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Lecture 27: 04/25/2024

 Announcements
  Review Session – In class Tuesday
  5 pm at Library on April 30

 Last Time
Faraday’s Law – Induced voltage

 Today
 Faraday’s Law/Lenz’s Law
 Generators
 Light!  
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Faraday’s Law

ε=−
d
dt

B⃗⋅A⃗    The form of Faraday's law we will use

ε=−A⃗⋅
d B⃗
dt

   Constant loop area but a changing B-field. ¿

ε=−B⃗⋅
d A⃗
dt

   Constant B but a changing loop area. ¿

ε=−
d
dt

B⃗⋅A⃗    Area & B constant but their dot product changes.

Three ways to get an induced EMF ...
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B-field

Current-loop

Two ways to use the hitch-hikers rule.
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Remember magnetic moments?

If current flows clockwise, which way does the magnetic north pole point?

(A)  Counter−clockwise

(C)  Out of Page

m⃗=I A⃗

(B)  Right

(D)  Into Page

(E)  Down



  



  

A circular loop of wire is in a 
region of spatially uniform 
magnetic field. 

The magnetic field increases from 
from zero to 3 Tesla in one 
millisecond. 

Induced EMF Magnitude is?

(A)  π/30 V

(B)  π/3 V

(C)  3×10−2
π V

(D)  3π V

(E)  3×101
π V

ε=−A⃗⋅
d B⃗
dt
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Faraday's Law

Changing magnetic fluxes produce 
electric fields and hence voltages.

=
−dB

dt
¿ΦB=B⃗⋅A⃗

Lenz's Law 
(the minus sign in Faraday's law)

Changing fluxes produce currents 
which would oppose the changing flux 
or create a moment that opposes flux.



  

Using Lenz's Law 

Figure out how the flux is changing.

Figure out what current what produce 
that change in flux.

The induced current is opposite to that.



  

A circular loop of wire is in a 
region of spatially uniform 
magnetic field. The magnetic 
field is directed into the plane 
of the figure.

If the magnetic field 
magnitude is increasing,

A. the induced emf is clockwise

B. the induced emf is counterclockwise

C. the induced emf is zero

D. answer depends on the rate of change of the 
field



The magnetic field is confined to the region inside 
the dashed lines; it is zero outside. The metal loop  
has length L and width w and is being pulled out of 
the magnetic field. Which is true? 

Clicker

A. There is a clockwise induced 
current in the loop.

B. There is a counterclockwise 
induced current in the loop.

C. There is no induced current 
in the loop.

Slide 33-71
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A solenoid has radius “r” and is surrounded by a hoop of 
radius “R”.  The magnetic field inside the solenoid itself is “B”
What is the flux through the large hoop in the two cases 
shown.

Slide 33-37

[A ] Φ1=π r2 B, Φ2=π r2 B cos(60)

[B] Φ1=π R2 B, Φ2=π R2 Bcos(60)

[C] Φ1=π r2 B, Φ2=π r2 Bcos(30)

[D] Φ1=π R2 B, Φ2=πR2 B cos(30)

[E] Φ1=π r2 B , Φ2=π r2 B
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The current in the straight wire 
is decreasing. Which is true? 

Clicker

A. There is a clockwise 
induced current in the loop.

B. There is a counterclockwise 
induced current in the loop.

C. There is no induced current 
in the loop.

Slide 33-69



  

The rectangular loop of wire is being 
moved to the right at constant 
velocity. A constant current I flows in 
the long wire in the direction shown. 

Which of the following statements 
about the current induced in the loop 
is correct?

A. the induced current is CW and proportional to I 

B. the induced current is CCW and proportional to I 

C. the induced current is CW and proportional to I2

D. the induced current is CCW and proportional to I2 

E. there is no induced current



The current in the straight wire 
is constant.  The loop is moving to the 
right at constant speed. Which is true? 

Clicker

A. There is a clockwise 
induced current in the loop.

B. There is a counterclockwise 
induced current in the loop.

C. There is no induced current 
in the loop.

Slide 33-69
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RECAP

http://tinyurl.com/can-crusher-slomo



  

Can crusher!
Shorter vid. – neckinghttp://tinyurl.com/can-crusher-necking

I and dI/dt

Counterclockwise

I induced

B induced

F induced

Bz and dBz/dt

Clockwise
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Can crusher!
Shorter vid. – neckinghttp://tinyurl.com/can-crusher-necking

I and dI/dt

Counterclockwise

I induced

B induced

F induced is radially
inward

Bz and dBz/dt

Clockwise



  

Can stretcher!
Shorter vid. – neckinghttp://tinyurl.com/can-crusher-slomo

I and dI/dt

Counterclockwise

I induced

F induced stretches the
Can vertically

Bradial

Clockwise
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An electric generator works by 
Faraday’s law + Trig!
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ΦB=B⃗⋅A⃗

B⃗=B0 î

A⃗=A0 cosθ î+A0 sinθ ĵ

B⃗⋅A⃗=B0 A0 cosθ

B⃗⋅A⃗( t)=B0 A0 cosω t
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An electric generator
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What ' s
1

√μ0ϵ0
?



37

Maxwell  Correction to Ampere’s Law

∮ B⃗⋅d l⃗ =μ0 Ienclosed+μ0ϵ0

dΦE

dt

∮ E⃗⋅d l⃗=−
dΦB

dt
¿

∮ B⃗⋅d l⃗ =μ0 Ienclosed    Ampere's Law



38



39



40

v=f λ

c=f λ

ω=2π f

v=c=ω
k

E=E0 sin(kx−ω t)
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And Yahweh said ...

∮ B⃗⋅d l⃗ =μ0ϵ0

dΦE

dt ∮ E⃗⋅d l⃗=−
dΦB

dt
¿
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And Yahweh said ...

∮ B⃗⋅d l⃗ =μ0ϵ0

dΦE

dt ∮ E⃗⋅d l⃗=−
dΦB

dt
¿

…   and there was light
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