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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.

Task 1 — DC Circuits

Figure 1 below shows a combinational arrangement of a DC circuit.
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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 (kQ) R2 () Rs (QQ) R4 (QY) Rs (QQ) Re (Q2)

Number
1 5.6 270 330 270 330 680
2 4.7 390 220 330 180 560
3 4.7 220 330 470 220 680
4 6.8 270 220 560 330 560
5 5.6 330 330 470 180 680
6 6.8 180 220 330 270 560
7 5.6 220 330 470 220 680
8 4.7 330 220 560 180 680
9 5.6 390 330 270 150 470
10 6.8 470 220 330 180 560
11 3.9 330 220 560 220 470
12 3.9 270 330 470 180 560
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1. Construct the circuit and measure the total resistance (Rt) before connecting the power
supply.

Rr=631.1Q /

2. Connect a 10V supply and measure the p.d. value across each resistor, the supply current and
the current in each resistor.

Test Results

Voltage (V) Current (mA)
V1= 6.951 f =12 /
V2=2159 / 12=7.994 /
Va=a79 [ ls=14.49 /[
Va=3.042 / lo=11.286 /
Vs=2159 / 5=654 |
Vo=13.042 7 lo=4.475 /
=158 /

3. Calculate the following values
e total resistance, Rt
supply current, |
current in each resistor
the p.d. value across each resistor
and the power dissipated in each resistor.

V =10v

Calculated Results

Total resistance / /

R2s = (R2 X Rs) /,(R2 + Rs) = (270 x 330) / (270 + 330) = 148.5Q

R23s = Ros + R3 = 148.5 + 330 /478.5 Q

Ri1235 = (R1 X Rass) / (R + 5’(235) = (5600 x 478.5) / (5600 + 478.5) = 440.83Q /
Ras = (Ra X Re) / (R4 + Re) = (270 x 680) / (270 + 680) = 193.26 Q /

Rt = R1235 + Rag = 440.83 + 193.26 = 634.09 Q

Supply current, current in each resistor & p.d. value across each resistor

I = V/RT/= 10/634.09 = 15.77mA /

Vi IXRé= (15.77 x 10) x 193.26 = 3.048v /
V4: Ve

ls = Va/Rs = 3.048 / 270 = 11.288mA

ls = Va/Re'= 3.048 / 680 = 4.482mA

V1=V - V=10 - 3.048 = 6.952v

I, = V1/Ry’z 6.952 / 5600 = 1.24mA //
ls=1—1,£15.77 - 1.24 = 1453mA y,
Vs = Is x Ry/= (14.53 x 10) x 330 = 4.795v
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/
V2=V1-V3=6.952-4.795=2.157v /
V2=Vs/
l,=V2/ Rz‘é 2.157 /270 = 7.989mA /
Is=V,/Rs£&2.157 /330 = 6.536mA /

Power dissipated in each resistor

P:IXV/

/

P1=11xV1=/1.24 x 10 x 6.952 = 8.62mW /

P2 =I2x V2£(7.989 x 10°%) x 2.157 = 17.019mW 4 A very ﬁva sk
P3=13x V3% (14.53 x 10°%) x 4.795 = 69.67mW of cudcdabions , \self
Pa=1lax Va7 (11.288 x 10°%) x 3.048 = 34.4mW

Ps = Is x V27 (6.536 x 10%) x 2.157 = 14.098mW 7~ dme.

P = ls x Va4 = (4.482 x 10%) x 3.048 = 13.661mW /

Pt =157.468mW /

4. Comment on the practical and calculation results, discussing any variations when comparing
these results, making reference to relative theories such as Kirchhoff’s laws and how it applies
to the results.

When comparing practical readings and calculated results, it is more than likely that there will be a slight
difference. For example, | calculated the total resistance to be 634.09 Q but when taking readings during the
practical, the resistance was actually measured to be 631.1 Q. There are a number of reasons as to why /
values read differently when being compared and | will comment on some of these now:

Due to the multimeter not outputting a set value and instead bouncing around a few different values, this
results in us having to decide on an average value. This bouncing of readings may come down to the /
multimeter probes not being in full contact with the component or the probes themselves housing dirt.

Calibration of equipment is also another reason that values might read differently when comparing the two.
Multimeters are only required to be calibyted once a year and this might lead to results being less accurate
the longer they are out of calibration.

Multimeters also carry an internal resistance of 10MQ. This would explain why some resistance readings
taken are slightly larger than the calculated values. As well as this internal resistance, components being
measured have a tolerance of 5%. This }neans that a resistor with a value of 5.6k Q could measure anywhere
between 5.32k — 5.88k Q.

have c \y-r"ml
In order to calculate the results, Kirchhoff’s current and voltage law can be applied. The law states that ‘at a
junction in an electrical circuit, the sum of currents flowing into the junction is equal to the sum of currents
flowing out of the junction’. (Kirchhoff's Laws, 2022). An example of this law being proven in the circuit is
that Is + Is = . As R4 and Re are in parallel, this means that they must be equal to the whole supply current
of the circuit. /

whal  absuwt vall‘«ae, low
there art olher Fackos [haf
led, be wwi,luﬂ’-
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Task 2 — Capacitors

1. A capacitor is an electronic device that stores electrical charge and is used in a number of
electronic applications. Explain the construction of the capacitor, include methods that could
be used to alter the value of the capacitor.

A capacitor contains two electrically conductive plates which are usually made of aluminium, copper or
brass. Although these are placed close to each other, they do not make contact. These plates are capable
of holding electric charge as well as allowing electric current to pass through them.

The area between the two plates is filled with a non-conductive material and is known as the dielectric
region. When this material is present, electric charge cannot be passed between the two plates. The
insulating material does not allow the flow of charge carriers, such as electrons, but what it does allow is
the electric force, electric field and electric charged that is produced by the electrons. Therefore, as the
electric charge stored within the plates builds up, an electric field is generated between the two plates.
(Capacitor Construction & Working, 2015)

There are a few different methods that can be used in order to change the value of a capacitor and one of
these methods is to differ the material of the dielectric. The dielectric region is the area between the two
plates and is responsible for restricting the flow of electrons between them. There are a variety of different
materials that can be utilised due to their insulative properties such as polypropylene, silicone, glass and
mica. Materials are rated by their relative permittivity with vacuum being rated as 1.000. Silicones roughly
measure between 3.4 and 4.3 whilst mica can measure anywhere between 5.0 and 8.7. /

Another method used to alter the value of a capacitor is to increase or decrease the surface area of the
plates. If more capacitance is required, the surface area of the plates should be increased in order to hold
more charge. By decreasing the surface area, this results in less available space for the plates to hold
charge. v/

The final factor that will alter the capacitance of a capacitor is the spacing between the two plates. By
utilising the formula for field force (voltage across the capacitor divided by the distance between the
plates), we can see that less spacing results in a greater force. In turn, this results in more charge being

collected by the plates. (Direct Current, n.d.) / Cord. | /;C)luid can WL”W N
Alss o abt% to shows cy"\ﬁb-aobm .

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

C.

G Cs

Cal | Cs| |
|1 |

Figure - 2
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Using the values stated in Table 2, 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.

Table 2 — values for Task 2

a)

b)

d)

e)

Student C1 (uF) Cz (uF) Cs (uF) Cs (1F) Cs (uF) Vs (V)
Number
1 27 12 33 47 15 12
2 27 15 39 33 18 15
3 27 18 43 22 33 20
4 27 22 47 22 27 25
5 22 27 43 15 33 30
6 22 10 39 33 15 25
7 22 12 33 47 18 20
8 22 15 39 33 22 15
9 18 10 33 22 27 20
10 18 12 39 27 33 25
11 18 15 43 33 a7 20
12 18 12 33 22 33 15
V=12

Cx3=C2+C3=12+33= 45uF//

Ci23= (C1 X Ca3) / (C1 + czg)f (27 x 45) / (27+45) = 1215/ 72 = 16.875yF

Cus = (C4 X Cs) / (Ca + Cs) £ (47 x 15) / (47 + 15) = 705 / 62 = 11.37uF

Cr=Cus+ Cas= 16.875 + 11.37 = 28.245,F  /

Qr=Cr XV =28.245 x 12 = 338.94uC J

Qs=Q5=CssxV=1137x12=136.44uC ‘/

Q1= Qr— Qus*4 338.94 — 136.44 = 202.5uC /

Q1=C13xV =16.875 x 12 = 202.5u,C /

V1=Q1/C1=2025/27=75v /

Vo=V3=V_-V1=12-75=45v /

Q2=Cax V3£ 12 x 4.5 =54,C /

Q3=C3sxV3=33x45=1485.Cc /

Wi = Ci X V% # % 27 X 7.57 = 759.375p) //

W2 =% Cy X V32{Z 112 X 4.52 = 121.5.)

W3 =% C3 x V32 = % 33 x 4.5% =334.125,) /

Va=Qul Ca5A36.44147=29v /

Vs = Qu/ Cs = 136.44/ 15 = 9.096v

Wi =% Cs X V4% =% 47 x 2.92 = 197.635p) //

Ws =% Cs x V52 = % 15 x 9.0967 = 620.529

Wi =% Ct x V2 = 1 28.245 x 122 = 2033.712p / ‘/“% well doe .
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Task 3 — Magnetism

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

The principles of a permanent magnet are explained by Faraday’s two laws.

“The value of emf induced in a circuit or conductor is directly proportional to the rate of change of magnetic
flux linking with it.’

‘The polarity of such an emf, induced by an increasing flux, is opposite to that induced by a decreasing

flux.” This 120 hol For Pe"W My;ﬂabcc

The words ‘rate of change’ is used in the first of Michael Faraday’s laws. This is because change in flux, or
change in relationship between the flux and the conductor, is what induces an emf. This law can be simply
proven by using a permanent magnet, a coil of wire and a galvanometer.

When moving the magnet into the centre of the coil, the galvo will deflect momentarily. This deflection will
only occur whilst the magnet is in motion. A galvanometer is capable of measuring current, but any current
flowing must be because of a voltage between terminals. Therefore, an emf has either been induced or
created in the coil itself whilst the magnet was in motion.

When the magnet is removed from the coil, the galvo can be seen to deflect again. Although this time the
deflection will be in the opposite direction and as long as it has been removed at the same speed as it
entered, the magnitude of this deflection will be the same. This confirms the second law.

Also, the quicker the magnet is moved in and out of the coil’s centre, the greater the induced emf will be.
(Robertson)

The permanent magnet’s magnetic field is distributed from north to south poles as can be seen in the
diagram below. The lines display where the magnetic field operates.

)é,,v have e/?/ﬂzm—cél

/ F vw-q,alay s fows bal
v / fb’e af?a“ft’ Pe;—mal;o‘.f

M?” d*lc.&.

Figure 1 — Magnetic Field of a Permanent Magnet
(Hannahs, 2022)
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2.

Solve the following problems:

a)  The maximum working flux density of a lifting electromagnet is 1.6T and the effective
area of a pole face is circular in cross-section. If the total magnetic flux produced is
550mWh determine the radius of the pole face.

\

.6 T
S () mWb

O > A= %’

(A

I

g
¢
B
A

= OC-’S/‘(D v/
0.3433 e
}{rz s fZ:A/r\/) r:m

!

o>
1)

0.3308m = 33.0m?

IS 5S¢
r - .\/O) Sa/f(
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b) An iron toroid having a mean radius of 0.1m and cross-sectional area of 3.49cm? is
wound with a 1200 turn coil. The coil current results in a flux of 0.2mWb in the toroid.
Using the following data, determine (i) the coil current and (ii) the relative permeability
of the toroid under these conditions.

H(At/m) 80 85 90 95 100
B(T) 0.5 0.55 0.58 0.59 0.6
120
100 //
80 ~—
£
< 60 /
T
40
20
0
0.48 0.5 0.52 0.54 0.56 0.58 0.6 0.62
B(T)
2b) A = 349 = 344 x10" /
B = @/A:A (0.2 x 107%) /(7.44 1(::") = 057337

uSH\,) ‘}’L\l 9“19‘1/ draw a \/Q”hk(}«(- Ling {,‘C,,w -H-u
B Valve tells us Mok H o omust ggval BN /m /

NxI/L /

H =

L = Zre = 1x A %01 = 0.628m

] = (Hp = O6idx 38 /1200 = 4L OSmA /
ZH"? Ko Xne 7 5/H where Mo = Ay « ‘CJ /

Me = ﬁ/ﬂrx o A 05?3/(411 x 10) 38 = 5IBl.9§

GS@L C'f(-lcw/ a,bl;\g
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3. Explain the principle operation and construction of an electromagnet including the
distribution of magnetic fields.

An electromagnet is made up of a ferromagnetic material such as iron which is then tightly wrapped with a
coil (usually copper). When a current is sent through the coil, this results in a magnetic field being
produced and in this case the iron becoming magnetised.

In 1820, a Danish scientist named Hans Christian Oersted first demonstrated the connection between
electric current and magnetic fields by placing a wire near a compass and injecting a current through it.
The compass needle was seen to deflect whenever there was a current flowing through the

wire. (Electromagnets at Work - Physics Narrative, 2023) /

Placing a compass above a wire that has a current flowing through it will result in the compass deflecting at
a right angle to the wire. The needle of the compass will also deflect in the opposite direction when placed
below the wire. If we were to place compasses in different areas around the wire, it would form a
continuous loop as seen in the diagram below.

(Electromagnet, n.d.)

- = rd
- [N ~
- - -

- - r
X =
- -~ -
In terms of distribution, the field around the wire is circular in shape and flows from north to south poles.

p

- F B
% v L)
| - L
L —- )

| #
oy __'_,_,.-"

Figures 2, 3 & 4 — Magnetic Field of Electromagnets
(Electromagnets at Work - Physics Narrative, 2023)
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4.  Atransformer is a device that uses some of the principles associated with magnetism. Explain
the operation and construction of a transformer, include diagrams and equations to show how
voltage, current and turn ratios are related. Discuss how transformers are an essential part of
the National Grid System.

A transformer works on the principle of Faraday’s law of induction by converting electrical energy from
one value to another which makes it useful when stepping up or stepping down voltages is required.
(Transformer Basics, 2022). The form of induction they operate on is known as mutual induction which can
be described as a coil of wire that magnetically induces a voltage into another wire nearby. ./N

A transformer consists of two coils of wire and a laminated core. These coils are referred to as the primary
and secondary winding. The primary side is where the power is most commonly received with the
secondary side being where power is most commonly delivered from. Although these two coils are not
electrically in contact, they are both wrapped around the laminated core. The core is a closed magnetic
loop that is most commonly made of iron and although it is not solid, contains individual laminations that
are connected to one another in order to reduce the magnetic loss within the core. Electrical power can be
transferred from one coil to the other through this core. /

(A Complete Guide to Transformers, 2018)

Laminated Core

Secondary

Primary

——— ] ] — - ——

Figure 5 — Working of a Transformer
(A Complete Guide to Transformers, 2018)

By changing the number of turns in the primary coil compared to the secondary coil, we can achieve a
difference in voltage. The number of turns in the primary coil divided by the number of turns in the
secondary coil is what is known as the turns ratio. This ratio is also directly proportional to the voltage ratio
so therefore if the turns ratio was 4:1, an input of 4 volts would equal an output of 1 volt. /
(Transformer Basics, 2020)

Transformers are used when there is a requirement to step-up or step-down a voltage. An example of
when this is necessary is in the National Grid system. This system is responsible for transmitting and
distributing electricity to transport networks, factories, schools and homes across the whole of the UK.
Transformers are used to ‘step-up’ or ‘step-down’ the voltage and current values when between a power
station and its destination. Electricity is delivered through the use of transmission lines. /

Power transferred will always remain the same and therefore, if voltage is increased, the current will
decrease and if current is increased, the voltage will decrease. In the case of the National Grid, voltage is
raised from around 25,000 volts to approximately 400,000 volts. Due to the principle that current /
decreases when voltage increases, this step-up in voltage results in less energy dissipating through the
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lines. Before reaching its destination, the voltage is stepped back down to a safe and suitable value. For
example, if this electricity was being delivered to a home, it would be stepped down to 230 volts.
(Mains Electricity, 2022)

5. Solve the following problems:

a) Aniron ring of cross-sectional area 8.4cm? and mean diameter 25cm, contains an air gap
3mm wide. It is required to produce a flux of 1.4mWhb in the air gap. Calculate the mmf
required, given that the relative permeability of the iron is 1200 under these operating
conditions.

Aask 5 = Magnehigm

-

5&) A ‘- 3.4m? %,QX\O','MZ
L= 7S — 0.15 gm

A,r 91‘) = VSMI"\ — 0003M —>  3x IO"?M

For_icon

S! = ’?I
] ;:“‘ /AQ x Al x A / Ricon = U
) fg. XX [ (4n2107) x 1200 8 4 x107 /
= 0.67 x 10* A /i Vi

{Or arf

S.f! = Lair /,bfgm A wheret | Gal- = oy P
= X0 A x 10 x Y x R4 x|t
= 1341 x (0% A /W

= Si+35a = 06Z%10° + 72.341 x 10°
J.4b) x 10° A Wb
M/vu[/¢

N
= 3.4p] x10* x 1.4 x (g
4845 4 A /

]}

\

pmaf

\
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b) A rectangular coil of sides 10cm and 6cm is rotated in a magnetic field of flux density 1.2T, the
longer side of the coil actually cutting this flux. The coil is made up of 80 turns and rotates at
1200rev/min. (i) Calculate the maximum generated e.m.f. (ii) If the coil generates 100V, at what speed
will the coil rotate?

B‘O whea € = VOOV

E/ZELN/

Vi -—
o \OO/ZX L2 x 10 x10¢ x BO
= S108m/s S
L < V/r = 5.208/(éb(|0,‘7/z)
= l:}3é r'a_d-/S /
SP‘Z"\d\ = b)\(é(>/2r( - 1336 ALC\/Z'T

LSY b RPM 7/

"

‘\/e,l[ 0{0\«-{,,
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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 Oscil_loscope Set'tings ' Grid Spacing '
Number Volts/Div Tlmebgse Vertical (peak | Horizontal
(ms/Div) to peak) (1 cycle)
1 S 10 6.8 4
2 2 10 1.2 4.4
3 2 20 7.8 4.4
4 S 20 54 4.6
> 5 5 4.8 1.8
6 2 5 6.6 4
7 2 10 52 52
8 0.5 20 7.8 4
9 0.5 20 7.2 4.2
10 2 5 55 14
11 0.5 10 56 4.6
12 0.5 5 6.2 4.2

Vpp=5x6.8=34v 7/
T=10x4 = 40mS

a) Vp=34/2=17v /

(

by F=1T '—'/1/40X10'3 = 25Hz

c) Vav=0.637 x Vp=0.637 x 17 = 10.829v

d) Vrms=Vp/ \/24 17 /N2 =12.02v /

2. Below is a RL circuit:

L Ry R
YYYN 1l : : |_
. V2 CH2
D V1 CH1
(V)
O/ [
4 Volt p- =

L =2.2mH, R =27Q, R .= 4Q (measure this value)
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3.

4.

5.

Measure and record the value of each of the component.

L=223

R=274

RL=4.4

Produce a table of measurements:

Frequency (f) CH1 (V) | CH2(V) Time Phase
iy | ok | ko Gl | Ao
peaks)
(Ms)

1 1.66 1.36 66 23.76

2 1.98 1.3 60 43.2

3 2.3 1.32 50 54

4 2.6 1.14 44 63.36

5 2.86 1.04 36 64.8

6 3.06 0.96 32 69.12

7 3.2 0.9 28 70.56

8 3.32 0.84 27 77.76

9 344 078 ;' 244 S

1 T
Produce a table of calculations:
Frequency (F- kHz) | X0 (Q) Rr Z () C‘EK;”" AES?;‘ZO)

1 14.01 31.8 34.75 0.115 23.78
2 28.02 31.8 42.39 0.094 41.39
3 42.03 31.8 52.71 0.076 52.89
4 56.05 31.8 64.44 0.062 60.43
5 70.06 31.8 76.94 0.052 65.59
6 84.07 31.8 89.88 0.045 69.28
7 98.08 31.8 103.11 0.039 72.04
8 112.09 31.8 116.52 0.034 74.16
9 126.10 31.8 / 130.05/' 0.031 / 75.85/
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Show clearly one full example of your method for calculating for X, (Q2), Z (Q2), Current (A) and
Phase Angle (°) for a chosen frequency.

For a frequency of 4

= S¢ .05 52 /
7 = Jret 4 x / Huve ngb 5 hown
- S suss e alehfan o RY.

- /

= 0.062nr /
)
/

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

When comparing practical readings and calculated results, it is more than likely that there will be a slight
difference. For example, the inductor used in the circuit is 2.2mH but when taking readings during the
practical, this was actually measured to be 2.23mH. There are a number of reasons as to why values read
differently when being compared and | will comment on some of these now:

Due to the multimeter not outputting a set value and instead bouncing around a few different values, this
results in us having to decide on an average value. This bouncing of readings may come down to the
multimeter probes not being in full contact with the component or the probes themselves housing dirt. This
might be the reason there is a difference of 0.4Q between the resistor found in the RL circuit compared to /
the practical.

Calibration of equipment is also another reason that values might read differently when comparing the two.
The longer the equipment goes without being calibrated, the more likely it is that results will be inaccurate. /

Multimeters also carry an internal resistance of 10M. This would explain why some resistance readings
taken are slightly larger than the calculated values. As well as this internal resistance, components being
measured have a tolerance of 5%. This means that a resistor with a value of 27 Q could measure anywhere
between 25.65 — 28.35 Q.
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When using the oscilloscope, the user is responsible for choosing where the measurements are taken from.
This could result in a discrepancy with calculations later on that include this figure. Although we used

different methods to find the phase angle, the phase angle value should still read the same. As can be seen in
the two tables, this value reads around the same on both but never exact. /
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