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INTRODUCTION

Analyse simple circuits with sinusoidal voltages and currents
Fundamental quantities of periodic waveforms:

Frequency, period, peak value, phase angle, waveforms, the importance of sinusoids.
Mathematical techniques:

Trigonometric representation of a sinusoid. Rotating phasors and the phasor diagram. Complex
notation applied to represent magnitude and phase.

Reactive components:

Principles of the inductor and capacitor. Basic equations, emphasisi standing of rates of
change (of voltage with capacitor, current with inductor). enta ge phase relationships
with steady sinusoidal quantities, representation on phasor

Circuits with sinusoidal sources:

Current and voltage in series and parallel RL, RC and_ K requency response and
resonance.

Mains voltage single-phase systems. Power er quantities, power factor.
Ideal transformer and rectification:

The ideal transformer, half-wave ctification. Use of smoothing capacitor, ripple
voltage.

SIMULATO

MicroCap
TINA-TI
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Fundamental quantities of periodic waveforms:

Sinusoidal voltages and currents complete a full period (cycle) in 2t radians (360 degrees). A basic sine wave is
shown in red below. Also shown (green) is a cosine wave which leads the sine wave by /2 radians (90 degrees).
Both are sinusoidal in nature/shape, the difference is in the phase (i.e. cosine leads).

ﬁ, f(x)=sin(x)
H- f(x)=0.707
f(x)=cos(x)
T
-1
We can scale the basic amplitude (strength) of t e we wish. For example, the UK
mains has a peak value (from 0 all the way to.t This is not a value we normally
associate with the UK mains, we are used to . 230V figure is derived from the root-mean-
square (RMS) value of the sinusoid and is the e e that a DC source might have to supply to
deliver the same power. This RMS vz e 0.707 times the peak value, so 0.707 x 325.2 gives

We may also change value required. Each of these parameters is very useful to know when we
come to realise just ho
signal.
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The phasor featured above represents a sine wave with a peak value of 6 (per and an angle of 45

degrees. Here we adopt the convention that the peak value of the sinusoid is e phasor length.

Trigonometrically, this can be represented as...
6 sin(2mft + 45°)

The sign w in the diagram represents ‘angular velocity’, which
phasor rotates anticlockwise.

nd indicates that the

Rather than have to place angles on the phasor di
more conventional to use Complex Notation
Consider the diagram below...

% “pi/4 radians

- real + real

70, 360 degrees, as above) it is
d phase of a signal/wave.

VV

- imaginary, -j
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This diagram is said to be in the ‘complex plane’. Don’t be put off by that terminology though. All we have
done is to label the horizontal axis as real and the vertical axis as imaginary.

Complex notation can be in one of the forms...

a+jb
or

a—jb

It is far more convenient to use complex notation when representing signals, or even when representing
the sum or difference of signals, than it is to draw phasor diagrams. Here is a simple example...

Suppose we have a voltage (v;) and a voltage (v,), defined below, and wish to together.

v; =10 +j12
v, =154i8
All we need to do is to add the real components and then add the magi j nents, thus...

UT=U1+U2=(10+15

then draw v, =
horizontal resu
resultant of ad
32.02 volts and a phase angle of
complex notation, as a

> needed to add their horizontal components to find the
als, then add their vertical components to find the vertical
resultant phasor, drawn with extreme care, would have a length of
degrees. Engineers prefer to use the short and accurate method;
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Reactive components:

The capacitor (possibly two parallel plates which do not touch) is a device designed to store electrical
charge. The larger the value of a capacitor the greater its capacity to store additional electrical charge. The
current through a capacitor is proportional to the rate of change of voltage across its terminals, and its
capacitance value. Put mathematically...

dv
i,=C It [Amps]

That equation can be processed with a little transposition and Calculus to yield another equation which
represents the voltage across a capacitor...

1
Ve = EJ idt [Volts]

It is important to remember that a capacitor cannot be fully-charged in z ime, it be fully-
discharged in zero time. A good analogy is to try to fill a bathtu ime; mpty it in zero time —
can’t be done.

RC Circuits
A capacitor presents an obstacle to the flow o j i es. The ‘resistance’ of a
capacitor is frequency dependent and is te i ance’ and given the symbol X,.. There is a formula

you need to remember for capacitive react

Here, f represents 3 dpacitor value. The square brackets indicate that the units for
this quantity ar

ted in series then we need to find the resultant obstacle to current
n as ‘impedance’ and is given the symbol Z. The formula for the

7= /RZ +Xx.2 [

This comes about because the current through a capacitor leads the voltage across it by 90 degrees.
Consider the series RC circuit and its phasor diagram below...

If a resistor an
flow. This resulta
impedance of a series RC circui
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