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Remember From Previous Chapters

Classical Mechanics

« Equations of motion: W = AK
vV, =, +at W=F-.d
. =7 4+ 0.t+ —at? 1
f () T 7 + 2 — 5771’172
'8?0 :6?+2&- (T“f—?'i)
« Newton’s Second Law: Electric Field

ZF = ma
‘11(12A

F,=k 5

(&

« Work-Energy Theorem:

e Coulomb’s Law:

« Electric Field:

E =

Flux

o Gauss’s Law:

€0



Remember From Previous Chapters

Electric Potential
and Energy

. Electric Potential:

V=rk1

T
- Potential Energy:

d142
r

UE:ke

« Relation to Electric
Field:

AV =—E.-d

« Potential and Energy:

Capacitance and
Dielectrics

 Capacitance:

- Q _50A
C_AV_ d

« Capacitors in Parallel:

Cou = G

« Capacitors in Series:

 Energy Stored
in Capacitor:

_ Q1
Up =356 =392V
= cC(av)?



Remember From Previous Chapters

« Energy Density of Current and Resistance o conductivity:
Electric Field: . Current: 1
o= —
U 1 0
At Tem
. perature Effect
 Dielectric Constant: _
Lhvg = nAv,g R=Ry[l+a(T —T)]
AV = AV} /k , ,
» Ohm’s Relation: « Electrical Power:
Y =ty AV = IR A2
P=IAV =I°R =
Q = kQ  Resistance: R
Ug =Uy/k R L Energy = PAt




Remember From Previous Chapters

Direct-Current Circuits

e Electromotive Force:
AV =e—Ir = 1R,
e Resistors in Series:

Ry =R, +Ry+..+R,

« Resistors in Parallel:

1 1 1 1

) R1+R2—|—...—|—R—n

€eq

« Kirchhoft’s Rules:

1. Junction Rule:

node
2. Loop Rule:
Y AV =0
loop

Magnetic Fields

« Magnetic Force on a
Moving Charge:
‘F’B‘ = quBsin 6

e Charges in a circular
path under a magnetic

field:

mu

T = z;z§



Remember From Previous Chapters

« Angular Velocity: Sources of the Magnetic
s 4B Field
W = ” = T « Biot-Savart Law:
e Period of Revolution: dB = @i(dg X 1)
4 72

B 27T 2Tm

T = T — q—B « Magnetic Force Between

Two Parallel Currents:

Current-Carrying Wire: £ hh

¢ 21 a

« Magnetic Force on a

F’B —ILxB
|Fig| = ILBsing

« Ampere’s Law:

« Magnetic Field of
a solenoid

« Magnetic Flux and
Gauss’s Law:

@Bzyfé-dfizo
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1.1 What is Faraday’s Law? e

King Saud University

When a magnet is held

stationary near a loop of wire When the magnet is
connected to a sensitive When the magnet is moved away from the
ammeter, there is no induced moved toward the loop of loop, the ammeter shows
current in the loop, even wire, the ammeter shows that the induced current
when the magnet is inside that a current is induced is opposite that shown in
the loop. in the loop. part [

i}
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1.1 What is Faraday’s Law?

The current induced in the secondary
circuit is caused by the changing magnetic
field through the secondary coil.

When the switch in the “m
primary circuit is closed,
the ammeter reading in the
secondary circuit changes
momentarily.

\

;;

Primary Secondary
coil coil

ag2udlodl g
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Faraday's Law states that changing the
magnetic flux @5 through a closed loop
induces an electromotive force (emf €) in

the loop.
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1.2 Fraday’s Law of Induction P .,
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« The induced emf is proportional to the rate of change of the magnetic flux,
therefore,

Ao,
dt

E =

« The negative sign indicates that the induced emf opposes the change in magnetic
flux, as stated by Lenz’s Law.

o If the loop has N turns, the total emf is:
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1.3 Induction Through a Rectangular Loop
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« With a rectangular loop of area A in a uni-
form magnetic field B, the magnetic flux is:

®, = BAcos

o If the magnetic flux changes with time, the
induced emf is:

€ = —%(BA cos 0)

 €isnon-zero if B, A, or 8 changes with time.
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1.4 Application: Safety Breaker el -
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Alternating
current

Circuit

A safety breaker uses Faraday’s Law to
breaker

detect changes in magnetic flux caused by
a current surge. If the generated current
Sensing exceeds a certain threshold, the breaker

coil opens the circuit to prevent damage to the

Iron A\ electrical system.
ring — -
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1.5 Example

Example 1.1 B_..e ', where a is some constant

A coil consists of 200 turns of wire. and B, ,, =0.5T.
Each turn is a square of side d =
18cm, and a uniform magnetic field
directed perpendicular to the plane
of the coil is turned on. The figure
shows the behavior of the magnitude
of the magnetic field with time. From
t =0 to t = 0.8 s, the field changes
linearly from 0 to 0.5 T. After t = 0.8
s, the magnitude of the field decays in
time according to the expression B =

(A) What is the magnitude of the in-

duced emf in the coil between t = 0
and t = 0.8 s?
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1.5 Example

Solution 1.1

The magnetic flux through each turn of the coil is given by:
o, = BA
where A is the area of each turn, which is d?. Therefore,
®p = Bd?
The induced emf can be calculated using Faraday’s Law:
d®, , dB(t)
e = Tl Nd T
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1.5 Example

0.80 s
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For t between 0 and 0.8 s, the magnetic field changes
linearly, so we can express it as:

B ..—0 0.5
B(t) = sl t = == t=|(=— ]t =0.625¢
() = stope x £ = (2222 ) — (52 )1 — 0625

max

Therefore, the time derivative of the magnetic field is:
dB
dB({t) _ ; 6o5
dt

Finally, the induced emf is:

le|] = Nd?(0.625) = 200(0.18)%(0.625) =4 V
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1.5 Example oo [
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(B) What is the magnitude of the induced € in the coil after t = 0.8 s?
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1.5 Example

de d d
e=—-N—2=—-N—(d?B,.e ™) =—Nd*B,,,—e % =aNd>B,, e

max max dt

e = a(200)(0.18m)?(0.5T)e"** = 3.2ae**
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2.1 EMF Induced by a Moving Conductor

A | -
X X [+ % x B,
‘ f‘) When a conductor moves through a mag-
p 4 Yy % ¢ % netic field, an emf (€) is induced across
N the conductor due to the magnetic force
{ = F B acting on the charges in the conductor.
) 4 p 4 x_, Vs This is known as motional emf.
E
ﬁ
ﬁ V
X X | 1 X X
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2.2 Motional EMF From Newton’s Second Law |

- causes the electrons to accumulate on one
side of the conductor, creating an electric
field £ = qF that opposes the magnetic
force. At equilibrium, the electric force

g\ balances the magnetic force, therefore,
qF = qvB — FE =vB
v - The potential difference (emf) across the

conductor of length ¢ is then:
Consider a conductor moving with veloc-

ity v perpendicular to a magnetic field B. ‘ 6“ — FEY¢ = Blv

The magnetic force on an electron in the

conductor is given by (quB). This force
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2.3 Motional EMF From Faraday’s Law e

Consider a rectangular conductor loop

x X
X with one side of length £ moving with ve-
o locity v perpendicular to a uniform mag-
x X netic field B. The magnetic flux through
§ R the loop is:
¢ x X
by, = BA= B/
v B (4z)
x Lo xix x where z is the distance that the right side
v — has moved. Therefore, the induced emf is:
X X X X X X 1 1
B : . e = ——(Blz) = —Bl— = By

dt dt
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2.4 Current Induced by Motional EMF ]
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1
—
If the moving conductor is part of a closed
circuit, the induced emf will cause a cur-
N rent to flow. The magnitude of the current
R § ———|el= B¢y  can be calculated using Ohm’s Law:
g BY
r— lel _ Bt
R R
—_—
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2.5 Conservation of Energy ] -
x x a constant velocity is equal to the mag-
| x  x netic force Fz = I¢B that opposes the
x X motion (F,,, = Fp).

 Therefore, the work done by the exter-

nal agent W, is equal to the electrical
x . . .
energy 1'p transferred in the circuit to

<t X

the resistor R. Therefore, the power

delivered by the external ti 1
 The force applied by the external agent CUVERCd by ThE exterhal apeit Is e?qua
to the power transferred to the resistor:

F,,, to keep the conductor moving at

P =F v=Fw=(I{B)v=I(Blv)=1Ile|=I?R=P,

lec
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2.6 Example el -
Example 2.2 x %
A

The conducting bar illustrated in the
Figure moves on two frictionless,

parallel rails in the presence of a X X
uniform magnetic field directed into § R
the page. The bar has mass m, and 4 X X

its length is ¢, The bar is given an
initial velocity v, to the right and is

released at ¢ = 0. x / p x| x x
(A) Using Newton’s laws, find the v
speed of the bar as a function of time X X X x=ex X

after it is released.
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2.6 Example

ZFm = ma — —IﬁBzm@
dt

rearranging gives:

/B
dvz—(g—) dt
m

Since I = (B/v)/R, we have: Therefore, the speed of the bar as a
) function of time is:
&y — _(BY dt v(t) = v;e T
v mR

Integrating both sides with respect to where 7 = (mR)/(Bf)? is the time
time gives: constant of the system.
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2.6 Example

(B) Show that the same result is found by using an energy approach

dK  dTyp
—_— = — P
dt dt elec

d/ Biv\ >
5(5"’*“)——(?) f

= —I’R

— — dt

v mR
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Suggested Problems
1,4, 15
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