10° Hz. The electromagnetic waves produced:

(@) will have frequency of 10° Hz.

(b) will have frequency of 2 x 10° Hz.
(c) will have a wavelength of 0.3 m.
(d) fall in the region of radiowaves.

8.12 The source of electromagnetic waves can be a charge

(@) moving with a constant velocity.
(b) moving in a circular orbit.

() atrest.

(d) falling in an electric field.

8.13 An EM wave of intensity | falls on a surface kept in vacuum and
exerts radiation pressure p on it. Which of the following are true?

(@) Radiation pressure is |/c if the wave is totally absorbed.

(b) Radiation pressure is |/c if the wave is totally reflected.

(c) Radiation pressure is 21/c if the wave is totally reflected.

(b) Radiation pressure is in the range | /c < p < 2l /c for real surfaces.

VSA

8.14 Why is the orientation of the portable radio with respect to
broadcasting station important?

8.15 Why does microwave oven heats up a food item containing water
molecules most efficiently?

8.16 The charge on a parallel plate capacitor varies as g = g, cos 2nvt.
The plates are very large and close together (area = A,
separation = d). Neglecting the edge effects, find the displacement
current through the capacitor?

8.17 Avariable frequency a.c source is connected to a capacitor. How
will the displacement current change with decrease in frequency?

8.18 The magnetic field of a beam emerging from a filter facing a
floodlight is given by
B,=12 x 10®sin (1.20 x 10”7z - 3.60 x 10> ) T.
What is the average intensity of the beam?

8.19 Poynting vectors S is defined as a vector whose magnitude is equal
to the wave intensity and whose direction is along the direction of
wave propogation. Mathematically, it is given by S = iE xB.
Show the nature of S vs t graph. #Ho



8.20

SA

8.21

8.22

8.23

8.24

8.25

8.26

Electromagnetic Waves

Professor C.V Raman surprised his students by suspending freely
a tiny light ball in a transparent vacuum chamber by shining a
laser beam on it. Which property of EM waves was he exhibiting?
Give one more example of this property.

Show that the magnetic field B at a point in between the plates of
a parallel-plate capacitor during charging is %T'“rcé_f (symbols
having usual meaning).
Electromagnetic waves with wavelength

(i) A, is used in satellite communication.
(ii) A, is used to kill germs in water purifies.
(iii) 2, is used to detect leakage of oil in underground pipelines.

(iv) A, is used to improve visibility in runways during fog and mist
conditions.

(@) 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.

Show that average value of radiant flux density ‘S’ over a single
1
2¢4

period ‘T’ is given by S = Eo.

You are given a 2uF parallel plate capacitor. How would you
establish an instantaneous displacement current of 1mA in the
space between its plates?

Show that the radiation pressure exerted by an EM wave of
intensity | on a surface kept in vacuum is I /c.

What happens to the intensity of light from a bulb if the
distance from the bulb is doubled? As a laser beam travels across
the length of a room, its intensity essentially remains constant.

51



‘ Exemplar Problems-Physics

52

<=

Fig. 8.1

8.27

8.28

8.29

8.30

8.31

What geomatrical characteristic of LASER beam is responsible for
the constant intensity which is missing in the case of light from
the bulb?

Even though an electric field E exerts a force qE on a charged
particle yet the electric field of an EM wave does not contribute to
the radiation pressure (but transfers energy). Explain.

An infinitely long thin wire carrying a uniform linear static charge
density ), is placed along the z-axis (Fig. 8.1). The wire is set into

motion along its length with a uniform velocity v =v f(z . Calculate

the poynting vector S _1 (ExB).
Ko

Sea water at frequency v = 4 x 10°® Hz has permittivity e =80 ¢,
permeability @ ~ u_ and resistivity p = 0.25 Q-m. Imagine a parallel
plate capacitor immersed in sea water and driven by an alternating
voltage source V(t) = V_sin (2n vt). What fraction of the conduction
current density is the displacement current density?

A long straight cable of length | is placed symmetrically along
z-axis and has radius a(<<l). The cable consists of a thin wire and
a co-axial conducting tube. An alternating current I(t) = | sin (2tvt)
flows down the central thin wire and returns along the co-axial
conducting tube. The induced electric field at a distance s from

S ~
the wire inside the cable is E(s,t)= p,l,vcos(2nvt) In (5 J k.

(i) Calculate the displacement current density inside the cable.

(i) Integrate the displacement current density across the cross-
section of the cable to find the total displacement current I4.

(iii) Compare the conduction current I, with the dispalcement
current |¢.

A plane EM wave travelling in vacuum along z direction is given

by E = E, sin(kz - wt)i and B = B, sin(kz — ot)] -

(i) Evaluate []]E.dl over the rectangular loop 1234 shown in
Fig 8.2.

(i) Evaluate _[ B.ds over the surface bounded by loop 1234.
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—dg, E, Xp
i E.dl = - =cC
(iii) Use equation [ﬁ dt to prove B, .
(iv) By using similar process and the equation 3
4
d 1
mB.dI = il + &, d—¢E prove that ¢ =
t \ Hoéo h
8.32 A plane EM wave travelling along z direction is described T 5
by E =E,sin(kz - et)i and B =B, sin(kz - wt)j. Show
that
y Fig. 8.2
(i) The average energy density of the wave is given by
2
uav = l‘E‘OE(% +l&
4 4 o
(i) The time averaged intensity of the wave is given by
1 2
I, =—=cgE;.
av 2 0—=0
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Chapter Nine

RAY OPTICS AND
OPTICAL
INSTRUMENTS

MCQ |

9.1 Aray of light incident at an angle 6 on a refracting face of a prism

9.2

emerges from the other face normally. If the angle of the prism is 5°
and the prism is made of a material of refractive index 1.5, the angle
of incidence is

(@ 7.5°

(b) 5°.

() 15°.

(d) 2.5°.

A short pulse of white light is incident from air to a glass slab at
normal incidence. After travelling through the slab, the first colour
to emerge is

(@) blue.

(b) green.

(¢) violet.
(d) red.




9.3

9.4

9.5

9.6

9.7

Ray Optics and Optical Instruments

An object approaches a convergent lens from the left of the lens
with a uniform speed 5 m/s and stops at the focus. The image

—_

a) moves away from the lens with an uniform speed 5 m/s.

—

b) moves away from the lens with an uniform accleration.
¢) moves away from the lens with a non-uniform acceleration.
d) moves towards the lens with a non-uniform acceleration.

— p—

A passenger in an aeroplane shall

(@) never see a rainbow.

(b) may see a primary and a secondary rainbow as concentric circles.
(c) may see a primary and a secondary rainbow as concentric arcs.
(d) shall never see a secondary rainbow.

You are given four sources of light each one providing a light of a
single colour - red, blue, green and yellow. Suppose the angle of
refraction for a beam of yellow light corresponding to a particular
angle of incidence at the interface of two media is 90°. Which of the
following statements is correct if the source of yellow light is replaced
with that of other lights without changing the angle of incidence?

(@) The beam of red light would undergo total internal reflection.

(b) The beam of red light would bend towards normal while it gets
refracted through the second medium.

(c) The beam of blue light would undergo total internal reflection.

(d) The beam of green light would bend away from the normal as it
gets refracted through the second medium.

The radius of curvature of the curved surface of a plano-convex
lens is 20 cm. If the refractive index of the material of the lens be
1.5, it will

(@) act as a convex lens only for the objects that lie on its curved
side.
(b) act as a concave lens for the objects that lie on its curved side.

() actas a convex lens irrespective of the side on which the object
lies.

(d) actas a concave lens irrespective of side on which the object lies.

The phenomena involved in the reflection of radiowaves by
ionosphere is similar to

(@) reflection of light by a plane mirror.

(b) total internal reflection of light in air during a mirage.

(c) dispersion of light by water molecules during the formation of a
rainbow.

(d) scattering of light by the particles of air.
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1
\ 9.8
2 —< Q ,4
C F

P

9.9
Fig. 9.1

9.10

The direction of ray of light incident on a concave mirror is shown
by PQ while directions in which the ray would travel after reflection
is shown by four rays marked 1, 2, 3 and 4
(Fig 9.1). Which of the four rays correctly shows the direction of
reflected ray?

(@ 1

(b) 2

© 3

(d) 4

The optical density of turpentine is higher than that of water while
its mass density is lower. Fig 9.2. shows a layer of turpentine
floating over water in a container. For which one of the four rays
incident on turpentine in Fig 9.2, the path shown is correct?

(@) 1

(b) 2

(0 3

@ 4

o N\

rapentine]  \ \ \ Y
Water oy A

Fig. 9.2

A car is moving with at a constant speed of 60 km h™! on a straight
road. Looking at the rear view mirror, the driver finds that the car
following him is at a distance of 100 m and is approaching with a
speed of 5 km h . In order to keep track of the car in the rear, the
driver begins to glance alternatively at the rear and side mirror of
his car after every 2 s till the other car overtakes. If the two cars
were maintaining their speeds, which of the following statement
(s) is/are correct?

(@) The speed of the car in the rear is 65 km h™'.

(b) In the side mirror the car in the rear would appear to approach
with a speed of 5 km h™ to the driver of the leading car.

(c) In the rear view mirror the speed of the approaching car would
appear to decrease as the distance between the cars decreases.

(d) In the side mirror, the speed of the approaching car would
appear to increase as the distance between the cars decreases.
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9.11 There are certain material developed in laboratories which have a
negative refractive index (Fig. 9.3). A ray incident from air (medium 1)
into such a medium (medium 2) shall follow a path given by

/////éf‘é///////2 ////N/
@ » i

/////////! [TTTRTTTTT

() (d)
Fig. 9.3

MCQ II

9.12 Consider an extended object immersed in water contained in a
plane trough. When seen from close to the edge of the trough the
object looks distorted because

(@) the apparent depth of the points close to the edge are nearer
the surface of the water compared to the points away from the
edge.

(b) the angle subtended by the image of the object at the eye is
smaller than the actual angle subtended by the object in air.

(c) some of the points of the object far away from the edge may
not be visible because of total internal reflection.

(d) water in a trough acts as a lens and magnifies the object.

9.13 A rectangular block of glass ABCD has a refractive index 1.6.
A pin is placed midway on the face AB (Fig. 9.4). When observed
from the face AD, the pin shall

(@) appear to be near A.
(b) appear to be near D.

(c) appear to be at the centre of AD.
(d)

not be seen at all. D c
Fig. 9.4

9.14 Between the primary and secondary rainbows, there is a dark
band known as Alexandar’s dark band. This is because

(@) light scattered into this region interfere destructively.
(b) there is no light scattered into this region.
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(c) lightis absorbed in this region.

(d) angle made at the eye by the scattered rays with respect to the
incident light of the sun lies between approximately 42° and
50°.

9.15 A magnifying glass is used, as the object to be viewed can be
brought closer to the eye than the normal near point. This
results in

(@) a larger angle to be subtended by the object at the eye and

hence viewed in greater detail.
(b) the formation of a virtual erect image.
(¢) increase in the field of view.
(d) infinite magnification at the near point.

9.16 An astronomical refractive telescope has an objective of focal length
20m and an eyepiece of focal length 2cm.

(@) The length of the telescope tube is 20.02m.

(b) The magnification is 1000.

(c) The image formed is inverted.

(d) An objective of a larger aperture will increase the brightness
and reduce chromatic aberration of the image.

VSA

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

9.18 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?

9.19 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?

9.20 Three immiscible liquids of densities d, > d, > d, and refractive
indices u, > u, > u, are put in a beaker. The height of each liquid

column is % . A dot is made at the bottom of the beaker. For near

normal vision, find the apparent depth of the dot.

9.21 For a glass prism (u = ./3) the angle of minimum deviation is
equal to the angle of the prism. Find the angle of the prism.
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9.22 A short object of length L is placed along the principal axis of a
concave mirror away from focus. The object distance is u. If the
mirror has a focal length f, what will be the length of the image?
You may take L <<|v - f|.

9.23 A circular disc of radius ‘R’ is placed co-axially and horizontally
inside an opaque hemispherical bowl of radius ‘a’ (Fig. 9.5). The
far edge of the disc is just visible when viewed from the edge of the
bowl. The bowl is filled with transparent liquid of refractive index
u and the near edge of the disc becomes just visible. How far below
the top of the bowl is the disc placed?

9.24 A thin convex lens of focal length 25 cm is cut into two pieces
0.5 cm above the principal axis. The top part is placed at (0,0) and
an object placed at (-50 cm, 0). Find the coordinates of the image.

9.25 In many experimental set-ups the source and screen are fixed at
a distance say D and the lens is movable. Show that there are two
positions for the lens for which an image is formed on the screen.
Find the distance between these points and the ratio of the image
sizes for these two points.

9.26 A jar of height h is filled with a transparent liquid of refractive
index u (Fig. 9.6). 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.

Fig. 9.6

9.27 Amyopic adult has a far point at 0.1 m. His power of accomodation
is 4 diopters. (i) What power lenses are required to see distant
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9.28

9.29

9.30

9.31
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objects? (ii) What is his near point without glasses? (iii) What is
his near point with glasses? (Take the image distance from the
lens of the eye to the retina to be 2 cm.)

Show that for a material with refractive index u> /2 , light incident
at any angle shall be guided along a length perpendicular to the
incident face.

The mixture a pure liquid and a solution in a long vertical column
(i.e, horizontal dimensions << vertical dimensions) produces
diffusion of solute particles and hence a refractive index gradient
along the vertical dimension. A ray of light entering the column at
right angles to the vertical is deviated from its original path. Find
the deviation in travelling a horizontal distance d << h, the height
of the column.

If light passes near a massive object, the gravitational interaction
causes a bending of the ray. This can be thought of as happening
due to a change in the effective refrative index of the medium
given by

nir=1+2 GM/rc?

where r is the distance of the point of consideration from the centre
of the mass of the massive body, G is the universal gravitational
constant, M the mass of the body and c the speed of light in
vacuum. Considering a spherical object find the deviation of the
ray from the original path as it grazes the object.

An infinitely long cylinder of radius R is made of an unusual exotic
material with refractive index -1 (Fig. 9.7). The cylinder is placed
between two planes whose normals are along the y direction. The
center of the cylinder O lies along the y-axis. A narrow laser beam
is directed along the y direction from the lower plate. The laser
source is at a horizontal distance x from the diameter in the
y direction. Find the range of x such that light emitted from the
lower plane does not reach the upper plane.

(i) Consider a thin lens placed between a source (S) and an
observer (O) (Fig. 9.8). Let the thickness of the lens vary as

b2
w(b)=w, - > where b is the verticle distance from the pole.

W, is a constant. Using Fermat’s principle i.e. the time of transit
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for a ray between the source and observer is an P,

extremum, find the condition that all paraxial rays m
starting from the source will converge at a point O

on the axis. Find the focal length. S3 “9\/@ v >0

(i) A gravitational lens may be assumed to have a varying Fig. 9.8
width of the form o
Ko
wib)=kjin| 22 b <b<b
k
=k,In (bmzmj b<b__

Show that an observer will see an image of a point object as a
ring about the center of the lens with an angular radius

(n _l)kl%
e
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WAVE OPTICS

MCQ |

10.1 Consider a light beam incident from air to a glass slab at Brewster’s

10.2

angle as shown in Fig. 10.1.

A polaroid is placed in the path of the emergent ray at point P
and rotated about an axis passing through the centre
and perpendicular to the plane of the polaroid.

(@) For a particular orientation there shall be darkness
as observed through the polaoid.

(b) The intensity of light as seen through the polaroid
shall be independent of the rotation.

(c) The intensity of light as seen through the Polaroid
shall go through a minimum but not zero for two
orientations of the polaroid.

(d) The intensity of light as seen through the polaroid shall

go through a minimum for four orientations of the Fig. 10.1 P
polaroid.

Consider sunlight incident on a slit of width 10* A. The image
seen through the slit shall
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10.4

10.5

Wave Optics

(@) be a fine sharp slit white in colour at the center.

(b) abright slit white at the center diffusing to zero intensities at
the edges.

(c) abright slit white at the center diffusing to regions of different
colours.

(d) only be a diffused slit white in colour.

Consider a ray of light incident from air onto a slab of glass
(refractive index n) of width d, at an angle 6. The phase difference
between the ray reflected by the top surface of the glass and the
bottom surface is

1/2
(a) 4:d (1—%sin29j +n
n
4rd 1, )7

(b) — (1— 2s1n29j
1/2
(©) 4;id (I—LZsinzé‘j +—

1/2
(d) 4zd (1—%sm2ej +2r.
n

In a Young’s double slit experiment, the source is white light. One
of the holes is covered by a red filter and another by a blue filter.
In this case

(a) there shall be alternate interference patterns of red and blue.

(b) there shall be an interference pattern for red distinct from that
for blue.

(c) there shall be no interference fringes.

(d) there shall be an interference pattern for red mixing with one
for blue.

Figure 10.2 shows a standard two slit

arrangement with slits S|, S,. P, P, are the two | Screen
minima points on either side of P (Fig. 10.2). Si b
oF,

At P, on the screen, there is a hole and behind P, S <’ _______________ | S
is a second 2- slit arrangement with slits S,, S, P Is,
and a second screen behind them. . { i

. S, P, 'S.,E-s Second
(@) There would be no interference pattern on the | Screen

second screen but it would be lighted.

(b) The second screen would be totally dark.
Fig. 10.2
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(c) There would be a single bright point on the second screen.
(d) There would be a regular two slit pattern on the second screen.

MCQ I

10.6 Two source S and S, of intensity |, and I, are placed in front of a
screen [Fig. 10.3 (a)]. The patteren of intensity distribution seen
in the central portion is given by Fig. 10.3 (b).

.Sl

.S,
In this case which of the following statements are true.

Fig. 10.3 (a) (@) S, and S, have the same intensities.

(b) S, and S, have a constant phase difference.
(¢) S,and S, have the same phase.

(d) S, and S, have the same wavelength.

10.7 Consider sunlight incident on a pinhole of width 10°A. The image
of the pinhole seen on a screen shall be

x=0 X (@) a sharp white ring.
Fig. 10.3 (b) (b) different from a geometrical image.
(c) adiffused central spot, white in colour.
(d) diffused coloured region around a sharp central white spot.

10.8 Consider the diffraction patern for a small pinhole. As the size of
the hole is increased

—_

a) the size decreases.

—_—

b) the intensity increases.
c) the size increases.
d) the intensity decreases.

— p—

10.9 For light diverging from a point source

(a) the wavefront is spherical.
(b) the intensity decreases in proportion to the distance squared.

(
(

¢) the wavefront is parabolic.
d) the intensity at the wavefront does not depend on the distance.

VSA

10.10 Is Huygen’s principle valid for longitudunal sound waves?
10.11 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?

10.12 Whatis the shape of the wavefront on earth for sunlight?
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10.15
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10.16

10.17

10.18

10.19

Wave Optics

Why is the diffraction of sound waves more evident in daily
experience than that of light wave?

The human eye has an approximate angular resolution of

¢ =5.8x10"*rad and a typical photoprinter prints a minimum

of 300 dpi (dots per inch, 1 inch = 2.54 cm). At what minimal
distance z should a printed page be held so that one does not see
the individual dots.

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.

Can reflection result in plane polarised light if the light is incident
on the interface from the side with higher refractive index?

For the same objective, find the ratio of the least separation
between two points to be distinguished by a microscope for light

of 5000 A and electrons accelerated through 100V used as the
illuminating substance.

Consider a two slit interference arrangements (Fig. 10.4) such
that the distance of the screen from the slits is half the distance
between the slits. Obtain the value of D in terms of A such
that the first minima on the screen falls at a distance D from the
centre O.

Sll. ..................... T, OP =X
S dx CO=D
cer T RRLLCTRPR 0 SC=CS,=D
S e T,
| < Screen
Fig. 10.4
.S
1.
Figure 10.5 shown a two slit arrangement with a source which 5":\ """"
emits unpolarised light. P is a polariser with axis whose direction 2 P/' g
is not given. If 1 is the intensity of the principal maxima when no | ’
polariser is present, calculate in the present case, the intensity of
the principal maxima as well as of the first minima. Fig. 10.5
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10.21

—> Screen

Fig. 10.6

AC=C0=D,S,C=5,C=d<<D

A small transparent slab containing material of p =1.5 is placed

along AS, (Fig.10.6). What will be the distance from O of the
principal maxima and of the first minima on either side of the
principal maxima obtained in the absence of the glass slab. .

Four identical monochromatic sources A,B,C,D as shown in the
(Fig.10.7) produce waves of the same wavelength A and are
coherent. Two receiver R and R, are at great but equal distaces
from B.

(i) Which of the two receivers picks up the larger signal?
(i) Which of the two receivers picks up the larger signal when B
is turned off?
(iii) Which of the two receivers picks up the larger signal when D
is turned off?
(iv) Which of the two receivers can distinguish which of the sources
B or D has been turned off?

R,
‘ /2 M2,
R, A B ifs
RB=d=RB 2
AB=BC=BD=\/2
vD
Fig. 10.7
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10.22 The optical properties of a medium are governed by the relative
permitivity (e,) and relative permeability (u ). The refractive index

is defined as \/p ¢, =n.For ordinary material & >0 and p >0 and
the positive sign is taken for the square root. In 1964, a Russian

scientist V. Veselago postulated the existence of material with &,
< 0 and p_< 0. Since then such ‘metamaterials’ have been
produced in the laboratories and their optical properties studied.

For such materials n = —/p, ¢, . As light enters a medium of such

refractive index the phases travel away from the direction of
propagation.

(i) According to the description above show that if rays of light
enter such a medium from air (refractive index =1) at an angle
0 in 2" quadrant, them the refracted beam is in the 3™ quadrant.

(i) Prove that Snell’s law holds for such a medium.

10.23 To ensure almost 100 per cent transmittivity, photographic lenses
are often coated with a thin layer of dielectric material. The refractive
index of this material is intermediated between that of air and glass
(which makes the optical element of the lens). A typically used
dielectric film is MgF, (n = 1.38). What should the thickness of the
film be so that at the center of the visible speetrum (5500 A) there
is maximum transmission.



Chapter Eleven

DUAL NATURE OF
RADIATION AND
MATTER

MCQ |

11.1

11.2

11.3

A particle is dropped from a height H. The de Broglie wavelength
of the particle as a function of height is proportional to

@H
(b) H 172
(c) H°
(b) H 172

The wavelength of a photon needed to remove a proton from a
nucleus which is bound to the nucleus with 1 MeV energy is nearly

(a) 1.2 nm

(b) 1.2 x 103 nm
() 1.2 x 10°°nm
(d) 1.2 x 10'nm

Consider a beam of electrons (each electron with energy E ) incident
on a metal surface kept in an evacuated chamber. Then




Dual Nature of Radiation
and Matter

(@) no electrons will be emitted as only photons can emit electrons.
(b) electrons can be emitted but all with an energy, E,..

(c) electrons can be emitted with any energy, with a maximum of
E, — ¢ (¢ is the work function).
(d) electrons can be emitted with any energy, with a maximum of
E,-
11.4 Consider Fig. 11.7 in the NCERT text book of physics for Class
XII. Suppose the voltage applied to A is increased. The diffracted
beam will have the maximum at a value of 0that

(@) will be larger than the earlier value.
(b) will be the same as the earlier value.
(c) will be less than the earlier value.

(d) will depend on the target.

11.5 A proton, a neutron, an electron and an o-particle have same
energy. Then their de Broglie wavelengths compare as

(a) kp=kn> A> A,
(b) A, < kp= A > A,
(€) A, < kp=kn> A,
(d) A, = kp= A=A,

11.6 An electron is moving with an initial velocity v = Voi and isin a
magnetic field B = B, j . Then it's de Broglie wavelength
(a) remains constant.
(b) increases with time.

(c) decreases with time.
(d) increases and decreases periodically.

11.7 An electron (mass m) with an initial velocity v = voi(v0 >0) is in

an electric field E =-E,i(E, = constant >0). It’s de Broglie
wavelength at time t is given by

Ao
@ e, t
m v,
eE t
(b) Ao(l+mV0J

© A,
(@ At
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11.8

An electron (mass m) with an initial velocity v = Voi is in an

electric field E = E,j . If A, = h/mv,, it's de Breoglie wavelength at
time t is given by

@ 2,

e?E2t?
1+ 0
(b) ﬂo\/ mv?2
Ao

(0

MCQ II

11.9

11.10

11.11

Relativistic corrections become neccssary when the expression

1
for the kinetic energy EmVQ , becomes comparable with mc?,

where m is the mass of the particle. At what de Broglie wavelength
will relativistic corrections become important for an electron?

(a) A =10nm

(b) A =10"'nm
(c) A =10"*nm
(d) A =10°nm

Two particles A| and A, of masses m,, m, (m, >m,) have the same
de Broglie wavelength. Then

(a) their momenta are the same.

(b) their energies are the same.

(c) energy of A is less than the energy of A,.
(d) energy of A, is more than the energy of A,.

The de Broglie wavelength of a photon is twice the de Broglie

c
wavelength of an electron. The speed of the electron is Ve =

100
Then



Dual Nature of Radiation
and Matter

pe _ -2
(© =10

pe _ 4
d) - 10

11.12 Photons absorbed in matter are converted to heat. A source
emitting n photon/sec of frequency v is used to convert 1kg of
ice at 0°C to water at 0°C. Then, the time T taken for the
conversion

(a) decreases with increasing n, with v fixed.
(b) decreases with n fixed, v increasing

(c) remains constant with n and v changing such that
nv = constant.

(d) increases when the product nv increases.

11.13 A particle moves in a closed orbit around the origin, due to a
force which is directed towards the origin. The de Broglie
wavelength of the particle varies cyclically between two values A,
A, with A >A,. Which of the following statement are true?

(a) The particle could be moving in a circular orbit with origin as
centre

(b) The particle could be moving in an elliptic orbit with origin as
its focus.

(c) When the de Broglie wave length is A, the particle is nearer
the origin than when its value is 4,.

(d) When the de Broglic wavelength is A,, the particle is nearer
the origin than when its value is A .

VSA

11.14 A proton and an o-particle are accelerated, using the same
potential difference. How are the deBroglie wavelengths A and
A, related to each other?

11.15 (i) In the explanation of photo electric effect, we asssume one
photon of frequency v collides with an electron and transfers
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electron

e

metal

Fig. 11.1

72

11.16

11.17

11.18

SA

11.19

11.20

11.21

11.22

its energy. This leads to the equation for the maximum energy
E,., of the emitted electron as

a:

E...=hv-9,
where ¢, is the work function of the metal. If an electron
absorbs 2 photons (each of frequency v) what will be the
maximum energy for the emitted electron?

(ii) Why is this fact (two photon absorption) not taken into
consideration in our discussion of the stopping potential?

There are materials which absorb photons of shorter wavelength
and emit photons of longer wavelength. Can there be stable
substances which absorb photons of larger wavelength and emit
light of shorter wavelength.

Do all the electrons that absorb a photon come out as
photoelectrons?

There are two sources of light, each emitting with a power of
100 W. One emits X-rays of wavelength 1nm 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?

Consider Fig.11.1 for photoemission.

How would you reconcile with momentum-conservation? Note
light (photons) have momentum in a different direction than the
emitted electrons.

Consider a metal exposed to light of wavelength 600 nm. The
maximum energy of the electron doubles when light of
wavelength 400 snm is used. Find the work function in eV.

Assuming an electron is confined to a 1nm wide region , find the
uncertainty in momentum using Heisenberg Uncertainty
principle (Ref Eq 11.12 of NCERT Textbook). You can assume

the uncertainty in position Ax as Inm. Assuming p [0 Ap, find
the energy of the electron in electron volts.

Two monochromatic beams A and B of equal intensity I, hit a
screen. The number of photons hitting the screen by beam A is
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11.24

11.25

11.26

11.27

11.28

Dual Nature of Radiation
and Matter

twice that by beam B. Then what inference can you make about
their frequencies?

Two particles A and B of de Broglie wavelengths A, and A, combine
to form a particle C. The process conserves momentum. Find the
de Broglie wavelength of the particle C. (The motion is one
dimensional).

A neutron beam of energy E scatters from atoms on a surface
with a spacing d = 0. 1nm. The first maximum of intensity in the
reflected beam occurs at 6 = 30°. What is the kinetic energy E of
the beam in eV?

Consider a thin target (10?m square, 10°m thickness) of sodium,
which produces a photocurrent of 100uA when a light of intensity
100W/m? (A = 660nm) falls on it. Find the probability that a
photoelectron is produced when a photons strikes a sodium
atom. [Take density of Na = 0.97 kg/m?].

Consider an electron in front of metallic surface at a distance d
(treated as an infinite plane surface). Assume the force of attraction

1 q?
by the plate is given as 4 47e,d°

Calculate work in taking the charge to an infinite distance from
the plate. Taking d = 0.1nm, find the work done in electron volts.
[Such a force law is not valid for d < 0. 1nm].

A student performs an experiment on photoelectric ~ Vswn g

effect, using two materials A and B. Aplot of V__vs (:\3/) //-\ /B

v is given in Fig. 11.2. o5 7y

() Which material A or B has a higher work 2 L. L.
function? 1.5

(i) Given the electric charge of an electron 1
= 1.6 x 10°C, find the value of h obtained from

A

the experiment for both A and B.

Comment on whether it is consistent with
Einstein’s theory:

A particle A with a mass m, is moving with a velocity v and hits
a particle B (mass m,) at rest (one dimensional motion). Find the

! 14 ! 1. ! 14
5x 10*10 x 1015 x 10

Frequency (Hz)

Fig. 11.2
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11.29

change in the de Broglic wavelength of the particle A. Treat the
collision as elastic.

Consider a 20 W bulb emitting light of wavelength 5000 A and
shining on a metal surface kept at a distance 2m. Assume that
the metal surface has work function of 2 eV and that each atom
on the metal surface can be treated as a circular disk of radius
1.5 A.

() Estimate no. of photons emitted by the bulb per second.
[Assume no other losses]

(ii) Will there be photoelectric emission?

(ii) How much time would be required by the atomc disk to receive
energy equal to work function (2 eV)?

(iv) How many photons would atomic disk receive within time
duration calculated in (iii) above?

(v) Can you explain how photoelectric effect was observed
instantaneously?

[Hint: Time calculated in part (iii) is from classical consideration
and you may further take the target of surface area say 1cm?
and estimate what would happen?]



Chapter Twelve

ATOMS

MCQ |

12.1 Taking the Bohr radius as a, = 53pm, the radius of Li** ion in its
ground state, on the basis of Bohr’s model, will be about

(@ 53 pm
(b) 27 pm
(c) 18 pm
(d) 13 pm
12.2 The binding energy of a H-atom, considering an electron moving
4
around a fixed nuclei (proton), is B = —%. (m = electron
8n“goh

mass).

If one decides to work in a frame of reference where the electron is
at rest, the proton would be moving arround it. By similar
arguments, the binding energy would be

Me*

= _W (M = proton mass)
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12.3

12.4

12.5

12.6

12.7

This last expression is not correct because

(@ n would not be integral.

(b) Bohr-quantisation applies only to electron

(¢) the frame in which the electron is at rest is not inertial.

(d) the motion of the proton would not be in circular orbits, even
approximately.

The simple Bohr model cannot be directly applied to calculate the
energy levels of an atom with many electrons. This is because

(@) of the electrons not being subject to a central force.
(b) of the electrons colliding with each other

(c) of screening effects

(

d) the force between the nucleus and an electron will no longer
be given by Coulomb’s law.

For the ground state, the electron in the H-atom has an angular

momentum = h, according to the simple Bohr model. Angular
momentum is a vector and hence there will be infinitely many
orbits with the vector pointing in all possible directions. In
actuality, this is not true,

(@) because Bohr model gives incorrect values of angular
momentum.

(b) because only one of these would have a minimum energy.

(c) angular momentum must be in the direction of spin of electron.

(d) because electrons go around only in horizontal orbits.

O, molecule consists of two oxygen atoms. In the molecule, nuclear
force between the nuclei of the two atoms

(a) is not important because nuclear forces are short-ranged.

(b) is as important as electrostatic force for binding the two atoms.

(c) cancels the repulsive electrostatic force between the nuclei.

(d) is not important because oxygen nucleus have equal number
of neutrons and protons.

Two H atoms in the ground state collide inelastically. The
maximum amount by which their combined kinetic energy is
reduced is

(@ 10.20 eV
(b) 20.40 eV
(¢ 13.6 eV
(d) 27.2 eV

A set of atoms in an excited state decays.

(@) in general to any of the states with lower energy.

(b) into a lower state only when excited by an external electric
field.
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(c) all together simultaneously into a lower state.
(d) to emit photons only when they collide.

MCQ II

12.8

12.9

12.10

12.11

12.12

An ionised H-molecule consists of an electron and two protons.
The protons are separated by a small distance of the order of
angstrom. In the ground state,

(a) the electron would not move in circular orbits.

(b) the energy would be (2)* times that of a H-atom.

(c) the electrons, orbit would go arround the protons.

(d) the molecule will soon decay in a proton and a H-atom.

Consider aiming a beam of free electrons towards free protons.
When they scatter, an electron and a proton cannot combine to
produce a H-atom,

(@) because of energy conservation.

(b) without simultaneously releasing energy in the from of
radiation.

(c) because of momentum conservation.
(d) because of angular momentum conservation.

The Bohr model for the spectra of a H-atom

(@) will not be applicable to hydrogen in the molecular from.
(b) will not be applicable as it is for a He-atom.

(c) isvalid only at room temperature.

(d) predicts continuous as well as discrete spectral lines.

The Balmer series for the H-atom can be observed

(a) if we measure the frequencies of light emitted when an excited
atom falls to the ground state.

(b) if we measure the frequencies of light emitted due to
transitions between excited states and the first excited state.
(c) in any transition in a H-atom.

(d) as a sequence of frequencies with the higher frequencies
getting closely packed.

-1 me*
Let E, = 82 n?h? be the energy of the n level of H-atom. If all
g N
the H-atoms are in the ground state and radiation of frequency
(E,-E))/h falls on it,

(a) it will not be absorbed at all
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12.15

12.16

12.17

12.18
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12.19

12.20

(b) some of atoms will move to the first excited state.
(c) all atoms will be excited to the n = 2 state.
(d) no atoms will make a transition to the n = 3 state.

The simple Bohr modle is not applicable to He* atom because

a) He*is an inert gas.

b) He* has neutrons in the nucleus.

c) He* has one more electron.

d) electrons are not subject to central forces.

(
(
(
(

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

Imagine removing one electron from He* and He’. Their energy
levels, as worked out on the basis of Bohr model will be very
close. Explain why.

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?

Would the Bohr formula for the H-atom remain unchanged if
proton had a charge (+4/3)e and electron a charge (-3/4)e,
where e = 1.6 x 107'°C. Give reasons for your answer.

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?

Positronium is just like a H-atom with the proton replaced by
the positively charged anti-particle of the electron (called the
positron which is as massive as the electron). What would be the
ground state energy of positronium?

Assume that there is no repulsive force between the electrons in
an atom but the force between positive and negative charges is
given by Coulomb’s law as usual. Under such circumstances,
calculate the ground state energy of a He-atom.



12.21

12.22
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12.24
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12.26

12.27
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Using Bohr model, calculate the electric current created by the
electron when the H-atom is in the ground state.

Show that the first few frequencies of light that is emitted when
electrons fall to the n™ level from levels higher than n, are
approximate harmonics (i.e. in the ratio 1 : 2: 3...) when n >>1.

What is the minimum energy that must be given to a H atom in
ground state so that it can emit an H, line in Balmer series. If the
angular momentum of the system is conserved, what would be

the angular momentum of such H, photon?

The first four spectral lines in the Lyman serics of a H-atom are
L=1218A, 1028A, 974.3 A and 951.4A. If instead of Hydrogen,
we consider Deuterium, calculate the shift in the wavelength of
these lines.

Deutrium was discovered in 1932 by Harold Urey by measuring
the small change in wavelength for a particular transition in 'H
and 2H. This is because, the wavelength of transition depend to a
certain extent on the nuclear mass. If nuclear motion is taken
into account then the electrons and nucleus revolve around their
common centre of mass. Such a system is equivalent to a single
particle with a reduced mass u, revolving around the nucleus at
a distance equal to the electron-nucleus separation. Here
u = mM/(m, +M) where M is the nuclear mass and m_ is the
electronic mass. Estimate the percentage difference in wavelength
for the 1st line of the Lyman series in 'H and ?H. (Mass of 'H
nucleus is 1.6725 x 10727 kg, Mass of 2H nucleus is
3.3374 x 10?7 kg, Mass of electron = 9.109 x 10! kg.)

If a proton had a radius R and the charge was uniformly
distributed, calculate using Bohr theory, the ground state energy
of a H-atom when (i) R = 0.1A, and (ii)) R = 10 A.

In the Auger process an atom makes a transition to a lower state
without emitting a photon. The excess energy is transferred to
an outer electron which may be ejected by the atom. (This is
called an Auger electron). Assuming the nucleus to be massive,
calculate the kinetic energy of an n = 4 Auger electron emitted
by Chromium by absorbing the energy froman=2ton=1
transition.
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12.29

e 2
—_— for the

The inverse square law in electrostatics is | F |=
4rey)x

1
force between an electron and a proton. The [F) dependence of

| F| can be understood in quantum theory as being due to the
fact that the ‘particle’ of light (photon) is massless. If photons had

a mass m, force would be modified to
2
|F|= e—z[i+i}.exp(_,1r) where 4=m,c/handh = h .
(4rmeo)r?Lr? r r

Estimate the change in the ground state energy of a H-atom if m
were 1076 times the mass of an electron.

The Bohr model for the H-atom relies on the Coulomb’s law of
electrostatics. Coulomb’s law has not directly been verified for
very short distances of the order of angstroms. Supposing
Coulomb’s law between two opposite charge + q,, —q, is modified
to

0,9, 1
F|= —, r>2R
IFl (47gy) r? 0

= Dl L (&jg r <R,

2
dmey R\ r

Calculate in such a case, the ground state energy of a H-atom, if
e=0.1,R = 1A.
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NUCLEI
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13.1

13.2

Suppose we consider a large number of containers each
containing initially 10000 atoms of a radioactive material with a
half life of 1 year. After 1 year,

(a) all the containers will have 5000 atoms of the material.

(b) all the containers will contain the same number of atoms of
the material but that number will only be approximately 5000.

(c) the containers will in general have different numbers of the
atoms of the material but their average will be close to 5000.

(d) none of the containers can have more than 5000 atoms.
The gravitational force between a H-atom and another particle of
mass m will be given by Newton’s law:

M.m
F=G - , where r is in km and

@ M=m +m

proton electron”

) M=m__ +m _EZ (B =13.6 eV).
C

proton electron
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13.3

13.4

13.5

13.6.

13.7

(0 Mis not related to the mass of the hydrogen atom.
(d M= M oton * M cectron —|(\;/2| (]V | = magnitude of the potential

energy of electron in the H-atom).

When a nucleus in an atom undergoes a radioactive decay, the
electronic energy levels of the atom

(@) do not change for any type of radioactivity .

(b) change for oo and f radioactivity but not for y-radioactivity.
(c) change for o-radioactivity but not for others.

(d) change for B-radioactivity but not for others.

M, and M, denote the atomic masses of the parent and the daughter
nuclei respectively in a radioactive decay. The Q-value for a -
decay is Q, and that for a f* decay is Q,. If m_denotes the mass of
an electron, then which of the following statements is correct?

@ Q,=M,-M)c’and Q, = (M, - M, -2m )c
(b) Q, =M ~- My) ccand Q,=(M - My )c?

(© Q,=M,~-M,~-2m)c*and Q, = (M, - M, +2m)c?
(dQ, =M~ M, + 2m)c’and Q, = (M, - M, +2 m)c?

Tritium is an isotope of hydrogen whose nucleus Triton contains
2 neutrons and 1 proton. Free neutrons decay into p+e+v . If
one of the neutrons in Triton decays, it would transform into He®
nucleus. This does not happen. This is because

(@) Triton energy is less than that of a He® nucleus.

(b) the electron created in the beta decay process cannot remain
in the nucleus.

(c) both the neutrons in triton have to decay simultaneously
resulting in a nucleus with 3 protons, which is not a He?
nucleus.

(d) because free neutrons decay due to external perturbations
which is absent in a triton nucleus.

Heavy stable nucle have more neutrons than protons. This is
because of the fact that

(@) neutrons are heavier than protons.
(b) electrostatic force between protons are repulsive.
(c) neutrons decay into protons through beta decay.

(d) nuclear forces between neutrons are weaker than that between
protons.

In a nuclear reactor, moderators slow down the neutrons which
come out in a fission process. The moderator used have light
nuclei. Heavy nuclei will not serve the purpose because
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(@) they will break up.

(b) elastic collision of neutrons with heavy nuclei will not slow
them down.

(c) the net weight of the reactor would be unbearably high.

(d) substances with heavy nuclei do not occur in liquid or gaseous
state at room temperature.

MCQ II

13.8 Fusion processes, like combining two deuterons to form a He
nucleus are impossible at ordinary temperatures and pressure.
The reasons for this can be traced to the fact:

(@) nuclear forces have short range.

(b) nuclei are positively charged.

(c) the original nuclei must be completely ionized before fusion
can take place.

(d) the original nuclei must first break up before combining with
each other.

13.9 Samples of two radioactive nuclides A and B are taken. A, and A,
are the disintegration constants of A and B respectively. In which
of the following cases, the two samples can simultaneously have
the same decay rate at any time?

(a) Initial rate of decay of A is twice the initial rate of decay of B
and A, = A_.

(b) Initial rate of decay of A is twice the initial rate of decay of B
and A, > A_.

(c) Initial rate of decay of B is twice the initial rate of decay of A
and A, > A_.

(d) Initial rate of decay of B is same as the rate of decay of A at
t=2hand A, <A,.

13.10 The variation of decay rate of two radioactive samples A and B
with time is shown in Fig. 13.1.

Which of the following statements are true?

(@) Decay constant of A is greater than that of B, hence A AN
always decays faster than B. —
(b) Decay constant of B is greater than that of A but its di
decay rate is always smaller than that of A. T
(c) Decay constant of A is greater than that of B but it does
not always decay faster than B. A
(d) Decay constant of B is smaller than that of A but still its t —>
decay rate becomes equal to that of A at a later instant.

Fig. 13.1
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Fig. 13.2
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13.12

13.13

13.14
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13.16

13.17

13.18

13.19

13.20

HeJ and He; nuclei have the same mass number. Do they have
the same binding energy?

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

Which sample, A or B shown in Fig. 13.2 has shorter mean-life?

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

In pair annihilation, an electron and a positron destroy each other
to produce gamma radiation. How is the momentum conserved?

Why do stable nuclei never have more protons than neutrons?

Consider a radioactive nucleus A which decays to a stable nucleus
C through the following sequence:

A—-B-—->C

Here B is an intermediate nuclei which is also radioactive.
Considering that there are N, atoms of A initially, plot the graph
showing the variation of number of atoms of A and B versus time.

A piece of wood from the ruins of an ancient building was found
to have a *C activity of 12 disintegrations per minute per gram
of its carbon content. The '*C activity of the living wood is 16
disintegrations per minute per gram. How long ago did the tree,
from which the wooden sample came, die? Given half-life of '*C is
5760 years.

Are the nucleons fundamental particles, or do they consist of
still smaller parts? One way to find out is to probe a nucleon just
as Rutherford probed an atom. What should be the kinetic energy
of an electron for it to be able to probe a nucleon? Assume the
diameter of a nucleon to be approximately 10-'°m.

Anuclide 1 is said to be the mirror isobar of nuclide 2 if Z =N,
and Z, =N, . (a) What nuclide is a mirror isobar of 2> Na ? (b) Which
nuclide out of the two mirror isobars have greater binding energy
and why?
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Sometimes a radioactive nucleus decays into a nucleus which
itself is radioactive. An example is :

38 half-life . 38 half-life . 38
Sulphur 5481 Cl —ocon > Ar (stable)

Assume that we start with 1000 2¥S nuclei at time t = 0. The
number of *¥Cl is of count zero at t = 0 and will again be zero at
t = . At what value of t, would the number of counts be a
maximum?

Deuteron is a bound state of a neutron and a proton with a
binding energy B = 2.2 MeV. A y-ray of energy E is aimed at a
deuteron nucleus to try to break it into a (neutron + proton)
such that the n and p move in the direction of the incident y-ray.
If E = B, show that this cannot happen. Hence calculate how
much bigger than B must E be for such a process to happen.

The deuteron is bound by nuclear forces just as H-atom is made
up of p and e bound by electrostatic forces. If we consider the
force between neutron and proton in deuteron as given in the
form of a Coulomb potential but with an effective charge e’:

1 erZ

F =
Armey T

estimate the value of (e’/e) given that the binding energy of a
deuteron is 2.2 MeV.

Before the neutrino hypothesis, the beta decay process was
throught to be the transition,

n—->p+e

If this was true, show that if the neutron was at rest, the proton
and electron would emerge with fixed energies and calculate
them.Experimentally, the electron energy was found to have a
large range.

The activity R of an unknown radioactive nuclide is measured
at hourly intervals. The results found are tabulated as follows:

t(h) 0 1 2 3 4

R(MBqg)| 100 | 35.36 | 12.51 | 4.42 | 1.56
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13.26

() Plot the graph of R versus t and calculate half-life from the
graph.

(ii) Plot the graph of In [Rij versus t and obtain the value of
0

half-life from the graph.

Nuclei with magic no. of proton Z = 2, 8, 20, 28, 50, 52 and
magic no. of neutrons N = 2, 8, 20, 28, 50, 82 and 126 are found
to be very stable. (i) Verify this by calculating the proton
separation energy S for '*°Sn (Z = 50) and *!Sb = (Z = 51).

The proton separation energy for a nuclide is the minimum
energy required to separate the least tightly bound proton from
anucleus of that nuclide. It is given by

S =(M

_ 2
p zrnTt MH IVlz,N) c-.

Given ®In = 118.9058u, °Sn = 119.902199u,
121ShH = 120.903824u, 'H = 1.0078252u.

(i) What does the existance of magic number indicate?
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SEMICONDUCTOR
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14.1 The conductivity of a semiconductor increases with increase in
temperature because

(@ number density of free current carriers increases.
(b) relaxation time increases.
(c) both number density of carriers and relaxation time increase.

(d) number density of current carriers increases, relaxation time
decreases but effect of decrease in relaxation time is much less

than increase in number density. 1

2

14.2 In Fig. 14.1, V, is the potential barrier across a p-n T 3
junction, when no battery is connected across the junction

Vo
(@) 1 and 3 both correspond to forward bias of junction

(b) 3 corresponds to forward bias of junction and 1
corresponds to reverse bias of junction

(c) 1 corresponds to forward bias and 3 corresponds to reverse )
bias of junction. Fig. 14.1
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(d) 3 and 1 both correspond to reverse bias of junction.

14.3 InFig. 14.2, assuming the diodes to be ideal,
(@) D, is forward biased and D, is reverse biased and hence current
flows from A to B
(b) D, is forward biased and D, is reverse biased and hence no
current flows from B to A and vice versa.
() D,and D, are both A R D,
i NI
forward biased _ipove ANV >t
and hence
current flows
from A to B. D,
(d D, and D, are
both  reverse Fig. 14.2 B
biased and hence =
no current flows
from A to B and vice versa.
14.4 A 220 V A.C. supply is connected between points A and B
(Fig. 14.3). What will be the potential difference V across the
capacitor?
(a) 220V.
A N (b) 110V.
L1
220V CJ_V (c) OV.
ac T (d) 220./2V.
B
Fig. 14.3 14.5 Hole is
(@) an anti-particle of electron.
(b) a vacancy created when an electron leaves a covalent bond.
(c) absence of free electrons.
(d) an artifically created particle.
14.6 The output of the given circuit in Fig. 14.4.
(a) would be zero at all times.
o (b) would be like a half wave rectifier with positive
cycles in output.
(c) would be like a half wave rectifier with negative
v, sin ot C) SZ cycles in output.
(d) would be like that of a full wave rectifier.
Fig. 14.4
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14.7 In the circuit shown in Fig. 14.5, if the diode forward voltage drop

is 0.3V, the voltage difference between A and B is 0.2 mA
(@ 1.3V
(b) 2.3V 5K
(© O
(d 0.5V I
14.8 Truth table for the given circuit (Fig. 14.6) is
@A | B | E SK
0 0 1
0 1 0 B
1 0 1 Fig. 14.5
1 1 0
A C
(b) A B E
0 0 1 E
0 1 0 >
1 0 0
1|1 |1 )
Be—%— / D
(@ A B E Fig. 14.6
0 0 0
0 1 1
1 0 0
1 1 1
(d A B E
0 0 0
0 1 1
1 0 1
1 1 0
MCQ II

14.9 When an electric field is applied across a semiconductor

(a) electrons move from lower energy level to higher energy level
in the conduction band.

(b) electrons move from higher energy level to lower energy level
in the conduction band.

(c) holes in the valence band move from higher energy level to
lower energy level.

(d) holes in the valence band move from lower energy level to
higher energy level.
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0.6V 2V Vv,
Fig. 14.7

14.10

14.11

14.12

14.13

14.14

14.15

Consider an npn transitor with its base-emitter junction forward
biased and collector base junction reverse biased. Which of the
following statements are true?.

(a) Electrons crossover from emitter to collector.
(b) Holes move from base to collector.

() Electrons move from emitter to base.
(

d) Electrons from emitter move out of base without going to the
collector.

Figure 14.7 shows the transfer characteristics of a base biased
CE transistor. Which of the following statements are true?

(a) AtV = 0.4V, transistor is in active state.

(b) At V,= 1V, it can be used as an amplifier.

(c) AtV =0.5V, it can be used as a switch turned off.
(d) AtV = 2.5V, it can be used as a switch turned on.

In a npn transistor circuit, the collector current is 10mA. If
95 per cent of the electrons emitted reach the collector, which of
the following statements are true?

(a) The emitter current will be 8 mA.

(b) The emitter current will be 10.53 mA.
() The base current will be 0.53 mA.

(d) The base current will be 2 mA.

In the depletion region of a diode

(@) there are no mobile charges

(b) equal number of holes and electrons exist, making the
region neutral.

(c) recombination of holes and electrons has taken place.
(d) immobile charged ions exist.

What happens during regulation action of a Zener diode?

(@) The current in and voltage across the Zenor remains fixed.
(b) The current through the series Resistance (R) changes.
(c) The Zener resistance is constant.

(d) The resistance offered by the Zener changes.

To reduce the ripples in a rectifier circuit with capacitor filter

(@) R should be increased.

(b) input frequency should be decreased.

(c) input frequency should be increased.

(d) capacitors with high capacitance should be used.
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14.16 The breakdown in a reverse biased p—n junction diode is more
likely to occur due to

(@) large velocity of the minority charge carriers if the doping
concentration is small.

(b) large velocity of the minority charge carriers if the doping
concentration is large.

(c) strong electric field in a depletion region if the doping
concentration is small.

(d) strong electric field in the depletion region if the doping
concentration is large.

VSA

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

14.18 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?

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

14.20 Draw the output waveform across the resistor (Fig.14.8).

Vo
A
+1V
0]
-1V | -
Input waveform at A
Fig. 14.8

14.21 The amplifiers X, Y and Z are connected in series. If the voltage
gains of X, Y and Z are 10, 20 and 30, respectively and the
input signal is 1 mV peak value, then what is the output signal
voltage (peak value)

(i) if dc supply voltage is 10V?
(ii) if dc supply voltage is 5V?

14.22 1In 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?
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| |
(uA)
P P
V= V=
(volt) ./
Q
@ (b)
Fig. 14.9

(i) Name the type of a diode whose characteristics are shown in
Fig. 14.9 (A) and Fig. 14.9(B).

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

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

Three photo diodes D1, D2 and D3 are made of semiconductors
having band gaps of 2.5eV, 2eV and 3eV, respectively. Which

ones will be able to detect light of wavelength 6000 X ?

If the resistance R, is increased (Fig.14.10), how will the readings
of the ammeter and voltmeter change?

Fig. 14.10

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.

How would you set up a circuit to obtain NOT gate using a
transistor?

Explain why elemental semiconductor cannot be used to make
visible LEDs.
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14.29 Write the truth table for the circuit shown in Fig.14.11.
Name the gate that the circuit resembles.

14.30 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.14.12)?

Rs
o—Wv O

Unregulated ¥ Regulated
voltage N voltage

o o
Fig. 14.12

14.31 If each diode in Fig. 14.13 has a forward bias resistance of
25Q and infinite resistance in reverse bias, what will be the

values of the current | , I, I,and 1,?

Ao— v,

BO—

Fig. 14.11

14.32 In the circuit shown in Fig.14.14, when the input voltage of the Fig. 14.13
base resistance is 10V, V,_ is zero and V__ is also zero. Find the

values of |, | _and .

10V
ReZ aka
RP
v,
400
kQ
Fig. 14.14

14.33 Draw the output signals C, and C, in the given combination of

gates (Fig. 14.15).

A | | A
0 | 2 3 5 t(s)
B
B I | |
0§ 2 3 4 5t ,

Fig. 14.15
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14.34 Consider the circuit arrangement shown in Fig 14.16 (a) for study-
ing input and output characteristics of npn transistor in CE con-

figuration.
ICC <«
R. e '
V.. (mA)
C
B Q

AMA feeeaaaas =

E =-z VCC : IB - 3OHA
8V v (Volts)

14.35

Fig. 14.16 (a) Fig. 14.16 (b)

Select the values of R, and R_ for a transistor whose V. = 0.7V,
so that the transistor is operating at point Q as shown in the

characteristics shown in Fig. 14.16 (b).
Given that the input impedance of the transistor is very small

and V_. =V, = 16V, also find the voltage gain and power gain
of circuit making appropriate assumptions.

Assuming the ideal diode, draw the output waveform for the
circuit given in Fig. 14.17. Explain the waveform.

[~ W

20 sinwt O
— sv

Fig. 14.17

14.36 Suppose a ‘n’-type wafer is created by doping Si crystal having

5 x 10%® atoms/m?® with 1ppm concentration of As. On the
surface 200 ppm Boron is added to create ‘P’ region in this wafer.
Considering n, = 1.5 x 10'* m™, (i) Calculate the densities of the

charge carriers in the n & p regions. (ii) Comment which charge
carriers would contribute largely for the reverse saturation
current when diode is reverse biased.



Semiconductor Electronics: Materials
Devices and Simple Circuits

14.37 An X-OR gate has following truth table:

— =] OO
— | Ol —=|O
Ol~=|=]0 |

It is represented by following logic relation

Y =A.B+A.B

Build this gate using AND, OR and NOT gates.

14.38 Consider a box with three terminals on top of it as shown in
Fig.14.18 (a):

Fig. 14.18 (a)

Three components namely, two germanium diodes and one
resistor are connected across these three terminals in some
arrangement.

A student performs an experiment in which any two of these three
terminals are connected in the circuit shown in Fig. 14.18 (b).

(A
©—
- Box
Terminals
Vocz7
Fig. 14.18 (b)

The student obtains graphs of current-voltage characteristics for
unknown combination of components between the two terminals
connected in the circuit.
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The graphs are

(i) when A is positive and B is negative

T

Fig. 14.18 (c)

(ii) when A is negative and B is positive

/ :
sy slope

0.7v

N

Fig. 14.18 (d)

(iii) When B is negative and C is positive

Fig. 14.18 (e)

(iv) When B is positive and C is negative

I 4

Fig. 14.18 ()

=1000€2
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(v) When A is positive and C is negative
| I
‘ V
Fig. 14.18 (g)
(vi) When A is negative and C is positive

I A /
>V

1.4v

Fig. 14.18 (h)

From these graphs of current — voltage charac-
teristic shown in Fig. 14.18 (c) to (h), determine
the arrangement of components between A, B
and C.

14.39 For the transistor circuit shown in Fig.14.19,
evaluate V_, R, R_ given I_= 1 mA, V__ =3V, V_
=0.5VandV_ =12V,

B = 100.

14.40 In the circuit shown in Fig.14.20, find the value

of R.. =
12v Fig. 14.19
100K R A
C
- B =100
E
e V, =05V
20K 2 V=3V
Fig. 14.20
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Chapter Fifteen

COMMUNICATION
SYSTEMS

MCQ |

15.1

15.2

Three waves A, B and C of frequencies 1600 kHz, 5 MHz and
60 MHz, respectively are to be transmitted from one place to
another. Which of the following is the most appropriate mode of
communication:

(@) Ais transmitted via space wave while B and C are transmitted
via sky wave.

(b) A is transmitted via ground wave, B via sky wave and C via
space wave.

(c) Band C are transmitted via ground wave while A is transmitted
via sky wave.

(d) Bis transmitted via ground wave while A and C are transmitted
via space wave.

A 100m long antenna is mounted on a 500m tall building. The
complex can become a transmission tower for waves with A

(@ ~ 400 m.

(b) ~25m.




15.3

15.4

15.5

15.6

Communication Systems

(¢ ~ 150 m.
(d) ~2400 m.

A 1 KW signal is transmitted using a communication channel
which provides attenuation at the rate of — 2dB per km. If the
communication channel has a total length of 5 km, the power of

P
the signal received is [gain in dB = 10 log (P_(-)j]

(@ 900 W.
(b) 100 W.
() 990 W.
(d 1010 W.

A speech signal of 3 kHz is used to modulate a carrier signal of
frequency 1 MHz, using amplitude modulation. The frequencies
of the side bands will be

(@) 1.003 MHz and 0.997 MHz.
(b) 3001 kHz and 2997 kHz.
(c) 1003 kHz and 1000 kHz.
(d) 1 MHz and 0.997 MHz.

A message signal of frequency w_ is superposed on a carrier wave
of frequency w_ to get an amplitude modulated wave (AM).
The frequency of the AM wave will be

v

A\ 2

(i) (ii) (i)

Fig. 15.1

(iv)

i
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Identify devices that can be used for modulation:
(@) 91 and fii’.

(b) only ‘ii’.

(0) ‘ii’ and some regions of ‘iv’.

(d) All the devices can be used.

15.7 A male voice after modulation-transmission sounds like that of
a female to the receiver. The problem is due to

(@) poor selection of modulation index (selected 0 < m < 1)
(b) poor bandwidth selection of amplifiers.

(c) poor selection of carrier frequency

(d) loss of energy in transmission.

15.8 A basic communication system consists of

(A) transmitter.

B) information source.
C) user of information.
D) channel.

E) receiver.

(
(
(
(

Choose the correct sequence in which these are arranged in a
basic communication system:

(a) ABCDE.

(b) BADEC.

(c) BDACE.

(d) BEADC.

15.9 Identify the mathematical expression for amplitude modulated
wave:
(@ A sin [{w + kv (O}t + ¢].
(b) A sin{ot+ ¢+ Kk,v (O}
(@ {A +Kk,v (O} sin (ot+ ¢).
(d A, v, () sin (ot+ ¢).

MCQ 11

15.10 An audio signal of 15kHz frequency cannot be transmitted over
long distances without modulation because

(@) the size of the required antenna would be at least 5 km
which is not convenient.
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(b) the audio signal can not be transmitted through sky waves.
(c) the size of the required antenna would be at least 20 km,
which is not convenient.

(d) effective power transmitted would be very low, if the size of
the antenna is less than 5 km.

15.11 Audio sine waves of 3 kHz frequency are used to amplitude

modulate a carrier signal of 1.5 MHz. Which of the following
statements are true?

(@) The side band frequencies are 1506 kHz and 1494 kHz.
(b) The bandwidth required for amplitude modulation is 6kHz.
(c) The bandwidth required for amplitude modulation is 3 MHz.
(d) The side band frequencies are 1503 kHz and 1497 kHz.

15.12 ATV trasmission tower has a height of 240 m. Signals broadcast
from this tower will be received by LOS communication at a
distance of (assume the radius of earth to be 6.4 x 10 m)

(a) 100 km.
(b) 24 km.
(¢) 55 km.
(d) 50 km.

15.13 The frequency response curve (Fig. 15.2) for the filter circuit
used for production of AM wave should be

Gain Gain
o, + 0, ‘” © — o
(i) (ii)
Gain Gain
®
00, 0+0, o W, -0, O +0,
(i) (iv)
Fig. 15.2
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15.14

VSA

15.15

15.16

15.17

15.18

15.19

15.20

a) (i) followed by (ii).
b) (ii) followed by (i).
c) (iii).
d) (iv).

—_ o~ o~ —~

In amplitude modulation, the modulation index m, is kept less
than or equal to 1 because

(@ m > 1, will result in interference between carrier frequency
and message frequency, resulting into distortion.

(b) m > 1 will result in overlapping of both side bands resulting
into loss of information.

(c) m> 1 will result in change in phase between carrier signal
and message signal.

(d) m > 1 indicates amplitude of message signal greater than
amplitude of carrier signal resulting into distortion.

Which of the following would produce analog signals and which
would produce digital signals?

(i) A vibrating tuning fork.

(ii) Musical sound due to a vibrating sitar string.
(iif) Light pulse.

(iv) Output of NAND gate.

Would sky waves be suitable for transmission of TV signals 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 total internal reflection?

The maximum amplitude of an A.M. wave is found to be 15V
while its minimum amplitude is found to be 3 V. What is the
modulation index?

Compute the LC 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?



SA

15.21

Input

15.22

15.23

15.24

15.25

Communication Systems

Figure 15.3 shows a communication system. What is the output
power when input signal is of 1.01mW ? (gain in dB = 10 log ,
(P,/P).

10dB 20dB
Loss 2dB km™
________________ O— —
5.0 km
Amplifier Amplifier
Fig. 15.3

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).

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?

The maximum frequency for reflection of sky waves from a certain
layer of the ionosphere is found tobef__ =9(N__)"?, whereN__
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 F, layer of the
ionosphere while signals of frequencies higher than 8MHz are
not received by reflection from the F, layer of the inonosphere.
Estimate the maximum electron densities of the F| and F, layers
on that day.

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

Output
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15.26

15.27

15.28

>
>
I
—
>
>
B
i
—
2

(i) The intensity of a light pulse travelling along a communication
channel decreases exponentially with distance x according
to the relation | = | e, where | is the intensity at x=0 and o
is the attenuation constant.

Show that the intensity reduces by 75 per cent after a distance

(%)

(ii) Attenuation of a signal can be expressed in decibel (dB)

according to the relation dB =10 log , II_ ~What is the

attenuation in dB/km for an optical fibl?e in which the
intensity falls by 50 per cent over a distance of 50 km?

A 50 MHz sky wave takes 4.04 ms to reach a receiver via
re-transmission from a satellite 600 km above earth’s 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?

An amplitude modulated wave is as shown in Fig. 15.4. Calculate

(i) the percentage modulation, (ii) peak carrier voltage and,
(iii) peak value of information voltage.

\Y
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15.29 (i) Draw the plot of amplitude versus ‘o’ for an amplitude
modulated wave whose carrier wave (o) is carrying two
modulating signals, o, and o, (0, > ®,). [Hint: Follow
derivation from Eq 15.6 of NCERT Textbook of XII]

(ii) Is the plot symmetrical about w ? Comment especially about
plot in region o < w,_.
(iiij Extrapolate and predict the problems one can expect if more
waves are to be modulated.
(iv) Suggest solutions to the above problem. In the process can
one understand another advantage of modulation in terms
of bandwidth?

15.30 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 Rand C as
(i R=1kQ, C=0.01pF.

(i) R=10kQ, C =0.01uF.
(ii) R =10kQ, C=0.1uF.
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