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Where k is the constant of proportionality. The constant % = ;ﬂﬁ: ;_.
permeability of the medium. | _:’ |
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P = Bl e #r i e relative permestility of -_;:'g-_'-.F
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1 PV
 permeability of free space ""”“fww” Forair £ = 21
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An electric current produces a magnetic field. It relates m
currents that mdum- them. Using Ampere's law, one can

_field associated with a given current or current associated

f:e.id. providing there is no Mnging—m field
 original form, Anwsthmhm&w
source. The law can be written in twnfmtlw

are equivalent (see the "proof” section below),

static stttmtmn, Thi;m s ﬂuim &mmgt
within closed loops. In all other
is included (see below). !
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or Fl: ' offree curreny, the line integral of them
h&;? M-n'm‘“ddﬂﬂl mcmhhﬁ

fH dlﬂf Jr d8 = I[#

'I #ﬁh&ummuﬂy Furthermore
&uﬂhhmmmm::mdm:
B s - tg-:ilﬁl
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Differential form

would chm\ge with m;; 'u- below | f'%éﬁnf* e
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For infinitly kg conduetos T =¥ = 907, FL = e
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We have already introduced the idea that 3 current element
induction. We phrase the force law as the force experienced
Hdll,mmtpnmuﬂamﬁe induction B. 'ﬂHM

A S
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While the w.ﬂu through a closed surface is always zero, the magnetic flux
Fm&mﬂﬁﬂl open need not be zera and is an important quantity in electromagnetism.
mﬁp’-ﬁ, & change in the magnetic flux passing through a loop of conductive
: e m an electromotive (EMF), So, it will make an electric current, in the
oop. The relationship is given by Faraday's law: -'

= - dd,, i
P (E(r, t)+ v x B(r, t))+di'=-—dt~:~. =
where £'is the EMF,®m is the flux through a surface with an opening bounded bya
curve AX(H)8%(t) is a closed contour that can change ith time; the EMF is found
around this contour, and the contour is a boundary of g ﬁurfamﬂﬂﬂ?ﬁﬁfmﬂ%:;
found,dl is an infinitesimal vector element of the con JE(t),v is the velocity of
segment dt,B is the electric ficld, B uﬁmwﬁe’ﬂﬁ* i

The MhmﬂmEﬁEWhh& ; Mmﬁw
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Hand Rule. As per | Biuts.w.

wRulemﬂzghl . %

fux density at 3 point
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o et
The corresponding magnetic field is equal to =Rt

‘Eﬁ-ﬁ = ﬁxd—'ﬁ.ﬂ, a r’n:n?'_a?ﬁ(,m

Syl

= %;{zcu:ﬁ'f;' Eﬁ} l

The shape of the field generated by a magnetic dipole is identical to the shape of the
field jenerated byan electric dipole.

A S

@m Boundary Cnﬂdiml“ | |
In Chapter 2 ye“studied the Boundary conditions nf tl'llt electric m@ﬂ :

concluded that the'electric field suffers a discontinuity at a ~
the magnetic field suffers a discontinuity at a mﬁﬂ&m il
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C

the loop shown in Figure 58 (i the limit e

integral of F around

f'F o= B, L "u‘v"
Ly

i ¢ T

of ¥ around this loop s equal to

According to Ampere’s law the line integral
fRodi=plu=tkl

Lesr i
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""I'E 1%
ibing the %
tity In descri
tial is another useful quan k r
ten |

The scalat PO AT gty | 1 {
field, especially for L M | (
ected domail where ther urretl ?
In a simply connt (
gxH=0, ks (

we can define magnetic scalar poten .
Hence ¢

H= -V |
Using the definition of H: R
-~ ¥
it follows that 5 '

vip=-V-H=V-M

Here ¥ * M acts as the source for
for electric field. So analogously to

PR Y
is called the bound mgnﬁg“nharge

If there is free current, a2 ¢ may subtzact the contr it
Savart law from total magneti ‘field and solve th

magnetic field, much
bound electric cf'm‘g&.
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From this Pﬂ'ﬂ'll of '-"IEW the mm MQF
Mmﬂmh

to its charge q2, the magnitude of mim i magnitude Wmm
field BI produced by the first %1&5& sine of &f = :

between the palhﬂfdiesecﬂndparhdemd&qumhmufﬁmmm e Em:la.&
is, F=q2Blv2sin 0. The force 15 zero if the second wamﬂﬁﬁ
direction of the magnetic field and is greatest if it travels at ng!lt mslwm the

magnetic field.

S

The magnetic force on a moving charge is Mteﬂ ina duﬂeﬁm at a right angle to
the plane formed by the direction of its velocity and the difection of the surrounding

magnetic field.

The magnetic field B is defined from &n]_w F‘mu o i et
the magnetic force on a moving charge: -fﬂw =

{flff:.eﬁxé'
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- 415"

Another way of expressing the above equation is. that torque is the product of the
magnitude ofmemmmmm%m&u&mmaum&ﬂ
rotation (i.e. the pivot poinit). htﬂmfwﬂﬂg ofn.an object be broken up into its
tangential (Ftan) and radial (Frad) components (see Figure 2). (Note that the
langential cemponent is perpendicufdr to the memént arm, while the radial
component isparallel to the moment m] The radial component of the force has

no contribution to the torque because it through the pivot So, it is
only the tangential component of the whﬂﬂ:h@%ﬂﬁ_

point).

Themnm;rbemnum force
. -‘_
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ﬂnlﬂn'mﬂtmdum:unmtﬂuwtnnnﬁcmdm&ydmiLNEklm |

a5
HWMWmﬂtnghtﬂmwammmphn{mmﬂdndumﬁ?‘:
mhﬂnwmglhrmghlpimﬂwhniuaﬂmLmdm

hmwhmum;wmm rlh—?c'ﬁ“‘&a
ﬂnmdiluhiam in the wire, —0

m% mﬂhﬂumalmmmmmmhﬂwmwm
that is brought close to the wire in the primary dreuit. The

tuntntmﬂ:&m
m-ﬂ;hhMMwmhukmhmnmhh
first wire. An electrical transformer uses

-dnngeﬁ E 9
Amwummmmmmmmhm:
generate eddy currents in the test piece.
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jals. Note that this lis does not e :
The following unit conversions may '

i
| h et .I
Gblg AN =028 KWR =037 Hipy, ! HeN conldeing e gy
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