electromagnetic induction
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experimental basis of induction

=» seems we can induce a current in a loop with a changing magnetic field

| :
| Meter

'x shows zero
\
current.
___/

A stationary magnet does NOT
induce a current in a coil.

‘ Meter shows
.| induced current.

(c) (d)

Move a second, current-carrying coil  Vary the current in the second coil

toward or away from the coil.

Move the magnet toward

or away from coil. (by closing or opening a switch).

All these actions DO induce a current in the coil. What do they have in common?
(They cause the magnetic field through the coil to change.)
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magnetic flux

=» useful to define a quantity called magnetic flux

=» for a plane surface of area A
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Faraday’s law of induction

=» Faraday discovered the relation between the change in the flux through a loop
and the emf induced in that loop
Adp

= 1"As

=¥ it’s the change in flux that induces an emf
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(a) (b) (¢) (d)
\ stationary magnet does NO'I Move the magnet toward Move a second. current-carrving coil
induce a current in a coil. toward or away from the coil. by closing or opening a switch)

coil. What do they have in common?

ol to chang

All these actions DO induce a current in the
(They cause the magnetic field through the ¢

Vary the current in the second coi
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Faraday’s law of induction

=» what emf do we generate if we move
the slider to the right at a speed of

v = 2.5 m/s in a field of magnitude 0.60 T?
The slider is 10 cm long.

vA1
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a rotational generator

=» uniformly rotating loop in a constant magnetic field

_Loop (seen end on)
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Lenz’s law

=» to find the direction of the induced emf or current we look to ‘Lenz’s
law’, which is simply a way to keep track of signs in Faraday’s law:

“the direction of any magnetically induced current is such as to oppose the
direction of the phenomenon causing it”

a loop of wire is placed in a vertical Change in B
magnetic field whose magnitude is
iIncreasing with time B
(Increasing)
& I
B

induced
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Lenz’s law

=» to find the direction of the induced emf or current we look to ‘Lenz’s
law’, which is simply a way to keep track of signs in Faraday’s law:

“the direction of any magnetically induced current is such as to oppose the
direction of the phenomenon causing it”

N pole faces S S pole faces n N pole faces S pole faces n
loop: magnet loop: magnet loop: magnet loop: magnet
moves down. moves down. S moves up. moves up. S
B B B | B
Magnetic field through loop Magnetic field through loop Magnetic field through loop Magnetic field through loop
points down and gets stronger. points up and gets stronger. points down and gets weaker. points up and gets weaker.

I'he current direction is such that

the induced magnetic | Dy AP g, Dy, Ad, |
field opposes b5 o R T L 0O d

B «d Opposed h Ooposed Opposed PPosed
the change Induced Pl l/»'l Pl Binduced Pl (l)l{Z

in flux. = = v = | =\ :
/ g - 5/ - /( - ,Q/ /C - )/ / Q - 5/
- ,. _--'—/ »-—“/ : ~ — / .

Ty

Flux at time rj —$ gy ; B _ ‘l’,p B
. A Induced * -y o Induced ©
. . PN P —Chs ' - ( :
Flux at time 13— Ad p—Change in flux Dy, AP, (-
When the flux through the loop is increasing, the induced When the flux through the loop is decreasing, the induced
magnetic field points opposite to the original field. magnetic field points in the same direction as the original field.
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Lenz’s law

=» to find the direction of the induced emf or current we look to ‘Lenz’s
law’, which is simply a way to keep track of signs in Faraday’s law:

“the direction of any magnetically induced current is such as to oppose the
direction of the phenomenon causing it”
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Lenz’s law & the slide wire generator

=>» find the direction of the current induced and the force on the rod

: |
B | ' B <
B induced I
v N o
| : 17
\ induced

I/

—
(a) Slide wire moving in (b) Induced current, magnetic field,
magnetic field and magnetic force on slide wire

=» note that the force is opposing the motion generating the current in line with Lenz’s law
=» note that the original field will be stronger than the induced field, so the right-hand rule
application has the field into the page

=» note also that this is energy conservation at work - imagine what would happen if the
force were in the opposite direction
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Lenz’s law & the slide wire generator

=>» find the direction of the current induced and the force on the rod

I B |
B < A Charges in the

/'.H - (/l'/)' moving rod are
B : D acted Hi)lv.!l by
‘ BindUCCd I ) ll‘l'l].lijlll'llk' force
/\ i’ L 49" 3 I ,.: the resulting
/ ¥ [ §) ‘ charge separation
l 14’. [ J : ‘ : creates a canceling
\'4 induced FE=4L  glectric force Fp.
|
b
{ (a) Isolated moving rod
s
'he motional emf & in the moving rod creates
an electric field in the stationary conductor.
B e |
=» the moving bar is clearly acting as an N L
emf source, with the magnetic forces on the
moving charges allowing the current to flow s
against the electric field b

(b) Rod connected to stationary conductor

physics 112N 16



mutual inductance

=» Faraday’s law allows us to induce an emf using a loop in changing magnetic field
=» but we know that we can produce a magnetic field using a current carrying loop

=» so if we put two loops near each other and put a changing current through one of
them, we can induce an emf (and current) in the other

=¥ this is the basis of the transformer, a device based upon induction that can transform
potential differences,

e.g. convert the few volts produced by your car battery into the tens of thousands of
volts required to cause sparks in the plugs

or reduce the 500,000V signal in overhead power-lines down to the 120V required
Inside your house
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mutual inductance

=>» two coils of wire
=>» induced emf in coil 2

Coil 1 due to the field from coil 1
Ny turns Coil 2 A(I)BQ
' 'l.‘ ‘.:. ‘f : 52 — N2
N, turns At
Iy 1 = flux through coil 2 is

proportional to B1, which
Is proportional to iy

B | & Ny |Ppa| = Moy |1
\ '\ & defines mutual induction
A1q
Eo = Mo A7
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mutual inductance of a Tesla coil

=» a long solenoid of length | and cross-sectional

area A is wound closely with N; turns of wire. An  Cross-sectional area A
coil of N2 turns surrounds it. Compute the mutual I
inductance. 7%

=» suppose coil 1 carries a current /s

Nl Blue coil: N, turns
Bl — o T’il Black coil: N turns
=» then the flux through each turn of coil 2 is
Ny .
Ppy = B1A = ,UOTA i1
=» mutual inductance is defined by =» hence
N1No
N2|(I)BQ| = Mo |Zl| M4 — MO / A
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transformers

Source of alternating

current 7 Iron core
I

)

_'__1\_(_1/" X
At T

=» an iron core traps the flux

Eo = Ny

AP B /] | 8 :--Qf;/ V. gk
5 1 = N 1 Primary — : R
At winding | = 4
by
=» the ratio of voltages Eo o No Secondary

winding

IS the ratio of turns 51 Nl

=* N> > Ny : Vo> Vq-a “step-up” transformer

=*> N2> < N7: Vo< Vq-a “step-down” transformer

=» used to change the voltage of AC electricity,
e.g. transmission lines at 500 kV need to be
“stepped-down” to the 120/240 V required in
your house
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