CHAPTER 10.

MAGNETIC INDUCTION

10.1 Magnetic Induction

We saw in the lagt section that an dectric current in amagnetic fidd will experience aforce and
possible mation (unless the fidld and current are pardld). A converse effect aso occurs, if part
of adosad drcuit is forced through a magnetic field then a current is generated. Thisis shown
schematicdly in figure (8) bdow. Part of a conducting drcuit is pulled through amagnetic fidd B
by an gpplied force F, as a consequence of this action acurrent | isgenerated in the circuit. The
direction of the current is such thet the right handed fild of the current is conggtent with the
direction of thefidd lines Thesefidd lines might be thought to bend allittle asthey are cut by the
conductor.
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Fgure (b) has been taken from the last section, it shows the direction of the force that is
generated when a current | flows through the conductor in the magnetic fidd. The current
generated in figure (a) flowsin the direction that creates a force that opposes the force
that has generated the current. When acurrent is generated it flows to oppose the motion
thet is causing the current.

You may betempted to ask, If F =BIl , thenisthe generated current
F

| ?

"B
While the generated current gives areverse force, the equations do not reverse so eeslly. If the
length of circuit that passes through the field is a nonmagnetic insulator then no current will be
generated and no forceisrequired. If thislength of dircuit is a perfect conductor we might



expect avery large current to be generated by the induction force, again thisis not the case,
uperconductors do exist but they smply will not dlow penetration by magnetic fidd lines. Itis
safedt to say that while our schematic condderations reverse, we cannot o eesly reverse the
formulae

10.2 Magnetic flux

Theflux of afidd isthe product of the field strength times the cross sectiond areaof the fidd
samplethat is under consderation. For the diagram below we havetheflux F as
F=BA (10.1a)

where A isthe shaded area through which thefidd B passes. If the fidd and the area are not
perpendicular we have

F = BAcosq (10.1b)
wherethe angleq is shown in the next diagram.
B

If g is90° thefidd lines do not cut the areaand the flux is zero. This caseis shown in the next
figure
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10.3 Thelaw of induction

The law for magnetic induction sates thet the potentia energy per charge or voltage produced
around a circuit is proportional to the rateof change of magnetic flux in the circuit.

y - BA-BA
t,- t, (10.2)
Both the fidld B and theareaof flux A can change, or the field can change with a condant area
v=2B
b-t (10.3)
or the area can change with acongant fied
vty
t-T (10.4)

Thislaw often includes a gatement to the effect that the current that may flow because of the
induced voltage (or e m. f.), does 0 to oppose the flux change that isinduding (or generaing)
the voltage. This effect was seen in section 10.1.

10.4 Induction with Relative M otion

We have dreedy learned that when part of a.conducting circuit is pulled through amagnetic fidd
B acurrent | isgenerated in the drcuit. This Stuation is shown on the next page.

97



= 4

In this diagram arectangular loop of N turnsis moving into a vertica magnetic fidd B with a
horizontal velocity v (this diagram would aso gpply to a gationary loop with afidd B moving
across the cail). Asresult of thismotion acurrent | flows into and out of the loop. Y ou should
be able to check theat the direction of the induced current is correct, using the right hand rule.
From the dimengons shown in the diagram, the area of the fidd thet formsthe flux in the call is
Iv(t-t,), thus we have

A- A =lv(t - ty)
and using eguation (10.4) we have

o v(t- )
V= B—t- - Blv (10.5A)

0

for the voltage induced in asingle turn of the cail. The flux must take into account the N turns of
the coll so that a voltage of

Iv(t-t
VL) - ey

t-t (10.5B)
isfound between the output leads of the complete cail or circuit.

= NB

This discussion can be extended to show that the force on a charge that is free to move around
the loop is qvBwhich is the expected magnetic force formula This extenson is beyond the
scope of this course.

10.5 Induction

Magnetic induction is an important topic, thet in itsdf judifies astudy of magnetiam. Congder
two sSmilar circular loops or coils placed together face to face (shown on the next page).
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One coil has N, turnsand acurrent |, flowing through it, this causes afield B thet weaves
through both cails, both coils have the sameflux BA asthey have a common areaA. For a
congant current |, thereis no change of flux and thus no current is induced in the second coil.

When the current |, changes, the flux changes and a current 1, isinduced in the second coil of
N, turns. Which direction doesthis current flow?If |, isturned off, thefield B reducesto zero.
In this case we can argue that the field goes to zero by moving out of the area of the coils
(speeding away from the coil a the speed of light). We can then suppose thet these fidd lines
wrap about the coils asthey leave and the right hand rule will give us the direction of the induced
current.

Iﬂ

VA

Theinduced current |, flowsin the same direction asthe previous current |, that has been
turned off, we might suppose thét it actsto prevent thisremova of current. If the current I is
turned on then we might imagine that the fidd lines return and cut through the cails. In this case
theinduced current 1, will flow to oppose the current that has been turned on. We can aso
describe this Stuation by saying that the induced current is opposed to the formation of afresh
current. In generd theinduced current dways acts to oppose whatever change of current or
meagnetic flux thet isinducing the current.

Now suppose thet thereis a particular change of magnetic flux F - F , in the system; then over
the corresponding timeintervel t - t,, the N, turns of coil 1 will pick up atota voltage of
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F-F,

t-t,
whilethe N, turns of coil 2 will pick up atotd voltage of

F-F
V, =N g
2 2 4. to )

If avoltage V, was gpplied to coil 1 a corresponding current produces amagnetic flux through
both coils. When this voltage is turned off the flux disgppears, thisremovd of flux hgppens
rgpidly, but not ingtantly and during thistime an average voltage of V, gppears across the leads
of coil 2. If V, dternates (thét is, turns on and off) it will produce an opposing dternate voltage

in coil 2. The relation between the averages values of these voltages can be found from
Vi, F-F, V,

V, =N,

N, t-t, N,
V, = %Vl
or 1 (10.6)
This system of two inter-wound coils can be used to transform the vaue of a changing voltage
to that of another magnitude, the sysem is commonly called atransformer. The high voltages
required to make the spark plugs spark in acar engine are produced by atransformer aso
known as the ignition call.

10.6 The Generator or Alternator

Thisform of induction is commonly used to generate dectricity for dl types of dectricity supply,
ranging from power generdtion for cities down to recharging car batteries as the engine runs
Wewill consder the effect of turning arectangular coil in auniform magnetic fied.

- rotation

sﬁ\/ﬂ
)

-

rotation £

Our diagram shows a generator with arectangular coil that rotates between two poles of a
magnet, the cail isdriven around afixed axis by the force (F) driving asmdl fan or turbine. On
the near Sde of the axisis a commutator, this acts as adiding switch so that the generated
current is can be drawn off.

In our next diagram we see a cross section of the generator viewed as we look down the axis.
Thistime the cail has begun to rotate.
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rotation

This cross section helps us determine the direction thet the current flows through the
commutator.

When the cail has turned so that its planeis vertica the induction arms of the coil are moving
pardld dong thefidd linesand no induction is occurring. Theinduced current is zero and the
commutator is changing terminds so that the next surge of current will continue to flow in the
same direction from the terminds.

By contrast an dternator does not need a commutator; indtead of roteting a coil in afixed
magnetic fidd, the dternator has afixed coil and amagnet is spun around indde the cail. A
commutator is not needed as the termina and connections remain Sationary, however the
dternating magnet poles give a current flow thet runsin dternate directions, such acurrent is
cdled an alternating current commonly abbreviated to ac.
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