AC Voltage
Alternating Current is one that changes it's direction of flow in a conductor or component. The electrons flow in one direction for a short period, then reverse and flow in the other direction for a short period. An AC voltage is one whose polarity reverses periodically. During one period the terminals of the voltage source are positive and negative, but later these reverse. The following graphs are of AC voltages. Notice how all switch polarity periodically.
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Alternating current voltages can take on many shapes, the most common of which is the sine wave. The sine wave voltage rises gradually from zero to a peak, then gradually drops to zero. Then it reverses polarity, gradually rises to a peak again and gradually falls to zero. This usually continues over and over. The sine wave is most commonly produced by electromagnetic induction. Below is a simple example of an electromagnetic induction generator. 
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The sine wave contains many components that are common to most all ac signals: 

Cycle
In the electromagnetic generator above, notice that one complete rotation of the conductor in the magnetic field is equal to 360 degrees of rotation. One complete rotation is more commonly known as one cycle. Note that one cycle has two alterations. During one alteration current flows in one direction, and during the other alteration current reverses, and flows in the other direction. The change occurs at 180 degrees of rotation. Voltage polarity also reverses at the same point. In this generator voltage polarity, and current reverse direction every 180 degrees of rotation. That is 0 degrees, 180 degrees, and 360 degrees. Incidentally, 0 degrees and 360 degrees are electrically the same. 

Frequency 
Frequency is the number of cycles that occur every second and is measured in Hertz. If the conductor cycles (rotates) 400 complete times every second then it has a frequency of 400 hertz. 

Period 
The time it takes to complete one cycle is called the period. Do not confuse the period with frequency. An 2 hertz (2Hz) ac sine wave has two complete cycles per second. However each cycle only lasts one half of a second. There for the period of the 2Hz sine wave has a period of .5 second. 

Wavelength 
The distance traveled by the sine wave during one period is called the wavelength. 
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Alternating Current Value 
In discussing alternating current and voltage it will be necessary to express the current and voltage in terms of maximum or peak values, average values, instantaneous values, Average value, or effective(rms) values. 

Peak and Peak to Peak Values 
The maximum value reached during one alteration of a sine wave is the peak value. The maximum reached during the positive alteration to the maximum value reached during the negative alteration is the peak to peak value. The peak to peak value is twice the peak value. 
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Instantaneous Value 
The instantaneous value of an alternating voltage or current is the value of voltage or current at any one instant. The value can be any one of an infinite number of instantaneous values between zero and the peak value. 

Average Value 
The Average value of an alternating current or voltage is the average of all the instantaneous values during one alteration. You could determine the average value by adding together a series of instantaneous values of the alteration, and then divide the sum by the number of instantaneous values used. The computation would show that one alteration of a sine wave has an average value of 0.636 times the peak value. The formula for average voltage and current is: 
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Do not confuse the above definition of an average value with that of a complete cycle. Because the voltage is positive during one alteration and negative during the other alteration, the average value of the voltage values occurring during the complete cycle is zero. 

Effective Value (RMS) 

This is the value of alternating voltage or current that will have the same effect on a resistance as a comparable value of direct voltage or current will have on the same resistance. You can compute the effective value of a sine wave to a fair degree of accuracy by taking equally spaced instantaneous values along the curve, and extracting the square root of the average of the sum of the squared values. For this reason the effective value is called the "root-mean-square" (rms) value. 
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Stated another way, the rms value of a sine wave is 0.707 times it's peak value. If The rms value is known the peak value can be found by rms value times 1.414. 

Sine Waves in Phase 
When a sine wave of voltage is applied to a resistance, the resulting current is a sine wave also. The sine wave of voltage and the resulting sine wave of current are superimposed on the same time axis. As the voltage increases in a positive direction the current increases along with it. When the voltage reverses direction the current reverses direction too. When two sine waves such as these are precisely in step with one another, they are said to be in phase. To be in phase the two sine waves must go through their maximum and minimum points at the same time and in the same direction. 
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Sine Waves Out of Phase 
Whenever two (or more) sine waves traveling on the same time axis do not reach their maximum and minimum points at the same time, they are said to be out of phase. In the example below notice that the second sine wave does not begin until 90 degrees after the first sine wave started. To further describe the phase relationship between two sine waves, the term lead and lag are used. The amount by which any sine wave leads or lags is measured in degrees. In our example below V1 leads V2 by 90 degrees. You can also say V2 lags V1 by 90 degrees. 
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It is possible for one sine wave to lead or lag another sine wave by any number of degrees except 0 and 360 degrees. A note of interest. Two sine waves that are 180 degrees out of phase do reach their maximum and minimum points at the same time. They also reverse direction at the same time. However, they are of opposite polarity and there fore out of phase.
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