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|_ecture (6)

Alternating current (a.c.) circuits
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Alternating Current and Voltage

The sinusoidal waveform or sine wave is the fundamental type of alternating current
(ac) and alternating voltage.
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The combined positive and negative alternations make up one cycle of a sine wave.
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Polarity of a Sine Wave

A sine wave changes polarity at its zero value; i.e., it alternates between positive and

negative values.
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(a) During a positive alternation of voltage, current is in the direction
shown.

Negauve alternation
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(b) During a negative altemation of voltage, current reverses direction,
as shown,



Period of a Sine Wave

The time required for a sine wave to complete one full cycle is called the period (T).
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Frequency of a Sine Wave

Frequency (f) is the number of cycles that a sine wave completes
in one second.
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(a) Lower frequency: fewer cycles per second (b) Higher frequency: more cycles per second



This instantaneous value is different at different points along the curve.

Instantaneous Value
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Instantaneous values are positive during the positive alternation and negative during the

Instantaneous values of voltage and current are symbolized by lowercase v and i
respectively.

neqgative alternation.
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Peak Value (394))  adied Laidl

The peak value of a sine wave is the value of voltage (or current) at the positive or the
negative maximum (peak) with respect to zero. Since the positive and negative peak values
are equal in magnitude, a sine wave is characterized by a single peak value.

Iy sV, <l e s ds sl da and 5 il i gl L) Jumy e ol

The peak value is also called the amplitude.
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Peak-to-Peak voltage (or current) Value
The peak-to-peak value of a sine wave, as shown in Figure, is the

voltage or current from the positive peak to the negative peak. It is

always twice the peak value.
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Angular Measurement of a Sine Wave

90°, x/2 rad

135%, 3x/4 rad 45°, m/d rad
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0%, 0 rad
360°, 2xrad

180°, rrad

180°
degrees = ( ) X rad
ar rad

225°. 5x/4 rad 315° Tm/d rad

270°. 3x/2 rad

(a) Convert 60° to radians. (b) Convert 7/6 rad to degrees.

wmrad\ = 7 o Y A SR T
(a) Rad = ( 130° )60 = —rad (b) Degrees = (wrad)(ﬁ rad) = 30
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Oscilloscope (< bty cbdadll ad

An oscilloscope is a laboratory instrument commonly used to display and analyze the
waveform of electronic signals. In effect, the device draws a graph of the instantaneous
signal voltage as a function of time.
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How to use an oscilloscope with an AC source

https://www.youtube.com/watch?v=g0tBJIOEz00
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Waveform generator

Sine Wave Generator
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The rms value of a sinusoidal voltage is equal to the dc voltage that produces the same
amount of heat in a resistance (electrical power) as does the sinusoidal voltage.
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To calculate V., over one period  4lelS 4a ga 5 gal Alladl) Lol Clual
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Vims = |5=| (%sing)2deg = Vs = (22— j (sin 0)2d0)z
21 0 2T 0
5 1 — cos26
But, to remove the square, we can write: sin“60 = 5
T szfznl cos 26 dH%
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Similarly, { I,.,;,s=0.707 I
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Average Value by gial) 1aidlf

The average value of a sine wave taken over one complete cycle is always zero
because the positive values (above the zero crossing) offset the negative values

(below the zero crossing). .l 5 cas gall Lgpbai (g sbusil T Hka3 jiias da sall Jau i
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The average value is the total area under the half-cycle curve divided
by the distance in radians of the curve along the horizontal axis.
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To find the area, we use integral calculus.

/ N | " \s’,, |7
! Vae )= m— / Vysin 8 d = (—cos 0)|
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Vp 2 7 P N
= —{2) = =V, =10.637V,,
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Now, we have:
v=1V,sin6 1’”” = 319"” Vims=0.707 1, Vavg=0.637 V,
s T3 _ _
[ =1, sin0 lyy = 21, I;ms=0.707 I, I4v4=0.637 I,
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Determine V), V. Vi, and the half-cycle V., for the sine wave in Figure

+V(V)
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p = 4.5V is read directly from the graph. From this, calculate the other values.

V,p =2V, = 2(4.5V) =9V
Vims = 0.707V,, = 0.707(4.5 V) = 3.18V
Ve = 0.637V, = 0.637(4.5V) = 2.87V
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