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Cha]_gter 5: Magnetostatics

# The Lorentz Force Law
# The Biot-Savart Law

% The Divergence and Curl of B

# Magnetic Vector Potential (A))
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5.2 The Biot-Savart Law

Steady Currents

A continuous tlow of charges without charge piling up anywhere. Such current flow
yield time independent magnetic field (Magnetostatics)
ap .
—=0->V-J=0
dt

ll clectrostatics, g = 4mx1077 N/A? (free space permittivity)

2z ?
ok - A}
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5.2 The Biot-Savart Law

Example: Bl ine mugneile feld 4 disiance 3 frow i long Sivligatwire enyloayy

steady cuttent |

- spdz’
E (s2 + 212)1/2
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5.2 The Biot-Savart Law

= o Ho , Mo ¢J
B = — —dl
(r) AT 4/,2 (S + Z’2)3/2
~ 22
~ o Mol dz'/s
By =22 |
dts ) (14 z'%/s2)3/2
- Z, A .
S UolD S s _ Mol@

A1s , 7 N 7 A1s
s? S?

< Z3 . Z
Js2+z2  \[s2+ 272
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5.2 The Biot-Savart Law

ol ) (sm— — sin(— —)) _ Hol?

B(7) = >

Let us find the force between two infinite straight wires

The magnetic field on (2) due to (1) is ZI;—Od into the page

Uoly

1 =5 5 dl,towards (1)

Frag =1 f dixB - F,

= (, attractive, f orce per unit length)
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5.2 The Biot-Savart Law

Example. VO RITCIS A O ICICAATO CS PUNANG (ST IEpatismovingalongata

COMStAT J W, l‘L)\‘T/J’ ould v have to be i el (Earn action to
bﬂ,lmgs the clectrical e L).__lél)ﬂ?

11=12=AU

f M01112 #0/12772
mag = omd ~  2md

1 2 2
ZﬂEOd ZﬂEOd

f,=AE =2

Cannot be achieved! Therefore electric force always dominate!
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5.3 The Divergence and Curl of B

Straight line currents
dl = ds$ + sdopd + dzz
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5.3 The Divergence and Curl of B

For a bundle of wires

f B -dl = polenc

But, this 1s not general and only valid for infinite

straight line currents.
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5.3 The Divergence and Curl of B

Thedivergenceofﬁ
> o Mo [ T,
B(T)=ﬁf](r)xﬁdr
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5.3 The Divergence and Curl of B

The cutl of B

V}x—f](*’) —dT _ VX []( )x—]dr

i) 10209 o =g [ [0-05] e
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5.3 The Divergence and Curl of B
The divergence and curl of B




5.3 The Divergence and Curl of B

Ampere’s Law, The curl of B

Boundary line
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5.3 The Divergence and Curl of B

Ampere’s Law, Examples
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5.3 The Divergence and Curl of
Example: Fiad ihe «

HowIng OVEHthe ,sy~pl,me

= P . _ poK
Bdl—ZlB—‘LlolenC—l.lolK—)B=T

-~

Sheet of current

|
.
K
B _ 2
B =< %
.UoT 7 <0 —r Amperian loop
\
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5.3 The Divergence and Curl of B

A yer / bzy ol ‘.smi, CONSTSHNGOTTICIOSEly:

(eadyeuttent /e

=1 n[,l()IZA R<O
=
0 z>0
2.7 AT v I 3
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5.3 The Divergence and Curl of B

Maxwell equations for static electromagnetism

Gauss’s Law v/ . F — ]
58’ V-E =p/e Electrostatics

= ﬁ — Q(E + ’BXE) Lorentz Force

V-B=0 Magnetostatics
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5.4 The Magnetic Vector Potential

The Vector Potential

) - - — —>
In electrostatics \/XF = () > F = —VVI/ Scalar Potential

- -

— — - .
In magnetostatics V- B = () > B = VXA Vector Potential

But the vector potential is not uniquely determined as
A=A"+VIA

B =VxA = Vx(4' +VA) = Vx4’
since VXVA =0
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5.4 The Magnetic Vector Potential

But we are interested in using Ampere’s law to find the magnetic field

* If we choose A such that V- 4 = 0 (Coulomb Gauge) , we get

—V2A = Hof

Which is similar to Poisson equation used to find the electrostatic potential

> Ho [ Ho [ K@) e Ho f f @
! = A = —
NG T dl A(r) yym j da () T
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5.4 The Magnetic Vector Potential

* If we choose /TO such that V - /_1)0 # 0 (Coulomb Gauge) , we get

V- A=V -A,+V2A1=0->V21=—V-4,

N _V/TO '
A(r)_f 01

=

Therefore, we can always find A to make V-A4=0

Introducing the vector potential is in general less than the electrostatic potential as we
still need to solve for three components. However, it is important for theoretical
reasons.
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5.4 The Magnetic Vector Potential

The magnetic field cannot be written as B=-VU

b b
]B dl :uolz—fVU-dT
a a

Ub) —U(a)

Amperian loop

Therefore,
a— b,U(b) +U(a)

The defined potential 1s not a single valued function

—
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