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33.1 AC Sources

 An AC circuit consists of circuit elements and a

power source that provides an alternating

voltage

Δv = ΔVmax sin ωt

Δv is the alternating voltage

ΔVmax is the maximum output voltage of the AC 

source

(the voltage amplitude)

ω is the angular frequency of the AC voltage 

The angular frequency is

ƒ is the frequency of the source

T is the period of the source
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 Because the output voltage of an AC source

varies sinusoidally with time, the voltage is

positive during one half of the cycle and

negative during the other half

 The current in any circuit driven by an AC

source is an alternating current that

varies sinusoidally with time

33.1 AC Sources



33.2 Resistors in an AC Circuit

- Consider a circuit consisting of an AC source

and a resistor

 ΔvR = Δv= Vmax sin wt

ΔvR is the instantaneous voltage across 

the resistor 

• The instantaneous current in the resistor is

• The instantaneous voltage across the resistor is also given as

ΔvR = Imax R sin ωt
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33.2 Resistors in an AC Circuit

For a sinusoidal applied voltage, the current in a 

resistor is always in phase with the voltage across 

the resistor.



33.2 Resistors in an AC Circuit

- Resistors behave essentially the same way
in both DC and AC circuits

- phasor diagrams



rms Current and Voltage

 The average value of the current over one cycle 

is zero.

 The rms current is the average value of current  

in an AC circuit

 rms stands for root-mean-square (average) 
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- rms values are used when discussing alternating currents

and voltages because AC ammeters and voltmeters are

designed to read rms values

- The average power delivered to a resistor that carries an

alternating current is



Example

2- For a particular device, the house ac voltage is 120-V and the ac 

current is 10 A. What are their maximum values?



Problems: 



33.3 Inductors in an AC Circuit

- Consider a circuit consisting of an AC source

and an inductor

• The instantaneous current in the inductor



33.3 Inductors in an AC Circuit

For a sinusoidal applied voltage, the current in an inductor 

always lags behind the voltage across the inductor 

by 90°



33.3 Inductors in an AC Circuit

• Maximum current in an inductor

• The inductive reactance

• The instantaneous voltage in the inductor



Example 33.2 

In a purely inductive AC circuit (see Fig below), L= 25.0mH

and the rms voltage is 150V. Calculate the inductive reactance

and rms current in the circuit if the frequency is 60.0Hz



33.4 Capacitors in an AC Circuit

- Consider a circuit consisting of an AC source

and a capacitor

• The instantaneous current in the capacitor 



For a sinusoidally applied voltage, the current always 

leads the voltage across a capacitor by 90°

33.4 Capacitors in an AC Circuit



33.4 Capacitors in an AC Circuit

• Maximum current in a capacitor 

• The capacitive reactance

• The instantaneous voltage in the capacitor 



Quick Quiz 33.6 

Consider the AC circuit in the Figure below,  

The frequency of the AC source is adjusted 

while its voltage amplitude is held constant. 

The lightbulb will glow the brightest at 

(a)high frequencies 

(b) low frequencies 

( c) The brightness will be same at all 

frequencies.



Example 33.3

An 8.00 µF capacitor is connected to the terminals of a

60.0-Hz AC source whose rms voltage is 150V. Find the

capacitive reactance and the rms current in the circuit



33.5  The RLC Series Circuit

 The current at all points 

in a series AC circuit has 

the same amplitude and 

phase.

 The instantaneous applied 

voltage

Δv = ΔVmax sin ωt

 The current ∅ 𝐢𝐬 𝐏𝐡𝐚𝐬𝐞 𝐀𝐧𝐠𝐥𝐞 between current 

and voltage 



33.5  The RLC Series Circuit

• The instantaneous voltage across the three circuit 

elements

• The maximum voltage across

the three circuit elements



33.5  The RLC Series Circuit

The instantaneous voltage across the three circuit elements



33.5  The RLC Series Circuit

Phasor diagram for the series RLCcircuit



33.5  The RLC Series Circuit

From either one of the  right triangles, we see that 

We can write the maximum current in the RLC circuit as 

Impedance Z of the circuit 



33.5  The RLC Series Circuit

Now we can write the following equation 

The 𝐏𝐡𝐚𝐬𝐞 𝐀𝐧𝐠𝐥𝐞 between current and voltage 

as



33.5  The RLC Series Circuit



Example 33.5



33.6 Power in an AC Circuit

 Average power delivered to an RLC circuit is 

𝐜𝐨𝐬∅ =
𝑰𝒎𝒂𝒙𝑹

∆𝒗𝒎𝒂𝒙
𝐜𝐨𝐬 ∅ 𝐢𝐬 𝒄𝒂𝒍𝒍𝒆𝒅 𝒑𝒐𝒘𝒆𝒓

𝒇𝒂𝒄𝒕𝒐𝒓

The average power delivered by the

source is converted to internal

energy in the resistor ( as in DC

CIRCUIT)



33.6 Power in an AC Circuit

 Important Note 

No power losses are associated with pure

capacitors and pure inductors in an AC

circuit



33.7 Resonance in a Series RLC Circuit

 A series RLC circuit is said to be in resonance when 

the current has its maximum value.

 Because the impedance depends on the frequency of the 

source, the current in the RLC circuit also depends on the 

frequency

 Resonance frequency



33.7 Resonance in a Series RLC Circuit

 The current in a series RLC circuit reaches its

maximum value when the frequency of the applied

voltage matches the natural oscillator frequency—

which depends only on L and C



Example 33.7


