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Properties of AC Signals

1. Introduction

1.1 Objective:
The aim of this experiment is to study the basic properties ofAlternating Current
(AC) waveforms.

1.2 Components:

e Oscilloscope: is an instrument used to display and analyze the
electrical signals variation over the time, that enables to study its
amplitude, period, frequency, and phase angle.

e Function generator: is an equipment to generate input functions
for your circuit. It can generate sinewaves, square waves,
triangular waves.

e Electrical and electronic system trainer.
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Figure 1. (A) Oscilloscope, (B) Function Generator.
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1.3  Theory:

The AC waveforms may be sine wave, square wave, triangular wave as well as
sawtooth wave. These different waveforms are illustrated in Figure 2.
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Figure 2. Different Types of Waveforms.

Alternating current changes its direction of flow continuously, in contrast to direct current
(DC), which always flows always in same direction.

The basic parameters of the AC waveform that will be studied in this experiment are the
peak amplitude, Root-Mean-Square (RMS), period, and frequency of the sinusoidal
waveform.

Since the sinusoidal waveform is the most commonly used waveform in electrical
systems, the theory in this experiment will be briefly reviewed for sinusoidal wave form
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which is expressed mathematically by
v(t) = vp sin(wot + 6,)

i(t) = ip sin(wot + 6;)

Where v, is the peak amplitude of the voltage waveform, i, is the peak amplitude of the

current waveform, w, Is
the angular frequency, 6, is
the phase of T \ the voltage wave
and 6; is the oEr 1 phase of the
current wave. A e " V.. y sinusoidal voltage
waveform is 0.4} 1 plotted in Figure 3.
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Figure 3. Sinusoidal Waveform.

The peak amplitude of AC signal can be measured directly by using the
oscilloscope. However, the digital voltmeter can be used to measure the RMSvalue
of the signal. In order to convert the measured RMS voltage into peak amplitude
we can use the following equation
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VUp = \/2 X Verums

that the frequency and the period and the wave form are related by

1
I=7

Also the angular frequency is related to the frequency of the wave form by

mo = 2nf

By Ohm’s law the current is given by

Phase Difference Equation
A(t) = Amax * sin( ot + @)

Where:
« A, isthe amplitude of the waveform.
. W:isthe angular frequency of the waveform in radian/sec.

. @ (phi): is the phase angle in degrees or radians that the waveform
hasshifted either left or right from the reference point.
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Phase Relationship of a Sinusoidal Waveform
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Figure 4. Phase Relationship
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Figure 5. Two Sinusoidal Waveforms — in-phase
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Phase Difference of a Sinusoidal Waveform
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Figure 6. Two Sinusoidal Waveforms — Phase Difference.

The current waveform can also be said to be “lagging” behind the voltage
waveform by the phase angle, ®. Then in our example above the two waveforms
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have a Lagging Phase Difference so the expression for both the voltage and
current above will be given as.

v (t) =Vm sin ot

i(t) = Im sin(ot — @)

Where current, i “lags” voltage, v by phase angle ®

Likewise, if the current, i has a positive value and crosses the reference axis
reaching its maximum peak and zero values at some time before the voltage, v
then the current waveform will be “leading” the voltage by some phase angle.
Then the two waveforms are said to have a Leading Phase Difference and the
expression for both the voltage and the current will be.

v(t) = Vm sin ot
i (t) =Im sin(ot + @)

Where current, i “leads” the voltage v by phase angle ®
The phase angle of a sine wave can be used to describe the relationship of one sine

wave to another by using the terms “Leading” and “Lagging” to indicate the
relationship between two sinusoidal waveforms of the same frequency, plotted
onto the same reference axis. In our example above the two waveforms are out-of-
phase by 300. So we can correctly say that i lags v or we can say that v leads i by
300 depending upon which one we choose as our reference.
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2.Discussion:

1. What is the difference between the AC and DC signal?

2. What the function of oscilloscope and the function generator?

3. What is the difference between the Vp and the Vp-p?
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