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Coupled Circuits



Outline of This Lecture

• Introduction

• Mutual inductances

• Coupling Coefficient

• Solving the Magnetic-Coupled Circuits

– Direct Solution Method

–T-network method

Dr. Mohamed Refky



Coupled Circuits

Coupled circuits are those in which energy is transferred between 

them through electric (and/or magnetic) fields varying with time.

When two loops affect each other through the magnetic field 

generated by one of them, they are said to be magnetically coupled.

The transformer is an electrical device designed on the basis of the 

concept of magnetic coupling. It uses magnetically coupled coils to 

transfer energy from one circuit to another.

Transformer are used in power systems for stepping up or stepping 

down AC voltages or currents.
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Coupled Circuits

The right-hand rule is used to get the direction of the magnetic 

field made by a varying current. 

The right thumb and the curled fingers are used to determine the 

direction of the magnetic field. 
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Coupled Circuits

Lenz's law states that the direction of current induced in a 

conductor by a changing magnetic field is such that the magnetic 

field created by the induced current opposes changes in the initial 

magnetic field.
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Faraday's law is a law of electromagnetism predicting how a 

magnetic field will interact with an electric circuit to produce an 

induced voltage. 
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Self Inductance



Coupled Circuits

Dr. Mohamed Refky

Mutual inductances
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Mutual inductances



Coupled Circuits

Since it is inconvenient to show the 

construction details of coils on a circuit 

schematic, Dot convention is used 

instead.

Dr. Mohamed Refky

Mutual inductances

Dot Rule



If a current enters the dotted terminal of one 

coil, the reference polarity of the mutual 

voltage in the second coil is positive at the 

dotted terminal of the second coil.

Coupled Circuits

Dr. Mohamed Refky

Mutual inductances

Dot Rule



If a current leaves the dotted terminal of one 

coil, the reference polarity of the mutual 

voltage in the second coil is negative at the 

dotted terminal of the second coil.
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Mutual inductances
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Coupling Coefficient
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Coupling Coefficient
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Coupling Coefficient
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Coupling Coefficient

is called the turns ratio
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Coupled Circuits

Writing KVL for the two loops in the time domain 
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Solving these equations in the time domain is very difficult
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Coupled Circuits

Writing KVL for the two loops in frequency domain (phasor 

domain) 
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Coupled Circuits

The direct solution method and the 

T-network method are equivalent.

T-network method enable us to use 

several circuit solving techniques 

(loop analysis, simplification, 

source transformation, etc.).

The direct solution method is 

preferred if the circuit has more 

than 2 coils.
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Solving the Magnetic-Coupled Circuits

T-Network



Coupled Circuits

Dr. Mohamed Refky

Example (1)
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