
PHY 1202

Lecture 11

AC Circuits

1



PHY 1202

Lecture 10 Review

 The Biot-Savart Law in electromagnetism describes the magnetic
field generated by an electric current.

 The law is experimentally deduced, it describes the magnitude of
the field dB produced at point P at distance r by a current length
element i ds

 Using the Biot-Savart law, we can determine the net magnetic field
due to a variety of current configurations:
– B due to a long straight wire
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– B due to the circular current arc of angle φ

– B at center of a full circle of current.

 When we place two current carrying wires next to each other, each
wire will encounter a force with the same magnitude that is caused
by the magnetic field generated by the other wire
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 Ampere’s Law states that The line integral of the B field around
any closed loop is proportional to the electric current passing
through the area enclosed by the loop.

 Using the Ampere’s Law and with the knowledge of the current,
one can determine the magnetic field around current carrying
structures such as cylinder, solenoids and toroids.

 A solenoid is just a coil or wire, however the B field in the current
carrying coil is magnified by the number of turns, for the ideal
solenoid,
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 A current carrying coil can be treated as a magnetic dipole that
produces a dipole magnetic field similar to the electric field from
an electric dipole.

 The magnetic field as a function of z, along the axial distance is

 One can also use the moment µ to define the strength of the
magnetic dipole, where for a N current loop

 Thus the B field due to the magnetic dipole is
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 The motion of moving a magnet through a wire loop produces a
current in the wire.

 The current appears only if there is relative motion between the
loop and the magnet.

 The motion direction of the magnet dictates the direction of the
current in the loop.

 The current produced in the loop is called induced current.
 The work done per unit charge produce that current is called and

emf.
 The process of producing the current and emf is called induction.
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 One can induce current and emf in a loop with the magnetic field
generated by a current carrying loop placed close to the first loop.

 This process is described by the Faraday’s Law of Induction,
which states the magnitude of the emf E induced in a conducting
loop is equal to the rate at which the magnetic flux ΦΒ through that
loop changes with time.

 For a coil of N turns, the induced emf is

ℰ = −𝑁𝑁
𝑑𝑑Φ𝐵𝐵
𝑑𝑑𝑑𝑑
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 An inductor (symbol ) is a component in an electrical circuit that can be
used to produce a desired magnetic field.

 The inductance is defined as the ratio between the total magnetic flux and the
current

 Similar to resistance and capacitance, the inductance is a property of the
geometry, in this case it measure the ability of the geometry to generate magnetic
flux with a given current i.

 The SI unit of inductance is the tesla–square meter per ampere (T m2/A). We call
this the henry (H), after American physicist Joseph Henry.

 The inductance per unit length near the center of a solenoid is
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 Chapter 31, D Halliday, R Resnick, and J Walker, 
“Fundamentals of Physics” 9th Edition, Wiley (2005).

 AC Circuits
– LC oscillations
– RLC circuits
– Simple AC circuits

9



PHY 1202

31.2: LC Oscillations:

Electric Energy in the 
Capacitor

Magnetic Energy in 
the Inductor

t=0, T, 2T, …

t=T/2, 3T/2, ..
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31.3: The Electrical Mechanical Analogy:

The angular frequency of oscillation for an ideal (resistanceless) LC is: 
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31.4: LC Oscillations, Quantitatively:

The Block-Spring Oscillator: 

The LC Oscillator: 
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31.4: LC Oscillations, Quantitatively:

The electrical energy stored in the LC circuit at 
time t is,

The magnetic energy is: 

But 

Therefore
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Example, LC oscillator, potential charge, rate of current change
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31.5: Damped Oscillations in an RLC Circuit:



PHY 1202

31.5: Damped Oscillations in an RLC Circuit:

Analysis: 

Where

And 
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Example, Damped RLC Circuit:
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31.6: Alternating Current:

ωd is called the driving angular frequency, 
and  I is the amplitude of the driven current.
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31.6: Forced Oscillations:
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31.7: Three Simple Circuits: 
i. A Resistive Load:

For a purely resistive load the phase constant φ = 0°.

# We are concerned with the potential drop (voltage) along the 
current flow, and the phase lag of the current w.r.t. the voltage, 
which is in phase with the driving AC emf.
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31.7: Three Simple Circuits: 
i. A Resistive Load:
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Example, Purely resistive load: potential difference and current
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31.7: Three Simple Circuits: 
ii. A Capacitive Load:

XC is called the capacitive reactance of a capacitor. The SI 
unit of XC is the ohm, just as for resistance R.
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31.7: Three Simple Circuits: 
ii. A Capacitive Load:
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Example, Purely capacitive load: potential difference and current
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31.7: Three Simple Circuits: 
iii. An Inductive Load:

The  XL is called the inductive reactance of an inductor.  
The SI unit of XL is the ohm.
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31.7: Three Simple Circuits: 
iii. An Inductive Load:
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Example, Purely inductive load: 
potential difference and current
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31.7: Three Simple Circuits: 
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