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Chapter 11 

Alternating Current 



Objectives 

• After completing this chapter, you will be able 
to: 

– Describe how an AC voltage is produced with an 
AC generator (alternator) 

– Define alternation, cycle, hertz, sine wave, period, 
and frequency 

– Identify the parts of an AC generator (alternator) 



Objectives (cont’d.) 

– Define peak, peak-to-peak, effective, and rms 

– Explain the relationship between time and 
frequency 

– Identify and describe three basic nonsinusoidal 
waveforms 

– Describe how non-sinusoidal waveforms consist of 
the fundamental frequency and harmonics 

– Understand why AC is used in today’s society 

– Describe how an AC distribution system works 



Generating Alternating Current 

Figure 12-1A. Basic AC 

generator (alternator). Figure 12-1B-F. AC generator 

inducing a voltage output. 



Generating Alternating Current 
(cont’d.) 

Figure 12-2. Each cycle consists of a positive and a 

negative alternation. 



Generating Alternating Current 
(cont’d.) 

Figure 12-4. The sinusoidal waveform, the most 

basic of the AC waveforms. 



Generating Alternating Current 
(cont’d.) 

Figure 12-3. Voltage is removed from 

the armature of an  

AC generator through slip rings. 



AC Values 

Figure 12-5. The peak value of a sine wave is the point on the AC 
waveform having the greatest amplitude. The peak value occurs  

during both the positive and the negative alternations of the 
waveform. 



AC Values (cont’d.) 

Figure 12-6. The peak-to-peak value can be determined by 
adding the peak values of the two alternations. 



AC Values (cont’d.) 
• Effective value of a sine wave: 

 Erms = 0.707Ep 

where: Erms = rms or effective voltage value 

  Ep    = maximum voltage of one 
alternation 

 

 Irms  = 0.707Ip 

where: Irms = rms or effective current value 

             Ip    = maximum current of one alternation  

 



AC Values (cont’d.) 

• Relationship between frequency and period: 

  f = 1/t  

  t = 1/f 

where: f = frequency 

         t = period  



Nonsinusoidal Waveforms  

Figure 12-7. Square 
waveform. 

Figure 12-8. Triangular waveform. 

Figure 12-9. Sawtooth waveform. 



Summary 

• AC is the most commonly used type of 
electricity 

• AC consists of current flowing in one direction 
and then reversing 

• One cycle per second is defined as a hertz 

• The waveform produced by an AC generator is 
called a sine wave 

 



Summary (cont’d.) 

• The rms value of a sine wave is equal to 0.707 
times the peak value 

• The relationship between frequency and 
period is: f = 1/t 

• Basic non-sinusoidal waveforms include 
square, triangular, and saw-tooth 

 



Chapter 14 

Resistive AC Circuits 



Objectives 
• After completing this chapter, you will be able 

to: 

– Describe the phase relationship between current 
and voltage in a resistive circuit 

– Apply Ohm’s law to AC resistive circuits 

– Solve for unknown quantities in series AC resistive 
circuits 

– Solve for unknown quantities in parallel AC 
resistive circuits 

– Solve for power in AC resistive circuits 



Basic AC Resistive Circuits 

Figure 14-1. A basic AC circuit consists of an  

AC source, conductors, and a resistive load. 



 Basic AC Resistive Circuits (cont’d.) 

Figure 14-2. The voltage and current are in phase in a pure resistive circuit. 



Series AC Circuits 

Figure 14-3. Simple series AC circuit. 



Figure 14-4. The in-phase relationship of the voltage drops,  

applied voltage, and current in a series AC circuit. 



Parallel AC Circuits 

Figure 14-5. A simple parallel AC circuit. 



Figure 14-6. The in-phase relationship of the applied voltage, 

total current, and individual branch currents in a parallel AC 

circuit. 



Power in AC Circuits 

Figure 14-7. The relationship of power, current, and voltage 

in a resistive AC circuit. 



Summary 

• A basic AC circuit consists of an AC source, 
conductors, and a resistive load 

• The voltage and current are in phase in a pure 
resistive circuit 

• The effective value of AC current or voltage 
produces the same results as the equivalent DC 
voltage or current 

• Ohm’s law can be used with all effective values 

• AC voltage or current values are assumed to be 
the effective values if not otherwise specified 



Chapter 15 

Capacitive AC Circuits 



Objectives 

• After completing this chapter, you will be able 
to: 

– Describe the phase relationship between current 
and voltage in a capacitive AC circuit 

– Determine the capacitive reactance in an AC 
capacitive circuit 

– Describe how resistor-capacitor networks can be 
used for filtering, coupling, and phase shifting 

– Explain how low-pass and high-pass RC filters 
operate 



Capacitors in AC Circuits 

Figure 15-1. Note the out-of-phase relationship between the current and  

the voltage in a capacitive AC circuit. The current leads the applied voltage. 

Capacitive reactance 
• Opposition a capacitor 

offers to the applied  AC 
voltage 

• Represented by Xc 

• Measured in ohms 



Capacitors in AC Circuits (cont’d.) 

• Formula for capacitive reactance: 

       

 

 Where: π = pi, the constant 3.14 

          f  = frequency in hertz 

         C = capacitance in farads  

 



Figure 15-2. RC low-pass filter. 

Applications of Capacitive Circuits  



Figure 15-3. Frequency response of an RC low-pass filter. 



Applications of Capacitive Circuits (cont’d.) 

Figure 15-4. RC high-pass filter. 



Figure 15-5. Frequency response of an RC high-pass filter. 



Applications of Capacitive Circuits (cont’d.) 

Figure 15-6. RC decoupling network. 



Applications of Capacitive Circuits (cont’d.) 

Figure 15-7. RC coupling network. 



Applications of Capacitive Circuits (cont’d.) 

Figure 15-8. Leading output phase-shift network.  

The output voltage leads the input voltage. 



Applications of Capacitive Circuits (cont’d.) 

Figure 15-9. Lagging output phase-shift network.  

The voltage across the capacitor lags the applied voltage. 



Applications of Capacitive Circuits (cont’d.) 

Figure 15-10. Cascaded RC phase-shift networks. 



Summary 
• When an AC voltage is applied to a capacitor, it 

gives the appearance of current flow 
• The capacitor charging and discharging represents 

current flow 
• The current leads the applied voltage by 90 degrees 

in a capacitive circuit 
• Capacitive reactance is the opposition a capacitor 

offers to the applied voltage 
• Capacitive reactance is a function of the frequency 

of the applied AC voltage and the capacitance:  
 
• RC networks are used for filtering, coupling, and 

phase shifting 



Chapter 16 

Inductive AC Circuits 



Objectives 

• After completing this chapter, you will be able 
to: 

– Describe the phase relationship between current 
and voltage in an inductive AC circuit 

– Determine the inductive reactance in an AC circuit 

– Explain impedance and its effect on inductive 
circuits 

– Describe how an inductor-resistor network can be 
used for filtering and phase shifting 

– Explain how low-pass and high-pass inductive 
circuits operate 



Inductors in AC Circuits 

Figure 16-1. The applied voltage and the induced voltage are  

180 degrees out of phase with each other in an inductive circuit. 



Inductors in AC Circuits (cont’d.) 

Figure 16-2. The current lags the applied 

voltage in an AC inductive circuit. 



Inductors in AC Circuits (cont’d.) 

• Inductive reactance 

– Opposition to current flow offered by an inductor 
in an AC circuit 

– Expressed by the symbol XL  

– Measured in ohms 

 

where:  π = pi or 3.14 

   f  = frequency in hertz 

   L = inductance in Henries  



Inductors in AC Circuits (cont’d.) 

• Impedance 

– Total opposition to current flow by both inductor 
and resistor 

– Vector sum of the inductive reactance and the 
resistance in the circuit 

 

 



Applications of Inductive Circuits 

Figure 16-3. RL filters. 



Summary 

• In a pure inductive circuit, the current lags the 
applied voltage by 90 degrees 

• Inductive reactance is the opposition to current 
flow offered by an inductor in an AC circuit 

• Inductive reactance can be calculated by the 
formula:  

• Impedance is the vector sum of the inductive 
reactance and the resistance in the circuit 

• Series RL circuits are used for low- and high-
pass filters 

 

 



Chapter 17 

Resonance Circuits 



Objectives 
• After completing this chapter, you will be able to: 

– Identify the formulas for determining capacitive and 
inductive reactance 

– Identify how AC current and voltage react in capacitors 
and inductors 

– Determine the reactance of a series circuit, and identify 
whether it is capacitive or inductive 

– Define the term impedance 
– Solve problems for impedance that contain both 

resistance and capacitance or inductance 
– Discuss how Ohm’s law must be modified prior to using it 

for AC circuits 
– Solve for XC, XL, X, Z, and IT in RLC series circuits 
– Solve for IC, IL, IX, IR, and IZ in RLC parallel circuits 



Reactance in Series Circuits 

Figure 17-1. DC resistive circuit. 

Figure 17-2. AC resistive circuit. 

Figure 17-3. In a resistive AC 

circuit, current and voltage are in 

phase. 



Reactance in Series Circuits (cont’d.) 

Figure 17-4. Voltage in either RL circuits such as this one or  

in RC circuits is not in phase and cannot be added directly. 



Reactance in Series Circuits (cont’d.) 

• Figure 17-5. Vectors can be used to show the 

relationship between voltages in a reactive circuit 

• ER is in phase with current through Resistance  

• EL is 90 degree ahead of current on x-axis (upwards). 

Sin θ = EL/ET 

Cos θ = ER/ET  
Tan θ = EL/ER 



Reactance in Series Circuits (cont’d.) 

Figure 17-7. Vectors can also be used to describe impedance. 

Z= √R2+XL
2 



Reactance in Series Circuits 
(cont’d.) 

Figure 17-8. Vectors can be used to describe capacitive 

AC circuits, the same as inductive circuits. 



Reactance in Parallel Circuits 

Figure 17-10. Vectors can be used to analyze parallel inductance 

circuits. Current flow, not voltage, is used because the voltage across 

each component is equal and in phase. 



Figure 17-11. Vectors can be used to analyze parallel capacitance 

circuits. 



Power 

• Figure 17-13. Power dissipation in a resistive circuit has a non-zero value 

(A). In a reactive circuit, there is no average or net power loss (B). 

• Power in a pure resistive AC circuit is product of rms current and rms 

voltage to obtain average power. 

• During +ve cycle, an inductor takes energy and stores it in form of 

magnetic field and during –ve cycle, the field collapses and coil returns 

energy to circuit 

• Net power consumption of an inductive circuit is low 

• In capacitor energy is stored as electrostatic field and V/I relationship 

reverses 



Power (cont’d.) 

• Figure 17-14. In a reactive circuit, the true power dissipated with 

resistance and the reactive power supplied to its reactance vectorly sum 

to produce an apparent power vector.  

• Z= √R1
2+XC1

2 = √1002+502=111.8Ω 

• Using Ohm’s law, a current of approx. 1A will flow and 100W is 

dissipated across R1 

• Power = VxI=112x1A = 112VA although capacitor consumes no power, is 

called Apparent Power.   

• Power Factor =True Power / Apparent Power= 100W/112VA= 0.89 



Introduction to Resonance 

• Resonant circuits 

– Pass desired frequencies and reject all others 

– Make it possible for a radio or TV receiver to tune 
in and receive a station at a particular frequency. 

– Tuning circuit L in parallel to C and offers 
maximum impedance at resonant frequencies. 

• Resonance 

– When a circuit’s inductive and capacitive 
reactance are balanced 



Summary 

• Ohm’s law applies to AC circuits, just as it does 
to DC circuits 

• Vector representation allows the use of 
trigonometric functions to determine voltage 
or current when the phase angle is known 

• Resonance is desired for radio frequency in 
tuning circuits 



Chapter 18 

Transformers 



Objectives 

• After completing this chapter, you will be able to: 

– Describe how a transformer operates 

– Explain how transformers are rated 

– Explain how transformers operate in a circuit 

– Describe the differences between step-up, step-down, 
and isolation transformers 

– Describe how the ratio of the voltage, current, and 
number of turns are related with a transformer 

– Describe applications of a transformer 

– Identify different types of transformers 



Electromagnetic Induction 

• Transformer 

– Consists of two coils, a primary winding and a 
secondary winding 

– Rated in volt-amperes (VA) 

• Primary winding 

– Coil containing the AC voltage 

• Secondary winding 

– Coil in which the voltage is induced 





Mutual Inductance 

• Expanding magnetic field in loaded secondary 
causes current increase in primary 

Figure 18-4.Transformer with a loaded secondary. 





Turns Ratio (cont’d.) 

• Step-up transformer 

– Produces a secondary voltage greater than its 
primary voltage 

– Turns ratio is always greater than one 

• Step-down transformer 

– Produces secondary voltage less than its primary 
voltage 

– Turns ratio is always less than one 

 



Applications 

• Transformer applications include: 

– Stepping up/down voltage and current 

– Impedance matching 

– Phase shifting 

– Isolation 

– Blocking DC while passing AC 

– Producing several signals at various voltage levels 



Applications (cont’d.) 

Figure 18-5. A transformer can be used to generate a phase shift. 



Applications (cont’d.) 

Figure 18-6. A transformer can be used to block DC voltage. 



Applications (cont’d.) 

Figure 18-7. An isolation transformer prevents electrical  

shock by isolating the equipment from ground. 



Applications (cont’d.) 

Figure 18-8. An autotransformer is a special type of transformer  

used to step up or step down the voltage. 



Applications (cont’d.) 

Figure 18-9. A variable autotransformer. 



Power Transformers 



Summary 
• A transformer consists of two coils, a primary winding 

and a secondary winding 

•  An AC voltage is put across the primary winding, 
inducing a voltage in the secondary winding 

• Transformers allow an AC signal to be transferred from 
one circuit to another 

• Transformers are rated in volt-amperes(VA) 

• The turns ratio determines whether a transformer is 
used to step up, step down, or pass voltage unchanged 

• Transformer applications: impedance matching, phase 
shifting, isolation, blocking DC while passing AC, etc. 


