


▪ AC circuit consists of circuit elements and a power source that provides an 

alternating voltage Δ𝑣. 

▪ This time-varying voltage is described by

where Δ𝑉𝑚𝑎𝑥 is the maximum output voltage of the AC source, (the voltage amplitude)

▪ The angular frequency of the AC voltage is

f is the frequency of the source and T is the period

The voltage supplied

by an AC source is 

sinusoidal with a period T

▪ 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 also varies sinusoidally with time. 

frequency of 60 Hz



❑ Consider a simple AC circuit consisting 

of a resistor and an AC source

❑ Algebraic sum of the voltages around a 

closed loop in a circuit must be zero

The magnitude of the source voltage equals the magnitude of the voltage across the resistor

∆𝑣𝑅 is the instantaneous voltage across the resistor.

❑ The instantaneous current in the resistor is



❑ The instantaneous voltage across the resistor 

➢ A plot of voltage and current versus time 

At point a, the current has a maximum value in 

one direction (positive direction). Between 

points a and b, the current is decreasing in 

magnitude but is still in the positive direction. 

At b, the current is momentarily zero; it then 

begins to increase in the negative direction 

between points b and c. At c, the current has 

reached its maximum value in the negative 

direction.

The current and voltage are in step with each 

other because they vary identically

with time.

𝑖𝑅 and ∆𝑣𝑅 both vary as sin 𝑤𝑡 and reach their maximum values at the same time 

For a sinusoidal applied voltage,
the current in a resistor is

always in phase with the voltage 
across the resistor.



phasor diagrams

A phasor is a vector whose length is

proportional to the maximum value of the variable it 

represents (∆𝑉𝑚𝑎𝑥 for voltage

and 𝐼𝑚𝑎𝑥 for current) and which rotates 

counterclockwise at an angular speed equal to the 

angular frequency associated with the variable. 

▪ Projection of the phasor onto the vertical axis represents 

the instantaneous value of the quantity it represents.

voltage and current 

phasors for the circuit 

The advantage of this approach is that the phase relationships among currents and 

voltages can be represented as vector additions of phasors.

For example, the projection of the current phasor is 𝐼𝑚𝑎𝑥 sin𝑤𝑡. 
Thus, we can use the projections of phasors to represent current values that vary 

sinusoidally in time. 

We can do the same with time-varying voltages.





▪ The average value of the current over one cycle is zero.

➢ Collisions between electrons and the fixed atoms of the resistor result in an increase 

in the resistor’s temperature. Although this temperature increase depends on the 

magnitude of the current, it is independent of the direction of the current.

➢ The rate at which energy is delivered to a resistor is the power 

𝑃 = 𝑖2𝑅 𝑖 is the instantaneous current in the resistor

▪ In AC circuit, an average value of current, referred to as the rms current.

The notation rms stands for root-mean-square,

square root of the mean (average) value of the 

square of the current: 𝐼𝑟𝑚𝑠 = ഥ𝑖2











A circuit consisting of an 

inductor of inductance L 

connected to an AC 

source.

▪ Consider an AC circuit consisting only of an 

inductor connected to the terminals

of an AC source.

▪ Self-induced instantaneous voltage across 

the inductor   ∆𝑣𝐿 = 𝜀𝐿 = −𝐿(
𝑑𝑖

𝑑𝑡
)

▪ Instantaneous current iL in the inductor as a function of time:



▪ The instantaneous current iL in the inductor and the instantaneous voltage ΔvL across 

the inductor are out of phase by (π/2) rad = 90°.

The current lags behind the voltage by 90°.

inductors in an AC circuit produce a current that is out of phase with the AC voltage.

when the current iL in the inductor is a maximum (point b) the voltage across the inductor is 

zero (point d).  

The voltage reaches its maximum value one quarter of a period before the current 

reaches its maximum value. 

Phasors are at 90° to one another, 

representing the 90° phase

difference between current and 

voltage.



▪ The current in an inductive circuit reaches its maximum value when cos𝜔𝑡 = −1

𝝎𝑳 must have units of ohms, it represents opposition to the flow of charge. Notice that because 

𝝎𝑳 depends on the applied frequency 𝝎, the inductor reacts differently.

The rms current in an inductor , with Imax replaced by Irms and ΔV max replaced by ΔVrms.
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▪ Consider AC circuit consisting of a capacitor 

connected across the terminals of an AC source.

Where  ΔvC is the instantaneous voltage across the capacitor.

Capacitance: 𝑪 =
𝒒

∆𝒗𝑪

▪ The current is π/2 rad = 90° out of phase with the voltage across the capacitor.



The current reaches its maximum value one quarter of a cycle sooner than the voltage reaches 

its maximum value.

➢ The voltage lags behind the current by 90°. (b) Phasor diagram for the capacitive circuit, 

showing that the current leads the voltage by 90°.



➢ The current in the circuit reaches its maximum value when 𝐜𝐨𝐬𝝎𝒕 = 𝟏

The rms current in an inductor , with Imax replaced by Irms and ΔV max replaced by ΔVrms.



➢ Frequency of the voltage source increases, the capacitive reactance decreases and therefore 

the maximum current increases. 

➢ Frequency of the current is determined by the frequency of the voltage source driving the 

circuit. 

➢ As the frequency approaches zero, the capacitive reactance approaches infinity, and hence the 

current approaches zero. 





Selected Solved Problems (Chapter # 33)



▪ A circuit that contains a resistor, an inductor, 

and a capacitor connected in series across an 

alternating voltage source. The applied voltage 

varies sinusoidally with time.

The current varies as

Phase angle (𝝓) between the current and the 
applied voltage. 

Current will generally not be in phase with the 

voltage in an RLC circuit. 

Our aim is to determine 𝝓 and Imax. 

Phase relationships for

instantaneous voltages in 

the series RLC circuit.



▪ The elements are in series, the current everywhere in the circuit must be the same 

at any instant. 

That is, the current at all points in a series AC circuit has the same amplitude 

and phase.

▪ And the voltage across each element has a different amplitude and phase.

▪ The instantaneous voltages across the three circuit elements as

▪ The maximum voltage values across the elements:

Voltage across the inductor 

leads the current by 90°

Voltage across the resistor 

is in phase with the current

Voltage across the capacitor 

lags behind the current by 90°. 



▪ The current at any instant is the same in all elements

Phasor diagram



impedance triangle 

Phase angle (𝜙) between the current and the voltage (when it is positive, 

negative or zero).
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▪ The transfer of energy from the AC source to the circuit.

▪ Power delivered by a battery to a DC circuit is equal to the product of the

current and the emf of the battery. 

▪ The instantaneous power delivered by an AC source to a circuit is the 

product of the source current and the applied voltage. 
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The average power delivered by the source is converted to internal energy in the 

resistor.

Some Notes

No power losses are associated with pure capacitors and pure inductors in an AC 

circuit.
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▪ A series RLC circuit is said to be in resonance when the current has its 

maximum value. 

The rms current where Z is the impedance. 

Because the impedance depends on the frequency of the source, the current in 

the RLC circuit also depends on the frequency. The frequency 𝜔0 at which

XL - XC = 0 is called the resonance frequency of the circuit.

To find 𝜔0 , we use the condition XL = XC , from which we obtain 

𝜔0𝐿 =
1

𝜔0𝐶
, or
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This frequency also corresponds to the natural frequency of oscillation of an 

LC circuit. Therefore, 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. 

Furthermore, at this frequency the  current is in phase with the applied 

voltage.
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