3. AC Circuits

Introduction

Resistance, inductance and capacitance exist in all electrical circuits to a greater or lesser degree. Because inductance and capacitance affects the
relationship between current and voltage in a.c. circuits, an additional set of mathematical tools are needed to analyse and interpret the operation of
these circuits.

These tools include trigonometry, Pythagoras’ Theorem and sinusoidal wave forms. You will also need to understand the purpose and operation of
oscilloscopes which are electrical measurement instruments that can provide a visual display of the a.c. voltage and current relationships.

This topic will help you develop your understanding of trigonometry ratios, Pythagoras’ Theorem, osdlloscope operation and a.c. sinusoidal wave
forms.
Trigonometry Ratios

Trigonometry can be used to analyse the relationships between voltage and current in a.c. circuits. Trigonometry ratios are based on the relationship
between the length of the sides, and the angles, of right angle triangles,

Points to note about right angle triangles:

One angle is always 90°.

The sum of the three angles is 180°,

The side opposite to the right angle is called the "hypotenuse’,

The other two sides are called the ‘opposite’ or “adjacent’ side, depending on the angle of reference.

In the diagram below, angle ‘y’ is shown in relationship to the hypotenuse, the opposite side and the adjacent side.

Hypotenuse

Adjacent

In this diagram, the new reference angle is x". Notice how the locations of the adjacent side and opposite side have reversed when compared to the
diagram above. The hypotenuse is unchanged.

Opposite
Sine, Cosine and Tangent

Sine, cosine and tangent represent ratios between the lengths of any two sides of a right angle triangle. These ratios can be used to find the angle (in
degrees) between any two sides.

Trigonometry Ratios

Equation
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Worked Example - Calculating the sin, cos and tan ratios of an angle 1

In relation to the right angle triangle shown below, calculate the sin, cos and tan ratios for angle y. Also calculate the angle of y in degrees, using
the ratios.

y.=sin’ (052) = 31.3°

[* precise answer (no rounding at intermediate steps) y = 31.0°]

y.=cos™ (0.86) = 30.7°

[* precise answer (no rounding at intermediate steps) y = 31.0°]

y.=tan™! (0.6) = 31.0°
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Worked Example - Calculating the sin, cos and tan ratios of an angle 2

In relation to the right angle triangle shown below, calculate the sin, cos and tan ratios for angle x. Also calculate the angle of x in degrees, using the
ratios.

sin - SOH

x = sin”" (0.86)_= 59.3°

[* precise answer (no rounding at intermediate steps) y = 59.05°

x = cos™! (0.52) = 58.7°
[* precise answer (no rounding at intermediate steps) y = 59.1°]

tan - TOA

X= !an" (l 67).=59.1°

[* precise answer (no rounding at intermediate steps) y = 59.0°]




- O

Pythagoras’ Theorem

Pythagoras's Theorem is another tool that is used to analyse the relationships between voltage and current in an a.c. circuit.
Pythagoras’ Theorem states:

‘In a right angled triangle, the square of the hypotenuse is equal to the sum of the squares of the other two sides.

Pythagoras Theorem is expressed as:

Worked Example - Pythagoras’ Theorem 1

In relation to the right angle triangle shown below, calculate the value of the unknown side, A.

56m

side A=+ (2.82 + 5.69

side A=V (784 + 31.4)

side A=+ 39.2

side A=6.26m
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Rotation - 360°
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a.c. Sinusoidal Waveform

The shape of the waveform shown on the oscilloscope above is called an ‘a.c. sinusoidal waveform’, or sine wave for short. The advantage of a sine
wave is that it is the only a.c. waveform that can be transformed and keep its shape.

The sine wave is the fundamental wave shape for the voltage and current in the electricity supply and distribution network.

Rotation

N

270°

The sine wave shape is based on the sine function, and the voltage at any point on the wave can be calculated using this equation.

Where:

* e = instantaneous induced e.m.f. at some angle of rotation (volts)
* Vmax = maximum induced e.m.f. (volts)
* B = angle at which the conductor cuts the magnetic field (Greek letter theta)
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[* precise answer (no rounding at intermediate steps) e = -320 volts]

Sine Wave Terms

As an aid to analysing the operation of a.c. circuits and to enable the voltage and current values to be calculated, some key terms are used to identify
important points on the sine wave.

The terms include:

Period

Frequency

Maximum value

Peak-to-peak value
Instantaneous value

Average value
Root-mean-square (rms.) value

These terms are identified on the sine wave below. Note that the x-axis is now labelled ‘Time’, and the units are milliseconds (ms). The maximum
values are labelled +Vmax and —Vmax. If the sine wave represents current, then the maximum values will be labelled +Imax and —-Imax.

This sine wave has a frequency of 50 Hz, which is the standard supply frequency through Australia.

instantaneous value

20

L (7 [ —————

Tlmer(ms)

Frequeny, f = 50 Hz

Period, T
(1 cycle)

Sine Wave Terms

Period, T Time to complete one cycle T=1/f seconds (s)

Frequency, f The number of cycles per second f=1/T hertz (Hz)

+Vmax
Maximum (peak) value Highest value of the waveform in one direction
-Vmax

Peak-to-peak value (Vp-p) Value from +Vmax to -Vmax 2 x Vmax

Instantaneous value Value at any instantaneous point on the sine wave e = Vmax sin 6

Average value (Vay) Average value of all instantaneous values for one half cycle Vav = Vmax(0.637)

Known as the ‘effective’ value of a.c.
Root-mean-square (r.m.s.) value (Vyms) Vims = Vmax(0.707)
The rm.s. value of a.c. produces the same heating effect as the equivalent value of d.c.




Introduction

Phasor diagrams are a tool which can help you understand and measure the relationship between voltages and currents in a.c. circuits. ‘Phasors’ are
straight lines drawn to scale to show the r.m.s, values of voltages and/or currents, and the angle of ‘lead’ or 1ag’ between a.c. quantities.

This topic will help you develop your understanding of the terms 'vector’ and ‘phasor’, the purpose of phasor diagrams and the conventions used to
represent a.c. quantities in phasor diagrams.

Vectors

In mathematics, a ‘vector’ is a physical quantity that has both a magnitude and a direction in space. Vectors are static, i.e. they do not rotate, Two
vectors of the same type, e.g. two velodty vectors, can be added together using ‘vector addition”.

This diagram shows a velocity vector, with a magnitude of 2.5 ms™! and a direction of north east (NE).
N
) velocity

vector

25ms’

Phasors

A ‘phasor’ is a rotating vector that can represent the instantanecus magnitude and phase relationships of an a.c. sinusoidal quantity. Phasors are
represented by straight lines drawn to scale on a ‘phasor diagram'.

In this diagram two sine waves, with the same maximum value, are shown to be ‘out-of-phase’ by a constant ‘phase angle' of 50". On the right side of
the diagram, two phasors are drawn representing the magnitude of the two sine waves at one instant in time. Notice that the phase angle between
the two sine waves is exactly the same as the phase angle between the two phasors. By definition, phasors rotate in an anti-clockwise direction.

direction in time  jnctantin
time

-~ -
sefdac"

S0* - |
o- — -
phase
angle

https:/ims energyspace com auimod/page/view. php?id=457 174
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Phasor Diagrams

Phasor diagrams show the phase relationship between voltages and/or currents in a.c. circuits. Phasors usually represent the r.m.s. values of a sine
wave and are drawn with respect to a horizontal reference phasor.

The voltage rating displayed on electrical equipment rating plates is the r.m.s. value of the equipment's rated operating voltage.

This diagram shows two phasors, a voltage phasor V, and a current phasor |, separated by angle 8°. In this diagram, V is the reference phasor and is
drawn horizontally to the right. Because phasors rotate in an anti-clockwise direction, | lags’ V by angle 6°.

Voltage phasors are drawn with an open arrow head. Current phasors are drawn with a closed arrow head.

Phasor Diagram

N

Direction of Rotation
(DOR)

\4
o
o

o

Two phasors of the same type, i.e. two voltage phasors or two current phasors, can be added together using ‘phasor addition’.

This diagram shows two voltage phasors V; and V, out-of-phase by 90° being added together using phasor addition.

Check your understanding of the content by clicking on the link below then undertaking the activity.
Load the Activity.




Phasor Relationships

As stated in Topic 1, every circuit contains some value of resistance, inductance and capacitance which can affect the phasor relationship between the
voltages and currents in an a.c. circuit

In any ac dircuit the voltages and currents can be ‘in-phase’ or ‘out-of-phase’, If the voltage and cumrent are out-of-phase, the voitage can either
‘lead’ or ‘lag’ the current. The angle of lead or lag is called the ‘phase angle'. If the voltage and current are in-phase, then the phase angle is zera.

These and other terms used to describe phasor relationships in a.c. circuits are defined in the following table.

Phase Relationships

» Phasor direction of rotation (DOR) is anti-clockwise.

« Voltage phasors are drawn with an open arrow head.
« They usually represent r.m.s values of voltage.

o Current phasors are drawn with a closed arrow head.
o They usually represent r.m.s. values of current.

Two waveforms are in-phase, when:

* The frequency, (f) of each waveform is the same.
« The maximum values of each waveform occur at the same time.
* The zero values of each waveform occur at the same time.

i Two phasors are in-phase, when:

« The phasors are drawn parallel with each other, and pointing in the same direction.
« In this diagram | is in-phase with V.

ﬂ?mﬂﬁlmﬁ
;mw }:ﬂ:g}}gs‘ [ /\\| Two waveforms are out-of-phase, when:
AR mumwmx@mm
Ry ERY ERAYFER « The maximum values and the zero values of each waveform do not occur at the same
(03 0 20 e O time.
FEHENEEREE
Two phasors are out-of-phase, when:

« The phasors are not drawn parallel and are separated by some angle B°.
« In this diagram | is out-of-phase with V by angle 8°.




UEEELOOZ0 R0 2.2 Phasor Relabonship

The reference phasor is drawn horizontally.
Series Circuit:

+ The current phasor is the reference phasor in a series a.c. circuit, because cument is the
Reference Phasor same value in all parts of a series circuit.

Parallel Circust:

+ The voltage phasor is the reference phasor in a parallel ac. drcuit, because the voltage
across all components is the same in a parallel circuit.

The phase angle, 8°, is the phase difference between two sine waves or two phasors.
In this diagram the phase angle between Vand | is &,

O sing wine leads anather when its oyde begins first,

In this diagram, the blue sine wave starts rising from zero towards its positive peak

before the red sine wave.

On phasor leads when it is in front of another phasor in the direction of retatian,
= In this diagram the cument | is leading the reference voltage V by the angle 8*,

One sine wave lags another when its cycle starts after the other.

In this diagram, the blue sine wave starts rising from zero towards its positive peak
after the red sine wave.

Ore phasor lags when it is behind anather phasor in the direction of rotation.

In this diagram the cument | is lagging the reference voltage V by the angle &°,

Phasor Addition

Sinusaidal values of voltage or cument can anly be added algebraically if they are in-phase,

Where voltages and current are cut-of-phase, they must be added together using 'phaser addition’,

When two phasors are out-of-phase by 90* they can be added together using Pythagoras' Theorem and trigonometry,

When two phasors are out-of-phase by some other angle that is not 0%, they can be added together using the parallelogram method or the ‘tip to
tail" method,

The following worked examples demonstrate how two phasors that are out-of-phase can be added together using phasor addition,




Worked Example - Phasor Addition 1 - Trigonometry/Pythagoras’ Theorem

This phasor diagram shows the voltages measured across two components connected in series in an a.c. cirouit. Current | is the reference phaser,
is 75 W and in-phase with |. V; is 45 V, leading | by 90°. Use phasor addition to calculate the circuit supply voltage.

1. Draw both voltage phasors to scale, showing their phase angle with respect to the reference current, | and show their direction of rotation

_.\non
"J; = 45“

>

V, =75V

2. Construct a parallelogram from the two voltage phasors

3. Draw the resultant voltage phasor, V

I'1."'1.: =875V

75V
Vi = ¥ (752 + 457)

5. Use trigonometry to calculate the phase angle, 8*




Worked Example - Phasor Addition 2 - parallelogram method
The currents in two branches of a parallel a.c. circuit are out of phase with the supply valtage V, which is the reference phasar,

1y is 100 mA leading V by 45°. 13 is 50 mA leading V by 15°. Calculate the total supply current.

1. Draw both cument phasors to scale, showing their phase angle with respect to the reference voltage, V and show their direction of rotation.

DOR
AN

I, =100 mA

2. Construct a parallelogram from the twio current phasors,

DOR
AN
I
I

£

DOR
AN

3. Draw the resultant current phasaor, | 1.5,

h

l»

4. Measure the length and phase angle of the resultant current phasor, 1 4.5

DOR
AN

ha=1455mA




Worked Example - Phasor addition 3 - tip to tail method

This worked example demonstrates phasor addition using the tip to tail method. The current values and phase angles are the same as the previous
wiorked example,

1y is 100 mA leading V by 45°. |; is 50 mA leading V by 15°. Calculate the total supply current.
1. Draw both current phasors to scale, showing their phase angle with respect to the reference voltage, V and show their direction of rotation.

2. Move phasar Iy so that its tail is joined to the tip of phasor 1y, It is important to maintain the length and phase angle of phasor 1.
DOR

3. Draw the resultant current phasor for | 1.z from the tail of 1) to the tip of 1.

4. Measure the length and phase angle of the resultant current phasor, | 5.
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DOR

f lifference = 88MA \

Measuring Phase Angle
To determine the phase angle between two sine waves displayed on an oscilloscope, measure the phase angle between the waveforms.

The following worked example demonstrates how to measure the phase angle between two sine waves displayed on an oscilloscope.

Worked Example — Measure Phase Angle

This diagram shows two sine waves displayed on an oscilloscope. The blue sine wave is lagging the red sine by angle 8°. Determine the phase angle
between the two waveforms.

1. One cycle = 360°

2.360° = 5 divisions on the display
3.0 = 1division
4.6=360/5=72°

5. The blue sine wave is lagging the red sine wave by 72°




Worked Example - Phasor subtraction 1 - parallelogram method

The current in two branches of a parallel a.c. circuit are out of phase with the supply voltage, V. Current I, is 85 mA leading the supply voltage b
55¢, Current |, is 55 mA lagging the supply voltage by 20°, Use phasor subtraction to calculate the difference between the two current phasors,

In this example | will be subtracted from I,

1. Draw both cument phascors to scale, showing their phase angle with respect to the reference voltage, V and show their direction of rotation.

2. To subtract 1, from I, draw a new phasor 180° out-of-phase with |, Label this phasor -i;.

3. Construct a parallelogram from phasors | and -1,

4, Draw the resultant current phasor, §gwerence-

h
5. Measure the length and phase angle of the resultant current phasor, | gatesence:




Introduction

Many a.c. ciouits contan only resstive elements, such as lamp flaments and heating elements. Most practical orouits, however, contan a
combination of resstive, inductive and capacitive components, To better understand the voltage and current relationships in complex practical ac.
cirouits, it is helpful to first analyse and teit basic single element drcuts before studying more complex Orcults that combine these elements.

This topic will help you develop your understanding of sngle element a.c. Groults, containing resistive, Inductive or capacitive components caly,

Resistive a.c. Circuits
1n & purely resistive a.c. circuit the current and voltage are (n-phase. Resistance provides the only opposition to current and Ohn's law can be used to
cakoulate the current, voltage and resistance in the drouit.

|

-

S —

] .
o
This diagram shows the curment and voltage sine waves, and the cument and voltage phasors for a purely resistve a.c. circuit.
The current and voltage are in-phase in a purely resistive cirosit

This diagram shows two resistors connected in sevies 1o an 4. Supply. Both votages Vs and V: are in-phase with the supply voltsge and the curtent,
The supply voltage, Ve = Vi + Va,

The total resistance, Ry = R, + Ry

The current 1= Vauggay / Rr.




Worked Example - Purely Resistive a.c. Series Circuit
For the resistive ac. series circuit pictured below, determine:

aj

The total resistance, Ry

The supply current, |

The veltage drop across Ry

The voltage drop across &,

Draw the phasor diagram for the cireuit

V,=1 xR,

V=329 x 45

i=1481V

V:=833V

Phasor diagram (the current is the reference phasor - all voltages and the current are in-phase).




V:=B2Y Vi=148Y

This diagram shows two resistors connected in parallel to an a.c. supply. The voltage drops across resistors Ry and Ry is equal to, and in-phase with
the supply voltage. The current | is in-phase with supply voltage, and the currents through each resistor are also in-phase with the supply voltage.

Current |1 = "l"lmf R|

Current |2 = "I"g.mjr Rz
Total current, | = 1y + |3

Total resistance. Ry = Vaean / bt




Inductive a.c. Circuits

10 purely inductive <. cirouit the current lags the voltage by 50°. The angle of lag is created by inductance which opposes the change in current
I

This diagram shows the cument and voltage sine waves, and the curent and voltage phasors for a purely inductive ac. circuit.
The current kags the voltage by 307 in a purely inductive circuit.

‘Inductive reactance’ is the property of an inductor that opposes the change in curment in an a.c. circuit, The unit is ohms and Ohm's law is used o
cabulate the voltage and/lor cument in the circuit.

Inductive reactance is calcutated using this equation.




Xo=2mfL

o e - -

Where:

X = inductive reactance in ohms (Q)

f = frequency of the supply in hertz (Hz)
L = inductance in henrys (H)

n = pi(3.14159..)

Points to note about inductive reactance:

« Inductive reactance is the opposition to the change in current in an a.c. drcuit

= Inductive reactance is directly proportional to the frequency of the supply, i.e. as the frequency increase the inductive reactance increases, and
vice versa,

 Inductive reactance is directly proportional to inductance, i.e. as the inductance increases the inductive reactance increases, and vice versa.

The current in an inductive a.c. circuit can be calculated using Ohm's law,

Where:

o | = drcuit current in amperes (A)
* V = supply voltage (V)

* X, = inductive reactance in ohms (Q)




Worked Example - Inductive Reactance

For the inductive a.c circuit pictured below, determine:
a)  The inductive reactance, X,

b)  The supply current, |

¢) Draw the phasor diagram for the circuit

X, = 2nfL

X,=2XmXS0X08

¢)  Phasor diagram (the voltage is the reference phasor - the cutrent [ags the voltage by 909

\DOR

V=230Va.c.
N

il

Yy 1=0.92 A (lagging by 90°)

This diagram shows two inductors connected in series to an a.c. supply. Both voltages V, and V; are in-phase with the supply voltage and the current
lags the supply voltage by 90°.

The supply voltage, Vagpy = Vi + V2.
The total inductive reactance, Xur = Xy + Xu.
The current | = Viypon / Xi1.







Worked Example - Purely Inductive a.c. Series Circuit
For the inductive a.c. series cncuit pictured below, determine
a)  The inductive reactance of L,

The inductive reactance of Ly

The total inductive reactance, X

The supply current, |

The voltage drop acrass X4

The voltage drop across X,:

Draw the phasor diagram for the circuit

L=0.12H L,=016H

X,=2xwmx 5 x 012

= 3270

X = 2afl,

Xiz= 2% m x50 ¥ 0.16

Xea= 5030
Total inductive reactance, X7

Kpp = Xy 4 Xya

Xy = 377 +50.3




V=1 % X
?I_-a-ﬁl k3 37.7

V, =984V

Ve=1 %X X
V: = 261 % 50.3

v, =131V

g)  Phasor diagram (the circuit current is the reference phasor in a series circuit - the current ‘lags’ the voltages by 90°)

Wauppy = 230V

-\DDR

V:=1317

Vi=987V

u =
1= 2.62 A (lagging by 90°)

This diagram shows two inductors connected in parallel to an ac. supply. The voltage drops across each inductor is equal to, and in- phase with the
supply voltage. The current I, and the current through each inductor lags the supply voltage by 90°

Current by = Vo / X4
Current Iy = Voo / X2
Total current, | = Iy + Iy

Tetal inductive reactance, Xr = Voo /|




Worked Example - Purely Inductive a.c. Parallel Circuit

For the inductive a.c parallel circuit pictured below, determine

a)
b)
€}
d)
€)
f

gl

The inductive reactance of L,

The inductive reactance of Lz
The current through Ly

The current through L,

Thee supply current, |

The total inductive reactance, Xy

Draw the phasor diagram for the circuit

X = 2nfly

X“-BXHKSUKOAE

.= 1410

Xz = 2mfly

Xiz= 2 xm x 50 x 0.62
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I=L+1

I=163+118

I=281A

f)  Total inductive reactance, X,

230
AT

XLT = 8190

g)  Phasor diagram (the supply voltage is the reference phasor in a parallel circuit - the currents ‘lag’ the voltage by 90°)

DOR

T

Vsupply = 230V
b
_] P

; . = 1.18 A (lagging by 90°)
li =1.63 A (lagging by 90°)

' | =2.81 A (lagging by 90°)

Applications for Inductive a.c. Circuits
Inductive a.c. loads are common in many a.c. circuits. Some applications include:

Fluorescent lamp ballast
Transformer

Electric motor
Electromechanical relay
Choke coil

Line Reactor

Inductive proximity sensor

Inductors are often used to control a.c. currents because they have a low power loss.




Capacitive a.c. Circuits

In a purely capacitive a.c. circuit the current leads the voltage by 90°. The angle of lead is created by the capacitance which opposes the change in
voltage.

I
-

L —

This diagram shows the current and voltage sine waves, and the curent and voltage phasors for a purely capacitive a.c. drcuit.
The current leads the voltage by 90° in a purely capacitive circuit
A

Capacitive Reactance

‘Capacitive reactance’ is the property of an capacitor that opposes the change in voltage in an a.c. drcuit. The unit is ohms and Ohm's law is used to
calculate the voltage and/or current in the circuit.

Capaditive reactance is indirectly proportional to:

» The capaatance C, in farads (F).
« The frequency of the supply f, in hertz (Hz).

Capacitive reactance is calculated using this equation.




Where:

* Xc = capacitive reactance in ochms ()
o {=frequency of the supply in hertz (Hz)
* C = capacitance in farads (F)

* = pi(3.14159...)

Points to note about capacitive reactance:

« Capacitive reactance is the opposition to the change in voltage in an a.c. drcuit.

« Capacitive reactance is indirectly proportional to the frequency of the supply, i.e. as the frequency increases the capacitive reactance decreases,
and vice versa,

« Capacitive reactance is indirectly proportional to capacitance, i.e. as the capacitance increases the capacitive reactance decreases, and vice versa.

The current in 3 capacitive a.c. drcuit can be calculated using Ohm's law.

Where:

o | = drcuit current in amperes (A)

« V = supply voltage (V)
* Xc = capacitive reactance in ohms (Q)




Worked Example - Capacitive Reactance

For the capacitive a.c. circuit pictured below, determine:
al  The capacilive reactance, Xc

B)  The supply current, |

€l Draw the phasor diagram for the cireuit

¥e = Safe

1
T Ixmx50x12x10*

Ke

1
¥ = 377 x 107

K.= 2650

¢)  Phasor diagram (the voltage is the reference phasor — the current leads the valtage by 90°)

Q-\DDH

I = 0.87 A (leading by 90°)

V=230Vac
>

This diagram shows two capacitors connected in series to an a.c. supply. Both voltages Vy and V; are in-phase with the supply voltage and the cument
leads the supply voltage by 90°.

The supply voltage, Vigg, = Vi + V.
The total capacitive reactance, Xy = Yoy + Xep

The current | = Vet / Xcr.







Worked Example - Purely Capacitive a.c. Series Circuit
For the capadtive a.c. seres circuil pictured below, determine:
The capacitive reactance of €

The capacitive reactance of C»

The total capacitive reactance, Xcy

The supply current, |

The voltage drop across Xe,

The voltage drop across Xcp

Draw the phaser diagram for the circuit

Cy= 16 pF Cym 24 pF

1
S -y W

S0Hz

a)  Capacitive reactance, Xc

4\'“-

- T
2xfc,

1
Yot = S xS0 x 18 % 10+

1
¥ = nrG
s 1
ez 2% m xS0 X 24 x 107

fo = 5 x 100

Hex= 1330
¢} Total capacitive reactance, Xer




Vi=1 % Xes
V= 0693 x 133

¥y =922V

gl Phasor diagram (the cirouit current is the eference phasor in a series circust - the current ‘leads' the voltages by 90%)

d-\DCIIR

I = 0.69 A (leading by 90°)

-

|

Y V:=91.52V

WV =137.18V

wWV=230Vac

This diagram shows two capadtors connected in parallel toan ac. supply. The voltage drop across each capacitor is equal to, and in-phase with the
supply voltage. The total current |, and the current through each capacitor leads the supply voltage by 907

Current Iy = Vagehe Xe
Current Iz = Vapph Koz
Total current, | = Iy + |2

Total capacitive reactance, Xer = Vipey o/ |




Worked Example — Purely Capacitive a.c. Parallel Circuit
For the capaditive a.c. parallel circuit pictured below, determine:
Capacitive reactance of €,
Capacitive reactance of Cz
Current Iy

a)  Capacitive reactance, ¥g,

1
¥ao = afe

i

X = T mwsox 20 % 10°¢

1

Koy = ———————
€ " g28 x 107

Hey = 1590

Kex = 2nfC,

1
2xm X 50 % 63 x 10°*

1

¥e = 198 x 10
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I—V
2_Xcz

e) Total current, |

I=L+1

I=144+455

f)  Total capacitive reactance, Xcr

g)  Phasor diagram (the supply voltage is the reference phasor in a parallel circuit - the currents ‘lead’ the supply voltage by 90°)

DOR

4N\
| =5.99 A (leading by 90°)

|.=4.55 A (leading by 90°)

li = 1.44 A (leading by 90°)

Vsuwfy = 230 V
N
.

Applications for Capacitive a.c. Circuits
Capacitive a.c. loads are common in many a.c. circuits. Some applications include:

Capacitive proximity sensor

Touchscreen

Low pass filter

Power Factor Correction (PFC) unit
Start/run capacitor in a single phase motor
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Mote: @ is the angle of lead or lag between the voltage and the cument in the cirouit.

Worked Example = Impedance Triangle
A resistance of 30 ohmis is connected in series with a reactance of S0 chms, caloulate the:

E=300

¢ L

Z=4 R+

2=+ (307 = 500

Z = (900 + 2500

30
b i T

foss = 052

@ =cos™ (0.52)

@©=58.7"
[* precise amswer (no rounding of intermediate steps) © = 59.09




RC Series a.c. Circuits

In a purely capacitive a.c. circuit the current leads the voltage by 90°. When a resistor and a capacitor are connected in series the current leads the
voltage, but the angle of lead is less than 90°,

This diagram shows a capaditor and resistor connected in series.

()

49

Viewty
50Hz

This diagram shows the sinusoidal waveform for an RC series circuit. The current leads the supply voltage by angle @.

r'y Vi

D

\J

This diagram shows the phasor diagram for an RC series drcuit.

o

4\00R
Vi
>

Points to note about the phasor diagram of an RC series drcuit:

The current |, is the reference phasor.

The voltage drop across the resistor, Vy, is drawn in-phase with the current.

The voltage drop across the capaditor, V2, is drawn lagging the current by 90°, i.e. the current in a capacitor leads the voltage across it by 90°.
The supply voltage, Vg is the phasor sum of voltages V1 and V2.

Angle @, is the phase difference between V.., and the circuit current.

Impedance Triangle for an RC Circuit




—— - i —— ———

To create an impedance triangle for an RC circuit:

1. First replace the voltages shown in the phasor diagram with the resistance, capaative reactance and the impedance of the circuit.

a) Resistance phasor drawn horizontally to the right (in the same direction as the voltage drop (V) across the resistor).

b) Capaditive reactance phasor drawn at 90° down the page (in the same direction as the voltage drop (V) across the capadtor.
¢) Impedance is the phasor sum of R and Xc.

—\DOR

2. Complete the triangle by correctly labeling the sides of the triangle — resistance, capacitive reactance and the impedance.
This diagram shows the impedance triangle for an RC series drcuit.

o L




Worked Example - Impedance Triangle - RC Series Circuit
For the series RC drouit shown below, determine:

a)  Capacitive reactance, X

b Impedance, 2

€  Supply cument, |

d)  Phase angle, @

€l Drow the impedance triangle

— | |

R= 2000 C =22 pF

[

fm
W,

V=230V ac
Z0Hz

a)  Capacitive reactance, X

1
Xe = 3afc
1
2w x50 % 22 % 10°%

1

X = ——
€7 691 x 1077

2=V R+ X}
=+ (200° + 145%)
Z = v (40000 + 21025)

Z=v(61025)
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RL Series a.c. Circuits

In & purely inductive a<. circuit, the current Jags the voltage by 90°. When & resistor and an Indacton are connected in sones, the current lags the
voltage, but the angle of lag is kess than 90"

This duagrom shows an inductor and resstor connectid in sres.

Vaan
50 W

This diagram shows the sinusadal wavedom for an RL serkes circuit. The current lags the supply voltage by angle @.
| Vi

This diagram shows the phasor dlagram 106 an RL secies Cecult.

-

Pomnts to note about the phator diagram of an RL seces crout:

1. The cutrent |, & the reference phasor

2 The woltage drop across the resstor, V), s drawn n-phase with the current.

3 The voltage drop across the inductor, V, 1 drawn leading the current by 90°, 1.e. the current in the inductor lags the valtage across #t by %0,
4. The supply voltage. Viuges, is the phasor sum of voltages V, and Vy

S Angle @, is the phase difference between Vi, and the circust current.

Impedance Triangie for an RL Circuit
To create an impedance triange for an RL cecuit:




Example - Impedance Triangle - RL Series Circuit
or the series RL circuit shown below, determéne;
Inductive reactance, X
Impedance, Z
<) Supply cumrent, |
Phase angle, @
) Draw the impedance triangle

R=2000 L=08H

B)  Inductive reactance, X,
Xy = 2"'.

X,= 2% n X 50X 08

&=2510

Z=V(R¥+X7)

Z=v(200% + 251%)

Z = v (40000 + 63001)

Z=v(103001)

=310




[* precise answer (no rownding ot infermediate steps) @ = 51.57

I=331.20

s

= 251330




Introduction
This topic will help you develop your understanding of a.c. drcuits that contain inductance, capacitance and resistance connected in series.

RLC series a.c. circuits contain resistance, inductance and capacitance connected in series to a voltage supply. The drcuit current and the phase angle
is determined by the relative values of resistance, inductive reactance and capacitive reactance in the drcuit.

This diagram shows a RLC series a.c. circuit. The phasor sum of V;, V and V; equals the supply voltage,

@ @

)
sohz

The relationships between voltage and cument in a RLC series circuit can be represented using a phasor diagram.
This phasor diagram for a RLC series drcuit shows the phasor relationships where the inductive reactance is greater than the capadtive reactance.
When the inductive reactance is greater than the capacitive reactance:

The circuit is more ‘inductive’ than ‘capacitive’,

The current lags the supply voltage by angle ®.

The voitage drop, V> across the inductor is greater than the voltage drop, Vs across the capacitor.

The supply voltage, Vsupgh, is the phasor sum of Vy,V; and Vs,

X.> Xc

Va

¥ Ty bl G0

Vi
This diagram shows the phasor diagram for a RLC series drcuit where the capacitive reactance is greater that the inductive reactance.
When the capacitive reactance is greater than the inductive reactance:

« The circuit is more ‘capadtive’ than 'inductive’,




+ The current leads the supply voltage by angle @.
« The voltage drop, W, across the capacitor is greater than the voltage drop, Vs across the inductor,

» The supply voltage, Vi, .o, i the phasor sum of V.V, and V5.

X=X,

b

Va
Comparison of Current Limiting Characteristics of Inductors and Resistors
Both resistors and inductors are connected into a.c. circuits for the purpose of limiting the circuit current.

This table contrasts the advantages and disadvantages of using resistors and inductors to limit the current in an a.c. circuit.

Comparison of Current Limiting Characteristics of Inductors and Resistors

Advantage Disadvantage

= Resistance value does not change with frequency, Resistors dissipates electrical power as heat (P = IZR)
« Current through the resistor is in-phase with voltage drop Power dissipated by the resistor increases as the square
across the resistor. of the current.

) Inductor current lags the voltage across it by 90°,

= Inductor can limit the circuit cument with much lower FR Inductive reactance increases and decreases with the
losses. fww

Inductor current will increase as the frequency decreases.

Inductor current will decrease as the frequency increases.

Practical RLC Series Circults
Most practical RLC series a.c. circuits are limited to electronic or mator control systems.
These systerns include:

+ Radio transmitter/receiver tuning circuits.

* Filtering circuits.
« Control circuits inside variable frequency drive (VFD) units.




Check your progress
The following interactive object demonstrates the effect of connecting a resistor in parallel with an inductor in an a.c, circuit,

Parallel A.C. circuit

v @Bnan
O

W 10 @ =
Frequency

Hz HENOD
O

123 4367830
| a1 | w0 | =100 | =wooo |

¢ o

Far this demonstration you will connect resistor R in parallel with inducter L3,

1. Click on R1 and set it to 52 (1

2. Click on €2, and click on the ‘open’ button above the capacitance adjustment slider to disconnect this component.

3. Click on L3 and set it to 60 mH,

4, Set the supply amplitude to 25 V and the frequency to 50 Hz

5. Click on R1 to select it, then dlick on the ¥ | A button under the resistance adjustment slider to see the phasor diagram for resistor R1.

6. Notice that the resistor current and voltage are in-phase.

7. Click an L3 to select it and verify that its voltage and current are 90° out-of-phase.

8. Is the cument leading’ or lagging’ the voltage across the inductor? |

9. Move the cursor over the “red” (voltage) and "blue” {current) wavetorms displayed immediately below the circuit diagram. Verify that the circuit

obeeys Ghms Law.

10. Locate the phasor diagram immediately below the circuit diagram, click on the ¥ | A button to display the phasor diagram for the whole cirouit,
11. What is the phase angle for the circuit? s it leading’ or ‘lagging'?
12. Calculate the phase angle and compare it with the value given on the phasor diagram. | |
13. Adjust the resistance and inductance to different values and note the change in the current and phase angle. [

Is the phase angle affected by changing the resistor and inductor values?

Is the phase angle affected by changing the frequency?

Summary

+ ARL parallel a.c circuit containg only resistance and inductance,

+ The supply voltage is the reference phasor.
+ The line current is the phasor sum of the resistive current |y and the inductive current 1.




RC Parallel a.c. Circuits

RE parallel a.c. circuits are common in electronic circuits such as wave shaping circuits and current divider circuits. A RC parallel ac. cirouit contains
only resistance and capacitance connected in parallel as shown in this drcuit diagram,

This phasor diagram shows the phase relationship between the branch currents Iy, Iz and the line cumrent I The supply voltage is the reference
phasor. The resistive cument 1, is in-phase with the supply voltage. The capacitive current I, leads the supply voltage by 907,

The line current I, is the phasor sum of |, and |; and leads the supply voltage by angle ©. Pythagoras’ Theorem can be used to calculate the phase
angle @,

DOR




Worked Example — RC Parallel Circuit

For the RC parallel ac circuit shown below, determine:

The resistor current, I
The capacitor current, I
The line current, Iy

The impedance, Z

Phase angle, @

Drraw the phasor diagram

Bo= (1 +154)
L=V (12.87 +7.197)
I = (215)

L=1474
K=v (418
b=V (1278 + 7.199)
I =¥ [215.08)

L=13864




[* precise answer fno rounding af intermediate steps) © = 20.39

L=719A




Check your progress
The following interactive object demonstrates the effect of connecting a resistor in paralled with a capacitor in an ac. drcuit.

Parallel A.C. circuit

Amplitude
v BRERE

O

Frequency

vz BB

@)

EREREIEE

e e

For this demonstration you will connect resistor R1 in parallel with capacitor C2.

1. Click on R1 and set it to 60 O

2. Click on C2 and set it to 100 pF.

3. Click on L3, and click on the ‘'open” button above the inductance adjustment slider te disconnect this component,

4, 5et the supply amplitude to 40 V and the frequency to 50 Hz.

5. Click on R1 to select it, then dick on the V | A button under the resistance adjustment slider to see the phasor diagram for resistor R1.

6. Motice that the resistor current and voltage are in-phase.

7. Click on C2 to select it and verify that its voltage and current are 30° out-of-phase,

8. Is the cument “leading’ or lagging’ the voltage across the capacitor? | ]

9. Maove the cursor over the ‘red” (voltage) and “blue’ (current) waveforms displayed immediately below the circuit diagram. Verify that the circuit

obeys Ohms Law.

10. Locate the phasor diagram immediately below the circuit diagram, click on the ¥ | A button to display the phasor diagram for the whale circuit.
11. What is the phase angle for the circuit? |s it ‘leading” or 'lagging'? [
12. Calculate the phase angle and compare it with the value given on the phasor diagram. | |
13, Adjust the resistance and capacitance to different values and note the change in the current and phase angle,

Is the phase angle affected by changing the resistor and capacitance values? .

Is the phase angle affected by changing the frequency? [




RLC Parallel a.c. Circuits

RLC parallel a.c. circuits are common in electronic circuits such as signal filters, oscillators and voltage muitipliers. A RLC parallel a.c. circuit contains
resistance, inductance and capaditance connected in parallel.

This circuit shows a RLC parailel a.c. circuit

o

This phasor diagram shows the phase relationship between the branch currents Iy, I, I3 and the line current I for the parallel circuit above.

The supply voltage is the reference phasor. The resistor current Iy is in-phase with the supply voltage, the inductor current I, lags the supply voltage
by 90* and the capacitor current I; leads the supply voltage by 90*.

The line current I is the phasor sum of I, 1; and Iy and may lead or lag the supply voltage depending on the relative values of inductive reactance and
capacitive reactance in the drcuit. Pythagoras’ Theorem can be used to calculate the phase angle @.

This phasor diagram shows the line current is leading by angle @, when the inductive reactance is greater than the capacitive reactance, i.e. Iy > |,.

This phasor diagram shows the line current is lagging by angle @, when the capacitive reactance is greater than the inductive reactance, ie. I > 3.

hitps /ims. energyspace com au/mod/page/view. php?id=457 193




Worked Example - RLC Parallel Circuit 1 - Inductive Reactance > Capacitive Reactance
Far the LC parallel a.c circuit shown below, determine

@ The Resistor current, I,

k) The Inductor current, i
¢} The capacifor current, Iz
d  The line current, I

e The impedance, &

i Phaseangle, @

9 Draw the phasor diagram

T el

:|n. 160 ANe3I0




fe=v (13 +(-1:))
Io=v(14.4% + (12.8 - 7.19)%)
L=V (14.47 + 5.59%)

le=v(238)

[* precise answer (no rounding at intermediate steps) @ = 21.29

‘l: =1278A

li-L=559A L= 1543A

1
=
’_ll 1438 A
® = 21.57° leading Vezvac
'b= 709A




Waorked Example - RLC Parallel Circuit 2 - Capacitive Reactance > Inductive Reactance

For the LC parallel ac dreuit shown below, determine:
The Resistor current, [,

The Inductor current. [

The capacilor current, [y

The line current, I,

The impedance, 7

Phase angle, ©

Dvaw the phasor diagram

o

Relif <N=160 _

Fresistor curment |y

Line current I




= 1+ (= 1)
=V (19.2% + (14.4 - 7.67F)
=V (1928 + 6.713)

= (413)

[* precise answer (no rounding at intermediate steps) @ = 19.39
g)  Phaser diagram
DOR

~

® = 19.95° lagging
s o

h=7.67A
A

= 1917 A

S
-
V=230Vac

|
I= 2031 A

"}: 1438 A

Practical RLC Series a.c. Circuit

Most inductors consist of many tuns of wire wound onto an iron core. This means that practical inductors in a.c. circuits have some value of
resistance as well as inductive reactance to limit the current. This is true for inductive components such as discharge lighting ballasts, a.c. motor
windings, ac relay/contactor coils and conductor cables.

This disgram shows a RLC parallel a.c. circuit where the inductive branch is replaced with a resistor connected in seres with an inductor to represent a
practical inductive circuit component.




This phasor diagram shows the phase relationships in the RLC parallel a.c. circuit above. The current in the inductive branch lags the supply voltage by
some angle @ that is less than 90°, The angle of lag is dependent on the relative values of resistance and inductive reactance in that branch.

To determine the line current:

1. Calculate the phasor sum of I, and I; (the resultant phasor is shown in green below)
2. Calculate the phasor sum of I, and the resultant (green) phascr.

h=h+L+




Power in a Practical a.c. Load

Most practical a.c. loads contain both resistive and inductive components. In a practical a.c. load the line current and line voltage are out-of-phase by
some angle @ between 0° and 907, depending on the relative values of resistance and inductive reactance in the circuit

This diagram shows the voltage, current and power waveforms for a practical ac load. The current lags the voltage by angle @°. The power at any
point on the waveform can be calculated by multiplying the instantaneous current and voitage.

The diagram shows that the power waveform has two large positive peaks and two smaller negative peaks for each cycle of voltage and current. This
shows that most of the power supplied to the load is utilised by the load and only a small proportion of the power is returned to the power supply.

A *» Power %

Power Triangle
A “power triangle’ is a graphical tool, similar to an impedance triangle which helps to analyse the power in an a.c. circuit
This diagram shows a power triangle, which is a right-angle triangle with sides labelled True Power (P), Reactive Power (Q) and Apparent Power (S).

Points to note about the power triangle:
 True power is drawn horizontally.




Reactive power is drawn at right angles ta the true power (reactive power can be due to capacitive reactance, inductive reactanoe or a
combination of both).
Appanent power is the hypotenuse of the triangle.
P is the angle between the sides of the triangle representing true power and appanent power.
An incregse in reactive power (O) will increase the apparent pawer (5) and the phase angle 3.
« An increase in true power (P), with the reactive power (Q) unchanged, will increase the apparent power (5) and decregse the phase angle @,

Apparent Power

+ Total power drawn from the supply.
+ Can be measured using a voltreter and ammeter and multiplying the two readings.

+ Symbol 5, units are volt-amperes [WVA),

Where:

# % = apparent power in volt-amperes [VA)
* W = rmg line voltage in valts (V)
# Iy = rm.s. line current in amperes (A)

True Power

f.m5, power being used by & cirauit
Measured with a wattmeter.

-
+ True power is utilised by resistive components in a circuit,
-

Symbel P, units are watts (W),

‘Where:

« P = frue power in watts (W)

& V) = rms line voltage invalts ()

# |y = r.ms. line current in amperes (A)
+ = phase angle

Reactive Power
+ Power associated with the reactive parts of the circuit, ie. inductive andfor capacitive components.

+ The portion of power not being utilised by the load.
» Symbol Q. units are volt-amperes reactive (VAr).

Where:

+ O = reactive power in volt-amperes reactive (VAr)
* ¥ = rms line voltage in volts (V)

* Iy = rms. line current in amperes (A)

« @ = phase angle




Worked Example - Power Triangle 1

An ac. circuit has a true power of 15 KW and a reactive poser of 9.77 KVAT, a8 represented by the power triangle below, Determine for the drouit

al  The apparent power 5
b Phase angle, @

S=v (P e )

§ = (150007 + 9770F)

S =¥ (320453)

§ =179 kV4

17900

cos @ =084

@ = cos (0.84)

T=329

[* precise answer (no rounding af intermediate steps) @ = 33,79




Worked Example - Power Triangle 2
An ac. circuit has an apparent power of 26 kVA and a phase angle of 29° as represented by the power triangle below. Determine for the circuit:

a)  The reactive power, Q

b)  The true power, P

9

S=26kVA

Q=Sxsn @
Q= 26000 x 3in 29
Q = 26000 x 0.48

Q = 1248 kVAr

Q=Sxsin®

Q = 26000 x sin 29
Q = 26000 x 048

Q= 125 kVAr

[* precise answer (no rounding at intermediate steps) Q = 12.6 kVAr]
True power, P
P=Sxcos®@
P = 26000 x cos 29
P = 26000 x 0.87

P =226 kW

[* precise answer (no rounding at intermediate steps) P = 22.7 kW]




Measuring a.c. Power

This diagram shows the circuit arrangement for measuring the line voltage, line current and power input to a single phase a.c. motor.

© ®

- >

The r.ms. value of true power (P) is measured by the wattmeter, The apparent power (S) is determined by multiplying the voltmeter and ammeter
readings.

The power factor is determined by this equation.

Where:

= A = power factor (cos @) of the circuit (the Greek letter lambda)
« P = true power in watts (W)
« S = apparent power in volt-amperes (VA)




Minimum Power Factor Levels

Local network providers st minimum and maximarm limits for power factor in installations connectad to thesr netwark. The mindmum power factor for
low valtage custormers in Australia is 075 lag (Victoria), however in some jurisdictions the minimum is set at 0.8 - 0.9 lag. In some jurisdictions there is
also a restriction on operating with a leading power factor, eg. the NSW Service and Installation Rules state that The power factor of the installation
must pot become leading at any time”,

This allows the network provider to maintain the guality of the network supply and to avoid excessive loading and losses in network equipment.

Where the power factor is below the minimum specified level, the customer must install equipment to improve the installation's power factor, If this is
not done, the customer can incur increased costs for their eletricity or be disconnected.

Power Factor Improvement

As stated in Topic 8.1, most installations have a lagging power factor, as inductive loads such as motors are more commaon place than capacitive
loads, In order to improve a lagging power factor, equipment that introduces capacitive reactance into the arouit can be installed to offset the
excessive inductive reactance. This equipment indudes:

+ Capacitor banks
* Synchronous motors
* Static VAR compensators

AS/MZS 3000 Requirements for Capacitors

As previously stated in Topic 4.2, AS/MZS 3000:2018 Clause 4,15 Capacitors outlines spedific requirements for capacitons connected into a.c. circuits.
These requirements apply equally to capacitors used for power factor correction.

Single Phase Power Factor Measurement

This diagram show the meter arangement for measuring the power factor of a 230 W ac. single phase motor drouit, which can be used to measure
the power factor of any single phase load

2y
—®

® @

The r.ms, value of true power (P) is measured by the wattmeter, The apparent power (5) is determined by multiplying the voltmeter (V) and ammeter
readings (A).

The power factor can be determined using this equation.




Where:

« k= power factor (cos @) of the circuit
& P = true power in watts (W)

= ¥V = load voltage in volts (V)

= | = load cument in amperes (A)

Waorked Example - Power Factor Caleulations 1

ey
&

T Q) ® ®

Determine the power factor for the single phase motor circuit pictured above, given the following meter readings
Wirttmweler reading: 15.8 kW
Voltmeter reading: 230 vV

Ammeter reading: 84 A




Worked Example - Power Factor Caloulations 2

A 230V, 50 Hz, single phase lighting installation consists of high intensity discharge (HID) luminaires operating at a power factor of 0.52 lag.

If the total power of the installation is measured at 8.6 kW, determine the rating in kvAr, of a capacitor bank to be connected in parallel with the
installation in order to correct the power factor to 0.9 lag.

a)  Apparent power (Sosz) at A = 0.52 lag

Reactive power (Qysg) at A = 052 lag

Reactive power [Qgg) atk = 0.9 lag

kVAr rating of capacitor bank, G




mQus=4.17 kVAr

>~ Qusa=14.13 kVAr

Power Factor Correction Capacitance

The windings of a single phase motor are both resistive and inductive. When energised, the current in the windings will lag the applied voltage
because of the inductive element of the circuit. To counteract the effect of the inductance, we can connect a capacitor in parallel with the winding.

In order to determine the value of capacitance required, we need to think of the current flowing through the winding in terms of its resistive
component, and its inductive component, where the resistive component of current is in phase with the voltage, and the inductive component of
current lags the voltage by 90°. This can be determined using trigonometry:

(Note: in reality, the current flowing through the resistive and inductive elements of the circuit is one and the same, just as the winding itself is one
and the same. We just need to think of these components of current separately, in order to determine the required value of capacitance).

What we need to caiculate, is the value of capacitance that will add a sufficient capacitive component of current into the circuit, to improve the power
factor as required.

Resistive component Resistive
of current of current =

n o
% Inductive AQ""""M
component Copaciti
%" of cudns current added

« First we determine the desired phase angle (¢) for the circuit

To do this:

* Then we determéne the value of capacitive current (IXC) needed to achieve this phase angle.

« Next we determine the value of capacitive reactance (XC) that would cause this capacitive current to flow.

« Finally, we determine the value of capacitance (C) that would produce this value of capaditive reactance.
hitps /Ams. energyspace. com aumod/page/view php2id=457 200




Worked Example - Power Factor Calkulations 3

200V s
oMz

)

3

© ®

At full load, the single phase motor pictured above draws a line current | of 16 A at 0.71 lag. Determine the value of shunt capacitance required to

irnprove the power factor to 0.95 lag,

a) I at full load

b}  Ikat071lag

€ I at0sslag

dl b at09s lag

Ig =l xA

Ig = 16x0.71

=02 - 15)

by = V(167 = 11.36%)

Iy = V(256 = 129.05)

e =V - 1)

Iy = W12 = 1149




e = by 7= Tnn.sm

I = 1.3 - 374

b= 2524

1

s —

C T 2ZxmxfxcC
1

C=——_
Txwxf XX

1
Z ZTxm x50 x 305
1

£ = —

9596

c

L= 104 uF

lk=11.36 A

-

F—

= s = 11.27 A
> be=7.53A

Summary

Local network providers set the minimum level of power factor for an installation in their jurisdiction.

When an installations power factor falls below the minimum level, power factor cormection equipment must be installed,

Power factor correction equipment adds a capacitive reactance to an installation to offset the lagging power factor created by inductive loads.
Thie power factor of an installation can be calculated by using a wattmeter, voltmeter and ammeter to measure the load power, voltage and
current.




Single phase ac circuit parameters

W

¥

For the single phase ac circuit above, and using the electrical equipment details shown:

a. The reading on the ammeter A; will be
b, The reading on the ammeter A; will be
c. The reading on wattmeter W will be

Show your calculations here...




Single phase ac circuit phasor analysis

)

esistor (R) Inductor (L) Capacitor (C)

In the single phase ac circuit drawn above, arrows indicate the current in that part of the circuit.
These currents are represented on the phasor diagram below. The phasor diagram shows the
relationship between each branch current and the supply voltage (Vsypply)-

On this diagram, label each phasor with the corresponding circuit currents identified above.

A D

Direction of rotation

\

All phasors correctly labelled D




Single phase ac circuit - effect of altering circuit components

For the single phase ac circuit above, what will be the effect on each meter reading if the
capacitor (C) was removed from the circuit?

Put a cross B in one box for each meter reading to indicate the best answer.

i Thereading | Thereading ' Thereading = Thereading : _
i owould ¢ would 0 would ¢ would ET::"':"HE:E
i possibly :  possibly : definitely : definitely : © :
i degense . Incresse : decremse i Mneremse oo

emam e —————— .- -

Show your reasoning or calculations here...




Three phase ac supply - polarity check / voltage measurement

Typical three phase ac socket outlet ———»

When testing a typical three phase ac socket outlet for correct polarity, the voltmeter was connected
across each terminal as shown on this diagram.

v. (3000

If Va is measured at 400 Volts then:

a. the reading on voltmeter Vy will be
b. the reading on voltmeter Vy will be
C. the reading on voltmeter V; will be




