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Shaun Harrison
HNC Electrical and Electronic Engineering

Electrical Principles — Assignment 1

Task 1 — DC Circuits

Series Circuit
Circuit & Measurements ’ /

The circuit shown below (figure 1) was constructed, R, was measured at 848 2 before
connecting the power supply. After connecting to a 10V DC Power supply, p.d. across each
resistor was measured as:

R1-1.38v, / R2 - 3.16V / R3 - 5.42V /
Supply current measured as: 11.57mA i

Total Caltulated Resistance: 860: | Total measured resistance: 848,

R1 - 120 RZ - 2704 R3 - 470,
— iy
\ // " e \
\/ — | \‘\f} } { \V/ !
\ v \ J \ ]
o
\ ,/ \_ i \ /
(udnted b ‘|J'53' Cestuind pdb 3140V (adwivd 18 5.“(,5"
Rt pb §38Y Tmurdpd 3 16V Memerri pd € 4, 5y
o 2
A \ / \

el Gt 1| (7 B A

Mammersd Grrmmk 11 771

Figure 1: Series Circuit

Calculations

Calculate the total resistance, supply current and the p.d. value across each resistor.
Total Resistance

Re=Ry+R,;+Ry > R, =120+270+470 > R, =860 /

Supply Current
- = 10 -
I=2 > I=2= > 1=11.628mA /

P.D. across each resistor

R, V=IR > V=11628%10"3%120 > V =1.395V /
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> 4
R3, V=IR > V=11.628+10"3x470 > V =5.465V /

Parallel Circuit
Circuit & Measurements / ;

R2, V=IR > V=11628%10"3+270 > V =3.140V

The circuit shown below (Figure 2) was constructed, R, was measured at 0.93 k 2 before
connecting the power supply. After connecting to a 10V DC Power supply, current across
each resistor was measured as:

R1-082mA, / R2-672mA / R3-306mA
Supply current measured as: 10.55mA

R - 12 ke
\>

Calpulated Garenh )

M UJJI

N'—M[wr-* )87 m_‘

f\ k2 - 15 k.

4 A i
\/ ’

Crlaalabed Gamenh [ (0 T 2

Moo md wn !.Hir*

/ «\ R3 - 33k, |
\_/

Cobmslabed Gamank: 3 (07100 8

[ -

O N\
\H A

1oy

(Hﬂwmmt E7 ﬂ:’a

Measurd Sappl; Curmenty 12.55m

Figure 2 Farallel circuit
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Calculations

Calculate the total resistance, supply current and the current through each resistor.

Total Resistance
A

1 1 1,14 1 1 1 1
1.5+10% © 3.3+10°

Ry = 12+103
R, =949.6400
Supply Current

v
g
R 949.640

I =10.530mA /

Current through Each Resistor

v _ 10 _
R1, I'= = @ I = ey I =0.833mA
B2, r1=% 5 ;=L % 1=HBE8mi
R 1500 /
_v _ 10 _
R3, [=2 > = > [=3.030mA

Comparison of Results

Series Circuit

> 1=1053%x10"3 > R, =
Ry

1

1.053+1073

Parameter Measured Result Calculated Result
Total Resistance 848 N 860 1N

Supply Current 11.57mA 11.628mA

p.d R1 1.38V 1.395V

p.d R2 3.18V 3.140V

p.d R3 542V 5.465

Parallel Circuit

Parameter Measured Result Calculated Result

Total Resistance 093k 0.9496 k 1

Supply Current 10.55mA 10.531mA

Current R1 0.82mA 0.833mA

Current R2 B6.72mA 6.667mA

Current R3 3.06mA 3.030mA
Variations:

The above tables show that in each circuit, the measured values do not align with the
calculated values expected. Assuming the calculations are correct there are many other
factors that could lead to discrepancies, including, but not limited to:

Accuracy of the multi-meter used

® o o @
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Losses in the circuit conductors (not considered in design or calculations)

Accuracy of the power supply displayed voltage
The actual resistance of each resistor — which had an indicated + 5% tolerance
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It's likely the variations are not linked to a single possibility listed above but a combination of

all of the above. Further calculations on measured parameters give further results that do not
align, one example being, for the series circuit, the total calculated voltage using V = IR from
the measured total resistance and measured supply current gives:

V=IR > V=115710"3+848 > Vv =9811V

However, the total voltage caiculated by adding the voitage measured across each resistor
is:

Vi=Vi+Vo+V; > V,=138+3.16+4+542 > V, =996V
These results lead to questioning the accuracy of the multi-meter, repeating the exercise
with a different multi-meter may well lead to different results again.

This results varies marginally from the sum of the three calculated voltages which gives a

result of 10.0V. According to Bird (2007) Kirchhoffs voltage law tells us ‘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 equat to the resultant e.m.f. acting in that loop'. (p.179) Applying

this law to the series circuit in task 1, the total voltage drop must equal the supply voltage, of o
10.0V, an exact match with the calculations, but not the measured results.

Similarly, the calculated results of the current in the paraliel circuit coincide with expected
results using Kirchhoffs current law, where if each branch of the circuit is considered as
coming from a single junction, with the supply current fiowing to the same junction, the sum
of the current from each branch matches the supply current. As with the voltage thisis .~
marginally different from measured results.

The difference in the measured total resistance and the calculated total resistance suggests
the individual resistors did not exactly match their indicated values.

Calculations of the supply voltage from any of the measured parameters do not give a result
of 10V, suggesting the accuracy of the power supply is questionable. b

Although not considered in the circuit design, the circuit conductors would have their own
resistance, for a circuit of this size, both in terms of capacity (design current) and physical
size (overall length) this may well be insignificant, but will stif be present. This is considered
in the design of larger circuits, such as LV distribution systems, where the voltage drop in the
conductor is calculated, to ensure the voltage delivered to electrical equipment is within

acceptable parameters. /
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Task 2 — Capacitors

1.) Explain the construction and function of a capacitor, listing some of the different
types that are available and typical values.

‘A capacitor is an electrical device that is used to store electrical energy. Next to the resistor,
the capacitor is the most commonly encountered component in electrical circuits'. Bird
(2007, p.58) Bird, (2007), Kuphaldt (2002), Ashby (2012), and Fitzgerald Et Al (2003), all
explain the construction and function of a capacitor.

Capacitors are an electricat device constructed with two conducting plates in close proximity
to each other, separated by an insulator or dielectric. Apply a DC current across the plates
and they will build up equal and opposite charges. Minus some leakage the capacitor can
hold this charge once the power source is removed. The capacitor can be quickly
discharged, providing large amounts of energy quickly, for items like a camera flash. They
are used in car audio systems, power factor correction, timing circuits, medical equipment
and many more. Capacitors have capacitance, measured in Farrads, the charge in capacitor
can be calculated if the capacitance and voltage the capacitor is charged to our known. /

Charge, Q (coulombs) = CV where C is capacitance and V is voltage. Charge can also be
calculated as the product of current in amperes and time in seconds, Q = It /

Most capacitors have a capacitance rating of micro, or nano farrads. Capacitance can be
increased in 3 ways, increasing the size of the conducting plates, moving the plates closer
together, increasing the insulation value of the dielectric material, or any combination of. The
charge in the capacitor can be increased by increasing the voltage, however, if voltage is
increased too much it can cause the dielectric to break down and allow the current to flow
through the dielectric. This could permanently damage the capacitor. /

Types of Capacitors
Capacitors can be made with various dielectric materials.
These include;

Mica Capacitors, Typically made with a lead or aluminium foil, with mica sheets between
plates. These have a typically value ranging from pF to nF, although they can be as high as
1 WF, and can operate at high voltages, typicaly rated between 100 and 1000V. 0

Ceramic Capacitors, typical values for ceramic capacitors are 1 nF to 1uF, but can be as

high as 100 pF, they are unpolarised so can be used in AC circuits. Glass capacitors are

often used where high performance is required, tey don’t age, have minimal losses, and high /
temperature tolerance. ’ )

Electrolytic Capacitors, typical values are 1yuF to 47 mF, double fayer capacitors can reach
hundreds of Farrads. Used in DC circuits and nearly always polarised. P

Paper Capacitors, typical values of 500 pF to 10 uF, these capacitors have a high working
voltage. 4
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Film Capacitors, or plastic capacitors, typical values range from 1 nF to 30 pF, these
capacitors are not polarised and can be very accurate compared to other types of capacitor.

Variable Air Capacitors, typical values between 500 pF and 1 nF, the dielectric in these
capacitors is air, typically interlocking plates can be moved infout of each other, increasing or
decreasing the plate size to give variable capacitance.

2.) For the circuit below (figure 3);

|
|
F [Micro)

|
(Micro) {1 - 47mF (Micro)

e

3 —A—
N —_—

1-18

Y
.

25V

Figure 3 Capacitors in both series and parallel
Determine:

a) the equivalent circuit capacitance /
C; and C; are connected in parallel, therefore: Cogz) =Ca+C3 > Cog3) =22+107%+47 %
10=% >

Caas) =69 %107 or, Ciogay = 69uF /

. . i 1 1 C1C283)
Cy and C, are connected in series, therefore: - = — + , C=—7— >
1 (28&3) C Cy C(zg@) Ci+C(2&3) //
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18469
T 18469

uF > C=14.276ufF

/ b) the total charge
Q=CV > Quc=14276+25 > Q =356.897 uC

c) the charge in each capacitor
As C; and C(,g3) are connected in series, the charge in €, and C283) are the same and equal

to total charge, so charge in C; and (3, is 356.897 uC 7
Q, = 356.897 uC ‘/

For Ciassy, Vizas) = E(OT) and V will be common for both C, and C3. Vizas = 35%323;‘5

V(2&3) — 5172 V

ForCl,V1=§:‘ > v =22 >y, = 19828V /

Given Q@ = CV, then @, = C,V, and Q; = G5V /
P
Q,=22+5172 > @, =113.793 uCc -~

Q3 =47+5172 > Q3 =243.103 uC /

d} the energy stored in each capacitor

1
W =—-(V?
2 /

For C;, C=18uF, V=19.828V > W =2(18,r x19.828%) > W =3538mj

For Cy, C=22uF, V=5.172V" > W =2(22,;+51722) > w =294.2454

/
For C5, C=47uF, V=5.172 > W =3(47,;+5172%) > W = 6286154 Fa

e} the total energy stored in the circuit.
The total energy in the circuit is equal to the sum of the energy in each capacitor.

Total energy = 3.538mj + 294.245uj + 628.615y) Y

Total energy = 4. 461mj VZ
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Task 3 —Magnetism

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

Bird (2007) explains ‘A permanent magnet is a piece of ferromagnetic material (such as
iron, nickel or cobalt) which has properties of attracting other pieces of these materials’
(p.72). This attraction is a physical attraction, with enough force to move significant
masses of material, or so that significant effort must be exerted to move materials away
from the permanent magnet. He further explains that if suspended freely a permanent
magnet will position itself in a north and south direction. The area around the magnet,
called the magnetic field, is the area in which magnetic force can be detected.

The magnetic field can be shown by lines of flux, from the north pole of the magnet to the
south as shown in figure 4 below (Bird, 2007:p.72):

Lines of N
magnetic N i N

flux \

N Magnet S

i
N

Figure 4 Image from Bird (2007)

The lines of flux act all around the magnet, not just either side as shown in the diagram,
and the closer together the lines, the higher the flux density, the stronger the magnetic
force is. The lines are considered elastic, as if they are displaced by opposing forces, :
once the opposing forces are removed, the lines of flux revert to their ‘normal’ position. /

2. Solve the following problems:
a) A magnetic pole face has a rectanguiar section having dimensions
250mm by 120mm. If the total flux emerging from the pole is 120uWb,
calculate the flux density.
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Dimensions, 250mm, or 0.25m by 120mm, or 0.12m, so area is: 0.25 x 0.12 = 0.03m3
r 4

/

Total flux is 120uWb, flux density, B (Tesla) = “ag“eij:*:f:igwmr’

in this instance, flux density = E‘L—?f—s > flux density = 0.004 T or 4mT. /
b) 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 340mWhb, determine the radius of the pole face.

B =1.5T, ¢ = 340 mWb, or 0.34 Wb
B e 2 /> = 2 > a = Lw. /
a B 1.5
4 /
Area of acircle, a = nr? '/> Bz > 32 s 3~y > r=0269mor
! 1. 1.5Xm 1.5%mT : /

269mm /

3. Explain the principle operation and construction of an electromagnet including
the distribution of magnetic fields. Also discuss two applications where the
principles of electromagnetism is used.

Ashby (2012) and Griffiths (1999) explain that a charge, such as an electron moving
through a conductor, creates a magnetic field perpendicular to the direction of movement.
As with a permanent magnet the magnetic field is not simply 2D in nature, the resulting
magnetic field circles the conductor in a clockwise direction (following the flow of the
moving charges, or current). Shown in figure 5 below.

Magnetic Field

h 4

Current f

Figure 5 Ashby (2012)

Ashby (2012) states ‘the field is identical to the field surrounding a permanent magnet. In
fact, if you coil the wire, the magnetic field lines align and reinforce each other, making it
even more like a permanent magnet’. (p.55) Shown in figure 6 below.
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~ Magnetic Field

Figure 6 Ashby (2012)

This type of magnet is called an electromagnet, the strength of the magnetic field can be
increased by increasing the current in the conductor or coil, for instant changes in field
strength as and when required, or increasing the number of coils for permanent changes
in field strength. The magnet can also be turned on or off. This means electromagnets can
be controlled in a way that permanent magnets cannot, and they are used for many y
applications. )

Many modern alternators use electromagnets instead of permanent magnets. The emf
induced is dependant on the magnetic field strength, using an electromagnet allows for
adjusting the magnetic field strength as required to get the desired output voltage under /
varying load conditions.

Electromagnets are also used in solenoids to operate switches, valves, locking or release
mechanisms etc. The ability to turn the magnet on or off aliows for a valve to be opened OV
closed, a switch to be turned on or off etc.

4. Solve the following problems:
a) 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 0.4mWb, calculate the
magnitude of the force exerted on the conductor.

F=BIl > I=8A > |=320mm, or 0.32m

o
}E?=£E > ¢p=04mWhbor0.4x 1073 mWbh /

2%

a=nmr r=60mm or 0.06m (a = 0.011310)

_ 0a4x1078 o
B = ——— (B = 0.035368)

_ 0.4x107°

T mx0.062

x8x032 > F=0091N

b) 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
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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.

¢=127mWbor 0.00127Wh > [=400mmor04m > [ =254 > F =80N

F=BI {r ==B (B=8T) 7

B=2lor £=2 5 =% (4=0.000159m?)
a a F

il 1l [o11
a=mr? or mr2=% > 28 5 i /
F Fr

Fr

P4
d=2r or d=zJ§ >"d =0.014217m or 14217mm
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Task 4 — AC Circuits
1. Using the oscilloscope measurements for a sine wave stated below perform

the following caiculations

a) Peak voltage

b) Frequency

c) Average voltage

d} Root mean square (rms) voltage.

Oscilloscope Settings Grid Spacing
Volts/Div Timebase | Vertical (peak | Horizontal
(ms/Div) topeak) | (1cycle) |
5 10 5 46

a) 5V/Div * 5 Div = 25V Peak to Peak, 12.5V Peak ?/e Voltage ‘/
b) 10ms/Div * 4.6 Div = 46ms per cycle, Frequency = 1/t > 1/46ms = 21.739 Hz /

c) Average Voltage = z—i" e BEEST, 5; > Average Voltage = 7.958V e

n

_vp 12.5 _ ~
d) rms voltage =75 > <5 > ms voltage = 8.839V / //*’:;l_ Mﬁﬂ_’ j/w(

2. Below is a RL circuit:

R

e AT
V2 CH2

<
<«

V1l CH1

D)
N\

1 Volt p-p

L=1mH, R = 10Q, RL = ?Q (measure this value)

3. Measure and record the vaiue of each of the component.
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Page 13 of 18

L=1.007 mH R=9950 R.=2690Q
4. Produce a table of measurements as shown below:
Freq(l.fl)ency 00}7)1 (i\l-}l)z Time
pk to pk to | Difference Calculated values
(kHz) pk pk (between
Voltage | Voltage | peaks)
mv | mv | (Te-Ty) Tﬂ%ﬁ? i?ac‘iféﬁ’é’ Phase
Us =14 # ';')2/7_ Ar(‘l%le
ms (fraction
x 360)
1 222 158 84 | 0.001000 0.084 | 30.240
2 282 158 65.6 | 0.000500 0.131 | 47.232
3 350 152 52.8 | 0.000333 0.158 | 57.024
4 424 148 44.8 | 0.000250 0.179 | 64.512
5 484 142 39.2 | 0.000200 0.196 | 70.560
6 544 134 31.2 | 0.000167 0.187 | 67.392
7 596 130 28 | 0.000143 0.196 | 70.560
8 632 122 26.4 | 0.000125 0.211 76.032
9 672 118 23.2 | 0.000111 0209 | 75.168
y p o 7
5. Produce a table of calculations as shown below:
Frequency XL 00) e ZW Current Phase Snﬁ (t:)‘;
@) | emy | B Y| @ | Ange (| WihE)
1 6.327 12.64 14.135 | 0.070746 26.59 13.7%
2 12.654 12.64 17.886 | 0.055910 | 45.03 4.9%
3 18.982 12.64 | 22.805 | 0.043850 56.34 1.2%
4 25.309 12.64 28.290 | 0.035349 63.46 1.7%
5 31.636 12.64 34.068 | 0.029353 68.22 3.4%
6 37.963 12.64 40.012 | 0.024993 71.58 -5.9%
7 44.290 12.64 46.059 | 0.021712 74.07 -4.7%
8 50.617 12.64 52.172 | 0.019167 75.98 0.1%
9 56.945 12.64 58.330 | 0.017144 77.48 -3.0%
// y P / P #

V4
S
£
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Show clearly one full example of your method for calculating for X (Q), Z (Q3),
Current (A) and Phase Angle (°) for a chosen frequency.

For 1 kHz, 1000 Hz, L = 1.007 mH i

X,=2nfL > X;=2mx(1x10%) x(1.007x1073) > X, =6.327Q /
Inductor Measured Resistance = 2.69Q

Resistor Measured Resistance = 9.95Q

RC = R + RI > Rt = 12.64Q /
2=RE2+X*® > Z= {th +X2 > Z=v1264%2+6.3272 > Z=14.135Q "

=141135 > [=70.746 x 10734 > [ = 70.746mA /

V=1V, I =

- |

Ni<

Phase Angle = Tan'l(i—‘) > Phase Angle = Tan‘%%) > Phase Angle = 26.59° /
t .

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

As with resuits from Task 1 discrepancies between calculated results and measured
results are going to be for a variety of reasons. The resuits where an exact comparison
can be made are the results for the phase angle. The measured results vary from -4.7%
to + 13.7% of the calculated value for each frequency. Excluding results for 1 kHz this
reduces to +5%.

Some of these reasons will include;

Equipment not perfectly calibrated,; -
o The powersupply & No 2owver sudfll frnreleon. e
o The oscilloscope
o The multi-meter used to measure inductance & resistance
Human error;
o Frequency of power supply not exactly set
o Errorin positioning cursors for measuring time difference between peaks
Component tolerances
Unmeasured circuit resistance /

-;)rﬂ’é\'

P

P

Equipment not perfectly calibrated

Smali variations in the calibration of the equipment used could quickly add up. If the
power supply frequency was not as displayed then results recorded at 1 kHz may well
have been for a supply of 1.04 kHz, or 0.95 kHz, a marginal difference to a known
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parameter may have increased, or decreased inductive reactance. If the inductor was
measured as having inductance of 1.007 mH, but the muiti-meter was not perfectly
calibrated and this was actually 1.012 mH, or 0.999 mH, there could again be increased,
or decreased inductive reactance. The same meter measuring resistance may have
resulted in total resistance or impedance calcufations differing from actual values. v

If the oscilloscope calibration wasn’t perfect there could be a variation in displayed values
to actual values. This could be on just one waveform, or both wave forms in opposite

directions. 4
Human Error

This is where slight variation in actual values and recorded values is almost certain.
Although steps where taken to ensure the most accurate possible results when measuring
the time difference between peaks it was still a manual measurement. Peak to Peak
voltages where measured by the oscilloscope. To measure the time difference between
peaks as accurately as possible, the waves were made as large as possible whilst fitting
the two downward wave forms on the screen. Cursors were placed where the waveforms
crossed the axis, to ensure measurements were at like for like points in each wave. The
oscilloscope provided a measurement for the time difference between the cursors.
Measurements looked accurate to the eye, but minor variatiya almost certainly exist
here.

Component tolerances

Component tolerances will likely have a negligible effect on the results of this experiment,
as values where measured rather than using stated values. This means any variation in
the actual component value compared with the stated component value has been taken
into account already. /BJU

Unmeasured Circuit Resistance

Like the series circuit there will be an amount of resistance within the circuit conductors.
This again will be negligible, but our calculations do not account for any resistance in the
conductors whatsoever.

Kuphaldt (2002) States, ‘It can be said that conductors have low resistance and insulators
have very high resistance’. {p.23) Although low, conductors do not have zero resistance.

Result Variations
Given the number of variabies, and number of potential areas for differing values, the

measured results overall are a close comparison to the expected calculated values. It is

Page 15 0f 18



Shaun Harrison
HNC Electrical and Electronic Engineering

likely the variations come from numerous smail variations adding to give, with the
exception of the results at 1 kHz, variations of +5% from 2 kHz to 9 kHz are fairly
consistent, and suggest both the calculations and practical experiment where completed
correctly.

o
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