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Electrical Science: 2021-22

Lecture 13

AC Response for Pure Resistive, Inductive 

and Capactive  Circuits

By Dr. Sanjay Vidhyadharan
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RMS

The RMS voltage/current value can also be defined as the "value of the 

direct voltage/current that dissipates the same power in a resistor." 

If i is the instantaneous current through the resistance, the average power 

dissipated is,
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Power = VRMS * IRMS = 𝐼2𝑅𝑀𝑆* R = 
𝑉2

𝑅𝑀𝑆

R

VRMS= 0.707 Vm
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AC RESPONSE FOR A PURE RESISTIVE CIRCUIT

Consider a circuit having a resistance R ohms connected across the terminals of 

an AC Source

If the value of the voltage at any instant is v volts, the value of the current at 

that instant is given by

When the voltage is zero, the current is also zero and since the current is

proportional to the voltage, the waveform of the current is exactly the same as

that of the voltage
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AC RESPONSE FOR A PURE RESISTIVE CIRCUIT

Consider a circuit having a resistance R ohms connected across the terminals of 

an AC Source

v = Vm Sin (ωt)

i = Im Sin (ωt)

Im = Vm / R
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AC RESPONSE FOR A PURE RESISTIVE CIRCUIT

Consider a circuit having a resistance R ohms connected across the terminals of 

an AC Source

By Ohm' s law V e j(t+ ) = R I e j(t+ )

Phasor representation :

V = RI

• So current and voltage are in phase for a resistor = 
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AC RESPONSE FOR A PURE RESISTIVE CIRCUIT

Consider a circuit having a resistance R ohms connected across the terminals of 

an AC Source

Power = VRMS * IRMS = 𝐼2𝑅𝑀𝑆* R = 
𝑉2

𝑅𝑀𝑆

R

VRMS= 0.707 Vm
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AC RESPONSE FOR A PURE RESISTIVE CIRCUIT

Generalised Equation for Power in an AC Circuit

Pavg = Average of (Vm Sin⍵t × Im Sin(⍵t + Φ)

For Pure Resistive Circuit

ɸ = 0

Power = VRMS * IRMS = 𝐼2𝑅𝑀𝑆* R = 
𝑉2

𝑅𝑀𝑆

R
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AC RESPONSE FOR A PURE INDUCTIVE CIRCUIT

V(t) = Vm Sin (ωt)

V = j L I

V = L  I

 = 90o +

• The voltage angle is 90o greater than current angle,

• hence inductor voltage leads the current by 90o.
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AC RESPONSE FOR A PURE INDUCTIVE CIRCUIT

where f is the frequency of the alternating current. For a steady current, f = 0. 

Therefore, XL = 0. Thus an ideal inductor offers no resistance to steady DC current.
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AC RESPONSE FOR A PURE INDUCTIVE CIRCUIT

Example 1:
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Generalised Equation for Power in an AC Circuit

AC RESPONSE FOR A PURE INDUCTIVE CIRCUIT

V(t) = Vm Sin (ωt)

Pavg = 0

𝐹𝑜𝑟 𝐼𝑛𝑑𝑢𝑐𝑡𝑜𝑟 ɸ = -900
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AC RESPONSE FOR A PURE CAPACITIVE CIRCUIT

V(t) = Vm Sin (ωt)

𝑣 =
𝑞

𝑐
>>  𝑞 = 𝑣𝑐

𝑖 =
𝑑𝑞

𝑑𝑡
=

𝑑CVm Sin (ωt)
𝑑𝑡

𝑖 = Cω Vm Cos (ωt)

𝑖 = Im Cos (ωt)

𝑖 = Im Sin (ωt+
π

2
)

Im = Cω Vm = 
Vm
1

Cω

𝑋𝑐 =
1

Cω • The current angle is 90o greater than voltage angle,

• hence capacitor current leads the voltage by 90o.

• For DC Xc = Open Circuit 

I =  CV  I = jC V

 = 90o +
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AC RESPONSE FOR A PURE CAPACITIVE CIRCUIT

A capacitor of capacitance 102/π µF is connected across a 220 V, 50 Hz A.C. mains. Calculate the 

capacitive reactance, RMS value of current and write down the equations of voltage and current.

Example 2:
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AC RESPONSE FOR A PURE CAPACITIVE CIRCUIT

V(t) = Vm Sin (ωt)

Pavg = 0

𝐹𝑜𝑟 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑜𝑟 ɸ = 900

Generalised Equation for Power in an AC Circuit

𝑖 = Im Cos (ωt)
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Summary: Phasor Voltage/Current  Relationships

Time Domain Frequency Domain

Calculus (hard but real) Algebra (easy but complex)
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Summary: Phasor Voltage/Current  Relationships

General Phasor equation for elements:

Z → Impedance

Y → Admittance

V = ZI

ZR = R ; ZL = jwL ; ZC = 1/jwC

I = YV

YR = 1/R ; YL = 1/jwL ; YC = jwC
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Impedances in Series

V= V1+V2 = Z1I + Z2I = (Z1 + Z2 )I

As a result,

N

Z1

Z2

-

+

V

+

-
V2

Z1 Z2 = Z

Z= Z1 + Z2

𝐼 =
𝑉

𝑍1 + 𝑍2
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Impedance of AC circuits

Find the impedance of the network at 5 rad/s.

Example 3:
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Answer: 4.255 + j4.929 Ω

Find the impedance of the network at 5 rad/s.

1/jwC= ‐ j /5 * 200 * 10‐3= ‐jΩ

jwL= j 5 * 2= j10Ω 

1/jwC= ‐ j/ 5 * 500 * 10‐3=

‐j0.4Ω

Z=Z1*Z2/(Z1+Z2)
6*‐j0.4/(6‐j0.4)

Impedance of AC circuits

Example 3:
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Thank you


