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Part IA --- Paper 3 — Electrical and Information Engineering

Section C — Exam crib

o2) — e
+ q coulombs/ unit length K
R v
d
Conducting plane

\

d

image

-q coulombs/ unit length Y

Use Method of Images

Gauss’s Law gives us a general expression for the electric field at distance R from a
wire as follows:

jD.ds =0

= 27 RDI = ql
D=¢,E

_9
27w Re,

Where [ is the length into the page. We are calculating in free space hence

= F=

permittivity is &

The coordinate system assumes that R is zero at the centre of the wire

=4



Therefore for the conductor and its image we get:

q q N4

= -+ =
27rRe, 27m(2d—-R)e, dR

Integrate between the edge of the wire and the conducting plane to get the potential
difference between the wire and the conducting plane.

2ne, J\R 2d-R
— q In (Zd B I")
2re, r

= F

Since Q=CV we have

C =27 2d —r) Farads/per unit length

In
v

b) Amperes’s law states:
[HdL=1

Evaluate this for a loop around the wire of radius R:

= 27RH =1
Substitute in for H using:
B=uH

Then

Hol

27 R

c) The second wire should be placed in exactly the same position as the image
wire used to solve part a). To achieve field cancellation both wires should have the
same current in the same direction. The total field is given by:

40



B(R) — IUOI _ IUOI
27R 27n(2d - R)

Its also w orth remembering that almost total field cancellation can be achieved by
having a second wire carrying a current in the opposite direction and placed as close
as possible to the first. This is the principle behind twisted pair.

d) force is given by F = BIL and is attractive. Note the B is the field at one wire due
to the other NOT the total field: i.e.

F=tl s ) where R = 2d
27 R

2
— F =" N/unit length
4rd

10.

a) Ampere’s law
[HdL=NI

NI=2x0.01 H +iren

The iron can be ignored since it has a relative permeability of 10* and therefore adds
little to the overall reluctance of the magnetic circuit. This is the key assumption and
is frequently used in the analysis of magnetic circuits. It is not necessary (or correct)
to assume that the cross-sectional area of the car roof is the same as the magnet. It is
also assumed that the iron does not saturate i.e. that the permeability remains at 10*
for the whole of the problem.

R

B=puH = 0.02

B 2000* I * 47 *107
0.02

=0.126 Tesla/Amp

b) Magnetic Energy / unit volume =
BH B
24,

jB.dH =

A



Hence by considering the change in energy when the car moves by a small distance
dx and equating that to the work done, we get

B2
Fdx=—-*A*dx
24,
and
B’A
= F= zlu = mg where m is the mass of the car. Note A is the total air gap
0

area i.e. both of the air gaps added together.

1 [2uymg 1 [2%47*107 *1200%9.81
0.126 A 0.126 2% 1 *%0.05°

I=10.98 Amps
(note B = 1.37 Tesla which is sensible)

c) The field applied is 1% greater than that required to lift it. Hence we have an
energy balance as follows:

change in magnetostatic energy = change in potential energy + change in kinetic
energy.

n2
B) ”‘A"‘Ah=mgAh-l—-1—mv2
2u, 2
But in part b) we have
2
f——»*Azzmg
2,
B'=1.01*B
n2
= B s g% AR =101 *mgAh
2,

and therefore

= -



(1.01° = )ymgAh = —%mv2

=v=,/(2*0.01%9.81* (LOP -1)) = 0.063ms™

d) Saturation leads to less flux per amp. In other words more current will be needed
to lift the car in part b)

11.
a) Ampere’s law

ﬁidl;=h7
— 27RH = NI

Where R is the mean radius of the toroid

maximum H before losses = 50 A/m

/
2n*(6**&§}§ £1072 *50
100

Hence I =

=0.1494

Note some students assume that N is the total number of windings i.e. primary plus
secondary. This is incorrect.

e=-— %gz—N*sz*A*Q@)

Where A is the cross-sectional area of the toroid we are assuming a sinousoidal
variation of current and we use 2 B peak because we are assuming that the driving
current is a.c and therefore we are going from —H to +H .

e=-100%27100%(1.25¥107)" * 7 *(2*1.6)
=98.7V

Since this represents the whole cycle (i.e. —peak to plus peak) , the peak voltage is
actually half

i.e 49.3 V peak

b) Loss per unit volume

T3



= IBdH = area under BH curve = 100*3.2=320 J/m* /cycle

Volume of iron=
2 *4.75%107 *7[*(1.25*10“2)2 =1.46*10" n’

therefore loss per cycle = 0.0468 J/cycle

(At 100 Hz this is equal to 4.68 Watts, note some students forgot to multiply by the
volume of iron and ended up with iron losses in the order of kilowatts )

¢) The voltage on the secondary is also given by:
d¢

e=—-N —;{—- but the secondary has only 50 turns (the primary has 100) hence the
4

peak voltage is
=493/2V

Power to the speakers is therefore

247
8+2
= 38 Watt

(the factor of 2 on the bottom gives us an rms value)

Hence we are providing 38 Watt of useful power and losing < 5 Watt in magnetic
losses. Therefore the efficency is:

38/ (38 + 5) = 88%

T A. Cobmbg
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