" Laws of Induction

LEAD-IN

€ Workingin groups of three or four, state whether th
false ones.

e following sentences are [rue or false, and correct the

uching the rails.

1 InShanghai, you can travel on a train that moves forwa rd without to FIE

@! It works thanks to electromagnetism., il
2 Speedometers, which measure velocity ina car, are mechanical devices that don't work T
; by electromagnetic induction. e
TF

—

[

3 The first electric guitar worked on the principle of direct electromagnetic induction.
@ Match the terms (1-6) to their corresponding definitions (a-f).

A flow of charge produced in a conductor by a time-varying magnetic flux.

One of the two ends of a magnet.

They are defined in terms of a unit circle (i.e. a circle with a radius of 1

Work per unit of charge, equal to the electric potential difference

4 Magnetic pole produced across two open-circuit terminals.

e Ascalar quantity equal to the product of the magnitudes of two vectors
and the cosine of the angle 0 between them.

¥ By f  The scalar product of the magnetic field vector B and the surface vector A.

[[] 1 Scalar product
2 Magnetic flux

g 0o T

3 Induced current

5 Goniometric functions
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READING AND LISTENING

@2 Magnetic Flux

Faraday quantitatively investigated the mathematical relationship
ent and the electromotive force (emf) which
periments demonstrated that induced emfis

eed of change in magnetic field.

‘emfvaries with loop area and the angle between
d the magnetic field lines. Since magnetic
uantity that encompasses magnetic field, the
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Unit 8 Laws of Induction

Magnetic flux ®, E’.thT scalar product of vectors B and A. The vector of
area is perpendicular to its surfa i i i
fl?e e S ce, and its length is proportional to
when the surface is perpendicular to the magnetic field B, the angle 0
petween B and the vector A is zero. So, since cos 0° is equa'I to 1
@, = B-A-cos0°=B"A. Finally, when the surface is parallel to 13 0 is
equal to 90° and c0s90° = 0, so the magnetic flux is ®,=0. ot
Faraday postulated that the number of field lines pe,x]- unit area is
pwportional to the intensity of the field in that area. This statement
is also known as Faraday's convention for field lines, and is valid both
for electric fields and magnetic fields. As a consequence, flux @, is also
proportional to the number of lines passing through the loop'sI;rea.
The following figure shows a loop and indicates the relationship
between angle and intensity of magnetic flux.
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b4 P, = BA cos 0 =84 & B oo A B:@_cq_s__t}? ORs= i g ®, = BA cos 90° =0 22X,

According to Faraday’s convention for field lines, when 0 = 90°, ®; =0,
as no magnetic field lines pass through the loop’s area. When the angle
ofinclination @ increases, the value of cos6 increases, and magnetic
fluxincreases as a result. Finally, when 8 = 0° the maximum number
of magnetic field lines pass through the surface, and so @, reaches its

“ COMPREHENSION QUESTIONS1
maximum value, which is equal to BA.

Answer the following questions.

Since tesla is the unit of magnetic field, the unit of magnetic fluxis the B et v i g et thiat
tesla - meter?, which can also be called a weber (Wh). influence the amplitude of
induced current?
1Wb=1T-m?2 2 Is magnetic flux a vector

guantity or a scalar one? o
3 Which angle between vector B

i i f:
To sum up, magnetic flux through an area varies as a result o and the surface area vector A

+ changes in the magnetic field intensity in that area; o causes flux to be at its greatest,

% changes in the angle of inclination 6 between the magnetic field i:?o'?hmh angle causes it to be
and the surface vector; S 4 What is Faraday's convention

% changes in the area of the circuit loop. for field lines?

5 What unit is identical to a
After conducting many experimental tests, Faraday formed the Fadlarnutariy
following general law: 6 Would a variation in the size of
the circuit area influence the
when the magnetic flux through an area changes, an emf is 3 uig"?t'ff RS 7
induced in the circuit, the intensity of which is proportional to the » at influences the intensity of
) induced emf?
1 speed of flux variation.
: RS e -
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Module 34 Electromagnetic Induction

COMPREHENSION QUESTIONS 2

Answer the following questions.

1 What induces a magnetic flux
variation?

2 What changes if each coil
consists of many turns of
electric wire instead of just one
loop?

3 In what circumstances does

sz,

evaluate the mean value
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Faraday-Neumann Law

Faraday’s law states that when a magnetic.ﬂtledvarézu;g ;fﬁ;r:nd
through a surface, an electromotive force 1s 11 uced, Miced

i hange.
emf is proportional to the rate of fluxc
The German physicist Franz Neumann ( 1798-189?)l?a::§ r:hTaw :
mathematical form to Faraday's intuition, s0 the following law is oftep

called the Faraday-Neumann law of induction:

APy (52
At

where ¢ indicates the electromotive :
the magnetic flux variation, which is equal to the difference between

d)',', and d",, , which are the respective magnetic field fluxes l?t t!1e time
instants 7, and £,. At=t, -1, is the time interval between the time

instants ¢, and £,.

£m—

force emf and A®, = ¢;— ¢; is

If the circuit is a coil consisting of Nloops, all of the same area, and @,
is the magnetic flux through one loop, an emf w.nll be mdpced in every
loop. Since the loops are in series, the total emf induced in the coil wil|
be the sum of the emf induced in each loop, and hence:

sa 2% @2

At
When the magnetic field flux variation changes over time, the ratio
AP, represents the mean value of the flux variation in the time
ineérval At, and £ indicates the mean electromotive force induced in the

same time interval. In such cases, the induced electromotive force is
expressed by the following differential equation:

AL d®,
dt

where the ratio d®P; is the derivative of magnetic flux with respect to
time. dr

n in the Faraday-Neumann equation indicates that the
and the change in flux have opposite algebraic signs. This



Unit 8 Laws of iInduction
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AWhen 3 magnet with ty nortr Do B When 8 maare:
ponting rightward moves toward » powitir P e .
motioniess Conducting Ioog. 8 current - Ay g
8 induced n the direction shown Tr R i ‘ e
current Droduces a leftward magnes o e g—— Y ' .
Mcm."&‘-""ﬁ"ﬁ A rOns g e : J 5 L Tw Ll
external magnetic s PR 4 W ‘ externa
Consider case A: as the bar magnet moves toward the stationary
metal loop, the number of field lines that pass through the loop :::':';”" ::“""‘“‘:' and ":
e . . eft, can the induced curren
mm Faraday's convention for field lines suggests that the hove & Etusuns divestiont
t ] .
intensity mlgnﬂ‘ ic field increases as well Thinking about the implications
The external magnetic flux through the loop therefore increases with for enargy, discuss the answer
time. The induced current produces s lefiward magnetic flux tha with your partner.

opposes the motion of the magnet and behaves as a leftward pointing
north magnetic pole.

Since identical magnetic poles repel each other. the induced magnetic
field generated by the loop current repets the approaching bar magnet,
opposing the variation of magnetic flux.

The Direction of Induced Current on

acquire accelerate hypothesis current LISTENING ACTIVITY
SO : With your partner, consider the
anticlockwise  pole result 9aps In the text to the left. Try to

m— sing induced _ put the right word in each gap.
St L o When you have finished, listen to
; the text to check your answers.
Were they correct?

canned py Camscanner




