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TITRODUCTICH,

As you probably know, all of our power supplies, on DBritish Rail, are 4.C.
There are many good reasons for this choice of elecirical power transnissione

Alternating current voltages can be increased or decreased sasily and withouk
much power losse.

Thig is particulrly important in the transmission of electrical power. Very
often large amounts of power must be transmitted and this is best achieved by
uging high voltazes.

At the power station the voltage is "stepped up" by transformers to very high

voltages and sent over the transmission lines fo the various points that power
is required.

i - - a - .- - ‘l -

A%t the point at which power ig required, it is stepped down" to the various
voltages required by using further transformers,

To obtain the different values of voltages using D.Ce power supplies, would
need complicated and inefficient devices.

In cormmunications altermatinz currentsare the very nature of the speech,
mugic and other sisnals which need to be transmitted. The techmniques used in
commnicationg are, therefore, based on alterneting current theory.
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ELECTRICAL UNITS

Quantity Unit Symbol|

Voltage Volt v

Resistance Ohm Sl

Capacitance Farad F

Inductance Henry H

Frequency Heé? Hz . [, ~

Power Watt

Current Ampere A

Time Second s

UNIT MULTIPLES AND SUBMULTIPLES
Prefix Symbol|{Factor by which unit is | Example
multiplied

Giga ¢ 102 = 1000,000,000 Gigahertz (GHz)

Mega M 10® = 1000,000 Megawatt (MW)

Kilo K [10° = 1000 Kilometre (Km)
1113 m |1073 = 0.001 millihenry (mH)
icro Y 10™8 = 0.000001 microsecond (ms)
ano n  [1072 = 0.000000001 nanosecond (ns)
ico ho) 10'12 = 0.000000000001 picofarad (pF)
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ALTERNATING CURRENT.

Alternating current (4.C.) is the flow of electrons back and forth in a wire
at regular intervals, going first in one direction and then in the other.

Direct current (D.C.) flows only in one direction and that the current is
measured by the number of eleetrons passing a point in one second. This is
lnown ag a coulomb, (6:26 x 10'®) or (6:26 million, million, million),

If half a coulomb of electrons moves in one directiom past a point in half
a gsecond, then reverses direction and moves past the same point in the
opposite direction during the next half second, a total of one coulomb of
electrons passes the point in one second. This is one ampere of a.C.
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Waveformg are pictures showing how voltages and currents vary over a
period of time.

The waveforms for didect current are straight linesj for neither the
voltage or the current vary in a given circuit. If you connect a fixed
resigtance across a battery and take a measurement of voltage across,
and current through, theresistor at regular intervals of time, you
will find no change in their values. If you plot the value of V and &,
each against time, you will obtain straight lines. These will be the
waveforms of the voltagze and current,.
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If, with the same circuit, you reverse the battery connections at
regular intervals, then the voltage across, and the current through,
the resistor will also be reversed at regular intervals. This can be
proved by using a centre-zero meter.

If you now plot the values of V and A once again, you will obtain
readings which are alternately above and below the zero line, Join
up the ends of these lines drawn to represent these readings, and
you will obtain waveforms which show that the current and voltage
are A.C. rather than D.C.; for the waveforms indicate clearly both
the changing direction of the current flow and the reversal in the
polarity of the voltage. :
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Another type of waveform is pulsating D.Ce., which represents variations
in voltage and current flow without a change in the direction of current
flow. This kind of waveform is found in the D.C. generator output which
contains a ripple or variation caused by commtator action.

Battery waveforms do not have this variance unless the circuit itself is
ehanged, e.g. by reversing the battery terminals to obtain an A C.
waveform.

If, in a circuit conaisting of a resigtor and a switch connected across
a battery, you open and close the switoch, causing fle current to stop
and start but not reverse direction, the circuit current is pulsating
direct current. The waveforms for this pulsating current resemble A.C.
waveformg, but do not go below zero since the current does not change
direction,

T T ¥ T T L) 1 ¥ 1 i
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Waveforme of voltase and current are not always made of giraight lines
connecting pointse In most cases waveforms are curved, representing the
gradual changes in voltage and currents.

Pulsating direct current does not always vary betwWeen zero and a maxirmn
value, but may vary over any range between these values, The wavefoxms
of a D.Co generator is pusating DeC., whiok does not fall fo zero bui
which varies instead only slighHy below the maximum value.

OTHER WAVEFORMS OF PULSATING DC.....
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The waveforms of most alternating currents are curved o represent
gradual changes in voltage and current,first increasing then decreasing
in value for each direction of current flow.

Most alternating current you will use has a waveform represented by a
sine curve, which you will find out about Laters. While alternating
currentg and voltages do not always have waveforms which are exact
sine curves, they are normally assumed to have a sine wavefcrm unless
otherwise stated.

When direct current and alternating current voltages are both present
in the same circuit, the resulting voltage waveform is a combination
of the two vol'bages. the A.C. wave is added to the D.C. wave, with the
value of the D.Ce. voltage becoming the axis from which the A.C. wave
movas in either direction. Thus the D.C. voltage value replaces the
zero value ag the A.C. waveform axis.

The resuliing waveform is neither pure D.C. nor A4.C. It is called
"Superinpased i C.' meaning that the A4.C. wave is added to, or placed

over the D.C. wave,

DC waveform = AC waveform = "'SHP‘::‘:I;.“PF;?)?‘:‘I:I st
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ALTERNATING CURRERT CYCLES.

When a waveform of an A4C. voltage or current passes through a complete
get of positive and negative valuesg, it completes a "Cycles"

A.C. current first rises to a maxismum and falls to zero in ane direction
then riges and falls to zero in the opposite direction, This completes a
cycle of A.C. current, and thecycle repeats itself as long as the current
flovws.

So A.C. voltage first rises to a maximum and falls to zZero in one polaridy,
then rises to 2 maximum and falls to zero in the opposite polarity to
complete a2 cycle. Bvery complete set of both positive and negative values
of either voltage or current forms a cycle.

A CYCLE IS A COMPLETE SET OF
POSITIVE AND NEGATIVE VALUES

acbe

Tt will be seen on future pages how the voltage and current cycles ars.
produced from an A.C. generator,

TREQUENCY,

Frequency is the amount of cycles completed in 1 second (cycles per second)
or ag is more common Hertz (Hz.)
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ELEMETARY GRUERATCR CCHSTRUCTICN.

When a wire moves in a magnetic field, electricity is produced within
the Wire.in elementary generator consists of a loop of wire placed so
that it can be rotated in a uniform magnetic field to produce electricity
in the loop. If sliding contacts are used to connect the loop to an
external circuit, a current will flow round the external circuit and the
Yoope

The pole pieces are the north and south poles of the magnei which supplies
the magnetic field. The loop of wire which rotates through the field is
called the "Armeture." The ends of the armature are connected %o rings
called "Slip rings," which rotate with the armature. Current collectors,
which are called brushes, ride up against the slip rings to pick up the
electricity generated - the armature, and carry it to the external
circuite.

e ELEMENTARY GENERATOR

Pole Pieces
/ ~

Armature Loop
Brush

Load Resistor

In the description that follc—.u_f\,visua.liae the loop rotating through
the magnetiws field. As the sides of the loop cut through the magnetic
lines of force, they generate an E,M.F. which causes current to flow
to the external circuiiry.



Agsume that the armature loop is rotating in a clockwise direction, and
and that it is in position 'A' (zero degrees).

In position 'AY the conductors of the loop are moving parallel to the
ma.@etikfield.

If a conductor is moving parallel o a magnetio field,it does not cut
through any lines of force and no Z,1.F. can be generated in the conductor.

This applies to the conductors of the loop at the instant they go to
pogition 'Af, = No E.M.F. is generated in them and, therefore, no current
flows through the circuit. The ammeter is zero.

Pogition TA?

As the loop rotates from positio\'A' {o position 'B' the conductors are
cutting through more and more lines of force, until at 90 degrees they are
cutting through a maximum number of lines of force.

Position 'Bt

Between zero and 90 degrees the E.l.F. generated in the conductors
builds up to a maximum,. ; . .
Note that as the black conductor cuts down thréugh the field, the white
conductor cuts up through the fielde
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As the loop continues rotating from position 'BY (90 degrees) to position
'Cv (180 degrees), the conductors which are cutting through a maxisum
number of lines of force at position 'BY¥ cut through fewer lines of force,
until, at position 'C' they are moving parallel to the magnetic field amd
no longer cut through any lines of force. The generated E.M.F., therefore,
will decrease whilst the loop moves from 90 degrees to 180 degrees in the
same manner as it increased from zero to 90 degreese the currnt flow will
gimilarly follow the voltage variations,.

Pogition 'CY

From pogition 'CY the loop continues to rotate to position 'D' (270 degrees)e
Tt should be noted that the black conductor is now beginning to cut up
through the lines of force, opposite to that from positions 'A' ta 'Bf.
Because the conductor is tfavelling through the lines of force in the
opposite direction, the E.M.F. geferated in the conductors will also be
reversed in polarity. 4 similar effect, of course, is caused in the whife
econducter. The generator terminal voltage will be the same as it was from

YA to 'C?', except for its reversed polarity.

Pogition DY

The generated B.M.F. is said to be'Induced' into the loop by the relative
motion of the conductors and the magnetic field.

The voltage ocutpud waveform for the complete revolutien of the loop is
shown below, R

Voltage




MAXTIMUOM AND PEAK = TO — PEAK VALUFS O A SINE WAVE,

When comparing a half cycle of A.C. to that of the waveform of D.C. for
the same period of time, it will be noted that tlie D.C waveform is at a
maxirmun for the total length of time that current flows. The A.C. half
cycle is only at maximum for a fraction of the time. It is only at this
point the D.C. and A.C. values are equal.

Maximum Vaiue
of DC Waveform

'

Maximum
Value of
AC Waveform

|g0°

Tn every com plete cycle of 4 C, there are two maximum or peak values,
one for thé positive half cycle and one for the negative half cycle. The
difference between the peak positive and the peak negative values is
called the peak — to = peak value of a sine wave. This value is twice
tlhe maximum or peak value of the sine wave, and is sometimes used for
meagursment of A, C., voltages.

Usually, however, A.C. voltages and currents are expressed in r.m.s.
(a term you will find out about later), rather than in peak = to = peak
values.

Maximum Positive Value

e e e ———

Peak-to-Peak Value
e{I)E'. Twice the Maximum Value
.1" L]

t270° 360°

——— —— ——— — . — e ——
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ReM.S, VALUE OF 4 STNE WAVE.

If a direct current flows through a resistance, the resulting enerzy
converted into heat equals I'R, or E°/R in watts. 4n alternating
current with a maximim value of 1 ampere is not however, expected to
produce ag mch heat as a direct current of 1 ampere, as alternating
current does not maintain a constant value,

The rate at which heat i produced in a resistance forms a convenient
basis for establishing an effective value of alternating current, and
is known as the"heating effect" methode If a direct current of 1 ampere
is pagged through a resistor and raises its temperature by 100° F, an

an alternating current of peak value 1 ampere and of sinugoidal waveferm
would raise the temperature of a similar resistor by omly 70-7° F.. If
you compare the heating effect of these two currents, you get a means
of egbablishing the effective value of the alternating current.

HEATING EFFECT OF ONE AMPERE OF

DC AND AC
l DC
Imax = 1 amp
- s + v
= 100° F. R=R i’ron‘ F. AC C)
_T_ Imax = 1 amp

You can see that the alternating current is only 0°707 as effective as a
direct current equal in value to the 4.C peak value. In other words:

Tpp =0 T0T 50y

An alternating current is said to have an effective value of 1 ampere

when if will produce heat in a given resistance at the same rate ag does
1 ampere of direct current. The peak value of such an alternating current

would be 1°414 amperes.

The name more usually given to the effective value of an A.C. current is
"r,me8. value," Therefore,

Ir.m.s. = 0.7071 max

Loms. = Ima%/z



Pl Y | 7
To calculate j : i
= D e T
Peale— to =Peak to IT'eMeSe too..o.otonw\ -..___...——---—-—rl = ' X 7{-/!
i

Peak 10 remese ......uoo..-....-...Multiply by O‘TOT
TeMeSe T0 Peak ooooo-ootcottoc.&.ooaliﬁll'tiply by 1414
TeMeSe t0 Peak—to— Peak ............I-‘all'tiply Eoh's 2-828

WHE A,C, VALUE IS SPECIFIZED, IT IS ALWAYS THE R.M.S. VALUZ THAT IS MEANT,
UNLESS OTHERWISE STATED.

ALL METERS READ R.M.S. (UNLESS OTHERWISE STATED)

0-707 AR, "SI RS, — —

~ PEAK TO PBLK

N ; ; ]
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A wavelength is the distance from the commencement of an 4.C. cycle to its
completion, measured in meterse The length of a wave is determined by the
frequency at which it is being transmitteds

1 Havelength Measured in imeters

Fundanmentally, there is no difference between siznals produced electro =
- magnetiacally,(e.5. radio or radar), and light waves, except that light
waves are much shorter and therefore have a much higher frequency.

When all types of electromasnetic radiation are arranged in order of their
wavelength, the result is called the elctromagnetic spectrume

A table showing the electromagnetic spectrum is shown overleaf,

Hotice how broad this range is: from long electrical ogcillators with
wavel engths meaguring thousands of kilometers to cosmic rays with wave-—
~lengths in trillionths of a meter.

(Human speech for example hag a frequency range of between 300 Hz and

o4 KHz.)

Like other electromagnetic waves, lizht travels through frse space (that
is, a vacuun) at the fantagtic speed of 300,000,000 (3 x 10) neters per
seconde Light travelling in the atmostphere moves slightly glower than
this, but the figure of 3 x 10'm/s is still sufficiently accurate.

For transmission in free space and in the atmosphere, the speed of light
is the same for all wavelengths; however, in other materials, suck as
water and glass, different wavelengths travel at different speeds.
Regardless of the wawelength, when light travels through guch maberials,
its speed is noticeably reduced.

The symbol for wavelength is:=

CALCULATICN OF WaViLmIGTH.

0,000 . Meters-ner

WAVELZNGTH = Speed of light or i)
Frequency \In Hz.

cycles per second

eege To find the wavelength of 1,000,000 Hz,

Havelength () ) = 300,000,000 = 300 meters.
1,000,000

This calculation may also be expressed as follows:i—
Wavelength () ) = 200 = 300 meters.
1

 PERIODIC TINE, (Time taken for one complete cycle).

“"Periadic Time = ] gecond
Frequency

eege To find periocdic time for 1 KHz,

1 Second = 001 Second  ( 1 Fhousandth of 1 second)
1000



WAVELENGTH FREQUENCY
A f
(um) (Hz)
7
LF —% 30KHz
MF | 109
HF
RADIO WAVESK 8
YHF [~
UHF | 07
SHF
S e 300MHz
103
MICROWAVES J ’—
— 10%
P RS MR G 300GHz
— 102
INFRARED <«
— 10
R T. FIBRE OPTICS
___\wisiBLE __{ 1 200 THz
: — 10~
e MLTRAVIOLET, 6.
_________ L s i 10"2
b— 1073
X -RAYS <
——————— === f=10" KEY
- LF = LOW FREQUENCY
MF = MEDIUM FRESEENCY
GAMMA RAYS J - HF = HIGH FREQUENCY
_______ . e o o VHF = VERY HIGH FREQUENCY
_— UHF = ULTRA HIGH FREQUENCY
________ N SHF = SUPER HIGH FREQUENCY
pepeny WM S| N KHz = KILOHERTZ = 1,000.HERTZ
_ MHz = MEGAHERTZ = 1,000,000, HERTZ
COSMIC RAYS < L 109 GHz =GIGAHERTZ = 1,000,000, 000, HERTZ
THz = TERAHERTZ = 1,000,000,000,000,HERTZ
ooy 0

ELECTROMAGNETIC SPECTRUM
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DITUCTANCE,

When current in an electrical circuit changes, the circuilt opposes the
chanze, The property of the circuit which opposes the chanze iz called
‘" Inductance,"

An electriec current always produces a '-m;netic field. The lines of force

in this field encircle the conductor which carries the current; forming
concentric circles around the conductor. The strength of the magnetic

field depends on the amount of current flow, with a larze current producing
many lines of force and a small current producing only a few lines of force.

Amount of
current flow
determines
strength of
magnetic field

Current produces
magnetic field

When uhe current increases or decreases, the magnetic f:l.eld strenr‘th
increases or decreases in the same direction. As the field strength,
the lines of force increase and expand ouiwards Irom the centre of the
conductor, Similarly, when fthe field sirength decreases the lines of
force contract towards the centre of the conductor.

This expansion and contraction of the magnetic field as the current
vapies causes an Z.ll.F. of self=inductance, or back E.M.F. which opposes
any further change of current.

Effect of a
back emf

Decreasing
Current

Collapsing
Magnetic
Field

-

Effect of a
back emf

_ Current
-~ Flow

Opposition to
current change caused by a back emi



Although you cannot see inductance, it is present in every electrical
circuit, and has an effect on the circuit whenever the circuit current
changes.

In electrical formulas the letter L is used as a symbol to designate
inductance. Because a coil of wire has more inductance than a2 straight
length of the same wire, the coil is called an "inductor'

Since direct current is normally constant im value except when the

poWer is turned on and off to start and stop the current flow, inductance
affects D.Ce. current flow at these times, and usually has very little
effect on the operation of the circuit. Alternating current, however, is
contimously changing, so that the circuit inductance affects 4.C. current
flow at all times,

Although every circuit has some inductance, the value of the inductance
depends on the physical construction of the circuit, and on the electrcal
dewices used in it.

In seme circuits the inductance is so small that its effect is negligable,
even when the current flowing is A.C.

The basic unit of meagure for inductance is the henry. For quantities of
jnductance smaller than one henry, the millihenry and microhenry are used.



A circuit has an inductance of one henry when the back B.M.F induced
in it is one volt when the current changes at a rate of one ampere per

gecond,

Tnduotance can only be measured with special instruments amd depends
entirely on the physical construction of the circuite. Some of the factors
mogt important in determining the amount of inductance of a coil are; the
number of turns, the spacing between turns, coil diameter, kind of material
around and inside the coil, the wire size, number of layers of wire, type
of coil winding and the overall shape of the eoil. Wire size does not affect
the inductance directly, but does determine the number of windings that can

be used in a given space.
411 these factors are variable, and no single formula can be given to find

inductance. Many differently constructed coils could have an inductance of
one henry, and each weuld Have the same effect on the circuite.

THE NUMBER OF TURNS 8§ THE CORE MATERIAL '
. :E E [RON AIR  COPPER
> SPACING BETWEEN TURNS WIRE SIZE
e OVERALL SHAPE OF COIL mf> NUMBER OF LAYERS OF WINDINGS
= DIAMETER =) TYPE OF WINDING
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The time constant of a given inductive circuit is always the same for both
the build=up and the decay of the current. If the maxirum current value
differs, the curve may rise at a different rate; but it will reach its max—-
—imum in the same amount of time, and the general shape of the curve wWill be
tlhe same.

Thus, if a greater voltage is used, the maximum current will increase; but
the time required to reach the maximum will be unchanged.

Dvery inductive circuit has resistance, since the wire used in a coil always
has resistance. Thus a perfect inductance — an inductor with no resistance =
is not possible.

RESISTANCE

tfsh{shfshi

INCREASED VOLTAGE
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INDUCTIVE REACTANCE,(D, C.)

Inductive reactance is the opposition to current flow offered by the
induoctance of a circuit. (Resistance to A4.C.)

As you know, inductance only affects current. flow while the current is
changing, since the current change generates an induced E.M.F. With a
direct current, the effect of inductance is noticeable only when the
current is turned on and offj but with alternating current (since: 4.Ce
is contimiously changing) a continuous induced EJM.F. is generated.

Suppose you consider the effect of a given inductive cibcuit on D.C.
and A.C. waveforms., The time constant of the circuit is always the sane,
determined only by the resistance and inductance of the circuit,

Por D.C. the current waveforms would be ag shown below. At the begimning
of the current waveform, -there is a shaded area between the maximum
current current value and the actual current flow which shows that
inductance is opposing the change in current as the magnetic field builds
upe. 4lso, at the end of the current waveform, a similar area exists
showing that the current flow continues after the voliage drops 1o zZero,
becauge of the field collapse. '

These shaded arsas are equal in area, proving that the energy used to
build up the magnetic field is given back to the circuit when the field
collapses.

CIRCUIT

o et

urrent drop

current rise is delayed

is delayed
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TNIUCTIVE RTACTANCE, Al.C.

The same inductive circuit would affect an A.Ce current waveform during
its first half—cycle, in the same manner shown below, When the switch is
cloged, the current rises as the voltage rises; but there is a delay
because of the inductance present, This delay prevents the current from
attaining the value it reached in the D.C. circuit; because, before it
can attain this value, the voltage reverses its polarity.

It follows that, in a circuit containing indutance, a D.C. voltage will
produce a greater current than will an equivalent 4.C. volitage.

Rise of current in a d.c. circuit
urrent decreases as voltage
polarity is reversed

AL VOLTAGE AND

B CURRENT WAVEFORMS
IN AN INDUCTIVE
CIRCUIT

If the frequency -af the applied A.C. is low, the current will have more
time to reach a higher value before the polarity reverses than it would
have if the frequency Were highe Thus, the higher the frequency, the lower
the current through an inductive circuite

Inductive reactance is the opposition offered by an inductance to current
flow, It depends not only on inductance, bui also om frequencye

The formula used to find inductive reactance is X= 2mfL, where § is the
frequency in cycles per second, L the inductance in henries, and-+fa
congtant number (3°14).

Since X represents opposition to current flow, it is expressed in ohms.

Low

High \ -
frequenc Frequency

The lower the frequency,
the more time the current
has to rise toward its
Ohm's Law value

INDUCTIVE RZACTANCE (X_) = 2{1*_{::. OHIIS.



If an A.C. circuit has only pure registance, the current rises and falls
at exactly the: same time as the volitage, and the the two waves are said to
be in phase with each other.

/N @ CIRCUIT OF PURE
RESISTANCE

AC VOLTAGE R
SOURCE

AARAAR A
LALAARA]

If an A.Ce. circuit contains only pure inductance, the current does not rise
and fall at exactly the same time as the volitage. Instead, it rises to a
maximum a quarter cycle later than does the voltage; and it remains a quarter
of a cycle behind at alTl points in the cyole.

In other words, current and voltage are “out of phao.se“ by an angle of 90°;
and the current is said to "lag" the voltage by 0 .

Since all practical circuits do contain resistance, however, the current
never lags the voltaze by as much ag 90°% #ut by a lesser ansle whose value
depends on the relation between the amount of inductance in the circuit and
the amount of resgistance in ite.

ARE 90
CURRENTS
h a CIRCUIT OF PURE
INDUCTANCE
AC VOLTAGE L

SOURCE




We can see how the current lazs Bekind the voltaze if we suppose that
the inductor (L) in the diazram on the previous pagze has no resistance,

N i

«nd consider the effect of the altermating current throuzh it.

Current
@

fZAY

v

Rate of I
change of
current

(b)

First draw the waveform of the current through
the coil—curve (a). We know that this alternating
current induces a back-e.m.f. in the coil which is
greatest when the current is changing most rapidly
and least when the current is changing slowly. If
we plot a graph of the rate of change of current
we can see when the back-e.m.f. is greatest and
when it is least.

If you examine the current waveform (a) you
can see that at point “a” the current is changing
very rapidly in the positive direction. At point
“b” it is changing slowly and crossing over from
the positive direction (increasing) to the negative
direction (decreasing). At the point “c” the cur-
rent is again changing very rapidly but this time
in the negative direction. By thus noting the
change of rate of current as indicated by curve (a)
you can draw a curve showing the rate of change
of current—curve (b).

You know that the back-e.m.f. induced by the
alternating current is a maximum when the rate of
change of current is a maximum, and that it is of
such polarity that it always opposes the change
of current. From curve (b) we can therefore
deduce the waveform of the back-e.m.f.; and this
is drawn at curve (c). '

Now it is obvious that, for any current to flow
at all, this back-e.m.f. must be more than over-
come by the applied em.f. It follows, therefore,
that the applied e.m.f. must always be of opposite
phase to the back-e.m.f., and of greater magnitude.

The waveform for the applied I.M.F. is shown at curve {d) and current
waveform is shown dotted for comparison. You see that current reaches
its maximum 90 degrees later than the voltage — that is, it lags the
voltage by S0 degrees.
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In 2 circuit containing hoth inductive reactance and resistance; the 2.C.
current wave will lag the voltaze wave by an amount between zero desgrees
and 90 degrees; or, stated otherwise, it will lag somewhere between "in phase"
and®90 degrees out of phase." The exact amount of lag depends on the ratio of
cirouit resistance to inductance — the vreater the resistance compared to the
inductance, thenearer the two waves are to being *in phase'j and the lower the
resistance compared to the inductance, the nearer the waves are to being a full
quarter cycle (90 degrees) "out of phase," When stated in degrees the current
lag is called the "phase angle,"

The phase angle can be calculated usingy the formula tan ¢ = XL/R, where # is
the phase angle.

If the phase angle between the voltage and the current is 45 degrees lagging,

it means that the current wave is lagging the voltage by 45 degrees. Since this
ig half = way between zero degrees = the phase angle for a pure resistive
circuit = and S0 degrees — the phagse anzle for a pure inductive circuit - the
registance and the inductive reactance rust be equal, with each having an

equal effect on the current flow.

' - I
|‘ e —_— _ e
i . .

Equal resistance and
inductive reactance-
phase angle is 450

W and’ 4 ‘[ AC voltage
ﬂo&m’ B | T source
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To calculate Inductances comnected in series, add the total value of inductors
together.

This is exactly the same as calculating resistances in series.

INDJCTORS IN SERIES.

,__..ﬁ')
Hy

1
» 3 A9
m' f:“" .
W:citcﬂge ‘Lt Lo Ea Lt' Ll + L..2+ L.3
:Et

Fey 00

To calculate Inductors in parallel is calculated as resistances in parallel.
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CAPACTITORS.

Basically, capacitors consist of two plates which can be charged — seperated
by an insulating material called thev'"dfelectric.” ihile early capacitors
were made with solid metal plates, newer types of capacitors use metal foil
particularly aluminium foil, for the plates. Dielectric materials coumonly
uged include air, mica.and waxed papers

PLATE —__ f | — PLATE
conductor te .
conductor
-
DIELECTRIC — |

L e

Dielectric materials are: air, mica and waxed paper.

o T T st T e R

Three basic factors affect the capacitance of a capacitor = the area of the
plates, the distance between the plates (thickness of the dielectric) and the
material used for the dielectric,
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Capacitance exists in an electric circuit because certain parts of the
circuit cam store electric charges.

Consgider two flat metal plates placed parallel to one another, but not
touching, The two plates can be charged either positively or negativly,
dependinz on the charge which you ftransfer to theme. If charged nezatively,
a plate will take extra electrons, but if charged positively it will mive
up some of its electrons. Thus the plates may have either an excess or
lack of electrons.

I REERICICICICICICICICLS

DODODDODOOOOOOOOD®

Paositively Negatively
Charged Charged
Plate Plate

In order to charze the plates, an elecirical force is required. The greater
the charze to be placed on either plate, the greater electrical force
required.

To charge a plate negatively, you must force extra electons on to it from
a gource of negative charze. The firgt few electrons zo on to the plate

but once there, they oppose or repel any other electrons which try to
follow them. As more amd more electrons are forced on to the plate, {his
repelling force increases, so that a greater force is required to move
additional electrons. ihen the nesative repelling force equals the charging
force, no more electrons will move on to the plate,
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Similarly, as electrons are removed from a plate by the atiraction of a
positive charze, so the plate becomes more and more positively charzed.
The first few electrons leave quite easily; but, as more electrons leave,
a strong vpositive chargze builds up on the plate. This pogitive charge
makes it more and nore difficult for electrons to be pulled away.

When this positive attracting force finally equals the charging force, no
mor: electrons leave the plate.

‘5 rCHARGING & PLAFE - - °
Sa T POSITIVELY S

Plate uncharged—
T " gives up electrons

easily.

+
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Plate partially charged—
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CHARGE
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Plate completely charged—
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CHANGING THE Dﬂezecm MATERIAL

CHANGES THE CAPACITANCE

Jf’<;;

ielectrical material is mica

-~ Mica dielectric..increases:_:-_the,capa-m-tan-c’ e

Using the same plates fixed a certain distamce apart, the capacitance will
change if different insulating materials are used for the dielectrice. The
effect of different raterials is compared to that of air — that is, if the
capacitor has a ziven capacitance when air is the dielectricy; other materials
uged instead of air will mmltiply the capacitance By a certain amount
called the "diejectric constant."

For exanple some form of oiled paper have a dielectric constant of 35 and if

guch oiled or waxed paper is placed Letween the plates, the capacitance will
be 3 times greater than it would be if the dielectric were air.

Different naterials have Jdifferent dielectrio eanstanis; and so will alter the
cavacitance when they are placed between the plates to act as the dielectric.
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The basic wiit of capacitance is the farade 4 capacitor has a capacitance of
one farad when a charzing current of one ampere flowing for one second causes

a chanse of one volt

The storage capacity

in the potential between its plates.

of a farad is ruch too great to use as the unit of cap =

acitance for practical electrical circuits. Because of this, the units normally
used are the microfarad (uF), equal to one-millionth of a farad, and the
micreemicrofarad (pF ), equal to one-million=emillionth of a farad. Since

s

electrical forrmlas use capacitance stated in farads, you rmst be able to
chenge the various units of capacitance to other units. Again the method of
chanzing units is exactly like that used for canging units of voltage, current
resigtance, etc. To change to larger units, the decimal point moves to the left;
while to ciange to smaller units, the decimal is noved to the righte.

CHANGING UNITS OF CAPACITANCE

MICROFARADS TO FARADS
Move the decimal point 6 places to the left
120 uF equals 0-000120 farad

FARADS TO MICROFARADS
Move the decimal point 6 places to the right
8 farads equals 8,000,000 uF

MICROMICROFARADS TO FARADS
Move the decimal point 12 places to the left
1500 pF equals 0-000000001500 farad

FARADS TO MICROMICROFARADS
Move the decimal point 12 places to the right
2 farads equals 2,000,000,000,000 pF

MICROMICROFARADS TO MICROFARADS
Move the decimal point 6 places to the left
250 pF equals 0-000250 F

MICROFARADS TO MICROMICROFARADS
Move the decimal point 6 places to the right
2 uF equals 2,000,000 pF

Symbeols for Capacitance

In electrical formulae the letter C is used to denote capacitance in farads. The
circuit symbols for capacitance are shown below.

HI-

Fixed

‘CAPACITOR SYMBOLS

4o A A

Electrolytic Variable Preset

e amount of charge stored dspeads on the. capaoitfsnee and the voltage between
. Jkhe plates. eeze the amount of slsctroms stored {Quantity)

L {Coulonvs) = V {Volts) x ¢ {Farads).






CAPACITO: AD PARALLIL.

When conmected in series or parallel, the effect on the total capacitance
is opposite to that for sinilarly comnected resistances.

Connecting resistors in series icreases the total resistance because it
lengthens the resistance path through which current flows. But cannecting
capacitors inseries decreases the total capacitance,; because it effectively
increases the spacing beiween the plates.

To find the total capacitance of series connected capacitors, a forrmla is
used ginmilar to the formila for parallel registances.

C1 | ' Series
Ct

A aban THICKER Capacitance
T ACTS LIKE }A+B DIE LECTRIC e
| DECREASES CI X 02
"‘F"}B —— CAPACITANCE {, -
PLATE AREA c|+cz
REMAINS
THE SAME

_ INCREASES/THE PLATE AREA.

Additional
plate; area
7 ACTS ¢ GREATER
1 C2 LIKE = PLATE AREA
— INCREASES
.
T T \/ — CAPACITANCE

THICKNESS OF
DIELECTRIC _
Tal-szMS&;;jisE Parallel Capacitance Formula Ct=cr+82+83

Jhen resistors are connected in parallel, thetotal resistance decreases,

because the cross section through which the current can flow increages.
The reverse is true of parallel—connected capacitors. The total capacitance
increages, because the plate area receiving the charge increases.

The total capacitance for parrallel—comnected capacitors is found by adding
the values of the various capacitors connected in parallel,



Unlike other types of capacitors, the electrolytic capacitors is "polarised:
If it is comnected in the wrong polarity, it will break down and act as a
short circuit,

A "reversible,"” or non-polarised, type is gorietimes uged in 4.C. circuits
e.ge for starting a notor.

Tlectrolytic capacitors are constructed in « wid e variety of shapes and
physical sizes, using either cardboard or metal cases, and having various
types of terminal connections.Remember that unless au electrolytic capacitor
is of the reversible — and so can be used with 4.C. = you rmst be careful to
connect it only in a D.C. circuit, and to observe the correct polarity.
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When a voltage is applied across the terminals of a circuit containing
capacitance, the voltase across the capacitance does not instantaneously
equal the voltage applied to the terminals. You have already found that

it takes time for the plates of a capacitor to reach their full charge,
and that the voltaze between the plates rimes to equal the applied voltage
in a curve similar to the current curve of an inductive circuit.

The greater the circuit resisrancey the longer the time required for the
capacitor to reach its maximum voliage; for circuil resistance opposes
the flow of current required Ho changze the capacitor.

The time required for the capacitor to become fully charged depends on the
product of circuit resisdance and capacitance. This product RC = resistance
times capacitance = is called the " time constant " of a capacitive circuit.
The RC time constant sives the time inseconds required for the voltage

acrogs the capacitor to reach 63:2% of its maximum velue., Similarly, the RC
time constant equals the time in seconds required for a discharging capacitor
to loge 63+2% of its full charze.
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CAPACITIVE REACTANCD,

Capacitive reactance is the opposition to current flow offered by the
capacitance of & circuit. when a D.C. source is used, current flows only
to charge or discharze the capacitor. Since there is no continuous flow
of D.C. current in a capacative circuit, ‘thosecpecibivessivowst, the
capacitive reactance to B.C. is considered infinite., i.C. continuously
varies in value and polarity; therefore the capacitor is continuously
charginz and discharging, resulting in a continuous circuit current flow
and a finite value of capacitive reaciance.

The charge and discharze currents of a capacitor start at a maximum value,,

and fall to zero as the capacitor becones either fully charged or fully
digcharged In a charging capaciftor, the uncharged plates offer little
onnoaltlon to the charging current at first; but as they become charged,
hey offer more opposition; and so reduce tpe current flowe.

Sinilarly, discharge current is high when discharge heginsg because the
voltaze of a charged capacitor is high when discharge begins, because the
voltage of a charzed capacitor iz high; but as the capacitor discharges,
so its volitaze drops, and less current flows.

Since both charzinz and discHerging currents are highest at the beginning

of the charge and digcharze of a capacitor, it follows that the average
current is increased if tihe polarity be rapidly and continuously reversed.




t wers possible to switch the batiery comnections, very :uickly, in such
Lifen the

I
a way thet the capacitor is alternately charged in one direction and
othery, in the vrevious diugrin,

iy
[5

*?ow'- o ziven value of cuivacitance, the anount of current flow in tlhe circuit
depands on the Ffrecuency with which the switching is done. The tizher tie
"I'e@e_ch, the 'Tnater the current flow; for the charging curreant in both
directions will e reversed before it hasg time to drop te& a low value, If
the rate of switching is low in frequency, the current will drop to a low
value before the polarity reverses, and a lower average value of current
will flowe

Average current
for a half cycle
34— e e e i o —————
Current flow
7. reverses
~ Normal current for
14 ~ < _.— constint voltage
0 ==
- [HIGH FREQUENCY]
-— Source voltage
] Source voltage
3 Average current for a half cycle
2 —_—— — — — iy —
Current flow reverses
‘[ .
0 —
P Time
[LOW FREQUENCY

he lower the frequency, the
owerthe average curren

n the sane viay, for a ziven value of capacitance tihe amount of current
in an ..0. “circuit Jdepends on the frequency of the A.C. voltaze.






Comparinz the charze current curves for different values of capacitance; you
see that tha larzer the capacitance the longer the current remaing at « hizh
value, Thus, if the frequency is the sanme, a zreater averaze current will flow
throush a large capacitance thun through a small capacitance. This holds true
only if the circuit resistances are equal, howsver, because the charge curve

of a capacitance depends on the RC {time constant of the circuit,

(=<8

. Voltage
/Voltage 4
/Average current
Current | el O 7SR
/ B he ‘
Average e
/ SurTent T, Current flow
74 . for constant
voltage
Current flow B
for constant ¥
\ voltage 19 ™
“\\ / \\“
3 s"-.‘_“ u Sea
Time Time
SMALL LARGE CAD
CAPACITANCE \LAHGE CAPACTFANGE )
High average current
Low low reactance

average current
high reactance

i Thessmallerthe capacitance —'

The current flow in a capacitive circuit, assuming that there is no change

in the resistance, increases with an increase in either frequency or capacitance.
Thus capacitive reactance = the opposition to current flow through a capacitance

- must decrease when either the frequency or the capacitance increases.

The formula used to obtain capacitive reactance is X, = 1/24fC. In this formla

Z; is capacitive reactance, f is frequency in cycles per second, C is capacitance
in farads, and 247 is a congtant number {6:23). Since X, represents opposition to
current flow, it is expressed in ohms.
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The phages relatlonsalp between current znd voltage waves in a capacitive
circuit to which an 4.C. voltaze is applied is -exactly ihe opposite to that -
of an inductive circuit. In a purely inductive circuit the current wave lags
the voltaze by 90 degrees, while in a purely capacitive circuit the current
wave leada the voltage by 90 degress.

In a theoretical circuit of pure capacitance and no resistance, the voltage
acrogs the capacitance exists only after current flows to charge the plates.
at the moment a capacitance starts to charge; the voltage across ils plates
ig zero and the current flow is maximum. 4s the capacitance charges, the
current flow drops towards zero while the voltaze riges to its maximua value.
Jhen the capacitance reaches full charge, the current is zero and the voliage
ig waxismum. In discharging, the current starts abt zero and rises to a maximum
in the oppcsite direction, while the voltage falls firom maximum to zero.

It follows that the current wave leads the voltage by 30 degrees; or, putting
it the other way round, that the voltage wave lazs the current by 90 degrees.

With a pure capacitance
the current leads
the voltage by 90°

0._...._

CAPACITIVE
AC  CIRCUIT

il
iy

Current

The current wave crosses zero, 90° |
before the voltage wave
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CAPACTITANCE TV A.,C. CIRCUITS.

It has already been seen that in an inductive circuit, any change of current
ig opposed by the inductor. There are many circuits which tend to resigt any
changes in valtage.

“hen this opposition to voltage chanse is present, the circuit is said to
contain "capacitance." Once again, you can never actually see capacitance;
but but its effect, neverthe less,present in many circuits.

- Capacitance Opposes Any Changein er_t_:u_it_ Voltage

INCREASES; "
“"CAPACITANC

¢ WHEN.T
. VOLTAGE 7,
DECREASES, -
CAPACITANCE
“TRIES.TO HOLD :
Ml TRUBPESE S

Because D.C. voltage usually varies only when it is furned on amd off,
capacitance affects D.C. circuitsg only at these times. In A.C. circuits,
however, the voltage is continuously changing, so that the effects of
capacitance is continuous. The amount of capacitance present in a circuit
depends on the physical construction of the circuit and the electrical
devices used. The capacitance may be so small that its effect on circuit
voltage is negligibles

il ectrical devices which are used to add capacitance to a circuit are
called "capacitors." The circuit symbols used to indicate a capacitor are
shown below,

 CAPACITOR 'SYMBOLS

+
Fixed Electrolytic Variable Preset
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Ta see how capacitance affects the voltage in a circuit, suppose the circuit
containg a two plate capacitor, & imife switch and a dry cell as shown below,
Agsuning both plates are uncharged and the switch is openy then no current
flows amd the voltage between the two plates is zZero.

“CAPACITOR
5GHARGESN

When the switch is closed, the battery furnishes electrona to the plate
connected to the nezative terminal, and takes electrons away from the plate
connected to the positive terminal.

The voltage between the tWwo plates will eventually equal the voltage between
the cell terminals; iees P25 volts; but this will not happen at once because,
for a voltage to exist between the two plates, one plate must take excess
electrons to become negatively charged, while the other mist give up electrons
to become pesibively charged, As electrons move on to the plate attached to
the negative terminal of the cell, however, a negative charge is built up
which opposes the movement of more electrons on to the plate; and as electrons
are taken away from the plate attached to the pogitive terminal, a positive
charge is built up which opposes the remeval of more electirons from that plate.

This action on the two plates is called "capacitance.” It opposes the change
in voltage (from zero to 15 volts), and delays it for a limited amount of
time., But it does not prevent the change from eventually taking place.
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When the switch is opened the plates remain charged, since there is no path
between the two plates through which they can discharged. As long as no
discharge path is provided, the voltage between the plates will remain at
145 volta and, if the switch is again closged, there will be no effect on the
circuit since the capacitor is already charged.

'DC: CURRENT FLOW STOPS. .
" WHEN THE CAPACITOR .
- BECOMES CHARGED

@ 1.5 volts

Switch opene
charge remains

_ With a D.C. roltage source, then, current will fplow in a capacitive circuit
only lonz enouzh to charge the capacitor. When the circuit switch is closed,
en ammeter comnected to read circuit current will show that a very large
current flows at first, when the capacitor plates are uncharged. Then, as the
plates zain polarity and oppose additianal charge, the chargzing decreases —
- until it reaches zero at the amount when the charge on the plates equals
the voltage of the D.C. voltage source.

This current which charges a capacitor flows for the first moment after the
switch is closed. After this momentory flow the current stops, since the
plates of the capacitor are seperated by an insulator which does not allow
electrons to pass through it. Thus capacitors will not allow D.C. to flow
continuously through a circuit,



ithile a capacitor blocks theflow of D.C. it affects an 4.C. circuit differently,
having the apparent effect of allowing A,C. current to flow through the circuit.
To see how this works, consgider what happens in the D.C. circuit if a double-
throw switch is used with the dry cell so that the chargse to each plate is
reversed ag the switch is cloged = first in one position and then in the other.

When the switch is first closed the capacitor charges, with each plate being

charzed in the same polarity ag that of the cell termiliial to which it is
connacted.

Reversing
Switeh

When the switch is opened, the capacitor retaing the charge on its plates
equal to the cell voltagze.

SWITCH OPEN. -~ Capacitor remains charged
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If the switch is then closed in its original position no current flows, since
the capacitor is charged in that polarity. However, if the switch is closed in
the oppogite direction, the capacitor plates are connected to cell terminals
opposite in polarity to their charzes. The positively charzed plate then is
connected to the nezative cell terminal and will take electrons from the cell,
first to nsutralise the positive charge, then to become charged negatively
wntil the capacitor charge is the same polarity and equal wvoltage to that of
the cell. The negative charged plate gives up electrons to the cell, since it
rust talte on a posgitive chargze equal to that of the cell terminal to which it

ig coninected.

SWITCH REVERSED: = Capacitor discharges: f:é’f;:;‘;‘;

If a centre = zero ammeter which can read current flow in both directions

Wwere inserted in meriesg with one.of the capacitor plates, it will indicate
a current flow every time the plate is charged.

Wwhen the reverings switch is first closed; the a:meter will show a current

flow in the direction of the original charse. Theny when the cell polarity
is reversed, it will show a current flow in the opposite direction ag the

plate discharzes, then charzes in the opposite polarity.
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If it were possible to switch the cell polarity so fagt that at the instant
the capacitor plates becane charged in one polarity, the cell polarity is
reversed, The meter needle now moves continuously = first showing a current
flow in one direction, then in the opposite directione lo electrons move
throuzh the air from one plate to the othery, but the meter shows that current
ig continuously flowing to and from the capacitor plates.

If a source of A.C. voliave is used instead of the dry cell and reversing
gwitch, the polarity of the voltage source is automatically changed each half
cycle. If the frequency of the A.C. voltage is low enough, the ammeter will
show current flow in both directions, changing each half cycle as the A.C.
polarity reversese

The standard cormercialfrequency is 50 ¢/s so that a centre — zero meter will
not show the current flow, since the meter ponter cannot move fast enoughe

Iven if it could, you would not be able to see the movement owing to its

speed. However, an A.C. ammeter inserted in place of the centre = zero armeter
ghows 3 continuous current flow when the 4.C. voltaze source is used, indicating
that in the meter amd in the circuit there is a flow of 4A.C.

Rer:ember that this current flow represents the continuous charging and dise
charging of the capacitor plates, and that no actual electron movement takes
place directly between th2 plates of the capacitor. Capacitors are considered
to pass 4. C. because current actually flows continucusly in all parts of the
circuit except through the insulating naterial between the capacitor plates.

Ac CURRENT in a capacitive circuit

O-_ <
Charge and
discharge
. current
240 volts TS
50 AC
v (RS

Charge and discharge currents
cause a deflection on the AC ammeter

CHARGE AND DISCHARGE '

CURRENTS ARE CONTINUOUS
SINCE THE AC VOLTAGE . = ¥
- REVERSES POLARITY RAPIDLY _
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Resistance affects capacitive circuits in the same way as it affects
inductive circuits. Remember that, in an inductive circuit containing
voth inductance and resistancs, the current wave lazs the voltage wave

by an anzle between zero degrees and 90 degrees, depending on the ratio
of inductive reactance to the resistance. For a purely capacitive circuit,
current leads the voltage by 90 degrees; but, with both resistance and
capacitance in a circuit, the amount of lead = or the'phase angle' as it
is called = depends on the ratio between the capacitive reactance and the
registances.

The phase anzle can be calculated using the formula tan g = X,/ R, whore o
is the phase angle.

If the capacitive reactance a2nd the resistance are equal, they will have
an equal effect on the angle of lead; and this wikl reult in a phase angle
of 45 degrees leading,” The current wave then leads the voltage by 45
Jlegrees, as shown below.

AC EE R Pure capacitance
Pure resistance K\'-Voitage

Current

i
/ Current
Voltage — Current leads voltage
by 90°
Current and veltage
R
AC %

in phase
—=Xc

Capacitance and
resistance

—~—Voltage

N/
Current

Current leads by 45°
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TIPEDAICE.

Ivery electrical sircuit contains a certain amount of resistance (r),
- snauctance (L) and capacitance {C)e

Tnductance and capacitance cause inductive and capacitive reactance
(3 and Xg)iy vhich oppose the flow of &.C. current in a circuit, sO
that A.C. circults contain three fantors which oppose current flowj
R, %, and X5 o In any given circuik, however, 30y of these factors
may pe sO negligible that it can be disregardeds

The combined effect of Ry ? and X; is the total opposition to A.Ce
current flow and jg called Impedance.

Thes symbol for impedance is Ze

SERIIS PARALLEL

R,Land C
Series Circuit
&9&"’ L

«5\“"'@; C
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In an 4. C. series circuit, as in a D.C. series circuit, there is only one
path for current flow around the complete circuit. This im true regardless
of the type of circuit: R ang L, Rand C, L ang C:or R, L ang C,

Since there is only one path around the circuit, the current f1ow is
exactly the same in all parts of the circuit at any one time; and therefore
all phase angles in a Seriesg circuit are measured with respect to the
circuit current, unless otherwise stated.

Thus in a circuit containing R, L and Cy such as the one illusrated below,
the current which flows into the capacitor to charge it will also flow
through the resistor ang the inductor,

When current flow revergeg in the capacitor, it reverses simmltaneously in
the inductor and the resistor, If plotted, the current waveforms, through
the resistor, inductor and capacifor in such g circuit, it would be found
that they were identical in value and phage angle. The total circuit current,

L=Iz=1 = I.

Current
flow is
the same

AC in all
Voltage parts of
Source an AC

SERIES
CIRCUIT

Iy :
%,
‘!“,
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The total voltage of an A.C. series eircuit cannot be found by adding the
_ individual voltages across the resistance, inductance and capacitance of
the circuit. The reagson for this is bacause the individual voltages across

R, L and C are not in phase with each other.

The illustration below shows the phase angles for resistance, inductance

and capacitance. in a series circuit.

D
S >
-.\"Q\\
I,‘ %n
Q\\v
S
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2
: 2
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I=1,

The voltage E across R
is in phase with the circuit
current, since current and
voltage are in phase in pure
resistive circuits.

The voitage E; across L
leads the circuit current by

90 -degrees, since current

lags the voltage by 90 de-

_ grees in purely inductive

circuits. Thus E; crosses
the zero axis going in the
same direction, 90 degrees
before the current.

The voltage E. across C
lags the circuit current by
90 degrees since current
leads.the voltage by 90 de-
grees in purely capacitive
circuits. Thus E- crosses
the zero axis, going in the
same direction, 90 degrees
after the current wave.




"2

RIS RASCNANCE.

In any series circuit containing both L and C, the current is greatest
when the inductive reactance I, equals the capacitive reactance X;, since
under these conditions the impedance is equal to R.

Whenever X, = X the opposition to carrent flow is at its minimum within
the circuit. This is, in simple terms, that the change of phase angle which
is caused by the inductance (the current lagzing the voltage by 90 degrees)
is in effect cancelled out by the capacitive effect (the current leading
the voltage by 90 degrees). Therefore, as long as X, and X; remain equal
the total opposition to current flow rust only be resistance of the circuite
When and Xz are equal the circuit is said to be “at regonance,”" Such a
circuit is called a geries resonant circuit.

SERIES RESONANT  (Poreuct

Z = Total Impedance
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RISONANT FREQIWMICY.

If an A.C. voltage of variable frequency is applied to a circuit consisting
of an inductor and a capacitor in series, The inductor is represented in the
circuit below by a pure inductance (L) in series with a resistor (R) and the
capacitor (C).

O—
LS
=
a c.voltage
source of
variable frequency R

© - i TC

As the frequency of the applied voltage rises, the capacitive reactance X
decreages but the inductive reactance X, increases. The graph, which is shown
below, show how Xg and X, vary with changes in frequencye

Xc&X( )
" ZhC

XL=2THI_

fr —_—f

Tt can be seen thet at one frequemcy Xg = XL. This is called the rescnant
frequency f;e The frequency at which a particular circuit will resonate can
be calculated as follows:

Xe=X:

217]].L=Z;;.-;-é
72 = e
P

27V LC
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Ag in the series comnected circuit, the same combinations of R, L, and C
which are used to form the various types of series circuits may also be
used to form parallel circuitse. If one factor is negligible, the three
possible combimations zre R and L, R and C, or L and & while a
fourth type of parallel circuits contains R, L and C,.

In a similaer mamer to a parallel D.C. circuit the voltage across each
of the parallel branches is equal. This is also true of A.C. parallel
circuits. The voltazes across each parallel branch are equal; and they
are also in phase.

For exanple, if the various types of electrical equipment shown below =
- a lamp (resistance) a coil (indugfawee) and a capacitor (capacitance)-
are all connected in parallel, $he voltage across each is exactly the
sahe.

240voits
AC Mains

Regardless of the number of parallel paths, the value of the voltage
across them is equal and in phage. 411 of the connections to one side
of a parallel combination are considered %o be one electrical point, as
long as the resiskance of the connectiong wire may be ignored.
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The current flow through each branch ig deternined by the opposition
offered by that branch. If the circuit consists of three branches — one

a regigtor, another an inductor and the third a capacitor = the current
throush each branch depends on the resistance or reactance of that branch.
The resig®or branch current in is in phase with the circuit voltage,

while the inductor branch current lags the circuit wvoltage by 90 degrees:
and the capacitor branch current leads the voltaz by 90 degrees.

3
240-Volt

AC mains
[

Becaugse of the phase differences between the branch currents of an 4.C.
parallel circuit, the total current camnot be found by adding the various
branch currents together, as it can for a D.C. parallel circuit.

When the waveforms for the various circuit currents are drawn in relation

to the common circuit voltage waveform, X, and X; are again seen to cancel
each other out the inductive current and the capacitive current are opposite
in polarity at all pointse

The resistance branch currentyhowever, is 90 desrees out of phase with both
the inductiwve curreat and the capacitive current, and to determine the
total current flow the resistive current ruust be combined with the
difference between the inductive current and capacitive current.
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TRANS FORNERS »
In earlier studies of A.C. theory it was said that alternating current,
ag a source of power, has certain advanitages over direot curremnt,

The most important advantage of A.C. is that the voltage level can be
‘raised or lowered by means of transformerge-

Mternating ourrent voltages can be inecreased ar decreased eagily and
_ without much power loss. : ;0=

This is a very important fackor im the transmission of electrical powers

Very often very large amounts of power must be transmitied, and this is
best done uging high voltages.

At a power station the voltage is "™Stepped up® by transformers ta
high voltages, and sent over the transmigsion lines io the various points
that power is required.

At the point at which power is required it is "Stepped down" to the
various voltages requird by use of further trangformers.. ' -

Transformers are used in most types of electrical and electronic equipment.,
It is important that you become familiar with transformers and know how
they work, How they are comnected into circuits and what precautions have
to be taken when using them.

orm at s

When altermating current flows through a coil, an altermating magnetic
field is gemerated around the coil.

This alternating magnetic field expands outwards from the centre of the
coil, and collapses into the coil as the current through the coil varies
from zero to a maximum and back to zero with each half cycle.
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If a wire is passed through a magnetic field a current is caused ta flow
within the wire. This is called the induced current.
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In the same way, if a wire is placed in a moving magnetic field a current
is induced into the wire in a simila® manner.
If two coils are placed very close together, -electrically insulated from

each other, and an A.C. supply is connected to one coil, an induced Z.M.F.
is oreated in the second cail. This is called "Tansformer Action™.

In transformer action, electrical energy is transfered from one coil to
the other. From the "Primary coil" to the Secondary coil.

This is caused by means of the varyins magnetic field of the Primary coil
inducing an E.M.F. into the the Secondary coil.

The amount of E.M.F. induced into the Secondary winding is dependant
two things. The voltage applied and the ratio of the number of turns
the Secondary winding to the number of turns in the Primary winding.

H 8

Primary

1000
turns ' ‘
E Es = [P x 240 - 2400 Volts
Secondary
10
turns
240 V AC Es = 1pg X240 = 24Volts
Secondary _

These are the two main functions of a transformer.



Voltg per Turn.

When dealing with transformers it is important to realise the relevance
between the voltage applied and the number of turns of the coils,

For Sxample

1 Volt 1 Tumm o © 1 Turmn 1. VoIt

If the Primery winding remains the same, tut the ‘Fecondary winding is
increased, the Secondary voltage will also increase by the same ratioce
For Example )

1 Volt 1 Turn <& B 2 Turns 2 Volis

What ever the volts per turn of the Primary winding, then the Secondary
winding is the same.

10 Volis 20 Tuxrms 40 Turns 20 Volts

Primary Winding = 10 Volts divided by 20 Turns = 023 Volts per turn.
Secondary Voltage = 40 Turns x 0+5 Volts = 20 Volis

If, however,there are less Secondary windings than ‘there are Primary,
the Secondary Voltage will also be less than the Brimary Velbtage.

FORTHER EXAMPLES ARE SHOMN (N THE FOLLOWING PAGES.




EXERCISE.

From the following examples work out the turns per volt, and the
Secondary Voltage.

1.: &>

10V 100 T 1000 T 27 \Ow
2. @

5V 1000 T 2500 T TV (L
3e e .

100 T 500 T . 00: T v
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A transformer does not generate power. It transfers power from one
coil to the other coil by means of magnetic induction.

The power output is determined by the power input,.
BeGe POWER 17 = POWER CUT.

®

1 amp 0:1 amp
100 T . 100Q T

10 volts 100 volts:

10 watts - 10 watts

When refering to transformer power the term Volt/Amp is used rather
than wattse

Example.
1 amp | 6 amps
660 volts 110 volts
660 watts v — 660: watts

The 660 watts would be expressedas <6 K.V.A. (Kilo Vol Ami:s)

The weagon being that true power, as in D.C. is not calculated.
This will be dealt with at a later stage of this course.




ZXIRCISE.
— 5
1 1 aape 126 A
10T 'goSh
125 volts 50 volts
s -8
Find - Secondary Current V25 0

Secondary Turns

- ®
2 110 volts S pid
2200 T ? T
1:5 amps
- ©
CaI'qu:a‘be =

Secondary Turmse. ' STUUT

v

Primary Power. 165 UA

Secondary Current. 2-2 #



From the following example calculate the number of turns betwWeeni—

A =T LT T

B=-C

' C & D 2 o>

If there are 5000 T between A and C terminals and 250 Volis on the
Primary side of the transformer, hoWw many turng will be required to
produce 12 Volts Rdfween terminals a and be &y > 3O v

‘?'260\; . IB'OVCL
C 250v 125y C
A -~ o
B 200v e
S0o00 T

sRz.
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TRANSFORIMER FAULT FITDING.

The threethings that cause transformer failures are open circuit
windings, shorted windings, and shorts to earih.

When one of the wmﬁ.ng-s in a transformer developes an open circuit,
no current can flow and the transformer will not deliver any output.
The symptom of an open—circuited transformer is therefore that the
eircuits that derive power from the transformer go dead. A check with
an A.C. voltm¢ter across the transformer output terminals will show

a reading of zero volts. A volimeter check across the iransformer
input terminals shows the voltage is present. Since there is a voltage
at the input and no voltage at the output, one of the windings must be
open circuited.

To find the fault, disconnect the transformer and check the windings
for continuity, using an ohmmeter. Continuity (a contimuous circuit)
is indicated by a fairly low resistance reading, while an open circuit
winding will indicate an infinate resistanc on the ohmmeter.

Tn most cages the transformer will have to be replaced, unless of
course the break is accessible and can be repaired.(e.g. A lead wire)e

- E@%ﬁl E@

When a few turns of a secondary winding are short circuited, the output
voltage dropsy and the transformer may overheat by reason of the increasge
in current in secondary winding. The winding with the short gives a
lower reading on the ohmmeter than normali. If the winding happens to be

a low voltage winding, its normal resis§ance reading is so low that a few
shorted turns cannot be detected by using an ordinary chmmeter. In this
cage, a sure way to tell if the transformer is bad is to replace it with
another transformer. If the replacement operates satisfactorily, it will
prove the original wasy in fact faulty, and should be replacede

tl'\"-"r,f; ~
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Sometimes a windinz hag a complete short across it. The short may be
in the external circuit connected to the winding, or in the winding
itself. Again, one of the symptoms is excessive overheating of the
trangformer by reason of the very large circulating current. The heat
often melts the insulating materials inside the transformer, a fact
which you can quickly detect by the smell, Also, there will be no
voltage ocutput across the sorted winding, and the circuil across the
winding will be dead. In equipment which is fused, the heavy current -
flow will blow the fuse before the transformer is damaged completely.
But if the fuse does not blow, the shorted winding may burn oub.

The way to isolate the short is to disconnect the extermal circuit
from the windinge If the voltage is normel with the external circuit
disconnected, the short is in the external circuit. But if the voltage
across is still zero, it means the short is in the transformer, and it
wil? have to be changede

Barth faults are another type of fault which sometime occur, This is
when, at some point, the insulation in the winding breaks down, and the
wire becomes exposed. It may touch the inside of the transformer caes,
shorting the wire to the case and so earthing the winding.

If a winding developes a short to sarth, and a peint in the external
circuit connected to this winding is also earthed, part of the winding
will be shorted out. The symptoms will be the same as those for a
shorted winding, and the transformer will have to be replaced. You can
check whether a transformer winding is shorted to earth by commescting a
megger betwWween one side of the winding in question and the tragformer
case, after all the transformer leads have been disconnected from the
oircuite. A zero or low reading on the megger shows that the winding is
earthed.
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Rectifiers are used 1o convert L.Ce t0 DeCe and algo to "Passg" D.C.
current in one direction only.

ithen certain metallfc materials are pressed together to form a junction,
the combination acts as a rectifier having a low resistance to current
flow in one direction and a very hizgh resistance to current flow in the
opposite direction. The combinations of metals most often used ag in the
nanufacture &f rectifiers are copper and copper oxide, and cadmium alloy
(or tin) and seleniun,

Metal rectifiers are constructed of discs ranging in size from less than
half an inch to more than six inches in diameter. Copper—oxide rectifiers
consist of discs of copper coated on one side with a layer of copper oxide;
and selenium rectifiers are constructed of discs made of a metal such as
nickel, iron or aluminium, coated on one side with selenium, on top of
which hag been deposited a gurface electrode in the form of a layer of
cadomiun alloy or tine

Metal rectifier elements (an element is a single disc) are generally made
in the fornm of wagheps which are assembled on a mounting bolt, in any
desired series or parallel combination, to form a rectifier unit. The
gymbol shown below is used to represent a metal rectifier of any type.

Since these reciifiers were made befores the electron theory was used to
determine the direction of current flow, the arrow points in direction of
conventional current flow but in thke. direction opposite to the electron
flow. Thus the arrow points in the opposite direction to that of the
current flow according to-the clectron theory.

A gingle metal rectifier element will stand only a few volts across its

terminals; but if you stack several elements inseries, the voltage rating
is icreased. ’

Similarly, a single element can pass only a limited amount of current,
When greater current is desired, several series stacks are connected in
parellel to provide the desired amount of current.

By connecting rectifier elements either in parallel or series, a rectifige
of any desired voltage or current rating can be produced.

Hetal rectifiers are very robust and have an almogt unlimitd life if not
abused.

HAL® WAVE RECTITIER T Fuik WAVE RECTIFESR

l. |

A.c. D.C. A.C..
® ]
..iy -—
Pulsating D.C. Unsmoothed D.C.

N N N NN Y




~ NP2z N 39\



——
S

_ // S AN iy o

-




5755 | LSS S S LYHM
2h <=7 s;y;g;:}zxﬁ%am IYHM
g NOWYDION! |Nnod ¥







— — —

Y N

3

I

N3N

. ¥
¥
— oty I

<[OF)

aiva

03A0OdddY

Q3MND3HD |

NMYHQ

[ PWOOC

S e

psdwo o
(\‘Sdulog {
[ ?

p Pwpcy

RSE

—_— e = =

S s
AG|

INCD S

NOC

NOG?

SITOA

LIV

VL SIHL NI SIDVAS SNV1g 3HL 313 TdWNOD

SRIA)

P T

/s
- ODNIMOTIO

ony,

—

0 NG
- STIVIID

008
00%
Sl



e IONVLSISTY S1I SI IyHm
g - ‘ SMOTS_ INFY¥ND Ik
MEp-2 A

d3ivd SI 91ng NOILYDIONI LNIOd v [

_.U‘_" & ' W ___ Wr‘r"

r@O\ / EH
: AQ| =
0S =

REAE 7 ' ! '

it o P Y 2" 40 INTVA IHL S IYHM  H
TREE _INousino

e f NI 91Nd IHL 4O JONVLSISIY JHL IAID ,
_gg_“:j-

/ LTSI LIvM XIS 1IOA INIML QLY
91N8 ¥ NIHM SMOH INIRIND 1vHM 4

i =t CHINddY 39V SITOA 334H1 3l
= [ MOl TL!LQ\ NIYHND 1VYHM JONVLSISTY

OSE S YOLYDIAN APNDIS AT

A8 = .
e .
/\ 'U'an Ve

| (M) SLIYM  aNd 9

Ao




T WL ST R SR I R e K TR NP AT R

e e
TOOHDS DNINIVY

JHL NI_35N ¥OJ
| 31va| QIA0UddY
HLINY a3axd3IHD|

WYO0D NMY¥Q

o Ee R it
s ' | Aoog ~ ONIMOTIC

T "‘/“.C-ig- | [edwwo Q. AOS oy, ( oy
G R A 12 T S P e
e e sdiocy. NS A et o
o | e o |
i = - : (\ /1
- = e SRS e e o W A o ORI N P N s R e S g P e
AT __b_l&_

%Q’O'-];:_ SeRipEae & Tell AOO| (“z:rs;l
SSTiE | waz - powoog R SNOL

1T MEa Tt | Ag -

“Zé'db 4 | fpedwoog | - Nt
&354-; U T (Qdmog | oo R e IR
Mog S S S N ale /g‘r:"
Sws | ~owi | cwosz| rogz

SIIVM| _— SK39] @I SIOR SV

:

BVJ. SIHL NI S3DVdS MNV19 JHL 3LITIWOD |- ool
§ed & Sl



L TNVISEIY S1) 51 vy |
Ao SMOTL INZYIND vk |
Mb-z A

v?@oj b
] 0G =
RTar v ‘
oz / - 24 40 INWA 341 g IYHM
he I NOusIno
GRS e HING IHL 40 DNWISISHY 311 IAND D
I & LI SI 1ivm x5 LOA INIML G3ivy it
e VNIHM SMOH INRIND 1ok g
g TO CBIddY 3y SIT0A 3344y 4|
MO TIM N 14N 1YHM FONVLSISTY
e OSE STHOLYINT TYNSIS 3
g

Q3Lvy SI gIng NOILYDIaN| INIOd vy 1

AQ| =

; o
v =H

_j\@/d__@__ W aNH a
. va=

]




