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TASK DESCRIPTION

Introduction

The aim of this assignment is to develop an understanding of the fundamentals of electrical principles
through theoretical and practical applications. The assignment will cover the following areas of
Electrical Principles — DC circuits, Capacitors in DC circuits, magnetism and AC circuits. This will
be achieved through a range of practical, calculation and research work.
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Task 1 — DC Circuits

Figure 1 below shows a combinational arrangement of a DC circuit.

Rl RZ
560 220
R3 R4
390 680
R5 RG
1200 330
* v )
12v

Figure 1 — Resistors in Series/Parallel

To complete the activities for this task you will be given a student number which relates to the
resistor values for the combinational circuit. Table 1 shows the student numbers and resistor values.

Table 1 — values for Task 1

Student R1 (QQ) R2 () Rs (QQ) R4 (QY) Rs (k) Re (Q2)

Number
1 680 330 330 560 1 270
2 560 180 220 470 1.2 390
3 680 220 330 470 1.5 220
4 560 330 220 680 1.8 270
5 680 180 330 560 1 330
6 560 270 220 680 1.2 180
7 680 220 330 560 1.5 220
8 680 180 220 470 1.8 330
9 680 180 270 560 1 270
10 560 220 390 680 1.2 330
11 680 330 270 560 1.5 180
12 560 180 390 470 1.8 390




The circuit above was constructed on a bread board, the following results in the table below were attained
using a multimeter.
1. Construct the circuit and measure the total resistance (Rt) before connecting the power
supply.
2. Connecta 12V supply and measure the p.d. value across each resistor, the supply current and
the current in each resistor.
/nlfb )Lmu Le

wri bl in ,:wt' hv\sc
Current in each resistor -
11-432mA /
12- 4.32mA /
I3—-8.51mA
14- 12.85mA /'
I5—-8.02mA /
16 —7.93mA

p.d across each resistor -

7/
V1-2.42V . _
5 I
v2094e Musl mchade  odl b
V3-3.36v
V4-8.62v
V5-939%v  /
v6-258Y
Supply current -
208mA 7/

Total resistance -

sz /
3.  Calculate the




e total resistance, Rt

R1,2 =R1 + R2 =560 + 220 = 780Q

R123 R1,2XR3 780X 390 2600 [
"® T R1,24+R3 780+390

R1,2,3,4 = 260 + 680 = 940Q {
R5,6 = 1200 + 330 = 1530Q

R1,2,3,4 X R5,6/940 X 1530
RT = = = 582.27Q
R1,2,3,4+R56 940+ 1530

e supply current, |
v/
12 —3— R
I = = 0.02064 = 20.61X 1073= 20.61mA

582.27

e current in each resistor

5=16= 2L 12 _gua f
R 1530

14=1- ISZZO.GlmA - 7.84mA = 12.77TmA /

|3=g—[ﬁ=8.51mA /

390

11=12=1 - (I3 +15) = 4.26mA / musl show W?S-

11 =4.26mA
12=4.26mA
13=8.51mA
14 =12.77TmA
I15=7.84mA
16 = 7.84mA

e the p.d. value across each resistor
v=IR/
V5 =I5XR5= 7.84X1073 X 1200 = 9.41V /
V6 =16 XR6 L 7.84X1073 X330 = 2.59V
V4 = I4XR42= 12.77X1073 X 680 = 8.68V
V3=V-V47 12 - 868 =332V yd
V1=11XR1 =426X10"3X560 = 2.39V /
V2 =12XR2/=4.26X10"3 X 220 = 0.94V /

e and power dissipation in each resistor.
p=1xv /
Pl1=r11xv1i £ 426x239 = 1018mw ~
P2=12XV2/= 426X094 = 4.00mW /
P3=13XV3 4 851X3.32= 2825mW /
P4= 14X vV4/= 1277 X 8.68 = 110.84mW ,
P5=15xV5 £ 7.84X9.41 = 73.77mwW /



P6=16 X V6 /= 784 x2.59 = 2031mw /

4.  Comment on the practical and calculation results, discussing any variations when comparing
these results, referring to relative theories such as Kirchhoff’s laws and how they relate to the

results. Ds nol” r:&'r’cr Lo Yaws&‘# ~

cA e .
When comparing my results from@ practical and caIcuIations(Dcan see the practical was a
success as all my results are similar to my projected calculated results. There are of course
variations within the results due to external factors such as tolerances on the resistors having a
tolerance of £5% this would therefore cause our practical results to fluctuate slightly. The
multimeters we used also had a tolerance / “AThere st olher Fockers

L—v l:-vvnrrlbr' .

Kirchhoff's first law, “Kirchhoff's Current Law says that the sum of all currents

flowing into a node equals the sum of currents flowing out of the node.” In

simple terms the amount of current that goes into the circuit must come out, as you can see in
our calculations we proved this law, as combining 14(12.77mA) and 15(7.84mA) would give us
near to our supply current of 20.8maA.

Kirchhoff's second law, “Kirchhoff's Voltage Law: The sum of voltages around a loop

is zero.” This once again can be simplified to what voltage goes in must come out, like

Kirchhoff’s current law. This once again can be proven from our practical tests and calculations
because if we add our V5(9.41V) and V6(2.59) it gives us our supply voltage of 12V. Therefore
proving Kirchhoff's law of what goes in must come out. /

wheet  your 1»047% bern 1



Task 2 — Capacitors

A capacitor is an electronic device that stores electrical charge and is used in a number of electronic

applications.

1.  Explain the construction and function of a capacitor, listing some of the different types that
are available and typical values. Include methods that could be used to alter the value of the
capacitor.

What is a Capacitor?

A capacitor is a device specially constructed to hold capacitance, to explain it in its most
simple form a capacitor is consists of two plates which are separated via a dielectric. The
ability of a capacitor is to be charged up and store static electricity and then for it to be
released at one time. /

Construction

Overall the construction of a capacitor is relatively simple. It is made up of two conductive
plates places close together however never touching, these conductive plates are typically made
up of copper or aluminium. The conductive plates of capacitor are separated by a very small
distance, the empty void within these plates is then filled with a non conductive material, this is
called the dielectric. This non-conductive material can be ceramic, a vacuum, paper, electrolyte
and many more. The purpose of the dielectric is to reduce the electric filed strength between the
plates therefore increasing the capacitors ability to e e

store static electric charge. The thickness of the AN /
dielectric will influence the capacitors capacitance and ; °

Connecting wires
Positively Negatively /
charged charged

voltage rating. Capacitors can also come in different
shapes, they can be flat, folded and rolled. Capacitors
can have parallel plates, this is two flat conductive
plates with a dielectric in the middle, within a
i . i i . i i Charged conductive actrons
cylindrical capacitor they have rolled foil. This is thin / plates @ Bl

# Holes

sheets of metal tightly rolled up and separated with a )

dielectric. Capacitors will be enclosed in protective Figure 1
casing to protect them from environmental factors such as the ingress of dust and moisture. This
protective casing is typically made from plastic, ceramic or metal, however the casing material is

normally dependant on the application of the capacitor. /

Function



When voltage is applied to the terminals of the capacitor an electric field is created across the
dielectric. The electrons will accumulate on one of the conductive plates while the other plate
loses electrons. This accumulation and loss of electrons creates a potential difference between
the plates and therefore energy is stored within the electric field created. Energy being stored in
a capacitor is proportional to i@ capacitance and the voltage across its plates. When the circuit
is closed, a path for current is created, therefore the stored energy in the electric field is released.
When discharging electrons flow form the negatively charged conductive plate to the positively
charged conductive plate, this equalises the charge difference and releases energy into the /

circuit.

Different types of capacitors

Variable air capacitors

These capacitors consist of two sets of metal plates, one set is

variable and can move the other set is secured in a fixed position.

Variable air capacitors are typically found in radio and electronic

@ Increase
Capacitance

circuits, or where a variable capacitance is required. Usual maximum

value of the variable air capacitors is between 500pF and 1000pF. ‘:“‘Li‘li g
Figure 2

Paper capacitor

Paper capacitors are usually shaped in a cylindrical form, the length of the roll within this cylinder
will correspond to the capacitance of the capacitor. A cylindrical capacitor is made up from a thin
metal sheet with a paper layer on top tightly tolled and submerged in oil or wax to prevent ingress
of external moisture. The roll is then placed in aluminium or plastic
case ready for installation onto the circuit board. Paper capacitors
can be used in a wide range of different voltages, these voltages can

range up to 150 kV, the maximum value of the capacitor also ranges

from 500pF to 10uF. However one disadvantage to paper capacitors

. . i 1.Capacitor paper
is it's capacitance value can change and fluctuate depending on the P 2.Alug1ir?u§1 o and il otodes

temperature of the capacitor. / Paper capacitor structure
Figure 3

Ceramic capacitors




Ceramic capacitors can be made in several different forms, each form used is dependant on the
capacitance and application required. If a high value capacitor is required, it is best to adopt the
tube form of capacitor. Whereas if only a small capacitor value is required the cup construction
can be used. Ceramic capacitor values can range from 1pF to 0.1uF, a great benefit of ceramic
capacitors is that they can be l71 in high frequency electronic circuits and can be subject to a

wide range of temperatures.

Factors that effect capacitance values

A few simple factors that ‘e_ffect capacitance values can be the plate area and plate separation
increasing these will cause the capacitance to rise. Also changing the dielectric material will alter
the capacitance values if you changed the material for one with a higher permittivity the
capacitance would increase, therefore whilst using material with a lower permittivity the
capacitance would decrease. When considering capacitors in a circuit the wiring formation can
also have an effect in the overall capacitance, for example if you wire your capacitors in a parallel
formation the overall capacitance value would increase combining the value from each capacitor.
However, connecting them in series can decrease the total capacitance because the effective

plate separation will increase. /



2. Figure 2 shows a circuit containing capacitors in series/parallel to a d.c. voltage source.

Cs

My o

O Vs O——m—
Figure - 2

Using the values stated in Table 2 on the next page, determine:
a) the equivalent circuit capacitance
b) the total charge
c) the charge in each capacitor
d) the energy stored in each capacitor
e) the total energy stored in the circuit.

N&(t L'r:'l'e r\ch
cJ“m sirt o disgrom s
cu-n,o}e[}c.

O Vs O o25v
Figure - 2
A) 1,2 = £X2 18927 _ 108uF (108 x 107°) /

C1+C2 ~ 1804270 /
C34 =C3+C4=39 +12= 51uF(51x107%)

C12 x C34 _/ 108 x 51

C12 +C3 108 + 561

CT = C1,2,3,4+ C5'= 34.64 + 33 = 67.64uF /

C1,234 =

= 34.64uF
B) Q=CV
QT = CT xV Z67.64x25 = 1691uC /
C)Q5 = C5 xV =33 x25 = 825;4C/

01,234 &~ QT — Q5 4 1691 @ = 1658uC X

Q1 =02 = 01,234 = 1658uC - In series /



it
p1 =8 =9.21V X

:a:
o (G
= —_—= = "
V2 0 570 6.14V

V3 =V4a=V—(V1+ V2)/= 25— (9.21 + 6.14) = 9.65V
Q3 = €3 xV3 = 39x9.65 = 376.35uC <
Q4 = C4 xV4 = 12x9.65 = 115.8uC x_

Cuﬂ-eat "“ﬁ“’dxv’"d?- value for @, nd e

D) w =-cv?
1 2
W1 = =xC1xV1¥ =05x 180 x 9.212 = 7634 X
1 2
W2 = —xC2x V2% = 0.5 x 270 x 6.142 = 5089.45,] X
1 / 1
W3 =—xC(3x V32 = 2 %39 % 9.652 = 1815.89) «
1 ‘4
W4 =X C4x V42 = 2% 12 x 9.652 = 558.74u) x
1 / 1 /
W5 = 7% C5xV?= 7% 33 x 252 =10312.54/
E)

wT =§x CT x V? /s X 67.64 X 252 = 21137.5y] /

T2

Al o youw have shovn
Cermecl wnelhed.



Table 2 — values for Task 2

Student C1 (uF) Caz (uF) Cs (uF) Ca (uF) Cs (uF) Vs (V)

Number
1 150 470 33 12 15 12
2 150 330 39 15 18 15
3 150 220 43 18 33 20
4 150 220 47 22 27 25
5 220 150 43 27 33 25
6 220 330 39 10 15 25
7 220 470 33 12 18 20
8 220 330 39 15 22 15
9 180 220 33 10 27 20
10 180 270 39 12 33 25
11 180 270 33 6.8 22 18
12 180 150 39 10 27 15




Task 3 — Magnetism

1.  Explain the principles of permanent magnets including the distribution of magnetic fields.

A permanent magnet is a ferromagnetic material which retains a large amount of magnetisation

even when current is removed. in times where space is limited, permanent magnets can supply

a stronger magnetic field than electromagnets, they require no power source and also do not

need a form of cooling. A large benefit of permanent magnets is that they maintain a persistent

magnetic field without the need for a personal power source. The way in which a permanent

magnet functions within ferromagnetic materials such as iron and nickel is that there are groups

of atoms called magnetic domains, these align there rotations of electrons within the same /

direction and this therefore creates a strong overall magnetic field.

Hysteresis loop

Can be seen in a magnetisation curve this is the B

process of a material being magnetised and de- q ;
magnetised is shown in a hysteresis loop. The loop oorm
shows how a ferromagnetic material responds to a H

magnetic field being applied and how much

magnetisation will be retained after the applied field is v,

removed. Coercivity also has an effect in the hysteresis  soq Ferromagnetic
. . Material
loop as the measure of resistance of a material to Fi 4
. _ igure
becoming demagnetised. Permanent magnets often

f"—B'__"—

Large
Coercive Force

B
“Hard” Ferromagnetic
Material

/

have a high coercivity because they retain magnetisation for far longer after the field is

removed.

Magnetic Field lines

Lines of force depict the magnetic field around a permanent magnet. The lines emerge and

trace externally from the north pole of the magnet to the south pole, they then internally trace

back from the south pole of the magnet back to the north. Every permanent magnet has two

poles, north and south. The density of the external lines indicates field strength, the closer

together the lines are the stronger the magnetic field. These poles are where the magnetic field

is strongest. The lines of a magnetic field never cross, each line represents its own unique /

direction of magnetic force. The field weakens when distance from the magnet increases.



s
|
M

Figure 5

2. Solve the following problems:
a) A magnetic pole face has a rectangular section having dimensions 250mm by 140mm. If
the total flux emerging from the pole is 150uWb, calculate the flux density.

Area = width X height = 0.250m X 0.140 = 0.035m * /
B = &£ 10—y 586=4.29T X

A 0.035m2
4elfem T

b) The maximum working flux density of a lifting electromagnet is 2T and the effective area
of a pole face is circular in cross-section. If the total magnetic flux produced is 630mWb
determine the radius of the pole face.

Area of a circle =nr? /

630 X103 _ —
r= 200 = 0.317m = 317mm /

oy
I
ENRSH

3. Explain the principle operation and construction of an electromagnet including the
distribution of magnetic fields.

Electro magnets are created from the flow of electric current through a conductor. When
electrons move across a conductor, a magnetic field is generated, therefore creating an
electromagnet. Electromagnets can be turned on and off via the isolation of the power source
supplying it, the electromagnet is purely dependant on when the coil of wire is conducting
current, when isolated from a power source the magnetic field will disappear. The strength of
the magnetic field can be increased by adding a ferromagnetic through the centre of the

conducting coil of wire.



The principle operation of an electromagnet is that when a voltage is applied to the solenoid, all
the atoms align in a particular direction. When these atoms get aligned in a particular direction
the magnetic field around the solenoid becomes stronger. The magnetic domains around the
within the solenoid become stronger and weaker with the amount of current applied. We can
increase the strength of the electromagnet in various ways, one of which like mentioned earlier
is inserting a ferromagnetic material such as iron through the core of the conductor. This
method increases the permeability in the coil of wire, therefore improving the retentivity of the
field. Increasing the number of turns in the windings of the solenoid will increase the magnitude
of the magnetic field around the coil. Also increasing the amount of current being carried
through the solenoid can increase the strength, however the conducting wire has a resistance
and a build up of current through the wire will result in heat being produced therefore each

solenoid will have its own safe operating limit. /

When the magnetic field is produced around the conductor, the electromagnetic field will be in
the form of concentric circles across the length of the solenoid. The direction the field is going is
dependant on the direction of the current flow. The magnetic field will be going clockwise
around the conductor when the current is flowing away from the observer, and then will flow

anti-clockwise when current is flowing toward the observer. /

4. Aninduction motor is a device that uses some of the principles associated with
electromagnetism. Explain the operation and construction of a induction motor, make
reference to how to reduce power loss within the motor.

Construction

A typical three phase induction motor is made up of two key
parts the rotor and the stator. The rotor is the rotating part of the

motor and the stator is stationary. /

The stator will be made up from a high quality alloy steel, high
guality alloy is key as it will help prevent any eddy current losses Figure 6
when the machine is running. The stator itself has 3 main parts,

the outer frame, stator winding and stator core. The outer frame of the machine is mainly to protect
the internals of the motor. The stator core has the main function of carrying the alternating
magnetic field which produces hysteresis and eddy current losses. It is built out of high quality

silicon steel stamping, these stampings are secured to the stator frame. Lastly the windings of the



stator, this carries three phase windings. The stator of the motor will be wound for a definite
number of poles, this is dependant on the speed of the motor. The more poles the slower the

motor will be.

The rotor will be built from the same thin laminations as the stator. The core will be cylindrical and
fixed directly onto the shaft of the motor. The =
lamination of the rotor are slotted on the outside to
receive the conductors. A common type of rotor used

in many induction motors is the squirrel cage rotor.

Each slot contains an insulated bar of copper these act

Rotor Bars
(slightly skewed)

as conductors. At the end of each rotor the conductors
Figure 7
are short circuited by a ring of copper. The slots of the J
rotor are typically not parallel but skewed, this is to help prevent losses and increases the rotors

resistance due to an increase in length of the bar. /

Prevention of losses within the motors

There are a range of losses that can occur in an induction motor from iron losses, eddy current
losses and hysteresis losses. Iron losses can be reduced by using thinner laminations within the
magnetic structure of the stator, an increase in the length of the magnetic structure can also aid
to the reduction. Eddy current losses are avoided by using thin laminations within the stator and
all laminations are insulated with a thin layer of oxide. Hysteresis losses can be avoided by using
soft magnetic materials as they possess a smaller hysteresis loop as we learned earlier when
talking about permanent magnets. A good example of a soft magnetic material which is commonly

employed in induction motors is silicon steel sheets. /

5. Solve the following problems:
a) A 800 turn coil of inductance 3H carries a current of 1.5A. Calculate the flux linking the
coil and the e.m.f. induced in the coil when the current collapses to zero in 25ms.

p="22/

3x15 /45
800 ~ 800

= 5.625mWb /

rp [/ 5.625 x 1073 /

Inducede.m.f = —N XE=—800 XW= — 180V



b) A rectangular coil of sides 12cm and 7cm is rotated in a magnetic field of flux density 1.5T,
the longer side of the coil actually cutting this flux. The coil is made up of 80 turns and
rotates at 1400rev/min.

(i) Calculate the maximum generated e.m.f. (ii) If the coil generates 85V, at what speed will the
coil rotate?

Sides of the coil =0.12m x 0.07m

N =80

B=15T

F = 1400rev/min = 2%rev/s = 23.33Hz

60

Maximum generated em.f=NxB XA X w /

Maximum generated e.m.f

Area = 0.12 x 0.07 = 0.0084m? /
Angular velocity = 2nf = 2 xm x 23.33 = 146.6 Rad/s /

smax0= 80 x 1.5 x0.0084 x 146.6 = 147.7V/

Rotational speed

GivensmaxO = 85V

f _ emax /
T NXBxAX2m

85

f = gox15x0008tx2n _ L>42Hz

from = f x60 = 13.42 x 60 = 805.2 rev/min/




Task 4 — AC Circuits

An AC voltage is represented by the equation:
V = Vn sin(ot + ¢)
Using the values stated in table 3 determine the following:

a) The root mean square voltage of the waveform
v Vma 20 414y /
rms = =—=14.
V2 V2
b) Angular velocity

w=2xmx44 = 881 red/s

88 x 1 = 27646 radls / st sbde Formula .

c) The output voltage at time, t = 0s
Vmax =20, f=44Hz,6 = 33°,t=0s

Angle into radians =33 x = = g /
180 60

VO =V maxsin(0) /

11
= in—m)=0. X
Vo 2051n<60n> 0.20V
Yau had  Your c.qulJ}-r '8 dJ?rces modle

d) The time taken to reach the first peak of maximum voltage.\

First peak of sin wave = .

1
= — = 00235 = 0023ms X

s 1
T f T 44




Table 3 — values for Task 4

Student Maximum Frequency | Phase Angle (°)
Number Voltage (V) (Hz)
1 10 40 25
2 12 45 28
3 15 50 33
4 18 55 35
5 20 60 26
6 10 55 28
7 12 50 32
8 15 45 34
9 18 40 38
20N 4
11 12 48 29
12 16 56 25
2.  Below is aRL circuit:
R
VZ CH2
N V1 CH1
(—
10 Volt p-p -

L =4.7mH, R = 33Q, R.= ?Q) (measure this value)
Measure and record the value of each of the component.

L=452 ,H R=32.8n / RL=12.64n, 7/

e ludle wni Es

Mgt wl



3. Produce a table of measurements as shown below:

Frequency CH1 (V) CH2 (V) Time Phase

) pk to pk pk to pk Difference Angle (°)

(kHz) Voltage Voltage (between peaks)
(T2-T1)

1 5.56 3.19 85.50 30.78

2 6.59 2.83 71.93 51.79

3 7.57 241 56.60 61.13

4 8.20 2,01 4481 64.53

5 8.60 1.80 40.09 72.16

6 8.87 1.60 34.20 73.87

7 9.09 1.43 29.48 74.29

8 9.27 1.27 24.76 71.31

9 9.36 / 1.13 / 23.01 / 74.55 /

4.  Produce a table of calculations as shown below:
mH Q Q
4.52 R=32.8 RI=12.54
Frequency Reactance Total Impedance Current (A) Phase Angle
(kHz) () Resistance (Q) ©
(@)

1 28.40 45.34 53.50 0.1869 32.06
5 56.80 45.34 72.68 0.1376 51.40
3 85.20 45.34 96.51 0.1036 61.98
4 113.60 45.34 122.31 0.0818 68.24
5 142.00 45.34 149.06 0.0671 72.29
6 170.40 45.34 176.33 0.0567 75.10
7 198.80 45.34 203.90 0.0490 77.15
8 227.20 45.34 231.68 0.0432 78.71
. 256560 §| 4534 7 | 25050 / 0.0385 / 7994 7

Show clearly one full example of your method for calculating for Reactance, Impedance, Current
and Phase Angle for a chosen frequency.

much steke

XL=2 xmx3x452 = 85200 /
Rt=328 + 1254 = 45340 /
Z =,/(45.34)2 + (85.20)2 = 96.51Q /




1= = 2 = 010364 /

96.51

Phase angle (§) = tan~'() (:—;) = tan~! (@) = 6198 7

45.34

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

From comparing my calculations to my practical results | can see small differentiations
when ._!ooking at phase angle. For example at 4KHz | calculated the phase angle to be
68.24 when in fact the measured value when carrying out the practical was 64.53. This
could be down to multiple reasons. One of which could be an impedance in the co-axial
cable being used can influence the waveform being transmitted. Signal generator and
cable impedance mismatch values could cause the signal to be partially distorted and also
cause phase shifts, therefore causing a change in my practical results. The oscilloscope
leads we used also have a measured resistance which can lead to a voltage drop. This
voltage drop can effect the signal meaning it will be measures slightly different to the true
result, this therefore leads to small changes in our practical results from our calculated
results.

Human error is also a cause for deviations in our results for example each person doing
the practical would have had slightly different interpretations of the reference point
therefore effecting the phase angle. Also lining up the cursor bars to the waveforms proved
difficult due to the limited resolution on the monitors. /
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