CHAPTER 38

ELECTROMAGNETIC INDUCTION

38.1 FARADAY’S LAW OF ELECTROMAGNETIC

INDUCTION
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Figure 38.1

Figure (38.1a) shows a bar magnet placed along
the axis of a conducting loop containing a
galvanometer. There is no current in the loop and
correspondingly no deflection in-the galvanometer. If
we move the magnet towards the loop (figure 38.1b),
there is a deflection in the galvanometer showing that
there is an electric current in the loop. If the magnet
is moved away from the loop (figure 38.1¢), again there
is a current but the current is in the opposite direction.
The current exists as long as the magnet is moving.
Faraday studied this behaviour in detail by performing
a number of experiments and discovered the following
law of nature:

Whenever the flux of magnetic field through the
area bounded by a closed conducting loop changes, an
emf is produced in the loop. The emnf is given by
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where ¢ =f BdS is the flux of the magnetic field
through the area.

We shall call the quantity ¢ magnetic flux.. The SI
unit of magnetic flux 1s called weber which is
equivalent to tesla—metre ". ‘: o

The law described by equation (38.1) is called
Faraday’s law of electromagnetic induction. The flux
may be changed in a number of ways. One can change

the magnitude of the magnetic field B at the 51te of
the loop, the area of the loop or the angle between the

area-vector dS and the magnetic field B. In any case,

as long as the flux keeps changing, the emf is present.

The emf so produced drives an electric current through

the loop. If the resistance of the loop is R, the current
is

L=4§___1_dcl>

R R dt

The emf developed by a changing flux is called

induced emf and the current produced by this emf is

called induced current.

(38.2)

Direction of Induced Current

The direction of the induced current in a loop may
be obtained using equation (38.1) or (38.2). The
procedure to decide the direction is as follows:

Put an arrow on the.loop to choose the positive
sense of current. This choice is arbitrary. Using right-
hand thumb rule find the positive direction of the
normal to the area bounded by the loop. If the fingers
curl along the loop in the positive sense, the thumb
represents the positive direction of the normal.

Calculate the flux ¢ =f BdS through the area
bounded by the loop. If the flux increases with time,

% is positive and £ is negative from equation (38.1).

Correspondingly, the current is negative. It is,
therefore, in the direction opposite to the arrow put on

= y z
the loop. If ¢ decreases with time, r—T is negative, €

is positive and the current is along the arrow.
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Putting the numerical values in (i), the energy at
t=10ms is

L x@OH)x (012 A0 - 1/6)]?
=28 md.

An inductance L and a resistance R are connected in
series with a battery of emf & . Find the maximum rate
at which the energy is stored in the magnetic field.

Solution :

. The coil

The energy stored in the magnetic field at time ¢ is

1a00
17 2 Li 2

The rate at which the energy is stored is
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Putting in (i),

Lij(1_1
P =15~ Z]
vttt

4R*L/R) . 4R

Two conducting circular loops of radii R, and R, are
placed in the same plane with their centres coinciding.
Find the mutual inductance between them assuming
R,<<R,.

Solution : Suppose a current i is established in the outer

loop. The magnetic field at the centre will be

Bl
B 2R,
As the radius R, of the inner coil is small compared to
R,, the flux of magnetic field through it will be

approximately
a - Hol o2
2R, "
so that the mutual inductance is
2
YL
i 2R,

QUESTIONS FOR SHORT ANSWER

. A metallic loop is placed in a nonuniform magnetic field.

Will an emf be induced in the loop ?

An inductor is connected to a battery through a switch.
Explain why the emf induced in the inductor is much
larger when the switch is opened as compared to the
emf induced when the switch is closed.

of a moving-coil galvanometer keeps on
oscillating for a long time if it is deflected and released.
I[f the ends of the coil are connected together, the
oscillation stops at once. Explain.

. A short magnet is moved along the axis of a conducting

loop. Show that the loop repels the magnet if the magnet
is approaching the loop and attracts the magnet if it is
going away from the loop.

. Two circular loops are placed coaxially but separated by

a distance. A battery is suddenly connected to one of the
loops establishing a current in it. Will there be a current
induced in the other loop ? If yes, when does the current
start and when does it end ? Do the loops attract each
other or do they repel ?

The battery discussed in the previous question is
suddenly disconnected. Is a current induced in the other
loop ? If yes, when does it start and when does it end ?
Do the loops attract each other or repel ?

If the magnetic field outside a copper box is suddenly
changed, what happens to the magnetic field inside the

10.

box ? Such low-resistivity metals are used to form
enclosures which shield objects inside them against
varying magnetic fields.

Metallic (nonferromagnetic) and nonmetallic particles in
a solid waste may be separated as follows. The waste is
allowed to slide down an incline over permanent
magnets. The metallic particles slow down as compared
to the nonmetallic ones and hence are separated. Discuss
the role of eddy currents in the process.

. A pivoted aluminium bar falls much more slowly

through a small region containing a magnetic field than
a similar bar of an insulating material. Explain.

A metallic bob A oscillates through the space between
the poles of an electromagnet (figure 38-Ql). The
oscillations are more quickly damped when the circuit

N
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Figure 38-Q1
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is on, as compared to the case when the circuit is off.
Explain.

Two circular loops are placed with their centres
separated by a fixed distance. How would you orient the
loops to have (a) the largest mutual inductance (b) the
smallest mutual inductance ?

12.

13.

Consider the self-inductance per unit length of a solenoig
at its centre and that near its ends. Which of the twq
is greater ?

Consider the energy density in a solenoid at its centre
and that near its ends. Which of the two is greater ?

82

OBJECTIVE I

A rod of length [ rotates with a small but uniform
angular velocity » about its perpendicular bisector. A
uniform magnetic field B exists parallel to the axis of
rotation. The potential difference between the centre of
the rod and an end is

(@) ¥eeror ) %mBl” @) Bol’.

© %mBl‘

. A rod of length [ rotates with a uniform angular velocity

® about its perpendicular bisector. A uniform magnetic
field B exists parallel to the axis of rotation. The
potential difference between the two ends of the rod is

®) 5 L pSyaseamsipiy - (d) 2Bl *.

Consider the 51tuation shown in figure (38-Q2). If the
switch is closed and after some tlme it is opened again,
the closed loop will show

(a) an anticlockwise current-pulse

(b) a clockwise current-pulse

(c) an anticlockwise current-pulse and then a clockwise
current-pulse

(d) a clockwise current-pulse and then an anticlockwise
current-pulse.

(a) zero

O

=

Figure 38-Q2
Solve the previous question if the -closed loop is
completely enclosed in the circuit containing the switch.
A bar magnet is released from rest along the axis of a
very long, vertical copper tube. After some time the
magnet
(a) will stop in the tube
(b) will move with almost contant speed
(¢) will move with an acceleration g
(d) will oscillate.
Figure (38-Q3) shows a horizontal solenoid connected to
a battery and a switch. A copper ring is placed on a
frictionless track, the axis of the ring being along the
axis of the solenoid. As the switch is closed, the ring will
(a) remain stationary
(b) move towards the solenoid

[ R

Figure 38-Q3

10.

(c) move away from the solenoid '
(d) move towards the solenoid or away from it
depending on which terminal (positive or negative) of
the battery is connected to the left end of the solenold

Consider the following statements:

(A) An emf can be induced by moving a conductor in a
magnetic field.

(B) An emf can be induced by changing the magnetic
field.

(a) Both A and B are true. (b) A is true but B is false.
(¢) Bis true but A is false. (d) Both A and B are false.

Consider the situation shown in figure (38-Q4). The wire
AB is slid on the fixed rails with a constant velocity. If
the wire AB is replaced by a semicircular wire, the
magnitude of the induced current will

(a) increase (b) remain the same (c) decrease
(d) increase or decrease depending on whether the.
semicircle bulges towards the resistance or away from it.

x X X x
A
x x
L —
% % X x
% x x 8 x
Figure 38-Q4

. Figure (38-Q5a) shows a ‘conducting loop being pulled

out of a magnetic field with a speed v. Which of the four
plots shown in figure (38-Q5b) may represent the power
delivered by the pulling agent as a function of the speed
v?

x = x
x x x
x b3 x —k
x o x
v
x x *

(2)

Figure 38-Q5
Two circular loops of equal radii are placed coaxially at
some separation. The first is cut and a battery is
inserted in between to drive a current in it. The current
changes slightly because of the variation in resistance
with temperature. During this period, the two loops
(a) attract each other (b) repel each other
(c) do not exert any force on each other
(d) attract or repel each other depending on the sense
of the current.
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12.
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Electromagnetic Induction

A small, conducting circular loop is placed inside a long
solenoid carrying a current. The plane of the loop
contains the axis of the solenoid. If the current in the
solenoid is varied, the current induced in the loop is
(a) clockwise (b) anticlockwise (c) zero

(d) clockwise or anticlockwise depending on whether the
resistance is increased or decreased.

A conducting square loop of side ! and resistance R
moves in its plane with a uniform velocity v
perpendicular to one of its sides. A uniform and constant
magnetic field B exists along the perpendicular to the
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plane of the loop as shown in figure (38-Q6). The current
induced in the loop is

(a) Bly/R clockwise (b) Blu/R anticlockwise

(c) 2Bly/R anticlockwise (d) zero.
x x x x X x
% x x X X X
v —
= b4 * x b4 X
X x X x X %
Figure 38-Q6

OBJECTIVE 11

A bar magnet is moved along the axis of a copper ring
placed far away from the magnet. Looking from the side
of the magnet, an anticlockwise current is found to be
induced in the ring. Which of the following may be true ?

{a) The south pole faces the ring and the magnet moves
towards it.

(b) The north pole faces the ring and the magnet moves
towards it.

(¢) The south pole faces the ring and the magnet moves
away from it.

(d) The north pole faces the ring and the magnet moves
away from it.

A conducting rod is moved with a constant velocity v in
a magnetic field. A potential difference appears across
the two ends
(@ifuv|] I

(d) none of these.
A conducting loop is placed in a uniform magnetic field
with its plane perpendicular to the field. An emf is
induced in the loop if

(a) it is translated

(b) it is rotated about its axis

(c) it is rotated about a diameter

(d) it is deformed.

A metal sheet is placed in front of a strong magnetic
pole. A force is needed to

(a) hold the sheet there if the metal is magnetic

(b) hold the sheet there if the metal is nonmagnetic
(¢) move the sheet away from the pole with uniform
velocity if the metal is magnetic

(d) move the sheet away from the pole with uniform
velocity if the metal is nonmagnetic.

Neglect any effect of paramagnetism, diamagnetism and
gravity.

®)if v || B ©if || B

. A constant current i is maintained in a solenoid. Which

of the following quantities will increase if an iron rod is
inserted in the solenocid along its axis ?

(a) magnetic field at the centre

(b) magnetic flux linked with the solenoid

(c) self-inductance of the solenoid

(d) rate of Joule heating.

Two solenoids have identical geometrical construction
but one is made of thick wire and the other of thin wire.

10.

Which of the following quantities are different for the
two solenoids ?

(a) self-inductance

(b) rate of Joule heating if the same current goes
through them ‘

(c) magnetic field energy if the same current goes
through them

(d) time constant if one solenoid is connected to one
battery and the other is connected to another battery.
An LR circuit with a battery is connected at ¢t = 0. Which
of the following quantities is not zero just after the
connection ?

(a) current in the circuit

(b) magnetic field energy in the inductor

(c) power delivered by the battery

(d) emf induced in the inductor.

A rod AB moves with a uniform velocity v in a uniform
magnetic field as shown in figure (38-Q7).

(a) The rod becomes electrically charged.

(b) The end A becomes positively charged.

(¢) The end B becomes positively charged.

(d) The rod becomes hot because of Joule heating.

X % x ® X x
4
X x ® % X x
v —
% X % X x x
"8
x x x x x x
Figure 38-Q7

L, C and R represent the physical quantities inductance,
capacitance and resistance respectively. Which of the
following combinations have dimensions of frequency ?

1 R 1
(a) ®C (b) i (c) Vol (d) C/L.

The switches in figure (38-Q8a) and (38-8b) are closed

at t = 0 and reopened after a long time at ¢t = ¢,

. It II\I _;’ R
|._/_ ¥
£ [te
(a)

Figure 38-Q8
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(a) The charge on C just after t =0 is £C.
(b) The charge on C long after t =0 is £C.

(¢) The current in L just before t=1t¢, is £/R.
(d) The current in L long after t =t¢, is £/R.

EXERCISES

Calculate the dimensions of (a) J-E'dl_. (b) vBl and

(c) —f The symbols have their usual meanings.

The flux of magnetic field through a closed conducting
loop changes with time according to the equation,
$ =at’+ bt +c. (a) Write the SI units of a, b and c. (b) If
the magnitudes of @, b and ¢ are 020, 040 and 0°60
respectively, find the induced emf at ¢ =2 s.

(a) The magnetic field in a region varies as shown in
figure (38-E1). Calculate the average induced emf in a

conducting loop of area 20x10 °m?* placed

perpendicular to the field in each of the 10 ms intervals

shown. (b) In which intervals is the emf not constant ?

Neglect the behaviour near the ends of 10 ms intervals.
B(T)

0.03 +

0.014-

s

— <
10 20 30 40
Figure 38-E1

A conducting circular loop having a radius of 50 cm, is
placed perpendicular to a magnetic field of 050 T. It is
removed from the field in 0'50 s. Find the average emf
produced in the loop during this time.

. A conducting circular loop of area 1 mm?° is placed

coplanarly with a long, straight wire at a distance of
20 ecm from it. The straight wire carries an electric
current which changes from 10 A to zero in 0°1 s. Find
the average emf induced in the loop in 01 s.

A square-shaped copper coil has edges of length 50 cm
and contains 50 turns. It is placed perpendicular to a
1'0 T magnetic field. It is removed from the magnetic
field in 0'25 s and restored in its original place in the
next 025 s. Find the magnitude of the average emf
induced in the loop during (a) its removal, (b) its
restoration and (c) its motion. |

Suppose the resistance of the coil in the preivous
problem is 25 Q. Assume that the coil moves with
uniform velocity during its removal and restoration.
Find the thermal energy developed in the coil during
(a) its removal, (b) its restoration and (c¢) its motion.

A conducting loop of area 50 em ° is placed in a magnetic
field which wvaries sinusoidally with time as

B =B,sin ¢ where B,=020T and w=300s . The

normal to the coil makes an angle of 60° with the field.
Find (a) the maximum emf induced in the coil, (b) the
emf induced at v =(®/Y00)s and (¢) the emf induced at
t = (n/600) s.

0.

10.

11.

12.

13.

Figure (38-E2) shows a conducting square loop placed
parallel to the pole-faces of a ring magnet. The pole-faces
have an area of 1 cm ° each and the field between the-
poles is 0°10 T. The wires making the loop are all outside
the magnetic field. If the magnet is rcmoved in 1°0 s,
what is the average emf induced in the loop ?

Figure 38-E2

A conducting square loop having edges of length 2°0 cm
is rotated through 180° about a diagonal in 020 s. A .
magnetic field B exists in the region which is_
perpendicular to the loop in its initial position. If the
average induced emf during the rotation is 20 mV, find
the magnitude of the magnetic field.

A conducting loop of face-area A and resistance R is
placed perpendicular to a magnetic field B. The loop is
withdrawn completely from the field. Find the charge
which flows through any cross-section of the wire in the
process. Note that it is independent of the shape of the
loop as well as the way it is withdrawn.

A long solenoid of radius 2 em has 100 turns/cm and
carries a current of 5 A. A coil of radius 1 cm having
100 turns and a total resistance of 20 Q is placed inside
the solenoid coaxially. The coil is connected to a
galvanometer. If the current in the solenoid is reversed
in direction, find the charge flown through the
galvanometer.

Figure (38-E3) shows a metallic square frame of edge a
in a vertical plane. A uniform magnetic field B exists in
the space in a direction perpendicular to the plane of
the figure. Two boys pull the opposite corners of the
square to deform it into a rhombus. They start pulling
the corners at t = 0 and displace the corners at a uniform
speed u. (a) Find the induced emf in the frame at the
instant when the angles at these corners reduce to 60°.
(b) Find the induced current in the frame at this instant
if the total resistance of the frame is R. (¢) Find the total
charge which flows through a side of the frame by the
time the square'is deformed into a straight line.

iy
N

Figure 38-E3
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The north pole of a magnet is brought down along the
axis of a horizontal circular coil (figure 38-E4). As a
result, the flux through the coil changes from 0°'35 weber
to 0'85 weber in an interval of half a second. Find the
average emf induced during this period. Is the induced
current clockwise or anticlockwise as you look into the
coil from the side of the magnet ?

Rt

Figure 38-E4

A wire-loop confined in a plane is rotated in its own
plane with some angular velocity. A uniform magnetic
field exists in the region. Find the emf induced in the
loop.

Figure (38-E5) shows a square loop of side 5 cm being
moved towards right at a constant speed of 1 cm/s. The
front edge enters the 20 cm wide magnetic field at
t =0. Find the emf induced in the loop at (a) t=2s,
(b)) t=10s, (¢) t=22s and (d) t = 30 s.

B=06T
X X X X
ST ieX X X X
d ch X X X X
X X X X
X X X X

—20 cm ——
Figure 38-Eb

Find the total heat produced in the loop of the previous
problem during the interval O to 30 s if the resistance
of the loop is 4:5 mQ.

A uniform magnetic field B exists in a cylindrical region
of radius 10 cm as shown in figure (38-E6). A uniform
wire of length 80 cm and resistance 40 Q is bent into a
square frame and is placed with one side along a
diameter of the cylindrical region. If the magnetic field
increases at a constant rate of 0°010 T/s, find the current

induced in the frame.

a d
X | X
X1 X X
X1 X X
X 1 X
D e

Figure 38-E6

The magnetic field in the cylindrical region shown in
figure (38-E7) increases at a constant rate of 20°0 m'T/s.
IEach side of the square loop abed and defa has a length
of 1'00 cm and a resistance of 4'00 Q. Find the current
(magnitude and sense) in the wire ad if (a) the switch
S, is closed but S, is open, (b) S, is open but S, is closed,
(c) both §, and S, are open and (d) both §, and §, are

closed.
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Figure 38-E7

20. Figure (38-E8) shows a circular coil of N turns and

21.

22.

23.

24.

radius a, connected to a battery of emf £ through a
rheostat. The rheostat has a total length L and
resistance R. The resistance of the coil is r. A small
circular loop of radius a’ and resistance r’ is placed
coaxially with the coil. The centre of the loop is at a
distance x from the centre of coil. the In the beginning,
the sliding contact of the rheostat is at the left end and
then onwards it is moved towards right at a constant
speed v. Find the emf induced in the small circular loop
at the instant (a) the contact begins to slide and (b) it

has slid through half the length of the rheostat. |

O
v
¢ £
i i | |

— N \N\N—

Figure 38-E8
A circular coil of radius 2:00 cm has 50 turns. A uniform
magnetic field B=0200 T exists in the space in a
direction parallel to the axis of the loop. The coil is now
rotated about a diameter through an angle of 60°0°. The
operation takes 0°100s. (a) Find the average emf
induced in the coil. (b) If the coil is a closed one (with
the two ends joined together) and has a resistance of
4:00 Q, calculate the net charge crossing a cross-section
of the wire of the coil.

A closed coil having 100 turns is rotated in a uniform

magnetic field B=4'0x 10 *T about a diameter which
is perpendicular to the field. The angular velocity of
rotation is 300 revolutions per minute. The area of the
coil is 25 cm ° and its resistance is 4'0 Q. Find (a) -the
average emf developed in half a turn from a position
where the coil is perpendicular to the magnetic field,
(b) the average emf in a full turn and (c) the net charge
displaced in part (a).

A coil of radius 10 cm and resistance 40 Q has 1000
turns. It is placed with its plane vertical and its axis
parallel to the magnetic meridian. The coil is connected
to a galvanometer and is rotated about the vertical
diameter through an angle of 180°. Find the charge
which flows through the galvanometer if the horizontal
component of the earth’s

B,=30x 10 "T.

A circular coil of one turn of radius 5'0 cm is roiated
about a diameter with a constant angular speed of 80
revolutions per minute. A uniform magnetic field

B = 0010 T exists in a direction perpendicular to the
axis of rotation. Find (a) the maximum emf induced, (b)

L]
v A revy At A
Llicamidvin

feld s
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the average emf induced in the coil over a long period
and (c) the average of the squares of emf induced over
a long period.

Suppose the ends of the coil in the previous problem are
connected to a resistance of 100 Q. Neglecting the
resistance of the coil, find the heat produced in the
circuit in one minute.

Figure (38-E9) shows a circular wheel of radius 100 cm
whose upper half, shown dark in the figure, is made of
iron and the lower half of wood. The two junctions are
joined by an iron rod. A uniform magnetic field B of

magnitude 200 x 10 "' T exists in the space above the

central line as suggested by the figure. The wheel is set
into pure rolling on the horizontal surface. If it takes
2'00 seconds for the iron part to come down and the
wooden part to go up, find the average emf induced
during this period.

X X X X X
iron
X > 4 X X
X X X X
wood
Figure 38-E9

A 20 cm long conducting rod is set into pure translation
with a uniform velocity of 10 cm/s perpendicular to its
length. A uniform magnetic field of magnitude 010 T
exists in a direction perpendicular to the plane of motion.
(a) Find the average magnetic force on the free electrons
of the rod. (b) For what electric field inside the rod, the
electric force on a free elctron will balance the magnetic
force ? How is this electric field created ? (¢) Find the
motional emf between the ends of the rod.

A metallic metre stick moves with a velocity of 2 m/s in
a direction perpendicular to its length and perpendicular
to a uniform magnetic field of magnitude 0:2 T. Find the
emf induced between the ends of the stick.

A 10 m wide spacecraft moves through the interstellar
space at a speed 3x10° m/s. A magnetic field

B=3x10 “T exists in the space in a direction
perpendicular to the plane of motion. Treating the
spacecraft as a conductor, calculate the emf induced
across its width.

The two rails of a railway track, insulated from each other
and from the ground, are connected to a millivoltmeter.
What will be the reading of the millivoltmeter when a train
travels on the track at a speed of 180 km/h.? The vertical

component of earth’s magnetic field is 0°2 x 10 " T and the
rails are separated by 1 m.

A right-angled triangle abc, made from a metallic wire,
moves at a uniform speed v in its plane as shown in

4b OB

Figure 38-E10

32.

33.

34.

395.

36.

37.

figure (38-E10). A uniform magnetic field 5 exists 1n thg~

perpendicular direction. Find the emf induced (a) in the
loop abe, (b) in the segment bc, (c) in the segment ge
and (d) in the segment ab.

A copper wire bent in the shape of a semicircle of radiyg
r translates in its plane with a constant velocity v. A
uniform magnetic field B exists in the direction
perpendicular to the plane of the wire. Find the emf
.induced between the ends of the wire if (a) the velocity

is perpendicular to the diameter joining free ends,

(b) the velocity is parallel to this diameter.

A wire of length 10 cm translates in a direction making
an angle of 60° with its length. The plane of motion is
perpendicular to a uniform magnetic field of 1'0 T that
exists in the space. Find the emf induced between the
ends of the rod if the speed of translation is 20 cmys.

A circular copper-ring of radius r translates in its plane
with a constant velocity v. A uniform magnetic field B
exists in the space in a direction perpendicular to the
plane of the ring. Consider
diametrically opposite points on the ring. (a) Between;

which pair of points is the emf maximum ? What is the |
value of this maximum emf ? (b) Between which pair of

points is the emf minimum ? What is the value of this
minimum emf ?

Figure (38-E11) shows a wire sliding on two parallel,
conducting rails placed at a separation [. A magnetic
field B exists in a direction perpendicular to the plane
of the rails. What force is necessary to keep the wire
moving at a constant velocity v ?

X X X X X
X X X X X
lj sy
X X X X X
*
X X X X X

Figure 38-IE11

Figure (38-E12) shows a long U-shaped wire of width [
placed in a perpendicular magnetic field B. A wire of
length ! is slid on the U-shaped wire with a constant
velocity v towards right. The resistance of all the wires
is r per unit length. At ¢t = 0, the sliding wire is close to
the left edge of the U-shaped wire. Draw an equivalent
circuit diagram, showing the induced emf as a battery.
Calculate the current in the circuit.

x X X X X X
T 4 &
X X X X X X
l —PV
X X X J X X X
X X X X X X

Figure 38-E12

Consider tne situation of the previous problem. (a)
Calculate the force needed to keep the sliding wire
moving with a constant velocity v. (b) If the force needed
just after t =0 is F,, find the time at which the force

needed will be F, /2.

different pairs of

e T S R LS R A ———
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Consider the situation shown in figure (38-E13). The
wire PQ has mass m, resistance r and can slide on the
smooth, horizontal parallel rails separated by a distance
. The resistance of the rails is negligible. A uniform
magnetic field B exists in the rectangular region and a
resistance R connects the rails outside the field region.
At t =0, the wire PQ is pushed towards right with a
speed v,. Find (a) the current in the loop at an instant

when the speed of the wire PQ is v, (b) the acceleration
of the wire at this instant, (c) the velocity v as a function
of x and (d) the maximum distance the wire will move.

X X P X X
X X X X

X X X X

X X Q X X
Figure 38-E13

A rectangular frame of wire abed has dimensions
32 cm x 80 cm and a total resistance of 20 Q. It is
pulled out of a magnetic field B = 0°020 T by applying a

force of 3'2 x 10 "° N (figure 38-E14). It is found that the
frame moves with constant speed. Find (a) this constant
speed, (b) the emf induced in the loop, (¢) the potential
difference between the points a and b and (d) the
potential difference between the points ¢ and d.

X e X X X
D -

X X X X

P X % X F

7 % X X d

Figure 38-E14

Figure (38-E15) shows a metallic wire of resistance
0:20 Q sliding on a horizontal, U-shaped metallic rail.
The separation between the parallel arms is 20 ecm. An
electric current of 2:0 yuA passes through the wire when
it is slid at a rate of 20 cm/s. If the horizontal component

of the earth’s magnetic field is 30 x 10 "° T, calculate
the dip at the place.

X

Figure 38-E15

. A wire ab of length I, mass m and resistance R slides

on a smooth, thick pair of metallic rails joined at the
bottom as shown in figure (38-E16). The plane of the
rails makes an angle 68 with the horizontal. A vertical
magnetic field B exists in the region. If the wire slides
on the rails at a constant speed v, show that

B_\/ngsinB _

2 2
vl “cos “ O

Figure 38-E16
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Consider the situation shown in figure (38-E17). The
wires P,@, and P,Q), are made to slide on the rails with
the same speed 5 cm/s. Find the electric current in the
19 Q resistor if (a) both the wires move towards right
and (b) if P,@, moves towards left but P,Q, moves

towards right.

-

Figure 38-E17

Suppose the 19 Q resistor of the previous problem is
disconnected. Find the current through P,Q, in the two
situations (a) and (b) of that problem.

Consider the situation shown in figure (38-E18). The
wire PQ has a negligible resistance and is made to slide
on the three rails with a constant speed of 5 cmy/s. Find
the current in the 10 Q resistor when the switch § is
thrown to (a) the middle rail (b) the bottom rail.

X X P X X X X 100 X
T S S t—— /-
2cm x X X X X X X X

S
7em X X X X X X X
.7 B=10T
e
X X Q X X X X X X

Figure 38-E18

The current generator I, shown in figure (38-E19), sends
a constant current i through the circuit. The wire cd is
fixed and ab is made to slide on the smooth, thick rails
with a constant velocity v towards right. Each of these
wires has resistance r. Find the current through the wire

cd.

X )= O XeaFsase X

Xb)( X

Figure 38-E19

The current generator I, shown in figure (38-E20), sends
a constant current i through the circuit. The wire ab has
a length | and mass m and can slide on the smooth,
horizontal rails connected to I.. The enitre system lies
in a vertical magnetic field B. Find the velocity of the
wire as a function of time.

X X X
Figure 38-E20

The system containing the rails and the wire of the
previous problem 1is kept wvertically in a uniform
horizontal magnetic field B that is perpendicular to the
plane of the rails (figure 38-E21). It is found that the

wire stays in equilibrium. If the wire ab is replaced by
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Figure 38-E21
another wire of double its mass, how long will it take
in falling through a distance equal to its length ?

The rectangular wire-frame, shown in figure (38-E22),
has a width d, mass m, resistance R and a large length.
A uniform magnetic field B exists to the left of the frame.
A constant force F starts pushing the frame into the
magnetic field at ¢t = 0. (a) Find the acceleration of the
frame when its speed has increased to v. (b) Show that
after some time the frame will move with a constant
velocity till the whole frame enters into the magnetic
field. Find this velocity v,. {c) Show that the velocity at

time { is given by

- Fl )
= vl ~e T,
X X X
X X X
l - F
d:l: X X ¢—
X X X L~
% X X

Figure 38-E22

Figure (38-E23) shows a smooth pair of thick metallic
rails connected across a battery of emf £ having a
negligible internal resistance. A wire ab of length ! and
resistance r can slide smoothly on the rails. The entire
system lies in a horizontal plane and is immersed in a
uniform vertical magnetic field B. At an instant ¢, the
wire is given a small velocity v towards right. (a) Find
the current in it at this instant. What is the direction
of the current ? (b) What is the force acting on the wire
at this instant ? (¢) Show that after some time the wire
ab will slide with a constant velocity. Find this velocity.

a

E
. ‘ ¢ ~ibinrvs

Figure 38-E23

A conducting wire ab of length [, resistance r and mass
m starts sliding at ¢t = O down a smooth, vertical, thick
pair of connected rails as shown in figure (38-E24). A

Figure 38-E24

ol.

o2.

o3.

o4.

00.

uniform magnetic field B exists in the space in g
direction perpendicular to the plane of the rajlg
(a) Write the induced emf in the loop at an instant ;
when the speed of the wire is v. (b) What would be the
magnitude and direction of the induced current in the
wire ? (¢) Find the downward acceleration of the wire gt
this instant. (d) After sufficient time, the wire startg
moving with a constant velocity. Find this velocity v,..

(e) Find the velocity of the wire as a function of time,
(f) Find the displacement of the wire as a function of
time. (g) Show that the rate of heat developed in the
wire is equal to the rate at which the gravitationg]
potential energy is decreased after steady state ‘is
reached. P

A bicycle is resting on its stand in the east-west direction
and the rear wheel is rotated at an angular speed of 100
revolutions per minute. If the length of each spoke-ig
300 em and the horizontal component of the earth's

magnetic field is 2:0x 10 °T, find the emf induced
between the axis and the outer end of a spoke. Neglect
centripetal force acting on the free electrons of the spoke.

A conducting disc of radius r rotates with a small but
constant angular velocity w about its axis. A uniform
magnetic field B exists parallel to the axis of rotation.
Find the motional emf between the centre and the
periphery of the disc.

Figure (38-E25) shows a conducting disc rotating about
its axis in a perpendicular magnetic field B. A resistor
of resistance R is connected between the centre and the
rim. Calculate the current in the resistor. Does it enter
the disc or leave it at the centre ? The radius of the disc
is 5°'0 cm, angular speed w = 10 rad/s, B=040 T and
R=10Q. =3

Figure 38-E25

The magnetic field in a region is given by 5 =E%y

where L is a fixed length. A conductihg rod of length L
lies along the Y-axis between the origin and the point

(O, L, 0). If the rod moves with a velocity v = vor: find
the emf induced between the ends of the rod. £

Figure (38-E26) shows a straight, long wire carrying &
current ¢ and a rod of length [ coplanar with the wire
and perpendicular to it. The rod moves with a constant
velocity v in a direction parallel to the wire. The distance
of the wire from the centre of the red is x. Find the
moticnal emf induced in the rod.

T
-4

Figure 38-E26
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56. Consider a situation similar to that of the previous

problem except that the ends of the rod slide on a pair
of thick metallic rails laid parallel to the wire. At one
end the rails are connected by resistor of resistance R.
(a) What force is needed to keep the rod sliding at a
constant speed v? (b) In this situation what is the
current in the resistance R ? (¢) Find the rate of heat
developed in the resistor. (d) Find the power delivered
by the external agent exerting the force on the rod.

. Figure (38-E27) shows a square frame of wire having a
total resistance r placed coplanarly with a long, straight
wire. The wire carries a current ! given by I = [, sin w!.

Find (a) the flux of the magnetic field through the square

frame, (b) the emf induced in the frame and (c) the heat

20n

developed in the frame in the time interval O to -
e 1o

! a i

o

Figure 38-E27

. A rectangular metallic loop of length [ and width b is X
placed coplanarly with a long wire carrying a current i
(figure 38-E29). The loop is moved perpendicular to the %
wire with a 3peed v in the plane containing the wire o
and the loop. Calculate the emf induced in the loop when
the rear end of the loop is at a distance a from the wire. X

Solve by using Faraday’'s law for the flux through the
loop and also by replacing different segments with
equivalent batteries.

made to rotate with a uniform angular speed w as shown
in the figure. Find the current in the rod when

L AOC = 90°.

. Consider a variation of the previous problem (figure

38-E29). Suppose the circular loop lies in a vertical
plane. The rod has a mass m. The rod and the loop have
negligible resistances but the wire connecting O and C
has a resistance R. The rod is made to rotate with a
uniform angular velocity w in the clockwise direction by
applying a force at the midpoint of OA in a direction
perpendicular to it. Find the magnitude of this l{orce
when the rod makes an angle 8 with the vertical.

. Figure (38-E30) shows a situation similar to the

previous problem. All parameters are the same except
that a battery of emf £ and a variable resistance R are
connected between O and C. The connecting wires have
zero resistance. No external force is applied on the rod
(except gravity, forces by the magnetic field and by the
pivot). In what way should the resistance R be changed
so that the rod may rotate with uniform angular velocity
in the clockwise direction? Express your answer in
terms of the given quantities and the angle 8 made by
the rod OA with the horizontal.

Figure 38-E30

. A wire of mass m and length [ can slide freely on a pair

of smooth, vertical rails (figure 38-E31). ‘A magnetic field
B exists in the region in the direction perpendicular to the
plane of the rails. The rails are connected at the top end
by a capacitor of capacitance C. Find the acceleration of

: sy the wire neglecting any electric resistance.
| X X C X X
gt L
' : A
X X X X
Figure 38-E28
. Figure (38-E29) shows a conducting circular loop of 2t A % %
radius a placed in a uniform, perpendicular magnetic v L 5 5
field B. A thick metal rod OA is pivoted at the centre
O. The other end of the rod touches the loop at A. The X 2 & A
centre O and a fixed point C on the loop are connected o g . g

Figure 38-E31

by a wire OC of resistance R. A force is applied at the ;

middle point of the rod OA perpendicularly, so that the ~64. A uniform magnetic field B exists in a cylindrical region,

rod rotates clockwise at a uniform angular velocity w. =7 * o o gotted in figure (38-E32). The magnetic field

Find the force. AB

2 increases at a constant rate e Consider a circle of

X X X

.--""-.-Y_h‘-“"u
X X /.ff H‘\\\
g5 B X X \
/ X X[~ "1‘?‘:-:“1'?( X \
X X X X v /")\.'
X Xf - X X l
Figure 38-E29 )
st Hrod¥E ot X /l
60. Consider the situation shown in the figure of the \ d c /
o
. ~ ! s \ b4 X X /
previous problem. Suppose the wire connecting O and C N 7
has zero resistance but the circular loop has a resistance Ny, ox o x”

TR — ——

R uniformly distributed along its length. The rod OA 1is Figure 38-E32

e ——
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radius r coaxial with the cylindrical region. (a) Find the
magnitude of the electric field E at a point on the
circumference of the circle. (b) Consider a point P on the
side of the square circumscribing the circle. Show that
the component of the induced electric field at P along
ba is the same as the magnitude found in part (a).
The current in an ideal, long solenoid is varied at a
uniform rate of 0°01 A/s. The solenoid has 2000 turns/m
and its radius is 6°0 cm. (a) Consider a circle of radius
1'0 cm inside the solenoid with its axis coinciding with
the axis of the solenoid. Write the change in the
magnetic flux through this circle in 2°0 seconds. (b) Find
the electric field induced at a point on the circumference
of the circle. (c) Find the electric field induced at a point
outside the solenoid at a distance 80 cm from its axis.
An average emf of 20 V is induced in an inductor when
the current in it is changed from 2'5 A in one direction
to the same value in the opposite direction in 0°1 s. Find
the self-inductance of the inductor.

A magnetic flux of 8 x 10 ™ weber is linked with each
turn of a 200-turn coil when there is an electric current
of 4 A in it. Calculate the self-inductance of the coil.
The current in a solenoid of 240 turns, having a length
of 12 em and a radius of 2 cm, changes at a rate of 0'8
A/s. Find the emf induced in it.

Find the value of t/r for which the current in an LR
circuit builds up to (a) 90%, (b) 99% and (c) 99-9% of the
steady-state value.

An inductor-coil carries a steady-state current of 2:0 A
when connected across an ideal battery of emf 4:0 V. If
its inductance is 1'0 H, find the time constant of the
circuit.

A coil having inductance 2'0 H and resistance 20 Q is
connected to a battery of emf 4:0 V. Find (a) the current
at the instant 020 s after the connection is made and
(b) the magnetic field energy at this instant.

A coil of resistance 40 Q is connected across a 4'0 V
battery. 0-10 s after the battery is connected, the current
in the coil is 63 mA. Find the inductance of the coil.
An inductor of inductance 50 H, having a negligible
resistance, is connected in series with a 100 Q resistor
and a battery of emf 2:0 V. Find the potential difference
across the resistor 20 ms after the circuit is switched
on.

The time constant of an LR circuit is 40 ms. The circuit
is connected at t=0 and the steady-state current is
found to be 20 A. Find the current at (a) t=10 ms
(b) t =20 ms, (c) t =100 ms and (d) t=1 s.

An LR circuit has L = 1'0 H and R = 20 Q. It is connected
across an emf of 20 V at ¢t = 0. Find di/dt at (a) t = 100
ms, (b) t = 200 ms and (c) t = 1'0 s.

What are the values of the self-induced emf in the circuit
of the previous problem at the times indicated therein ?
An inductor-coil of inductance 20 mH having resistance
10 Q is joined to an ideal battery of emf 50 V. Find the
rate of change of the induced emf at t =0, (b) t = 10 ms
and (¢) t =10 s.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

An LR circuit contains an inductor of 500 mH, a resistor
of 25'0Q and an emf of 500 V in series. Find the
potential difference across the resistor at ¢t = (a) 20'0 ms,
(b) 100 ms and (c) 1-00 s.

An inductor-coil of resistance 10 Q and inductance
120 mH is connected across a battery of emf 6.V and
internal resistance 2 Q. Find the charge which flows
through the inductor in (a) 10 ms, (b) 20 ms and (c)
100 ms after the connections are made.

An inductor-coil of inductance 17 mH is constructed from
a copper wire of length 100 m and cross-sectional area
1 mm > Calculate the time constant of the circuit if this
inductor is joined across an ideal battery. The resistivity
of cupper = 1'7 x 10 * Q-m.

An LR circuit having a time constant of 50 ms is
connected with an ideal battery of emf £ . Find the time
elapsed before (a) the current reaches half its maximum
value, (b) the power dissipated in heat reaches half its
maximum value and (c) the magnetic field energy stored
in the circuit reaches half its maximum value.

A coil having an inductance L and a resistance R is
connected to a battery of emf &. Find the time taken for
the magnetic energy stored in the circuit to change from
one fourth of the steady-state value to half of the
steady-state value.

A solenoid having inductance 4'0 H and resistance 10 Q
is connected to a 4°0 V battery at t = 0. Find (a) the time
constant, (b) the time elapsed before the current reaches
0'63 of its steady-state value, (c) the power delivered by
the battery at this instant and (d) the power dissipated
in Joule heating at this instant.

The magnetic field at a point inside a 20 mH inductor-
coil becomes 0'80 of its maximum value in 20 ps when
the inductor is joined to a battery. Find the resistance
of the circuit.

An LR circuit with emf £ is connected at t = 0. (a) Find
the charge @ which flows through the battery during 0
to t. (b) Calculate the work done by the battery during
this period. (¢) Find the heat developed during this
period. (d) Find the magnetic field energy stored in the
circuit at time ¢. (e) Verify that the results in the three
parts above are consistent with energy conservation.
An inductor of inductance 2°00 H is joined in series with
a resistor of resistance 200 Q and a battery of emf
2:00 V. At t = 10 ms, find (a) the current in the circuit,
(b) the power delivered by the battery, (¢) the power
dissipated in heating the resistor and (d) the rate at
which energy is being stored in magnetic field.

Two coils A and B have inductances 1'0 H and 20 H
respectively. The resistance of each coil is 10 Q. Each
coil is connected to an ideal battery of emf 20 V at ¢t =0.
Let i, and I, be the currents in the two circuit at time
t. Find the ratio i, /i, at (a) ¢t = 100 ms, (b) ¢t =200 ms
and (c) t =1 s.

The current in a discharging LR circuit without the
battery drops from 2:0 A to 1'0 A in 0'10 s. (a) Find the
time constant of the circuit. (b) If the inductance of the
circuit is 4'0 H, what is its resistance ?
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3.

7. (a) 25 J (L) 25 J () 50 J

(a) 50 V (b) 50 V (c) zero

(a) 0015 V (b) 75x 10" V (¢) zero
.10 pV
50 T

25.13x107"J

26. 1'557x 107"V

27.(2) 1'6x 10" N (b) 1'0x 10" * V/m (c) 20x 10~"V
28. 04V

A constant current exists in an inductor-coil connected 92. Consider a small cube of volume 1 mm "~ at the centre
to a battery. The coil is short-circuited and the battery of a circular loop of radius 10 cm carrying a current of
is removed. Show that the charge flown through the coil 4 A. Find the magnetic energy stored inside the cube.
after the short-circuiting is the same as that which flows 93. A long wire carries a current of 400 A. Find the energy
in one time constant before the short-circuiting. stored in the magnetic field inside a volume of 1:00 mm *
Consider the circuit shown in figure (38-E33). (a) Find at a distance of 10°0 ¢m from the wire.

the current through the battery a long time after the 94. The mutual inductance between two coils is 256 H. If
switch § is closed. (b) Suppose the switch is again the current in one coil is changed at the rate of 1 A/s,
opened at t=0. What is the time constant of the what will be the emf induced in the other coil ?
discharging circuit ? (c) Find the current through the 95. Find the mutual inductance between the straight wire
inductor after one time constant. and the square loop of figure (38-E27).

96. Find the mutual inductance between the circular coil
and the loop shown in figure (38-E8).

97. A solenoid of length 20 ¢cm, area of cross-section 40 cm’
and having 4000 turns is placed inside another solenoid
of 2000 turns having a cross-sectional area 8:0 cm ~ and

p |_{ length 10 cm. Find the mutual inductance between the
- solenoids.
Figure 38-E33 98. The current in a long solenoid of radius R and having
A current of 10 A ic established in a tightly wound n turns per unit length is given by i=1i,sin wf. A coil
solenoid of radius % em having 1000 turng/metre. Find having N turns is wound around it near the centre. Find
the magnetic energy stored in each metre of the solenoid. (a) the induced emf in the coil and (b) the mutual
inductance between the solenoid and the coil.
ANSWERS
OBJECTIVE 1 11. BA/R
-4
® 2@ 3@ 4@ 5@® 6@© )  © )
(& 8@® 90 10 1. 12 13. (a) 2Bav (b) 2Bav/R (c) a” B/R
14. £ = 1:0 V, anticlockwise
OBJECTIVE 11 ]
16. (a) 3% 107*V, (b) zero, (¢) 3x 10 *V and (d) zero
. (), © 2. (d 3. (@, @ 17.2x10°*J
- (a), (e), (d) 5. (a), (b), () 6. (b), (d) .
L@ 8. (b) 9. (@), ®), (© 18 SR
. (), (©) 19. (a) 1'25x 10"A, a to d (b) 1'25x 10™" A, d to a,
(c) zero (d) zero
2.2
EXERCISE 20. n”: Nazaa £ — where R’ = R for part (a) and
s QL@+ xR + )’
. ML I"'T7" in each case R/2 for part (b)
. N ; .
: E:; iozlfirc,'\/fo_lté-Z)oirt\ffc;grr:\;}) ;f()) (x:)Vl i 21. (a) 628 x 107°V (b) 1'57x 107°C
()10 ms to 20 ms and 20 ms to 30 ms 22. (a) 20 x 107’V (b) zero () 50x 107°C
L78x107°V 23. 47x107°C
5.1x10°°V 24. {a) 6:6 x 10" V (b) zero (¢) 22x 1077 V?
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29. 0009V Ho lQ a U, al.w cos ot a
phats 57. (a) £2- ln[l . b] () 5 ln[l . b]
31. (a) zero (b) vB(bc), positive at ¢ (c) zero IR 2%, %0 Y P
(d) vB(bc), positive at a © onr In [1 * E]
32. (a) 2rvB  (b) zero pilvb
33.17x107°V 58 Fata + D
34. (a) at the ends of the diameter perpendicular to the 3g?
velocity, 2 ruB (b) at the ends of the diameter parallel to the 59. maZR to the right of OA in the figure.
velocity, zero 8 wa’B
35. zero 60. 3 m‘;
36, -2 __ T
2r(l + vt) 61. oR mg sin®
B .
37. (a) 31+ o) M) /v 69, aB;Z:g'rcﬁ:e B)
Blv B ~ B®’x
38. (a)R+r(b) R+ 1) towards left (¢c) v =1y, - mRr 63. mg! :
m+CB’l
@ mu(R +r) r dB
T Bips - . W3 W
39. (a) 25 m/s (b)) 40x 107V () 36 x 107*V 65. (a) 1'6 x 10~ weber (b) 1-2x 107 V/m
(d) 40x107°V (c) 56x 10" V/m
-1
40. tan "~ (1/3) 66. 0'4 H
ig Ea; 01 mat;\) (;)) zzro 67. 4x 102 H
. (a) zero m 2
44. (a) 0'1 mA (b) 02 mA CERGRRITA Wi
45 ir - Blv 69. 2:3, 4°6, 69
S 70. 050 s
46. ilBt/m, away from the generator 71. (a) 017 A (b) 0:03 J
47. 2/l/g o 72. 40 H
48, (o) REZULB_ o) RE 73. 066 V
mR 1B 74.(a) 044 A (b) 079 A(c) 1'8 Aand (d) 20 A
49. (a) %(E - vBIl) from b to a (b) % (E - vBl) towards 75. (a) 0:27 A/s (b) 0°036 A/s and (c) 41 x 10 ~° A/s
: . 4 -9
right () '1_1;_1_ 76. (a) 027 V(b) 0036 V(c) 41 x10°°V
5 - 77. (a) 25 x 10 * V/s (b) 17 V/s and () 0:00 V/s
50. (a) vBl  (b) UT btoa (@g-—-v @ ’"f’z 78. (a) 316 V (b) 497 V and (c) 500 V
il " Bl 79. () 1'8 mC (b) 57 mC and (c) 45 mC
(&) v, (1 - e #/'m) () vt - (1 e m I
g 81. (a) 35 ms (b) 61 ms (c) 61 ms
51.94x10°°V 1
L 82. 7ln 5-79
52. 5 or B 83. (a) 040 s (b) 0140 s (c) 1'0 W and (d) 064 W
53. G:5 mA, leaves 84. 160 Q
By, 1 Eq,_ L o
54, —5’—— 85 (a) pit-p (1 -x)
Ug it (2x + [ (b)i{l—é(l".ﬂ]
o on 2:c—l] R R '
’ 2 ; E‘_Z t- L’ 3-4 *
=5 (a)U p,,iinzx»rl (b)pow‘mzx+[ (C)Rf 2R( -4 x+x)
Rl M ox -1 2nR 7 2x - I st . y
- ! ) ﬁ (1-x)° where x +e "
i fadt. Qe+ f] .
(©) R][ o7 B5 3] (d) same as (c) 86. (a) 63 mA (b) 126 mW (c) 80 mW and (d) 46 mW
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9. 79x 10 J 97.20x10 “H
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(a) J.E.dl =MLT3I" xL=MLA'T3

(b) 9BI=LT 'xMI'T2xL=MLAI"T®
(c) dgg /dt =MI""T2x 2 =MLA'T?

p=at’ +bt+c

_ |0 _|o/t]_ VoIt
(a)a—[t—z}_[ t }_Sec
b=P}=Volt
t

c = [¢] = Weber

~ ~—~

(b)E=% [a=0.2,b=0.4,c=0.6,t=2s]

=2at+b
=2x02x2+0.4=1.2volt
(@) ¢, =B.A.=0.01x2x10°=2x 10"

1 =0
-5
e= _@:ﬂ =—2mV
dt 10x107
$3=B.A.=0.03x2x10°=6x 10"
dp=4x10"

% =B.A.=0.01x2x10°=2x10"
dp=—-4x10"°
do

e=—-—=4mV

ds=B.A. =0
dp=-2x10"°

e=—@=2mv
dt

0.03
0.02
0.01

(ms)
10 20 30 40 50 t

(b) emf is not constant in case of - 10 — 20 ms and 20 — 30 ms as -4 mV and 4 mV.

0 =BA=05xn(5x107)°=5n25x10"=125x10""
$2=0
g= 910 1251107 _ oo 44 =784 107
t 5x107"
A=1mmz;i=10A,d=200m;dt=O.1s
oo G0 _BA_ i A
dt  dt 2rnd dt
_ 4nx107x10 10°°
21x2x107"  1x10™
(a) During removal,
d; =B.A.=1x50x0.5x0.5-25x 0.5 = 12.5 Tesla-m*
$,=0,1=025

=1x107"0V |

10A
20cm
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10.

o= d0_0p-¢y_125 _125x107" ..
dt  dt 025 25x1072
(b) During its restoration
1 =0;¢p=12.5Tesla-m’;t=0.25s
E- 125-0
0.25
(c) During the motion
$1=0,¢2=0
E=%_p
dt
R=25Q
(@a)e=50V, T=025s
i=e/R=2A,H= i"RT
=4x25%x025=25J
(b)e=50V,T=0.25s
i=e/R=2A,H= " RT =25
(c) Since energy is a scalar quantity

=50V.

Net thermal energy developed =25 J + 25 J =50 J.

A=5cm’=5x10" m?
B = By sin ot = 0.2 sin(300 t)
0 =60°
a) Max emfinduced in the coil
E= _do = i(BAcose)
dt dt

i(Bosincotx5x104‘x1)
dt 2

5

_ 0.2x5
2

Emax = 15 x 10°=0.015 V
b) Induced emf att = (n/900) s
E =15 x 107 x cos ot

=15 x 107 x cos (300 x 7/900) = 15 x 107 x %

=0.015/2=0.0075=7.5x 10V
c) Induced emf att = n/600 s

E =15 x 107 x cos (300 x n/600)

=15x10°x0=0V.

B=010T

A=1cm’=10"m?

T=1s

$=B.A.=10"x10"*=10"°

e=@:1°5=10*5 =10 uV
at 1

E=20mV=20x10"V
A=(2x10%*=4x10"
Dt=0.2s, 6 = 180°

Box_xm-“i(sinmt) = Bo% 10 cosat-o
2 dt 2

x300x107* xcoswt =15x 10> cos wt
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11.

12.

13.

14.

(1)1 = BA, d)z =—-BA

d¢ = 2BA

£ db_2BA
dt  dt

2xBx2x107*
2x107"

= 20x10°=4xBx 107

-3

B = 20x10 =
42x10”

Area = A, Resistance = R, B = Magnetic field

¢ =BA =Bacos 0°=BA

= 20x10°=

o=30 _BA . _e BA
d¢ 1 R R
¢ =iT = BAR

r=2cm=2x10?m
n =100 turns / cm = 10000 turns/m
i=5A
B =poni
=41 x 107 x 10000 x 5 =207 x 10°=62.8 x 10° T
n, = 100 turns
R=20Q
r=1cm=107m
Flux linking per turn of the second coil = Bnr’ = Brn x 107
¢ = Total flux linking = Bn, 7r® = 100 x 1t x 107" x 207 x 107
When current is reversed.
b2 = =0y
do = — ¢1 =2 x 100 x 1 x 107 x 207 x 107
dp 4n®x107*
Cdt dt

B 47% x107*

E
R dtx 20

2 -4
q=ldt= %xdt =2x10™C.
X

E=

Speed =u o)
Magnetic field = B m
Side =a - —
a) The perpendicular component i.e. a sin® is to be taken which is Lr to

velocity.

e Ol
So, | =asin 6 30° = a/2. asinem

Net ‘a’ charge = 4 x a/2 = 2a N "
So, induced emf = B3l = 2auB
E 2auB

b) Current= =
R R

o1 = 0.35 weber, ¢, = 0.85 weber
D¢ = ¢, — ¢1 = (0.85 — 0.35) weber = 0.5 weber
dt=0.5sec
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15.

16.

17.

18.

19.

The induced current is anticlockwise as seen from above.
i=v(BxlI)

=vBlcoso

6 is angle between normal to plane and B=90°.

=vBlcos90°=0.

u=1cm/,B=06T
a) Att=2 sec, distance moved =2 x 1 cm/s =2 cm
_dp 0.6x(2x5-0)x107*
Codt 2
b) Att=10sec

distance moved =10 x 1 =10 cm

The flux linked does not change with time

L E=0
c) Att=22sec

distance =22 x 1 =22 cm

The loop is moving out of the field and 2 cm outside.

E =3x10"V

g=d¢ _pg dA
dt dt
_ 0.6x(2x5x107*)

=3x107*V

2

d) Att=30sec

The loop is total outside and flux linked = 0

~E=0.
As heat produced is a scalar prop.
So, net heat produced = H, + H, + H, + Hy
R=45mQ=45x10"°Q
a) e=3x10"V
_e_ 3x10*

R 45x107°
H,=(6.7x10%)?x 45x 10 x 5
Hy, = Hq = 0 [since emf is induced for 5 sec]
He= (6.7 x107%’ x 45 x 107° x 5
So Total heat = H, + H,

i =6.7 x 1072 Amp.

=2x(6.7x10%)?x45x10°x5=2x 107" J.

r=10cm, R=4Q
dB d¢ dB

—=0.010T/, —-=—A
dt dt dt

2
=90 _dB A 0ol =X
at  dt 2

_ 0.01x3.14x0.01 _ 3.14 N
2 2

-4

i= £ 157107 _ 539 %104 =3.9x107A
R 4

a) S, closed S, open

netR=4x4=16Q

10™4=157x10"

5cm

A

X X X X X
X X X X X

20cm

X
X X X X X
ol
X X X X X
X X X X
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=90 _ A% j04i2x102=2x10°V
dt dt
-6
i through ad = . 2x10 =1.25x% 10_7Aalong ad
R 16
b) R=16 Q

e=Ax Booxpsy
dt

i =1.25x 10" Aalong d a

._ 2x10°°
6

c) Since both S; and S, are open, no current is passed as circuit is openi.e.i=0
d) Since both S; and S, are closed, the circuit forms a balanced wheat stone bridge and no current will
flow along ad i.e. i = 0.
o . o peNia?
20. Magnetic field due to the coil (1) at the center of (2) is B = W
a“ +x

Flux linked with the second,
1oNia?
2(a2 + Xz)s/z
dé _ noNa2a'’n di
dt 2(a2 +X2)3/2 dt

/2

=B.A @ = na

E.m.f. induced

- noNna?a' d E
2(a? +x2)%/2 dt (R/L)x +r)
uoNra?a'? ~1R/Lv

2(a2 + x2)3/2 ((R/L)x + r)2

b) = “02"'“3223:/2 ERV__ (forx = Li2, RIL x = R/2) ]
2@ +x°)>"“ L(R/2+r) B
a) Forx=L
uoNna?a’?RVE
2(a +x2)*2(R +r)?

21. N=50, B=0.200 T;r=2.00 cm =0.02 m

6=60°1t=0.100 s
_ Ndp _NxBA _NBAcos60°

a) e
dt T T
-1 2
_ 50x2x10" xmx(0.02) —5x4x10° x 1
0.1
=21 x10°V=6.28x%x107°V
-2
by i= 2 -02810° _ 4 57x102n
R 4

Q=it=157x102x10"=157x10°C
22. n=100tuns,B=4x 10T
A=25cm’=25x 10" m?
a) When the coil is perpendicular to the field
¢ =nBA
When coil goes through half a turn
¢ =BA cos 18° =0 - nBA
d¢ = 2nBA
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The coil undergoes 300 rev, in 1 min
300 x 2% rad/min = 10 = rad/sec
10x rad is swept in 1 sec.
n/n rad is swept 1/10% x © = 1/10 sec

E= d0 _2nBA _ 2x100x4x10™* x25x10™*
dt  dt 1/10
b) ¢ =nBA, ¢, = nBA (6 = 360°)
dp=0
. E 2x10° _ 1
c) i=—= = —
R 4 2
=05x10°=5x10"
q=idt=5x10"x1/10=5x 10" C.
23. r=10cm=0.1m
R =40, N = 1000 g *
6=180°,By=3x10°T
¢ = N(B.A) = NBA Cos 180° or = —-NBA
=1000x 3 x 10° x t x 1 x 1072 = 3x x 10~* where
d¢ = 2NBA = 67 x10™ weber
oz b _Bmux107tV
dt dt
_ Brx10™  4.71x107°
~40dt  dt
_ 4.71x107°% xdt
- dt
f = %:dB.AcosG
dt dt
=BAsin0w=-BAwsinbd
(dg/dt = the rate of change of angle between arc vector and B = ®)

=2x107°V

Q =4.71x107°C.

24, em

a) emf maximum = BAo = 0.010 x 25 x 10~ x 80 x 22"

=0.66 x 10° =6.66 x 107" volt.
b) Since the induced emf changes its direction every time,
so for the average emf =0
r##&

S~ sin ot R dt
o R

t
25. H= j0i2Rdt=

_ B2A%?
o J0(1—coszmt)dt
B2A%? (| sin2ot) ™"
2R 20

0

_ B*A%0* () sin2x8-x21/60x60
2R 2x80x2n/60

2
= ﬂ><7t2r4 x B2 ><(804 XE)
60

200
= 0 10x%% . 10x625x108 x 104 = 825%6x64 o1 _ 433107y,
200 9 9x2
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26.

27.

28.

29.

30.

31.

32.

33.

34.

d1=BA, ¢,=0

_ 23107 <02 | o

2

E= 00 ™00 o ooy

dt 2
I=20cm=0.2m
v=10cm/s = 0.1 m/s
B=0.10T
a) F=qvB=16x10""%x1x10"%x1x10"=16x 102N
b) qE =qvB

—SE=1%x10"x1x10"=1%x102V/m
This is created due to the induced emf.
c) Motional emf = Bv{
=01x01%x02=2x10"°V
{=1m,B=02T,v=2m/s, e =Biv
=02x1x2=04V
£=10m,v=3x10"m/s,B=3x10"°T
Motional emf = Bvi
=3x10""%x3x10"x10=9x 107 =0.09 V
v =180 km/h =50 m/s
B=02x10*T,L=1m
E=Bw=0.2110"*x50=10"°V
.. The voltmeter will record 1 mv.

a) Zero as the components of ab are exactly opposite to that of bc. So they
cancel each other. Because velocity should be perpendicular to the length.

b) e=Bv x{
=Bv (bc) +ve at C
c) e =0 as the velocity is not perpendicular to the length.
d) e =Bv (bc) positive at ‘a’.
i.e. the component of ‘ab’ along the perpendicular direction.
a) Component of length moving perpendicular to V is 2R
~E=BVv2R

b) Component of length perpendicular to velocity = 0
~E=0

{=10cm=0.1m;

0=60°;B=1T
V=20cm/s =0.2 m/s
E = Bv{ sin60°

[As we have to take that component of length vector which is Lr to the velocity vector]

® ®
—
® ®

=1x02x0.1x% +3/2
=1.732x102=17.32x 102 V.

a) The e.m.f. is highest between diameter Lr to the velocity. Because here

length Lr to velocity is highest.
Emax = VB2R

b) The length perpendicular to velocity is lowest as the diameter is parallel to the

velocity Ein = 0.

X X
X X
X X

X X
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35. Frmagnetic = 1B

This force produces an acceleration of the wire.
But since the velocity is given to be constant.
Hence net force acting on the wire must be zero.

36.

37.

38.

39.

E =

Bv{

Resistance = r x total length

e=

a)

b)

=1 x 2(0 + vt) = 24(L + i)

Bv/
2r(¢ +vt)
Bvi
e  Bw
R 2r(¢ +vt)
Foig= _BY g BV
2r(¢ +vt) 2r(¢ + vt)
Just aftert=0
Fo=i¢B= fB(fB—ijﬁ
2r¢ 2r

Fo (B "B
2 4r  2r(0+ i)

= =L+t
= T=lv

a)

b)

c)

d)

= dx

When the speed is V

Emf = Bév

Resistance =r +r

Bov

r+R

Force acting on the wire = i{B
_ BB B%*v
" R+r R+r

Current =

B2¢%y

m(R+r)

Acceleration on the wire =

B2r%y
m(R+r)
B2/%x
VO_
m(R +r)
_ dv  B%%y
a=v—=
dx mR+r)
_ dvm(R+r)

V=yvp+at=vy— t [force is opposite to velocity]

R=20Q,B=0.020T,I=32cm=0.32m
B=8cm=0.08 m

a)

F=ilB=3.2x10"N
= B2¢%y
R

=3.2x10°
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40.

41.

42.

2 2
N (0.020)" x(0.08)* x v =32 x 107
2
-5
3.2x107x2 = 25 m/s

C 6.4x10°x4x107*
b) EmfE = vBl =25 x 0.02 x 0.08 =4 x 1072V

c) Resistance per unit length = 0_28

2x0.72

Resistance of part ad/cb = =180Q

0.02x0.08x25%1.8
2

B/v

Vab=iR=T><1.8= =0.036V=36x102V

=0.2Q

d) Resistance of cd = 2X00'08
0.02x0.08x25x0.2 _
S =
£=20cm=20x%x10%m
v =20 cm/s = 20 x 10 m/s
Bu=3x10"T
i=2pA=2x10"°A
R=020Q
- B, /v
R
_iR_ 2x10%%x2x107"
=B,=—=

v 20x1072x20x1072

-5
tans= v 2 107 1 5(dip) = tan' (1/3)
By 3x10° 3

_ Blv _Bx/cosbxvcosb
R R

V=iR = 4x107°V

=1x10"° Tesla

= ﬂcos2 0
R

B/vcos?6x (B
R
Now, F = mg sin 6 [Force due to gravity which pulls downwards]

B2/%vcos? 0

F=iB=

Now, =mg sin 6
R
~B= Rzmg sn;O
(“vcos 0

a) The wires constitute 2 parallel emf.
. Netemf=B/v=1x4x10%x5x107=20x 10"

Net resistance = &+ 19=20Q
2+2

20x107*

Net current = =0.1 mA.

b) When both the wires move towards opposite directions then not emf = 0

.. Net current =0
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43, P,

4cm 20 2Q % 190

. . P P2
Q Q; B=1T
a) No current will pass as circuit is incomplete. T T
b) As circuit is complete
VP,Q, =B /v Q Q.
=1%x0.04x005=2x10"V P, P,
R =20
-3 —_ —-—
i=2X120 =1x10°A=1mA. T T
44. B=1T,V=51102m/,R=10Q Q Q,
a) When the switch is thrown to the middle rail
E =Bwv
=1x5x107°x2x10%=10" X XNX X N
Current in the 10 Q resistor = E/R 2em [, 5cmis
X X X X X X
10°° ”
=——=10"=0.1mA
10
b) The switch is thrown to the lower rail
E =Bv
=1x5x107x2x102=20x 107"
Current = % =2x10"=0.2mA
45. Initial current passing = i
Hence initial emf = ir d - ®° |
Emf due to motion of ab = Blv Y

Net emf = ir — Blv @
Net resistance = 2r L 1
ir—B/v

2r

Hence current passing =
46. Force on the wire = i{B

Acceleration = @
m X X X X

Velocity = Bt x x7/ x x
m

47. Given Btv =mg (1)

When wire is replaced we have

2 mg - Biv =2 ma [where a — acceleration]
_ 2mg-B¢v
- 2m

@

= a

Now, s = ut+%at2 L L

:f:lXMXtZ [S=[]
2 2m
4ml 4ml
t= = =4/2¢/g . [from (1
- \/ng—va \/2mg—mg g (1]
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48. a) emf developed = Bdv (when it attains a speed v)

Current=% <« x  x  x

t
d2v2 X X X X i je——

Force =

This force opposes the given force

2,,2 2.2
NetF = F_ 29V _gp_Bdv
R
_Rp242
Net acceleration = M
mR
b) Velocity becomes constant when acceleration is 0.
F B _,
m mR
F BZd?v,
= —=— >
m mR
_ FR
= Vo g
c) Velocity at line t
- v
dt

S T
ORF-I’B%y JomR

1 v t t
= {In [RF - PB?v] T} {—}
-’82}, [Rm],

— t1°B2
= [(RF=I”B?v)|, = ——
o b -
_42R2
= I,(RF -1°B%)—In(RF) = B
Rm
262 -12B%t
- 1_I B _ o Rm
202 -12B2t
N I“B“v _{_e Rm
RF
FR —12B2y,t
> V= @ 1—e Rvom :V0(1_eiFvom)
49. Netemf=E - BV a

| = E-Bvl from b to a

;
F=1/B —|_
- [E —Bv! ] 8 = 2B (E_Bvr) towards right. ﬂ
r r L
After some time when E = Bw4, .

Then the wire moves constant velocity v
Hence v =E /B!
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50. a) When the speed of wire is V
emf developed =B/ V

b) Induced current is the wire = Bjiv (from b to a)

c) Down ward acceleration of the wire

= M9=F 4ue to the current |
m i
2,2
=mg-i/Bm=g- BV
Rm
d) Let the wire start moving with constant velocity. Then acceleration = 0
B2/%v m=g
Rm -
_ gRm
=V, R2,2
dv
e) —=a
dt
L av_ mg -B*/*v/R
dt m
mg-B<¢“v/R
m
V. mdv t
=gl
mg—
R
= _m_ Iog(mg—Bz[zV V =t
-B2/? R ),
R
-mR _ 1, B2/%v | _
= g2,z ~'og log mg-—o —log(mg) | =
mg—ngzv 2,2
~ log R |[_ —tB</
mg mR
B2%v | —tB%/?
= log1-——|=
Rmg mR
2,2 ~tB2/2
- 1_B °v _e ™R
Rmg
— (- B /mR)_ B?/%v
Rmg
v By _gwimn)
_ —gt/V Rmg
=>v=v,(1-e M) {vm =572
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f) E:v:>ds=vdt
dt

t
—s=vm j0(1—e’9t/vm)dt

- Vm(t_hegt/vmj: th+v_n%e—gt/vm _V_n%]
g 9 g

= vmt—%éﬁ—eg“vm)

d ds _
—mgs =mg— =mgV,,(1-e 9/vM
g) prall 94 =M m(
2 2np2,,2
dH_izR:R[vaj _ B

dt R R

1°B?
=

Vr%(»] _ e—gt/vm )2

After steady statei.e. T > «
d

—mgs =mgV

at g9 GVm

dy _(°B® ., _ /°B*, mgR

ZH vV vV =mgV
gt R m R mszz IV
dy d
Hence after steady state — =—mgs
dt dt
51. £=0.3m, B=2.0x10° T, ® = 100 rpm B
v = @xZn:En rad/s T I T
60
l 0.3 10
V= —X®O=—X—T
2 3
Emf=e =Biv
=20x10°x03x 233,10, T I I
2 3

=3rx10°V=3%x314%x10°V=942x10°V.
52. V at a distance r/2

From the centre = %m B

E=Biv—E=Bxrx 2= 12,
2 2

53. B=040T, ®=10rad/', r=10Q
r=5cm=0.05m

Considering a rod of length 0.05 m affixed at the centre and rotating with the same .

4 0.05
v = > X ® - x10 B ® T
e =By = 0.40x 0'25 x10%0.05=5x10"3V

-3

e 207 _o5ma ,
R 10

It leaves from the centre.
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54.

55.

56.

-~ B, -
B=—2yK
Y

L = Length of rod on y-axis

V=Voi

Considering a small length by of the rod
dE=BVdy

=dE= %yxvoxdy

BoVo

=dE= ydy
BoVy (-
E = 0vo
= 3 J.Oydy
B,V, y2L BoV, L2 _ 1
= o¥o| X | = 00_=_BOVOL
L 20 L 2 2

In this case B varies
Hence considering a small element at centre of rod of length dx at a dist x from the wire.

§ = Mol
2nx

So, de = ;—le vxdx

X
e HolV 2 dx v
e= Ide=L= I — =" 1In (x + ¥/2) — In(x - ¥2)]
0 2n X 2n
x—t/2
_ Holv n X+0/2] uoivIn 2X +(
2n | x—0/2] 2x \2x—¢
a) emf produced due to the current carrying wire = uleln 22X+t AMAA
2n 2x—¢ R
i a
Let current produced in the rod =i’ = Mleln M I
2nR \2x-¢ dx
Force on the wire considering a small portion dx at a distance x T
dF=i"B¢ < >
X
— dF = MoV [ 2XH 0 Kol gy
2nR \2x-/¢) 2mx

N2
= dF = M| Y 2X L)X
2r) R (2x-/¢) x
N2 x+t/2
o (bl 2O
2r) R (2x-¢ X
x—t/2
N2
Mol lln 2X +/ n 2X+ /0
2n) R (2x-/¢ 2x —/
1”—0i|n 2X +/ 2
Ri2rn \2x-7¢

b) Current = uO—lnln[ﬂj
2tR  \2x -/

N—
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57.

58.

c) Rate of heat developed = iR

_ poiv[2x+/i ZR_l uoivln[2x+/i 2
27R\ 2x-¢ R| 2n 2x -1

d) Power developed in rate of heat developed = i’R

_1 uoivIn 2x+ 0\
Rl 2n \2x-¢

Considering an element dx at a dist x from the wire. We have
a) ¢ =B.A. a
do = oi x adx
271X A
_re poia fatbdx  pgia
= | do=—— —=——In{1+a/b
¢ -[0 ¢ 2 J.b X 2n { } =
_dd d peia b
b) e= —=—=—"—In[1+a/b] -
dt dt 2z
- Ho2 d. o
= ——In[1+a/n]—li; sinwt
o nfi1+a/n]-—{ig sint)
o) i= &2 HoRo®COSO o
r 2nr
H = irt
. 2
= {Mln(ﬂa/b)} xrxt
2mr
2.2 2 2
= HoX@T XX 0% 124, 4 /pxr x 220
4mxr
2,22
= SHRAWO 2 aypy [ t= 207
(O]
a) Using Faraday” law
Consider a unit length dx at a distance x A —
g= M P B —v
21X 1
Area of strip = b dx *
i e——2a >« ! >
do = Ho gx
271X

a+l i
- Ho
= | —b
= 0 ;!: - dx

. a+l .
2n S\ X 2 a

Emf = d_(b:i “0_Ib|oga_+|
dt dt| 2=n a

= uzolbil(va—(zzﬂ)vj (Where da/dt = V)
T a+ a
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59.

60.

61.

62.

2n a+la® 2n(a+la

The velocity of AB and CD creates the emf. since the emf due to AD and BC are equal and opposite to

each other.
B c

Bps = b = Emf AB= o py
2na 2na

Length b, velocity v.

= Hol A
2n(a+1) A

!
|

D

Beo

2n(a+1)
Length b, velocity v.
”—Oibv __Moibv  _ pibvl

2na 2n(a+l) 2na(a+l)

= E.m.f.CD =

Net emf =

Bxaxwxa
2

e=Bvl=
Ba’w
2R

2 2.3
F=iB= B2, 4,p-_Ba0
2R

towards right of OA.

The 2 resistances r/4 and 3r/4 are in parallel.

R’ = r/4x3r/4:£ P
r 16 e

e =BWVI c 4
Baw
2 X X

=Bximxa:
2

3r/4

e __Bazm__ Ba’w X X x X

1= — =
R" 2R 2x3r/16
_ Ba’016 _8Ba’w
2x3r 3 r
We know

B%a%w

F= —iB 5 Jo

®
\V
/X

Component of mg along F = mg sin 6. °

F = mg sin6
2.3 9

Net force = ® —mgsing.

emf = %Bma2 [from previous problem]

E -
2 2 N iB
Current = e;E:1/2xB|;)a +E:Bma2R+2E XX % ,,\::R .

= mgcos 0 =ilB [Net force acting on the rod is O] A

Baz+2E X X mg cos6
:mgcose=mTaxB x X%«

(Bwa? + 2E)aB
2mgcos®

= R=
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63.

64.

65.

Let the rod has a velocity v at any instant,
Then, at the point,

e = Blv H
Now, q = ¢ x potential = ce = CBlv
Current | = dq = iCBIv /
dt  dt l
dv . mg
= CBlE =CBla (where a — acceleration) | |

From figure, force due to magnetic field and gravity are opposite to each other.

So, mg - B =ma

= mg - CBfa x IB = ma :ma+CBZEZa=mg

= a(m+Cle’2)=mg =a= %

m + CB“/¢2

a) Work done per unit test charge
= ¢E. dl (E = electric field) X KT
oE.dl=¢ S =P

NG v v
= E¢dl = dé = E 2nr= @XA o @
dt dt Nt

X X=-"%
= E 2nr = rtr2£

_n’dB _rdB
S 2ndt 24t
b) When the square is considered,
oEdi=e
dB
dt
_ dB 4r? _rdB
="' SE=_—1"2
dt 8r 2 dt
.. The electric field at the point p has the same value as (a).

S Ex2rx4=—(2r)

di. 0.01 A/s
dt

For 23ﬂ =0.02 A/s
dt

n = 2000 turn/m, R=6.0 cm =0.06 m
r=1cm=0.01m
a) ¢ =BA
= Z—TzuonA%
=4nx107 x2x10°xtx1x10*x2x102 [A=nx1x107
=162 x 107" o
=157.91 x10 "% o
=16x10°

or, d—¢ for1s=0.785 w.
dt

_do
b) [E.dI i
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66.

67.

68.

69.

=564 x 107 V/m

-8
= E¢dl = e M=1.ZX1O‘7Wm
dt 21x10”
do _  di, _ 7 2
c) i uonaA—4nX10 x 2000 x 0.01 x 7 x (0.06)
do
E¢dl = —
¢ dt
L E- dg/dt  4nx107" x2000x0.01x nx (0.06)
2nr 7t><8><‘10_2
V=20V
di=l,—1,=25—-(-2.5)=5A
dt=0.1s
v=14
dt
= 20=L1(5/0.1) =20 =L x 50

=L =20/50=4/10 = 0.4 Henry.

ﬂ =8 x 10~ weber
dt

n=200,1=4A E=-nL ﬂ
dt
ﬂ_—Ldl
Todt dt

or,L= n%=200x8x10*‘=2x10‘2H.

E =

poN?A dI
¢ dt
4 x1077 x (240) x ©(2x1072)?

_ 4nx (24 xnx4x8

x0.8
12x1072

x1078

12

=60577.3824 x 108 =6 x 107* V.

—t/r

Weknowi=iy(1-e)

a)

ikl
100 °

=ip(1-e™")

=09=1-e™"

—=e"=0.1

Taking £n from both sides
me'=M01=>-t=-23=>tr=23

22—
100 0 °©

(1_eft/r)

=e"=0.01

fne”

U = in 0.01

or,tIr=—4.6 ortlr=4.6

c) ——ip=ig(1—e

e =0.001

= Ine™’

"=1n0.001 => e =-6.9=tr=6.09.
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70.

71.

72.

73.

74.

i=2AE=4V,L=1H

b) —Li? =%><2><(0.17)2= 0.0289 = 0.03 J.

R=400Q,E=4V,t=0.1,i =63 mA

i=ig— (1 etR/2)

= 63 x 107 =4/40 (1 — 1740y

63x10°=10"(1-e™*")

63x1072=(1-e*"

1-063=e""=e" =037

—4/L =In (0.37) = —0.994

L=— 2 -—4024H=4H.
—0.994

L=5.0H,R=1000Q,emf=20V

=
=
=
=

t=20ms=20x10°s=2x1072s 00T ,

b= — nowi=io(1—e"

2, | |
L 5 o —2><105 100 ||
1= —=— =j=——|1-e
R 100 100

=2
100

= 0.00659 = 0.0066.

V =iR = 0.0066 x 100 = 0.66 V.

t=40ms

ib=2A

a) t=10ms
i=ip(1—e"=21-e""=21-e"
=2(1-0.7788) = 2(0.2211)* = 0.4422 A = 0.44 A

b) t=20ms
i=io (1 e—l/-c) =2(1- e—20/40) =2(1 - e—1/2)
=2(1-0.606) = 0.7869 A = 0.79 A

c) t=100 ms
i=io(1- e—l/-c) =2(1- e—100/40) =2(1 - e—10/4)
=2(1-0.082)=1.835A=1.8A

d)t=1s

i=ip (1— e = 2(1 _ 1140107 )= 2(1 — 71740
=21-e®)=2x1=2A

(1 _672/5)
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75. L=10H,R=20Q,emf=20V

=t 2005
R 20
b=2-2-01A
R 20
i=ig(1—€")=ip—ioe™
di di . e e
= a:d—f(lox—wrxe Uoy=iy /e,
So,
a) t=100ms= J= 01 g0m005_¢o7
dt 0.05
b) t=200ms = di_ 01 021005- ¢ 0366 A
dt 0.05
o) t=1s= o 01 w0054 400
dt 0.05
76. a) For first case att = 100 ms
di_g27
dt

Induced emf = L% =1x027=027V

b) For the second case att=200 ms

gi_ 0.036
dt

Induced emf = L% =1x0.036=0.036 V
c) Forthe third case att=1s
di_41x10°V
dt

Induced emf = % =41x10°V

77. L=20mH;e=5.0V,R=10Q

_ L 20x102 . _ 5
TE o =—— b= —
R 10 10

i =ig(1 -y

Ly
= i=ig—ipe "

= iR=igR-iRet"

di_ d 5 10 ~0x10/2x102

a) 10x —= —jR+10x xe
dt

—X
dt 10 20x107°

= Zx1073 x1

5 _ 5000
2 2
b) @szio ><1><e
dt T
t=10ms=10x10"s
E: 1O><i><_10 « @ 0:01x10/2:1072
dt 10 20x1073
=16.844 =17 V/'

—t/t

=2500=2.5x 107 V/s.
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78.

79.

c) Fort=1s
dE _Rdi_5 468, 610/210% 00 s,
at  dt 2

L=500mH,R=25Q,E=5V
a) t=20ms

5(1 _ERIL)

i=ip (1-e™"
i(1 B e—20x10*3x25/100x10*3) _ 1(1 _e)
25

= %(1—0.3678) =0.1264
Potential difference iR = 0.1264 x 25 = 3.1606 V = 3.16 V.
b) t=100 ms

E

i=ip(1-e™™) = = (1-E"R/Ly

3(1 B e-1oox1o*3x25/1oox1o*3) _ 1(1 _e5)
25

%(1—0.0067) = 0.19864

Potential difference = iR = 0.19864 x 25 = 4.9665 =4.97 V.
c) t=1sec

E

=iy (1- e = = (1-E~RIL)

5 [1 _ - 125/100x10° ] _ 1(1 _e50)
25 5

11=15A
5

Potential difference = iR = (1/5x25)V =5 V.
L=120mH=0.120 H
R=10Q,emf=6,r=2
i=ip(1—e™)
Now, dQ = idt

=io (1—e") dt

1
Q=da = ji0(1—e-‘“)dt
0

ioﬁ dt —jet’Tdt] = i{t - (—r)j e“rdt}
0

0 0

o[t + (e ) =ig[t + e V1]

Now, ig = L:£=0.5A
10+2 12
T= L:M:OO’]
R 12
a) t=0.01s

So,Q =0.5[0.01+0.01 "% _0.01]
=0.00183=1.8x10°C=1.8mC
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b) t=20ms=2x1072'=0.02's
So,Q =0.5[0.02 +0.01 e %% _0.01]
=0.005676 =5.6 x 10° C = 5.6 mC
c) t=100ms=0.1s
So,Q =0.5[0.1+0.01 " _0.01]
=0.045C=45mC
. L=17mH,£=100m, A=1mm’=1x10°m? f, =17 x 10° Q-m
fof  1.7x107x100
A 1x10°°
=L _017x10"°
R 1.7

R= =1.7Q

=107 sec = 10 m sec.

. 1=L/R=50ms =0.05"

a) b _ io (1 _g1/006)

2
= 1_ 4_ g 1/005 _ o-t/0.05 _ 1
2 2
= In e—t/0A05 - zn1/2
= t=0.05 x 0.693 = 0.3465 ' = 34.6 ms = 35 ms.
E2

b) P = IZR - E(»]_E—t.R/L)Z

2
Maximum power = R

So E_2:E_2(1_e—tR/L)2
"2R R

~1_e®™= 1 _g707

N

= e ™ =0.2093
= %z—ln0.293= 1.2275
= t=50x 1.2275 ms = 61.2 ms.

. Maximum current = E

2
In steady state magnetic field energy stored = %L%
1, E?
The fourth of steady state energy = gLF
One half of steady energy = ng
4 R?
1 E_2:l E_2(1 e tR/L)2
8 RZ 2 R?
1 R 1
e s A Ty
2 L
1, B2 _ 1 F? CRIL\2
Again —L— = —L 1-e2
gan ybre T 2t gel )
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LRIL _ V2-1_ 2-42

V2 2

- \/E}énz}

1
2-42
83. L=40H,R=10Q,E=4V

a) Time constant =1 = L = 4 04s.

= €

VY

=t = ’E|:€n

SO, tz—t1 = 1/n

b) i=0.63 iy
Now, 0.63 iy = ip (1 — ™)
=e"=1-063=0.37
= (ne"=1n0.37
= —t/t = -0.9942
=1=0.9942 x 0.4 =0.3977 =0.40 s.
c) i=ip(1-e™)
= %(1—e‘°-4’°-4) =0.4 x 0.6321 = 0.2528 A.
Power delivered = VI
=4x0.2528=1.01=1o.
d) Power dissipated in Joule heating =I"R
=(0.2528)? x 10 = 0.639 = 0.64 .
84. i=iy(1—-e™)

= oni = pon io(1 — €7™) = B=B, (1-¢e"™"
= 0.8 By = By (1— g 2010 R/2:107 ) = 0.8=(1-e ")
= e =02 = nEe ™) = rn(0.2)
= —R/100 = —1.609 = R =16.9 =160 Q.
85. Emf=E LR circuit
a) dq =idt
=ip (1 —e"M)dt
=ip (1 — e "h)dt [. 1=L/R]

9]
I

= j;dq:io Hdt—letR“‘dt}

=ip [t — (-L/R) (€™") to]
=i [t—L/R (1-e""Y
Q =ER[t-LR(1-e"™")
b) Similarly as we know work done = VI = El
=Ei[t—L/R (1-e"Y

E? IRIL
= t-LR(1-e™)
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e)

86. L=

d)

- E(t L eztR/LJrLZetR/L)t
R 2R R 0
- ﬁ(t L —2tR/L+&.e—tR/L) ( L &)
R 2R R 2R R
= E_2|:(t_L 2 &Xj_§£:|
R 2R R 2R
2
= E—(t—L(x2 —4x+3)j
2 2R
E= 1172
2
1, E? SR/L\2 ~RIL
"R (1-e ) [x= ]
LE?
A

Total energy used as heat as stored in magnetic field

E?_ E®> L , E?L ,, 3L E?® LE? LE? , LE?
— T —x"+—= ——  — 4+ —+—X"——X
R R 2R Rr 2R R 2R? 2R? R?

E?, EiL_ LE?

= —t+ X——5
R R? R?
=lioR00)

= —|t-——(1-x
R R( )

= Energy drawn from battery.

(Hence conservation of energy holds good).
2H,R=200Q,E=2V,t=10ms
t=t(1-e™)

- %(1_6-1%0’&200/2)

0.01 (1-e7")=0.01(1-0.3678)
=0.01x0.632 =6.3 A.
Power delivered by the battery

= VI
e E? s
=Elg(1-e")= ﬁ(1—e )
_ 2x2 1010°x200/2 — -1y = -
=—(1-e ) =0.02(1-¢e)=0.1264 = 12 mw.
200
Power dissepited in heating the resistor = I’R
= lo(1-e)FR

= (6.3 mA)® x 200 = 6.3 x 6.3 x 200 x 107°

=79.38 x 10*=7.938 x 10° =8 mA.

Rate at which energy is stored in the magnetic field
d/dt (172 LI

LB e _auey_ 2x107°% 4
= e —e = e —e

pl ) 102 ( )
2 x 107 (0.2325) = 0.465 x 1072

=46x107° =4.6 mW.
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87. Lao=10H;Lg=20H;R=10Q
a) t=0.1s,14=0.1,1=L/R=0.2
in = io(1—e™)

2 -0.1x10
= E[Fe 1 ] =0.2(1-e")=0.126424111
ig = io(1—e™)

2 -0.1x10
= 6[1_6 2 ] =0.2 (1-¢e")=0.078693

ia _0.12642411 _ 1

i 0.78693
b) t=200ms=0.2s
in=io(1-6™")
= 0.2(1-e %2191y = 0.2 x 0.864664716 = 0.172932943
ig = 0.2(1-e %2192y = 0.2 x 0.632120 = 0.126424111

i.i= 0.172932943 _ 0. ,
ip  0.126424111
c) t=1s
ia= 0.2(1—e ™"y = 0.2 x 0.9999546 = 0.19999092
ig = 0.2(1-e "%2) = 0.2 x 0.99326 = 0.19865241

ia _0.19999092 -1
i 0.19865241

88. a) For discharging circuit

i=ipe!”

N 1 = 2 e—0.1/r

= (1/2)= ¢

=1tn (1/2) = tn (")

= -0.693 =-0.1/

=1 =0.1/0.693 = 0.144 = 0.14.

b) L=4H,i=L/R

=0.14=4/R

=R=4/0.14=28.57 =28 Q.
89.

Case -1 Case -1

— WO

| |
| I
In this case there is no resistor in the circuit.
So, the energy stored due to the inductor before and after removal of battery remains same. i.e.
12
Vi =V,= —Li
1 2 2

So, the current will also remain same.
Thus charge flowing through the conductor is the same.
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90. a) The inductor does not work in DC. When the switch is closed the current

charges so at first inductor works. But after a long time the current flowing is R,
constant.
Thus effect of inductance vanishes. R v
- E E  ER+Ry) |
Rpet RiR, RR; ] :
Ri+R,
b) When the switch is opened the resistors are in series.
_ L L
T= = .
Rnet R1 + R2
91. i=1.0A,r=2cm, n=1000 turn/m
B2V

Magnetic energy stored = ——
2

Where B — Magnetic field, V — Volume of Solenoid.

2:2
n-i
Ll JLILIRY nr?h

AT
-7 6 -4
_ 4nx107" x10° x1xx4x10™" x1 [h=1m]
2
=8n2x 107°

=78.956 x 10°=7.9x 107" J.

B2
92. Energy density = —
2,

B2V (uoi/zr)2v_ Lol

Total energy stored = = =——V
2}10 2”0 4rc x 2
-7 42 -9
= A0 x4 DA gr 107y,
4x(1077)" x2

93. 1=4.00A,V=1mm’,
d=10cm=0.1m
g _ Mol
2nr

2

Now magnetic energy stored = :;V
Ho

2:2 -7 -9
H0I2XLXV:4T:><1O ><16><21><1><10
4nrs 2y, 4x1x10™ x 2

8 10714y
T
2.55x 107"
94. M=25H
dl (A
dt s
di
E——pa

= E=25x1=25V
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95. We know
G gy d :
dt dt i
From the question,
di d, . .
ot :a(lo sinot) = i;ocos ot b—s
d_£ :Mgn[1+a/b]
dt 2n
Now, E = M><ﬂ
dt
or, HoBlo@COSOL 1y /6] = M igo cos ot
= M=22n[11a/b]
27
muyNa2a”’ERV
96. emfinduced = > 02 372 2
2L(@“ +x°)’"“(R/Lx +r)
da__ ERV (from question 20)
dt Rx 2
L(—+ rj
L
__E _ Npona?a’
H7didt " 2@ X212
97. Solenoidl:
a;=4cm’; n; =4000/0.2m; /,=20cm=0.20 m
TN TN
Solenoid Il :
a,=8cm?;n,=2000/0.1m; £,=10 cm=0.10 m A

B = ponai  let the current through outer solenoid be i.
¢=n1B.A=n1 nguoixa1

= 2000x22))—010x4nx10*7xix4x10*4

E= 30 _garx104x 3
at at

Now M = i =64n x 10" H=2x 107 H. [As E = Mdi/dt]
di/dt
98. a) B = Flux produced due to first coil
Sponi

Flux ¢ linked with the second
=ponixNA=poniNnR?

Emf developed
dl dt . 2
= — = —(poniNnR
at dt(uo nR%)

uonN7R? % = uonN7R%i;mcos ot .

38.27



	01.SOLUTIONS TO CONCEPTS.pdf
	02.SOLUTIONS TO CONCEPTS.pdf
	03.SOLUTIONS TO CONCEPTS.pdf
	04.SOLUTIONS TO CONCEPTS.pdf
	05.SOLUTIONS TO CONCEPTS.pdf
	06.SOLUTIONS TO CONCEPTS.pdf
	07.SOLUTIONS TO CONCEPTS.pdf
	08.SOLUTIONS TO CONCEPTS.pdf
	09.SOLUTIONS TO CONCEPTS.pdf
	10.SOLUTIONS TO CONCEPTS.pdf
	11.SOLUTIONS TO CONCEPTS.pdf
	12.SOLUTIONS TO CONCEPTS.pdf
	13.SOLUTIONS TO CONCEPTS.pdf
	14.SOLUTIONS TO CONCEPTS.pdf
	15.SOLUTIONS TO CONCEPTS.pdf
	16.SOLUTIONS TO CONCEPTS.pdf
	17.SOLUTIONS TO CONCEPTS.pdf
	18.SOLUTIONS TO CONCEPTS.pdf
	19.SOLUTIONS TO CONCEPTS.pdf
	20.SOLUTIONS TO CONCEPTS.pdf
	21.SOLUTIONS TO CONCEPTS.pdf
	22.SOLUTIONS TO CONCEPTS.pdf
	23.HEAT AND TEMPERATURE.pdf
	24.KINETIC THEORY OF GASES.pdf
	25.CALORIMETRY.pdf
	26.LAWS OF THERMODYNAMICS.pdf
	27.SPECIFIC HEAT CAPACITIES OF GASES.pdf
	28.HEAT TRANSFER.pdf
	29.ELECTRIC FIELD AND POTENTIAL.pdf
	30.GAUSS'S LAW.pdf
	31.CAPACITOR.pdf
	32.Electric current in conductors.pdf
	33.ELECTRIC CURRENT.pdf
	34.MAGNETIC FIELD.pdf
	35. MAGNETIC FIELD DUE TO CURRENT.pdf
	36.PERMANENT MAGNETS.pdf
	37.MAGNETIC PROPERTIES OF MATTER.pdf
	38.Electromagnetic induction.pdf
	39.Alternating current.pdf
	40.Electromagnetic waves.pdf
	41.electric current through gases.pdf
	42.photo electric effect.pdf
	43.Bohr's theory and physics of atom.pdf
	44.X-RAYS.pdf
	45.Semiconductor and semiconductor devices.pdf
	46.The Nucleus.pdf
	47.The special theory of relativity.pdf
	p1.pdf
	p2.pdf
	p3.pdf
	p4.pdf
	p5.pdf

