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Faraday’s law of
electromagnetic induction

Global (integral) form of the law: U= —% e :fEdr = —i IBdA
dt 4 dt -

Physical meaning: -

Time variation of the magnetic field
induces an electric field

The lines of the induced electric field dp =BdA

. Are closed curves

. They are turned around the (inductor)

magnetic field lines
; - du =Edr
. Their direction is dependent of the

magnetic field direction.

. If the magnetic field decreases in B(t) / B(f) ™
time, then the induced field has the
direction given by the right screw rule

. If the magnetic field increases in time, I/”F' ~ Ve
then the induced field has an inverse '\R_ A Ny
direction F'T™—77T '"E r

_d _d
ur——ﬁ«:{] ur——%}{}
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8 TS Local forms of Faraday’ law in
[Mm fixed (not mobile) bodies

1. Local (differential) form B B
of the law: CurIEz—E@VxE:_E

2. Proof (based on Stokes

theorem): §Edr = jcurIEdAz—% deA=—j§dA,V3r f
r st 2 ST

C2

3. Conservation of the

- tangential component of t

~

o |
the electric field strength . f .

A A 4

§Edr:§Edr+§Edr:t'(E2_E1)ave|7 " -
I C1 C2

C1

a BdAzmlh—m,whenh—w, y
dt - dt - |

El
=n,x(E,-E)=0,E, =E,
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& T Local and developed integral

[MRI forms In mobile bodies

d.B
1. Local (differential) form of the | CUN E = di ~
1dA
law: 1 .
/- ‘::-f;:\f'r
2. Proof, based on Stokes theorem AN \
and flux derlvatlve TN ;_ﬁ..:/igl
= j B(t)dA_— | BdA+— j B(t)dA = ar=val_ | faz |
Sr(t) Sr(t) dr t""---.-_______ - -
=

—deA—“m(deA' deA)/At -||ijdA'/At fB(drxv):jcurl(va)dA

At—0 g At—=0 gj
SF(t) F

because 0= deA IBdA deA’+IBdA and on SI dA =drxs=At(drxv)

F SF

( )dA where dB(t)

OB(1) _
—IB(t)dAI dA, = —IB(t)dA I , "

@murl(va)

Sp(t) Sr(t)

curl E = —?Q curlE——E—curl(va)_,f(E+B><v)dr+_[ B 4a=0

3. Developed
integral form
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m Applications of Faraday law

1. EM induction in
fixed bodies-
Transformer principle

B(t) = kB, sin(at),

d
u. =— ;D:F =—AB,wcos(wt)
« 2.EMinductionin
constant magnetic
field- Rotating
generator principle

= jSBdA = BACos( at),

C

-——.r'__,_‘>
——

B(t)

paRLEw
u. =— dosr _ BAwsin( wt)or -
dt b r

U, = —L(va)dr = Bwabsin( at)
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‘ Static potential theorem
LiviN P

In static fields and not mobile bodies:

Ur =O<:>§Edr:O,VSF

. Global form
| _ curlE=0=E=—gradV <|E=-VV

. Local (differential) form

in Cartesian coordinates: | E=~(i e +j o0 +k L)

n Cartesian coordinates: o oy P
. Proof:

curle =—curl(gradV )=-Vx(VV )=0

. Gradient definition

w—0\\/

Independence from the shape of
the static voltage

gradV = lim 1 _[VdA whereW = VoI(Q):jdv
00 Q

A'(, I Ha)-B

_— e, — — -

C
uF=§Edr=_.‘Edr+_"Edr=_.'Edr1—_"Edr2 =U,-U,=0= ’
L C1 C2 C1 C2
u,=u,vC,,C, withoC, =0C, ={A,B}
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Integral definition of the potential

1. Potential uniqueness

E=grad(V +C)=gradV

L Cpp,
2. Integral deflnltlor? of V(P)=[Edr
the scalar potential Cro Vo {p,
3 Poof: CEdrz— ) gradVvdr = !
N N N .
— | —+ +k dr=-|dV =V(O)-V(P)=V(P
_ j( iy TR (0)-V(P)=V(P)
4. Voltage difference:
CaB
g = CEdr: CE(EOE:ICEdr— cE;dr:VA Ve A-/\-B
CA\ /BO
Upg =Va—Vs 7/;} V=0
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Applications of the static

LIViN potential theorem

® The For R>a,D=4ﬂl2
potential of D=cE=E=D/e=,"0;
a charged oo q R a (11
sphere in M e T L 47%0(5—?]
vacuum ForR, -
V(R)=4ﬂgR,where R>a.
4 For R<a,E:4 qRa3
V(R) Y2

2 a 2 p2
rgr= 9 [2_aa®-R)
CPP. 8Bmg,a ‘R 8rg,a

V(R) V(a)+q(a2_R ) q q(a )

87¢,a° 47[50 87¢,a°

V(R)-V(a)= _[Edr—

4ga

V(0)=_4
8rg,a

q , q(a’-R°%)

V(R)= 4me,a q87r80a3

4re R

+C for R<a;

+C, forR > a.
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.

o

Several forms of the Faraday’s EM

iInduction law

Movement |No Yes
Global =% S
dt dt

Integral {Edr =—ideA { Edr =—ideA

) dt - ! dt ¢

oB
) Developed {Edrz—jEdA fEdr:—j@dA—f(va)dr

Integral T . " cot g
On n,x(E,—E;)=0 n,x[(E+Bxv),—(E+Bxv),]=0
surfaces
Conserv. E,=E,
Fie|d Iines Tourned around the

inductor field
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Not so easy questions for

LIVIN curious people

1. What do the surface Sg(t) in the moving bodies ? Is it fixed or carry on
by the moving body ? What is the Faraday paradox and how it is

solved ? Does the Earth's magnetic field rotate with the planet?

2. How looks like the local form of the Faraday law in orthogonal
coordinates?

3. What kind of function (continuous, derivable, integral, etc) should be
the scalar potential and the electric/magnetic field?

- 4. May be the static electric field lines closed ?
May be defined a scalar potential in the variable field ?

6. How the distribution theory (e.g. Dirac generalized function) may be
used to write Farday law.

7. Is still valid the E tangential component conservation in the case of a
sheet carrying magnetic flux.
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