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the switch stays closed.
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Switch
Opening the switch ... causes a momentary g*z/ﬂ: F; eS|
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Closing the switch ... causes a momentary
in the left circuit . . . current in the right circuit.
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Electromagnetic induction

Push or pull magnet.
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Push or pull magnet.
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(a)

B increasing

%

Changing B causes ... which causes
changing flux induced current
through loop . . . that lights bulb.
(b)

B increasing

If loop encloses less area, bulb is dimmer.
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through through

loop. _, loop. _,
U
(d)

\(decreasing)

_}

* Flux is negative (®5 < 0) .. ;
. and becoming less negative (d®g/dt > 0) induced
lnduced emf is negative (£ < 0). '-'-'

(increasing)

« Flux is negative (®z < 0) ...
» ... and becoming more negative (d®g/dt < 0).
* Induced emf is positive (£ > 0).

jﬁE-dl=—— B-dA = -
c dt J. dt
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(b) (d)

, \ i
(increasing) : \(decreasing)
« Flux is negative (&5 < 0) ... * Flux is positive (Pz > 0) ... « Flux is negative (&5 < 0) ... ¢ Flux is positiYe (®p > 0)
» ... and becoming more negative (d®p/dt < 0). « ... and becoming less positive (dPp/dt < 0). + ... and becoming less negative (d®y/d¢ > 0).  * - and becoming more positive (dPg/dt > 0).
* Induced emf is positive (€ > 0). * Induced emf is positive (€ > 0). « Induced emf is negative (€ < 0). ¢ Induced emf is negative (£ < 0).
(a) Motion of magnet causes  (b) Motion of magnet causes  (€) Motion of magnet causes (d) Motion of magnet causes
increasing downward flux decreasing upward flux decreasing downward flux increasing upward flux
through through
loop. _ A|S loop. _,
1)) [ )
S
— o
X B L AY B
B. ATl B r\ac 1
induced induced 5y
The induced magnetic field is upward to oppose the flux The induced magnetic field is downward to oppose the
change. To produce this induced field, the induced current flux change. To produce this induced field, the induced
must be counterclockwise as seen from above the loop. current must be clockwise as seen from above the loop.

© 2012 Pearson Education, Inc.



Coil “sees” an increasing

- _ g Coil “sees” a decreasin
_ field to the right

- . field to the right
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|| Ammeter ) Ammeter

(a) (b)
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Iron core
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Lenz's Law
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'« Circuit Board

Battery

Induction Coil

Wireless Charger Qi-certified

Induction Coil

TDK WT Wireless Charging Coil Transmitter, 6.3 gH, 50mr

RS Stock No.: 124-4523 = Mfr. Part No.: WT505090-10K2-A11-G Manufacturer: TDK
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Adapter/Charger

AC/DC converter

Pre Regulators
(if needed)

XMC
Microcontroller
& Digital Control ICs

Wireless charging transmitter

Transmitter (Tx)

HB or FB Inverter
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Coil Selection

Wireless

charging
receiver

Receiver (Rx),
embedded in end
application,

e.g. Smartphone,
Wearable, Power Tool
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(a) (b) N

Pulse of
l I’

I Eddy
currents

e Receiver

Transmitting
coil

© 2012 Pearson Education, Inc
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Eddy’s Current

(a) Metal disk rotating through a magnetic field (b) Resulting eddy currents and braking force

Magnetic
field

© 2012 Pearson Education, Inc. © 2012 Pearson Education, Inc
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mmmmmmmmmmmmmmm ~ Levitating Magnet

Levitating Magnet

Levitating Magnet
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Superconductor
Levitating a Magnet

Superconductor






(b) Resulting eddy currents and braking force
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(a)
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Generator 2% 25 f%

(b)

{a] BT <2 AR ) ) AR A T B

Loop (seen —

A — _,
2 ; S X 4 A B
end-on) - ¥ % -

Flux decreasing
most rapidly,
largest pomme emf.
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Flux at 1ls most
negative value,
emf is zero.

A A
Flux increasing
most rapidly,
largest negatlve emf.
Flux at lts most

positive value,
emf 1s zero.
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Mutual Induction 7 J5|E5 55 FR 25

m}

N, turns N, turns

The induced emf per turn is the same in both
coils, so we adjust the ratio of terminal voltages
by adjusting the ratio of turns:

, . N

Vi N

Source of alternating
current Iron core

winding

Secondary
winding
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Lenz’s law emf Lenz’s law emf
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(a) Resistor with current i flowing from a to b:  (b) Inductor with constant current i flowing

potential drops from a to b. from a to b: no potential difference.
I [ constant: dildt = 0
a > b . a b o di
& MM—L v, —ir>0 ——— T ——— V,, =L =
i R - | E=0
© 2012 Pearson Education, Inc © 2012 Pearson Education, Inc
(d) Inductor with decreasing current i flowing (¢) Inductor with increasing current i flowing
from a to b: potential increases from a to b. from a to b: potential drops from a to b.
I decreasing: dildt < 0 I'increasing: difdt > 0
e v —a PR g 5 b dl
Vy=-1Z 50— ——e— V-V =—LZ <0
= > + b "b dt + — - b dt
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Capacitor polarity reverses. N

( Current direction reverses.

Capacitor fully charged; Capacitor fully Capacitor fully charged; Capacitor fully

zero current discharged; zero current discharged;

| Vim ;' current maximal | —Vin ; | current maximal

B —— — ) M - ] 55| ] —
+Qm N Qm Qm _/<\+ +Qm

R Capacitor Capacitor ] Capacitor

+— F discharging; charging; E_ —i— discharging;

m 2 S — — A m . . — —
+ I increasing [ decreasing + [ increasing

e ek :>’l I 'T1:> - :>1‘[
L~ 0=

E=Up+ Ug E=Uz+ Ug E=Ug+ Ug E=Uz+ Ug

Circuit’s energy all Circuit’s energy all Circuit’s energy all Circuit’s energy all

stored in electric field stored in magnetic field stored in electric field stored in magnetic field
@)t=0ands=T (b)t=:]1-T ©1=3T (d)t=%T

(close switch at t = 0)

- A A _J
e < < S
~N ~N

Capacitor charging; / decreasing
© 2012 Pearson Education, Inc.
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Mass m
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Damping, b

dz Q dQ Q (a) Underdamped circuit (small resistance R)
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Traveling wave = VO Sin a)dt
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Maxwell Magnetic Induction Faraday Electric Induction
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James Clerk Maxwell (1831-1879)
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Maxwell Equations, Finally
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