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Magnetically Coupled Networks → Chapter #10

• Mutual Inductance / Coefficient of Coupling / Turns Ration
• Circuit Analysis with Mutual Inductance
• Circuit Analysis with Ideal Transformers
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Single Coil Behavior

Flux Linkage → 𝝀 coil turns

𝝀 = 𝑵 ∙ 𝝓

𝒗 =
𝒅𝝀

𝒅𝒕

𝝀 = 𝑳 ∙ 𝒊

𝝓 =
𝑳

𝑵
𝒊

= 𝑳
𝒅𝒊

𝒅𝒕
+ 𝒊

𝒅𝑳

𝒅𝒕

𝒗 = 𝑳
𝒅𝒊

𝒅𝒕
magnetic flux

Faraday’s Law → 𝒗 = 𝒇(𝝀)

𝑳 ≠ 𝒇(𝒕)
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Two Coils → Magnetically Coupled

𝝀𝟏 = 𝑵𝟏 ∙ 𝝓 = 𝑳𝟏 ∙ 𝒊𝟏

𝒗𝟐 =
𝒅𝝀𝟐
𝒅𝒕

𝝀𝟐 = 𝑵𝟐 ∙ 𝝓

No Load!
→ i2 = 0

𝒗𝟏 =
𝒅𝝀𝟏
𝒅𝒕

𝒗𝟐 =
𝒅𝝀𝟐
𝒅𝒕

=
𝒅

𝒅𝒕
𝑵𝟐 ∙ 𝝓 =

𝒅

𝒅𝒕

𝑵𝟐

𝑵𝟏
∙ 𝝀𝟏 =

𝒅

𝒅𝒕

𝑵𝟐

𝑵𝟏
∙ 𝑳𝟏 ∙ 𝒊𝟏 =

𝑵𝟐

𝑵𝟏
𝑳𝟏

𝒅𝒊𝟏
𝒅𝒕

L21 → Mutual Inductance

Induced 
Voltage
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Magnetically Coupled Coils

Using Superposition

Current Source @ L2!

𝒗𝟏 = 𝑳𝟏
𝒅𝒊𝟏
𝒅𝒕

+ 𝑳𝟏𝟐
𝒅𝒊𝟐
𝒅𝒕

𝒗𝟐 = 𝑳𝟐
𝒅𝒊𝟐
𝒅𝒕

+ 𝑳𝟐𝟏
𝒅𝒊𝟏
𝒅𝒕

𝑳𝟏𝟐 = 𝑳𝟐𝟏 = 𝑴

𝒗𝟏 = 𝑳𝟏
𝒅𝒊𝟏
𝒅𝒕

+𝑴
𝒅𝒊𝟐
𝒅𝒕

𝒗𝟐 = 𝑳𝟐
𝒅𝒊𝟐
𝒅𝒕

+𝑴
𝒅𝒊𝟏
𝒅𝒕

Self Term Mutual Term

𝒗𝟏 = 𝑳𝟏
𝒅𝒊𝟏
𝒅𝒕

−𝑴
𝒅𝒊𝟐
𝒅𝒕

𝒗𝟐 = 𝑳𝟐
𝒅𝒊𝟐
𝒅𝒕

−𝑴
𝒅𝒊𝟏
𝒅𝒕
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Magnetically Coupled Coils → Circuit Diagram

• Current enters the dotted 
terminal → voltage at 
coupled coil is positive at the 
dotted terminal

• Current enters the undotted 
terminal → voltage at 
coupled coil is positive at the 
undotted terminal

𝑽𝟏 = 𝒋𝑿𝑳𝟏𝑰𝟏 + 𝒋𝑿𝑳𝑴𝑰𝟐 𝑽𝟐 = 𝒋𝑿𝑳𝟐𝑰𝟐 + 𝒋𝑿𝑳𝑴𝑰𝟏
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Example 10.4

Determine V0 for the given circuit.

𝑽𝟏 = 𝒋𝑿𝑳𝟏𝑰𝟏 − 𝒋𝑿𝑳𝑴𝑰𝟐 𝑽𝟐 = 𝒋𝑿𝑳𝟐𝑰𝟐 − 𝒋𝑿𝑳𝑴𝑰𝟏
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Find Vx in the provided circuit.
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Problem

Determine the equivalent inductance Leq of the circuit.


