38. Electromagnetic Induction

Short Answer

Answer.1
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Given that the magnetic field is non-uniform. The magnetic field will not be
uniform throughout the area of the loop. Due to non-uniformity, the magnetic flux
lines will be random. In random motion, the filed does not vary with time. If there
is no change in the magnetic field, it can’'t induce emf in the loop. So if the metallic
loop is placed in a non-uniform magnetic field, the filed will not induce emf in it.
Thus, Non-uniform magnetic field does not induce the emf.

Answer.2

In the above circuit, the inductor is connected to a battery through a switch. In
that when the switch is closed, the current will induce in the circuit. The magnetic
flux will be increased. Change in flux will induce emf. When the switch has opened
the drop in the current occur is more than the increase in the current when the
switch is closed.

Due to this large amount of emf is induced in the inductor when the switch is
closed as compared to when the switch is opened.

Answer.3

If the two ends of the coil of the moving-coil galvanometer is connected together,
then it will act as a closed loop. thus, the coil no longer acts as an inductor.
Therefore, all oscillations stop at once.

While If the ends of the coil are not connected, then the coil will act as an indicator,
it will oscillate up to the current in it decays slowly.



Answer.4

Lenz's law: The direction of the induced current is such that it opposes the
magnetic field that has induced it.
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Fig.(al Fig.{b]

See fig.(a). In that, the north pole is facing towards the loop. According to Lenz’s
law, the direction of induced current will be anticlockwise. And the magnet is
coming towards the loop. Then the flux through the loop will increase; it will
create a magnetic field. This newly generated magnetic field will cancel the
original magnetic field. Therefore the loops get repelled.

See fig.(b) in which the magnetic is moving away from the loop. It will lead to a
decrease in the magnetic field intensity. Therefore, flux through the loop decreases.
Therefore, flux through the loop decreases. According to Lenz's law in induced
current produces a magnetic field in the opposite direction of the original field.
Hence the loop attracts the magnet.

Answer.5

Let us consider the loops as A and B. When the battery is connected to loop A; the
current will flow in a clockwise direction. So the direction of the magnetic field
due to the current will be towards left as seen from the loop B. Due to a sudden
change in flux through loop A, a current will induce in loop B. But it will only be
induced for a moment when the current suddenly jumps from zero to a constant
value. After it attained a constant value, there will be no induced current in loop B.



According to the Lenz's law, the direction of the induced current is such that it
opposes the magnetic field that has induced it. So the induced current in loop B
will be in the opposite direction to the magnetic field of loop A. So the direction of
induced current in loop B will be in anticlockwise direction. And the current
through loop B will end when the current through loop A becomes zero. Because
the directions of the currents in the loops are opposite, they will repel each other.

Answer.6

When the battery is suddenly disconnected, a current induced in B due to a sudden
change in the flux through it. But it is only induced for a moment when the current
suddenly falls to zero. According to the Lenz's law, the direction of the induced
current is such that it opposes the magnetic field that has induced it. So that the
induced current is such that it increases the decrease magnetic field. Therefore, if
the current in loop A is in a clockwise direction, then the induced current in loop B
will also be the clockwise direction. Hence two loops will attract each other.

Conclusion: If two circular loops are placed coaxially. A battery is connected to
one of the loops. After some time, the battery is disconnected then the loops will
attract each other.

Answer.7

If the magnetic field is suddenly changing, it will induce eddy currents on the walls
of the copper box. And because of these eddy currents there will be a magnetic
field and that will be in the opposite direction. Copper is a good conductor of
electricity, so a magnetic field due to eddy currents will have strong strength. This
newly generated magnetic field will cancel the original magnetic field. So the
magnetic field inside the box will become zero. In this way, the copper box will
become a shield and protect the objects inside in it form varying magnetic fields.



Answer.8

When solid waste (metallic and non-metallic particles) allowed to slide over a
permanent magnet, an emf will be induced in metallic particles. According to the
Lenz's law, the direction of the induced current is such that it opposes the
magnetic field that has induced it. So the induced emf in the metallic particles will
oppose the downward notion along the inclined plane of the permanent magnet.
And non-metallic particles are free from these effects. In this way, metallic
particles slow down and get separated from the non-metallic particles.

Answer.9

Non-metallic or insulating materials are free of the effects of induced eddy
currents or induced emf. According to the Lenz's law, the direction of the induced
current is such that it opposes the magnetic field that has induced it. Means the
induced eddy current opposes its cause. That’s why an aluminium bar will falls
slowly through a small region containing a magnetic field.

Answer.10

When the circuit is on, eddy currents will produce on the surface of the metallic
Bob. Eddy currents will generate thermal energy. Thermal energy comes as the loss
of the kinetic energy of the Bob. Therefore, oscillations are more quickly damped
when the circuit is on compared to when the circuit is of the bob.

Hence, oscillation is more quickly damped when the circuit is on compared to
when the circuit is off.



Answer.11
(a) The largest mutual induction

Mutual induction will be larger when the two loops are placed coaxially. Then the
flux through a loop due to another loop is large. Hence, we will get the largest
mutual inductance.

(b) The mutual inductance will be small when the two loops are placed such that
their axis are perpendicular to each other. The flux through the loop due to another
loop will be small. Therefore, we will get the smallest mutual inductance.

Thus, we can conclude that to get the largest mutual inductance the loop has to
place coaxially and to get smallest mutual inductance, the axis of the loops has to
place perpendicularly.

Answer.12

Self-inductance is given by

L = pyn?Al

Self-inductance per unit length is given by

L
7= fonA

Where 1, is the permeability of the free space
n is the number of turns per unit length

A is Area of a cross section of the solenoid

L is the self-inductance

| is the length the wire

Therefore, self-inductance at the centre and that near its ends will be the same
since the self -induction is independent of the distance of the point from the centre
of the solenoid.



Answer.13

Energy density is given by

2
Energy density, u = 5
2Hg

Where
U is the energy density of the solenoid
B is the magnetic field intensity of the solenoid

i1 is the permeability of the free space.

In the solenoid, energy is stored in the form of magnetic field. For the constant flow
of current, the magnetic field inside the solenoid is uniform. So, the energy density
in a solenoid is constant. Nothing is greater. The energy density at all the points
inside a solenoid is the same.

Objective I

Answer.1

Let us consider a small element at a distance from the centre of the rod rotating
with angular velocity about its axis perpendicular bisector.

X s

Formula used: The emf induced is given by



€ = Bvl

The emf is induced in the rod because of the small element is
de = Bwxdx

Where e is the emf induced in that small element

B is the magnetic field

wyx is the angular velocity of the small element
dx is the length of the small element

The emf induced across the centre and the end of the rod is found by the
integration of the above relation with respect to x from limit o to L

2
J-de = J-E‘E;E Bwxdx

I
x?] 2
€ = Bw|—
i)

Bwl?
€T 78

The potential difference between the centre of the rod and an end is ¥,
g

Thus, option B is correct.

Answer.2

Let us consider a small element at a distance from the center of the rod rotating
with angular velocity about its axis perpendicular bisector.
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Formula used: The emf induced is given by

€ = Bvl

The emf is induced in the rod because of the small element is
de = Bwxdx

Where e is the emf induced in that small element

B is the magnetic field

wx is the angular velocity of the small element
dx — length of the small element

The emf induced across the centre and the end of the rod is

J-de = J-E‘E;Z Bwxdx

I
x?%] 2
€ =Bw|—
i)

Bwl?
€T 78

The potential difference between the two ends is

Bwl®> Bwi?
8 8

The potential difference between the two ends of the rod is zero.



Answer.3
Let us consider tow points on the circuits A and B.

When the switch S is closed, the current will flow through A&B. Due to this
magnetic field introduce in the loop.

A

& 'F.'G)

B

»

According to Lenz’s law the induced current is such that it opposes the increase in
the magnetic field that induces it.

So, the induced current will be in clockwise direction, and it opposes the increase
in the magnetic field in the upward direction in the loop. When the switch S is
opened, the current will fall due to this magnetic field in the loop will decrease.
According to Lenz's law, the induced current will be in the anti-clockwise direction
opposing the direction in the magnetic field in an upward direction in the loop.

If the switch is closed and after some time it is opened again, the closed loop will
show a clockwise current-pulse and then an anticlockwise current-pulse

Answer.4

[y




According to Lenz’s law, the induced current is such that it opposes the increase in
the magnetic field that induces it. So the induced current will be anticlockwise
when the switch S is closed. When the switch S is open, the current will suddenly
fall. Then the magnetic field at the centre of the loop will decrease. Then the
induced emf will be in the clockwise direction.

If the closed loop is completely enclosed in the circuit containing the switch.

Answer.5

The flux linked with the copper tube will change because of the motion of the
magnet. This will produce an eddy current in the body of the copper tube.
According to the Lenz's law, the direction of the induced current is such that it
opposes the magnetic field that has induced it. So the induced Current will be in
the opposite direction to the magnet field of the bar magnet. And it will slow the
fall of the magnet. Then negative acceleration nothing retarding force will act on
the bar magnet. If the velocity of the magnet is increased then the retarding force
will also increase. And it will happen up to this retarding force is equal to the force
of gravity. Then the total force acting on the bar magnet will become zero. Then the
magnet will move with almost a constant speed. So option B is correct.



Answer.6

T
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For the circuit

Emf introduced in the solenoid, E = —L g

Where
L is the self-inductance of the solenoid
[ is the current in the solenoid.

The direction of the current in the loop is clockwise. When the switch is closed the
current will flow in the circuit. Therefore, the current on the solenoid will be
increase. Then it will induce a current in the copper ring which is placed along a
axis of solenoid. According to Lenz’s law the induced current is such that it
opposes the increase in the magnetic field that induces it. So the induce current in
the copper ring will be anticlockwise. Because of the opposite direction of the
currents the ring will repel. So it will move away from the solenoid.

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 move away fro the solenoid.

Answer.7

Formula used: emf is given by



€ =vBl ————(1)
Where v is the speed
B is the magnetic field
| is the length

That above formula states that an emf induced by moving a conductor of length 1
with some velocity v in a magnetic field B.

e=— ———-(2)

Where ¢ is the electric flux through the conductor
¢ emf induced in the conductor

Formula (2) states that an emf can be induced by changing the magnetic field that
causes the change in flux through a conductor in a loop.

So option A is the answer.

Answer.8

Draw the equivalent circuit
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The formula used: The emf induced across A and B is
€ = VBl

Where v is the speed

B is the magnetic field

| is the length

The induced emf will serve as a voltage source. The direction of the current is
anticlockwise, according to Lenz’s law.

According to Lenz's law, the direction of the induced current is such that it opposes
the magnetic field that has induced it.

Putting the value in the above equation, we get

_ (v*B*1?)
R

The induced emf depends on the length of the wire but not on the shape of the wire.

If the wire is replaced by a semicircular wire, the induced emf will be same.

Answer.9
Formula used: The emf developed across the ends of the loop is given by
€ = vBI

Where v is the speed



B is the magnetic field
L is the length

The power delivered to the loop is

Where P is the Power delivered to the loop
R is the resistance

¢ is the emf induced

B (vBI)?

Answer.10
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By the right-hand screw rule, the magnetic field will be towards the left side. Due
to the increase in resistance with temperature, the current through the loop will
decrease with time. This change in current will induce the current in loop B.
According to Lenz’s law, the induced current is such that it opposes the increase in
the magnetic field that induces it. So the direction of induced current in loop B will
be in a clockwise direction. Because of the directions of currents, they will attract
each other.

Thus, Option A is correct.

Answer.11

The magnetic field inside the solenoid is parallel to its axis. If the plane of the loop
contains the axis of the solenoid, the angle between the area vector of a circular
loop and the magnetic field will be zero.

The formula used: The flux through the circular loop is given by
¢ = BA cosd

Where & is the electric flux

B is the magnetic field due to the solenoid

A is the Area of the circular loop

is the Angle between magnetic field and area vector

¢ = BAcos0°,cos0° =1



¢ = B/ =constant

Then the induced emf is given by

de

EZE

d
=— (B4
7 (BA)
€ = 0 Because BA is constant
The induced emf does not depend on the varying current through the solenoid. The

induced emf will be zero for a constant flux through the loop. So no current will be
induced in the loop.

Answer.12

if we draw the equivalent circuit, it will be look like
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The formula used: The emf induces across the ends AB and CD is given by

E = vBI



Where E is the emf

V is the velocity

B is the magnetic field

| is the length

Apply KVL in the loop in fig(b).
E—-E+iR=0

=0

Here the current I become zero means that there is no current induced in the loop.
So the current induced in the loop will be zero.

Objective 11

Answer.1

A bar magnet is moving along the axis of a copper ring. The movement of a magnet
there will be a magnetic field. Then the current will be induced in the copper ring.
[t is observed that the current is in an anticlockwise direction looking from the
magnet. Then the magnetic field induced in the copper ring will be towards the
observer (We are observing the current direction form the magnet).

According to Lenz’s law, the induced current is such that it opposes the increase in
the magnetic field that induces it. If the south pole faces the ring and the magnet is
moving towards the then the current induced in the ring will be the clockwise
direction. In the same case if the magnet is moving away from the ring, then the
current will be in the anticlockwise direction. If the magnet is moving towards the
ring and north pole is facing the ring, then the current induced in the ring will be in
the anticlockwise direction. If the magnet is moving away from the ring, in this
case, the induced current will be in a clockwise direction. So option B and C are
correct.



Answer.2

The potential difference across the two ends is given by

€ = vBI

Where ¢ is the emf or potential difference

v— velocity of conducting rod

B is the magnetic field

L is the length of the rod

Consider some conditions,

i. The magnetic field is in the perpendicular direction to the velocity of the rod
ii. The magnetic field is in the perpendicular direction to the length of the rod
iii. The velocity of the rod is perpendicular to the direction to the length of the rod

In the above-mentioned conditions, only the potential difference across the two
ends will be non zero.

In the given conditions in the A, B and C, the potential difference across the two
ends is zero. So option D is correct.

Answer.3

Conducting loop is placed in a uniform magnetic field with its plane perpendicular
to the field. An emf will be induced only when the magnetic flux changes. If there is
no change in magnetic flux, then induced emf will be zero. An emf will be induced
in the loop only when



i. The loop is rotated about a diameter
ii. Deforming the loop.

If the loop is deformed, the area of the loop inside the magnetic field changes. So
magnetic flux will change leads to induce an emf. On rotating about its axis, the
magnetic flux does not change. So an emf induced in the loop is zero.

Thus, Option C and D are correct.

Answer.4

A metal sheet is placed in front of the strong magnetic pole. This pole has q strong
magnetic field. A strong magnetic pole will attract the magnet if the metal is
magnetic then a force is needed to hold the metal sheet. If the metal is magnetic or
not if we want to move the metal sheet away from that strong magnetic pole we
need some force do it. Because of the movement, eddy currents will be induced in
the sheet. These eddy currents produce thermal energy. Thermal energy comes at
the cost of kinetic energy. Thus, the plates slow down. So we need a force to hold
the sheet if the metal is magnetic. And also the sheet needs a force to move away
from that strong magnetic filed even it is nonmagnetic.

So option A, C and D are correct.



Answer.5

The iron rod has high permeability. So if we insert the iron rod in the solenoid
along its axis, the magnetic flux inside the solenoid will increases. The self-
inductance of the coil is proportional to the permeability of the material inside the
solenoid. Because of an increase in the permeability inside the coil, the self-
inductance will also increase. Thus, a constant current I will be maintained in the
solenoid. Then

1. magnetic field at the centre
2. Magnetic flux linked with the solenoid

3. self-inductance of the solenoid is increased if an iron rod is inserted in the
solenoid along its axis.

Thus, option A, B and C is the correct option.

Answer.6

The two solenoids are identical. Therefore, the self-inductance of the two solenoids
is the same.

The formula used: energy stored in the inductor is given by

1
U == Li?
2 3

Where U is the Magnetic energy
L is the self-Inductance
[ is the Current

The current in both solenoids is the same. That implies magnetic field energy is
also the same.



The power dissipated as heat is given by

iz

P=—
R

Where P is the power
[ is the current
R is the Resistance

The time constant is given by

Where t is the time constant
L is the self-Inductance

R is resistance is given by

_ Al

R
A

Where p is the resistivity
| is the length of the wire
A is the Area of cross section

The two solenoids are differed by the Area of the cross section A.
“ZRrhick < Rrhin

=> Urhick = Urhin

=> Prhick 2 Prhin

Thus, the time constant and Joule heat is different for the two solenoids. And self-
inductance and magnetic field are the same for the both.



Answer.7

The formula used: At time t, the current in the LR circuit is given by

E( tR)
I=—(1-eT
R € L

Where | is the Current

¢ is the emf

R is the resistance
L is the self-inductance

At time t = ( the current is given by

€ OxR
[ = —(1 — E_T)
R

At t=0, the current in the circuit is zero.

The magnetic field energy in the inductor is given by

1
U==Li?
2

Current is zero at t=0, So magnetic field energy is also zero.
Therefore, power delivers by the battery is also zero at t=0.

At t=0, the current is on the verge to start growing in the circuit. So there will an
induced emf at that time to oppose the growing current.

In the LR circuit, at time t=0 there will be an induced emf in the inductor. Exactly
at t=0, the current, magnetic field and power delivered by the battery are zero.



Answer.8

Due to electromagnetic induction, the emf will be induced in the rod. Induced emf
is given by the formula end A becomes more positive because the direction of the
induced emf is from A to B. This is because of the magnetic field exerts a same
force equal to qyB on each of the electrons, where g = —1.6 x 107° C. According

to Fleming’s left hand rule (If a conductor is placed in a magnetic field then the
force acting on the conductor is in the perpendicular direction to the magnetic
field and current direction) the, end A becomes positive and, end B becomes
negatively charged.

Conclusion: A rod AB moves with a uniform velocity v in a uniform magnetic field
then the end A becomes positively charged.

Answer.9

The formula used: For RC circuit the time constant is
T =RC

Where t is the time constant

R is the resistance

C is the capacitance

Frequency f = :
T

Then the frequency of the RC circuit is given by

1

For LR circuit the time constant is given by



f=§

Where 71 is the time constant

L is the inductance
R is the resistance

Then the frequency is given by

R

k=1

Let’s take a multiplication of f1 and 2

1 R

Xfh=—=%X—

_ 1
fﬂ%—ﬁ

— 1
=> it = JLC

This combination JAf = \—% has a dimension of frequency.

The above combination has a dimension of frequency

i. RC has a frequency component f; = R—t_

ii. LR has a frequency component f, = %

iii. f1f2 has a frequency component JAE = =

Thus, option A, B and C are correct.



Answer.10
Formula used:

The charge on capacitor at time t, when the switch is closed is
t

Q =€C (1 — E_E)

Where Q is the Charge

¢ is the emf

T is the Time period

R is the Resistance

C is the Capacitance

At t=0, the charge on the capacitor is
_9
Q=EC(1—E m:):[}
After along time t, = oo, the charge on the capacitor is

0=ec(1 —e—%)

The current in inductor L is given by

E( tR)
I=—(1-eT
R e L

Where I is the current

¢ is the voltage or potential difference
R is the Resistance

L is the inductance

T is the time period

At initial we take, t=0, the current in the inductor is given by

=—(1-e"7)
_E — e L



I=20

After along time ty=00 is

€ _tg %R
f=§(1—ﬁ‘ L )
€ _=xR
IZE(:[—E L )
£
I=—

The charge on C long after t=0 is ¢

The current in L long after t =t isg
Exercises

Answer.1

(a)using faraday’s law of induction
J- Edi=¢
Where € is the emf or voltage

f E dl ~ has thus the dimensions of voltage

Voltage is given by formula

v W
Q
Where

W=work done
Q=charge
Dimensions of W=[M 2T ]

Dimensions of Q=[AT]



The dimensions of voltage can be given as

B [MLZT‘Z]
A7)

V=[ML*T3471].....(0)

(b) vBI is the motional emf developed due to motion of conductor of length 1 with
velocity v in a magnetic field (B)

Therefore, vBI has same dimensions as of voltage
Therefore, by eqn.(i)

vBl = [ML*T3A471]

(c) by faraday’s law of electromagnetic induction

d¢
dt

Where

£ =

€ =emf produced

¢ =flux of magnetic field

d : .
thus d—‘f has same dimensions as of emf or voltage

therefore, by eqn.(i)

d'i} 2 4—19-3
= = ML2477]

Therefore [ E.dlvBland % all have same dimensional formula equal to

[ML*A~1T3]

Answer.2
Given:
flux of magnetic field ¢ = at? + bt + ¢

magnitudes of a, b and c=0.20,0.40 and 0.60
(a) We know that,



Dimensions on both sides of an equation are equal and only terms with
same dimensions can be added

Therefore
Dimensions of ¢, atz, bt and c are same

Thus units of a are given by

¢

2T

t2 t
Now,

by faraday’s law of electromagnetic induction
__9 4

€ = dt"'(l)

Where

€ =emf produced

¢ =flux of magnetic field

therefore, units of %

is same as voltage i.e. Volt

~unit of a = Volt/sec

Unit of b is given by

Using eqn.(i)

unitof b = Volt

SI unit of c is given by

c=¢

~ ST unit of ¢ = SI unit of flux = Weber
(b)

We know that

by faraday’s law of electromagnetic induction

d¢

E=—E



Where
€ =emf produced
¢ =flux of magnetic field

here € is given by

a9 _

d
= — = - — 2 = —
€=—— r (at® + bt +¢) (2at + b)

Putting the values of a, b and t=2sec we have

eE=2%X02x2+04=12Volt

Therefore, the induced emf at t=2sec is given by 1.2Volts

Answer.3

Given:

Area of loop=2.0 x 10~ 3m?
We know that

by faraday’s law of electromagnetic induction

d¢
dt

Where

£ =

€ =emf produced
¢ =flux of magnetic field

so, the average induced emf in the conducting loop between time intervals t; and t;
is given by



e = 222709 )

ta—t,
Also

Magnetic flux through the circular ring of area A is given by
¢=B.A

Since loop is placed perpendicular to the field,

¢ = BA

()t, =0andt, = 10ms

Using eqn.(ii)
€ = — &‘;’z_ﬂ‘;’i — _A':EZ_BJ.]_ (111)
ta—t, ta—t

Putting the values of t,.t,,B, and B, we get

) 1073(0.01) 5 % 10-3 -
e T I T e

(i) t, = 10ms and t, = 20ms

Using eqn.(ii)
€ = — &‘ﬁz_ﬂ@l — _A':EZ_HJ_]. (lll)
fo—t fo—t,

Putting the values of t,.t,,B, and B, we get

000y
€T X qox10= - X T

(iii) t; = 20ms and t, = 30ms

Using eqn.(ii)
€ =— &‘;’Z_ﬂ";’l — _A{EZ_BJ_]. (lll)
£—t, £a—t,

Putting the values of t,,t,, B, and B, we get

2 X 107(-0.02) 4% 1073 = 4my
€= 10x 103 = am

(iv) t, = 30ms and t, = 40ms
Using eqn.(ii)

_ &‘;’Z_ﬂ‘;’l — _A{EZ_BJ_] (lll)
t'?:_tl t'z_tl

£ =



Putting the values of t,.t,,B, and B, we get

Exm—a(—n_m) 2% 1073 = 2mV
€= 10x 103 = em

~ emf across the intervals
0-10ms =-2mV
10-20ms=-4mV
20-30ms=4mV
30-40ms=2mV

From the graph we can see that flux varies in a nonlinear fashion between time
Intervals 10-20 ms and 20-30 ms and hence the derivative of flux wrt time is not
constant in the given interval

~ emf is not constant in time intervals 10-20 ms and 20-30ms

Answer.4

Given:

Radius if circular loop=5.0cm

Magnetic field intensity=0.50T

Area of circular loop 4 = 712

Initial magnetic flux through the loop is given by
¢, = BAcos0® = BA

(As loop is placed perpendicular to magnetic field)
After loop is removed from the field after time At=0.50s the magnetic flux
¢, =10

(As no magnetic field passes through the loop)

We know that,

Average induced emf in time interval At is given by

€ =—(¢ — @) /AL



Where

¢, and ¢, are flux across the cross section at time intervals t,and t, respectively.

Putting the values of ¢, , ¢, and At we get

0—BA Bnr? 050 (5 x 107%)? oE % 10—
€T At T Tar RUAEX T T e

=7.8x 107 3Volt

€ =7.8x10"3Volt

Therefore, average induced emf produced in the loop during this time
intervalis 7.8 x 103 Volts.

Answer.5

Given:

Area of circularloop 4 = 1mm? = 1 x 10~ %m?

Separation between wire and loop d = 20em = 20 x 10~ %m

Current through the wire | = 104

10A
20cm

We know that magnetic field (B) due to an infinitely long wire carrying a current i
at a perpendicular distance d from the wire is given by

[ol
b= 2md

Also,

Average induced emf in time interval At is given by

€ =—(¢ —¢)/AL
Where

¢, and ¢, are flux across the cross section at time intervals t, and t, respectively.



Magnetic flux due to magnetic field B through cross section area A is given by
¢=E.4

Since magnetic field due to long wire is perpendicular to the circular loop, initial
magnetic flux through the loop is given by

_pa = fol
¢=BA=1 -4

After time interval of 0.1s current in the wire becomes zero and hence magnetic
field

;=0

Average induced emf is given by

ol
_ (. — 1) :_D—BA _ 2nd?
At At At
-7 107° ~10
=47 x 1077 % 10 X = 107""Volt

2nx2x 101 x 101
e =107

Therefore, average emf induced in the loop in time interval of 0.1s is given
by 10-10y

Answer.6

Given:

Length of side of square=50¢m = 0.5m

No. of turns=50

Intensity of magnetic field =1.0T

Average induced emf in time interval At is given by
e = (b, — b)) /At (D)

Where

¢, and ¢, are flux across the cross section at time intervals t,and t, respectively.



Magnetic flux due to magnetic field B through cross section area A is given by
¢ =B.A
(a) During removal

Initial magnetic flux through the loop

¢, =B.A=50x0.5x05=125Tm?
Final magnetic flux through the loop

¢, =0

Time interval At=0.25s

Using eqn.(i) we get

— 0— 125
b .
At 0.25

Magnitude of average emf during removal is 50V
(b) During restoration

Initial magnetic flux through the loop

¢, =0

Final magnetic flux through the loop

¢, = BA=1x50x0.5x0.5= 125 Tesla— m?
Time interval At=0.25s

Using eqn.(i) we get

'i}g - ¢1 125_ D

At o2 -

£ =

Magnitude of average emf during restoration is 50V
(c) During the motion

Initial magnetic flux through the loop

¢ =0
Final magnetic flux through the loop
¢, =0

Time interval At=0.25+0.25=0.50s

Using eqm. (i) we get



¢2_¢1
=——=ﬂ
¢ AL

Therefore, magnitude of average emf during its motion is zero

Answer.7
Given

Resistance of the coil + = 250

(a) during its removal
the emf induced in the [oop e = 50V

so the current flowing through the loop is given by

24

e 50
l=-
7

Thermal energy developed in the coil (H) during its removal in time interval
At=0.25s is given by

H =i*rAt =4 x 25 x 0.25 = 25]

Therefore, energy developed in the coil during removal is 25]
(b) during its restoration

The magnitude of emf induced in the loop € =50V

so the current flowing through the loop is given by

24

e 50
l=—=
7

T 95

Thermal energy developed in the coil (H) during its removal in time interval
At=0.25s is given by

H =1i%rAt =4 x 25 x 0.25 = 25]

Therefore, energy developed in the coil during restoration is 25]



(c) during motion

total thermal energy developed =energy developed during removal+ energy
developed during restoration

= H=25+25=50]
As heat energy is scalar quantity, it is algebraically added

Therefore, total energy developed in coil during its motion is 50]

Answer.8
Given:

Area of conducting loop=5.0cm? =5 x 10*m?
Variation of magnetic field with time B = B, sinwt

Angle of field with normal to coil 8 =60°

Magnetic flux due to magnetic field B through cross section area A is given by
b = B.A = BAcos6

Here flux through the loop is given by

¢ = BAcos60° = B,sinwt X cos60°. (i)

Also,

by faraday’s law of electromagnetic induction

d¢
dt

Where

£ =

€ =emf produced

¢ =flux of magnetic field



using eqn.(i)
we get

£ =

d {Bpdsinwt B, Awcoswt ..

| (Bt} __ Bpuconat i
dt 2

Since maximum value of coswt =1

Therefore, maximum value of magnitude of emf induced in the loop is given by

ByAw

Max 2

£

Putting the values of By and w we get,

_, 300
Emax = 02X 5 X 1074 X ——= 0015V

Therefore, maximum value of emf induced in the coil is 0.015V
(b) from eqn.(ii), we have

By Awcoswt

£=— 5

At t=mt/900 s magnitude of induced emf is given by

=75x 1073V

m ) _ 0.015

e=n.n15><cos(3nn><9m .

Therefore magnitude of induced emf at t=n/900is 7.5 x 103V

(c) from eqn.(ii), we have

By Awcoswt

€=—
2

At t=1t/600 s magnitude of induced emf is given by
e = 0.015 x cos (300 x ——) = 0.015 x cos(5) = OV
600 2

Therefore magnitude of induced emf at t=nt/600 is Q¥



Answer.9
Given:

Area of pole faces A=1rm? = 10~*m?

Magnetic field intensity =0.1T

Time taken to remove the magnet completely At = 1s

Initial magnetic flux through the loop is given by formula
¢=E.4

Since magnetic field through the square loop is perpendicular to the loop above
eqn. reduces to

¢, = BA (1)

When the magnet is removed after 1s the magnetic flux passing through the square
loop becomes zero

~p, =0 ...(11)

Average induced emf in time interval At is given by

€ =—(¢, — ¢,) /At -.(iii)

Where

¢, and ¢, are flux across the cross section at time intervals t, and t, respectively.
Using eqns.(i), (ii) and (iii) we get,

At At At

£ =

Putting the values of B, A and At in the above eqn.

1074 _
e=0.1 XT: 1073y

Therefore average emf induced in the square loop is 103y



Answer.10
Given:

Average induced emfin the loop ¢ = 20mV = 2 x 1072V

Time taken to rotate the loo At = 0.25

Edge length of square loop = 2em = 0.02m

Area of square loop 4 = 0.022 = 4 x 107*

We know that,

Average induced emf in time interval At is given by

e =—(¢, — ¢;)/At (1)

Where

¢, and ¢, are flux across the cross section at time intervals t, and t, respectively.
Magnetic flux(¢) through the loop is given by the formula

¢ =B.A

¢ = BAcos#

Where B=magnetic field intensity

A=area of cross section

0 =angle between area vector and magnetic field

Initially, angle between area vector and magnetic field is 0°
Therefore, initial flux through the coil is

¢, = BAcos0° = BA

When it is rotated by 180° flux passing through the coil is given by
¢, = BAcos180° = —BA

Putting this values in eqn.(i) we get,

(¢, —¢;) —BA—BA 2BA
At At At




Putting the values of €, B and At in the above eqn.

ﬂ—q.
2x1072 =2XB X4 X ——
0.2
B =20 —1{}‘3 5T
e }( e
4 %103

Therefore, magnitude of magnetic field intensity is 5T

Answer.11

Given:

Face area of loop =A

Resistance of loop=R

Magnetic field intensity =B

Magnetic flux(¢) through the loop is given by the formula
¢ =B.A

¢ = BAcos#

Where B=magnetic field intensity

A=area of cross section

0 =angle between area vector and magnetic field

initially loop is perpendicular to the applied magnetic field hence initial flux is
¢, = BAcos0® = BA

Finally, when the loop is withdrawn from the field flux is given by

Average induced emf in time interval At is given by

€ =—(¢, — ¢) /AL ..(])

Where



¢, and ¢, are flux across the cross section at time intervals t,and t, respectively

Using eqn.(i) we get

¢2_¢1 H_B.{q B.{q
At At At

£ =

Current flowing in the loop is calculated by using formula

€ BA
"= R T RAC

Hence the charge (Q) flowing through the loop is

Therefore, charge flowing through any cross-section of the wire is BA/R

Answer.12
Given:

Radius of solenoid r = 2em = 0.02m

No. of turns in the solenoid 1 = 2% — 10000m=1
T

Current in the solenoid | = 54

Radius of second coil ' = 1em = 0.01m

No. of turns in the coil ;y = 100

Resistance of the coil g = 200

We know that,

Magnetic field inside solenoid (B) is given by formula
B = pyni

Where,

n=no. of turns per unit length

i=current through solenoid



Magnetic flux(¢) through the coil is given by the formula
¢ =B.A

¢ = BAcos#t

Where B=magnetic field intensity

A=area of cross section of the coil

0 =angle between area vector and magnetic field
magnetic field inside solenoid is perpendicular to the coil
initially flux through the coil is given by

¢, = BAcos0® = pyni X r'? x N = o Nninr'?

When the current in the solenoid is reversed in direction of magnetic field gets
reversed and flux through the coil now m=becomes

¢, = BAcos180° = —BA = —u,Nninr'?

Average induced emf in time interval At is given by

€=—(¢, — ) /AL (1)

Where

¢, and ¢, are flux across the cross section at time intervals t,andt, respectively
Putting these values in eqn.(i) we get

2o Nnimr'?
B At

Current (i) through the coil of resistance R can be calculated as

. € 2ugNnimr'?
==
R RAt

Hence the charge (Q) passing through the coil in time At is

2uoNnimr'?

:-ﬂt:
Q=1 R

Putting the values of yg, I, N, n tr’ and R in above eqn.

107*

Q=2x4wx 1077 x 100 x 10* x 5 x 3.14 x =2x107%C




Therefore flowing through the galvanometeris 2 x 10~*¢

Answer.13

Given:

Edge length of square frame =a
Magnetic field intensity B
Speed of corners of rhombus =u

(a) when the angles at the corner reduce to 60°

€ Erm .- @h‘

I.:f sim

W= 3

L 3
R

We know that,

motional emf produced due to a conductor of length | moving with velocity v in a
magnetic field B is given by

e= (¥ xB).I

Motional emf is produced in each side of rhombus and the effective length of each
side is the length perpendicular to velocity of corners.



From the fig. the effective length of each side is
R
legr = asin30° = 2

Since velocity is perpendicular to magnetic field the equation of emf induced in
each side given by

B] uBa
e =vBl = >

Total emf induced in all four side is
uBa
E=4x T = 2uBa

Therefore, induced emf in the frame when the angles at the corner reduces
to 60°is 2uBa

(b) total resistance of the frame =R
hence current flowing in the frame is

. € 2uBa
‘"R R

Therefore, current flowing in the frame at this instant is 2ZuBa/R

(c) initially the frame is in form of square of side a and area g

at this time flux through this frame is given by
¢, = B.A = Ba*

Finally, when the frame reduces to straight line flux passing through the frame
reduces to zero

¢, =0
Average emf induced in the frame in time t is given by

b, — @, 0— Ba®* Ba?
E = — = — =
t t t

The current flowing through the frame is then given by

€ Ba?
l=—=—
R Rt

Where R is the resistance of frame

Hence the charge (Q) flowing through the side of frame in time t is



Ba?

='f
Q=1 R

Therefore total charge flowing through side of frame by the time the frame
reduces to straight line is g g2 /R

Answer.14
Given:Initial flux
¢, = 0.35Wb
Final flux ¢, = 0.85Wh
Time interval At = (.55
Average induced emf in time interval At is given by
€ =—(¢p, — ;) /At (i)
Where

¢, and ¢, are flux across the cross section at time intervals t,and t, respectively.

Putting the values in eqn.(i) we get,

¢, — ¢, 0.85— 0.35
At 0.5 N

£ =

Magnitude of induced emf =1V
From Lenz’s law,

The direction of induced current is such that it opposes the change that has
induced it.

According to fig.



The flux in the downward direction increases, so the current is induced such that
flux in upward direction increases. Therefore, current is induced in anticlockwise
direction

Therefore, average emf induced in the coil is 1V in anti-clockwise direction

Answer.15
Let the area of the wire-loop be A and magnetic field intensity be B.

When the wire rotates in its own plate the area through which flux passes remains
same and B is also constant.

Hence, the flux passing through the loop remains constant and is given by
¢ = BA
Now,

by faraday’s law of electromagnetic induction
d¢
dt

Where

£ =

€ =emf produced
¢ =flux of magnetic field

as flux is constant (independent of time), its derivative with respect to time is zero.
Therefore, emf induced in the loop is zero

therefore, zero emf is induced in the wire-loop



Answer.16

Given:

Side length of square loop=5cm= 0.05m

Speed of square loop= 1cms™ = 0.01ms~?
Width of magnetic field = 20em = 0.2m
Magnetic field intensity =0.6T

(a) t=2s

distance moved by the loop= 0.01 ¥ 2 = 0.02m
area of the loop under magnetic field =

area of rectangle of length 0.05m and width 0.02m
= 0.02 x 0.05 = 107*m?

Now,

Initial magnetic flux through the loop ¢, = 0 (at t=0)
Final magnetic flux through the loop is given by

¢ =B.A

A, =06%x102=6x10"*Whb

Average induced emf in time interval At is given by
€ =—(¢p, — ¢y)/AL..(1)

Where

¢, and ¢, are flux across the cross section at time intervals t,andt, respectively.

Putting the values of ¢, , ¢, and At = 2s in eqn.(i),

¢2_¢1 6:’{1[}_4_{}

=—-3x107*V
At 2

£ =



Therefore magnitude of induced emf att=2sis 3 x 10~ %y

(b) t=10s
distance moved by the square loop 0.01 x 10 = 0.1m

at this moment, square loop is completely inside the magnetic field and area of
loop through which flux pass = 0.05 x 0.05 = 25 x 10™*m?

so the flux linkage does not changes with time . A¢p = 0

and thus from eqn.(i)

'?bz_'?bl
=————==0
¢ AL

Therefore, magnitude of induced emf in the coil at t=10s is zero
(c) t=22s
distance moved by the loop 0.01 x 22 = 0.22m

the loop is moving out of the field, the area of loop under the field is
=(2x5x107*m?)

the magnetic flux acting on the loop is
=—0.6 X2 x5x107* Tm?
(- sign as the flux has decreased)

The induced emfis

Agp 6x107*—0
=——=- =—-3x107*V
Y 2

Therefore magnitude of induced emf at t=22sis 3 x 10~y
(d) t=30s
distance moved by the square loop= 0.01 x 30 = 0.3m

at this time, square loop is completely outside the magnetic field and the area of
loo through which flux passes =0

hence the flux linkage through the loop remains zero . A¢p = 0

and thus from eqn.(i)

¢, — ¢y
=——=ﬂ
€ At



Answer.17

Given:

Resistance of the loop R=4.5mQ4 5 % 10730
Time interval=30s

As heat produced is a scalar quantity total heat is found by algebraically adding
heat produced in different time intervals

~H=H,+H, +H.+H,

Where

H, =heat produced during time interval 0-5s

H,, =heat produced during time interval 5-20s

H_ =heat produced during time interval 20-25s

H; =heat produced during time interval 25-30s

Now,

(1) during time interval 0-5s emf produced in the loop is given by
e=3x107*V

Current in the coil is

™

1074
I_:—:

3 X =6.7x107%4
R (4.5x 10-3)

Heat produced in the coil is given by the formula
H =i*Rt ... (i)

where

I=current

R=resistance

t=time interval

putting the values of i, R and t in above eqn. we get,
H,=(67x1072)*x45x107* x5

Emf induced in the time interval 5-20s and 25-30s =0



So current in the coil during this time

i=0

Heat produced in the coil is given by eqn.(i)

H,=H;=0

Emf induced in the time interval 20-25s is same as that induced at 5s
e=3x 107V

Hence the current and heat produced during this interval is same and given by
H.=(67x1072)?x45x107* x5

Total heat produced is given by

H=H_,+H,+H.+H;
Hr=H,+H.=2x(67x1072)?x45x107%*x5]
Hr=2x107%

Therefore total heat produced in the loop during interval 0-30sis 2 x 10~* ]

Answer.18

Given:

Radius of cylindrical regiony = 10cm = 0.1m
Length of wire =80cm

Resistance of the wire R = 40)

Rate of increase of magnetic field =0.01T /s= ‘;—B
t



Area of loop inside magnetic field =area of semicircle of radius 0.1m

| T2
=2 4=—

2
We know that,

Flux (¢) of magnetic field (B) through the loop of cross section area A in the
magnetic field is given by

¢ =B.A

¢ = BAcos#

Since magnetic field is perpendicular to the loop the flux becomes
¢ = BAcos0° = BA

Rate of change of magnetic field wrt. time is given by

dp _d(BA) _ dB
dt  dt T dt

(since area of cross section in magnetic field does not change with time, A remains
constant)

Now,

by faraday’s law of electromagnetic induction
__ 49

£ = ” (1)

Where

€ =emf produced

¢ =flux of magnetic field

using eqn.(i) the emf induced in the loop is given by

dp ~ dB

T

Hence the current through the loop (i) of resistance R is

AdB

£
R  Rdt

i =
Putting the values of A, R and i—f in the above eqn. the magnitude of current is

nr?dB 0.01

l=————=3.14x0.01 x

=39x 1074
2R dt 2% 4




Therefore current induced in the frame is 3 9 x 104

Answer.19

Given:

Rate of increase of magnetic field =20mTs~ ! = 0.02Ts
Side length of square loop =1¢cm = 0.01m

Resistance of each side =40}

Area of the coil adef = area of coil abcd =109~%n?

We know that,

Flux (¢) of magnetic field (B) through the loop of cross section area A in the
magnetic field is given by

¢=B.A

¢ = BAcos#t

Since magnetic field is perpendicular to the loop the flux becomes
¢ = BAcos0® = BA

Rate of change of magnetic field wrt. time is given by

dt;!J_d(BA)_AdB
dt  dt T dt




(since area of cross section in magnetic field does not change with time, A remains
constant)

Now,

by faraday’s law of electromagnetic induction

Where
€ =emf produced
¢ =flux of magnetic field

using eqn.(i) the emf induced in the loop is given by

dp ~ dB

£ =— =—A—
dt dt
Hence the current through the loop (i) of resistance R is

A dB

- 28 (i)

i—E
"R R dt

(a) when the switch S; is closed but S, is open
no current flows through loop abcd

net resistance of the loop adef R =4x 4 =16()
area of loop adef =10~*m?

using eqn.(ii) current can be given by

AdB 107*

l=—=—

= % 0.02 =125 x 1077
R dt 16

As the magnetic field increases, the flux of magnetic field increases in downward
direction so by Lenz’s law

The direction of induced current is such that it opposes the change that has
induced it

Therefore, current flows in anticlockwise direction (along ad) to increase the
magnetic flux in upward direction

(b) S1 is open but S, is closed
No current flows in loop adef
Net resistance of loop abcd=4x 4=16()

Area of loop abcd =10~%m?



using eqn.(ii) current can be given by

' 4ds 1077 0.02 =125 x 1077
=————=—""x002=125x
YT TRar T 16

As the magnetic field increases, the flux of magnetic field increases in downward
direction so by Lenz’s law

Therefore, current flows in anticlockwise direction (along da) to increase the
magnetic flux in upward direction.

(c) When both S; and S, is open

No current flows in both the loop adef and abcd
And hence current in wire ad is zero

~1=0

(d) When both S and S, is closed

The circuit forms a balanced Wheatstone Bridge and the current flowing through
the wire ad is zero

~1=0

Concept of wheat stone bridge:

When the circuit forms a Wheatstone bridge in balanced condition then the
current through galvanometer (i) becomes zero




Answer.20

Given:

i

-r—
L1

Fal &

{ E (1
/ 5

I

Area of coil (2) of radius a’ =72

We know that magnetic field due to coil (1) at the center of coil (2) is

poNia®
— 2(a? + x2)3/2

B

Where

N=no. of turns in coil (1)

i= current in coil (1)

a=radius of coil (1)

x=distance of center of coil (2) from center of coil (1)
We know that,

Flux (¢) of magnetic field (B) through the loop of cross section area A in the
magnetic field is given by

¢ =B.A
¢ = BAcos#t

Since the magnetic field due to coil (1) is parallel to axis of coil (2) 8 =0° and flux
through the coil (2) is given by

poNia?

r2
2(az+x2)32 "

¢ = BAcos0® = BA = a

Now,



by faraday’s law of electromagnetic induction

Where

e =emf produced

¢ =flux of magnetic field

using eqn.(i) emf induced in the coil (2) is given by

poNa®

di ..
12

= ———ma -—.ul
2(a24x2)3/2 dt ( )

Let y be the distance of sliding contact from its right end
Given,

Total length of rheostat =L

Total resistance of rheostat=R

When the sliding contact is at a distance y from its right end then the resistance
(R’) of the rheostat is given by

R’ R

So the current i flowing through the circuit is given by

£ £

i: ==
R' +1 %y—l—?‘

Where r is the resistance of the coil and € is the emf of battery

Putting value of i in eqn.(ii) we get,

d| 7
Na? Ty+r
2(a2 +x2)2
Va2 R dy
a _aay
:,EZ'IH{'—E R-a'rzx EXRL—dEZ
2 23 .
2(a? + x2)z (Iy—k?)
dy

Since = = 17
dt



2 _=
tolNa v
e=———=ma?x|ex L

 2(a2+x2) (%},JFT)E

(@) When the contact begins to slide y = L

Therefore, magnitude of emf induced is

Na?® Rv
a X
o= FoT0 s ma'? x [e x L 5
= R
2(a? + x2)z (EL+T)
poNa? 2 TV
e= ———ma'“x EX—(R-I- E
2(a2 + x2)z r

(b) When the contact has slid through half the length of rheostat y = g

Therefore, magnitude of emf induced is

Na? RV
a el
e = #0—3 na'? x |e x —L 5
2(a? + x2)z EL
be+r
poNa’ 2 LY
e=———ma'"“ X |exX——=
5 R
2(a? + x2)2 (f+r)
Answer.21

Given:

Radius of coil ¥ = 2em = 0.02m



No. of turns in the coil )y = 50
Magnetic field intensity B = 0.2T

We know that,

Flux (¢) of magnetic field (B) through the loop of cross section area A in the
magnetic field is given by

¢=EB.4

¢ = NBAcosé@

Where N=no. of turns in the coil

Since magnetic field is perpendicular to the loop the flux becomes
¢ = NBAcos0® = NBA

Initial flux through the coil is given by

¢, = NBA

After 0.1 s the coil is rotated through an angle of 60° =6

Finally, the flux through the coil becomes

NBA
¢, = NBAcos60°® = 5

Average induced emf in time interval At is given by
e = —($, — $)/At (D)
Where
¢, and ¢, are flux across the cross section at time intervals t,and t, respectively.
Using eqn.(i) emf induced in the coil is given by
NEA

— —NBA NBA
At ©2At

€=—

Putting the values of N, B, A and At in above eqn. we get

m(0.02)> ,
€=50%02X————=628% 1073V
2x 0.1

Therefore average emf induced in the coilis .28 x 1073V

(b) the current through the coil (i) is calculated using formula

Il=¢/R



Hence the charge(Q) crossing the cross-section of the wire in time interval At is

eAL

=1 x At
Q=1 R

Putting the values of €, R and At we get,
5,01 a
Q@ =6.28 x10 KT=1.5?><1(} C

Therefore charge crossing cross-section of the wire in the coil is
1.57 x 107*¢

Answer.22

Given:

No. of turns in the coil y = 100

Magnetic field intensity B = 4 x 107*T

Angular velocity of rotation ¢y = 300revmin™ = 27 x 5 = 10nrads !
Area of the coil 4 = 25cm? = 25 x 10™*m?

Resistance of the coil p = 40

Magnetic flux through the circular coil ¢ can be given by formula
¢=E.A"

¢ = NBAcos6.... (i)

Where B=magnetic field intensity

A=area of cross section

N=no. of turns in the coil

0 =angle between area vector and magnetic field



(a) Initially, angle between area vector and magnetic field is 0°

Therefore, initial flux through the coil is

¢, = NBA

When it is rotated by 180° flux passing through the coil is given by

¢, = NBAcos180° = —NBA

Average induced emf in time interval At is given by

€ =—(¢, — ¢y)/AL (D)

Where

¢, and ¢, are flux across the cross section at time intervals t,andt, respectively.

Average induced emf is then given by

~NBA-NBA _ 2NBA
At At

€=—
Now,
Angular velocity of coil ¢y = 107rads™?

Time taken to complete half revolution i.e. rotate by m radian

1

At = —
10°

Putting the values of N, B, A and At in eqn.(ii)

ﬂ—4-
E=2><:1DD><4><1D“‘><25><W=2><1D‘3V

Therefore average emf induced in the coil in half a turnis 2 x 103y

(b) In a full term coil returns to its original position

~ ¢, = ¢, = NBA

And hence emf induce in the coil using eqn.(ii) is

NBA — NBA 0

£ =
At

Therefore, average emf induced in full turn in the coil is zero
(c) Emfinduced in the coil in part (a) is
€e=2x107%V

Hence the current i flowing through the coil of resistance R is



- 1073
Il=—=2X

=5x107*4
R 4

So the charge displaced in time interval At =0.1s is
Q=iAt=5x10"*%x0.1=5x10"3C

Therefore net charge displaced in part (a) is 5 x 10~3(C

Answer.23

Given:

Radius of coil r=10cm
Resistance of the coil R=400
No. of turns in the coil N=1000

Horizontal component of earth’s magnetic field=3.0 x 10~°T

Angle of rotation 6 =180°

Magnetic flux through the circular coil ¢ can be given by formula
¢=E.A"

¢ = NBAcos8 - (1)

Where B=magnetic field intensity

A=area of cross section

N=no. of turns in the coil

0 =angle between area vector and magnetic field

Initially, angle between area vector and magnetic field is 0°
Therefore, initial flux through the coil is

¢ = NBA

When it is rotated by 180° flux passing through the coil is given by

¢ = NBAcos180° = —NBA



Now,

by faraday’s law of electromagnetic induction

d¢
dt

Where

£ =

€ =emf produced
¢ =flux of magnetic field

therefore, emf produced in the coil is given by

~NBA-NBA _ 2NBA
dt T dt

€=—

Current passing through the loop (i) of resistance R is

ZNBA using eq.(ii)
Rdt '

. €
I = —=
R

Charge flowing through the galvanometer (Q) in time dot is given by formula

2NBA

0 —idt 2NBA
=1L = =

MrXﬁ_ R

Putting the values of N, B, A and R we get,

-2

Q=2><1ﬂDﬂ><3><1D‘5><n><ﬁ=4.?1><1ﬂ‘5c

Therefore charge which flows through the galvanometeris 4. 71 x 10°C

Answer.24
Given:

Radius of circular coil y = 5.0cm =5 % 10~ 2m

Magnetic field intensity B = 0.01T



Angular speed of coil w =80revmin=t = 2 x g rads™!
Magnetic flux through the circular coil ¢ can be given by formula
¢=E5.A4"

¢ = BAcos#f

¢ = BAcoswt...(i)

Asg = wt

Where w =angular velocity of loop

Where 0 is the angle between magnetic field and area vector of loop.

by faraday’s law of electromagnetic induction

d¢
dt

Where

£ =

€ =emf produced
¢ =flux of magnetic field

putting the value of eqn.(i) in above eqn. we get,
€=— % (BAcoswt) = wBAsinwt.-(ii)

Since maximum value of sinewt is equal to 1

= BAw

T Ema.x’

Putting the values of B, A and w we get,
€=0.01 X1 X 25 X 107 X 27 X = = 6.66 X 10™*V ... (iii)

Therefore maximum emf induced in the circular coil is 6. 66 % 10~V
(b) from eqn.(ii) emf induced in the coil is given by
€ = BAwsinwt

Average value of induced emf is given by formula

T _ T coswt]’
Eqp = [J- BAwsinwt dr)fJ- dt = BAw [— - ]
0 0 0

Where T = 21/ w is the time taken by the coil to complete one revolution



BAw =
= oy =~ [coswt] & =

Therefore, average induced emf is zero

(c). the average of squares of induced emf is given by the formula

T T
= [J- B?A%w?sin” wt .dt) ;’J- dt
0 0

T

T
= €2, = BEAEmEJ- sin® wt dt ,z’j dt
0

0

32}12 2
= €2, = J- (1 — cos2wt).dt ,r’J- dt
- T
B2 A% [t _ samet
= €2, = @ o
anw ET
, B*A%a? sindm — sin0] B?A%w?
=€y = T am T — ] =
2T 2w 2
Putting the values of B, A and w we get
2 (6.66x107%)" T
€2 =22 1 — 2 2x 1077 y? using eqn.(iii)

an 2

Therefore average of squares of emf producedis 2.2 x 10-7v?2

Answer.25

Given:

Resistance of the coil R=100()

Time period T=1min =60s

From previous question induced emf is given by
€ = BAwsinwt

Current in the coil i is given by

_ .E'Amsa’nmt"" (l)

. €
1=—
R R

Heat produced in the circuit is calculated by the following formula



T
H = J- i*Rdt

0
Using eqn.(i) we get,

T wt
H = J- B? A%w? sin? —Radt
0 R

BZAEME T
=>2H=— 1—cos2wt).dt
= j ( )
BZAZw? . sirtEmrr
2R 20 1,
. B%A%w?T
2R

Putting the values of B, A, w, T and R we have

60 2

H=—xn?1r*xB?x (anz—ﬁ)
2R 60

H=133x1077]

Therefore heat produced in the circuit in one minute is 1.33 % 107 ]

Answer.26

Given:

Radius of circular wheel r =10cm=0.1m
Magnetic field intensity B = 2 x 107*T

2
Area of semicircular part 4 = I
2



[nitially

x * » * *
iron
4 x X x
» » ® ®
wood

Magnetic flux through the wheel ¢ can be given by formula
¢=FBA"
Since area vector and magnetic field is parallel we get flux

Bmr? (0.1)2

¢ =BA=——=2x10""x3.14 X

=3.14x 107°Wbh

After time interval At=2s

Flux through the wheel

¢, =0

Average induced emf in time interval At is given by

€ =—(¢p, — ) /At (1)

Where

¢, and ¢, are flux across the cross section at time intervals t,and t, respectively.
Therefore, average induced emf € is

¢, — ¢,  0—3.14x107°

=157 x 107°V
At 2

£ =

Therefore average induced emf in the wheelis 1. 57 x 10°°V



Answer.27
Given:
Length of rod 1=20cm=0.2m

Velocity of rod v= 10ems™! = 0.1ms™t
Magnetic field intensity B = 0.1T

(a) we know that,

A charge q moving with velocity v inside a magnetic field B experiences a force F
given by

F=q.(ixB)()

Since velocity of rod is perpendicular to magnetic field the above eqn. reduces to
F =qVEB

To find the force on a free electron g = e = 1.6 x 1071°C

Putting the values of g, v and B we get,
F=16x10"""x0.1x0.1=16x1072'N

Therefore average force experienced by a free electronis 1.6 x 10" — 21N
(b) we know that,

force experienced by a charge particle having charge q in presence of an electric
field E is given by

F=qE

To balance this force with the magnetic force, equating above eqn. with eqn.(i),
GE = q. (3 x B) = quB

= E =vB

Putting the values of v and B we get,

E=01x01=0.01vm™?



This electric field is created due to emf produced due to motion of conducting rod,
as a result of which the free electrons in the rod experiences a force

Therefore, electric field needed to balance magnetic force is 0.01Vvm'1
(c) We know that,

motional emf produced due to a conductor of length 1 moving with velocity v in a
magnetic field B is given by

e=(#xB).l

Since v_ and B” are perpendicular and their cross product is parallel to I”, eqn.(i)
reduces to

€ = VBI
Putting the values of v, B and | we get,
e=01x01x02=2x10"3V

Therefore motional emf between the ends of the rod is 2 « 103y

Answer.28

Given:

Velocity of meter stick 7 = 2mg~1
Intensity of magnetic field B = 0.2T
Length of stick =1m

We know that,

motional emf produced due to a conductor of length | moving with velocity vin a
magnetic field B is given by

e=(#xB).I

Since v_ and B” are perpendicular and their cross product is parallel to 1”, eqn.(i)
reduces to

€ = Bl

Putting the values of v, B and | we get,



e=2x02x1=04V

Therefore, emf induced between the ends of a stick is 0.4V
Answer.29

Given:

Speed of spacecraft v=3x 10’m/s

Magnetic field intensity B=3 x 10T

Width of spacecraft 1=10m

We know that,

motional emf produced due to a conductor of length I moving with velocity v in a
magnetic field B is given by

e= (9 xB).l

Since v” and B” are perpendicular and their cross product is parallel to 1°, eqn.(i)
reduces to

€ = vBI

Putting the values of v, B and 1 we get,
€=3x10"x3x1071%x 10=9x 1072V
e = 0.09V

Therefore, emf induced across the width of spacecraft is 0.09V

Answer.30

Given:

Vertical component of earth’s magnetic field B=0.2x 10T



Speed of train v=180kmh~! = 50ms™—?
Separation between rails I=1m
We know that,

motional emf produced due to a conductor of length | moving with velocity v in a
magnetic field B is given by

e = (3 x B).1-

Since v” and B” are perpendicular and their cross product is parallel to 1”, eqn.(i)
reduces to

€ = vBI

Putting the values of v, B and | we get,
e=50x02x10"*x1=107*V =1mV
Therefore, the reading of millivoltmeter is 1mV
Answer.31

Given:

Speed of right-angled triangle =v

We know that,

motional emf produced due to a conductor of length I moving with velocity v in a
magnetic field B is given by



e= (% xB).l..(1)

(a) for loop abc since the flux of magnetic field through the triangle does not
change hence the emf induced in loop abc is zero

“ Egpe = 0

Therefore, emf induced in loop abc is zero

(b) in the segment bc

bc is perpendicular to velocity. emf induced in the segment bc is given by
e, = (7 x B).I = (vi x Bk).(be(—j)) = vBj.j(bc) = vB(bc)
Therefore, emf induced in segment bc is vB(bc)

(c) in the segment ac

ac is parallel to velocity. Emf induced in the segment ac is given by
€ac = (¥ x §) [ = (vix Bk).(aci) = vB(—f).ac(i) = 0
Therefore, emf induced in the segment ac is zero

(d) in the segment ab

the effective length of ab perpendicular to velocity is given by bc (-j)

emf induced in the segment ab is given by
€5 = (# X B). I = (vi x Bk).(bc(—§) + aci®) = vBj.j(bc) + 0 = vB(bc)

Therefore, emf induced in the segment ab is vB(bc)

Answer.32
Given:
Radius of semicircular wire=r

Velocity =v



We know that,

motional emf produced due to a conductor of length I moving with velocity v in a
magnetic field B is given by

e = (% xB).I

In the case of semicircular wire, I denotes the effective length of wire
perpendicular to velocity.

(a) when the velocity is perpendicular to diameter joining free ends

.

R

the effective length of wire perpendicular to velocity is given by length of diameter
~1=2R

Therefore, induced emf in the wire is given by

€ =VB X 2R = 2BvR

Therefore, induced emf in this case is 2BvR

(b) when the velocity is parallel to the diameter

LN

The effective length of wire parallel to velocity is zero

=0
Therefore, induced emf in the wire is given by
E=VvBEX0=0

Therefore, induced emf in this case is zero



Answer.33

Given:

Length of the wire=10cm

Angle of length of wire with velocity=60°
Magnetic field intensity=1.0T

Speed of wire v=20cm/s =0.2m/s

(a) we know that,

motional emf produced due to a conductor of length I moving with velocity v in a
magnetic field B is given by

e=(#xB).l

[t is given that plane of motion is perpendicular to electric field i.e. angle between
v~ and B” =90°

And the angle between velocity and length of wire=60°

~ € = Bvlsine(°

©)

.BUG

We take only that component of length vector which is perpendicular to velocity
vector

Putting the values of B, v, | we get

NE]
e=1x02x%0.1 x?= 17.32 x 1073V

Therefore the emf induced in the rodis 1.732 % 102V



Answer.34
Given:
Radius of ring =R

Velocity of ring=v

® >®
® ®

(b) we know that motional emf produced due to a conductor of length 1 moving
with velocity v in a magnetic field B is given by

e=(BxEB).[=B .(Bx17)()

This value is maximum when length between the points is perpendicular to the
velocity of the rod

Thus the emf is the highest between the end points of diameter perpendicular to
the velocity and the value of this emf is given by

e=BvxX2R =2BvR
Therefore, maximum value of emf is 2BVR

(c) the value of eqn.(i) is minimum when length between the points is parallel to
the velocity of the rod

Thus the emf is lowest between the end points of diameter parallel to the velocity
and this value of emf is given by

€ =Br x2R xsin0° =0

Therefore, minimum value of emf is 0



Answer.35
Given:
Velocity of wire=v

Separation between rail=l]

x o x x
/

x * x X

X x-\ P X

We know that,

Force experienced by a wire of length | carrying current I in a magnetic field B and
placed perpendicular to magnetic field is given by

F =ilB

Now since here there is no formation of closed circuit the circuit is open and the
current flowing in the wire =0

Therefore, force experienced by wire due to magnetic field =0

Hence net force on wire becomes zero and it moves with constant velocity v
Therefore, no external force is needed to move the wire with velocity v
Answer.36

Current will flow from the left edge to the right, that is, in the clockwise direction.
Therefore, the induced emf will also flow along the clockwise direction.



Diagram showing induced emf as a battery:

l|current)

>

Efemf) =

2 R{resistance)

4

Given:

Resistance per unit length =r

Length of wire =1

Velocity with which the wire moves =v
Formula used:

We know, that E = Blv ... (i), where E = emf, B = magnetic field, v = velocity with
which the wire moves, | = length of wire.

Now, total resistance(R) = r x [’ ... (ii), where r = resistance per unit length, I’ =
total length of loop

Horizontal length of loop = vt, where v = velocity, t = time.

Hence, total length ofloop(I‘) = 2(l + vt)

Therefore, R(total resistance) = 2r(l + wvt) ... (iii), where r = resistance per unit
length, | = length of wire

By Ohm’s law, we know that E = JR,where E = emf, [ = current, R = total
resistance. Hence, from (iii), we get, E = 2Ir(l + vt) .......... (iv)

Equation (i) and (iv), we get:

Blv = 2Ir(l + vt)

Blv
=> I —
Zr{l+vt)
. . . Elv
Current in the circuit] = (Answer)

Zr{l+vt)



Answer.37
Formula used:

(a) Magnetic force on a current carrying wire F = I(l X B), where [ = current, | =
length of wire, B = magnetic field.

Since | and B are perpendicular to each other, magnetic force F becomes F = [IB
. (1)

Blv
2r{l+vt) ”

Now, from the previous problem, ] =

. (i)

Now, the force needed to keep the sliding wire from moving will be equal to the
magnetic force, but in the opposite direction.

Let this force be F’.

Hence, F' = F = ILB, where F = magnetic force, | = current, L = length of wire, B
= magnetic field.

Substituting the value of I from (ii):

F' — Blv __B*Fv
(2r(l+vt))x 2r{L+vt)
. : C 3 B*I*V
Hence, force required to keep the wire from sliding = S (Ans)
r L)

(b) Now, just after time t = 0, the force required to stop the wire from sliding will

beF, = EZ!?’ ... (i) (substituting t = 0), from the previous part of this question.

: . F
Now, let the time taken for the required force to be ?“’ bet=T.

Hence, from the previous question, substituting t =T,

FFD _ BIEZI‘-’ZU (ii)

2 41

Substituting the value of F( from (i), we get

BIB ?Iv?vp B B?[%v
arl 21l

= 2r(l + vT) = 4rl



l

E

=l +vT =21=T =
Time taken for the force to reduce to% ! (Ans)
w

Answer.38

Given:

Mass of PQ =m

Resistance of PQ =r

Length of PQ between the two rails =1
Magnetic field = B

Resistance connected to the rails =R

Velocity with which PQ is pushed towards right at t=0 = v

Formula used:

(a) By Ohm'’s law, E = IR, where E = emf, [ = current, R’ = total resistance.

Hence, current | = % .. (i)

Now, emf induced due to the moving road in the magnetic field E = Blwv ... (ii),
where B = magnetic field, | = length of rod, v=velocity of rod

Also, total resistance R* = r + R ... (iii), where r = resistance of PQ,R =
resistance attached to the rails.



Hence, substituting the values of E and R’ from (ii) and (iii) in (i), we get

Blv
r+R

Therefore, current in the loop when the speed of the wire PQ is v = %. (Ans)
™

(b) Now, magnetic force on a current carrying wire F = [IB ... (i), wherel =
current, | = length of wire, B = magnetic field.

From the previous part, the value of current at an instant when velocity = v is

Elwv ..
= ——... (11
v r+R ( )

Therefore, from (i) and (ii), magnetic force F = 5Py (iii)
r+R

According to Newton'’s second law of motion, F = ma ... (iv), where F = force, m =
mass, a = acceleration.

Hence, equating (iii) and (iv):

. 22w i BZ[%w
ma ma = = G +R)
. . .. B2[%y
Therefore, acceleration of the wire at this instant =g = R (Ans)
mir

(c) Velocity v’ can be expressed as v = v, — at - (i), where v = initial velocity,
a = acceleration, t = time. We put a negative sign before at since the force is
opposite to velocity, and it

B2[%y

Now, from the previous part, we can write acceleration ¢ = ——— ... (ii)
[m(r+Rr)]

BI%p

Hence, from (i) and (ii), we can write p v = vv, — Ttra2)]
mir+

But, distance travelled x = vt, where v = velocity, t = time.

212
Therefore, velocity v as a function of x is v v = vV, — 51w ] t(Ans)

[m{r+R)

212
(d) We know thatg g = & p & = B_"’rg;{p

(K .
= , where a = acceleration,
dt dx [m{r+E]]

dv
dx
v = velocity, x = distance, t = time.

Now, from the part (b), acceleration as a function of time

- dvm(R +7)
YT TR

m{R+rvg

:>I = EZIZ



Now, the wire can travel maximum distance when its velocity is vy,

Hence, integrating on both sides, we get

mir+Rlvg

ﬁl = BZIZ

Therefore, maximum distance travelled by the wire

mir+Rh
= T’zn (Ans)

Answer.39

Given:

Lengthab=cd=30cm =03 m
Length bc =ad =80 cm = 0.8 m
Total resistance R =2 Q
Magnetic field B=0.02 T
Force F=32x10°N

Formula used:

(a) Magnetic force on a current carrying wire F = [JIB ... (i),where I = current, 1 =
length of wire, B = magnetic field.

Foo_..
Hence, current | = T (ii)

Now, emf E = Blv ... (iii), where B = magnetic field, | = length of wire, v =
constant velocity with which it is moving



Also, by Ohm’s law, E = JR ... (iv), where I = current,

R =resistance.

Hence, equating (iii) and (iv) and substituting I from (ii), we get

Bly = %, where B = magnetic field, v = velocity, F = force, R = resistance, 1 =
length of wire.

Here, since the force is applied on the side cd, we consider

1 =30 cm = 0.3 m (the shorter length).

Hence,

Substituting the given values, we get

_ G2x107)° 112018 ms']
(0.3 % 0.02)2
Constant speed with which the frame moves = 0.18 ms™1(Ans)

(b) Emf induced in the loop E = Blv, where B = magnetic field, 1 = length of the
wire which is moving, v = velocity

Hence, E = (0.02 x 0.3 x 0.18) ¥=0.001V

Emf induced in loop = 0.001 V (Ans)

Answer.40

Given:

Resistance of wire(R) = 0.2 ()
Length of wire(l) =20 cm =0.2 m
Current()=2pA=2x10°A

Velocity with which the wire moves(v) = 20 cms™! = 0.2 ms!



Horizontal component of earth’s magnetic field(By) = 3.0 x 1075 T

Formula used:

Angle of dip & = tan™! [?) ... (i), where By = vertical component of earth’s
H

magnetic field, By = horizontal component of earth’s magnetic field.

Now, emf induced in the wire E = Bylv ... (ii), where By = vertical component of
earth’s magnetic field, | = length of wire, v = velocity with which the wire moves

Also, by Ohm'’s law, E = IR ... (iii), where E = emf, | = current, v = velocity.

Equating (ii) and (iii) we get

IR
BVEU=IR:BV=I_
v

Substituting the given values, we get

2X107%x 0.2
T D.2X02

B, T=10"°T

Hence, angle of dip=> § = tan! e) (Ans)

Answer.41

Given:

Length of ab =1

Mass =m

Resistance of ab =R

Angle between the plane of the rails and the horizontal = 6

Magnetic field = B



Velocity with which the wire slides along the rails = v

Diagram:
a
B I(1xB)
b
\, mgcosb

Formula used:

Emf induced in the wireab E = BI'v ... (i), where

E = emf, B = magnetic field, I’ = component of | perpendicular to the magnetic field
=1 cosB, v = velocity

Magnetic force on ab F =1 (1 X B), where [ = current, | = length of ab, B = magnetic
field

Now, the angle between 1 and B is 900 - 6.

Therefore, F = [1Bsin (90° - 8) = I1Bcos® ... (ii)

This force will be equal to the sin@ component of the weight of the wire.
Hence, F = mgsing ... (iii)

Blvecosd

Now,] === BI'’=
R R

magnetic field, v = velocity, | = length of wire, § = angle between plane of rod and

... (iv), where I = current, E = emf, R = resistance, B =

horizontal

Therefore, substituting this in (ii), we get

F= 5'2521;.:!05'28 )

Hence, equating (iii) and (v), we get

B?1?vcos?e

magsing =
g R

mgRsinfmgsingR

vilZvcos208

(proved)

= Magnetic field g B = J



Answer.42

Given:

Velocity with which the wires move(v) =5 cms1 =0.05ms!

Resistance(R) =19 Q

Resistance of each of the wires(r) = 2 ()
Length of wire(l) =4 cm = 0.04 m
Magnetic field(B) =1 T

Formula used:

Emfinduced E = Blv ... () where B = magnetic field, | = length of wire, v =
velocity

Also, by Ohm’s law, emf E = IR ... (ii), where I = current, R = total resistance.

(a) When the wires slide in the same direction, we have two parallel sources of emf
with current flowing in the same direction.

Hence, from (i)netemf E = (1 X 0.04 X0.05)V = 2X 103V
Net parallel resistance of the 2 () wires = E Q=10

Hence, total resistance(R) = (1 + 19) Q =20 Q

Therefore, substituting these values in (ii), we get

Current ] — 2*29° A =104 A (Ans)
20

(b) When the wires slide in opposite directions, the two parallel sources of emf
have opposing directions. Hence, the net emf is 0.

Therefore, the net current is also 0. (Ans)



Answer.43
(2) When the 19Q resistor is removed and the wires in move in the same direction,

their polarity remains the same. Hence, the circuit remains incomplete and the
current through P,Q5 is 0. (Ans)

(b) When the wires slide in opposite directions, the polarity of one of the wires
reverses and current flows.

In this case, emf E = B[p, where B = magnetic field, | = length, v = velocity.
Hence, E = (1X0.04X0.05)V=2 x1073V

But here, resistance R = 2 ) only

Therefore, Current flowing through the wire | = % =103 A (Ans)

Answer.44

Given:

Speed(v) =5 cms ! = 0.05 ms™!
External resistance(R) = 10Q
Magnetic field(B)=1T
Formula used:

Induced emf E = Blwv ... (i), where B = magnetic field, | = length of sliding wire, v
= velocity

(a) When the switch S is thrown to the middle rail, length of sliding wirel =2 cm =
0.02m



Hence, induced emf in this case from (i) is
E=(1x0.02x0.05) V=103V
Given resistance R = 10()

Therefore, current flowing through the resistor | = g

where E = emf, R = resistance.
[ — %:,q =104 A = 0.1 mA (Ans)

(b) When the switch S is thrown to the bottom rail, length of sliding wire(l’) =4 cm
=0.04 m

Hence, induced emf E' = BI'v=(1x0.04x 0.05)V=2x 103V, where B =
magnetic field, I’ = length of sliding wire, v = velocity

Resistance R = 10Q)

Therefore, current flowing through the resistor I’ = E’/R, where E’ = emf, R =
resistance

] = 2%197°A -2 x 104 A= 0.2 mA (Ans)
10

Answer.45

Given:

Initial current passing through the circuit =i
Velocity with which the wire ab moves = v
Resistance of each wire =r

Formula used:

Induced emf due to moving of wire ab E' = Blwv ... (i), where B = magnetic field, |
= length of sliding wire, v = velocity



Initial emf in the wire Ey = ir, where i = current, r = resistance of wire ab.
Hence, netemf(E) = E, — E' = ir — Blv ... (ii)

Now, net resistance = 2r

Hence, current passing through the wire cd = E_I ; Blv (Ans)
ar '

Answer.46

Given:

Initial current =i

Length of sliding wire ab =1
Mass =m

Magnetic field = B

Formula used:

Magnetic force on the wire ab F = {lB ... (i), where i = current, | = length of
sliding wire, B = magnetic field

Now, velocity v can be writtenasv = u + at ... (ii), where u = initial velocity =
O(in this case), a = acceleration, t = time.

Hence, acceleration a = v/t ... (iii)

Now, according to Newton’s 2nd law of motion, F = ma ... (iv), where F = force,
m = mass, a = acceleration.

Substituting (iii) in (iv) and equating (i) and (iv), we get

. mv ilBt
1B =T:>’U = —

: . : L 15t
Hence, velocity of the wire as a function of time is v = — (Ans)
m



Answer.47

Given:

Initial mass = m
Magnetic field = B
Length of sliding wire =1
Formula used:

Magnetic force F = ilB ... (i), where i = current, | = length of sliding wire, B =
magnetic field.

At equilibrium, this magnetic force balances the weight of the wire mg acting
downward, where m = mass, g = acceleration due to gravity.

Therefore,mg = ilB ... (ii)

Now, when the wire ab is replaced by another wire of mass 2m, the weight acting
downward will be 2mg, where g = acceleration due to gravity.

Hence, net force = 2mg - ilB ... (iii) where 2m = mass, g = acceleration due to
gravity, i = current, | = length of sliding wire, B = magnetic field.

According to Newton'’s law of motion, F = m’a -.. (iv), where F = net force, m’ =
mass, acceleration

In this case, m’ = 2m.
Therefore, equating (iii) and (iv), we get
2mg - ilB = 2ma

>q = 2mg —ilB (V)
Im



2
Now, distance travelled can be expressed as ¢ § = ut ut + %at %atz o (Vi),

where s = distance travelled, u = initial velocity = O(in this case), t = time, a =
acceleration.

Now, distance travelled =1 (given)

Therefore, from (v), (vi) becomes:

2

1 2mg—Blv
=X —1
2 2m

Sttt = ammll
| 2mg-BIvilB

But, from (i), ilB = mg.

Therefore, t t = |—mm o _ (2
2mg-—myg ilB g

Required time taken =t = F (Ans)
g

Answer.48

Given:

Length of sliding wire = width of frame = d
Mass =m

Resistance = R



Magnetic field = B
Initial force =F
Formula used:

(a) Induced emf(when it attains a speed v) E = Bdw ... (i), where B = magnetic
field, d = width of frame, v = velocity

Therefore, induced current J = P where E = induced emf, R = resistance =

Bdv .
I = —- (ii)

Now, magnetic force acting on the wire F* = IdB ... (iii), where | = current, d =
length of sliding wire = width of frame, B = magnetic field

N cin s prrev BZd%y .
Substituting (ii) in (iii), F* = - (iv)

Now, as the magnetic force is in opposite direction to applied force, net force =

2 32,
F‘—F=F—B§”---(VJ

But, from Newton’s 2nd law of motion, net force = ma ... (vi), where m = mass, a =
acceleration

Equating (v) and (vi):

z gz z g2
B=d u:$t1 _ F,__B d=v

ma = F —

Rm

B*d%v

Acceleration of the frame at speed v = F — -
e

(Ans)

(b) For the velocity to be constant, acceleration needs to be 0.

Hence, from previous part,

= () where F = external force, m = mass, B = magnetic field, d = width

m mi
of frame, v = constant velocity, R = resistance

o, _ FR
=2V = Bz dz
C loci __FR (a
onstant velocity v, = Py (Ans)
. F  B%*d%
(c) From part (a), accelerationg = — — . k
m n

Now, acceleration a = dv/dt, where v=velocity, t = time

duv B*d%v FR —B*d%u
Hence,E = — =

Zlm

mR mpR



- dv _dt
FR — B2d%v  mR

Integrating with proper limits, we get

J" dv ©dt
o FR — B2d?2v  J, mR

-1 v £
=>[szz In|FR — B‘zdﬂvl]D = —>In|FR — B*d*v| — In(RF)
RF — B2d%v BEdt
=P————— = e~ mr
RF

Bd%r
=>B?d?y = RF(l — e mR )

EZ d’Z
But, from previous part (b), we found out that v, = %
v,B%d?
- R

Rxv,B2d®

v =
B2d42¢
Hence, {szzR](l—e_ mR )

B®d%t __Fr
=>v = vﬂ(l — e mr ): vo(l — e M) (proved)

Answer.49

(-B2d® t)

mR



Given:

Emf of the battery = €
Length of sliding wire =1
Resistance =r

Magnetic field = B
Velocity =v

Formula used:

(a) Induced emf E* = Blv ... (i), where B = magnetic field, | = length of sliding
wire, v = velocity

Therefore, netemf=¢ — EBlv

e— Blv

T

Hence, current in the wire(i) = (Ans)

(b) Magnetic force acting on the wire F = {[B ... (ii), where i = current, | = length
of sliding wire, B = magnetic field.

e — EBlu

Hence, from (a),i =
Therefore, force F — <= BWIB (ang)
™

(c) At constant velocity, net force will be 0.

(e — BIvIE -0

¥

Hence,

e —Blv = 0>v =—
Bl

Hence, value of velocity = é (Ans)



Answer.50

Given:

Length of sliding wire ab =1
Resistance =r

Mass =m

Magnetic field = B

Speed =v

Formula used:

(a) Induced emf in the loop E = Blw (Ans), where B = magnetic field, | = length, v
= velocity

: : E :
(b) Induced current in the wire ] = —= Blv (Ans), where E = emf, r = resistance
r T

As the wire is moving, the magnetic flux is increasing. Hence, the direction of the
current will be such as to oppose the increase in flux. Hence, the current will move
from b to a.

(c) Magnetic force on the wire(upward) F = IIB ... (i), where I = current, ] =
length of sliding wire, B = magnetic field.

Weight acting downward = mg

Hence, net downward force = [IB — mg ... (ii)

According to Newton’s 2nd law of motion, net force = ma ... (iii), where m = mass, a
= acceleration.

Hence, equating (ii) and (iii), ma = mg — IIB



But, I = E/r, where I = current, E = emf, r = resistance => I = Blv/r, where B =
magnetic field, | = length of sliding wire, v = velocity

_ . B2 1%v
=>accelerationg = (g — (Ans)
mir

(d) When the wire will move with constant velocity (let it be v), acceleration will
be 0.

Hence, from part (d) of this question,

HZIZUE,: 0

mr

=> constant velocity v, = :ng (Ans)

(e) From part (c),

B?%v,

mr

a=g-—

But, a = dv/dt, where v = velocity, t = time

d BZI®
Therefore, 22 = g — Yo
dt mr
dr __odt
mrg — B22v  mr

Integrating with proper limits, we get

v dv tdt
mrg _— :
— my
0 B2]2 (& 0
v 4
mr t _B2I2 _B_“
EZ!Z 0 mr mrg
- mrg
:U = _BZIr)
(BZIZ)l1—e mr
. mr,
But, from the previous part,7, = 52 If
L

B2t
Therefore, velocity as a function of time : pp = Vo (1 — e Tmr )(Ans)

(f) Now, v can be written as dx/dt, where x = position, t = time

B[t
Therefore, from previous part, y = dx _ Vg (1 — e mr )
dt

B2 %t
=>dx = v, (1 — e mr )dt



Integrating with suitable limits, we get:

x i B213¢
fd,]L':fUUl—E_mr dt
0 0

=>x = vy |t + g
)
X = vgt ——2
=> Displacement as a function of time ™~ " ° H(l _g-ﬂ—o) (Ans)

gt
(8) Then,%mgs = mgg = mgv,, (1 — E-vm)

dH (IBV)Z
dt R

i“R=R
dH 12B2 —gt\\’
&= (e

After steady state, t — oo

d dH I’B* |
EIHgS =mgv,, E = T?m

dH 1°B? mgR
dt - R '™ zB2

dH B
dt - I'ﬂng

Hence after steady state,

dH d

— = —mgs

dt _dre

So, the rate of heat developed in the wire is equal to the rate at which the
gravitational potential energy is decreased after steady state is reached.

Answer.51



Given:

Angular speed(w) = 100 revolutions/minute x 21 = 100 revolutions/60 sec x 2n=
101t/3 revolutions/sec

Length of each spoke(l) =30 cm = 0.3 m
Magnetic field(B) = 2.0 x 10 T
Formula used:

Induced emf E = Blwv ... (i), where B = magnetic field, | = length of spoke, v =
velocity

Now, linear speed of the spoke v = wr, where w = angular speed, r = distance from
the axis to the outer end.

Here, r = é, where | = length of spoke
Hence, v = "”?!

: Bwl? .
Therefore, emf induced g = === (from (i))
2

— i1y
2x10 Fx10=%(0.3)°

)V =9.42 x 1075V (Ans)
2

Answer.52
Given:
Radius =r

Angular velocity =w
Magnetic field = B

Diagram:



Formula used:
In this case, the velocity will increase radially.
Let us consider a strip of width dx at a distance x from the centre.

Hence, induced emf of this portion will be dE = Blv = Bdx x xw,whereB =

magnetic field, dx = width of the element, x = distance of the element from the
centre, w = angular velocity

Hence, integrating on both sides using proper limits, we get

E T
J- dE = J- Bxwdx
0 0

=> Total motional emf f —= BWTTZ (Ans)

Answer.53

Given:

Resistance(R) = 100
Radius(r) =5 cm = 0.05 m
Angular speed(w) = 10 rad/s

Magnetic field(B) =04 T



Formula used:
We consider a rod of length 5 cm from the centre and rotating with same w.
Hence, length of sliding rod(l) =5 cm = 0.05 m.

Now, induced emf E = Blwv ... (i), where B = magnetic field, | = length of sliding
rod, v = velocity

Now, velocity p = él w ... (ii), where | = length or rod, w = angular velocity

From Ohm'’s law, current through resistor R(I) =E/R = Bl2w/2R (from (i) and (ii)),
where E = emf, R = resistance

Hence, ] = 0.4x005° X10 o _ g 5 mA (Ans)
2 % 10

Since the disc is rotating anticlockwise, the emf induced is such that the centre is
at a higher potential than the periphery. Hence, the current leaves from the centre.
Answer.54
Given:

—B
§= k—Ly

L

Where B = magnetic field, y = distance from origin on y axis, L = fixed length.
Velocity of rod = v i
Diagram:

y

Formula used:

Now, we consider a small element dy at a distance y from the origin.



Emf induced in the element dE = Bvdy, where B = magnetic field, v = velocity, dy =
length of element

= dE = %yvud}ﬂ

Integrating on both sides with proper limits, we get

E LB
0

J- dE =J- — YU dy
0 o L

=>Totalemf E = M
2L

E =27 (Ans)

Answer.55

Given:

Current =i

Length of rod =1
Velocity =v
Distance of centre of rod from wire = x

Hence, the two ends of the rod are at distances v — é and ¥ + é from the wire

Diagram:

3 ;';:i‘
— 1

Current i




Formula used:
We consider an element of length da at a distance of ‘a’ from the wire.

Now, magnetic field due to an infinite current carrying wire at a distance a
(B) = F ... (1), where py = magnetic permeability of vacuum, i = current, a =
yigil

distance from wire.

Therefore, emf induced in the element da = dE = Bdav ... (ii), where B =
magnetic field, da = element, v = velocity

Hence, putting (i) in (ii), we get

ixdaxv
dE = HolXaaxv
2ma

Integrating on both sides and putting suitable limits, we get

I
J-EdE _ J‘X *3 pgidav
0

x_% 2na
1 .Jc'+I [ .J¢'+I
i - [T -
>F = P;“—T[Inlal] *E = P;—Tln —3%| (ans)
] X — T x —
2z 2
Answer.56

Given:

Resistance = R
Constant velocity =v
Formula used:

From previous question, induced emf



I
fgiv X+ fgiv 2x +1 . E_u giv x+1/2
E="—In|l—3%=="— | w, induced current ] = —= In
T X — 2m 2x -1 R 2mR |x—!,-’2|
2

(i), where E = emf, R = resistance, |y = magnetic permeability of vacuum, i =
current in the wire, v = velocity of sliding rod, x = distance of centre of rod from
wire, | = length of rod.

Now, magnetic force on element dg = dF = IdaB ... (ii), where I = induced
current, da = element, B = magnetic field due to infinitely straight wire

B = £2% . (iii), where g = magnetic permeability of vacuum, i = current in wire, a
2ma

= distance from wire.

Hence, (ii) becomes

I
el )
—‘:;EI;I .x_? dax 'HZDE v
dF = T2 z]’[a(%} xIn "r_zﬁ 5 integrating with suitable limits, we get
2l da
R a
I ] X +l!I
ol 2
. {x +§)(H‘I Xln x—j ¥
.[ﬂ. dF = f I ? v
x— da
2 W —
R a

=>Force needed to keep the wire sliding at constant velocity v

.\ 2 0%
_ (B! r+s Yns
F = (er) (Inx—i_a) X~ )
S P
(b) Current [ =E/R = 2“—:: In |—%| here E = emf, R = resistance, puy = magnetic
T x—

2
permeability of vacuum, i = current in the wire, v = velocity of sliding rod, x =

distance of centre of rod from wire, | = length of rod. (Ans)

(c) Rate of heat developed in the resistor = Power(P) = IR, where I = current, R =
resistance

I
. - X+
From previous part, I =22~ [ —%|therefore, rate of heat developed =
Iy 2
,una'vE X+ 1
—in|—3|| R
(L-m x — ) o eV (ans)
2 R('HLIH 2 )
T .r—£
b

(d) Power delivered by external agent = rate of heat developed in resistor =
1

[

v |4
R(m;n x4
=T I

2

)2 (ans)

o —




Answer.57

Given:

Current in wire i = ig sin wt

Length of each side of square loop = a
Distance of one edge from wire = b

Diagram:

Formula used:

Magnetic flux ¢ = f B.da... (), where ¢ = magnetic flux, B = magnetic field, da =
area element

Magnetic field due to a long current carrying wire at distance x B = ? .. (ii),
X

where p = magnetic permeability of vacuum, i = current, x = distance from wire
We consider a strip of width dx at a distance x from the wire.
Now, area element da = a dx, where a = length of loop, dx = width element

Hence, from (i) and (ii),



Flux & — j-a+|:u B da — ja +b pgiadx _ ,u,:,:'ahl (a;—b) (ans)

b b Zmx 2

(b) Emf induced in frame E = %r where ¢ = flux, t = time

pic

T

From previous part, ¢ =

I a+b . . .
n T re,1 = 1, 8In it

d® _ ppa a+by .
=>E =—="In (—)L weoswt (Ans
dt 2w p J0 (Ans)

(c)Heat developed in wire(H) = i%rt where i = current through frame, r =
resistance, t = time

atb

From previousi=E/r =% ( -

2ar

) Lowcoswt
where E = emf, r = resistance
+bY .
Hence H =£22p (a—) LowCoswt
2T b

. 20m
Now, Given: t = =—
(8]

Answer.58

Given: Length of the rectangular loop=I
Breadth of the rectangular loop=b
Current in the wire=i

Speed of loop=v

We have to find the emf induced in the loop by Faradays’s Law.



Faraday’s law states that whenever the magnetic flux through
a closed surface changes, there will be an induced emf prodced in

the loop that encloses the surface. The mathematical relation is

_d(¢s)

&= dt

where £ is the magnitude of the induced emf, ¢ is the the magnetic

flux through the surface. The negative sign arises because the
induced emf will be produced such that it will oppose the change of

magnetic flux. The magnetic flux is given by

e

where B is the magnetic field and dS is a small area element on the
surface.

The wire which is near the loop is responsible for the magnetic field .
The wire is carrying current in the upward direction so by Fleming's
right hand thumb rule, the magnetic field will be perpendicular to the

plane of the paper in the inward direction.

We have to now calculate the magnetic field acting across the loop.
Let us consider a small rectangular element of length b and width dx
at a distance of x from wire. The magnteic field on this element due

to the current carrying wire is given by Ampere circuital law.
— == iyl
j{; 5 a Ho

j{;—h%: j{;BdIcasE = j{;BdE
B 'dl



(cos 6=1 because the =} vector and 5 vector are both acting in ward in the plane of

paper so 8=0", here dl is a small current carrying element of the circular amperian
loop)

jEBdE=Bj{;dI=B><2HI

B x 2mx = uyl
Hol
B=—
2mx

The magnetic flux through this element will be

dpg = P— .=

B ds

dpg = jg BdS cosé@

doy = jﬂ BdS = Bbdx

(cosB=1 because the magnetic field across the area and the normal
vector of this area element both point in the same direction so 8=0"
so cosB=1)

The total magnetic flux through the loop will be the flux through

Infinite such elementss from x=a to x=a+l

b= [ as,

X=a

x=a+l
b5 = f Bbdx

x=a+l i
bo=| b

_ Hoib px=a+ll . . .
bs = - fx:a xdl (taking constants out of the integral)

_ Moib o a+l
= [[nx]

Pz

folb
bs = Er [n(a+1)—In(a)]



_y,,:.ibl a+I
C 2w [n a

Ps

a+l

]

a(E2na )

The flux through the loop is?—f’ [In

The emf induced willbe ¢ — _ 2\ 2x ;
dt
Uoth . a+1 )
. _d(EH [In a2 ]
a dt
a+l
£= — (P‘D"E’) d({inTD (taking constants out of the differential)
Zm di
) da d(l + a)
e (ju,:.:,b) a la+Dgr—a——F—
2w Jra+ 1 a?

c_ (puib) a (a+ v—av
B 2m /a+ 1 a2

(because g = p as the rate of change of Distance from wire is the loop speed)

e _(pgib)( 1 )XE_U

2 /ta+ 1 a
—lgiblv
" 2mala+ 1)
The magnitude of the induced emf is LMU.
2rala+l)

Answer.59

Given:Radius =

da



Magnetic field = B

Resistance = R

Angular velocity =w

Formula used:

Let us consider an element of length dr at a distance r from the centre.

Hence, induced emf on this portiondE = Blv = Bdrwr ... (i), where B =

magnetic field, dr = length of element, w = angular velocity, r = distance from
centre (since v = wr)

Hence, integrating on both sides with suitable limits, we get

Bwa”

[JdE = [Bwrdr=E =

E .
Now, current | = = where E = emf, resistance = R

Bwa®
2R

:>I —

Hence, force ontherod F = [IB = laB(where I = current, a = length of rod, B =

magnetic field) = F = 322:"3 (Ans)

Answer.60

Given:

Resistance of circular loop =R
£A0C =90°

Angular velocity =w

Formula used:

Bwa”

2R

From the previous problem, emf E = ... (), where B = magnetic field, w =

angular velocity, a = radius
Now, since ZAOC = 90°, the major and minor segments of the arc AC consist of

parallel combination of resistances of R/4 and 3R /4 respectively (since the
resistance is divided in the ratio of the angle at the centre).



. . E.2R 3R
Hence, equivalent resistance pr — s~ s = e
R

Therefore, current through the rod ] = 5, where E = emf, R" = equivalent

resistance
Bwa? -
Wi
=] =—3&—= (Ans)
3A 3R
1la
Answer.61

When the circular loop is in the vertical plane, it tends to rotate in the clockwise
direction because of its weight.

Let the force applied be F and its direction be perpendicular to the rod.The
component of mg along F is mg sin 6.The magnetic force is in perpendicular and
opposite direction to mg sin 6.

el A l o
B 0 Now, Current in the rod will be
mg
F=mg sin8
: Ba‘w
2R

The force on the rod will be

BZaZw
2R

Fp = 1Bl =

So, the net force will be

BZa’w
2R

+ mgsinf



The net force passes through the centre of mass of the rod.Net torque on the rod
about the centre O will be

- Bzazm+ - 0OA
T= IR mg sin 2

Because the rod rotates with a constant angular velocity, the net torque on it is
Zero.

Thus, T =0

- B?a2m+ - 0A 0
R Img sin 2 =

B?a’w
2R

+ mgsin B

Answer.62
Given:
Emf=¢€
Resistance =r
Angle made by rod = 6
Angular velocity =w
Formula used:
Bwa?®

From the previous questions, induced emf ¢ — ... (1), where B = magnetic
2

field, w = angular velocity, a = radius



Bwa®
2

Hence, Totalemf=F + ¢ = E +

BwaZ
Total current i = total emf/resistance =E +—— _ Bwa® +2E _ (ii), where R =
R 2R

resistance

‘Now, net force ontherod F = (mgcosé — ilB) ... (iii),

where mgcos0 = component of weight along rod, where m = mass, g = acceleration
due to gravity, 0 = angle made by rod with horizontal, and ilB = Magnetic force,
where i = current, | = length of rod, B= magnetic field.

Since the rod rotates with uniform angular velocity, net torque about O = 0.
Hence, torque = net force x distance from line of action =

(mgcosé — ilB) G) = (0, where a = radius of rod

Therefore, mgcos8 = ilB ... (iii)

Bwa® + 2F Bwa® + 2EaB
Hence, R = ——— (ax B) > R = —————(Ans)
iR 2mgecost

Answer.63
Given:

Mass =m

Length =1
Magnetic field = B
Capacitance = C
Formula used:

Induced emf E = Blv ... (i), where B = magnetic field, 1 = length, v = velocity



Also, we know that F = % ... (ii), where q = charge, C = capacitance.
Hence, Blv = % = q = CBlv. (ii)
Therefore, current | = g, where q = charge, t = time

. CEldv
=1 =

= (CBla ... (iii), where a = acceleration

Therefore, net force on rod = weight - magnetic force = mg - ilB .. (iv), where m =
mass, g = acceleration due to gravity, i = current, | = length, B = magnetic force

From newton’s second law of motion, F = ma ... (v), where f= force, m = mass, a =
acceleration

Therefore,ma = mg — ilB = mg — CB?1%a (from (iii))

= a(m + CB*1*) = mg

i 1y

=>acceleration @ = ———— (Ans
m + CBZI2 ( )

Answer.64

Given:

Magnetic field = B
Rate of increase of magnetic field = dB/dt

Radius =r



Formula used:

(@) Induced emf F' = i—j ... (i), where ¢ = magnetic flux, t = time

Now, ¢ = B.A where B = magnetic field, A = area

di(B.4) _ ..rl_aTE' (ii)

Hence, E' =
dt dt

For the circular loop, 4 = mr2 ... (iii), where A = area, r = radius

Let the electric field be E

Hence, [ E.dr = E’ .. (iv) ,where dr = element of length, E’ = emf

Hence, for this loop, [ dr = 2mr, where r = radius

dB
=>F x 2nr = nr*—
dt

rdB
=>E = 2 (Ans)

(b) When the square is considered, A = (2r)2 = 4r2, where A = area, r = radius

In this case, f dr = 2r x 4(perimeter of square)

Hence, from _[ E.dr = E',where E =electric field, dr = length element, E’ = emf,
we get

dB
E x 2r x4 =——x4r?
dt

- r dB
=> electric field E = 2 (Ans)

Answer.65

Given:



Rate of variation of current(g) =0.01As L.

No of turns/m (n) = 2000

Radius(r) =6 cm = 0.06 m

Formula used:

(a) Radius of circle(r’)=1cm =0.01 m

Time(t) =2s

For two seconds, change of current A{ = (2x0.01 A.)=0.02 A
Magnetic flux ¢ = B. A4, where B = magnetic field, A = area
Area of circle(4) = m(0.01)* = m x 10™*m?

Magnetic field of a solenoid B = p,nAi, where pg = magnetic permeability of
vacuum, n = number of turns per unit length, Ai = change in current

Hence, flux ¢ = B.A = ndi x A

=>¢ = (4m x 1077 x 2000 x 0.02) xw x 10 *Tm? = 1.6 x 1072 Wb

Hence, i—j in1second =0.785 x 108 Wb (Ans)

(b) f Edr=EFE = g, where E = electric field, dr = line element, E’ = emf, ¢ = flux,

t =time
Hence, in this case, this becomes

de ) )
Ex2nr = = where r = radius of circle
t

—8
>F = 270X 1.2 x 1077 Vml(Ans)
2m = 10

(c) For the point located outside,

d®  ppndi

— XA = (47 X 1077 x 2000 x 0.01 xm X 0.062)Wbs'1

¢ = flux, t = time, 1y = magnetic permeability of vacuum, n = number of turns per
unit length, di/dt = rate of change in current

de
f E.dl = % = £ =41, where E = electric field, r = radius of circle(since

2mr
[dl = 2nr)

47 % 1077 x 2000 % 0.01 Xmx 0.06%) _ dB
T X 0.092 dt

Hence, F = (



S>E =5.64x 107 Vm'! (Ans)

Answer.66
Given:
Emf(E) =20V

Rate of change of current(g) = H;—{;h] A/s=50As1

Formula used:

EmfE = Ldi:, where L = self inductance, di/dt = rate of change of current

Substituting the values, we get
20 = Lx50

=> selfinductance |, = 0.4 H (Ans)

Answer.67

Given:

Magnetic flux(®) = 8 x 10°* Wb
Number of turns(n) = 200
Current(i)=4 A w

Formula used:

L = (E), where L = self inductance, n = number of turns, ® = flux, i = current
i

Putting the values, we get

—4
L =mﬂ — 0.04 H (Ans)



Answer.68

Given:

Number of turns(n) = 240

Length of solenoid(1) =12 cm =0.12 m
Radius(r) =2 cm = 0.02 m

Rate of change of current(di/dt) = 0.8 As™1

Formula used:

L = pon2A/1, where L = self inductance, 1y = magnetic permeability of vacuum n =
number of turns, A = area, | = length

Ldi . di
Now,emf E = d:, where L = self inductance, d—; = rate of change of current

Putting the values:

49 % 107 %240° ¥ T x0.02% 0.8

=6 x 10~*V (Ans)
0.12

E

Answer.69
For a series LR circuit, the current across the inductor varies as a

function of time. The current across the inductor at time t will

be
i=ip(1-eT )t

where i is the current at time t=0(also called the steady state value), R is the
resistance of the resistor and L is the inductance of the inductor.



We can define a quantity called the time constant for a series LR circuit. [t is given
as

t=L/R

So equation(i) becomes

- - _t .-w

i =i, (l— E?) (i1

We have to find the values of £ for three different values of current
T

(a)- wheniis 90% of i

0 .. 90 . . _ 9.
90% of iy is 0010501 =Tl

Putting these values in eq(ii)

9. . —t

9 -t
E_(l—ﬁ‘r)
-t 9
ET:l_E
-+ 1
ET:E

Taking natural logarithm on both sides

t 1ZL
_111[}

t
= In(1) — In(10)
_E = —In (10) (as In (1) is equal to 0)

t
.= In(10) = 2.30

The value of = for which the current is 90% of steady state
T

value is 2.3.

(b)- when i is 99% of i

. .99 . . 99,
99% ofigis —igp,s0 L = —1,
100 100



Putting these values in eq(ii)

2 . . =t

100
-

100 er
99

¢r = 7100
—t 1

e = —

Taking natural logarithm on both sides

t_ 1
r~ 00

t
= In(1) — In(100)
_E = —In (100) (asIn (1) is equal to 0)
t
= In(100) = 4.60

The value of = for which the current is 99% of steady state
T

value is 4.6.
(c)- wheni is 90% of i

.. 999 . . 999 .
99.9% of i is——1ip,s01 = —1,
1000 1000

Putting these values in eq(ii)

999 . =t
1{1(}[1*“:"“(1_“)

999 (1 —_t)
1000 et

999
€T = 71000
—t l

€T = 71000

Taking natural logarithm on both sides



t_, 1
=~ M000

t
——=1n(1) ~ In(1000)

_E = —In (1000) (as In (1) is equal to 0)

t
= In(1000) = 6.90

The value of = for which the current is 99.9% of steady state
T

value is 6.9.



