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@ Induction experiments
@ Faraday’s law

@® Lenz's law

@ Motional EMF

@ Induced electrical fields

@ Eddy currents

@ Superconductivity



Learning Goals

e The experimental evidence that a changing magnetic field

induces an emf.

e How Faraday’s law relates the induced emf in a loop to the
change in magnetic flux through the loop.

e How to determine the direction of an induced emf.

e How to calculate the emf induced in a conductor moving through
a magnetic field.

e How a changing magnetic flux generates an electric field that is
very different from that produced by an arrangement of charges.

e The remarkable electric and magnetic properties of

superconductors.



[ ———————

When a credit card is “swiped” through a card reader, the

information coded in a magnetic pattern on the back of the card is
transmitted to the cardholder’s bank. Why is it necessary to swipe
the card rather than holding it motionless in the card reader’s slot?




EMF that is not like that of a battery

e an electromotive force (emf) is required for a current to flow in a
circuit.

e Up to now we almost always took the source of emf to be a
battery.

e But for the most of electric devices that are used in industry and
in the home (including any device that you plug into a wall
socket), the source of emf is not a battery but an electric
generating station.

e Electrical energy-conversion devices such as motors, generators,

and transformers.

e A time-varying magnetic field can act as a source of electric field.

A time-varying electric field can act as a source of magnetic field.



Induction experiments



Induction experimets: stationary magnet

(a) A stationary magnet does
NOT induce a current in a coil.

e A coil of wire is connected to a
galvanometer. When the nearby
magnet is stationary, the meter
shows no current.

%

Meter
shows zero
current.
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Induction experimets: stationary magnet

(a) A stationary magnet does
NOT induce a current in a coil.

e A coil of wire is connected to a
galvanometer. When the nearby
magnet is stationary, the meter
shows no current.

e 4 | .
- 3 e Not surprising; no source of emf in
Meter the circuit.
shows zero
current.
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Induction experimets:

(b) Moving the magnet |
toward or away from the coil e But when we move the magnet either

toward or away from the coil, the
meter shows current in the circuit,

but only while the magnet is moving.




Induction experimets:

(b) Moving the magnet |
toward or away from the coil e But when we move the magnet either

toward or away from the coil, the
meter shows current in the circuit,

but only while the magnet is moving.
e If we keep the magnet stationary and

move the coil, we again detect a
current during the motion.




Induction experimets:

(b) Moving the magnet |
toward or away from the coil e But when we move the magnet either

toward or away from the coil, the
meter shows current in the circuit,

but only while the magnet is moving.

e If we keep the magnet stationary and
move the coil, we again detect a
current during the motion.

o We call this an induced current, and
the corresponding emf required to
cause this current is called an

induced emf.




Induction experimets: moving current carrying coil

(c) Moving a second, current-carrying

coil toward or away from the coil e We replace the magnet with a second

coil connected to a battery.
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Induction experimets: ing current carrying coil

(c) Moving a second, current-carrying

coil toward or away from the coil e We replace the magnet with a second

coil connected to a battery.

e When the second coil is stationary,
there is no current in the first coil.

e However, when we move the second
coil toward or away from the first or
move the first toward or away from
the second, there is current in the
first coil, but again only while one

coil is moving relative to the other.

E—— \



Induction experimets: stationary coil with varying current

(d) Varying the current in the second

coil (by closing or opening a switch)

e Finally, we keep both coils stationary
and vary the current in the second
coil, either by opening and closing
the switch.




Induction experimets: stationary coil with varying current

(d) Varying the current in the second

coil (by closing or opening a switch)

e Finally, we keep both coils stationary
and vary the current in the second
coil, either by opening and closing
the switch.

e We find that as we open or close the

switch, there is a momentary current

pulse in the first circuit.




https://www.youtube.com/watch?v=vwIdZjjd8fo&t=46s
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https://www.youtube.com/watch?v=vwIdZjjd8fo&t=46s

A more detailed series of experiments

We connect a coil of wire to a

galvanometer and then place the

coil between the poles of an

electromagnet whose magnetic
field we can vary.

11




A more detailed series of experiments

When there is no current in the

electromagnet, so that B =0 the

galvanometer shows no current.

11
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A more detailed series of experiments

When the electromagnet is turned

on, there is a momentary current

through the meter as B increases.
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A more detailed series of experiments

When B levels off at a steady
value, the current drops to zero, no

matter how large B is.
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A more detailed series of experiments

With the coil in a horizontal plane,

we squeeze it so as to decrease the
cross-sectional area of the coil.
The meter detects current only

during the deformation, not before

or after. When we increase the

area to return the coil to its
original shape, there is current in
the opposite direction, but only
while the area of the coil is

changing.
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A more detailed series of experiments

e If we rotate the coil a few
degrees about a horizontal axis,
the meter detects current during

the rotation, in the same direction

as when we decreased the area.

e When we rotate the coil back,
there is a current in the opposite
direction during this rotation.
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A more detailed series of experiments

If we jerk the coil out of the
magnetic field, there is a current

during the motion, in the same

direction as when we decreased the

11

area.
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A more detailed series of experiments

e If we decrease the number of

turns in the coil by unwinding one
or more turns, there is a current

during the unwinding, in the same

direction as when we decreased the

area.

e If we wind more turns onto the
coil, there is a current in the
opposite direction during the

winding.

11
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A more detailed series of experiments

When the magnet is turned off,

there is a momentary current in

the direction opposite to the

current when it was turned on.
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A more detailed series of experiments

The faster we carry out any of

these changes, the greater the

current.

Copyright ©2008 Poarson Education, Inc., publshing as Pearson Addison Wesiey
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A more detailed series of experiments

e If all these experiments are

repeated with a coil that has the

same shape but different material
and different resistance, the

current in each case is inversely

proportional to the total circuit

resistance.
e This shows that the induced
emfs that are causing the current

do not depend on the material of

the coil but only on its shape and
the magnetic field.
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Faraday’s law



Faraday’s idea: changing magnetic flux ®(t)

The common element in all these
experiments is changing magnetic flux &5

through the coil connected to the

galvanometer.
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Magnetic Flux

The magnetic flux is defined as

Oy = / B.dA
A The unit of magnetic flux is the weber
(Wb)
/)] 1Tm? = 1Wbh

Magnetic flux through element of area dA:
d®y = B+ dA = B dA = B dA cos ¢

13



Magnetic Flux

e-on to magnetic field

Surface i
+ Band A are perpendicular (the angle
between B and A is ¢ = 90°).

Surface is tilted from a face-on orientation

Surface is face-on to magnetic field:
« Band A are parallel (the angle between B by an angle ¢
and A is ¢ = 0) « The angle between B and 4 is ¢

+ The magnetic flux dp = B-A = BA « The magnetic flux ® = B+A = BA cos ¢. + The magnetic flux
Oy =B+A = BAcos 90° = 0

$=0
i e g
_'>§ = 3 -
S— A A
A - - _— -
A S

Copyrignt ©2008 Pearson Education, Inc. publishing as Pearson Addison-Wesley.
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Changing magnetic flux

The magnetic flux

Dp :/ﬁ-d.&: /BdACOS(b
can change in 3 ways:

e The field itself changes.
e The area changes.

e The angle, ¢, between B and A changes.

What does the changing magnetic flux do?
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Maxwell’s Equations

e Gauss’s law 0
%Edﬁ:Jﬂ
€0

e Faraday’s law

741?:? B.dA

e Gauss’s law for magnetism

e Generalized Ampere’s law

N alel |
j{B‘dlzﬂoienchﬂoﬁoa/E'dA
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Faraday’s law of induction

Faraday’s law
fﬁ-df: —i/ﬁ-dﬁ;
dt

states that the induced emf,

Ezygﬁ-df

in a closed loop equals the negative of the time rate of change of

magnetic flux

@Bz/ﬁ.cﬂi

_ dPp

17
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Faraday’s law of induction

If we have a coil with N identical turns, and if the flux varies at the
same rate through each turn, the total rate of change through all the
turns is NV times as large as for a single turn. If ®g is the flux
through each turn, the total emf in a coil with IV turns is

(0]
_Nd B

‘TTa
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EMF and current induced in a loop

If the magnetic flux through a circuit
changes, an emf and a current are induced
in the circuit according to Faraday’s law

fﬁ.dr:_i/ﬁ.dg
dt
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Changing magnetic flux

The magnetic flux

(I)B:/ﬁ-d.&:/BdACOS(b

can change in 3 ways:
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Changing magnetic flux

The magnetic flux

Dp :/ﬁ-d.&: /BdACOS(b
can change in 3 ways:

e The magnitude of the field, B, changes.
e The area, A, changes.

e The angle, ¢, between B and A changes.

What does the changing magnetic flux do?
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Ex: Changing flux by changing the magnitude of the field

Total resistance in circuit
and meter = 5.0 ()

o d®p/dt = d(BA)/dt = (dB/dt)A = 0.020T/s x 0.012m?

=0.24mV
e I =E/R=0.24mV/5.0Q = 0.048mA

21



Direction of the induced emf

e Defihe a + diredtion for A. Direction of induced current from

e From the directions of A and ]§7 EMF creates B field to KEEP

determine the sign of ®p and its rate original flux constant!
of change d®p/dt.

e Determine the sign of the € or I. If

the ®p is increasing, so d®pg/dt > 0, —
then € or I is —; if the flux is Change in B
decreasing, d®g/dt < 0 and € or [ is
-
il B
e Finally, use your right hand to (increasing)

determine the direction of £ or I.
Curl the fingers of your right hand
around A7 with your right thumb in
the direction of A. If £ or I in the
circuit is +, it is in the same direction
as your curled fingers; if € or [ is —,
it is in the opposite direction.
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Direction of the induced emf

Direction of induced current from EMF creates B field to KEEP
original flux constant!

(a) Motion of magnet causes (b) Motion of magnet causes

. . increasing downward flux decreasing upward flux
The magnetic flux is through through
becoming (a) more loop: 3l loap. 31
positive d®g/dt > 0, . .

s B; B;
(b) less positive induced /) lﬂl\\
dCI)B/dt < 0.

The magnetic flux is
becoming (¢) more

negative dq)B/dt <0, The induced magnetic field is upward to oppose the flux
and (d) less negative change. To produce this induced field, the induced current
ddp / dt > 0. must t:e counterclockwise as seen from above the loop.
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Direction of the induced emf

Direction of induced current from EMF creates B field to KEEP

original flux constant!
() Motion of magnet causes (d) Motion of magnet causes

decreasing downward flux
through

joop. 1
Il

increasing upward flux
through

/I

Binduced "‘, :" i J v

The induced magnetic field is downward to oppose the
flux change. To produce this induced field, the induced
current must be clockwise as seen from above the loop.

23



Ex: Changing flux by changing area

v dt
X X X X X X X X X X X
/ AN
><><><<_1><xx X X X
—
B
XX X X X X s X X
—
XA E|] = L
XX X X X X X X X
1
X\XXXEXX X ><n><

o A(t) = La(?)

o d®p/dt = d(BA)/dt = BL dz/dt = BLv
e £=—BlLv
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Ex: Motional emf

X X X X %
-

[
X 54 X X
B v

R B

X X %

L
56 4 X X X

Question

A 0.50 m-long metal bar is pulled
to the right at a steady 8.0m/s
perpendicular to a uniform, 0.25T
magnetic field. The bar rides on
parallel metal rails connected
through a 5.0 Ohm, resistor so the
apparatus makes a complete
circuit. Ignore the resistance of the
bar and the rails. Calculate the
magnitude & direction of the emf

induced in the circuit, and the
current.
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Ex: Motional emf

X X X X %
-

[
X 54 X X
B v

R B

X X %

L
P 4 X X X

Answer

e Givens are L = 0.5m,
v=28.0m/s, B=0.25T,
R = 5.0 Ohm.

e Thus || = BLv=0.25T x
0.50m x 8.0m/s = 1.0 V.
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Ex: Motional emf

Answer

e Givens are L = 0.5m,

X X X Xg X v=28.0m/s, B=0.25T,
- I ) R = 5.00hm.
xS X 3 X? e Thus || = BLv=0.25T x
R _
.l o " 0.50m x 8.0m/s = 1.0 V.
I 5 e [=|£|/R=1.0V/50hm =
X X X xb x 0.20A.
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Ex: Motional emf

Answer

e Givens are L = 0.5m,

X X X X X X v=28.0m/s, B=0.25T,
[ ] ) R = 5.0 Ohm.
xSX XE - X? e Thus || = BLv=0.25T x
R _
.l 48 " 0.50m x 8.0m/s = 1.0 V.
I 5 e [=|£|/R=1.0V/50hm =
X X X X xb x 0.20A.

e The flux into the page is
increasing. The induced

current be in such a direction
to decrease it:
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Ex: Motional emf

Answer

e Givens are L = 0.5m,

X X X X X, X v=28.0m/s, B=0.25T,
[ — > R = 5.0 Ohm.
X X x I'X ~ e Thus || = BLv=0.25T x
RSl B ' 0.50m x 8.0m/s = 1.0V.
X X X X
E— ; o I=|&|/R=1.0V/50hm =
X X X X xb x 0.20A.

e The flux into the page is
increasing. The induced

current be in such a direction
to decrease it:
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Ex: energy in the slidewire generator

X X X X X X X X x X X
X xﬁxfx X X X X Ex X
B N
XX X X X X XFX oX X
e [
X|{x X X X X X X X X
I 5,]\
X[ x x xIx x x X xnx
X ¥ K o® M B X X X K X

e EMF: £ = —BLw, the current I = |£|/R = BLv/R
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Ex: energy in the slidewire generator

X X X X X X X X x X X
X xﬁxfx X X X X Ex X
B N
XX X X X X XFX oX X
e [
X|{x X X X X X X X X
I 5,]\
X[ x x xIx x x X xnx

X

X X X X X X X X X X

e EMF: £ = —BLw, the current I = |£|/R = BLv/R
o Fy=IL x B, F=ILB=(BL)*/R
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Ex: energy in the slidewire generator

RS, X X XX X X X

e EMF: £ = —BLw, the current I = |£|/R = BLv/R
o Fy=IL x B, F=ILB=(BL)*/R
e This force does work at the rate Papplica = Fv = (BLv)?/R.
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Ex: energy in the slidewire generator

X

S, XXX XX X X

e EMF: £ = —BLw, the current I = |£|/R = BLv/R

o Fy=IL x B, F=ILB=(BL)*/R

e This force does work at the rate Papplica = Fv = (BLv)?/R.
e Piissipated = I°R = (BLv/R)?R = (BLv)?/R.
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Ex: energy in the slidewire generator

RS, X X XX X X X

e EMF: £ = —BLw, the current I = |£|/R = BLv/R

o Fy=IL x B, F=ILB=(BL)*/R

e This force does work at the rate Papplica = Fv = (BLv)?/R.
e Piissipated = I°R = (BLv/R)?R = (BLv)?/R.

e The rate at which work is done is exactly equal to the rate at
which energy is dissipated in the resistance!
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XX XRX X

X X XmXLX

X X Xl)( X

XX XUx X

Question

A metal bar of length L and mass m is
released through a U-shaped wire in a
magnetic field B in a gravitational field g.
(a) What is the terminal speed, vy of the
bar?

(b) What is the velocity of the bar at any

time.
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X X X X X
A
XX XRX X
xlxxxx’[
F
X | X7 X7 X
[ Am*L
T A >
ma
XIx RKRUx X%

‘/ZB

X
Xgl
X
X

X

Solution (a)

e At the terminal speed the gravitational
force mg is balanced by the magnetic
force 'y = ILB.

e Here [ = /R and € = BLv. Thus

BLv (BL)2
= — Fg|=
R Ll 2
e Thus
BL)2U =mg=|v e
R T g P £ (BL)?
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X X X X X
A
XXXRXX
xlxxxx'[
Ly
X | X7 X7 X

Am*L
A
ma
X|x RUx X

Solution (b)

XB ° Fnet:ma:m%
X
(BL)? dv
mqg — v =m—
‘] 1R dt
X
X e Initial condition v(t = 0) = 0.
X e Define u = v/vr and 7 = vr/g and
t*=t/T
du
1 — ==
T

27



X X X X X X Solution (b)

x | x %\E; X | x e The solution of the equation is
X\I% xh X xTXgl bl | de

X | X7 Am*L x| %

A X ’il X X X

« | x m\g{. v x| x e Thus

v = Uy (1 — e*t/7>

where vy = % and T = vr/g.
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Ex: changing the orientation

(a)

Start with

de
—N—=B

&= dt

where

O (t) = BAcosé(t)
= BA cos(wt)

We thus obtain

€ = NBAwsin(wt)

Gopyright © 2008 Pearson Education, Inc., publishing as Pearson Addison-Wesley.
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Changing flux by changing the orientation

Start with

de
—N—=B

&= dt

()
Loop(seen—='"—— 7 ——w | wv t ux =5
where end-on) W sl = | e

Flux decreasing Flux increasing

most rapidly, most rapidly,

(I)B (t) — BA-cos (z)(t) largest positive emf.  {  Jargest negative emf

Flux at its most H Flux at its most
£ = —dDpldr :

negative value positive value,
= BAcos (wt) £ Oy emf is zero. emf is zero

We thus obtain

Dy

€ = NBAwsin(wt)
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Ex: Changing flux by changing the orientation

(@

BI‘th\
Slip (

rings

‘Copyright © 2008 Pearson Ecucation Inc., publishing as Pearson Addison-Wesley.

(b)

Loop (seen— g S x T Fd B
end-on) 4 & = _—

Flux decreasing

Flux increasing
most rapidly, most rapidly,

largest positive emf. largest negative emf

Flux at its most Flux at its most

negative value i positive value,
emf is zero emf is zero

i : £

% v t

30



Lenz’s law




Lenz’s law

e Recall: Direction of induced current
}Chaﬂge in B from EMF creates B field to KEEP
B original flux constant!

(mcmgi e Induced current generates B field

< ( u) I whose flux is opposing change.
‘ *Binduced ‘ e The direction of any magnetic

‘ ‘ induction effect is such as to oppose

31
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the cause of the effect.



Why Lenz’s Law?

Suppose the opposite was true - increasing flux generated supportive

current ...

(@)

(increasing)

- Suppose
— = induced
<< >< current
———— went this
way!

\
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Why Lenz’s Law?

Suppose the opposite was true - increasing flux generated supportive
current ...

W Induced
current
creates B
\> field!
S

t~
Remember — this isn't the case! \ N
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Why Lenz’s Law?

Suppose the opposite was true - increasing flux generated supportive

current ...

N\ B field
would
ATTRACT
incoming
magnet!

<o

Remember — this isn't the case!
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Why Lenz’s Law?

Suppose the opposite was true - increasing flux generated supportive

current ...

W Magnet
would
accelerate!

e
%
Remember — this isn't the case!
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Why Lenz’s Law?

Suppose the opposite was true - increasing flux generated supportive

current ...

A\ KE
increases
with no

work done!

al
\‘IX

e
Remember — this isn't the case! e
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Why Lenz’s Law?

Lenz’s Law is like a conservation of energy relation!
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Motional EMF




Motional electromotive force

X XWX

et

<
X % I ™ XD
& L»
X X X X X
x x_1I o x X
H’
X X X X X

We have seen that an EMF || = BuL is
induced in the loop because as the area
changes, the flux of magnetic field changes:

dop dz
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Motional electromotive force

X X a X
N N s
B
X X X
X X . X
]
L ' > What if I told you that the same EMF,
R " >< |€] = BvL, is induced at the tips of the same
conductor even there was no U-shaped wire?!
X X X
2NN
X X p X
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Motional electromotive force

e Assume for simplicity that the charge

carriers in the conductor are +.

(@) Tsolated moving rod e A magnetic force Flg = quB acts on the ¢
% % g v 1 1.
T because it is moving in a B.
Charges in the
¢ ing rod are .
actod woon by e As + charge accumulates on one tip the
a magnetic force . .
s O e other tip becomes — and hence an E is
L G | L .
: induced which acts Fgp = ¢F to balance
Fr= gE ... and the resulting
L*.__ 4 charge separation FB r
] - ., createsa canceling
x5 " electric force F e The equilibrium is achieved when

Fg=Fp i.e./qE:ng:E:vB
e Recall V, — Vj = — fba E - d which gives

AV =FEL= BLv
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Ex: Plane moving in the -field of the Earth

Question

A plane is moving with a speed of

v = 720 km/hour. The wings of the plane
span 30m. The magnetic field of Earth is
B =0.5G. What is the EMF induced
between the tips.

34



Ex: Plane moving in the -field of the Earth

Solution

Convert to SI:

v = 720 km/hour = 200 m/s. The wings of
the plane span 30 m. The magnetic field
of Earth is B=0.5G = 0.5 x 1074 T.

E=BLv
=0.5x10"*T x 30m x 200m/s
=03V
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Ex: Rod rotating in a  field

Question

A rod of length ¢ = 0.5m is rotating, about a
pivot (hinge) at one of its tips, with angular
velocity w = 60rad/s in a magneic field of

B =2 x1073T. What is the induced EMF
between the tips?
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Ex: Rod rotating in a  field

Solution

e Every point on the rod is moving with a
different velocity v = wr where 7 is the
radial distance form the pivot.

e The EMF induced between r and r + dr
is d€ = Buvdr. Hence

d€ = Bwrdr,
: ¢
X x xxoxox €:Bw/ rdr
0
B - 1
= - Bw/(?
2

=0.5x21073T x 60rad/s x (0.5m)>

=15x1072V
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Motional EMF': general form

The concept of motional emf for a conductor with any shape, moving

in any time-independent B, uniform or not.

@ A conducting loop moves
1, in a magnetic field B.
For an element dl of the conductor, -

the contribution d€ to the emf is the v
magnitude d/ multiplied by the 4 ;

@ This element of the loop
has length dland velocity U

component of ¥ x B (Fp per unit q)

-

parallel to dl; that is d€ = v x B - dI:

Z= }{ (v xB)-al
ﬁ/ < B element of the loop.

Although it looks different than _ B _
d<I’ @The total motional emf in the loop is the
g = B they are equ1valent integral of the contributions from all elements: g

"‘
@ Calculate the motional
emf due tq|this element:
=/v X B)-dl

Goenenes @ Repeat for each

&= %(.ij")wu'

This alternative form is convenient for moving conductors.
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Ex: Faraday disk dynamo

Question

A conducting disk with radius R that lies in
the xy-plane and rotates with constant
angular velocity w about the z-axis. The disk

is in a uniform, constant B field in the

z-direction. Find the induced emf between

the center and the rim of the disk.
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Ex: Faraday disk dynamo

Solution

e A point at a radial distance r has

velocity v = wr

e The EMF induced between r and r + dr
is d€ = Bvdr. Hence

Comtdt camen d€ = Bwrdr,

R
&= Bw/ rdr
0
1
= §BWR2
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Ex: Faraday disk dynamo

Note

e We can use this device as a source of emf
in a circuit by completing the circuit
through two stationary brushes (labeled
b) that contact the disk and its
conducting shaft.

e Faraday disk dynamo is also called a a
homopolar generator.
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Induced electric fields

e When a conductor moves in a magnetic field, we can understand
the induced emf on the basis of magnetic forces on charges in the
conductor.

e But an induced emf also occurs when there is a changing flux
through a stationary conductor.

e What is it that pushes the charges around the circuit in this type

38

of situation?



Induced electric fields

@

A long, thin solenoid with cross-sectional

Wire loop area A and n turns per unit length is

encircled at its center by a circular

Solenoid

Tl.ﬂ \

dt

conducting loop.

e The galvanometer G measures the

current in the loop.
\ Blue cylinder shows region . . .

with magneti field B e A current [ in the winding of the
solenoid sets up a magnetic field
B= [IJQTLI

e If we ignore the small field outside the

solenoid then &g = BA = pugnlA.
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Induced electric fields

@

A

T \(
Wy

Galvanometer

Wire loop

\ Blue cylinder shows region
with magnetic field B

e When the solenoid current I changes

with ¢, the magnetic flux ®p also
changes, and according to Faraday’s law
the induced emf in the loop is

ddp dr

= - = A—
& dr T 1Ot

If the total resistance of the loop is R,
the induced current is I’ = £/R.

But what force makes the charges move
around the wire loop?

It can’t be a Fg because the loop isn’t @
even in a B.
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Induced electric fields

(b) e There is an induced electric field in

° the wire caused by the changing
\ magnetic fluz.

e Induced electric fields are very different
from the electric fields caused by charges.

E

e when a charge ¢ goes once around the
loop, W = ¢€.

e The E in the loop is not conservative

=

whereas E produced by stationary
charges was conservative.

s:]{f;.df
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Induced electric fields

(b) e From Faraday’s law, £ = — d®p/dt the

e emf is also the negative of the rate of

\ 7 change of magnetic flux through the
loop. Thus for this case we can restate
Faraday’s law as

. . ddp
E.-dl=-—2
/ =

)

1)

e Faraday’s law is always true in the form

g = —(%B; the form given in above is

valid only if the path around which we
integrate is stationary.
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Induced electric fields

(b) o Let’s apply § E - dl = —425 to the loop

e with radius r.
\ i e Because of cylindrical symmetry, E has

the same magnitude at every point on
the circle and is tangent to it at each
point: §E-dl = 27rE. Thus

)

1

B 2rr

1)

d®p
dt
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Eddy currents

(a) Metal disk rotating through a magnetic field

e Many pieces of electrical equipment
contain masses of metal moving in B
- Magnetic or located in changing magnetic
b feld fields.
(b) Resulting eddy currents and braking force L] They induce currents that circulate

throughout the volume of a material.

e The flow of these currents resemble

Copyright © 2008 Pearson Education, Inc, publishing as Pearson Addison-Wesley. 40

swirling eddies in a river, we call

these eddy currents.




Applications of eddy currents: induction owen

e Used for heating but it is
not hot if you touch it.
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Applications of eddy currents: induction owen

e [t can heat a metal
saucepan (pot) but not a
glass one. Why?
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Applications of eddy currents: induction owen

e The changing magnetic
flux induces an emf in the
pot. The currents driven

41

by emf heat the pot.




Metal detector

When a metal is crossed the magnetic flux in the coil changes; this
induces an emf. The current induced is then converted to sound
signals to warn the operator.
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Other applications of Faraday’s law

Applications of Faraday’s law induction is everywhere...
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Transformator

Used for transforming the potential to higher or lower values.

Demir halka

S~y
AV, | ¢—o/
ez

5 -
Birincil Ikincil

(Giris) (Gikis)
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Generator

Electric generation by Faraday’s law

bilezikler
~a

L.
3
<L

dis devre

(b)
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A book to look at:

HMHICHAEL GUILLEN.

DYAYI DEGISTIREN

= T Will Soveet Jonmal

FIVE EQUATIONS THAT
CHANGED THE WORLD

E'é_ i MICHAEL GUILLEN, PH.D.

<

https://www.wikiwand.com/en/Five_Equations_That_Changed_
the_World
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Superconductivity

e The most familiar property of a
superconductor superconductor is the sudden
disappearance of all electrical
resistance when the material is cooled
below a temperature called the

normal metal critical temperature, denoted by 7.

e But superconductivity is far more

Tc T than just the absence of measurable
resistance as they also have
extraordinary magnetic properties.
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Magnetic properties

BC

0.05
0.04
0.03

0.02

0.01

(T

Normal
phase

Super-
conducting
— phase T,
I I B | 74
0 1 2 3 4

e The critical temperature changes
when the material is placed in an
externally produced magnetic field.

e As the external field magnitude By
increases, the superconducting
transition occurs at lower and lower
temperature.

e The minimum B needed to eliminate

48

superconductivity at a temperature
below T is called the critical field,
denoted by B, .



The Meissner Effect

(a) Superconducting material in an external

o - (b) The temperature is lowered to 7' < T, so
magnetic field Byat T

the material becomes superconducting.

() When the external field is turned off at
T <T,, the field is zero everywhere.

4 4 A A A A A
...+ There is no
change in
magnetic flux
in the material.

Magnetic flux is expelled from the material,
and the field inside it is zero (Meissner effect)

The field inside the material
is very nearly equal to B,

During a superconducting transition in the presence of the field By,
all of the magnetic flux is expelled from the bulk of the sphere, and
the magnetic flux ®p through the coil becomes zero. This expulsion
of magnetic flux is called the Meissner effect.
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Superconductor Levitation

https://www.youtube.com/watch?v=PXHczjOgO6w

https://www.youtube.com/watch?v=M1ppmUKW7Lc
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https://www.youtube.com/watch?v=PXHczjOg06w
https://www.youtube.com/watch?v=M1ppmUKW7Lc

Walter Lewin lecture of Faraday’s law

https://www.youtube.com/watch?v=nGQbA2jwkWI
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