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OBJECTIVES 
• Become familiar with the flux linkages that exist between the 

coils of a transformer and how the voltages across the 
primary and secondary are established. 

 

• Understand the operation of an iron-core and air-core 
transformer and how to calculate the currents and voltages 
of the primary and secondary circuits. 

 

• Be aware of how the transformer is used for impedance 
matching purposes to ensure a high level of power transfer. 

 

• Become aware of all the components that make up the 

equivalent circuit of a transformer and how they affect its 

performance and frequency response. 

 

• Understand how to use and interpret the dot convention of 

mutually coupled coils in a network. 

 



INTRODUCTION 

• Mutual inductance is a phenomenon basic to the 
operation of the transformer, an electrical device used 
today in almost every field of electrical engineering. 

  

• This device plays an integral part in power distribution 
systems and can be found in many electronic circuits 
and measuring instruments.  

 

• In this chapter, we discuss three of the basic 
applications of a transformer: to build up or step down 
the voltage or current, to act as an impedance matching 
device, and to isolate (no physical connection) one 
portion of a circuit from another. 



FARADAY’S LAW OF ELECTROMAGNETIC INDUCTION 

Generating an induced voltage by 

moving a conductor through a magnetic 

field. 

If a coil of N turns is placed in the region 

of a changing flux, as in Fig. 12.2, a 

voltage will be induced across the coil as 

determined by Faradays law: 



LENZ’S LAW 

Lenz law state that: an induced effect is always such as to oppose the 

cause that produced it. 

If the current increases in magnitude, 

the flux linking the coil also increase. 

However, that a changing flux linking a 

coil induces a voltage across the coil. 

For this coil, therefore, an induced voltage is developed across the 

coil due to the change in current through the coil. The polarity of this 

induced voltage tends to establish a current in the coil that produces 

a flux that will oppose any change in the original flux. In other words, 

the induced effect ( eind) is a result of the increasing current through 

the coil.  



SELF-INDUCTANCE 

The ability of a coil to oppose any change in current is a 

measure of the self-inductance L of the coil. 

Inductance is measured in henries (H) 

Inductors are coils of various dimensions designed to introduce 

specified amounts of inductance into a circuit. The inductance of a coil 

varies directly with the magnetic properties of the coil. Ferromagnetic 

materials, therefore, are frequently employed to increase the 

inductance by increasing the flux linking the coil.  



Inductor Construction 

FIG. 11.18 Air-core coil for Example 11.1. 



Types of Inductors 

• Inductors, like capacitors and resistors, can 

be categorized under the general headings 

fixed or variable.  

• The symbol for a fixed air-core inductor is 

provided in Fig. 11.20(a), for an inductor 

with a ferromagnetic core in Fig. 11.20(b), 

for a tapped coil in Fig. 11.20(c), and for a 

variable inductor in Fig. 11.20(d). 



Types of Inductors 

FIG. 11.20 Inductor (coil) symbols. 



• Fixed 

– Fixed-type inductors come in all shapes 

and sizes.  

– However, in general, the size of an 

inductor is determined primarily by 

the type of construction, the core 

used, and the current rating. 

Write an expression for inductance using the 

current and construction of coil. 



FIG. 11.21 Relative sizes of different types of inductors: (a) toroid, high-current; (b) 

phenolic (resin or plastic core); (c) ferrite core. 



Types of Inductors 

FIG. 11.22 Typical areas of application for inductive elements. 



Types of Inductors 

• Variable  

– A number of variable inductors are depicted in Fig. 

11.23. 

– In each case, the inductance is changed by turning 

the slot at the end of the core to move it in and out 

of the unit.  

– The farther in the core is, the more the 

ferromagnetic material is part of the magnetic 

circuit, and the higher is the magnetic field strength 

and the inductance level. 



Types of Inductors 

FIG. 11.23 Variable inductors with a typical range of 

values from 1 mH to 100 mH; commonly used in 

oscillators and various RF circuits such as CB 

transceivers, televisions, and radios. 



Practical Equivalent Inductors 

FIG. 11.24 Complete equivalent 

model for an inductor. 

FIG. 11.25 Practical equivalent model 

for an inductor. 



 Labeling 

FIG. 11.26 Molded inductor color coding. 



INDUCTORS IN SERIES AND IN 

PARALLEL 

• Inductors, like resistors and capacitors, can 

be placed in series or in parallel. 

 

• Increasing levels of inductance can be 

obtained by placing inductors in series, 

while decreasing levels can be obtained by 

placing inductors in parallel. 



INDUCTORS IN SERIES  

• For inductors in series, the total inductance 

is found in the same manner as the total 

resistance of resistors in series (Fig. 

11.56): 

 

FIG. 11.56 Inductors in series. 



INDUCTORS IN PARALLEL 

FIG. 11.57 Inductors in parallel. 



INDUCTORS IN SERIES AND IN 

PARALLEL 

FIG. 11.58 Example 11.9. 

FIG. 11.59 Terminal equivalent of 

the network in Fig. 11.58. 



MUTUAL INDUCTANCE 

FIG. 22.1 Defining the components of 

a transformer. 

the coil to which the source is applied is called the primary, and the coil to 

which the load is applied is called the secondary. 

The Primary voltage 

The voltage induced across the  

secondary, is 



MUTUAL INDUCTANCE 

FIG. 22.2 Windings having different 

coefficients of coupling. 



it will never approach a level of 1. Those coils with low coefficients of coupling 

are said to be loosely coupled. For the secondary, we have 

The mutual inductance between the two coils  is determined by 

mutual inductance between two coils is proportional to the instantaneous change 

in flux linking one coil due to an instantaneous change in current through the 

other coil. 

In terms of the inductance of each coil and the coefficient of coupling, 

the mutual inductance is determined by 



The secondary voltage es can also be found in terms of the mutual inductance if 

we rewrite this equation                                                                as: 



FIG. 22.3 Example 22.1 

EXAMPLE 21.1 For the transformer in Fig. 21.3 



THE IRON-CORE TRANSFORMER 

FIG. 22.4 Iron-core transformer. 

The coefficient of  coupling is its maximum value ,1, 

Ideal Transformer  neglect losses, leakage reactance, the hysteresis and 

eddy current losses 

The Ideal Iron-core Transformer 



In fact, the magnitude of the flux is directly proportional to the current through 

the primary windings. Therefore, the two are in phase, and for sinusoidal 

inputs, the magnitude of the flux will vary as a sinusoid also. That is, if 

The induced voltage across the primary due to a sinusoidal input can be 

determined by Faradays law: 

The effective value (rms) of ep is 



For the case under discussion, where the flux linking the secondary 

equals that of the primary, if we repeat the procedure just described for 

the induced voltage across the secondary, we get 

The instantaneous values of e1 and 

e2 are therefore related by a 

constant determined by the turns 

ratio.  





FIG. 22.5 Example 22.2. 

EXAMPLE 21.2 For the iron-core transformer of Fig. 21.5: 



REFLECTED IMPEDANCE AND POWER 



FIG. 22.6 Example 22.3. 

EXAMPLE 21.3 For the iron-core transformer of Fig. 21.6:  

a. Find the magnitude of the current in the primary and the  

impressed voltage across the primary.  

b. Find the input resistance of the transformer. 

 

Solutions: 



FIG. 22.7 Single-phase residential supply. 

EXAMPLE 21.4 For the residential supply appearing in Fig. 21.7, 

determine (assuming a totally resistive load) the following: 





EQUIVALENT CIRCUIT (IRON-CORE TRANSFORMER) 

FIG. 22.15 Equivalent circuit for the practical iron-core transformer. 

Identifying the leakage flux 

 of the primary. 

 Rc represents the hysteresis and eddy current losses  

(core losses) within the core due to an ac flux through the core.  

The inductance Lm (magnetizing inductance) is the inductance 

associated with the magnetization of the core, that is, the establishing 

of the  flux  m in the core. 

Cp   the lumped capacitances of the primary  

Cs  the lumped capacitances of secondary circuits. 

Cw represents the equivalent lumped capacitances between the  

      windings of the transformer. 

Rp and Rs are simply the dc  resistance of the primary and secondary windings. 



FIG. 22.17 Reduced equivalent circuit for the nonideal iron-core transformer. 



FIG. 22.18 Reflecting the secondary circuit into the primary side of the iron-core transformer. 

If we now reflect the secondary circuit through the ideal transformer, as 

shown in Fig. 21.18(a), we will have the load and generator voltage in the 

same continuous circuit.  



FIG. 22.19 Phasor diagram for the iron-core transformer with (a) unity power-factor load (resistive) 

and (b) lagging power-factor load (inductive). 

Phasor diagram for the iron-core transformer  

Draw phasor diagram with load power factor 



FIG. 22.20 Example 22.7 



FIG. 22.21 Transformed equivalent circuit of Fig. 22.20. 



SERIES CONNECTION OF MUTUALLY COUPLED COILS 

1.Mutually coupled coils connected in series with positive mutual inductance. 



2. Mutually coupled coils connected in series with negative mutual inductance. 

The total mutual inductance 



Examples of SERIES CONNECTION OF MUTUALLY COUPLED COILS 

FIG. 22.28 Defining the sign of M for mutually coupled transformer coils. 



FIG. 22.29 Example 22.8. 



FIG. 22.30 Example 22.9. 

EXAMPLE 21.9 Write the mesh equations for the transformer network in 

Fig. 21.30. 



AIR-CORE TRANSFORMER 

• As the name implies, the air-core transformer does 
not have a ferromagnetic core to link the primary 
and secondary coils.  

• Rather, the coils are placed sufficiently close to 
have a mutual inductance that establishes the 
desired transformer action. 

FIG. 22.31 Air-core transformer equivalent circuit. 



AIR-CORE TRANSFORMER 

FIG. 22.32 Input characteristics for the air-core 

transformer. 



AIR-CORE TRANSFORMER 

FIG. 22.33 Example 22.10. 



APPLICATIONS 

• Soldering Gun 

• Low-Voltage Compensation 

• Ballast Transformer 

• Recent Developments 


