The GAEGQ RCE Course Lesson 4 AC theory

Passages in snall print are for interest and need not be
learnt for the RAE

Capaci t ance

Consider two netal plates that are connected to a pom
battery. The battery renoves a few electrons from ErETLFOH
plate "A" leaving it positively charged and pushing o
themon to plate "B'. Plate "B" is now negatively

charged and repels so strongly that the current
ceases. The plates, therefore, have a very small
capacitance for the storage of electricity.

The plates are now brought as close as possible E'}‘_‘L”"?
wi t hout actually touching. El ectrons approachi ng Exliy
plate "B' are still repelled by its negative charge
but will also experience attraction from the

positive "A"' plate. The battery can now push many
nore electrons on to plate "B'" so the plates have a
much greater capacity for storing the charge.

This two plate device is called a capacitor and its
capacitance is measured in Farads.

The Farad is the unit of capacitance. A capacitor has a capacitance of one Farad if, when
charged by one Coul onb, has one Volt across its plates.
The energy stored in a capacitor = 1/2xCV? Joul es. (One (One Watt=0One Joul e per second)

The Farad is a very big unit so the followi ng subdivisions are used in
practi se. Far ad
1 mcrofarad = ------- = 1uF or 1 x 10°° Farads

1 nanofarad = ---------------- InF or 1 x 10°° Farads

1 Picofarad = --------------- = 1pF or 1 x 10°* Farads
MIlion mllion

The capacitance of a capacitor is:
proportional to the AREA of the plates
i nversely proportional to the DI STANCE between the pl ates
proportional to the PERMTIVITY of the dielectric between the plates

It is very inmportant to have insulation (dielectric) between the plates that
will stand up to the voltage that is to be used. Capacitors are usually
marked with their safe working voltage. Ignoring this advice can be nessy

and expl osi ve.

Permtivity
This is the goodness of the dielectric. Air has a value of 1.
G her dielectric materials are conpared with air.

Air =1 For exanple. A 10 pF paper

Dry paper = 2.5 i nsul ated capacitor would

d ass =5 becone 20 pF of the dielectric
M ca =7 i s changed to gl ass.
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The GAEGQ RCE Course Lesson 4 AC theory

A Capaci tor

A capacitor consists of at |east two conducting plates - A
separated by insulation. This insulation, which is % i
often air, is called the dielectric. (Shown shaded)
When a voltage is connected the plates take up the -
charge and are able to store a quantity of

electricity.

Current only flows when the capacitor is actually

charging or discharging. The charging current is initially quite high but
gradual | y reduces to zero as the voltage across the capacitor rises to
equal the supply voltage.

The anount of electricity stored in a capacitor is nmeasured i n Coul onbs.
Assuming no | osses, this charge will remain in the capacitor after the
Supply vol tage has been renoved.

Take care when handl i ng hi gh vol tage capacitors!

QUANTI TY OF ELECRI A TY = CAPACI TANCE X VOLTAGE
( Coul onbs) (Far ads) (Vol ts) (Q&=CV)
Q C \Y

This circuit shows a capacitor (C) being charged via a resistor (R).
This constitutes a "tinme constant” circuit.

The tine constant (in seconds), of a CR —% ]
circuit is the tine taken for the voltage 00V R)
across the capacitor to reach 63%of the SUPPLY —
suppl y vol t age. E) C
The graph shows both the current and the -
vol tage as the capacitor charges via R \ Vourg
\

Ti me constant = Capacitance x Resistance \\
( Seconds) ( Far ads) ( Chrrs) 65 A

S

: = « Currant

. )
Capacitors connected in Parall el : i,

- T
:Ju'g‘.Fm ME [imscronos)

The capacitance of a capacitor is proportional to the area of its plates.
Increasing the area of the plates will increase the capacitance.
Connecting two or nmore capacitors in parallel is equivalent to a single
capacitor with larger plates.

The resultant (Ct) of capacitors connected in parallel is the sumof the
i ndi vidual capacitors. G =00 + CQ + C3 etc

You will notice that the forrmula for Capacitors in parallel is simlar to
The fornula for resistors in series.
Exanpl e.

What is the total capacitance between A and B ?

O =0 +C2+ C3 -
Q =8 +12 + 24 pF .
Q = 44 pF As = - B

(C stands for
“total capacitance”)

G;I__
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Capacitors in Series

When capacitors are connected in series it is the sane as increasing the
di stance between the plates. Thus, when capacitors are connected in series,
the total capacitance will be less than any of the individual capacitors.
The resultant capacitance of capacitors connected in series is the

reci procal sum In other words, the formula is |like the one used for
resistors connected in parallel.

1 1 1 1 3

- = - . . a
a a o (:3etC | ] Is ¢

;3 £ ID

Exanpl e: What is the total capacitance between C and D ?
1 1 1 1 3+2+1 6

- = - + - - + - = ----- = - -

c 8 24 12 24 24

Therefore & = 24/6 = 4pF

If only two capacitors are connected in series, there is a sinpler formul a
That can be used.

] T

G = -------
a +
C, Cq
Exanpl e:
What is the total capacitance when a 10 uF capacitor is connected in

series with a 20 uF capacitor ?

1QUFX2QUF  20QuF O 4‘ I_“”—‘—O

Qo= ceeeeee- = - = 6.6 uF
| QUF+20uF  30uF VOuF QDM:

Construction of Capacitors

Paper Capacitors

These are made froma "sandw ch” of strips

of foil and wax inpregnated paper. O course,
capacitors need two plates, so two such

sandwi ches are put on top of one another and Punre
then rolled up together.

The foil fornms the plates and the waxed paper
is the dielectric.

WONED PAPEL
SHOWH SHADED

M ca Capacitor

Mca stacked capacitors are nmade up of
alternate layers of thin metal sheet and thin
| ayers of mica. Qdd nmetal sheets are connected
together to formone plate and the even ones
connected together to formthe other.
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Silvered Mca

Silver is sprayed on the sheets of mca to
formthe plates. It is possible to nake these
capacitors very accurately. The value of the
capacitance changes very little wth wide

t enper at ure changes thus naking then very
suitable for the tuned circuits in oscillators.

Ceram ¢ Capacitors

These consist of small pieces of ceramc
that have a coating of silver on each side
Ceram c capacitors are suitable for de-coupling
but should not be used in tuned circuits ow ng
to the | arge capacitance variations wth
changes of tenperature.

El ectrol ytic Capacitors

El ectrol ytic Capacitors can be manufactured with
very high capacitance for their size.

They consist of two aluminium foil strips
interleaved with an absorbent paper strip and
wound very tightly into a cylinder. The paper
is inpregnated with an electrolyte. A voltage
is applied and a dielectric layer of al um nium
oxide is formed on the foil that is connected
to the positive supply.

Thus one capacitor plate is one of the foi
strips and the other plate is the electrolyte
itself with the oxide acting as the insulating
dielectric. This is the clue to the high
capaci t ance. Renmenber that the closer the
pl ates the higher is the capacitance. The oxide
filmis extremely thin

The second foil strip purely acts as a neans of
connecting to the electrol yte.

It is very inportant to ensure that electrolytic capacitors are connected
right way round in any circuit.

Variable Capacitors (sonetines called “tuning capacitor”)

These have one set of fixed plates and one set of noving plates.

The dielectric is usually air. The nmoving plates are connected to the
frame of the capacitor, thus avoiding the need for insulated pivots.
The fixed pl ates nounted on insul ators.

When the plates are rotated the overlap, and hence the capacitance,
changes.

—— MOVING PLATE S,
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Alternating CQurrent (A C)

Rermenber that when a current is passed through a coil in a magnetic field,
A force acts on the coil to try and make it turn. (Fleming' s Left Hand Rul e)
The opposite is also true. IE If a conductor Is noved through a magnetic

field an electric current will be generated. (Flening's Right Hand Rul e)
A generator has a coil that continues to rotate In the sane direction.
The wires of the coil continually pass ‘to and fro’ through the nmagnetic
field. This produces electricity that flows in one direction for half a
revolution and reverses in the next half cycle.. and so on.

The current and vol tage produced are sine wave i n shape.

N -' A] .l‘j‘ ,' t‘
j i _j I:: ! v

o 1
90~ 190-% 270" ,,‘: &o°
-
Er U “'.‘ .7
LY :r:jqk SR -_—.’|

Fr equency

The nunber of tines that the waveformrepeats itself each second is known
As the frequency. HERTZ is the unit of frequency and is the nunber of
conpl ete cycles that occur in one second.

The height of a waveformis called its anplitude. True alternating current
is centred over a zero line. Thus, the portion of the waveform above this
line is positive and that below the line is negative. Aternating current
therefore conprises a series of Pos & Neg hal f cycles.

A.C. Anplitude Measurenents
The PEAK val ue of a waveformis the nmaxi num POS or NEG val ue.

The PEAK TO PEAK value is the difference between the max Pos and max Neg
val ue. It is nornmally tw ce the peak val ue.

RVB. In AC the value is continually changing froma max, through zero
and back to a max in the opposite direction. This neans that there wll
not be so much power present as there would be in direct current equal to
t he peak val ue.

The RVB (root nean square) is the equivalent D.C. current or voltage that
woul d produce the same heating effect as the A C. waveform

Thi s assunmes the waveformis a sine wave.

Exanpl e:  The mains supply has an RVE vol tage of 240 Volts.

LY\ AN\
TN VS

Its peak value is RVB x 1.414 = 340 Volts.
Most neters are calibrated to indicate RVS val ues.
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Phase
It is possible to have two waveforns that have the sane frequency but
Start at different tines. These
waveforns are said to be out of phase.
The phase difference is neasured in degrees.
The wavef orns bel ow show an exanpl e of
current and vol tage being "in phase”.

v

The above, shows the current |agging
the voltage by 90°. This is the sane
as saying that the voltage | eads the
current by 90°

A bit about Vectors

I n- phase and out - of - phase waveforns can be shown using sinple vectors.
The vector can represent both the anplitude and the phase angle.
The angul ar rotation always goes anti-cl ockw se starting from3 o' cl ock
(doesn't work if yours is digital'.).

This sounds rather conplicated - it will become clearer

when shown in action .......

A.C circuits

Chns Law can, quite sinply, be applied to alternating
wavefornms if the circuit only contains resistance. The val ues can be
either RVB or peak but they must never be m xed.

In an AC. circuit containing only resistance the current flowing wll
be in phase with the applied voltage.

This can be shown graphically or vectorally.

i
. . I
N F-[ are INPUNLE h.——-—*_’v

Capaci t ance

Renenber that when a voltage is applied to a capacitor the initial
charge current is high at a time when the voltage is small. However,
when the voltage has reached its naxi numvalue the current will be very
small. Wien this is applied to A C. through the capacitor will be 90°
ahead of the voltage. This is usually stated as foll ows:

In a capacitive circuit the current LEADS the vol tage by 90°.
This can also be stated the other way round:

In a capacitive circuit the voltage LAGS the current by 90°.
This is shown bel ow by graphs and vectors

B canssineg CAPALITSE

L]
VT gre 90 sutor pinse

_ 1,

Ve
You will see that the current is zero when the voltage is a maxi mum
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This nmeans that application of the usual power formula (WVWxl) will result
in zero Watts. This current is known as a reactive current

A.C “resistance" of a capacitor.

This is known as the reactance of a capacitor and is neasured i n Chns.
Capaciti ve reactance depends on both the value of the capacitor (Farads)

and the frequency (angular rotation o) of the alternating current.
The angular rotation (o) is 2 x © x frequency and is used in nost of the
A.C. calculations. ( mis pronounced “pie” and is 3.142)

Reactance is given the synmbol “X'. It is usually followed by a small L or
Cto indicate either inductive or capacitive reactance.

Capacitive Reactance (X) = --- = ---- (Remenber o = 2xf)

oC 2nf C
EXAMPLE
What is the reactance of a 2uF capacitor at 50 Hz and at 50 kHz ?

First, renenber that the capacitance nust be converted to the basic Farad.
IE. uF =1 x 10°° Farads

At 50HZ © =2 x n x 50

1 1 x 10° 10000
R = ----- = 1592Q
oC 2 x © x50 x 2 27
At 50kHz ® = 2xmx5000
1 1 x 108 10
R I R R T = --- = 1.592Q

The above exanpl es show that reactance changes dramatically with
a change in frequency. If further val ues were taken and plotted on graph
paper it would |look like this:

Xe As the frequency | NCREASES t he
Capaci ti ve React ance DECREASES.

e t————
frr'un cy

The alternating current flowing through the capacitor can be cal cul ated
Using the “reactive” version of Chns Law

\%
| = --- Anps v, P}
XC 50Uy, m l ?h-F
ar ’
S50k, T
At 50Hz | = 4/1592 = 0.00251 Anps
: (2.51m)
At 50kHz | = 4/1.592 = 2.51 Anps

This graph shows the relationship
between the ‘current flow ng through
a capacitor’ and ‘frequency’.

F'lquowj
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Don't give up
Most people find this | esson (and 4A) rather tricky - you are not al one.
Don't spend so much tine on it that you actually grind to a halt!

QUESTI ONS FOR LESSON 4

[ Some question nunbers are omtted — this is correct]

QUESTION. 4.2 What is the reactance of a 100 pF capacitor at 50 Hz?
VWhat is its reactance if the frequency is raised to 200 kHz ?

QUESTION: 4.3 A mains supply has a peak voltage of 300 Volts.
What val ue would an RVS voltneter indicate ?

QUESTION: 4.6 Descri be an air spaced tuning capacitor.

QUESTION: 4.12 A four mcrofarad capacitor and a six mcrofarad
capacitor are connected in series. Wiat is the resultant capacitance ?

QUESTION: 4.14 Two 8 pF capacitors are connected in parallel.
What is their total capacitance ?

A) 64 pF B) 8 uF O 16 uF 1)) 4 uF

QUESTION: 4.15 Two waveforns (of the same frequency) are conpletely out
O phase. Their phase difference is therefore said to be: -

A) 180° B) 90° 0 270° D) 360°

QUESTION: 4.16 A 50Hz, 10 Volt (RVB) A C supply is connected across a
20 Chmresistor. What RVS value of alternating current will flow?

2

A) 1.414 Amps B) 0.353 Anps O 2.0 Amps D) 0.5 Anps
QUESTION: 4.17 Al uF capacitor is charged froma 10 Volt DC supply via
A 10 kOwm resistor. Howlong will it take the voltage across the

capacitor to reach 6.3 Volts ?

QUEST!ON: 4.18 A 100 pF capacitor has mca dielectric.
What woul d be the capacitance be if the mica were replaced with glass ?

A bit of help with some naths

An appendi x attached to this lesson will give sone help for calculations
in AC theory
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Mat hs appendi x
| ndi ces

@ means ‘Q squared’, in other words Qtimes Q (IEQx Q.
Q@ is Qcubed or Qx Qx Q

If Qhas a value of 10 then & = 10 x 10 = 100 and G = 1000

This idea can be hel pful when working with very large or small nunbers.
One nillion (1000000) can be rewitten as 10°.

This is 'shorthand for 10 x 10 x 10 x 10 x 10 x 10

Three nmillion, five hundred thousand (3500000) = 3.5 x 10°

Anot her exanpl e:

The speed of light is 300 MIlion or 300 x 10° Metres per second.

300 can also be witten as 3 x 100 or 3 x 10? so this speed can al so be
expressed as 3 x 10? x 10° Metres per sec.

Note that 10> x 10° = 10®  or 100 x 1000000 = 100, 000000

This exanple gives a clue to an inportant rule concerning these little
Nunbers cal led 'indices’.
To mul tiply: add the indices

107 x 10* = 100> = 10°

The rule for division involve subtraction of the indices.
To divide: subtract the indices
100000 is 10° = 10?2 = 10° or 1000

100 10°
Now | ook at 100 This 102 = 10(*% = 1072
This fraction 10000 is 10%

Movi ng t he deci mal poi nt

Take 10. 00 Movi ng the deci mal point one place to the right gives
100.0 In other words, ten times bigger.

Now t ake 543.21 Movi ng the decimal point two places to the left

Gves 5.4321 This is one hundredth of the original nunber.

1 x 10%is the sane as 1 and thisis 1
10° 100

An AE&Q ti p!

Add extra zeros, if necessary, for the decinmal point to junp over.

They can be put both before (called ‘leading’) or after (‘trailing)

If you are not sure if the next nove is to be multiplication or is to be
di vi si on.

Add extra zeros to 1 x 10 2 gi ves 0001. 000 x 10?2
Move deci mal point one place to the left: 000. 1000 x 10*
Move it one nore place to the left: 00. 01000 x 10°

( 10° is equal to 1)
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