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Topics

< Electromagnetic Induction
I Magnetic flux
1 Induced emf
Faraday’s Law
Lenz’s Law
Motional emf
10 Magnetic energy
‘1 Inductance
1 RL circuits A
0 Generators and trangfofmers
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READING OUIZ 1

€« Magnetic flux through a wire loop dep @§6n:
7 1) thickness of the wire @i

0 2) resistivity of the wire
<T15) geometrical layout of the wige
1 4) material that the wire 1s rn'se\

1 5) none of the above (b'




READING QUIZ 2

< An induced emf produced in a moti({y% circuit 1s due to

0 1) a static (steady) magnetic field
1 2) a changi iRl [ aradays law
¢ 0 2) a changing magnetic fie

1 3) a strong magnetc 1ield ] C)

1 4) the Earth’s magnetic field \Q ¥

O
,bﬁ\

AN

1 5) a zero magnetic field

g Zaladt Satidial Al g Zalddl Hatidiul Al




READING QUIZ 3

<Motional emf relates to an induced emf 1n a conducr which

1S: (O@

11) long

\
7 2) sad O®

0 3) stationary

1 4) 1insulated

(5) moving




READING QUIZ 4

<Faraday’s law says that

‘1 a) an emf 1s induced in a loop when it move &hgh an electric field
agnetic field

1 b) the induced emf produces a current w
opposes the original change

C) the induced emf 1s proportional tb@rate of change of
magnetic flux >

OB

Q




READING QUIZ 5

€< A generator 1s a device that:

%,

& a) transforms mechanical into electrical%
"I b) transforms clectricar into mechanica éergy

0 ¢) transforms low voltage to high e

,g\\

- |




Electromagnetic Induction

<Faraday discovered that a changing magnetic flux leads ta
voltage 1n a wire loop

0 Induced voltage (emf) causes a current \@W "

<Symmeftry: electricity « ~ magnetism
0 electric current ﬂ—C,’magnetic field
1 magnetic field A@;—» electric current
< We can express this s etry directly in terms of fields
0 Changing E field - B field (“displacement current™)
1 Changing B fiemK +E field (Faraday’s law)

<These & other@iations expressed in Maxwell’s 4 equations
0 (Other 2 are Gauss’ law for E fields and B fields)

[1 Summarizes all of electromagnejg
P galddl udial Ll P : palddl uadisl Al




Experimental Observation of Induction

This effect can be quantified by Faraday’s Law

‘:‘ galadl Hatdiu] Al A:\ palddl eyl Al




Magnetic Flux

2 Define magnetic flux dg
Oy =B-A=BAcos@
¢ 0 is angle between B and the

normal to the plane

¢ Flux units are T-m? = “webers”

2 When B field is not constant or
area is not flat

¢ Integrate over area

Op=[ B-d




Gy =B-A =BAcosd

|

B

- -
- | ——
- - —




Faraday’s Law of Induction

induced
emf

= The faster the change, the la;gcr'the induced emf
- Flux change caused by ighging B, area, or orientation

7 The induced emf is a voltage

& Zaladl Salidis] Al A:?\ palddl Halidis] Al




Faraday’s Law & Flux Change

<2 Rotating coil
®, = BAcoswt
, (/(l) B

dt

.'\ . 1\"'(")[;/‘.\"1 [0

¢ 0. 1S maximum when coll

faces up

¢ E is maximum when coll
faces sideways

<9 Stretched coil
¢ B constant. 0 :i(@
¢ Area shrinks

L - 1SEeS




Faraday’s Law of Induction

induced @e of c‘han‘ge
emf \ ux with time

Minus sign froohheénz’s Law:

Induced current’produces a magnetic field which
opposes the original change in flux

"2 79

: . :
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Comment on Lenz’s Law

< Why does the induced current oppose the change in flux?

< (Consider the alternative

If the induced current reinforced the change, @)the change would
get bigger, which would then induce a lar rrent, and then the
change would get even bigger, and so oé

O

This leads to a clear violation of*ggérvation of energy!!

>




Direction of Induced Current

Bar magnet moves through coil l s |

[] Current induced 1n coil

Reverse pole

| ] Induced current changes sign

) 2

‘Zf\‘

Coil moves past fixed bar u@let
[J Current induced 1n coil @ A)

Bar magnet stationary inside coil

current induced 1n coil
e galadl utdis] Al




ConcepTest: Lenz’s Law

<If a North pole moves towards the loop from above fpage,
in what direction is the induced current?

7 (a) clockwise @

@(b) counter—clockwise> \(b

J (c) no mduced current

Must coun{éey flux change in
downwakd)direction with upward B field




ConcepTest: Induced Currents

<A wire loop is being pulled through a un{#rm magetcfield.
What is the direction of the indu¢éd current?

7 (a) clockwise j'/’!\\/
1 (b) - counter-clockwise el ;
: wnge in flux, no induced current
@ (¢) no induced current

ﬁ el Halidin] Al “"\\ palddt Hatidiyl




ConcepTest: Induced Currents

2
In each of the 3 cases above, what 1s %\Q?\réction of the induced current?

(a) clockwise Q
(b) counter- clockw&@
) no induced curfghit?

(Magnetic field 1s into the page and has no boundaries)

g galad Hatdial Al a Zalddl Hatidinl Al



ConcepTest: Lenz's Law

€If a coil is shrinking in a B field pointing into the pagehat direction is the inducedcurrenjge “f};;;’)}

1 (a) clockwise N\ )
Downwga{dnFlux is decreasing,

SO nq? to create downward

0 (b) counter-clockwise
(¢) no induced current

B fi




Induced Currents

< A circular loop in the plane of the pap s ma3.0T
magnetictield pointingintothe pape eloop’sdiameter
changes from 100 cm to 60 cm 1 Q

I What is the magnitude of the avera&lndueed emf?
1 If the coil resistance is 0.0 hat 1s the average induced current?

What 1s the direction of the 1 1n current"
\@ | = d _""' 30 % . e - - = 31016 Volis

1 Direction = clockwise (Lenz’s law)

' Current = 3.016/0.05=603 A ¢
e Zaladt Hatdil Al o galadl Sl Al




ConcepTest: Induced Currents

€A wire loop is pulled away from a currentééarrying weWhat
1s the direction of the induced current il\ loop?

@ (a) clockwise @
7 (b) coumnter-clockwise C)O

1 (¢) no induced current

Downward flux through logp
decreases, so need to cregte
downward field




ConcepTest: Induced Currents

< A wire loop 1s moved in the direction of the current.What is the
direction of the induced current in the loop? (2,

7 (a) clockwise
7 (b) counter-clockwise

0 (¢) no induced current

Flux does not change when BRSNS
moved along wire

\ v
4
4
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ConcepTest: Lenz’s Law

<t e pining o SR 1o s s v,
pag y\ QP ’ field ing to the left, in what

what direction is the induced ' the indusssas |
current?

0 (a) clockwi
U (b) counter-clockwise

O (¢) no induced current

Upward flux through loop decreases, s
need to create upward field



ConcepTest: Induced Currents

€ Wire #1 (length L) forms a one-turn loop(dnd a bar magnet is
dropped through.Wire #2 (length 2L) a two-turn loop,
and the same magnet is dropped thr . Compare the
magnitude of the induced current&)@ ese two cases.

J@l =21 %Voltage doubles, but R also
()L =21 (b‘o doubles, leaving current the same

] I_Izzéb

7 (e) Depends on th&strength of the magnetic field

g gl Sl Al g galadl eyl Al




Motional EMF

< Consider a conducting rod moving on mgtiyrails n
uniform magnetic field:

dd, _

Current @ fnter-clockwise in this “circuit”. Why?




Force and Motional EMF

€ Pull conducting rod out of B field

€ Current 1s clockwise. Why?
. & BLv

i =—

R R

€ Current within B field causes £gsce*

0 Force opposes pull (RNR)
0 Also follows from L¥nz’s law

€ We mustpull with this faato
shaintain constantvelocity
-

P, Zaladl Salidis] Al




Power and Motional EMF

<Force required to pull tp

€« Power required to pull loop:H

<Energy dissipation througk}@ance

N\

<Same as pulling pg@‘ So power 1s dissipated as heat

1 Kinetic energy is tant, so energy has to go somewhere

1 Rod heats up as you pull it

g Zaladt Satidial Al g Zaladt Hatidil Al



EXAMPLE

a 27T B field at 30cm/sec. Assume it is 1¢

¢ Circumference = 120cm = 1.2m, cross sec IiO
®R=pL/A=275x10%"1.2/10% = 3.3 x

2>EMF 00

E=BLv=2x0.3x0. w—() 18

2Pull a 30cm x 30cm r‘ondu:tmg loop of alum %through

< Current

i=E/R=0.18/33 ?gk\(é 45A
2=32

2Force
F = iLB = 545 1&
2 Power ®

P=i’R=98W

TN 74 Ibs!

About 0. 33 C per sec




Inductance

 J
: . . NOD
2 Inductance in a coil of wire defined \@ =—2E

I

2Can also be written Li=N®y,
2From Faraday’s law & Y B

Ie 1411
¢ This is a more useful w understand inductance

< Inductors play an | rtant role in circuits when current is
changing!

"2 "2
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Self-Inductance

< Consider a single 1solated coil: .
Current (red) starts to flow clockwise dugrQ the battery
But the buildup of current leads to ch:tugmg flux 1n loop
Induced emf opposes the chignpe

13’

This is a self-induced emf(also Called v w‘( yemf)

L is the self-i ance
(H)"

units = "Henry (H)




Inductance of Solenoid

<Total flux (length /)
B = pin

N® g =(nl)(BA)= ugn>Ali

g:—N(l(l)B

dt

L= ;1(,112A1 ——
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