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 Series Configuration
 Introduction to AC Series Circuits

 Comparison to DC Series Circuits

 RL Circuit Example

 ICP 1 – Series RC Circuit 

 Voltage Divider Rule
 Introduction

 Example

 ICP 2 – Use voltage divider to find unknown voltages
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Series Circuit Configuration
 Overall properties of AC series circuits are 

the same as those of DC series circuits if
The source is converted to phasor form

The circuit loads ( ) are converted to 
their respective impedances ( ோ ௅ ஼)
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𝐸 ൌ 𝑉ଵ ൅ 𝑉ଶ 𝑬 ൌ 𝑽𝟏 ൅ 𝑽𝟐

𝐼 ൌ ா
ோ೅

𝑰 ൌ 𝑬
𝒁𝑻

𝑽𝟏 ൌ 𝑰𝒁𝟏 𝑽𝟐 ൌ 𝑰𝒁𝟐𝑉ଵ ൌ 𝐼𝑅ଵ 𝑉ଶ ൌ 𝐼𝑅ଶ

 The applied voltage of a series dc circuit will equal the algebraic 
sum of the voltage drops of the circuit (aka KVL)

 The current is the same at every point in a series circuit

 The voltage across each element can be found by Ohm’s law

Series DC Circuit Series AC Circuit 
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𝑅் ൌ 𝑅ଵ ൅ 𝑅ଶ 𝒁𝑻 ൌ 𝒁𝟏 ൅ 𝒁𝟐

𝑃 ൌ 𝐸𝐼

 The total resistance (impedance for AC) of a series configuration 
is the sum of the resistors (impedances for AC)

 The total power delivered to the load is 

Where 𝜃் is the phase angle between voltage 
and current

Series DC Circuit Series AC Circuit 

𝑃 ൌ 𝐸𝐼 cos 𝜃்

𝜃் ൌ 𝜃ா െ 𝜃ூ

E and I are the effective (RMS) values 



Electrical Engineering Technology

Series RL Circuit Example
 Consider the series RL 

circuit below
1. Write the voltage 𝐸 in 

phasor form. 
2. Calculate the total 

impedance 𝑍் of the 
circuit

3. Find the current 𝐼 and the 
voltages 𝑉ோ and 𝑉௅

4. Find the power delivered 
to the loads and the total 
power
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Series RL Circuit Example
 Source voltage

 Sinusoidal
 Polar & Rectangular

 Impedance
 Total impedance 

 Current

𝑒 ൌ 141.4௣௞ sin 𝜔𝑡

𝑬 ൌ ଵସଵ.ସ
ଶ ೝ೘ೞ

∠0°

𝒁𝑻 ൌ 𝒁𝑹 ൅ 𝒁𝑳

𝒁𝑹 ൌ 𝑅∠0° 𝒁𝑹 ൌ 3Ω∠0° ൌ 3 ൅ 𝑗0 Ω

𝒁𝑳 ൌ 𝑋௅∠90° 𝒁𝑳 ൌ 4Ω∠90° ൌ 0 ൅ 𝑗4  Ω

𝒁𝑻 ൌ 𝒁𝑹 ൅ 𝒁𝑳 ൌ 3 ൅ 𝑗0 ൅ 0 ൅ 𝑗4 ൌ 3 ൅ 𝑗4 Ω

𝒁𝑻 ൌ 3ଶ ൅ 4ଶ ∠ tanିଵ ସ
ଷ ൌ 5Ω∠53.13°

𝑰 ൌ 𝑰𝑹 ൌ 𝑰𝑳 ൌ 𝑬
𝒁𝑻

ൌ ଵ଴଴௏ೝ೘ೞ ∠଴° 
ହஐ∠ହଷ.ଵଷ° ൌ 20𝐴௥௠௦∠ െ 53.13° 

𝑰 ൌ 20 cos െ53.13° ൅ 𝑗20 sin െ53.13° ൌ 12 െ 𝑗16 𝐴௥௠௦

𝑬 ൌ 100𝑉௥௠௦ ∠0°

𝑬 ൌ 100 ൅ 𝑗0 𝑉𝑟𝑚𝑠
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Series RL Circuit Example
 Total Power Delivered

 Power Factor

𝑃் ൌ 𝐸𝐼 cos 𝜃் 𝑃் ൌ 𝐸 𝐼 cos 𝜃ா െ 𝜃ூ

𝑃் ൌ 100𝑉௥௠௦ 20𝐴௥௠௦ cos 0 െ െ53.13°
𝑃் ൌ 100𝑉௥௠௦ 20𝐴௥௠௦ cos 53.13° ൌ 2000 𝑊 0.6 ൌ 1200 𝑊

Where 𝜃் is the phase 
angle between E and I

𝐹௉ ൌ cos 𝜃் ൌ ோ
௓೅

𝐹௉ ൌ cos 𝜃ா െ 𝜃ூ ൌ ோ
௓೅

𝐹௉ ൌ cos 0 െ െ53.13° ൌ య
ఱ ൌ 0.6 lagging (current lags voltage)

Find VR, VL and sum to check the input voltage
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The results are summarized in the table 
below.  

R L Total

E
Polar 60 𝑉௥௠௦∠ െ 53.13° 80𝑉௥௠௦∠36.87° 100𝑉௥௠௦ ∠0°

Rectangular 36 െ 𝑗48 𝑉௥௠௦ 64 ൅ 𝑗48 𝑉௥௠௦ 100 ൅ 𝑗0 𝑉௥௠௦

I
Polar 20𝐴௥௠௦∠ െ 53.13° 20𝐴௥௠௦∠ െ 53.13° 20𝐴௥௠௦∠ െ 53.13° 

Rectangular 12 െ 𝑗16 𝐴௥௠௦ 12 െ 𝑗16 𝐴௥௠௦ 12 െ 𝑗16 𝐴௥௠௦

Z
Polar 3Ω∠0° 4Ω∠90° 5Ω∠53.13°

Rectangular ሺ3 ൅ 𝑗0) Ω ሺ0 ൅ 𝑗4) Ω 3 ൅ 𝑗4 Ω

P 𝟏𝟐𝟎𝟎 𝑾 0 𝟏𝟐𝟎𝟎 𝑾 
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ICP 1 - Series RC Circuit
 Consider the series RC circuit 

in Fig. 15.33, analyze the 
circuit similar to the RL circuit. 

1. Write the current 𝐈 in phasor 
form. 

2. Calculate the total impedance 
𝒁𝑻 of the circuit

3. Find the voltage across the 
current source, 𝐕𝐢𝐧 and the 
voltages 𝑽𝑹 and 𝑽𝑪

4. Find the power delivered to the 
loads and the total power 
delivered
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Voltage Divider Rule (VDR)
 The basic format for the voltage divider rule in 

AC circuits is exactly the same for DC circuits 
(covered in Chap. 5.7)
 VDR is used to determine the voltage across a series 

load without first having to determine the current 
through the circuit.
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RMS

Voltage Divider Rule (VDR): Example
 Using the voltage divider rule, find the voltage 

across each element of the circuit shown below

Voltage across the capacitor ஼

Voltage across the resistor ோ
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RMS

Voltage Divider Rule (VDR): Example
 Using the voltage diver rule, find the voltage 

across each element of the circuit shown below

Voltage across the capacitor ஼

Voltage across the resistor ோ
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Voltage Divider Rule (VDR): Example
 Using the voltage diver rule, find the voltage 

across each element of the circuit shown below

Voltage across the capacitor ஼

RMS

Ω
RMS
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Voltage Divider Rule (VDR): Example
 Using the voltage diver rule, find the voltage 

across each element of the circuit shown below

Voltage across the resistor ோ

 Check: Use VR and VC to find E

RMS
Ω

RMS
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ICP 2 – Voltage Divider Rule
 Using the voltage divider rule, find the 

unknown voltages ோ, ௅, ஼, and ଵfor the 
circuit shown below.

PK


