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Electrical Principles

DC Circuits

Introduction

| constructed two different circuits to complete this task, one with three different resistors in series
and one with three different resistors in parallel and took different measurements throughout to

compare them to values | later calculated.

DC circuits are circuits that use direct current and direct voltage in which electric current flows in
only one direction throughout the system. These types of circuits are used in mainly low voltage
applications in which batteries are used for the power source. A DC waveform is a straight line when

/

£

shown in graph format as shown below.
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Electrical Principles

Figure 1a resistors in series

R1= R2= R3=
220Q 3900 5600

N

10v i

The circuit was constructed with the three resistors in series on a breadboard with the
resistors values as shown in figure 1a. Before connecting the power supply the total
resistance of the resistors was measured using a multimeter. The ten volt power source
was then connected before measuring the p.d. value across each resistor and the supply
current again using a multimeter.

The table below shows my measured values.

Measured
Values
Total 11540 g
resistance
Supply 8.54mA Ve
current
P.d across R;=1.84V ¥
resistors R; =3.35V /
R; = 4.80V '
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Electrical Principles

Calculations for resistors in series

Total resistance

Rt = R1+ R2+ R3

Rt = 22002 + 3900 + 5600 P
Rt =117010
.
Supply current
/= v
" Rt
18 8.54mA /
= 1170 o0

p.d value arose each resistor

V1=1xR1=854x220x10°=1.8788=1.88V

V2 =1xR2 = 854x390x10°=3.3306 = 3.33V

V3 =1xR3 =854x560x10°=4.7824 = 4.78V

Page 4 of 21
Ben Hathaway — 146378



Electrical Principles

Figure 1b resistors in parallel

10k

R2=
1.8kQ

R3=
4.7k}

1oV

The circuit was constructed on a circuit board with the resistors values as shown in figure 1b before
connecting the ten volt power supply a multimeter was used to measure the total resistance of the
circuit. After the power source was connected a multimeter was again used to measure the supply

current and the current across each resistor.

The table below shows my measured values.
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Measured Values

Total resistance 1.12kQ

Supply current 8.70mA

Current across Ri=1mA
each resistor R, =5.53mA
R; = 2.14mA




Electrical Principles

Calculations for resistors in parallel

Total Resistance

1 1+1+1
Rt R1 R2 R3

1 1 1

1

/

f

/

1

Supply Current

]_'U’
Rt
f= —20  _ ge8ma
= 115165 ~oom

/

Current through each resistor

§ e el et
R, _ 10000

=L o 20 5555555556 103 = 5.56ma
2= R, 7~ 1800 AT Eookm
=L = 2.127659574 x 1073 = 2.13mA
3T R, 4700 ° * = edam
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Rt~ 10000 T 1800 T 4700 ~ 868321513 x10-*

= 1151.650 = 1.15k0 /



Electrical Principles

Overall comment on results

The two tables below show the measurements from the circuits the calculated values and then the

differences between the two values.

Resistors in series

Measured Values Calculated values Differences
Total resistance 11540 1170Q 16Q
Supply current 8.54 mA 8.54mA OmA
p.d across resistors R; = 1.84V, R;=1.88V, R;=0.04V

R, =3.35YV, R, = 3.32V, R, =0.03V

Rs = 4.80V Ry =4.77V R; =0.03V

Resistors in parallel

Measured Values Calculated values Differences
Total resistance 1.12kQ 1.15kQ 0.03kQ
Supply current 8.70mA 8.68mA 0.02mA
Current across Ri-1maA, R;=1mA R; =0mA
resistors R; = 5.53mA, R, = 5.56mA R; =0.03mA

R;=2.14mA R;=2.13mA R; =0.01mA

Overall comment on results

Each individual resistor can affect the measured value due to them having their own tolerance of +/-
10%, an example of this is when using a resistor that is 5600 the potential resistance it could have is
between 504Q - 616Q and this tolerance is in all of the resistors. This could affect the results all
though there were very small differences between the measured and calculated results.

The multimeter could have affected the measurements due to calibration problems as well as the
leads having a high resistance within them. Both the leads and the multimeter could have been
damaged by other students.

All though there were very little differences between the measured values and the calculated values
the reasons above more than likely caused them as well as rounding up and down when doing the
calculations.

As said in Bird’s electrical and electronic principles Kirchoffs current law states “At any junction in an
electrical circuit the total current flowing towards that junction is equal to the total current flowing
away from the junction” (2007, p194) this is relevant to the resistors in series as the current stays
the same throughout the complete circuit.

Kirchofffs voltage law states “In any closed loop in a network, the algebraic sum of the voltage drops
taken around the loop is equal to the resultant e.m.f. acting in that loop’ (2007, p.194) This is
relevant as the voltage drop across each resistor totals the whole voltage within the system.

./,
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Electrical Principles

Task 2 — Capacitors

Capacitors are usually used in circuits in which an electrical charge needs to be stored. Capacitors
are formally known as condensers and the simplest way to describe a way capacitors are made is a
dielectric insulating material in-between two plates.

The formula underneath is the formula used to calculate the capacitance of an electrical component.

When using this formula Cis equal to the capacitance, Q is equal to the charge and V is equal to the
voltage.

Figure 2 capacitor in combinational circuit

C2=
22uF
C1:
12uF| |
I l Cz =
39uF
O Ve= O

15V

Explaining the construction and function of a capacitors

A capacitor is made up of two plates and a dielectric material acting as an insulator between them
which also has the ability to store electrical charge in it. The type of capacitor chosen to be used in a
specific circuit is chosen based on the dielectric strength of the insulating material that is between
the two plates which are usually foil. A capacitors rating is usually given in ‘farads’ which is named
after British scientist Michael Faraday. Hughes states “Early experiments found that conductors
would hold much greater electric charges provided that they were held in close proximity to one
another yet kept apart” (2008, p.93). Hughes also states that the simplest type of capacitor “can be
made from two strips of metal foil sandwiched with two thin layers of insulation. Waxed paper is a
suitable insulator” (2008, p. 93) The most common use of capacitors according to John Bird “are
used to smooth rectified a.c. outputs, they are used in telecommunication equipment such as radio
receivers.” (2007, p.55)
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Electrical Principles

Different types of capacitors

Electrolytic capacitor

As the figure 2a below shows this type of capacitor is constructed with an aluminium foil between
the positive and negative legs of the capacitor. It is very similar to a paper capacitor and Bird states
that the insulating material that splits the two legs is “impregnated with electrolyte” (2007, p.68).
The application of the electrolytic capacitor depends on the formation of the thin aluminium oxide
on the positive plate. The normal working voltages of these type of capacitors are “6V — 600V".
(2007, p.68) The accuracy of these capacitor is “generally not very high.”” But Bird says “These
capacitors possess a much larger capacitance than other types of capacitors of similar dimensions
due to the oxide film."” (2007, p.69) These oxides films are only couple of microns in thickness which
contributes to the overall capacitance being higher than the capacitors with similar dimensions the
effectiveness of these capacitors is limited as they can only be used in DC circuits. -~

Figure 2a — Electrolytic capacitor

Aluminium Foil

Electrodes
\

‘
¥ b
5

L

X o]
i
Electrolytic Algminium Oxide
Spacer Fitm {Dielectric)

Ceramic capacitor

The ceramic material used in the construction of the ceramic capacitor has an effect on the value of
the capacitor, as figure 2b shows below the two connecting wires are connected either side of the
ceramic disk. Ceramics are a good insulating material to use when looking for a capacitor that has a
high capacitance value but are actually small in the physical size. Bird writes that “ceramic materials
have a very high permittivity and this enables capacitors of high capacitance to be made which are of
a small physical size”. These capacitors can be used at higher voltages and the ratings range from
“1pF to 0.1uF and may be used in high frequency electronic circuits to a wide range of
temperatures.” (2007, p.68) /

Figure 2b — Ceramic capacitor

__Protective

Ceramic Disk 4
Coating

( Dielectric
Electrode

Connecting
Wire
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Electrical Principles

Capacitor calculations

a) Total capacitance

C23:CZ+ C3:22+39=61HF

-

€% G, /12 x 61

= = = 10.02uF
=%+t 26l S
b) Total charge
i /
Qr = CrxV =10.02x15= 150.3}1{7 / ,(_J"w_‘v; -','-.-1-".:1/( ' gt

!

c¢) Charge in each capacitor

Charge for C; = Qr as it is connected in series so, @y = @ = 150.3uF /

So, vy = &= B2 - 1753y
Gi 12
And,V, =V -V, =15-1253 =247V 7
This means, Q, = C; XV, =22 x 247 = 54.34uF ,//

Qs = C3x Vy = 39 X 2.47 = 96.33uF

d) Individual energy

/ /
1 ., 1 i ¢ L
Wy =G x V= §x12x12.532:9422pj;< = YGrT Ap

1 1
Wy = 5C x V7= = x22x 2472 = 67.11y #

1 2 1 2 /"
W= SCyx Vi =2 x39x2472 = 11897 /

e) Total Energy

1 2 _ 1 i
Wy = ECT s = 7 % 10.02 x 152 = 1127.25u/ .
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Electrical Principles

Task 3

Principles of permanent magnets

Figure 3 — Magnetic fields

Lines of Magnetic Fiux

-
il U - -

i g ~- -
Like Poles - “Repel”

The area directly around a magnetic is known as the magnetic field. Figure 3 above shows the two
different poles of permanent magnets, as can be seen at the top of the image the dislike poles
attract to each other and the bottom of the image shows that like poles repel against each other.
Permanent magnets are constructed of a ferromagnetic material an example of this type of material
are nickel and cobalt. The only materials that permanent magnets can attract are other
ferromagnetic materials

The main characteristics of magnetic fields are as follows the first two are the magnetic fields
“complete closed loops or paths” and “they never intersect and always have a definite direction.”
This definite direction is “from the north pole to the south pole on the outside of the magnet”. The
last characteristic was stated earlier and it is that like poles attract and there is repulsion between
dislike poles. (Bird, 2007, p.73)
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Electrical Principles

Solving problems 2a and 2b

A.

B =

. 3 ,

a=250x 120 = 30000mm? =3 x 107°m?2 x

)50 5%
120 x 107¢ P
T 3x1076
B.
0
B=—
a
@ 340x 1073 , "2
a= = ————=02266Tm*
T 15
nr? = 0.22667m? /
o _ 022667 P4
T

0.22667 Vi
r= ’——}——= 0.2686m = 268.6mm /
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Electrical Principles

Operation and construction of electromagnet

An electromagnet is soft metal that turns into a magnet when an electrical current is passed through
it. Magnetic fields can be produced by an electric current as well as permanent magnets. The
direction that the current is flowing in determines whether the magnetic field rotates clockwise or

anticlockwise.

The screw rule is one of the best ways of representing the direction of the electric fields as the figure
3a below shows.

Figure 3a

Direction of
magnetic field

Direction of

current g
| /

The screw rule can only be use for a standard right hand thread screw and it states when the screw
is Bird states “screwed in the direction of the current it moves in the direction of the magnetic field
inside the solenoid. The direction of the magnetic field inside the solenoid is from south to north.”

(2007, p.86) sl

Two other ways of evaluating the electromagnetic fields are by using Flemings left hand and right
hand rules. These rules are shown in figure 3b and figure 3c below.

Figure 3b Figure 3c
Left Hand Rule Pioming s kight Hand fels

Direction
of Force

Cireckion

&8 farea UL

Crpremt

Fleming discovered you could use your fingers to determine the state of the magnetic field when the
current is flowing. In the left hand rule as can be seen in the first figure the thumb is the direction of
the force, the second finger is the direction of the magnetic field and the middle finger is the
direction of the current. In the right hand rule the thumb is the direction of the force, the second
finger is the direction of the field and the middle finger is the direction of the current. Y
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Electrical Principles

Applications of electromagnets

Transformer

A transformer is a big electric device that used electromagnets in order to work. Transformers are
devices that either step up or step down a voltage or current. In basic term a transformer consists of
two coils of wires one side is known as the primary in which the ac input is connected to and the
other is the secondary coil which the ac output leaves the device. These two coils are not electrically
connected they use the principle of electromagnetism to work. As the primary coil is wound around
an iron core they are easily magnetised and can carry the magnetic fields form the primary coil to
the secondary coil. The figure below shows a 220V - 110 Volt transformer. //

Figure 3d — simple transformer construction

SECONDARY COIL PRIMARY COIL
10 TURNS 5 TLUANS
RN
g s
i e
o S
s SRS
- fopd l: JES———
ouTeuT iNPUT /
VOLTAGE SOFY RON CORE VOLTAGE
220v 1oV

Electric Bell

A smaller use of an electromagnet within a circuit is an electric bell as the figure 3e below shows.

Figure 3e

softiron armature

adjusting screw
0

//‘@ striker

B contacts o

»
s

This circuit is a single stroke bell, once the button is pushed in the current passes through the circuit
and the coil. The armature also has a striker which hits the gong to make the sound when the
current passes through. Bird implies that this circuit works when “the iron-cored coil is energised the
soft iron armature is attracted to the electromagnet.”(Bird 2007, p.87) When the circuit is broken
the current stops passing through so the electromagnet and the rest of the circuit is de-energised
and is ready to be pressed by the next person where the operation starts again.
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Electrical Principles

Solving problems 4a and 4b

A.
F=BIL /
4}

B =

a
a=0.06xm=00113m? X

04 %1073
0.0113

= 0.035T X

0.035x8x0.32 =0.0896N

|

F=BIL

/ ;
F 80 /
= = = ,-/
& IxL 25x04 ok £

[0} ) 1.27 x 1073 P
B=—-=g=—=—" = 158.75m2~
a B 8

a 158.75 X 106 _
a=nri=r= J;= /—n—-=7.11x10 B o

d=711% 10 % 2= 001422 =14.22mm
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Electrical Principles

Task 4
AC Circuits

Peak voltage - 0.5 x7 = 3.5V
Frequency—% = 0.05Hz X

Average voltage - 0.637 x3.5V = 2.23V .
Root mean square (rms) voltage - % =247V

Figure 4 — AC circuit constructed

R
Ii
‘_._..“.__..._...._.
j V2 CH2
h V1l CH1
(o)
Wi 1

1 Volt p-p

L=1mH, R =10, R = ?Q

The measurements | recorded form the circuit are;

L=1ImH
R =9.970Q
R =2.550

Page 16 of 21
Ben Hathaway — 146378



Electrical Principles

Table of measurements

Frequency (f) CHI (V) CH2 (V) Time
Difference (between Calculated values
(kHz) pk to pk Voltage | pk to pk Voltage peaks)
(12-T1) Time f(;;)] eyek Fraction of cycle Phase
mV mV Seconds Ly (T2-T1)/T Angle )
(fraction x
360))
1 221.76 152.46 88 0.001 0.088 31.68
2 277.2 148.5 60 0.0003 0.12 43.2
3 336.6 144.54 46 0.000333 0.138 49.68
4 403.92 142.56 +4 0.00025 0.176 63.36
5 467.28 134.64 38 0.0002 0.19 68.4
6 514.8 130 32 0.000167 0.192 69.12
7 570.24 124.74 28 0.000143 0.196, 70.56
8 609.84 118.8 26.4 0.000125 0.2112 76.032
9 637.36 112.86 232 0.000111 0.2088 75.168
Table of calculations
Frequency (f- XL (Q) Ry 7 (Q) Srrerby [Plnss drele (o) Check with
kHz) (2niL) (R+R;) b) above
1 6.28 12.52 14.01 0.071 26.65
2 12.57 12.52 17.74 0.056 45.11
3 18.85 12.52 22.63 0.044 56.41
4 25.13 12.52 28.08 0.036 63.52
5 31.42 12.52 33.82 0.030 68.27
6 37.70 12.52 39.72 0.025 71.63
7 43.98 12,52 45.73 0.022 74.11
8 50.27 12.52 51.80 0.019 76.01
9 56.55 12.52], 57.92 0.017 £7:57
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Electrical Principles

Iculation Nouel £ 1 A - :
Calculations . X—Mz (s % V" f_(’ ,/Z:-lu ‘:’-1“5’:_’ AAENLL] f-"'“"\-':‘__/ ’/{-g ;-'-;'V\,;_U‘:/{v \

. =2 5 X1D° %X 0001 = 31420 o

Ry = 2.55 x 9.97=12.52Q ,

Z () = V12.522 + v31.422 =33.820 s

Current (A) = “3"2; x 1073 = 0.030 A

)
o 3142 _ 180 _ o / ,
Phase angle = 68.27 . Ng
/ .. i ,r .
= Ean™ | )_<___ )
v R
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Electrical Principles

Overall comment on results

The main reason that there is a slight difference between the calculations and the practical
results is due to parallax error. This error is most likely to occur when reading the values off
the oscilloscope. It was very difficult to read the values as the wave was continually moving
and you had to be at the correct angle to get the correct reading. Another cause of
variations between the results could be the condition of the equipment as lots of different
students use them they could easily get damaged and then put back into storage until the
next student used it. The components used within the system can be another cause of
variations due to internal resistances and values of each individual component. The main
variations between the results were the phase angle this was due to reading the values off
the oscilloscope and rounding up and down with the calculations.
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Electrical Principles

References for figures

Task 1 — DC circuits

DC waveform

https://voltsnbolts.wordpress.com/2014/09/23/waveforms-explained/

Task 2 — Capacitors

2a - https://www.electronics-tutorials.ws/capacitor/cap_2.html

2b - https://electricalfundablog.com/ceramic-capacitor-composition-types-properties-
applications/ e

y

Task 3 — Magnetism

3a - http://www.simplyinfo.net/article.php?title=amperes-swimming-rule-and-
maxwells-cork-screw-rule

3b - https://www.quora.com/What-is-the-State-Flemings-left-hand-rule

3¢ - https://www.electrical4u.com/fleming-left-hand-rule-and-fleming-right-hand-
rule/

3d - https://physics.stackexchange.com/questions/51936/how-do-transformers-work

3e - http://www.schoolphysics.co.uk/age11-
14/Electricity%20and%20magnetism/Electromagnetism/text/Electric_bell/index.html

References for text

Bird J. Electrical and Electronic Principles and Technology, 6th Edition (2007)

Hughes E, Hiley J, Brown K, MacKenzie-Smith I. Hughes Electrical and Electronic
Technology, 12th Edition (2008)
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