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Timetable and Assignment Submission

Timetable — Tutorials
1 (Launch Trip)
2
3
h
5
6 (Feedback)

Timetable — Homework Assignments

Homework Description Due Date
Assignment

Tutorial 1
Tutorial 2
Tutorial 3
Tutorial 4

Tutorial 5 Research and Design Project 14 March

Assignment Submission — Lateness and Plagiarism

Submission after midnight on 10 marks deducted
Some plagiarism 10 marks deducted
Moderate plagiarism 20 marks deducted
Extreme plagiarism Automatic fail
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The Brilliant Club KS4 Programme — Pupil Feedback Report

st 70+ Performing to an excellent standard at A-level
2:1 60-69 Performing to a good standard at AS-level

2:2 50-59 Performing to an excellent standard at GCSE
3rd 40O-49 Performing to a good standard at GCSE
Working towards a pass  0-39 Performing below a good standard at GCSE
Did not submit DNS No assignment received by The Brilliant Club
Any lateness 10 marks deducted

Some plagiarism 10 marks deducted

Moderate plagiarism 20 marks deducted

Extreme plagiarism Automatic fail

Name of PhD Tutor Liam Trimby
Title of Assignment Designing an Electromagnetic Satellite Launcher

Name of Pupil
Name of School

ORIGINAL MARK / 100 FINAL MARK / 100

DEDUCTED MARKS FINAL GRADE

If marks have been deducted (e.g. late submission, plagiarism) the PhD tutor should give an explanation in this
section:

Learning Feedback Comment 1 - Enter Key Learning Priority Here

What you did in relation to this Key Learning Priority How you could improve in the future

Learning Feedback Comment 2 — Enter Key Learning Priority Here

What you did in relation to this Key Learning Priority How you could improve in the future

Learning Feedback Comment 3 — Enter Key Learning Priority Here

What you did in relation to this Key Learning Priority How you could improve in the future

Resilience Comment

How you showed learning resilience during the course How you could build learning resilience in the future
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Course Rationale

Technology is everywhere. We rely upon it for so much, and without it we can do surprisingly
little. Why then do so few people understand how it all works, and where it gets its energy from?

This electromagnetics course explores some of the fundamental forms of energy in our universe,
the various weird and wonderful phenomena these energies can produce, and how technology
exploits or manipulates them for our benefit. Specifically we will be focusing upon electric,
magnetic, thermal and kinetic energies. There will be numerous case-studies throughout the
course of a few highly ubiquitous electromagnetic technologies and how they use these
fundamental forces.

Throughout this course you will develop numerous skills to complement and enable an
understanding of electromagnetics such as electromagnetic systems analysis, system block
and circuit diagrams, logical reasoning and deduction, mathematical skills, and design
optimisation. Furthermore your ability to independently learn and effectively and professionally
communicate will be improved.

At the end of this course students will:

- Have gained an understanding of what electricity is and its physical origin.

- Be aoble to analyse and design simple electromechanical systems through their
understanding of electromagnetics.

- Have improved their independent learning, critical thinking and technical
communications skills.

- Be able to apply their understanding to real-world engineering problems.
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Mark Scheme Table

Technical
writing and
communicatio
n

Scientific and
Technical
depth

Research and
Investigation

st 2.1 3rd
Report is A Reportis A Report appears
professional in adequately messy, and is poorly
appearance, well formatted with formatted.
formotted, o.nd ‘ some professmnol A Written in o
includes navigation features included.
: . personal, not
dlidsfigiesierc: A An effort has been technical style.
' : structured.
Report is well A Reportis Extracting
structured and could adequately information is
be easily skimmed structured and challenging without
for specific could e skimmed reading everything.
knowledge. er information with A Minimal or totally
Appropriate use of Iy inaccurate use of
specialist A Some mostly specialist
vocabulary. accurate use of vocabulary.
Excellent use of specialist A Poor use of
punctuation, vocabulary. punctuation,
sentence structure A Adequate use of sentence structure
and English ability. punctuation, and English ability.
sentence structure
and English ability.
Excellent depth of A Understands and A Struggles to
understanding and discusses the key understand or
technical discussion. technical aspects. adequately
Good use of A Use of essential dls%ugsef key
relatively equations, technical concepts.
complicated diagrams, graphs, A Poor or no use of
eqguations, etc. equations,
Sﬁgroms, graphs, A Sufficient breadth of chégroms, graphs,
: technical content. :
Extensive breadth of A Insufficient or
technical content. irrelevant or
irrelevant technical
content.
Extensive and A Referencing has A Very poor or no
consistent been attempted but attempt made to
referencing is incomplete reference.
throughout. and/or inconsistent. A Used extremely few
Used a good variety | A Used a variety of Or NO sources.
of reliable sources. sources. A Displayed no or
Effective A Displayed some minimal evidence of
independent evidence of independent
research, displaying effective research.
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Critical
thinking and
Evaluation

Clarity of
knowledge
and data

knowledge well
beyond the tutorials.

independent
research.

Accurately and fully | A Evaluates why A No or very poor
evaluates why certain choices have attempt to evaluate
certain choices have been made in a why certain choices
been made in a design. have been made in
design. A Suggests aspects of B a design.

Discusses ways to design that impair A No attempt made to
improve or modify a performance discuss design
design. without discussing modifications.
Discusses complex N solutions. A Minimal attempt to
drawback and gain | A Discusses the key discuss any design
relationships. design trade-offs. trade-offs.

Data is clearly A Datais adequately | A Itis unclear what the
presented, and presented, with the data represents or
referred to within meaning reasonably means.

LS B Cl2f2eliclile A Concepts are poorly
Concepts are fully A Concepts are explained, lack

but concisely usually fully essential detail, and
explained. explained. are long-winded.
Some attempt A Some level of A No attempt made to
made to evaluate appreciation for evaluate the

the accuracy of potential data accuracy of data
data and inaccuracy is and information.
information. ) evident. A Notall key

All required A All essential information is

information is
presented, and the
reader makes no
assumptions.

information is
presented, with no
important
assumptions
required.

presented and the
reader must make
many assumptions.
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Glossary of Keywords

Definition

The base unit of energy. All
forms of energy can be
quantified in joules.

In a sentence

A single Calorie is equivalent to
4.2 joules. But usually we use
Kcal (4,200 joules)

The base unit of power. It is
measured in joules per second.

My kettle uses 2,000 joules of
energy per second, so is 2,000
watts

The electromotive force which
causes current to flow.

1 volt applied across a wire of
resistance 1ohm causes Tamp
of current to flow.

The base unit of charge. A truly
fundamental property of our
universe.

An electron has just p&z p 1
coulombs of charge.

The amount of charge flowing
past a given point per second.
Measured in amperes (amps).

1amp is flowing when 1 coulomb
of charge is passing each second.

When two things are at right
angles (90 degrees) to each
other, then they are
perpendicular.

Walls and doors are
perpendicular to each other.

Permeability is the measure of
a material's ability to support
a magnetic field within itself.
Most materials are defined by
their relative permeability (¢ )
multiplied by that of free
space (* ).

Free space (the absence of any
material) has a permeability of
‘ .[H VA p T[

The intensity of a magnetic
field at a precise location. (The
density of field lines). Measured
in tesla.

The flux density at the surface of
a magnet is much greater than a
metre away.

The total amount of flux (or
field lines) passing through a
surface (2D area) that is
perpendicular to the magnetic
field.

To calculate flux, multiply the flux
density by the 2D area it is
passing through.
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Tutorial 1
What is Electricity?

Figure 1 - Electricity sparking across a broken wire.

What is the Purpose of Tutorial 1?7

)l
)l
)l

)l
)l

To introduce the concept of energy, specifically electrical and thermal.

To introduce basic atomic theory and tie this into the physical origin of electricity and heat.
To learn about important properties of electricity and simple circuits. These include: Voltage,
Current, Resistance, Power, and Ohm's Law.

To introduce multimeters for use in electrical analysis.

To use the above to build, measure and understand a lemon battery.

What do you think energy is?
Discuss with your neighbour and then write down your ideas.




What forms of energy can you think of?
Discuss with your neighbour and then write down your ideas.

An example would be: Kinetic Energy (energy from mass moving)

Below are two images, one shows metallic bonding, the other shows covalent bonding.
Identify which is which by adding a label under each diagram.

Ohms Law and electrical power:

We have now learnt about voltage, current, power, and electrical resistance. It's time to put that
into practice.

Ohm's Law: A" "I " "KL "I Mﬁo BT
AOHTE TIAT CHH
Electrical power: "El "I "HE A1 1 "THRI™HATI T B a || gz &
Electrical Resistance: 1§ "H'l i I "I HT S HiTL Ty 'p 2
= -
Where:

Current (B is measured in amps (A)

Voltage (V) is measured in volts (V)

Resistance (R) is measured in ohms m

Power (P) is measured in Watts (W)

Length (L) is measured in meters (m)

Area (A) is measured in meters squared @&
Resistivity (z) is measured in ohm-metres (Y m).



An electric drill uses a 24V battery to power its electric motor. The motor has 1 ohm of resistance,
and the control circuit has 3 ohmes.

1. Draw a simple circuit diagram to represent this setup.

2. Use Ohm's Law to calculate the current drawn by the motor.

3. How much power is the drill consuming?

The motor is 50% efficient. 5% of the power is wasted as noise. The remaining 45% is wasted as heat.
If the drill can cool itself by 10 watts, and overheats once the motor has absorbed 100,000 watts,
how many minutes until the motor overheats?

The manufacturing company decides to build a performance model. They intend to double up the
battery to provide 48 volts.
How much current and power does the drill's motor consume now?
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Lemon Battery Experiment

We're going to investigate a simple battery made from a lemon to better understand what
electricity is. Follow these instructions.
1. Roll your lemon around and squash it slightly to break up the insides and allow juice to flow.
This juice acts as the electrolyte of the battery.
2. Stab your galvanised nail (zinc-plated) into one side of the lemon, and stab the copper wire
into the lemon near the nail. These are your two electrodes.

In pairs use your multimeter to:

1. Measure and record the voltage across the two terminals of your battery.

2. Measure and record the resistance of the two resistors.

3. Connect your multimeters in series and use it to measure the current flowing through the
circuit.

Often real-world batteries cannot deliver the theoretical amount of current because they are not
powerful enough. Use Ohm's Law and the voltage you measured to calculate the theoretical

current your battery should provide.
Compare this to the current you measured. Was your battery powerful enough to provide the

theoretical maximum power?

12
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Homework 1 — Baseline Test

The homework assignment for the first tutorial is a baseline test to see your initial level of
attainment in this subject areaq, primarily your logical reasoning and number skills. Do not worry
about doing 'well’ or "badly’ on this test, as many parts are deliberately challenging and may be
unfamiliar. The main purpose of this test is to help you and your tutor identify where you are at the
start of the programme and help gauge progress along the way.

1.

Four resistors are in series. Their resistances are 55m ——m} 6km and p 1) What is their

series resistance? Is this lower or greater than their resistance if they were arranged in
parallel?

Substitute Ohm's Law into the electrical power equation to show that doubling the voltage
qguadruples the power.

Draw a plot of a 4Hz sine wave over 0.5 seconds. You can choose the Y-axis.

| want to know if drinking ice-cold water is a good way to lose weight.

Water needs to absorb 4200 joules of energy to raise its temperature by 1 degree
centigrade, per litre of water. This is the same amount of energy as 1Kcal. My body will
convert chemical energy stored as sugar in my blood into heat to raise the water
temperature to match my body temp of 37 centigrade.

If | drink three half-litre glasses of 2 degree centigrade water each day, how many days
until I burn off the 263 Kcal in a Mars Bar?

| weigh 70Kg. If I was running at 3.5 meters per second (about 8 miles per hour), how long
would it take me to burn off the Mars Bar? How far will | have travelled if going in a straight
line?

The equation for kinetic energyis: %1 AOCU -z- AGBGAT | AEG@J -z4 20

Our country is covered in electrical pylons. The weight of the power cables connecting them
is crucial as they must not snap. Aluminium or copper are the two potential material choices
to make the cables from. Aluminium only has 80% of the conductivity of copper, but is half
the weight.

Using the equation for electrical resistance and the equation for a cylinder, decide if
aluminium or copper cables would be best to minimise weight for the same conductivity.

As a percentage, how much longer could the better material be as a cable for the same
weight and resistance?
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Tutorial 2
What is Magnetism?

Figure 2 - A magnetically levitated chess board.

What is the Purpose of Tutorial 2?

To introduce the field of magnetism, and what a magnetic field is.

To explore the relationship between electric charge and magnetism. Specifically, how a
moving electric charge (current) generates a magnetic field.

To understand how different types of materials interact with magnetic fields.

To build and test a solenoid and electromagnet.

T
T

T
T

Recap question:

A 12V car battery is powering an electric heating element. The resistance of the heater is 1ohm,
and the resistance of the wire connecting the power to the heater is 0.5 ohms. Draw a simple
circuit diagram of this setup and calculate the current flowing through the heating element using
Ohm's Law.
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Magnetic field from moving charge

e v e EHTT HHTHE AATTION HH 2z k
¢ 1 MSHI 11 e o | ==
z Z7HTHITT zz »
Where:
| is the magnetic field strength (also referred to as Flux
Electric current Density) measured in tesla.

H is the permeability of free space, equalto1“ 2 p 1.

H, is the relative permeability of a material to free space.

(how many times better is a material at supporting a

magnetic field than free space. * ‘).

— »is the radius formed by the circular magnetic field (e.g
the distance from the wire) measured in metres (m).

B Magnetic field

Using the right-hand-rule #1 above, draw on the
magnetic fields on the image below created by the
voltage applied across the two terminals. When
combined together the resultant magnetic fields will look
similar to a regular bar magnet. Add a north and south
label to the image.
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How magnetic fields interact with different types of material

Use what you've just learnt along with some iron filings and a magnet to help you draw the
magnetic field lines onto the picture below.

Permentant
Magnet

Magnetically soft or hard?

BOTH magnetically soft and hard materials can support
magnetic fields. Magnetically hard materials are very resistant
to a change of their magnetic state, and make good
permanent magnets. Whereas a magnetically soft material's
internal magnetic field will quickly match an external field.

Computer hard disk drives work by magnetising nanometre-
size patches of a special disk. The patches are created using a
tiny but powerful electromagnet. However, the smaller the
patches the more vulnerable they become to unwanted
external magnetic fields.

Which type of magnetic material (Soft or Hard) do you think is used for the disks?

And which type for the read head?
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Solenoids and Electromagnets

Write down as many uses as you can think of for solenoids and electromagnets

As a solenoid is simply a coil, and a coil is many loops, we must consider the magnetic field
strength at the centre of a single loop of wire, which is:

e 7 "IASH 1A

fEHWT‘H%VHiTATTWW%ﬁéWH HH z E
° 2T 1 TTTHHUT S
Where:

»is the radius of the loop in metres.

The flux density inside a solenoid is concentrated into nearly uniform field in the centre of a long
solenoid. The field outside is divergent and weak. The strength of this field can be described by:

. L BT CHIHM T T TET
L LAV N T H ) rp Cyrp—trg gy ¥ ey ope n H 7 e erprpang toany  eR 1 o
€1 "IAGHI "I IA"I GE"HTI T HHHlaA‘”IO“H?"ATi'i'HT’FEE’li
Where:

N is a unitless value indicating the number of loops that make the coil.

L is the coil length in metres.

J]
[ HJ".ZI:Z;I'

We can convert a solenoid into an electromagnet by adding a soft magnetic material into the
core. This has two effects. Firstly, it greatly increases the permeability, enabling a much greater
flux density inside the coil. Secondly, it helps to guide the magnetic field lines at the edges of the
coil, and keep them from diverging as quickly.

In pairs wind a solenoid. Measure and record the coil resistance and radius.

Now apply a voltage across the two terminals of the coil and measure the current flowing.
Pick up as much steel as possible at the edge of the coil, and weigh how much was lifted.
Now place an iron core into the solenoid to make it an electromagnet.

Measure the coil resistance, voltage, and current to ensure they remain constant.

Now use your electromagnet to pick up as much steel as possible.

Weigh the steel picked up and calculate the ratio of weight picked up between the solenoid
and electromagnet.

Compare this to the ratio between the permeability of air and iron. Are they close? Discuss
your findings.

NOoUTEWN S

o8
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Homework 2 — Professional and Technical Writing Skills

You have been given an example of a poorly structured, formatted and messy document lacking
many basic features. You also have a guide on how to improve it. Follow the instructions and
improve the document as much as you can without altering the main body of text (you can still
add, remove or edit titles/subtitles, and everything else).
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Tutorial 3

Electromagnetic Induction

How the world generates electricity

5 XAy > 5
Figure 3 — Huge AC generator for Reactor 1 at Diablo Canyon nuclear power plant.

What is the Purpose of Tutorial 4?

f To understand some of the formalised laws of electromagnetics (Faraday's Law and Lenz's
Law).

To understand how magnetic fields can generate electrical power.

To use the above to understand the operation of an electrical transformer.

To demonstrate the above with a simple experiment.

= =4 =4
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Faraday's Law of Induction

We've seen how a current flowing through a wire producing a magnetic field. Now we're going to
reverse things and see how a magnetic field can produce a voltage and therefore cause current
to flow.

Whenever a conductor is placed in a changing magnetic field a voltage is induced across the
conductor. If the conductor is a closed circuit then the induced voltage causes current to flow. The
magnetic field experienced by the conductor can be varied by various methods:

1. By moving a magnet.
2. By moving the conductor.
3. By rotating the conductor relative to magnetic field.

Faraday's Law states: that the voltage induced in a conducting coil is proportional to the rate of
change of magnetic flux. Magnetic flux is a combination of the strength of a magnetic field, and
the amount of area that it is passing through.

€ Hl "HT AT HHH™HET T "HIHH 1 A e HITHAT HTTHEH Y

y
45
T Y <
F OHT TH#ET AGHT "1 Y[ &A1 "HH
Ri T°TEHT "Hi "Mi HT Y(H

7 HU "HYHPT A 3 HHET T HIH™ T 1 e

Where:
N is the number of turns in the coil. For a simple wire N=1.
Y is the Delta symbol. In mathematics it means ‘change in'.
<s time in seconds.
B is the Flux Density.
A is the area of the surface that the flux (magnetic field) is passing through perpendicularly.
is the magnetic flux. This is essentially the total number of magnetic field lines passing through
a particular area. | z= (]| inTesla, and A in metres squared)

yy—<is therefore the change in flux over a certain period of time. Or rate of change of flux.

Questions:

A conductor moving through a magnetic field

The new Dreamliner aircraft have a wingspan of 60m, and fly at 265m/s. If the perpendicular
magnetic field strength generated by our planet where our Dreamliner is flying is 50° "¥nicrotesla,

orp m? , then what is the voltage difference induced between the tips of the wings?
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Draw the setup used in the demonstration of Faraday's Law. Include the magnetic fields, current
flow, and direction of magnet motion.

Why when we connect the two ends of the coil together does the magnet slow down?

Calculate the average time it took for each complete induction cycle.

Use the coil resistance, coil area, and voltage we measured, calculate the average rate of
change of flux.

Lenz's Law:

Lenz's law states that when a voltage is generated by a
change in magnetic flux according to Faraday's Law, the
polarity of the induced voltage is such that it produces a
current that's magnetic field opposes the change in external
magnetic field (flux) which produced it. This is represented by
the negative sign in Faraday's Law.
Using what we have learnt so far about magnetics, draw
onto this diagram the following:

1. The magnetic field lines from the magnet.

2. The direction of current flowing in each region of the

pipe.
3. The resulting magnetic fields due to the current.
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4. The forces between the magnet and different regions of the pipe due to the pipe's
magnetisation.

Electric Alternating Current (AC) Generators (Alternators)

Alternators take many forms, but they all use the same principle of operation.

1 600 69 4 6

10 1 —l—/ 1 1
0° 180° 270° 360°
Time ———
Figure 5
Figure 4 — Diagram of a simple AC alternator along with a plot of the voltage produced as the coil rotates. The green and
red blocks are permanent magnets of opposing polarity.

If the alternator in a wind turbine has a permanent magnetic field with a strength of 2 tesla, and
the rotating armature is a rectangular shaped loop with a length of 30cm and a width of 20cm,
then how much voltage is induced if the blades are spinning at 600RPM? If the resistance of the
armature is 0.5 ohms then how much current flows?

In reality the armature is made from a coil, which amplifies the generated voltage, but also
increases the resistance meaning lower current. If there were 275 turns in the new armature, with a
resistance of 6 ohms, then what is the new induced voltage and current?

Draw a graph of the UK mains power supply into the space below. It is 240V root-mean-squared
(RMS) which means a peak voltage of 340V. This operates at 50Hz. Indicate on your graph the
points at which the electrons reverse their direction of travel.
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Voltage

0 0.02 0.04 0.06
Time (seconds)
Electrical Transformers
Most electricity is transported as high-voltage AC, this is because heat losses in a cable are

primarily caused by the current, not the voltage. However, most elecrical devices need reletively
low voltages. So, how do we convert between high and low voltages? Transformers.

Prima
imary Secondary
winding winding
Np turns N turns
Primary
current
Secondary

I current
—

+

Primary
voltage

Secondary
voltage

Figure 5 - Diagram of a transformer

From Faraday's Law:

W=yt v e T W o 7 o oy ® mp ot v epvy a7 ]
‘Elll 5 ( IHI;I'IEII’I HlI;|"fEEI|| hl'1|d|ToI T 4
n"HHi T HHT 6 HEH "HIH/H "HHI | {HH o ™

From the Conservation of Energy Law:

~ ~ ~
T N H "I

BT VCUHTET D § A0 © 1ZFERH T WS T HR CHHD T ORE T 8 2HERHT T OBE TS THT

Fomz sy meh

If 240V AC is applied across the two terminals of the primary coil, and this causes current of 13
amps to flow through the primary coil. What is the secondary voltage and current?
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Homework 3 — AC to DC, and back again. Rectifiers and Inverter research task.

We have covered what DC and AC electricity is, but we have not discussed how to convert
between the two. The devices to convert from DC to AC are called Inverters, and the devices to
convert AC into DC are called rectifiers. These devices are found everywhere in the modern world
and are essential to many power systems.

Spend some time researching rectifiers and inverters, and use this new information to write a brief
(500 words max) report explaining how both pieces of technology work.
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Tutorial 4
Electromagnetic Machinery

Force from combining electric and magnetic fields

Figure 6 - Inside the JET experimental fusion reactor.
This chamber (called a Tokamak) is filled with electromagnets used to contain a tiny artificial star.

What is the Purpose of Tutorial 4?

T
T
T

To further our understanding of magnetic fields by introducing the Lorentz Force.

To investigate some simple technologies which exploit the Lorentz Force.

To conduct an experiment building and testing a variety of motors to demonstrate the
Lorentz Force.

To discuss real-world design trade-offs. Specifically we will be considering maximising
current and magnetic field strengths whilst minimising heat, weight, friction and cost.

There are many ways in which magnetic fields are used in technology, and figure 7 illustrates
some of them. In this tutorial we are going to focus on using magnetic fields to produce force and
acceleration.

Figure 7 — Diagram illustrating the many uses of magnetic forces.
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The Lorentz Force

The Lorentz force is the force produced
between a magnetic field and moving
charge. The moving charge can be
electrical current, or it could be a single
charged particle like a proton.

The law states that the Lorentz force is
always at right angles (90°) to both the
magnetic field and the direction of current.

Our 2" right-hand rule makes it easy to
determine the direction of one of the three
properties, provided you know the other
two.

Use a pen to label your fingers according to the diagram on the right.

Force on a current carrying wire

Use this 2" right hand rule to draw on the direction
of force on the wire.

Note: The magnetic field lines are perpendicular to
the wire.

When the direction of current and the magnetic
field are perpendicular to each other, then the
force is found by multiplying the current, length of
wire, and flux density together. The force is always
perpendicular to both the wire and the magnetic field.

§THEE AT UUNIZECHT W8 T ROHT TRTI% 4 Ldz |

Simple DC motor demonstration

Draw a diagram of the simple DC motor built for the demonstration. Include the magnetic fields
and direction of current flow. Using the 2" right hand rule indicate on your diagram the direction
of force.
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Using what we measured during the demonstration, calculate the force acting on each half
segment of wire in this motor, and suggest some ways this could be increased.

A very powerful railgun is supplied with a current of 10 million amps, causing it to accelerate @
projectile which is being pushed by an armature. The armature is 10cm long and weighs 1KG, and
the projectile weighs an extra 200 grams.

1. You may assume the magnetic field is uniform between the rails. Calculate it at the centre.

2. What is the acceleration rate of the projectile?

3. If the acceleration happens for 0.2 seconds, how fast does the projectile exit the barrel?
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Mag-lev train experiment

When designing real world machines there are always compromises which must be made, and

there are usually points of perfect balance between design variables which maximise

performance. We are going to conduct a series of experiments to determine the ideal magnetic

field strength and wire packing to maximise our 'train’ speed.

1. Draw a diagram of the mag-lev train setup. Include on it any directions of current flow and

magnetic fields.

2. Next, in pairs, wind your coil and assemble your 'train’ with a single magnet pair. Wind the
coil as tightly as possible.

3. Measure and record the resistance of your track, the voltage of the battery, and weight of

the 'train’.

4. Send your train down the track and record how far it travels once it leaves the coil. This will

allow us to compare which train setups perform fastest.

5. Add an extra magnet to the 'train’ and repeat step 4. Do this until you run out of magnets.

6. Reduce the coil packing by gently pulling the loops apart slightly. Repeat from step 3 until
you have tried at least 3 different coil packings.

2 magnets

S magnets

4 magnets

Dense

Medium

Loose

Using the data you've just gathered, discuss in your own words why the different mag-lev train

setups performed as they did.
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Homework 4 — Electric motor research task

We have investigated some forms of motors, however, most real-world motors are more complex.
Write a short (500 word max) essay explaining the operation of an electric motor (not the very
simple type we built in class). You're encouraged to use diagrams to help the explanation. Any

motor type may be selected for explanation, (the brushed DC type is recommended). You may
explain the motor operating as a generator if you wish.
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Tutorial 5
Recapping via Real-world Inspired Design Problems.

Figure 8 — Thermal image of a motor as it overheats

What is the Purpose of Tutorial 5?

1 To recap the entire course through a series of real-world inspired engineering and design
problems. These will be tailored depending upon the student's level of understanding.
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Space for calculations and drawings:
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Space for calculations and drawings:
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Homework S — Major assignment

Independent Research and Design Essay

Title: Designing an Electromagnetic Satellite Launcher

This assignment mimics a real-world design task in which you have to work backwards from your
objectives to determine what to include in the design. Many design decisions will depend upon
calculations using equations we've covered in class (and perhaps some we didn't cover?), but many
design decisions will simply be chosen by you to act as reasonable starting points. You will also
have to make a number of assumptions and/or educated guesses for some things, this is usually
fine, although the fewer assumptions the better.

You should write this in the style of a professional report, as though you are proposing to NASA that
they build your design. Include diagrams and images to help explain things when you can.

Objective:

Design a railgun and an accompanying power system capable of launching 20 gram satellites into
space.

1. The barrel exit velocity of your satellites must be at least 11,186 meters per second. This is
earth escape velocity.

2. You must use electromagnetic induction to generate your electrical energy (use Faradays
law).

3. You can assume there is a 'perfect’ battery to charge up and power the railgun.
4. You should estimate how often you can launch a satellite.
Your score will primarily be affected by the following:

1. How many assumptions you make, and how many factors you include in your performance
predictions.

How efficient you are with your resources. Try to avoid using more than is required.
Your level of independent research and learning.

How professional and well-presented your report is (recall homework 2).

(SIS N

How well and to what depth you explain why you've made certain design decisions, and
how clearly you explain how your generator and railgun work in general.

You are encouraged to go into as much depth as reasonably possible. You should write between
1,000 and 2,000 words. Make good use of diagrams, equations, graphs, and images where possible.
Include references where appropriate.

Page | 33



Project Guidance and Tasks

You do NOT need to consider or complete everything in this guidance section. Some are
essential, but most are optional that you may consider including, or may choose to ignore.

Considering and completing everything in the list will result in a good design with a decent level of
accuracy on how it might perform if we ever built it. Skipping or simplifying some of these sections
will mean your design will be less accurate, and as a result you should compensate by ‘over
engineering’ and deliberately making the design more powerful than actually required, in order to
guarantee the satellite will still reach orbit. You have infinite resources and money for this design,
but don't be needlessly wasteful.

You will have to make many assumptions and design choices, and you should always explain them.

There will be many design "trade-offs’ in this assignment, in which improving one aspect will make
another aspect worse. This is the case for almost all design.

You should make use of 5 important equations we learned during tutorials.
1. Ohms Law (tutorial 1)

2. Resistance of a wire / shape (tutorial 1)
3. Magnetic field from a current carrying conductor (tutorial 2)
4. Faradays Law (tutorial 3)
5. Lorentz Force equation (tutorial 4)
The Railgun

1. The railgun-exit velocity of your satellite will depend on 2 things:
a. The acceleration rate (from Lorentz force).
b. How long the satellite is accelerated for, determined by the rail length.

2. How long should your rails be? (You don't need to include this explanation in your
report, just go ahead and use the equation)

a. The average velocity of our projectile is:

50 Q1 GVRE R

Starting velocity is O, and final velocity (w) is at least 11,186m/s. So, —
b. The time taken to reach w is determined by the acceleration:

0Qa Q—

where a is the acceleration (velocity gained per second)

c. The distance covered in this time, and therefore the length your rails need to
be (0 )is:
0Qi 0 HED @I VR E WM
By combining the above equations we then get the relationship between rail
length, final velocity (which we already know) and acceleration.
b 2.9 o 4, iGN
¢ +

3. Next the acceleration due to the Lorentz Force needs to be predicted.
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a.

b.

d.

Newtons 2@ Law is:0 O O'Qd Q1 66-"Q%E —

Mass (m): The satellites weigh 20 grams, and are 5cm wide. They have an
electrical resistance of 0.05 ohms.

Force (F): The accelerating force is the Lorentz Force (tutorial 4)
&1 OAA#OOO0OAY AT ciOrR&I &&T OEOU
© 6 "B0z06
lis the current flowing through your satellite (or armature).
L is the rail separation, so the width of the satellite (5cm).

B is the average magnetic flux density experienced by your satellite, which is
produced by the current in the rails.

Calculating flux density (B)

i. You should use the equation for the magnetic field produced by a
current from tutorial 2.

ii. The weakest magnetic field will be in the centre between the rails
(furthest distance).

ii. You can use this lowest estimate to be your average B field by making
rin the equation equal to half of your satellite (or armature) width.

iv. This assumption becomes extremely inaccurate for larger rail
separations, so consider calculating B at many points between your rails
and finding a more accurate average.

4. Resistance of the railgun

a.

b.

C.

5. Extras

a.

b.

This will be determined by the materials you make the rails from and their
dimensions (equation for resistance from tutorial 1).

The satellite case will also contribute.

The resistance will change as the satellite moves down the rail, increasing the
current path length! You should find out if this will make a big difference and
decide whether you want to ignore it.

Each rail will also produce the Lorentz force on the other. Consider calculating
this. Either way you should add something to hold your rails in place!

The rails may get very hot, you may want to look up and calculate by how
much.

When firing, your railgun will also act as a generator, because a conductor (the
satellite) is moving through a magnetic field. This will generate a voltage which
will reduce the original voltage. Consider calculating this and factoring it into
your design.

In reality friction will reduce the velocity. You may choose to:
I. Ignore it
ii. Assume a flat acceleration reduction rate, e.g 5%.
iii. Figure out a more accurate method.

Due to the conservation of energy, the force experienced by the satellite will
also be experienced (in the opposite direction) by the railgun itself. Consider
looking into this.
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Electrical Power Generation

T

Your generator will charge up a 'perfect’ battery, meaning it can be charged up to any level,
and discharge at any rate. Its voltage will equal the voltage of your generator.

Your generator must use electromagnetic induction! Use Faradays Law (tutorial 3) to predict
the voltage produced by your generator as a function of time.

You may simply choose a flux density for your magnets, but make it a reasonable value for
their size. Consider having a look online at some magnets. Remember that a magnets rated
field strength (flux density) is stated for the surface of the magnet, where it is strongest.

Your conductor should be a loop of wire or coil, and its resistance will determine the current
that flows due to your calculated voltage. (recall ohms law)

You may assume the resistance of your coil if you wish (use a sensible value). But it would be
better to calculate it yourself using the equation for resistance of a wire from tutorial 1. This
problem is solved by assuming your coil is a pipe made from 70% conductor and 30% air, you
can then calculate the volume of conductor that your coil is made from. From the volume
and the thickness of your wire you can calculate the wire length. You will then have
everything you need to calculate resistance.

Your generator can take any form you like, remember, all you need is a conductor (the coil)
that is experiencing a changing magnetic field, or, is moving through a magnetic field.

You could use a transformer to change the output voltage of your generator if you wish
(tutorial 3).

Some random suggestions for generators:
0 Someone continually dropping a magnet through a loop or coil.

0 The wind turning a DC or AC motor (do explain how the motor works, as you did in
your homework).

0 A spinning hamster wheel with a coil attached to it and a nearby magnet.
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Tutorial 6
Feedback tutorial

STOP

LISTEN

YOU'RE GETTING

FEEDBACK

What is the Purpose of Tutorial 6?

)l
)l
)l
)l

Final assignment feedback

What | did well...

My target for future work is...

To receive feedback on final assignments.
To share examples of best practice with the other pupils in your group.
To write targets for improvement in school lessons.
To reflect on the programme including what was enjoyable and what was challenging.

What | could have improved on...
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Reflecting on The Scholars Programme

What did you most enjoy about The Scholars Programme?

1
1
1

What did you find challenging about the programme?

1
1

How did you overcome these challenges?
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Appendix 1 — Referencing correctly

When you get to university, you will need to include references in the assignments that you write,
so we would like you to start getting into the habit of referencing in your Brilliant Club assignment.
This is really important, because it will help you to avoid plagiarism. Plagiarism is when you take
someone else's work or ideas and pass them off as your own. Whether plagiarism is deliberate or
accidental, the consequences can be severe. In order to avoid losing marks in your final
assignment, or even failing, you must be careful to reference your sources correctly.

What is a reference?

A reference is just a note in your assignment which says if you have referred to or been influenced
by another source such as book, website or article. For example, if you use the internet to
research a particular subject, and you want to include a specific piece of information from this
website, you will need to reference it.

Why should | reference?
Referencing is important in your work for the following reasons:

It gives credit to the authors of any sources you have referred to or been influenced by.
It supports the arguments you make in your assignments.

It demonstrates the variety of sources you have used.

It helps to prevent you losing marks, or failing, due to plagiarism.

)l
)l
)l
)l

When should | use a reference?
You should use a reference when you:

1 Quote directly from another source.
1 Summarise or rephrase another piece of work.
1 Include a specific statistic or fact from a source.
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How do | reference?

There are a number of different ways of referencing, and these often vary depending on what
subject you are studying. The most important to thing is to be consistent. This means that you
need to stick to the same system throughout your whole assignment. Here is a basic system of
referencing that you can use, which consists of the following two parts:

1.

A marker in your assignment: After you have used a reference in your assignment (you have
read something and included it in your work as a quote, or re-written it your own words) you
should mark this is in your text with a number, e.g. [1]. The next time you use a reference you
should use the next number, e.g. [2].

Bibliography: This is just a list of the references you have used in your assignment. In the
bibliography, you list your references by the numbers you have used, and include as much
information as you have about the reference. The list below gives what should be included
for different sources.

a. Websites — Author (if possible), title of the web page, website address, [date you
accessed it, in square brackets].

E.g. Dan Snow, 'How did so many soldiers survive the trenches?’,
http://www.bbc.co.uk/guides/z3kgjxs#zg2dtfr [11 July 2014].

b. Books — Author, date published, title of book (in italics), pages where the information
came from.

E.g. S. Dubner and S. Levitt, (2006) Freakonomics, 7-9.

c. Articles — Author, ‘'title of the article’ (with quotation marks), where the article comes
from (newspaper, journal etc.), date of the article.

E.g. Maev Kennedy, The lights to go out across the UK to mark First World War's
centenary’, Guardian, 10 July 2014,
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Appendix 2 — Using the VLE

VLE username

VLE password

Please remember the following key details...

1 You are able log into the VLE either through the Ilink on our website

(www.thebrilliantclub.org) or going directly to the VLE site at
(https://portal.thebrilliantclub.org/sign-in).

Please update your profile with your full name and email address- this will allow you to
retrieve forgotten passwords or usernames

If you forget your log-in details you can request them to be emailed to you by clicking the
link on the VLE home page. (If you are still having problems you can email:
schools@thebirilliantclub.org)

What is the VLE?

The VLE is a virtual learning environment for all pupils on the Scholars Programme it is used for:

messaging your tutor

submitting homework

submitting your final assignment

accessing resources for your tutorials

finding out more information about university and careers

How should | use the VLE?

The VLE is a professional academic environment in which pupils are able to message their PhD
Tutor. Here are a few things to consider:

Ensure you keep a professional tone in the messages you send to your tutors.
Ensure you always reply to your tutors in a timely manner.

Thank your tutor for the effort they are | I
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