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Electrical Principles

A

Task 1 — DC circuits ' ‘ tilod A

ot s ] A A ALY,

Series Circuit b
Total resistance = 1.20k

270+ 390 +560=1120Q

Voltage

R1=221v /

R2=317/V ‘/l '/Tn.-‘./ cvicdpdle Wb, borate

R3=455, /

When comparing these results variations can be made, this can be due to human

error. Human error is a failure of a planned action to achieve a desired outcome.

Kirchoff developed a set of laws which are used when dealing with a closed circuit. A
relative theory for the above results is Kirchhoff's second law (voltage law). The
voltage law states that “in any closed network, the total voltage around the loop is
equal to the sum of all the voltage drops within the same loop”, for example this
means it is equal to zero.

e

Current=815mA

- Parallel
Total resistance = 1.21kQ  / b o py
Supply current=8.09 15 ¢ oo o s
R1=1.08 [+
R2=4.55 (] 7 Al
R3 =256 /1

One thing to consider when working with resistors is that they have a +/- 5%

accuracy rate, this will fluctuate the practical calculations made. Kirchhoff's First Law
states that “total current or charge entering a junction or node is exactly equal to the
charge leaving the node as it has no other place to go except to leave, as no charge

is lost within the node”.
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Electrical Principles

Task 2 — Capacitors

1) A capacitor stores electric energy when connected to a charging circuit.
Generally used to maintain a power supply. A capacitor has two terminals, one
terminal store negative energy, one terminal store positive energy, these terminals
are separated by an insulator. A capacitor also comprises of two metal plates facing
each other, As Robertson (2008, p.84) identifies ‘A capacitor is an electrical
component that is designed to have a specified value of capacitance. In its simplest
form it consists of two parallel plates separated by a dielectric.” What Robertson
suggests by a dielectric is it has the property of transmitting an electrica}force

without conduction. An example of a dielectric material is plastic.

When a DC voltage is applied to the two electrodes, they will immediately collect on
one side, this causes that electrode (the side collected on) to have a negative
charge, To Quote from

https://www.global.tdk.com/techmag/electronics primer/vol1.htm (14/01/18) ‘while

electrons on the other electrode will be lacking, this means that it has a positive

charge. This condition will remain also when the DC voltage is removed.’ /

A capacitor can be connected in parallel, this means that the voltage from the
voltage source remains the same across all capacitors. In his work in Electrical and
electronic principles Knight, A (2014, p.38) confirms that ‘When capacitors are wired
in parallel, the full circuit voltage V is present across each capacitor, but this time the
charges on each capacitor will depend upon the individual capacitance.’ Figure one
below shows three capacitors connected in parallel, retrieved from Knight, A (2014,
p.38). Figure one shows the capacitors which store a charge represented as

Q1,02 and Q3 The total charge is shown as Q; = (Ix t) therefore Q; = Q, + Q; + Q4

Lol ]
| ¢ -~ ¢
I -QL - i ? -OJT 3 -

”T Figure one

F

=
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Electrical Principles

Capacitors can also be connected in series. When connected in series, the voltage
from voltage source is divided into V1 and V2 across the capacitor, this means that
the overall charge is the charge of the entire capacitance, therefore the total
capacitance is a lesser amount than the individual capacitance of one capacitor in
the series. Figure two below shows a capacitor connected in series. Image retrieved
from Bird, J (2007, p.84). figure two illustrates individual capacitors shown as

Cy + C; + (5 the p.d across the individual capacitors is shown as V; + V, + V, the

charge in each capacitor is equal to the total charge which is shown as g—t,, /

¢ 2 G
0119 £041-Q 20410
a |_b clla el lf
V: V Va
/ y Figure two
Qe v 0

Charge on each capacitor = Q

There are various types of capacitors that are used in electronic circuits and
equipment. As Bird points out (2007, p.57) ‘every system of electrical conductors
possesses capacitance. For example, there is capacitance between the conductors
of overhead transmission lines and also between the wires of a telephone cable.’
Expanding Birds point capacitors are used practically in everyday life, different types
of capacitors and their applications are characterised by the material used for their

il

dielectric.

One type is a dielectric capacitor, a Dielectric capacitor has a set of fixed plates and
a set of movable plates. A dielectric capacitor also has a continuous variation of
capacitance which is required for tuning transmitters and receivers. The moving
plates determine the overall capacitor value, the capacitance value can go up to 100
000uF. Figure three below shows a double ended and single ended dielectric
capacitor. Retrieved Fro_third, J (2007, p.105).
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Figure three

Another type of capacitor is a Ceramic capacitor. A ceramic capacitor uses ceramic
dielectric, these capacitors unlike other do not give as high a level of capacitance per
unit volume. Ceramic capacitors have a high dielectric constant. The value of a
ceramic capacitor is 10nF. Ceramic capacitance is 2pF-100nF with the toler:énce of
+10%

Electrolytic capacitors are used commonly in DC circuits, this is due to having the
highest levels of capacitance for a given volume, and a small size used to help
reduce the ripple voltage. Electrolytic capacitors are polarised. The construction of
these capacitors is two aluminium foils, one of these layers is an oxide layer used as
an insulator. Electrolytic has a value of 4.7uF and a maximum voltage of 25 volts.
The capacitance of an Electrolytic capacitor is 0.1-150uF with the tolerance of -20 to

+80%. /
/
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Electrical Principles

Task 3 Magnetism

1) A permanent magnet is a magnet that when in the absence of a current or
inducing field keeps its magnetic properties, in other words a permanent magnet
generates its own persistent magnetic field. A permanent magnet is material such
as iron or nickel, this is known as ferromagnetic material. As Robertson, C (2008,
p.111) further explains ‘Ferromagnetic materials, all of which exhibit very strong
magnetic effects.” Exhibiting a strong magnetic field is one of the advantages of a
permanent magnet. Permanent magnets also have the ability to provide strong

magnetic field over an extensive region for a long time with no persistent energy./

In his work in electrical and electronic principles John Bird explains ‘The
distribution of a magnet field can be investigated by using some iron filings. A bar
magnet is placed on a flat surface covered by, say carboard, upon which is
sprinkled some iron fillings. If a number of magnets of different strengths are used,
it is found that the stronger the field the closer are the lines of magnetic flux and
vice versa. Thus, a magnetic field has the property of exerting a force, the
strength of the magnetic field decreases as we move away from the magnet.
(2007, p.72). Following on from this statement lines of magnetic flux do not have
physical existence they were created imaginary by Michael Faraday to allow
visualisation of the magnetic field’s distribution. Figure Three below shows the
distribution of a magnetic field investigated by using some iron fillings. Retrieved

from Bird, J (2007, p.72). ‘Electrical and Electronic principles and technology’

Figure four

Figure four also shows the space that surrounds the magnet and the lines that
radiate from north to south pole, these lines don't cross. The line of flux which
appears from the N-pole area of the magnet passes back the surrounding space to

the S-pole.
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Electrical Principles

3) An electromagnet is a magnetic field which is created by an electric current, in
other words runs off electricity, these magnets simply consist of a wire wound into a
coil (copper) wrapped around a magnetically soft material such as an iron core. The
iron core or whichever magnetically soft material used becomes magnetised when a
current is induced through the wire. As Bird, J (2008) points out ‘The magnetic flux
produced has the same properties as the flux produced by a permanent magnet’, the
strength of an electromagnet can be changed by the amount of electric current
flowing through it, this is the same for a permanent magnet. Figure five below shows
an electromagnet including the lines of magnetic flux produced around the coil.

/

Image retrieved from https://www.electronics

tutorials.ws/electromagnetism/electromagnets.html (04/01/19)

Lines of Magnetic Flux
produced around a Coil

Coil or Loop Figure five
of Wire

When a conductor such aslron carries a current, it produces a magnetic field. The
direction of the magnetic field is dependant of the current direction, in other words is
perpendicular to the wire. If the direction of the current is reversed, this means the

lines of flux direction is also reversed. Magnetic flux extends the entire length of a
conductor. Flux means the action of flow. The flux pattern extends outwards with /

concentric circles.
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Electrical Principles

The screw rule is a way of determining the direction of a magnetic field. If a right-
handed screw is along the axis of a solenoid and is rotated in the direction of the
current it will move in the direction of the magnetic field inside the solenoid. A
solenoid is an electromagnet that's purpose is to maintain a controlled magnetic
field.

Flemings left hand rule also known as the motor rule can determine the direction of a
force exerted by a conductor. in his work in electromagnetism John bird states ‘Let
the thumb, first finger and sé-c':-ond finger of the left hand be extended such that

they are all right angles to each other, if the first finger points in the direction of the
magnetic field, the second finger points in the direction of the current, then the thumb
will point in the direction of the motion of the conductor.’ Summarizing this

statement. ..

Eirst finger — Field

SeCond finger — Current /
ThuMb — Motion

Figure six below shows the motor rule. Image retrieved from

https://physicsmax.com/flemings-left-hand-rule-motor-rule-7873 (02/01/19)

i

Figure six

If a conductor is moved across a magnetic field, cutting through the lines of flux the
emf is produced in the conductor. if said conductor forms part of a closed circuit then
the emf will cause the current to flow round the circuit, this is ‘electromagnetic
induction’. Faradays law of electromagnetic induction explains the electric circuit and
magnetic field. Faradays law has two crucial parts which are...
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Electrical Principles

1) The value of electromotive force (emf) induced in a circuit or conductor is
directly proportional to the rate of change of magnetic flux linking with it.

2) The polarity is of such an emf, induced by an increasing flux, is opposite to
that induced by a decreasing flux. //

The following equations used to the magnitude o the induced emf and self-
inductance are retrieved from Bird, J (2007, p.91), Electrical and Electronic principles

and technology.
The magnetic flux value is proportional to the magnitude of the induced emf, this is
shown the the following equation

_ —Nd®
dt

>

The average value of the induced emf in a circuit dependable on the rate of change
of flux, and the number of turns of coil. Hence is the average induced emf is shown

as

D,-d,
t

E=- xN

The minus symbol is used to indicate that the emf is a back emf and opposes the

rate of change of current.

Self Inductance is the property of a coil in which a change in current and flux,
produces an emf in that coil. The average induced emf in such a circuit is shown
by...

E= —L([zt— Iy

The unit of inductance is H henry and it is defined as a circuit is said to possess an
inductance of 1 henry when an emf of 1 volt is induced in that circuit by a current

changing at the rate of 1 ampere per second.

There are various everyday applications for electromagnetism. For example, electric
door bells. One type of electric door bell is a single stroke bell circuit. The current
passes through the coil when the bell is pressed. The iron armature is connected to
the electromagnet, the electromagnet generates a magnetic field which is what
powers the door bell sound. when the circuit is broken the coil is demagnetised and

the spring steel strip pulls the armature back to original position.
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Electrical Principles

Another application where electromagnetism is used is in a coil sound system.
Speakers are used to convert electrical signals into sound waves. The inside of a
speaker is fixed to an iron coil and it compromises a permanent magnet. When the
speaker is connected an electric signal gets fed into the iron coil, this turns the iron
coil into a temporary electromagnet. The Electricity flows through the cables which

produces a force allowing the electromagnet to attract or repel the permanent

magnet. / :
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Task 4 — AC Circuits
1. Using the oscilloscope measurements for a sine wave stated in table 3 perform the following
calculations
a) Peak voltage
b) Frequency
c) Average voltage
d) Root mean square (rms) voltage.

Table 3 — values for Task 4

Student Oscilloscope Settings Grid Spacing
Nuilser Volts/Div Timebase Vertical (peak | Horizontal
(ms/Div) to peak) (1 cycle)

! 5 20 6 4

2 2 20 7 4.4

3 2 10 7.6 4.4

i 5 10 5 4.6

> 5 5 44 48

6 2 5 6.8 4

; 2 20 54 50

8 0.5 20 6.4 )

9 0.5 10 52 54

10 0.5 10 7.4 5.6

1 0.5 5 6.6 5.8

12 5 5 5.6 6

2. Below is a RL circuit;

V1 CHI

(v
P a—

I Volt p-p
L =1mH, R = 10Q, Ry = ?Q (measure this va:ue)
3. Measure and record the value of each of the component.

L= MY / R=.ﬂ.‘.ﬂj:§z—/RL:.Z.J.,.Q?...—;?'/

Page 5 of 12



4.  Produce a table of measurements as shown below:
Frequency CHI (V) CH2 (V) Time Calculated values
1) pk to pk pk to pk Difference Time for 1 Fraction of Phase
(kHz) Voltage Voltage (between peaks) | cycle (T) cycle Angle (°)
(T2-T1) =1/f (T2-TL)/T | (fraction x 360)
1 22%-00| |LB-00 |7Z2US |@.00( |O-072| 2 c. A
2 12840016000 | Llus |p. 0093 |0(TY | o038
3 352.00 || $6-00 | liito! 0-000332|0 1% | [472.52
+ |4 200%][4%8.0¢ |2 us [0, 000l [o- UG [o1 30U
5 Geleoo | jgl-0o jigous 0.0002| Q.1 7 2
¢ |eL0.00 [1€0-06[z30us [0.00001 0. 19 |Ly-&
2 cq 2.90[122.00 |2b v§ b. 0601 42 0.|§)7’ LS-62
8 bly D-00 |7,L|—-00 24058 o,oof)l% O"lqz ba- (2
9 £76-0°9 j20-0° | o’ . ovolli | 6.2k 77-7/@
F 7 7
5. Produce a table of calculations as shown below:
Frequency (f- | X () Rt Z(Q) Current (A) | Phase Angle | Check with b)
kHz) (2nfL) (R+ Ry) ®) above
! b.79|(2.57 | (L0059 O-071T |72 £.Sk
2 7 $7 (2-57 | (7.77 0 .056%3 Ly - 44
3 19.99 [12-S7 |22-6060. plflt] |56 - 30
s« |9¢.3112-57 |28-10 |0.0%5k ||, 24>
s 2142 [(2.57 |22 30 001 )z .19
s [%7.70 | 1257 |ga. 700, 011 4,]7).66
7 Lpg,olq 1257 | 4¥. 7[{ 0. O(Cf%{?[.r,og
2 60.2712.57 |51.3] [0. 017375490
9 Sb .55 1267 |g9.93 (0. OV\SL, 77-U47
; = = —

Show clearly one full example of your method for calculating for X (Q2), Z (€2), Current (A) and
Phase Angle (°) for a chosen frequency (use the space below).

6.

USH ﬂg

(D = 2 AL T/ xexi= 10
P58 9578 RS 1204

o2 7 vr® f"“ 7 — S
7(2) = et & oyt T [’2574‘)(’:3{-"“ = 294%.8 2
a-g 2 = 07025

Comment on the practical and calculation results, discussing any variations when comparing

these results.
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Electrical Principles

Task 4 — AC Circuits

6. There are slight variations with the phase angle shown between the tables in
questions 4 and 5 for example frequency 1 on table 5 = 26.56° whereas on table 5
the frequency 1 = 25.92°. as the frequency increases the variation between the
phase angles on table 4 and 5 also vary, for example when the frequency is 6, on

table 4 the phase angle = 64.8° however on table 5 the phase angle = 68.19°.

Variations using the Oscilloscope can be caused by parallax error. Parallax error is
caused by viewing a.n"object at an oblique angle, this can cause people to view the
object in a different position. Another reason for slight variations in these results is if
the oscilloscope is not calibrated. If the device used isgj_calibrated the precision and

accuracy may be off causing errors in the result. /
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