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Module 6 Section 3: Electromagnetism
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Magnetic Fields

Magnetic fields are created by current carrying wires, the shape of the
field can be predicted by the right-hand grip rule.

Long straight wire Solenoid

Fingers in the direction of the
current, thumb in the direction of
the field inside the coil.

Thumb in the direction of the
current, fingers in the direction of
the field.

Magnetic flux can be thought of as the number of field
lines passing through an area. It is very important in
calculating the emf induced by electromagnetism.
Magnetic flux, @, is
calculated using this
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Where @ is the angle
between the field and the normal to the surface.

If a coil rather than a single loop is used, the flux linkage
must be calculated.

Flux linkage = N¢ = BAN cosf

Magnetic Flux and Flux Linkage

The direction of an induced e.m.f. (and cument) are given by Lenz's law:

The induced e.m.f. is abways in such a direction
as to oppose the change that cawsed i

A changing magnedic field induces an e.m. in a coil (see page 395}
If the coil is pan of 2 complece circuit, 2 curment is induced in the sama
direction as the induced em . The induced current then produces is own
magnetic field (p381). Lenrs law says:
= If the original magnetic field is getting stronger, the current will ba
induced in the direction that generates o magnetic field in the opposive
direction 1o the exernal field, w ry 1 weaken it
= | the original magnetic field is gening weaker icollapsing), the cumrent
will be indwced in the direction tha genermes a magnetic field in the
same direction 25 the exemnal field, w iy o maingin i

Flemings Left Hand Rule

You can use your lefi hand vo find the direction of the current, the direction of
the external magnetic field or the directiion of the force on the wire (as long
a5 you know the other vwo). Sirecch your thumb, forefinger and middle finger
out, as shown in Figure 8, and use the following rubes:

= The Eirst finger points in the direction of the uniform magnetic Eield.

= The seCond finger poines in the direction of the comentional Cummen.

= The thuMb poinis in the direction of the force (the direction of Motion).

= Fardef fanes
— Curnemt A wirr

n\{ﬁa\g

Faraday’s law links the rate of change of flux linkage with e.m.f.:

Induced e.m.f. is directly proportional
to the rate of change of flux linkage.

It can be written as:
A(Ng) = change in N = number of turns on
flux ﬁnkage inng X ¥ the coil cutting the flux
e—_AWNG) __ NA@"-—-—-._____
e = induced e.m.f inV—""" At T At Adp = change in

fg magnetic flux in Wb
At = time taken for n‘ux—-——-—-/ £

linkage to change in s

For a coil, induced e.m.f. depends on the number of turns and how
fast flux through the coil is changing. The unit of flux, the weber (Wh), is
defined in terms of the e.m.f. induced:

Faraday’s Law

A change in flux linkage of one weber per second will
induce an electromotive force of 1 volt in a loop of wire.

search coil,

Figure 3: Set up for experiment to investigate magnetic flux
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Magnetic Flux Density

The force on one metre of wire carrying a current of
one amp at right angles to the magnetic field.

Magpnetic flux density is a vector quantity with both a direction and :
magnitude. It is measured in teslas, T. One tesla is equal to one newton per
amp per metre:

-1 N
1tesla=1 o
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When a current-carrying wire is at 90° to a magnetic field, the size of
the force on the wire, F, is proportional to the current, [, the length of wire in
the field, L, and the flux density, B, of the external magnetic field. This gives
the equation:

F = force on a current-

I = current through
carrying wire in N ¥ the wire in A
\ F= BIL\
B — magnetic flux A L = length of the wire in m

density in T

So, for a wire at an angle f/ o the field, the force acting an the wire is given by:

F=force on a current-

\ (\ I = current through the wire in A
carrying wire in N
F=BILsinf) 4——

0 = angle between
B = magnetic flux /

wire and field
density in T

L = length of the wire inm
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A generator uses a rotating coil in a magnetic field to induce an emf. Transformers are devices that make use of eleciromagnetic induction e
, . change the sire of the volage for an ahemating curent. They consist of wwo
The magnitude is given by Faraday's law. The average emf for a coils of wire wrapped around an iron core — see Figure 5.
time f can be calculated as described, by subtracting the flux linkage
at the end from the stars and dividing by the time. However, the Lasminaird imn oo Maﬁm'r fiedd in
A fran oo
instantaneous emf must be considered.
The factors that affect the instantaneous emf are; —_—
. Primary
1. The flux density cail Secondary codl

Larger flux density means a larger flux linkage, this meansin a
given time the change in flux density would be larger.

Figeme 5: The basic strncture of a (step-up) transformer .

Therefore, the induced emf would be greater. Which gives the iransiormer equation:
¥, = voltage acrass
P n, = number of turns secondary ool in V
2. The area of the coil " secondary ool / ; ;
: . : |I_'I'______-—-— s -:'|.r.rr|-|.'.| .Jr.'
As above, a larger area means a larger flux linkage S L ]-? b ey coilin A
Therefore, the induced emf would be larger. o primary coif ' | _
. . ¥ = voltage across IJ', ;wmm?"? n
3. The angular velocity of the rotation primary coi in V et

Larger angular velocity means the change in flux linkage would
happen is a smaller time. Therefore, the induced emf would be
larger but the frequency of the emf would also be larger.

4. The position of the coil

At position A, the coil is vertical, therefore £ 5 r_,-—“

= 0° and cosf = 1. The flux linkage is a |
maximum at that point; therefore, the rate

of change of flux linkage is at its minimum.
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Emf=0

At position B, the coil is vertical, therefore B f F) ;

@ = 90° and cos# = 0. The flux linkage is 0 at ';” j_‘r >
P

that point; therefore, the rate of change of
flux linkage is at its maximum.
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