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1.1 Overview of the Report

This report investigates electrical principle of resistors and capacitors in a D.C. (Direct Current)
E.M.F. (Electromotive Force) in a parallel and series circuit. Magnetism what a permanent magnet
and electromagnetism are. An A.C. (Alternating Current) E.M.F. in a series circuit using an

inductor and a resistor.

1.2 Resistor in a DC Series and Parallel Circuits

1.2.1 Overview

A resistor is used to create a resistance to the flow of current within the circuit.

1.2.2 Comments on the results from Theoretical and Practical Experiment.

From conducting a theoretical experiment on resistors within a series circuit (See: 2.1.0) and a
practical experiment of the same circuit (See: 2.2.0). To see if the voltage gained between the
resistors from the experiments corelate to the ones collected with the E.M.F supply voltage. As
observed from the voltage calculations on the practical, these are close to the figures shown in
theoretical calculations even with slightly lower or higher resistors being used. These voltage
calculations within the practical and theoretical circuit confirms Kirchhoff's voltage law. As stated
by Bird (2017, p.220) Kirchhoff's voltage law is ‘that in any closed loop in a network, the algebraic
sum of the voltage drops (i.e. products of current and resistance) taken around the loop is equal to
the resultant E.M.F. acting in that loop’. This law is confirmed with the circuit as by add up all
voltage in resistors (Vr) as shown in both theoretical (See: 2.1.8) and practical (See: 2.2.9)
experiment, it does equal similar value to the E.M.F. voltage of the circuit. The reasons why the
values aren’t exact can be down to the rounding in calculations as each calculation is given in 2
decimal places. This can make the voltage slightly off to the actual value. Example of this is if you
take the total current on practical experiment (2.2.4) as calculated result gives: 0.008688097A
which has been rounded to 8.69mA.';]/)ue to this it gives knock on an effect onto each voltage
calculated as 8.69mA is used and not full calculated result. The calculation is not using exact figure
so answer to the voltage in each resistor will be slight lower than the true value. Which explain why
they voltage within each resistor when added together are slight off from the E.M.F. supply voltage
but this still confirms Kirchhoff’s voltage law as if more accurate calculations were used it would

mean that voltage of all resistor would equal the E.M.F. supply voltage.
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Theses rounding also appears within the theoretical (See: 2.3.0) and practical (See: 2.4.0)
experiment of resistors in parallel. These experiments give a different outcome as the current of the
circuit was measured and these confirm Kirchhoff's current law. Also stated, by Bird (2017, p.220)
Kirchhoff's current law is ‘at any junction in an electric circuit the total current flowing towards that
junction is equal to the total current flowing away from then junction’. This law can be confirmed
within these experiment as the calculations of the total current of circuit in the practical (2.4.4) does
equals the total resistor current (2.4.8) of the same experiment. Another issue other than the
rounding which could cause the values to be slightly off than the actual result is that the resistance
within the resistor is not exact theoretical values. This is due to the tolerance within the resistor are -
+ 5% of the stated resistance value as result and will be hard to find a resistor with state values due
to the tolerance within the resistors so in order more accurate calculations, resistors with lower
tolerance to the stated values need to be used. Even though tolerance it still confirms Kirchhoff’s
circuit law because if you consider the resistors tolerance within the calculations then it would equal -

/.
the circuit’s current.

1.3 Capacitor in a DC Series and Parallel Circuits

1.3.1 Overview

A Capacitors is an electric device that stores electrical 4 Electrode Electrode

& Area of the Electrode

charge. This is achieved by having two conducting plates

Burfac

between each other in parallel which are commonly

called Electrode and having insulting material as more Distance Estween the Elesctrades
commonly known as a Dielectric between them, Which

: ; Voltage
can be seen from the diagram to the right. As each | tag

electrode is connected to each side of the E.MLF the

voltage goes into the conducting plate which creates an electric field in the dielectric. Which in turn
stores electrical charge within the capacitor. This is agreed by Hiley, Brown & Smith (2012 p.26)
‘as materials with sizeable energy gaps between the valence and conduction bands are used to
insulate the circuit and to contain the current within the conductors.” A way to improve electoral
charge stored in a capacitor is to have a narrower distance between the electrodes as this increase
the strength in the electric field so more charge can be stored. Whereas if a wider gap is used means
that there is less electrical charge being stored. This is different if there is a higher surface area of
the electrode as there are more electric field is present thus meaning that there is more charge can be

stored whereas less surface means that there is charge stored. Fd
/
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Capacitors

Material:

Typical
Capacitance
Range:

Typical
Voltage
Ratings:

Typical
Tolerance

Range:

Features:

Electrolytic

1uF -

2.5V -

20%

An electrolyte capacitor is a capacitor with a

47mF 300V liquid containing a high concentration of ions

that is soaked into a paper spacer then wrapped
in either tantalum or aluminium. These
capacitors are typical polarized, so they need be
/ used in a DC Circuit. These found in large

amount of domestic appliance and in pc P
o

components.

100V —
1kV

+1% -

+20%

Mica F1 pF - A Mica capacitor is made by having to mica

1 nF. sheet that are coated in metal sandwiched
together these then put in an epoxy to protect
them. These are reliable capacitor, but they give
very small capacitance values. These values do
not change overtime. These are more expensive

/

and due to size are rarely used.

Capacitor Guide (2018)

1.4 Magnetism

1.4.1 Permanents Magnets

Magnetism is magnetic field within magnetic material as this more
explained by Robertson (2008, p.111-112) as ‘Like the electric field, a
magnetic field may be considered as being the medium by which forces are
transmitted’. This is what is used within a permeant magnet as this magnetic
field will either attract or repel to other magnetic objects. The magnetic field
that goes around it goes from the north pole to south pole. The contraction
of magnetic field is higher at each pole of the magnet. As shown by the
diagram on the right. This cannot not be seen by the naked eye, but we can

see the effect as when we have two magnets and see what happened when

opposite side poles and same side poles are put next to each other. /

James Bacon
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As shown below:

South to North North to North

i

As you can see from these diagrams the direction of the magnet field of two magnets when placing
one poles of each magnet together will result in it either replying or attracting. If the magnetic is
going in opposite from each magnet, then they will attract as shown in Diagram South to North.
Whereas if the magnet is going in the same direction they will repel as shown in Image North to

North.

1.4.2 Electromagnets Magnets

Another type of Magnets is Electromagnets. This uses Electromagnetism which is as explained by
Robertson (2008, p.113) ‘an electric current also produces a magnetic field. The strength of this
field is directly proportional to the value of the current’. Unfortunately, a typical current within wire
doesp_’_t have high enough strength within the magnetic field to be used as a magnet. The magnetic
field can be increase and strengthened by having the wire coil around itself, and the more coils in
the wire the higher magnetic field. Another way to increasing magnetic field is have a higher
current flowing through the wire as stated above. Having an iron core around the wire will also
increase the magnetic field. These then created magnetic field which can be higher or identical to
the permeant magnets. This can much more beneficial as the magnetic field can be reserved if the
current flowing through goes the alternative way through the wire and can be turned off as once the
current is remove from the wire then there is no longer magnetic field present and when it is

reintroduced into the wire the magnetic field begin to from. /

7
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1.4.3 Examples of where electromagnetism is used.

Transformer

A transformer works by having an iron core with two coils connected to it. One being a primary coil
and the second coil being a secondary coil. The primary coil has a current going into and as core
provide a strong magnetic field this transfers to the secondary coil but there is no electoral

connection between the two coils in the core. There is no effect if current remain the same in

primary but once the current in primary is changing then an E.MF begins to be induced into the
secondary coil. If there are the more coil in primary to the secondary, then the voltage will be lower
when come out of the secondary coil whereas if there are less coil in primary to the secondary then /

the voltage coming out will be higher in the secondary.

V tecondary

V primary

{ e

Primary Coil Secondary Coil /

Number of Coil’s g & 9 Number of Coifs ¢ ey

Relays
A relay is a switch that operates two movable contact which give an open and closed position

within the relay. This done by having a coil wire within the relay, and above an armature which is
next to a movable contact. A relay work by send out a small low powered current into the coil of
wire which cause coil to become magnetic. Once it has magnetised it attracts the Armature which
cause the switch connection to become closed in an open connection. Once the power to coil is turn
off the circuit become open as the armature is no longer attracted to the coil and goes back to its Y
normal state.

Typical Open Position Typical Closed Position

Contacts /

Cicsed /!

Contacts
Open

Armature
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1.5 Inductor and Resistor in AC Circuit

1.5.1 Overview
An Inductor is electrical devices that contain iron cores with wires around them inside of it, which

creates inductance within a circuit. A resistor is as stated above.

1.5.2 Comment on the thermotical and practical results.

This inductor in this A.C. practical experiment (See: 2.8.0) cause the current to be out of phase with
the voltage within the circuit. This is because there is a magnetic field building up in the coil of wire
within the inductor when the current is high and collapse due to the current alerts from and to zero
this cause the circuit to lag as build-up of current within the inductor creates an E.M.F as the current

is still being stored in the inductor. (Bird: 2017, p.236)

This is what was measured on the oscilloscope, how much out of phase the current is from the
voltage within degrees. This table of results give the calculated result using the values gained at the
start of the experiment and the result gathered from the Oscilloscope (See: 2.8.2). What can be
observed is that they have a slight variation between them. The both result do show when the
frequency increase the more out phase the current within the circuit. When comparing the result to
ones gained on Oscilloscope you can see that they are not perfect to the ones calculated and this can
be down to human error. Even though digital Oscilloscope were used when aligning the two lines to
get the time difference between the two channels. It was difficult to get an accurate reading between
the two as it was hard to align the lines at the same point on each channel’s wave. So, if the lines
were slight off this could mean have slightly off correct phase angles which can be seen by the
anomaly measurement obtained in frequency 5 on the Table (See: 2.8.2) as it is completely off from
the calculated result . The other issue with result could be done to the Oscilloscope not being
calibrated meaning it can give less accurate reading even if the line measuring the time difference
between the two channels was correct. So, to get better reading the Oscilloscope will need
calibrated in order give more accurate and give integrity to our results but the correlation still i

appears as higher frequency used the more out phase the current is to the voltage. £
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This is theoretical circuit of resistors in series which includes a diagram, calculations and final

values for the circuit.
2.1.1 Diagram:

Resistor 3

(Rs)

Resistance:

560Q2

Resistor 1 Resistor 2
R1) (R2)
Resistance: Resistance:
2200 390Q)
Voltage: Voltage:
Vi Va2

Electromotive Force (E)

n

™
«

Voltage:
V3

L

Total
Circuit
Current:

{Im)

2.1.2 Values:

fle i

Voltage of Electromotive Force 1 (Ev) | 10V
Current of Electromotive Force (E1) 9mA
Resistance of Resistor 1(R1) 2208)
Resistance of Resistor 2(R2) 39002
Resistance of Resistor 3(R3) 560€)
Total Resistance of all resistors(Rr) 117002
Total Circuit Current(It) 8.55mA
Voltage between Resistor 1 (V1) 1.88V
Voltage between Resistor 2(V2) 333V
Voltage between Resistor 3 (V3) 4.79V
Total Voltage of all resistors (VT) 9.99V

Page 9 of 26
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2.1.3 Total Resistance:

Total Resistance (RT)

Total Resistance (RT)
Total Resistance (RT)

2.1.4 Total Current:

Total Current (I)

Total Current (I1)

Il

Il

Total Resistance in
Resistor 1 (R1)

220 ¥

Voltage (Ev)

P, Prifysgol Cymru
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Total Resistance in
Resistor 2 (Rz2)

+ 390 &
1170Q2 o

560

Total Resistance in
Resistor 3 (R3)

Total Resistance (RT)

2.1.5 Total Voltage in Resistors 1:

Total Voltage in
Resistors 1 (V1)

Total Voltage in
Resistors 1 (V1)

Total Voltage in
Resistors 1 (V1)

Total Current

Total
(I1)

0.00855 X

1.88V

2.1.6 Total Voltage in Resistors 2:

Total Voltage in
Resistors 2 (Vz2)

Total Voltage in
Resistors 2 (V2)

Total Voltage in
Resistors 2 (V2)

I

Total Current

Total
(I)

0.00855 X

333V

2.1.7 Total Voltage in Resistors 3:

Total Voltage in
Resistors 3 (V3)

Total Voltage in
Resistors 3 (V3)

Total Voltage in
Resistors 3 (V3)

2.1.8 Total Voltage:

Total Voltage (V1)

Total Voltage (V1)
Total Voltage (V1)

Page 10 of 26

]

Total Current

Total
(Ir)

0.00855 X

479V

Total Voltage in
Resistors 1 (V1)

1.88

Resistors 1 (R1)

Resistors 2 (R2)

Total Current

8.55mA

Resistance in »

y
220
/,,

Resistance in

390

¥,

Resistance in

Resistors 3 (R3)

560

Total Voltage in
Resistors 2 (V2)

333
9.99V

-

10

1170

Total Voltage in
Resistors 3 (V3)

4.79

James Bacon
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2.2.0 Practical Calculations and Diagram of Resistors in a Series Circuit

This is practical circuit of resistor in series which includes diagram, calculations and final values for

the circuit.
2.2.1 Diagram:

Total Resistance
(R2)
1154 ©
) Resistor 1 Resistor 2 Resistor 3 i
(Ri1) R2) (Rs3)
Resistance: Resistance: Resistance:
2120 38602 5530
i P S— SO ——_
Voltage(V1): Voltage(V2): Voltage(Vs):
1.84V 3.35V 4.80V
Voltage(VT):
9.99V
Electromotive Force (E)

Total
Circuit
Current

(IT):
8.53mA

R e bl Aultin Calcr
Voltage of Electromotive Force (Ev) 10V N/A
Current of Electromotive Force (Er) 9mA N/A
Resistance of Resistor 1(R1) 21202 N/A
Resistance of Resistor 2(R2) 38602 N/A
Resistance of Resistor 3(R3) 55302 N/A
Total Resistance of all resistors(Rt) 115102 N/A
Total Circuit Current(It) 8.53mA 8.69mA
Voltage between Resistor 1 (V1) 1.84V 1.84V
Voltage between Resistor 2(V2) 3.35V 3.35V
Voltage between Resistor 3 (Vz) 4.80V 480V
Total Voltage of all resistors (VT) 9.99V 9.99V
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2.2.3 Total Resistance:

i _ Total Resistance in Total Resistance in
u Rt BU ¥ pasmerga) T RedstorZiRg)
Total Resistance (RT) = 212 + 386
Total Resistance (RT) — 1151Q
2.2.4 Total Current:
Voltage (Ev)
Total Current(It) = : Total Current =
Total Resistance (RT)
Total Current(It) = 8.69mA
2.2.5 Total Voltage in Resistors 1:
Total Voltage in _  Total Current " Total Resistance in
Resistors 1 (V1) (It) Resistors 1 (R1)
Total Voltage in
Resistors 1 (V1) Udoses X Al
Total Voltage in  _ 1 84V

Resistors 1 (V1)
2.2.6 Total Voltage in Resistors 2:

Total Voltage in _  Total Current % Total Resistance in
Resistors 2 (V2) (It) Resistors 2 (Rz2)
Total Voltage in

Resistors 2 (V2) Viee G 356

Total Voltage in  _ 335V

Resistors 2 (Vz2)
2.2.7 Total Voltage in Resistor 3:

Total Voltage in _  Total Current " Total Resistance in
Resistors 3 (V3) (It) Resistors 3 (R3)
Total Voltage in

Resistors 3 (V3) L = 23

Total Voltage in  _ 480V

Resistors 3 (V3)
2.2.8 Total Voltage

Total Voltage (VT) = Total Voltage in . Total Voltage in

Resistors 1 (V1) Resistors 2 (V2)
Total Voltage (V1) = 1.84 * 3 4he
Total Voltage (V) = . 9§.9v/

-
—
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Total Resistance in
Resistor 3 (R3)

+ 553

10
1151

Total Voltage in
Resistors 3 (V3)

4.80
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2.3.0 Theoretical Calculations and Diagram of Resistors in a Parallel Circuit
This is theoretical circuit of resistors in parallel which includes a diagram, calculations and final

values for the circuit.

2.3.1 Diagram:
Resistor 1 (R1) Resistor 2 (R2) Resistor 3 (R3) lectromotive Force (E)
Resistance: Resistance: Resistance: Voll(t)age:
1oke Ll Ll Current;
SmA
3 - 3
Current 1: Current 2: Current 3:
I (I2) (1)
@ — L
Total Circuit
Current: (I7)

2.3.2 Values:

" Voltae trotlorc 1 () OV
Current of Electromotive Force (E1) O9mA
Resistance of Resistor 1(R1) 10kQY
Resistance of Resistor 2(Rz2) 1.8k
Resistance of Resistor 3(R3) 4.7k2
Total Resistance of all resistors(RT) 1098.9002
Total Circuit Current(It) 9.10mA
Current between Resistor 1 (I1) ImA
Current between Resistor 2(12) 5.56mA
Current between Resistor 3 (I3) 2.13mA
Total Current of all resistors (Ir) 8.69mA
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2.3.3 Total Resistance:
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I 1

Total Resistance (R1)
1

Total Resistance in Resistor 1 (R1)

1

+

Total Resistance in Resistor 2 (R2)

Total Resistance in Resistor 3 (R3)
1 1

Total Resistance (R1)
i
Total Resistance (Rt)

Total Resistance (R1) =

Total Resistance (RT) =

2.3.4 Total Circuit Current:

Total Circuit Current (Ir)

Total Circuit Current (It)

2.3.5 Total Current 1:

Total Current 1 (I1)

Total Current 1 (In)
2.3.6 Total Current 2:

Total Current 2 (I2)

Total Current 2 (I2)
2.3.7 Total Current 3:

Total Current 3 (I3)

Total Current 3 (I3)

2.3.8 Total Current of all Resistors:

Total Current of all
Resistors (Ir)

Total Current of all
Resistors (IR)

Total Current of all
Resistors (Ir)
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10000 1800 4700
0.0001 + 0.0006 + o002t/ §
1
0.00091
1098.9002 P
Voltage (Ev) 10
= _ Total Current = ————
Total Resistance (RT) 1098.90
= 9.10mA
Voltage (Ev) 10
= ; . Total Current1 () =
ReSI§mce in the 10000
Resistor 1 (R1)
Voltage (Ev) 10
= Resistance inthe ~ Total Cumrent?2 (2) = 1800
Resistor 2 (Rz2)
= 5.56mA yd
Voltage (Ev) 10
= Resistance in the Total Current3 (I3) = -
Resistor 3 (R3)
= 2.13mA /.
- Total Current1 (1) +  Total Cumrent2 (I2) +  Total Cu
= 0.001 + 0.00556 + 0.C
= 8.69mA
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2.4.0 Practical Calculations and Diagram of Resistors in a Parallel Circuit
This is practical circuit of resistor in parallel which includes diagram, calculations and final values
for the circuit.

2.4.1 Diagram:
Total Resistance
(R
1.12k
Resistor 1 Resistor 2 Resistor 3
R1) (R2) (Rs) Electromotive Force (E)
Resistance: Resistance: Resistance: Voltage:
9.83k 1.76kQ 4.58kQ2 lo0v
+ Current:
9mA
a
Current 1: Current 2: Current 3:
(I (I2) (I3)
1mA 5.53mA 2.14mA
Total Circuit
Current (I1):
8.70mA
2.4.2 Values: AR

Voltage of Electromotive Force (Ev) 10V N/A
Current of Electromotive Force (Ei) 9mA N/A
Resistance of Resistor 1(R1) 9.83k€) N/A
Resistance of Resistor 2(Rz2) 1.76k$) N/A
Resistance of Resistor 3(R3) 4.58k$) N/A
Total Resistance of all resistors(RTt) 1.12kQ) 1126.138)
Total Circuit Current(It) 8.70mA 8.88mA
Current between Resistor 1 (I1) ImA 1.02mA
Current between Resistor 2(12) 5.53mA 5.68mA
Current between Resistor 3 (13) 2.14mA 2.18mA
Total Current of all Resistors (Ir) 867mA 8.88mA
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2.4.3 Total Resistance:
1 1

1
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1

T e Tt o R o Kot
1 3 1 1 1
Total Resistance (R) - 9830 ’ 1760 4580
: = 0.000102 4 0.000568 0.000218
Total Resistance (RT)
Total Resistance (RT) - :
0.000888
Total Resistance (RT) = 1126.1302
2.4.4 Total Current:
Voltage (Ev) 10
Total Current (IT) = Total Current = ———
Total Resistance (R1) 1126.13
Total Current (IT) = 8.88mA
2.4.5 Total Current 1:
Voltage (Ev) 10
Total Current 1 (I1) Resistance inthe  Total Current1 (I1) =
Resistor 1 (Ry we
Total Current 1 (I1) - 1.02mA
2.4.6 Total Current 2:
Voltage (Ev) 10
Total Current 2 (I2) - Resistance in the Total Current2 (Iz) =
Resistor 2 (Rz) Vi
Total Current 2 (I2) = 5.68mA
2.4.7 Total Current 3:
Voltage (Ev) 10
Total Current 3 (I3) Resistance inthe  Total Current3 (I3) =
Resistor 3 (Rs) s
Total Current 3 (I3) = 2.18mA
2.4.8 Total Current:
o Cocu Comrt e~ PO o Qoo Curri
Total Circuit Current (Ir) = 0.00102 + 0.00568 0.00218
Total Circuit Current (Ir) = 8.88mA
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2.5.0 Theoretical Calculations and Diagram of Capacitors in a Series & Parallel Circuit
This is theoretical circuit of capacitors in series and parallel which includes a diagram, calculations

and final values for the circuit.

2.5.1 Diagram:
Total Voltage in Series Total Voltage in Parallel
Circuit (Vs) v Circuit (Vp)
Capacitors 2
()
Capacitance
22pF | |
11
Caps;glt)o .l Capacitors 3
(C3)
Capacitance Capacitance
10pF 33uF
11 1
Electromotive Force (E)
PN
//
e
Voltage (Ev):
12v

2.5.2 Values:

v,

Voltage of Electromotive Force (Ev) 12V
Total Capacitance in Capacitors 1 (C1) | 10uF
Total Capacitance in Capacitors 2 (C2) | 22uF
Total Capacitance in Capacitors 3 (C3) | 33uF
Total Capacitance (Ct) 8.46uF
Total Voltage in Series Circuit (Vs) 10.15V
Total Voltage in Parallel Circuit (Vr) 1.85V
Total Charge (Qr) 101.52uC
Total Charge in Capacitors 1 (Q1) 101.52uC
Total Charge in Capacitors 2 (Qz) 40.7uC
Total Charge in Capacitors 3 (Q3) 61.05uC
Total Energy in Capacitors 1 (W1) 515.11u)
Total Energy in Capacitors 2 (Wz) 37.65u)
Total Energy in Capacitors 3 (W3) 56.47u)
Total Energy in the circuit (Wr) 609.12u)
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2.5.3 Capacitance in Parallel Circuit
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Capacitance Parallel _  Total Capacitance in p Total Capacitance in
Circuit (Cp) Capacitors 2 (Cz2) Capacitors 3 (C3)
Capacitance Parallel
Cirouit (C) 0.000022 % 0.000033 o
Capacitance Parallel
Circuit (Cp) - Pk P
2.5.4 Total Capacitance
CexCi1 s . 0.000055 «x 0.000010
; S— 1O apacitance
Total Capacitance (Ct) = =
5 e Cr+ i (1) 0000055 +  0.000010
Total Capacitance (CT) = 8.46uF
2.5.5 Total Charge:
Total Charge (Qr) = Total Capacitance (CT) x  Voltage (VE)
Total Charge (QT) = 0.00000846 X 12 4
Total Charge (QT) = 101.52uC P
2.5.6 Total Charge in Capacitors 1:
Total Chargein  _  Equals Qr due to it being in series with
Capacitors 1 (Q1) the circuit <
Total Ch i
o arge in Qr

Capacitors 1 (Q1)

Total Chargein /
Capacitors 1 (Q1) 101.52uC

2.5.7 Total Voltage in Series circuit

Total Charge in
Total Voltage in N Capacitors 1 (Q1) Total Voltage in
Series Circuit (Vs) Total Capacitance in Series Circuit (Vs)
Capacitors 1 (C1)
Total Voltage in _
Series Circuit (Vs) - oy &
2.5.8 Total Voltage in Parallel circuit
Total Voltage in Parallel Circuit (Vp) = Voltage (VE)
Total Voltage in Parallel Circuit (Vp) = 12 -
Total Voltage in Parallel Circuit (Vp) = 1.85V
2.5.9 Total Charge in Capacitors 2:
Total Charge in _  Total Capacitance % Total Voltage in
Capacitors 2 (Qz2) in Capacitors 2 (Cz2) Parallel Circuit (Vp)
Total Charge in _
Capaitors 2 (Q2) = 0.000022 X 1.85
Total Charge in _ ;
Capacitors 2 (Q2) a Adpt &
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0.00010152
i

0.000010

Total Voltage in o
Senes Circuit (Vs)

1015 .~

4//
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2.5.10 Total Charge in Capacitors 3:
Total Charge in _ Total Capacitance = Total Voltage in
Capacitors 3 (Q3) in Capacitors 3 (C3) Parallel Circuit (Vp)
Total Charge in »
Cipacitors 3085 0.000033 X 1.85
Total Charge in /
—_—_ /
Capacitors 3 (Q3) eLoIpC
2.5.11 Total Energy in Capacitors 1:
Total Energyin  _ _ 1 Total Capacitancein Total Voltage in |
Capacitors 1 (W1) 2 Capacitors 1 (C1) Series Circuit (Vs)? i
Total Energyin | 0.000010 X 1012
Capacitors 1 (W1) 7 ) '
Total Energy in
Capacitors 1 (W1) Al )
2.5.12 Total Energy in Capacitors 2:
Total Energy in _ I Total Capacitance in 2 Total Voltage in
Capacitors 2 (W2) ) Capacitors 2 (C2) Parallel Circuit (Vpy //
Total Energy in _ 1 "
Capacitors 2 (W3) . 0.000022 X 1.85
Total Energy in
Capacitors 2 (W2) s LI
2.5.13 Total Energy in Capacitors 3:
Total Energy in = 1 Total Capacitance in " Total Voltage in
Capacitors 3 (W3) ) Capacitors 3 (C3) Parallel Circuit (Vp)? / !
Total Energy in _ I
Capacitors 3 (W3) 3 0.000033 X 1.85°
Total Energy in
Capacitors 3 (W3) el /
2.5.14 Total Energy in the Circuit:
Total Energy in _ 1 Total Voltage
the circuit (WT) 7 Capacitance (CT) (VEy
Total Energy in - 1 5
the cirouit (W) = : 0.00000846 X 12
Total Energy in _
the circuit (WT) 091 @
- /
gt ASTT7L
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2.6.0 Magnetism Calculations
2.6.1 Question One
A magnetic pole face has a rectangular section having dimensions 250mm by 120mm. If the total
flux emerging from the pole is 120uWb, calculate the flux density.
2.6.2 Converting Length and Width into Meters

o Measurement in mm o Measurement in mm
Conversion into Meters = Conversion into Meters =
1000 1000
250 o 120
Conversion into Meters = Conversion into Meters =
1000 1000
Conversion into Meters = 0.25m Conversion into Meters = 0.12m ‘

2.6. 3 Calculating the Area of the rectangular section

Area(A) = Length(L) x Width (W) /
Area (A) = 025  x oz *
Area (A) = 0.03m?
2.6.4 Calculating the Flux Density /
Flux @ / ; 0.000120
Flex Density (B) = ——————— Flex Density(B) = ————
Area (A) 0.03
Flex Density (B) = AmT

2.6.5 Question Two

The maximum working flux density of a magnet is 1.5T and the effective area of a pole face is
circular in cross-section. If the total magnetic flux produced is 340mWb, determine the radius of
the pole face.

2.6.6 Calculating the Area of the pole face

Fux® 7 0.34 o
Area (A) = Area(A) = ————
Flex Density (B) Lo
Area (A) = 0220
2.6.7 Calculating the Radius of the pole face
Area (A) 0.227
Radius? = ————— Radius?® = ——m8
n n /
Radius? = 0.0723
Radius = v0.0723
Radius = 0.27m //

2.6.8 Question Three

A conductor 320mm long carries a current of 8A and is at right-angles to a magnetic field lying
between two circular pole faces each of radius 60mm. If the total flux between the pole faces is
0.4mWhb, calculate the magnitude of the force exerted on the conductor.

2.6.9 Converting Radius and Length into Meters:

o Measurement in mm Measurement in mm
Conversion into Meters = Conversion into Meters =
1000 1000
o 60 . 320
Conversion into Meters = Conversion into Meters =
1000 1000
Conversion into Meters = 0.060m Conversion into Meters = 0.32m
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2.6.10 Calculating the Area of the pole face:

Area(A) = m X Radius?
Area(A) = =m X 0.06%
Area (A) = 001lm

2.6.11 Calculating the Flux Density:
Flex Density (B) = & Flex Density (B) = M //

Area (A) 0.011

Flex Density (B) = 36.363mT -

2.6.12 Calculating the Force:
Force (F) = Flex Density(B) x Cumrent(I) x Length(L)
Force (F) = 0.036363 X 8 X 0.32
Force (F) = 03.089mN

2.6.13 Question Four

A 400mm length of conductor carrying a current of 25A is situated at right-angles to a magnetic

field between two poles of an electric motor. The poles have a circular cross-section. If the force
exerted on the conductor is 80N and the total flux between the pole faces is 1.27mWb, determine
the diameter of a pole face.

2.6.14 Converting Length into Meters

Measurement in mm

Conversion into Meters =

1000
400
Conversion into Meters =
1000
Conversion into Meters = 0.4m
2.6.15 Calculating the Flux Density:
=7 Current (1 x Le L 25 x 04
Flex Density (B) = © ngh () Flex Density (B) =
N Force (F) 80
Flex Density (B) = 125mT &
2.6.16 Calculating the Area of the pole face:
Flux @ P4 0.00127
Area (A) = : Area (A) = ————
Flex Density (B) 0.125
Area (A) = 10.16mm
2.6.17 Calculating the Radius and Diameter of the pole face
. Area (A) . 0.01016 _ _
L e il Diameter (d) = 2 x Radius
Radins = 0.00323 Diameter (d) = 2 x 0.05683
Radius = 0.00323 )
Redins = S Diameter (d) = 113.66mm _
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2.7.0 Theoretical Calculations from using an Oscilloscope
this is calculation finding out values from using an Oscilloscope.
2.7.1 Measurements

Oscilloscope Settings Grid Spacing
Volts/Div Timebase (ms/Div) | Vertical (peak to peak) | Horizontal (1 cycle)
5 20 6 4 ]
2.7.2 Calculating the Volts Peak to Peak and Time of Single Sine Wave
Vol Peak ) Vertical ak Periodic - : Horizontal
tg It::gai (:0 = Volts'Div x etocpea(qu))e Time (T) Timebase (ms/Div) x Elcydle)
Voltage Peak Periodic 20
to Peak (V) B 4 B 2 Time (T) X :
Voltage Peak Peniodic ~ _
toPeak (V) wv Time (T) e
2.7.3 Peak Voltage
Voltage peak
Peak Voltage — _ to peak (V) Peak Voltage  _ 30 -
(Vp) (Vp) — /
2 2
Peak Voltage 4
= 15V
(Vp) 4
2.7.4 Frequency
1 1 )
Frequency (F) =  periodic  Frequency = _ /
0.08
Time (T)
Frequency (F) = L25Hz2 -
2.7.5 Average Voltage
Average Peak Voltage
= 0.637 X
Voltage (V,) (VP) /
U 0637  x 15
Voltage (V,) '
Average = Y
Voltage (V,) ey ¥
2.7.6 Root Mean Square (rms) Voltage
Voltage Rootmean ~ _ _ Peak Voltage (VP) Voltage Rootmean ~ _ __ 13 '
square (Vgys) V2 square (Vgys) V2 r
Voltage Root mean
= 10.61V
square (Vi) s
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2.8.0 Practical Calculations and Diagram of Inductor and Resistor in a Series Circuit

this is theoretical circuit of an inductor and a resistor in series which includes a diagram,
calculations and final values for the circuit.

2.8.1 Diagram:
Inductor
Inductance Resistor
Inductor Inductor Reibitor
(L) Ry ®,)
Inductance: Resistance: .
1mH 260 Resistance:
: 9.97Q)
e ———
V2 CH2 _,/
V1 CHI1
Electromotive Force (E)

Voltage:
1
2.8.2 Values:
Inductance in Inductor
Voltage z I
a0 09 (L) (mH)
CH1 pk to pk | CH2 pk to pk Calefated Values
pktop p
Frequency {f) Time
Voltage Voltage Fractionof| Phase Current | Phase
kHz| Difference le Q) R Z
e Y W] e | cxcle (m) | angle (7 X @ Rr@ | 2 | ) angle )
1 228 164 72 1.00 72 25.92 6.28 | 12.57 | 14.05 71.16 26.56
2 284 160 64 0.50 128 46.08 12.57 | 12.57 17.77 56.26 44,99
3 356 156 44 | 033 132 | 4752 | 18.85 | 12.57 | 22.66 | 4414 | 56.30
4 420 148 36 0.25 144 51.84 25.13 | 12.57 | 28.10 35.59 63.43
5 484 144 40 0.20 200 72.00 31.42 | 12.57 | 33.84 29.55 68.19
6 544 140 30 0.17 180 64.80 37.70 | 12.57 39.74 25.16 71.56
8 640 124 24 0.13 192 69.12 50.27 | 12.57 51.81 19.30 75.96
9 676 124 24 0.11 216 71.76 56.55 | 12.57 57.93 17.26 77.47
7 / L
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2.8.3 Time for 1 cycle (T):
1 1
Time for I cycle (T) = Frequency (fy  Time for 1 cycle (T) = —
Time for 1 cycle (T) = 0.14mT
2.8.4 Fraction of Cycle:
Time
, Difference ‘ e
Fraction of Cycle = Fraction of Cycle =
Time for 1 0.00014
cycle (T) '
Fraction of Cycle = 182m
2.8.5 Phase Angle:
Phase Angle (°) = Fraction of Cycle (m) X 360
Phase Angle (°) = 0.182 X 360
Phase Angle (°) = 65.52°
2.8.6 XL:
XL = 2 x m x Frequency(f) x Inductance Inductor (L,) i
XL = 2 x z x 7000 X 0.001 i
XL = 43,980 Py

2.8.7 Total Resistance:
Total Resistance Ry

Resistance in Resistor (R,) + Resistance in Inductor (R;)

Total Resistance R; = 9.97 + 2.6 o
Total Resistance Ry = 12.57Q
2887 2.8.9 Current
- - Ry? + X, il —— _ Voltage (E) /
ZZ = 1257 + 4398 ?
F = V2092.2453 ; Current = T ]
Z = 45.74Q) Current = 21.86mA /
2.8.10 Phase Angle
XL 43.980
Phase Angle = Total Resistance Ry Psseings = 12.57Q
Phase Angle = 3.498806683
Phase Angle Tan'! X 3.498806683
Phase Angle 74.05° :
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