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Review
• When an AC circuit is turned on, there are transients (the blue curve).

• In time, voltages and currents converge to steady-state values (the red curve).

• Phasor analysis is the fastest way to find steady-state voltages and currents.



Review—Phasors 
• In the time domain, the signal 𝑚 𝑡 = 𝑀 cos(𝜔𝑡 + 𝛼) is a sinusoidal function. 

• In the frequency domain, the signal is a vector 𝑴 𝑡 = 𝑀∠𝜔𝑡 + 𝛼 that rotates 
counterclockwise in the complex plane at an angular velocity 𝜔.

• Such rotating vectors are called PHASORS.

• We use an abbreviated phasor notation: 𝑴 = 𝑀∠𝛼 (the 𝜔𝑡 term is dropped).
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Review—Impedance 
• Assume a network with two terminals that has no independent sources. 

• A voltage 𝑣 𝑡 = 𝑉𝑚 cos(𝜔𝑡 + 𝛼𝑣) will result in a sinusoidal steady-state current of 
the same frequency:  𝑖 𝑡 = 𝐼𝑚 cos(𝜔𝑡 + 𝛼𝑖).

• In the frequency domain, these correspond to the phasors

𝑽(𝑡) = 𝑉𝑚𝑒
𝑗𝜔𝑡+𝑗𝛼𝑣 and 𝑰(𝑡) = 𝐼𝑚𝑒

𝑗𝜔𝑡+𝑗𝛼𝑖.

• For a linear network, the ratio 𝒁 = 𝑽(𝑡)/𝑰(𝑡) is a constant called impedance. 



Review—Impedance 

• Since 𝑽(𝑡) = 𝑉𝑚𝑒
𝑗𝜔𝑡+𝑗𝛼𝑣 and 𝑰(𝑡) = 𝐼𝑚𝑒

𝑗𝜔𝑡+𝑗𝛼𝑖, impedance is independent of 
time:

𝒁 =
𝑽 𝑡

𝑰 𝑡
=
𝑉𝑚
𝐼𝑚

𝑒𝑗 𝛼𝑣−𝛼𝑖

• The impedance is a constant, not a phasor! 

• Only voltages and currents are phasors.

• The impedance unit is Ohms [Ω].

• Impedance resembles resistance; it could be viewed as an “AC resistance”.



Review—Impedance 
Resistors, capacitors, and inductors are represented in the frequency domain by their 
impedance. Memorize the impedance formulas!



Impedance Combinations
• The methods learned for DC circuits apply also to AC circuits in the frequency 

domain.

• Series and parallel impedances are combined just like resistors.

Example: Find the impedance of the 

shown network. Assume 𝑓 =
10

2𝜋
𝑘𝐻𝑧.

• The angular frequency is: 𝜔 = 2𝜋𝑓.

• The resistor impedance: 𝒁𝑹 = 1 𝑘Ω.

• The inductor has 𝒁𝑳 = 𝑗𝜔𝐿 = 𝑗 𝑘Ω.

• The capacitor has 𝒁𝑪 =
1

𝑗𝜔𝐶
=

1

𝑗
𝑘𝛺.

• Overall, 𝒁 = 𝒁𝑳 + (𝒁𝑹||𝒁𝑪).



Complex Numbers—Review 
To finish our example, let us review first some complex 
number concepts.

𝑚∠𝛼 ⋅ 𝑛∠𝛽 = 𝑚𝑒𝑗𝛼𝑛𝑒𝑗𝛽 = 𝑚𝑛𝑒𝑗𝛼+𝑗𝛽 = 𝑚𝑛∠𝛼 + 𝛽

𝑚∠𝛼

𝑛∠𝛽
=
𝑚𝑒𝑗𝛼

𝑛𝑒𝑗𝛽
=
𝑚

𝑛
𝑒𝑗𝛼−𝑗𝛽 =

𝑚

𝑛
∠𝛼 − 𝛽

In our example:

𝒁𝑪 =
1

𝑗
=

1∠0∘

1∠90∘
= 1∠ − 90∘ = −𝑗 𝑘Ω



Complex Numbers—Review 

𝒁𝒄||𝒁𝑹 =
1

1
𝒁𝑪

+
1
𝒁𝑹

=
1

𝑗
103

+
1
103

=
103

1 + 𝑗
𝛺 =

1

1 + 𝑗
𝑘𝛺

There are two ways to simplify this expression.

Method 1: Convert 1 + 𝑗 to polar form
1

1 + 𝑗
=

1

12 + 12∠ tan−1
1
1

=
1∠0∘

2∠45∘
=

1

2
∠ − 45∘

Method 2: Multiply numerator and denominator by complex conjugate
1

1 + 𝑗
=

1

1 + 𝑗
⋅
1 − 𝑗

1 − 𝑗
=

1 − 𝑗

12 + 12
=
1 − 𝑗

2
=

1

2
∠ − 45∘

We conclude that 𝒁𝒄||𝒁𝑹 =
1

2
∠ − 45∘ 𝑘Ω. 



Complex Numbers—Review 
• Given a complex number 𝑐 = 𝑚 + 𝑗𝑛 = 𝑐 ∠𝛼,

• 𝑐 = 𝑚2 + 𝑛2 is the magnitude (aka absolute value) of c.

• 𝑚 + 𝑗𝑛 is the rectangular form of 𝑐.

• 𝑐 ∠𝛼 is the polar form of 𝑐.

• 𝑐∗ = 𝑚 − 𝑗𝑛 = 𝑐 ∠ − 𝛼 is the complex conjugate of 𝑐.

• Note that 𝑐 ⋅ 𝑐∗ = 𝑐 2.

To finish our example:

𝒁 = 𝒁𝑳 + (𝒁𝑪| 𝒁𝑹 = 𝑗 +
1 − 𝑗

2
=
1 + 𝑗

2
𝑘Ω = 707.11∠45∘ Ω



Impedance Combinations

Example: Find 𝑖(𝑡). Assume 𝑓 =
10

2𝜋
𝑘𝐻𝑧.

• The source has a phasor voltage: 
𝑽𝒔 𝑡 = 3∠𝜔𝑡 V

• Using the abbreviated notation:
𝑽𝒔 = 3∠0∘ V

• The total impedance 𝒁 is known from the previous example:

𝒁 =
1

2
∠45∘ 𝑘Ω

• The phasor current is

𝑰 =
𝑽𝒔
𝒁
=

3∠0∘

1

2
∠45∘

= 4.24∠ − 45∘ 𝑚𝐴

• Therefore, in the time domain, 𝑖 𝑡 = 4.24 cos 𝜔𝑡 − 45∘ 𝑚𝐴.



Reactance
• Consider the rectangular form of the impedance:

𝒁 = 𝑅 + 𝑗𝑋

• The real part 𝑅 is called resistance.

• The imaginary part 𝑋 is called reactance.

• The unit of 𝑅 and 𝑋 is Ohms [Ω].

• Example: For an inductor, 𝒁 = 𝑗𝜔𝐿. The reactance is 𝑋 = 𝜔𝐿.

• Example: For a capacitor, 𝒁 =
1

𝑗𝜔𝐶
= −

𝑗

𝜔𝐶
. The reactance is 𝑋 = −

1

𝜔𝐶
.



Admittance, Conductance, Susceptance
• The admittance is defined as

𝒀 =
1

𝒁
• Consider the rectangular form of the admittance:

𝒀 = 𝐺 + 𝑗𝐵

• The real part 𝐺 is called conductance.

• The imaginary part 𝐵 is called susceptance.

• The unit of 𝐺 and 𝐵 is Siemens [S] or [Ω−1]. 



Admittance, Conductance, Susceptance
Example: Find the conductance and the susceptance of 𝒁 = 4 − 3𝑗 𝛺.

• The admittance is

𝒀 =
1

4 − 3𝑗
=

1

4 − 3𝑗
⋅
4 + 3𝑗

4 + 3𝑗
=

4 + 3𝑗

42 + −3 2
= 160 + 120𝑗 𝑚𝑆

• Therefore, 𝐺 = 160 𝑚𝑆 and 𝐵 = 120 𝑚𝑆. 

• In this example the resistance is 𝑅 = 4 Ω and the reactance is 𝑋 = −3 Ω.

• It is important to note that in general 𝐺 ≠
1

𝑅
and always 𝐵 ≠

1

𝑋
.



Voltage and Current Division
• The methods learned for DC circuits apply also to AC circuits in the frequency 

domain.

• In particular, this is true of voltage and current division.

Example: Find 𝑖𝑐(𝑡) and 𝑣𝑥(𝑡). Assume 𝑓 =
100

2𝜋
𝑘𝐻𝑧 and 𝑖 𝑡 = 10 cos 𝜔𝑡 + 10∘ 𝜇𝐴.

• Since 𝜔 = 2𝜋𝑓 = 105 𝑟𝑎𝑑/𝑠, using the formulas 𝒁𝑳 = 𝑗𝜔𝐿 and 𝒁𝑪 =
1

𝑗𝜔𝐶
:

𝒁𝟗𝟏𝒎 = 9.1𝑗 𝑘Ω, 𝒁𝟏𝟎𝟎𝒎 = 10𝑗 𝑘Ω, 𝒁𝟏𝒏 = −10𝑗 𝑘Ω, and 𝒁𝟕𝟓𝟎𝒑 = −13.33𝑗 𝑘Ω.



Voltage and Current Division
• The frequency domain circuit is shown in the figure.

The problem will be solved as follows.

• We will find first 𝒁𝟏, 𝒁𝟐, and 𝒁𝟑.

• Next, current division will be used to find 𝑰𝟑, 𝑰𝒄, and 𝑰𝟏.

• Next, Ohm’s law will be used to find 𝑽𝒙 = −13.33𝑗 𝑘Ω ⋅ 𝑰𝟏. 

• The results will be converted to the time domain.



Voltage and Current Division

𝒁𝟏 = 6.8 − 13.33𝑗 𝑘Ω

𝒁𝟐 =
1

1
−10𝑗 𝑘Ω

+
1

10𝑗 𝑘Ω
+

1
𝒁𝟏

= 𝒁𝟏

𝒁𝟑 = 9.1𝑗 𝑘Ω + 𝒁𝟐 = 6.8 − 4.23𝑗 𝑘Ω

Since 𝑖 𝑡 = 10 cos 𝜔𝑡 + 10∘ 𝜇𝐴, it follows that 𝑰 = 10∠10∘ 𝜇𝐴.



Voltage and Current Division

𝑰𝟑 = 𝑰

1
𝒁𝟑

1
18 𝑘Ω

+
1
𝒁𝟑

= 10∠10∘𝜇𝐴
18 𝑘Ω

18 𝑘Ω + 𝒁𝟑
= 10∠10∘𝜇𝐴

18

25.16∠ − 9.68∘
= 7.15∠19.68∘ 𝜇𝐴

𝑰𝟏 = 𝑰𝟑

1
𝒁𝟏

1
−10𝑗 𝑘Ω

+
1

10𝑗 𝑘Ω
+

1
𝒁𝟏

= 𝑰𝟑 ⇒ 𝑽𝒙 = −13.33𝑗 𝑘Ω ⋅ 𝑰𝟏 = 95.37∠ − 70.32∘ 𝑚𝑉

⇒ 𝑣𝑥 𝑡 = 95.37 cos 𝜔𝑡 − 70.32∘ 𝑚𝑉



Voltage and Current Division

𝑰𝒄 = −𝑰

1
−10𝑗 𝑘Ω

1
−10𝑗 𝑘Ω

+
1

10𝑗 𝑘Ω
+

1
𝒁𝟏

= 10∠10∘𝜇𝐴
𝒁𝟏

10𝑗 𝑘Ω
= 14.96∠ − 142.97∘ 𝜇𝐴

⇒ 𝑖𝑐 𝑡 = 14.96 cos 𝜔𝑡 − 142.97∘ 𝜇𝐴



Remarks

• In the previous example, the current source had 𝑖 𝑡 = 10 cos 𝜔𝑡 + 10∘ 𝜇𝐴, while 
the branch current 𝑖𝑐(𝑡) was 𝑖𝑐 𝑡 = 14.96 cos 𝜔𝑡 − 142.97∘ 𝜇𝐴.

• In AC, currents/voltages do not have to be smaller than the value of the 
current/voltage source that causes them.

• The previous example also illustrates that an impedance can be infinite:

(−10𝑗 𝑘𝛺)||(10𝑗 𝑘𝛺) =
1

1
−10𝑗

+
1
10𝑗

=
1

0
= ∞

• This impedance is infinite because the 1 𝑛𝐹 capacitor and the 100 𝑚𝐻 inductor cancel 
each other at the given frequency. 


