
HE1027 Electrical Principals

Series and Parallel AC Circuits



Inductor in AC Current

Voltage across the inductor is directly related to the inductance of the coil 
and the rate of change of current through the coil

𝑉𝐿 = 𝐿
𝑑𝑖𝐿

𝑑𝑡

From before, instantaneous value of current 𝑖 = 𝐼𝑚 sin 𝛼 = 𝐼𝑚 sin𝜔𝑡

and
𝑑

𝑑𝑡
𝑠𝑖𝑛2𝑥 = 2𝑐𝑜𝑠2𝑥

𝑉𝐿 = 𝐿
𝑑

𝑑𝑡
𝐼𝑚 sin𝜔𝑡 = 𝐿𝐼𝑚

𝑑

𝑑𝑡
(sin𝜔𝑡) = 𝐿𝐼𝑚 𝜔 cos𝜔𝑡 = 𝜔𝐿𝐼𝑚 sin 𝜔𝑡 + 90°

𝜔𝐿 = 𝑋𝐿 - reactance of an inductor

𝑋𝐿 =
𝑉𝑚

𝐼𝑚

Since vL leads iL by 90°, impedance of 
inductive element is ZL=XL∠90°=iXL

VL leads IL by 90°



Capacitor in AC Current

The capacitive current is directly related to the rate of the voltage 
across the capacitor and the rate of change of involved voltage

𝑖𝐶 = 𝐶
𝑑𝑉𝐶

𝑑𝑡

From before, instantaneous value of voltage 𝑣 = 𝑉𝑚 sin 𝛼 = 𝑉𝑚 sin𝜔𝑡

𝑖𝐶 = 𝐶
𝑑

𝑑𝑡
𝑉𝑚 sin𝜔𝑡 = C𝑉𝑚 𝜔 cos𝜔𝑡 = 𝜔𝐶𝑉𝑚 sin 𝜔𝑡 + 90°

1

𝜔𝐶
= 𝑋𝐶 - reactance of a capacitor

𝑋𝐶 =
𝑉𝑚

𝐼𝑚

Since iC leads vC by 90°, impedance of
capacitive element is ZC=XC∠-90°=-iXC

iL leads vL by 90°



Impendence Diagram

• Combination of different elements 
will have total impedances that 
extend from -90° to +90°

• If the total impedance is close to 
0°, it is resistive in nature

• If it is closer to 90°, it is inductive in 
nature

• If it is closer to -90°, it is capacitive 
in nature

j

XC∠-90°

XL∠90°

ZR =R∠0°



Frequency and Inductor

• ω=2*π*f

• XL= ωL=2*π*f*L

If f=0Hz -> XL=0Ω

Reality:

If f=∞Hz -> XL=∞Ω



Frequency and Capacitor

• XC=        =

If f=0Hz -> XC= ∞ Ω

Reality:

1

ωC
1

2*π*f*C

If f=∞Hz -> XC=0Ω



Series Configuration

• Total impendence is a sum of all individual impendences

ZT=Z1+Z2+Z3+Z4+…+Zn

• ZT=Z1+Z2+Z3=R+iXL-iXC=6+i10-i12=6Ω-i2Ω ZT=6.32Ω∠-18.43°

• IT=I1=I2=I3=…=In

• E=V1+V2+V3+V4+…+Vn

• P=EI*cos|𝜃E- 𝜃I|



Example
Find total impendence, current, VR, VL and PT. 

Draw Impendence Diagram

1. Convert e into phasor notation

e=141.4sinωt=100∠0°

2. Find total impendence

ZT=ZR+ZL=3Ω+i4Ω =5Ω ∠53.13°

3. Find current

I=E/ZT=(100∠0°)/(5∠53.13°)=100/5 ∠(0-53.13)=20A ∠-53.13°

4. Find VR

VR=IZR=20A∠-53.13°*3Ω∠0°=60V∠-53.13°

5. Find VL

VL=IZL=20A∠-53.13°*Ω∠90°=80V∠36.87°

6. Find PT

PT=EI*cos|𝜃E- 𝜃I|=100*20*cos|0°-53.13°|=2000*cos(53.13°)=1200W



Frequency Response for Series AC Circuits

• For ideal resistor frequency has no effect

• 𝑋𝐿 = 2𝜋𝑓𝐿

• 𝑋𝐶 =
1

2𝜋𝑓𝐶

In series connection, element with largest impedance has the greatest 
impact

R

f
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f

XC

f



Series R-C (Resistor-Capacitor) AC Circuit

• ZT=Z1+Z2

• At low frequency impendence of capacitor has a larger impact

• At high frequency impendence of resistor has a larger impact

• Breaking point is at Xc=R

• Since 𝑋𝐶 =
1

2𝜋𝑓𝐶
, then 𝑓` =

1

2𝜋𝑅𝐶

ZT

f

ZT

f

capacitive

resistive
f`



R-C low pass filter and high pass filter

ZT

f

capacitive

resistive
f`

Vmax

f

f`

Band-pass

Band-stop

0,707V--------

RC low pass filter

Vmax

f

f`

Band-pass
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0,707V--------

RC high pass filter



Series R-L (Resistor-Inductor) AC Circuit

• ZT=Z1+Z2

• At low frequency impendence of resistor has a larger impact

• At high frequency impendence of inductor has a larger impact

• Breaking point is at XL=R

• Since 𝑋𝐿= 2𝜋𝑓𝐿, then 𝑓` =
𝑅

2𝜋𝐶

ZT

f

ZT

f

f`



R-L low pass filter and high pass filter

Vmax

f

f`

Band-pass

Band-stop

0,707V--------

RL low pass filter

Vmax

f

f`

Band-pass

Band-stop

0,707V--------

RL high pass filter
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Band-pass filter and band-stop filter

high pass filter       +          low pass filter        =                band pass filter

Vmax

f

f`

Vmax

f

f`

Vmax

f

f` f``

=

low pass filter       +          high pass filter        =                band stop filter

Vmax

f

f`
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f
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f

f` f``

=



Series R-L-C (Resistor-Inductor-Capacitor) AC Circuit

• ZT=Z1+Z2+Z3

• Since resistor don’t change over time it basically just ignored

• At low frequency impendence of capacitor has a larger impact

• At hight frequency impendence of inductor has a larger impact

• Breaking point is at XL=Xc ->    ->

ZT

f

ZT

f

f`

I

f

f`

2𝜋𝑓𝐿 =
1

2𝜋𝑓𝐶
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Parallel Configuration

1

𝑍𝑇
=

1

𝑍1
+

1

𝑍2
+

1

𝑍3
+⋯+

1

𝑍𝑛

E=V1=V2=V3=…=Vn

IT=I1+I2+I3+…+In

P=EI*cos|𝜃E- 𝜃I|



Example
Find total impendence, current, VR, VL and PT. 

Draw Impendence Diagram

1. Convert i into phasor notation

i=14.14sinωt=10∠0°

2. Find total impendence

1/ZT=1/ZR+1/ZC=1/1.67Ω+1/i1.25Ω=0.599Ω+i0.8Ω

ZT= 1 Ω ∠-53.13°

3. Find voltage

E=I*ZT=(10∠0°)*(1∠-53.13°)=100*1 ∠(0+(-53.13))=10V ∠-53.13°

4. Find IR

IR=E/ZR=(10V∠-53.13°)/(1.67Ω∠0°)=6A∠-53.13°

5. Find IC

IC=E/ZC=(10V∠-53.13°)/(1.25Ω∠-90°)=8A∠36.87°

6. Find PT

PT=EI*cos|𝜃E- 𝜃I|=10*10*cos|-53.13°-0°|=100*cos(53.13°)=60W



Parallel R-L (Resistor-Inductor) AC Circuit

• 1/ZT=1/Z1+1/Z2

• In parallel connection, element with smallest impedance has the greatest impact

• At low frequency impendence of inductor has a larger impact

• At high frequency impendence of resistor has a larger impact

• Breaking point is at XL=R

• Since 𝑋𝐿= 2𝜋𝑓𝐿, then 𝑓` =
𝑅

2𝜋𝐿
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f
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f
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Parallel R-C (Resistor-Capacitor) AC Circuit

• ZT=Z1+Z2

• At low frequency impendence of resistor has a larger impact

• At high frequency impendence of capacitor is larger than of capacitor

• Breaking point is at Xc=R

• Since 𝑋𝐶 =
1

2𝜋𝑓𝐶
, then 𝑓` =

1

2𝜋𝑅𝐶

ZT

f

f`



Resonance

• 𝑍𝐿 = 2𝜋𝑓𝐿

• 𝑍𝐶 =
1

2𝜋𝑓𝐶

At 159.155Hz:

𝑍𝐿 = 2𝜋 ∗ 159.155 ∗ 0.1 = 100∠90°

𝑍𝐶 =
1

2𝜋∗159.155∗0.0001
=100∠-90°

ZT=100∠90°+100∠-90°=0Ω

f

X L

C



Suggested reading

Introductory Circuit Analysis

–Kap 14: 14.2 - 14.9

–Kap 22: 22:1-22.8, 22.11

*suggestions in bold are more important



Suggested exercises

• Kap 14: 5, 17, 35, 37, 39, 41, 43, 49, 53, 55

• Kap 22: 19, 21, 23, 25


