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2
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Vrms is the DC voltage that would cause R to dissipate the same power.

We use small letters for time-varying voltages and capital letters for
time-invariant values.
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2
V .



Power Factor +

14: Power in AC Circuits

• Average Power

• Cosine Wave RMS

• Power Factor +

• Complex Power

• Power in R, L, C

• Tellegen’s Theorem

• Power Factor Correction

• Ideal Transformer

• Transformer Applications

• Summary

E1.1 Analysis of Circuits (2017-10213) AC Power: 14 – 4 / 11

Suppose voltage and current phasors are:
V = |V | ejθV
I = |I| ejθI



Power Factor +

14: Power in AC Circuits

• Average Power

• Cosine Wave RMS

• Power Factor +

• Complex Power

• Power in R, L, C

• Tellegen’s Theorem

• Power Factor Correction

• Ideal Transformer

• Transformer Applications

• Summary

E1.1 Analysis of Circuits (2017-10213) AC Power: 14 – 4 / 11

Suppose voltage and current phasors are:
V = |V | ejθV ⇔ v(t) = |V | cos (ωt+ θV )

I = |I| ejθI ⇔ i(t) = |I| cos (ωt+ θI)



Power Factor +

14: Power in AC Circuits

• Average Power

• Cosine Wave RMS

• Power Factor +

• Complex Power

• Power in R, L, C

• Tellegen’s Theorem

• Power Factor Correction

• Ideal Transformer

• Transformer Applications

• Summary

E1.1 Analysis of Circuits (2017-10213) AC Power: 14 – 4 / 11

Suppose voltage and current phasors are:
V = |V | ejθV ⇔ v(t) = |V | cos (ωt+ θV )

I = |I| ejθI ⇔ i(t) = |I| cos (ωt+ θI)



Power Factor +

14: Power in AC Circuits

• Average Power

• Cosine Wave RMS

• Power Factor +

• Complex Power

• Power in R, L, C

• Tellegen’s Theorem

• Power Factor Correction

• Ideal Transformer

• Transformer Applications

• Summary

E1.1 Analysis of Circuits (2017-10213) AC Power: 14 – 4 / 11

Suppose voltage and current phasors are:
V = |V | ejθV ⇔ v(t) = |V | cos (ωt+ θV )

I = |I| ejθI ⇔ i(t) = |I| cos (ωt+ θI)

Power dissipated in load Z is
p(t) = v(t)i(t) = |V | |I| cos (ωt+ θV ) cos (ωt+ θI)



Power Factor +

14: Power in AC Circuits

• Average Power

• Cosine Wave RMS

• Power Factor +

• Complex Power

• Power in R, L, C

• Tellegen’s Theorem

• Power Factor Correction

• Ideal Transformer

• Transformer Applications

• Summary

E1.1 Analysis of Circuits (2017-10213) AC Power: 14 – 4 / 11

Suppose voltage and current phasors are:
V = |V | ejθV ⇔ v(t) = |V | cos (ωt+ θV )

I = |I| ejθI ⇔ i(t) = |I| cos (ωt+ θI)

Power dissipated in load Z is
p(t) = v(t)i(t) = |V | |I| cos (ωt+ θV ) cos (ωt+ θI)

= |V | |I|
(
1
2 cos (2ωt+ θV + θI) +

1
2 cos (θV − θI)

)



Power Factor +

14: Power in AC Circuits

• Average Power

• Cosine Wave RMS

• Power Factor +

• Complex Power

• Power in R, L, C

• Tellegen’s Theorem

• Power Factor Correction

• Ideal Transformer

• Transformer Applications

• Summary

E1.1 Analysis of Circuits (2017-10213) AC Power: 14 – 4 / 11

Suppose voltage and current phasors are:
V = |V | ejθV ⇔ v(t) = |V | cos (ωt+ θV )

I = |I| ejθI ⇔ i(t) = |I| cos (ωt+ θI)

Power dissipated in load Z is
p(t) = v(t)i(t) = |V | |I| cos (ωt+ θV ) cos (ωt+ θI)

= |V | |I|
(
1
2 cos (2ωt+ θV + θI) +

1
2 cos (θV − θI)

)

= 1
2 |V | |I| cos (θV − θI) +

1
2 |V | |I| cos (2ωt+ θV + θI)



Power Factor +

14: Power in AC Circuits

• Average Power

• Cosine Wave RMS

• Power Factor +

• Complex Power

• Power in R, L, C

• Tellegen’s Theorem

• Power Factor Correction

• Ideal Transformer

• Transformer Applications

• Summary

E1.1 Analysis of Circuits (2017-10213) AC Power: 14 – 4 / 11

Suppose voltage and current phasors are:
V = |V | ejθV ⇔ v(t) = |V | cos (ωt+ θV )

I = |I| ejθI ⇔ i(t) = |I| cos (ωt+ θI)

Power dissipated in load Z is
p(t) = v(t)i(t) = |V | |I| cos (ωt+ θV ) cos (ωt+ θI)

= |V | |I|
(
1
2 cos (2ωt+ θV + θI) +

1
2 cos (θV − θI)

)

= 1
2 |V | |I| cos (θV − θI) +

1
2 |V | |I| cos (2ωt+ θV + θI)



Power Factor +

14: Power in AC Circuits

• Average Power

• Cosine Wave RMS

• Power Factor +

• Complex Power

• Power in R, L, C

• Tellegen’s Theorem

• Power Factor Correction

• Ideal Transformer

• Transformer Applications

• Summary

E1.1 Analysis of Circuits (2017-10213) AC Power: 14 – 4 / 11

Suppose voltage and current phasors are:
V = |V | ejθV ⇔ v(t) = |V | cos (ωt+ θV )

I = |I| ejθI ⇔ i(t) = |I| cos (ωt+ θI)

Power dissipated in load Z is
p(t) = v(t)i(t) = |V | |I| cos (ωt+ θV ) cos (ωt+ θI)

= |V | |I|
(
1
2 cos (2ωt+ θV + θI) +

1
2 cos (θV − θI)

)

= 1
2 |V | |I| cos (θV − θI) +

1
2 |V | |I| cos (2ωt+ θV + θI)

Average power: P = 1
2 |V | |I| cos (φ) where φ = θV − θI



Power Factor +

14: Power in AC Circuits

• Average Power

• Cosine Wave RMS

• Power Factor +

• Complex Power

• Power in R, L, C

• Tellegen’s Theorem

• Power Factor Correction

• Ideal Transformer

• Transformer Applications

• Summary

E1.1 Analysis of Circuits (2017-10213) AC Power: 14 – 4 / 11

Suppose voltage and current phasors are:
V = |V | ejθV ⇔ v(t) = |V | cos (ωt+ θV )

I = |I| ejθI ⇔ i(t) = |I| cos (ωt+ θI)

Power dissipated in load Z is
p(t) = v(t)i(t) = |V | |I| cos (ωt+ θV ) cos (ωt+ θI)

= |V | |I|
(
1
2 cos (2ωt+ θV + θI) +

1
2 cos (θV − θI)

)

= 1
2 |V | |I| cos (θV − θI) +

1
2 |V | |I| cos (2ωt+ θV + θI)

Average power: P = 1
2 |V | |I| cos (φ) where φ = θV − θI

=
∣∣∣Ṽ
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∣∣∣ cos (φ)



Power Factor +

14: Power in AC Circuits

• Average Power

• Cosine Wave RMS

• Power Factor +

• Complex Power

• Power in R, L, C

• Tellegen’s Theorem

• Power Factor Correction

• Ideal Transformer

• Transformer Applications

• Summary

E1.1 Analysis of Circuits (2017-10213) AC Power: 14 – 4 / 11

Suppose voltage and current phasors are:
V = |V | ejθV ⇔ v(t) = |V | cos (ωt+ θV )

I = |I| ejθI ⇔ i(t) = |I| cos (ωt+ θI)

Power dissipated in load Z is
p(t) = v(t)i(t) = |V | |I| cos (ωt+ θV ) cos (ωt+ θI)

= |V | |I|
(
1
2 cos (2ωt+ θV + θI) +

1
2 cos (θV − θI)

)

= 1
2 |V | |I| cos (θV − θI) +

1
2 |V | |I| cos (2ωt+ θV + θI)

Average power: P = 1
2 |V | |I| cos (φ) where φ = θV − θI

=
∣∣∣Ṽ
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∣∣∣
∣∣∣Ĩ
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∣∣∣ ej(θV −θI)

=
∣∣∣Ṽ

∣∣∣
∣∣∣Ĩ
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∣∣∣ sinφ

= P + jQ
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Ṽ × Ĩ∗ =
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2
|I| ejθI

The complex power absorbed by Z is S , Ṽ × Ĩ∗
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Ṽ × Ĩ∗ =
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∣∣∣
∣∣∣Ĩ
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∣∣∣
2

ωL = j
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|Ĩ|2
ωC

= −j
∣∣∣Ṽ
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Ĩ = Ṽ
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Ĩ = Ṽ
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= −10.6j Ω⇒ ĨC = 21.7j A
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SC = Ṽ Ĩ∗C = −j5 kVA
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Ṽ = 230. Motor modelled as 5||7j Ω.

Ĩ = Ṽ
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+ Ṽ
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= 46− j32.9A= 56.5∠− 36◦
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Average power to motor, P , is 10.6 kW in both cases.∣∣∣Ĩ
∣∣∣, reduced from 56.5 ց 47A (−16%) ⇒ lower losses.

Effect of C : VARs = 7.6 ց 2.6 kVAR , power factor = 0.81 ր 0.97.
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∑
Si = 0.
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A transformer has ≥ 2 windings on the same magnetic
core.

Ampère’s law:
∑

NrIr = lΦ
µA

; Faraday’s law: Vr

Nr

= dΦ
dt

.
N1 : N2 +N3 shows the turns ratio between the windings.
The • indicates the voltage polarity of each winding.

Since Φ is the same for all windings, V1

N1

= V2

N2

= V3

N3

.

Assume µ → ∞ ⇒ N1I1 +N2I2 +N3I3 = 0

These two equations allow you to solve circuits and also
imply that

∑
Si = 0.

Special Case:

For a 2-winding transformer this simplifies to
V2 = N2

N1

V1 and IL = −I2 = N1

N2

I1
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imply that

∑
Si = 0.

Special Case:
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(

N1
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)2
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Power Transmission

Suppose a power transmission cable has 1Ω resistance.
100 kVA@ 1 kV = 100A ⇒ Ĩ2R = 10 kW losses.
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Power Transmission

Suppose a power transmission cable has 1Ω resistance.
100 kVA@ 1 kV = 100A ⇒ Ĩ2R = 10 kW losses.
100 kVA@ 100 kV = 1A ⇒ Ĩ2R = 1W losses.

Voltage Conversion

Electronic equipment requires ≤ 20V but mains voltage is 240V ∼.

Interference protection

Microphone on long cable is susceptible to interference from nearby
mains cables. An N : 1 transformer reduces the microphone voltage
by N but reduces interference by N2.

Isolation

There is no electrical connection between the windings of a transformer
so circuitry (or people) on one side will not be endangered by a failure
that results in high voltages on the other side.
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1√
2
V .

◦ For an impedance Z: S =
∣∣∣Ĩ
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|Ṽ |2
Z∗

◦ Apparent Power: |S| =
∣∣∣Ṽ
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1√
2
V .

◦ For an impedance Z: S =
∣∣∣Ĩ
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|Ṽ |2
Z∗

◦ Apparent Power: |S| =
∣∣∣Ṽ
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For further details see Hayt Ch 11 or Irwin Ch 9.
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