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Exam #2 will be on November 5th

in Phys 112 at 8:00 pm

Electric current, DC circuits, Kirchhoff’s Rules

Magnetic Fields, Lorentz Force, Forces on Currents

Ampere’s Law, Magnetic Induction, Lenz’s Law

Induced EMF, AC Voltage, Transformers

Announcement



• Faraday described many magnetic effects on circuits in terms of 
magnetic flux:

Φ� =�� ∙ ∆�	

• For a constant � field:

Φ� = � ∙ �	

• Faraday’s law: ℇ�� = − ∆��
∆�

• The minus sign is determined using Lenz’s Law…

Faraday’s Law – Electromagnetic Induction



Faraday’s Law

A changing magnetic field through a 
loop (ie, a changing magnetic flux) 
will…

i. Cause a current to flow in the 
direction such that the induced 
magnetic field opposes the change in 
flux

OR

ii. Produce an induced voltage with a 
polarity that would cause a current to 
flow and induce a magnetic field that 
opposes the change in flux.
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Lenz’s law: �� > ��



Motional EMF

�
�	

An induced EMF appears 

across the ends of the 

metal bar.

Force on a charge � is given by the Lorenz force:

� = ��� sin  
This force is balanced by electrostatic forces.

!�" = ��� sin  
but " = ℇ/! so…

ℇ = ��! sin  

ℇ



Example III: the Space Shuttle

• Assume �	 is perpendicular to �.

• Induced EMF: 

∆� = ��! = (5 × 10)*	,)(350/ 0⁄ )(24	/)
= 0.4	�

5 = 6 × 78)6	9

+
-





Example

If ! = 0.5	/, � = 10	//0, : = 1.5	Ω and � = 1,, 

What is the current?

ℇ = ∆� = ��! = 1	, 10/ 0⁄ 0.5	/ = 5	�
� = ℇ

: = 5	�
1.5	Ω = 3.3	�



Example

ℇ = ∆� = ��! = 1	, 10/ 0⁄ 0.5	/ = 5	�
� = ℇ

: = 5	�
1.5	Ω = 3.3	�

Power, < = �	ℇ = 3.3	� 5	� = 16.5	>
How much force is required?

< = �� so � = < �⁄ = 16.5	> 10	/ 0⁄⁄ = 1.65	?







Electric Generators

Convert mechanical energy (work=torque*angle) into electrical energy.

ℇ = −∆Φ�
ΔAΦ� = �� cos  = �� cos(2DEA)

∆Φ�

ΔA
= −sin 2DEA

ℇ = FGHI JKL MNOP

where FGHI = Q5RS



Electric Generators

Split-ring contacts – DC generator

Slip contacts – AC generator



Standard AC Voltage in North America

+εεεεpeak

-εεεεpeak

~110	�
~180	�

1
2 ≈ 0.707



Not a world standard…



AC vs DC Power Distribution

Westinghouse and 

Tesla promoted AC 

power distribution.

Edison promoted DC 

power distribution.


