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Lecture 28: 04/30/2024

 Announcements
  Review Session – Now
  5 pm at Library on April 30
  Do that final HW and practice test!!

 Last Time
 Faraday’s Law/Lenz’s Law
 Generators
 Light!  

 Today
  Exam 2 review
  Right hand rules
  Fields and Forces
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Important Concepts – Charge

 Charge is the thing that both creates and “feels” 
electromagnetic forces.

 Charge and electrostatic forces are the foundation of 
all chemistry and biology.

 We don’t actually know what charge “is”.  We only 
know what it  “does”.

 (We don’t really know what mass “is” either … why it 
resists acceleration or why it “feels” gravity)
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Important Concepts – Current

 Current is moving charges.  

 Electronics works on current, charge and voltage.

 Current can be used to produce magnetic forces 
because a “neutral” wire can still have a huge
current.

 To have equally strong electric forces the wire 
would need to be in vacuum or else it would 
constantly be making sparks.
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Theme of Course

 Electromagnetic forces are most usefully thought of 
in terms of fields.

 Charges, moving or unmoving, create electric fields
 Moving Charges, and Currents create magnetic fields
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Important Concepts

 Gauss’s Law – Explains how to calculate an electric 
field from charges (in symmetrical cases)

 Ampere’s Law – Explains how to calculate a 
magnetic field from currents (in symmetrical cases)

 Faraday’s Law – One field can create another field!

 A changing magnetic field will create an electric field
 A changing electric field will create a magnetic field
 Together they make an electromagnetic field which is 

infrared, visible and ultraviolet light, radio, 
microwaves, Xrays, and gamma rays

 Electric fields are responsible for capacitance
 Magnetic fields are responsible for inductance
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Important Concepts – Potential

 Potential – Also called Voltage, is energy/charge.
It expresses an energy difference between two points.

 It is a simpler way to calculate motions from electric 
forces.

 It is a key concept in understanding electrical 
circuits.
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Important Concepts – Capacitance

 Capacitors store electric energy
 Capacitors store charge
 Capacitance relates charge to potential.
 Larger capacitors store more charge for the same 

potential
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Important Concepts – Resistance

 Resistance is a consequence of atomic “friction”
 It turns electrical energy into heat
 In electronics, it has the important function of 

preventing all of the current from discharging at 
once!
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Equations of Magnetism – Forces

F⃗=Q v⃗×B⃗    Force on charge Q

F⃗=I L⃗×B⃗     Force on current I

Equations of Electricity  – Forces

F⃗=Q E⃗    Force on charge Q
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F⃗=I L⃗×B⃗

F⃗
I L⃗

B⃗

Right hand rule for forces
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Equations of Magnetism – Fields

B⃗=
μ0 I

2π r
ϕ̂     Field of Infinite wire

B⃗=
μ0 I

2a
ẑ     Field in center of wire loop

B⃗=μ0 s n I ẑ     Field of an infinite coil (solenoid)

Equations of Electricity – Fields

E⃗=
1

4 πϵ0

q r̂

r2     Field of point charge

E⃗=
1

2π ϵ0

λ r̂
r

    Field of line charge

E⃗= σ
ϵ0

n̂              Field of plane charge
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Equations of Magnetism – Biot-Savart

Equations of Electricity – Fields

d E⃗=
1

4 π ϵ0

dq r̂

r2     Field of point charge

d B⃗=
μ0

4 π

I d L⃗× r̂

r2     Field of current segment



  

B-field

Current-loop

Hitch-hikers rule for fields



36

Problem

 Two horizontal wires 3 meters long carry 15 Amperes 
directed to the right.  They are separated by 1 cm. 

  What is the magnetic field one cm above the bottom 
wire?

 What is the force on the top wire?
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Problem

 Two horizontal wires 3 meters long carry 15 Amperes 
directed to the right.  They are separated by 1 cm. 

  What is the magnetic field one cm above the bottom 
wire?
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Remember magnetic moments?

If current flows clockwise, 

m⃗=I A⃗

magnetic north pole and field is into page.

This is also how you figure out the direction to
oppose in Lenz's law.



  

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 Direction is

COUNTERCLOCKWISE

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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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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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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Thinking like a physicist
 In an unfamiliar situation, see if it can be simplified
 Consider what the fundamental (always true) 

relations are.
 Try to draw a picture.
 Try to break your analysis into pieces.
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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



61



62



63

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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