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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



AC Voltage Generators
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Alternating Current/Sine Waves

Sometimes we refer to the peak-to-peak amplitude, ���.

The functions sin �� and cos �� look the same – just 

shifted in time by 90 degrees.

" Period: " (seconds)

Frequency: � = 1/" (Hertz, s-1)

Angular frequency: � = 2�� (s-1)

Amplitude: � = ���� or %���

� � = ���� sin ��

or � � = ���� cos ��

���



Alternating Current/Sine Waves

• Example:

– In North America, the AC line voltage has a 

frequency of 60 Hz.

– The angular frequency is 

� = 2��

= 2 × 3.141592654	 × 60	�./

= 377 radians/second



AC Voltage/AC Current
Applied Voltage

Response

%(�) is in phase with �(�)

Ohm’s Law:  % = � 3⁄

� � = ���� sin(2���)

% � = %��� sin(2���)

%��� = ����/3



Phasor Diagrams

• A rotating vector is one way to represent a 

sine wave.



Phasor Diagrams

• These diagrams show the relation between the 
phase of the current and the voltage:

• Both the voltage and current vectors rotate with 
constant angular velocity, � = 2��.

• The vectors maintain their relative orientation.

• For a circuit with only resistors, the current and 
voltage have the same phase.



• How much power is dissipated in the resistor?

5 = %� = %������� sin6(2���)

• What is the average power dissipated?
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AC Power



AC Power

• For sine or cosine waves, the RMS voltage or 

current is just
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• Expressed using RMS voltage and current, 

Ohm’s law can be used to express the average 

power:
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A Practical Transformer
• Magnetic flux is trapped by an iron core.

• The magnetic flux through each coil is the same.

Φ
 � ∝ ��%� � = �:%:(�)

Primary coil, ��

Secondary coil, �:



Transformers

• The input voltage must vary with time so that ∆Φ
 Δ�⁄ ≠ 0

• Energy must be conserved: 5� = 5:

%�∆�/ = %:∆�6
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Examples

1 V AC���� 1

2
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Primary

8 turns
Secondary

4 turns





Primary

10 turns

Secondary

100 turns




