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Objectives: After coglgletislef dhifs
rmocdule, vour seotlld ge zigle io:

Calculate the magnitude and direction of
the induced current or emf Iin a conductor
moving with respect to a given B-field.

e Calculate the magnetic flux through an
area in a given B-field.

 Apply Lenz’s law and the right-hand rule
to determine directions of induced emf.

e Describe the operation and use of ac and
dc generators or motors.
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When a conductor moves
across flux lines, magnetic
forces on the free electrons
Induce an electric current.

Right-hand force rule shows
current outward for down and
Inward for up motion. (Verify)
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Faraday’s observations: — Flux lines ® in Wb

e Relative motion induces emf.

e Direction of emf depends on
direction of motion.

e Emf Is proportional to rate at
which lines are cut (v).

e Emf Is proportional to the
number of turns N.

The negative sign means that S cause.



» Magnetic flux lines d AA Ag
® are continuous B = n
and closed.

e Direction Is that |:-
of the B vector at Magnetic Flux

any point. density:

' ()]
Wher_lareaAls | B=—: & =BA
perpendicular to flux: A

The unit of flux density Is the WeEREIRPERSHUERE" meter.



AOIINTaKes anrangle
EIRONVItNE BEHEICNS:

The angle 0'Is the complementeiFthe angle ot tige
plane of the area makes WithNESielai (CEsFOR=ESII" o)



=clie) ANt ent loop has an area ofi 40) cmz |
ZUNSHIIECEE 1 a 3- 1 B-fieldl at the given angles.
ERERENIUX @ threugh the leop In each case.

(2) D= BA cos 0% = (3 T)(0:0025m2)()5 =120 g\
(b)) ® = BA cos 90° = (3 T)(0.00Z28md)(@)5 @@= 0rmWWb
(c) ® = BAcos 60° = (3 T)(0.004 maers); @@= 6.00 m\Wb



N

or) of Feraclay's Layy

Faraday’s Law: A change in flux A® can
occur by a change in area or
£=_N AD by a change in the B-field:
At AD =B AA AD = A AB

Rotating loop = B AA Loop at rest = A AB




=i cwamaycoil has 200 turns of area 30 cmz. l
iNilsSNiePVertical to horizontal poesition inia
UMENEIRON03 s, What Is the induced: emi Iff the
sonstiant B-field 1s 4" mii?

AR 20 cm?— 0/= 30/cm? =)
AGISEEFAA = (8 mil)(30 cm?)

Ad) = (0,002 7)(0:0080 m?)
AD =11.2 x 10> Wh B=4mT; 0°to 90°

AD 1.2 x 10°Whb
E=—N="2Z=-(200 —
N (200) i &= -0.080 V

The negative sign indicates the pejaiiy eirthe voltage.




Lenz’s law: An induced current will be in such a direction
as to produce a magnetic field that will oppose the
motion of the magnetic field that is producing It.

Induced B Induced B
_ ——
’{" / Left motion l\ Right motion
N S N S
/

Flux increasing to left induces
loop flux to the right.

Flux decreasing by right move
iInduces loop flux to the left.



e CRMISE" L enz's) law to determine direction |
SINRUNEEERerrent through A1 switehi Is clesed
IGIACICEIIMOEI oW, (B Increasing)).

Close switch. Then what Is
direction of induced current?

U Ol ©

The rising current in right circuit causes flux to increase
to the left, inducing current in left circuit that must
produce a rightward field to oppose motion. Hence
current /through resistor A is to the right as shown.



Directions of
Forces and EMFs

An emf € is induced by
moving wire at velocity v
In constant B field. Note
direction of /.

From Lenz’s law, we see
that a reverse field (out) is
created. This field causes
a leftward force on the wire
that offers resistance to the
motion. Use right-hand X ®X
force rule to show this. Lenz’s law




charge gl wire:

B, Work= FEL = qvBl.

- ork :/aﬁ/BL
qa A
==& = BLvV

[ wire off lengtihr L nevesiwiin
Velocity 17 an angle 6 with 5>

. V
Induced Emf &

& =BLvsIng




el a0, 20-m length off wire moves l
ARERCoNBIat sSpeed of 5 m/si in at 140° with

RO EINsEE eld. Wihat IS the magnitude and

JIECHEN Of the Induced emi: In the Wike?

E=BLvsIng
)(0.20 m)(5 m/s)sin140°

E=-0.257V

Using right-hand rule, point fingers
to right, thumb along velocity, and
hand pushes in direction of induced
emf—to the north in the diagram.




NC Gapnlareiio)f

e An alternating AC current Is
produced by rotating a loop
In a constant A-field.

Rotating Loop In B-field
&5 ¥ .

e Current on left iIs outward
by right-hand rule.

e The right segment has an
Inward current.

e When loop Is vertical, the
current Is zero.

The AC Generator

/ In A'Is right, zero, left, and t Op rotates.






Nas constant
\VEIGEINAZ

BOLNI SEgmEnts 2 meVIng Wit
at- angleroawitnr G gIvesr enii

& =Bavsing:; v=a)r=a)(%)
& ZZBa(a)%)Sinﬁ

T

£T = BAwsSIn g



The emf varies sinusoidally with max and min emf

For MVturns, the EMFis: &€ = NBAwsSIn@



el cReAPac generator has 12 turns of
WIENGIREEEP0. 08 m2. The loop rotates in a

HeepEuEHield of 0.3 1 at a firequency. ofi 60
SN the maximumi induced emi:

& .. = NBAw; Since singd =1
& . =(12)(0.3 T)(.08 m?)(377 rad/s)

The maximum’ emi generatedis thereiore:

Eax = 109V

max

If the resistance is known, then Ohm’s law (/' = /R) can
be applied to find the maximum induced current.



e DC Generator

The simple ac generator
can be converted to a dc
generator by using a single
split-ring commutator to
reverse connections twice
per revolution.

Y~ ¢

| DC Generator

___.C_o___rmmutator -

For the dc generator: The emf fluctuates in magnitude,
but always has the same direction (polarity).




In a simple electric motor, a current loop experiences a
torgue which produces rotational motion. Such motion
Induces a back emf to oppose the motion.

APPIIECN/OITAgE — PaCK el
=NEL VOIla0e

Since back emf &, increases with
rotational frequency, the starting
current is high and the operating
current is low: & = NBAw sin 0 Electric Motor




In the commercial motor,
many colls of wire around
the armature will produce
a smooth torque. (Note
directions of / in wires.)

Series-Wound Motor: The
field and armature wiring
are connected in series.

Shunt-Wound Motor: The field windings and the
armature windings are connected in parallel.




4°Awhen at full speed. What Is the
the moter and the starting cuirent?

Recall that: V-& = IR
120V~ & = (4 A)E Q)

Th_e 021614 e-mf & =108V
10} ppleyie)

The starting current I, IssieUpdNy netRe taE =0
N Beginning (armature hasveistiaiiedNeianG):




N

SLIrIfpIELLY

Faraday’s Law: A change in flux A® can
occur by a change in area or
by a change in the B-field:

£=-N-2
At

AD=BAA AD=AAB

Calctlatng nux tnretghranrareainiarE=ielos



Lenz’s law: An induced current will be in such a direction
as to produce a magnetic field that will oppose the
motion of the magnetic field that is producing It.

Induced B Induced B
_ ——
’{" / Left motion l\ Right motion
N S N S
/

Flux increasing to left induces
loop flux to the right.

Flux decreasing by right move
iInduces loop flux to the left.



An emf Is induced by a wire
moving with a velocity vat an

angle 6 with a B-field.

; V
E=BLvsin@ Induced Emf &

In general for a coil of N turns of area A rotating
with a frequency in a B-field, the generated emf
IS given by the following relationship:

For MVturns, the EMFis: &€ = NBAwsSIn@



The ac generator Is
shown to the right. The
dc generator and a dc

motor are shown below:

DC Generator

nrlery (Corle,

Electric Motor




The rotor generates a back
emf in the operation of a
motor that reduces the
applied voltage. The
following relationship exists:

Applied veltage = lackieni
= net voltage

V& = IR
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