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Task 1

Table 1 — values for Task 1

Ry >
< Va >
R, I Rs I3 Ry
~— %—L—
V3
Rs Is g R
.—
V2 Va
«—————MMM» <

Figure 1 — Resistors in Series/Parallel

Student R1 (kQ) R2 (Q) R3 (Q) Ra4 (Q) Rs (QQ) Re (Q2)
Number
4 6.8 270 220 560 330 560
1.

Construct the circuit and measure the total resistance (Rt) before connecting the power

supply.

Using a bread board, the circuit was constructed following the diagram above and

measured the total resistance (Rr).

2.

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

and the current in each resistor.

A 10V supply was connected and measured the p.d value across each resistor,
the supply current and the current in each value, seen below.

Practical Results

Rp =6260

Voltage across:

R, =222V
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Calculate the
e total resistance, Rt
e Supply current, |
e current in each resistor
e the p.d. value across each resistor
e and the power dissipated in each resistor.

All formulas and workings must be shown.

The calculations for the total resistance, the supply current, current in each resistor,
the p.d value across each resistor and the power dissipated in each resistor are seen

in the following calculations.

Calculated Results
R, x Rs /270 x 330
Ry = = = 148.50
27 R, +Rs 2704330 ’/
o _ Rix Ryas/ 6800 x 368.5
12357 R, + R,3s 6800 + 368.5

R, x Rg / 560 x 560
e = ——2= = 2800 /
Ry +Rs ,560 +560

RT == R1235 + R46 = 34956 + 280 /

= 349.560) /




Ry = 620560
|74 10

=R = %2956 /

I=15880

V,=1XR, = 1588 x 1073 x 280 /
/
Vy = 445V
V, 445
[, =—=—+ /
R, 560
I,=795mA
V, 445
o=V 245/
R, 560

lo=795mA

V, =V =V~ 10 — 445 /

V; =555V

_V; 555

L, = _—
L™ R, 6800

Iy3=1—-1,=1588x10"%—-0.816 x 1073

L=1506md

Vs = I, X Ry = 15.06 x 10-3 x 220/
h=3sw

V, =V, —V; =555—3.31 /
V=22

_ﬁ 2.24

I, = -
2T R, 270

I, =830mA

v, 224

s =% =330

ls=679mA

Power over each resistor

P=IxV

P,=1 XV, =816.18 x 107 x 5.55 /
Py =453mW

P,=1,xV,=830x10"3x 2.24 /



Py =I5 XV, = 1506 x 102 x 331 /
Py = 49.85mW
P,=1,xV,=795x%x1073 x 4.45 /
P, = 3538mW
Ps=1IsXV,=679%x1073%x2.24 /
Po=1521mW
P6216XV4=7.95X10_3X4.45 /

_ / Exce//mt :@f ﬁ)c Cw/cq,/acﬁb:,; .

. Vel de.

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.

Comparison
Table 2 — Comparison of calculated and practical results
Calculated Results Practical Results

Rr 629.56Q2 6260
R1 5.55V (Vy) 5.51Vv
R> 2.24V (V) 2.22V
Rs 3.31V (V3) 3.26V
Ra 4.45V (Va) 4.46V
Rs 2.24V (V) 2.22V
Re 4.45V (Va) 4.46V
I 15.88mA 15.82mA
Iy 0.896mA 0.803mA
2 8.30mA 8.26mA
I3 15.06mA 14.96mA
l4 7.95mA 7.91mA
Is 6.79mA 6.75mA
l 7.95mA 7.89mA




Looking at the calculated results compared to the practical results there are slight
variations with all the results, and this could be down to many factors. Firstly, the
value on the resistors has a tolerance of plus or minus 5%, therefore they will not be
the exact values. For example, with the 6.8k resistor, this could have resistance
anywhere between 6.46kQ2 and 7.14kQ. Factors may also come from the testing
equipment of the multimeter and leads, to start with the lead, they could have bad
continuity if they are dirty and causing poor contact. With the multimeter we do not
know how accurate the equi%nent is as it will have a loading effect, which means it
has an internal resistor of 10mQ when the meter is put in parallel creating a drop in
total resistance and once measuring current it puts it in series so will increase.
Another factor that could affect the results is human error, this can affect the
calculated and the practical results. Rounding the calculation results can affect the
outcome as you can be using rounded numbers to work out further results. Human
error can also affect the practical results when holding the leads on the circuit, they
may not get a good contact and can affect the continuity. /

Looking at the results you will also see both of Kirchhoff's Laws. You will see his
Current law when looking at the calculation of I2+1s=I3 as this can be represented the
same as the law, which states “The total current flowing towards a junction point is
equal to the total current flowing away from that junction point” (U. A. Bakshi, 2009,
p. 2-23). You can also see Kirchhoff's Voltage Law which states “In Any network, the
algebraic sum of the voltage drop across the circuit element of any closed path (or
loop or mesh) is equal to the algebraic sum of the e.m.f’s in the path” (U. A. Bakshi,
2009, p. 2-23). This is seen in the circuit above with V2+V3=V1 and V1+V4=V. /



Task 2

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.

Wildi states that “A capacitor stores energy in its electric field whenever a voltage E
appears across its terminals. The energy is given by W = %CEZ, Where W =

Energy stored in the capacitor (J),C = Capacitance of the Capacitor (F),E = /
Voltage (V)" (T. Wildi, 2013, p. 23).

Figure 2 illustrates the basic construction of a capacitor, which is similar in all

capacitors and is made up of two conductive plates, connecting wires, an electric

field, and a dielectric region. The two conductive plates are made up of materials

such as copper, brass and aluminium and will be placed in close proximity but will

not touch each other. The space in-between these plates is known as the dielectric
region and will be filled with a non-conductive material such as vacuum, glass, liquid, /
or air.

As both plates are good conductors of electricity this means that electric current can

pass through them and allows the plates to hold and store the electric charge, this is

the case with a capacitor. Physics and Radio Electronics states that “the dielectric
medium or material block the flow of charge carriers (especially electrons) between

the conductive plates” (Physics and Radio Electronics, 2015). This means that the
electric charge will be trapped and stored within the two plates, allowing it to build up /
ready to be discharged.

Electric field Dielectric

i

Connecting wires
Negatively
charged

Positively
charged

Charged conductive
plates & Electrons

+ Holes

Figure 2 — Capacitors in series/parallel (Physics and Radio Electronics, 2015)



All capacitors will have its own capacitance value, which will determine how much
energy can be stored. This is proved in the equation of W = %CE2 as when the

capacitance of the capacitor is increased so will the energy stored within it. The
method of changing the capacitance of a capacitor is the variations of the plate area,
distance between the plates and dielectrics in relation to being able to support the
electrostatic forces.

Hughes states that “that the capacitance of a capacitor is proportional to the area of
the plates” (Hughes, 2016, p. 102), this is shown when putting two similar capacitors
in series the capacitance is doubled with it, however all that has happened is the
area of each plate has doubled. Hughes also says, “that the capacitance of a
capacitor is inversely proportional to the distance between the plates” (Hughes,
2016, p. 102) and this is shown when having two capacitors in series the
capacitance is halved due to having double the thickness of insulations between the

plates. From these relationships the capacitance can be shown in the equation of /

Area of plates
Distance between plates’

Capacitance «

For this to work the dielectric cannot be ignored as the space between the
conductors will need to be filled with an insulator to stop the charges from moving
towards each other and dissipating. l/ \/na well e l’J‘m

2.

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

C
G G
| |
«— Vv e N3

Ca G| |
[ [ ]

P Va _ Vs /
O Vs O

Figure 3— Capacitors in series/parallel



Table 3 — Values for Task 2

Student C1 (uF) Cz (uF) Cs (uF) Ca (uF) Cs (uF) Vs (V)
Number
4 27 22 47 22 27 25
Using the values stated in Table 3, determine:
a)  the equivalent circuit capacitance
b)  the total charge
c) thecharge in each capacitor
d) the energy stored in each capacitor
e). the total energy stored in the circuit.
a)
Cy X C 27 x69 1863
1= 2 = = 19.41uF /

1237 c . 27469 96

CoxCsf 22%x27 594 /

Cas = CotCs 22+27 49 12.12uF
CT = 6123 + C4_5/= 19.41 +12.12
b) /
Qr = Cp XV =31.53 x 25
c)

(Qs = Qs) = Q45 XV =12.12 x 25
Q. =303uC
Qs =303uC
Q. =0Qr— Q45/= 788.25 — 303 /
Q, = 485.25uC
@ _ 48525 /

17, T 27 /
Vo=V -V, =25-17.97 /
Vs =703V

Q,=C,xVy=22x7.03

10



Qs = Cs X Vi = 47 x 7.03

Q=304
! 1 /1

W1=§><C1><V12=§><27><17.972

W | = 4T
1

1
W2=§><C2><V32=§><22><7.032

W, =543.63
/1

1
W3=E><C3><V32=—><47><7.032

Qs 303 /
T, 22

Vo= 1377V
Qs _303 /

Vs =

1 1
— 2 _ 2
Wy =5 % Cyx V=2 x 22 %1377 /

W,=2085
W5=%><CS><V52=%><27><11.222 /
W, = 169949

e)

1 1
WT=§><CT><V2——><3153><252/

Wy =985313y

Z

well doe .

11



Task 3
1.

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

Permanent magnets are structured from ferromagnetic materials such as iron, nickel
or cobalt, these materials are used due to their unpaired electrons in their atoms.
Permanent magnets generate its own persistent magnetic field as the unpaired
electrons are always spinning creating their own magnetic field and will form together
to create an individual magnetic domain having a north and south pole and with this
the poles of each different domain will face in all different directions within the atom.
With this an external magnetic field is applied to the raw material during /
manufacturing as its heated and cooled, this forces all the domains to align facing
the direction of the external magnetic field. As the domains are pointing in the same
direction it means that the whole permanent magnet is created with a preferred
direction of magnetism of north to south pole. The north seeking pole and south
seeking pole will attract and create a curved chain between the pole leading to the
idea of lines of magnetic flux seen in figure 4. As Hughes states “The lines of
magnetic flux are assumed to pass through the magnet, emerge from the N pole and
return to the S pole” (Hughes, 2016 p. 137)
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Figure 4- Lines of magnetic flux (Hughes, 2016 p. 137)
2.

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

550mWhb determine the radius of the pole face.
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¢
B=7

Which can be rearaged for A = %

1.

A = = 0.3333m? W"ﬂ'y /IWMAEFS , Cfﬂ"’ect reldoed .

’A
— 2 ; = |=
A = nir“ Which can be rearaged forr = - /

r=0326m

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 0.2mWhb 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

80 o—

H (A/m)

[
|
|
|
|
40 |
|
|
20 I

|

|

0.48 0.5 0.52 0.54 0.56 0.58 0.6 0.62
B(T)

Figure 5 — B/H Graph from table
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i)
A =3.49cm? = 3.49 x 10~*m? J/

B = ¢ - OZX—W = 0.573T
A 349x10°% ' r

Using this value for B against the graph, as seen in figure 5. H must equal 88A/m. l/
N X1

H = 7 and |l = 2nr /

l=2xmx0.1=0.628m
_IH 0628x88 /

N 1200
I =46.05mA
i)
B
Ho X Uy = 7 where uy = 41 X 10_7
. B 0.573 well dene
T

T xH (4mx10-7) x 88

3.

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

A basic electromagnet is constructed of a coil of insulated copper wire wrapped
around an iron core while connected to a power source, as seen in figure 6. As the
current is passed through the coil it will generate a magnetic field around it and /

thereby creating an electromagnet.

e =N

e

eletromagnetic iron

Coiled field nail /

wire )
" BATTERY d ik A

Figure 6- Construction of electromagnet (Anum, 2022)
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With the use of electromagnet Michael Faraday was able to prove electromagnetic
induction which states, “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. Or opposite to that induced by a decreasing

flux” (Wildi, 2013, p. 28). This means if a magnet is moved in and out of a coil of wire
then an emf will be induced in the coil and causing a flow of current.

Faraday’s laws of electromagnetic induction also state, “The value of the induced

voltage is proportional to the rate of change of flux” (Wildi, 2013, p. 28), which Wildi
follows up with “When the flux inside a loop varies at the rate of 1 weber per second,

a voltage of 1V is induced between the terminals.” (Wildi, 2012, p.28). This means if /

you have a coil of N turns and the flux is varied inside it, the voltage induced can be

given by: /
A
g=n2®

At
Where;

E = induced voltage (V)
N = number of turns in the coil
A ¢ = change of flux inside the coil (wb)

At = time interval during which the flux changes (s)

Figure 7 illustrates the magnetic field that is produced by an electromagnet when the
coil of wire has an electric current passing through it, it will act like a magnet,
however once the current is stopped it doesn’t. This is the difference between a
permanent magnet and electromagnet as it can be turned on and off and is
controlled by the current. /

ine

Current In

Figure 7- Magnetic field of an electromagnet (Magic of magnetism, 2022)
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As an electromagnet uses an electrical current to create a magnetic field, due to this
there are 3 ways you can altering the strength of an electromagnet, and these are to
alter the values of the current or number of turns and by adding an iron core to
increase the magnetic field. /

4.

A transformer 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.

Hambley states that “A Transformer consists of several coils wound on a common
core that usually consists of laminated iron (to reduce eddy-current loss).” (Allan R.
Hambley, 2013, p.749). The transformer will transfer electric energy from one
alternating current circuit to one or more other circuits, this process can be done to
either increase or decrease the voltage, also known as step up and step-down
transformers.

Electromagnetic induction is used to let this process happen and works by passing a
current through the primary coil and making the magnetic lines of force (flux lines)
build up and collapse. This will mean the current is induced into the other coil also
known as the secondary coil. '/

_ Laminated iron core
y
.4

; 5
h ( ? @ in
— —
C 1 O ,
N

®

. >
+ ® =
v | N, 1] vy g Load
0 2 o J

) SE—

Primary Secondary

Figure 8- Basic transformer illustration (Hambley, 2013, p. 750)

Looking at figure 8 you will find a basic transformer illustrated, an ac voltage is
connected to the primary coil that will have a certain number of turns of wire
depending on the transformer (N1). When the current flows into this colil it causes an
ac magnetic flux around the core and will induce a voltage into the secondary coil

(N2). This will produce a power to the load. This secondary voltage is calculated by

16



multiplying the primary voltage by the ratio of the number of turns in the secondary
coil to the number of turns in the primary coil, shown by rearranging the equation
below:

Voltage in Secondary Coil _ Turns on Secondary Coil /

Voltage in Primary Coil ~ Turns on Primary Coil
OR
Va N,

I;1 ”1
Using the equation above the voltage on the secondary coil can be shown as:

Whether the transformer is a step up or step down transformer will “Depend on the
turns ratio N2/N1, the rms secondary voltage can be greater or less than the rms
primary voltage.” (Allan R. Hambley, 2013, p.749).

Considering the transformer in figure 8 the currents |1 and Iz produce opposing
magnetic fields due to 11 enters a dotted terminal and |2 leaves a dotted terminal. The

equation for curreyn a transformer can be identified as:

Comparing the voltage equation and the current equation, Hambley states that “if the
voltage is stepped up (i.ei N2/N1 > 1) the current is stepped down, and vice versa.”
(Allan R. Hambley, 2013, p.751). /

Buchholz Conservator
Relay Tank

Explosion Vent ——>)) Secondary

Terminal | Bushing

Primary
Terminal | Bushing

Transformer

) s Breather
Qil

Cooling Tubes

7]
O

Temperature
Gauge

Transformer

Tank j<—Tank Outlet

Figure 9- Construction of a transformer
Onel o~C /20\4-'{: o-F CLI; /.s ﬁ\@ é/‘WvSFF"""&r:
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Figure 9 illustrates the construction of a transformer; both step up and step down
consist of the same components however the primary and secondary coils will be
swapped over. You will see that the transformer is made up from two inductive
windings and a laminated steel core for the electromagnetic induction to work, it will
also consist of suitable bushings to take out the terminals and oil conservator to

provide oil in the transformer tank for cooling purposes. ,/

The main application for the transformer is to work along the electric distribution chain
as seen in figure 10. Transformers are used in the national grid to do 2 things, theses
are to step up voltage while decresing current and vice vera. These are known as step-
up transformers and step-down transformers and they are used for different reasons. As
you can see in figure 10 the power station will useally produce 25kV which will then be
converted to 400kV by the step up transformer ready to travel along the power lines to
the next stage of the distrubution line. The step-up transformer will do this so the current
is decreased for travel as this means that there will be less energy loss through the
heating of the cables. It also allows the power lines to be smaller as less current is
traveling through it allowing them to be above on pylons instead of underground. Once
getting to where the supply needs to go it will be stepped-down by a transformer as
seen in the diagram, this is so it is can then be distrobuted at the correct voltages for the
application within the sub station. The transformer will step it down from 400kV back to
a lower voltage and higher current such as 132kV, 25kV or 11kV. If the grid was going
to an industral place Ike a factory or refinary the step-down transofrmer may only take it
down to 11kV as they will have machinery needing higher voltag to run. However for
domestic places like homes, school or shops it will be stepped down to 230V to make it
safer as these places do not need high voltage. /

(THE NATIONAL GRID SYSTEM |

many km of power lines
400 000 V (400 kV)

Eg _ﬁ% 25kV=>11000V=>240V a.c.
step-up
transformer g step-down mains
transformers supply
insulated
connections 4

2 to 25 kV output lons pﬁﬁﬁ:s

POWER STATION s transport

Figure 10- Transformers in the national grid
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5.

Solve the following problems:

a)

An iron 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.

A =8.4cm? = 8.4 x 107*m?
d = 25cm = 0.25m

Air Gap = 3mm =3 x 1073m

For Iron-

liron , /
Si = where liron = nd

HokrA

0.25 X 1 /

Si = (47 X 10-7) x 1200 x 8.4 x 104

S; = 0.6200 x 10°4/Wb /
For Air
Sq = Lair where l air = air gap
HokrA
3x1073 /

54 = G x107) x Ix 8.4 x 10*

s, = 28421 x1064/wb 7

Total

S=S,+5, =0.6200 x 106 + 2.841 x 10 /

S=3461x10°4/Wb

mmf
S = ——— which can be rearaged to mmf = S¢

mmf = 3.461 x 106 x 1.4 x 103 / vell dirne
mmf = 4845.4At

19



b)

A rectangular coil of sides 10cm and 6¢m 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?

emf,E = 2BlvN wherev = wr

nr / 6x1072 1200 6 x 1072 l/
= X 2T X ———

a)r=@><2n>< > 50
v=377m/s ./

i)

E=2x12%x10x%x10"2x3.77 X 80 /
E = 72.384V

i) /

E =100V

y E 100 /

T2BIN 2x1.2x10X 10-2 x 80

v =5.208m/s
v 5.208
Yy T ex102=2) / y
w = 173.6rad/s fxce/ L‘M-é
g d_a)><60_173.6><60
peed = 2 27:/

20



Task 4

1.
Table 4 — Values for Task 4
Student Oscilloscope Settings Grid Spacing
Number Volts/Div Timebase Vertical (peak | Horizontal
(ms/Div) to peak) (1 cycle)
4 5 20 5.4 4.6

I/},,,=5><5.4=27V/
T =20X%X4.6=92ms /

Using the oscilloscope measurements for a sine wave stated in table 4 perform the
following calculations

a) Peak voltage

b) Frequency

c) Average voltage

d) Root mean square (rms) voltage.

a)
V,—p 27 /
b)
F_1_ 1
T 92x1073
c)

V,, = 0.637 x V,, = 0.637 x 13.5/

=

185

2
/

S
N



2.

Below is a RL circuit;

R
|7
4—
V2 CH2

h V1 CH1

/VS\

N4 I

4 \olt p-p =

Using the diagram above, the RL circuit was constructed.
3.

Measure and record the value of each of the component.

The values of each component was measureﬁc_j and recorded below.
L=221 R=26.70 R, =3.970Q /

4.

Produce a table of measurements as shown below:

The table was completed and filled out with the measurements, shown below.

Table 5 — Measured results

Freq(l:)e ney (E\b')l (Z\F/')Z Time Phase
Difference
ey | Do Bhio | e | “09
peaks)
(us)
1 1.68 1.32 68 24.48
2 2 1.3 60 43.2
3 2.32 1.22 50 54
4 2.62 1.12 42 60.48
5 2.86 1.02 37 66.6
6 3.08 0.96 32 69.12
7 3.26 0.9 29 73.08
8 3.38 0.84 26 | 74.88
9 348 /| 0.76 24 /| 77.76




5.

Produce a table of calculations as shown below:

The table was completed and filled out with the calculations, shown below.

Table 6 — Calculated results

Frequency X Current Phase

(f - kHz) L(©Y) Rt Z(Q) (A) A?O% le
1 13.89 30.67 33.67 0.119 24.36
2 27.77 30.67 41.38 0.097 42.16
3 41.66 30.67 51.73 0.077 53.64
4 55.54 30.67 63.45 0.063 61.09
5 69.43 30.67 75.9 0.053 66.17
6 83.32 30.67 88.78 0.045 69.79
7 97.2 30.67 | 101.92 | 0.039 72.49
8 111.09 | 30.67 | 115.24 | 0.035 74.57
9 124.97 /| 30.67 / 128.68/’ 0.031/ 76.21 /

Example of calculated results-
L=221 R =26.70 R, =3.970
X, =2nfL=2Xmx1x221

Ry =R+ R, = 26.7 +3.97 /

Z= |R2+X2=1/30.67%+ 13.892/

0 =tan™?! (%) =tan™?! <@>/ _}:xaa”‘m-b um/K,

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

comparing these results.
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Looking at the calculated results compared to the practical results there are slight
variations with the phase angle results, and this could be down to many factors.
Firstly, from the testing equipment of the multimeter with how accurate it is and with
the leads they could have bad continuity if they are dirty and causing poor contact.
Another factor that could affect the results is human error, this can affect the
calculated and the practical results. Rounding the calculation results can affect the
outcome as you can be using rounded numbers to work out further results. Human
error can also affect the practical results when using the oscilloscope will be how
accurate the user is with the curser. Staying with the oscilloscope there can be a
resolution error as there is a limited number of pixels on the screen so can affect /

how accurate the results are on the screen.
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