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Introduction

Electromagnetics are at the heart of modern computing, it's used everything from power supplies to hard drive

storage to the transistors that make up a CPU.

In this report we will investigate the materials used as dielectrics in capacitors and how the material used effects the
characteristics of the capacitor. We will investigate the current carrying abilities of different metals and finally we will

investigate the electromagnetic force with the use of an electromagnet.
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Background
To help us model electromagnetic prablems in the 2D plane, a software package called FEMM 4.2 is used.
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Task 1
The first task set was to model a rectangle with dimensions of 10cm by 8cm as an electrostatic problem. Two faces of
the rectangle had a voltage of 9v applied to them and the other two were held at Ov. The task then stipulated that
the internal material of this rectangle was to be set as Air and then Silicon, and to conduct an analysis of the two
different models. The resulting model, in both cases, was effectively a capacitor with different dielectric materials.
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Figure 1 - Simulation of both rectangular models showing Electric Field density

The first obvious difference betwellaZéd two models can be seen when inspecting the FEMM 4.2 Material library. In
the library it can be seen that Air has a relative permittivity of 1 and Silicon has a relative permittivity of 12. These
values are approximate and are more widely held to hold a value of 1.000528 and 11.68 respectfully.

Material Relative Permittivity
(FEMM)

Air 1

Silicon 12

Table 1 - Relative Permittivity value of materials as used in FEMM 4.2

Permittivity is the measurement of how resistive a medium is to forming an electric field with Relative Permittivity
being relative to Absolute Permittivity, or the resistance to forming a electric field in a vacuum. Absolute Permittivity
is typically held at being approximately 8.85 x 10" Farads per metre. |

Ancther obvious characteristic difference of the two models is the electrical conductivity of the two materials. Silicon
is well known as being used in modern electronics such as integrated circuits due to silicon being classed as a
semiconductor. Semiconductors differ from conductors like metals due to having a lower number of conduction
electrons and requiring less energy to promote valence electrons to the conduction band. [2] Air on the other hand is
well known as an insulator with an electrical conductivity that can be improved with the introduction of aerosolised
water droplets. [

With held from tﬁm\n 4.2 analysis it can be seen that across the model, the use of silicon as a dielectric allows
for an order of magnitude higher level of electric flux density as shown in Figure 2. This is due to the significantly
higher Relative Permittivity value.
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Figure 2 - FEMM Analysis of the magnitude of Electric Flux density for Air {left) and Silicon fright)




The higher relative permittivity can also be seen when intergrating a cut of the model in FEMM 4.2 as shown below
in Figure 3. Due to the higher relative permittivity the model using silicon is able to store significantly greater charge

within the same volume.
&

Electrc Flux = 2.51644e-013 Coulombs
Average D.n = 1.96501e-010 C/m~2
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Figure 3 - Integral of the density plot of each model; Air (left) and Silicon (right)




Task 2

Task 2 required the modelling of a zig-zag shape made with aluminium and then made with copper. The model was to

have 9v applied at the lefthand end and 5v applied on the righthand side. The expectation from these models was

that a higher current flow and lower resistivity would be seen in the copper model compared to the aluminium. This
is due to aluminium, even when mixed as an alloy, is only 61% as conductive as copper. [IE
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Figure 4 - Zig-Zag model simulated to show potential difference across the design

Due tothe lower conductivity of Aluminium, we see that when analysed in FEMM 4.2 a significantly smaller current
flow is calculated compared to copper. The results shown in Figure 6 are negative due to the direction of drawing the
contour.

W

While the use of Aluminium may well perform poorly when compared to copper in terms of conductivity, it’s

Material Current (A) Average Current (A per m?)
Aluminium 116564+1*1.49934e+006 9.42363e+007+1%1.21215e+009
Copper 179329+1*2.30668e+006 1.44979e+008+!*1.86484e+009

Current = -116564-1"1.49934e +006 A
Average Current = 4. 42363e +007-1%1.21215e+008 Ajm*
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Figure 6 - Integral od the cross-section in FEMM 4.2 showing the current flow and average current flow across the model.

Figure 5 - Table of values calcufated by FEMM 4.2
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Integral Result

Current = -179326-1%2. 306682 +006 A

Average Current = -1, 44370 +008-1% 186484 +009 Ajm*
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increasingly being used in industrial applications due to its cost and weight benefits. [4] Aluminium weighs 2.7g per
cm? equating to 35.1 grams in this model assuming a thickness of 1cm. Meanwhile copper has a density of 8.95g per
cm? equating to 116.35g for the same volume, or over three times heavier that aluminium.




Task 3
Task 3 required the modelling of an iron core electromagnet with 5 turns on each set of coils and 200A flowing
through both coils.
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Figure 7 - Electromagnet designed and simulated in FEMM 4.2

This electromagnet makes use of the principle of electromagnetism whereby when current flows through a
conductor a magnetic field is created, and when a conductor is in the presence of a varying magnetic field a
electromotive force is induced.
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Figure 8 - Magnitude of Magnetic Flux density across the vertical axis

When analysing the magnetic flux density of the elect
induced and contained within the iron core of the ele g’

gnet we see that the majority of the magnetic force is
gnet with very little projecting out into the surroundings.




However when placed against a steel plate, as in Figure 9, we see that a magnetic force is not only induced in the
steel plate, but also projected much further into the surrounding environment.
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Figure 9 - Steel plate placed against the electromagnet




Conclusion

In conclusion, FEMM 4.2 is a very useful tool for modelling electromagnetic systems in 2D with a
variety of analytical tools. It's been shown in the three tasks that careful selection of dielectric
material is important when constructing a capacitor and that some metals have much higher
current carrying capacity that others although there are other drawbacks.

Finally it's been shown that a magnetic force can be induced in a conductor through the use of an
electric current.
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