e e

UNIT = Il
MAGNETOSTATICS

61



Introduction to Potential

Comments on Potential
Poisson’s Equation and Laplace’s Equation
The Potential of a Localized Charge Distribution

Electrostatic Boundary Conditions
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Any vector whose curl is zero is equal to the gradient of some
scalar. We define a function;,. .

V(p)z—jSpE-dl

Where is some standard reference point ; V depends only on
the point P.V is called the electric potential.

b ‘ e A P pAnEy A

V(b)—V(a):—jSE-dI —[—J'gaE-dljz—I;E-dl

The fundamental theorem for gradients

iy

b
V(b)—V(a):ja(VV)-dI
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50 j:(VV).dl :—I:E-dl - =

-VV
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F =qE =-qVV AU =F - X

V: Joule/coulomb U : Joule
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(2) Advantage of the potential formulation V is a scalar function,
but E is a vector quantity

V (r) E_E XL E 9 7

If you know V, you can easily get E: E: S

E,.Ey.E, are notindependent functions
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e

)The reference point 9

Changing the reference point amounts to adds a constant to
the potential

e = A A i oo

p 9 p
V'(p):—JS,E-dI :—‘[SIE-dI —jS E.dl =K +V (p)

(Where K is a constant)

Adding a constant to V will not affect the potential difference
between two point:
V'(b)-V'(a) =V (b) -V (a)

Since the derivative of a constant is zero.yvy - vy’
For the different V, the field E remains the same.

Ordinarily we set v (o) =0
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(4) Potential obeys the superposition principle

Y AR 2 P A 2

Dividing through by Q
B FoaFPak

Integrating from the common reference pointto p ,
V =V +V, +
(5) Unit of potential
Volt=Joule/Coulomb

F :newton F .-x:Joule

qV
E-—gE —-dqVvVVv > ——

X

E. X
_, Joule/Coulomb
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Example 2.6 Find the potential inside and outside a spherical
shell of radius R, which carries a uniform surface

charge (the total charge is q). /
P

solution: - -
E- L1y
Ein =0 out dneqy |2
for r>R: .
V()——J ‘Eqgp 1| 1 4
471:80 r - 47’[80 r
for < R:
1 9 g
V (R)= V VRS
( ) dne g R ()i ( ) 47‘[80R
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Poisson’s Eq. vy

p =0 v2y —o|l Laplace’seq.
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istribution

i r
g = V—sz—IwEdr' V. =0
: r
V (r) —=1 - -
Angy® o 12 dneg T g

« Potential for a point charge R
14 =
V(P)= — —
(P) T R=|r-r, ;
u u P
» Potential for a collection of charge /
n o 420. / Ri
V (P) = - B .
(P) 47’580 izl Eenaet :.::qi .
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* Potential of a continuous distribution

for volume charge for a line charge for a surface charge
5qg=pdr 0q=Ardl 0q=ocda
1 ] 1 A 1 o)
VP)= ——f " dx V(P)=——[2dl V(P)= —([2da
( ) 47T80"-R ( ) 47[80"R ( ) 4ﬂ80'[R
. e o R
- Corresponding electric field [ = ]
R

AR .

1 A e A A

E(P) = Ee e s Lo da
2 2
Ameg R 2 dney ¥ R dnteg ¢ R
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b

o

& 2.7 Find

shell of radius R.

Solution:

Ve o

4V (2)

0)

the potential of a uniformtychargec

47[80'[

da’, . R°+ 22 _-2Rzcos0’

>5in0’'do ‘do’

o[

=27’CR o

- 21 R %o

21 Ro

Z
21 Ro

Z

+ 72 _-2Rzcos0’

sin@’

I \/R + 22 _2Rzcos0’
1
(—\/R2+22—2chose’)

Rz

do’

T

0

(\/R2 +22+2Rz—\/R2 +22—2Rz)
[\/(R+ z)2 —\/(R— 2)2]

spherical
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Ro

558 2

‘=, R0 G RI= Zoj outside
Ro Ro

Vilz) = [[R+2)-(R-2)]=——, Inside

2¢€,1 €¢
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*Superposition

Coulomb law

The above equations are differential or integral.
For a unique solution, we need boundary conditions. (e.q. , V(«)=0 )
(boundary value problem. Dynamics: initial value problem.) 75



EJ_above e EJ_ below a

0]

ELabove . ELbelow =
€0

AR,

— —
|jE-dI -0 (@vxE =0)

E" above

E|| above™ E|| below

e A

1+ Eobove = Ercioni= 0
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e

otential B.C.

Figure 2.38
bt ab—> 0
Vabove _Vbelow Ia E-dl > 0

Vabove :Vbelow
y s ‘ A a

O o e % =
above — Ebelow n BT 5 V. =VV.n
o oy o
on & above on @ below =
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6-Magnetism and electricity haw dered
distinct phenomena until Hans Christian Oersted conducted
an experiment that showed a compass  deflecting In
proximity to a current carrying wire
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-time varying electric fields

-permanent magnet (arises from quantum mechanical electron
spin/ can be considered charge in motion=current )

-steady electric currents

R %’,’ ACHEI
;"- » “‘ "7‘-. .'.t 'y‘ \:. -
" LR SR SR el
S B P e
| 3 s Sl .
é. - ’._':"s.'eé_ ~ g \
- - - s -
P T c
i Ut gl o
Y ?‘ e ‘0;‘ oy (:_g,':{/ v - .
PSR o % 5 SOl W (1 TS
fgrraiin |y ‘,‘,. o i ALY Rl
SENTISTER S
"'-': CHNCS i

78



e

e placé a wire with current | in the presence of a magnetic field,
the charges in the conductor experience another force F,

z
'

1 ]

ey

-1/ H/
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E. B ) H -
g-charge
u -velocity vector
B -strength of the field (magnetic flux density)
U, -relative permeability
U -absolute permeability
Liy-permeability of the free space

M=x,,H- is the magnetization for linear and
homogeneous medium

1
v

B
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materials

Material

Ferrite U 60
Ferrite M33
Nickel (99% pure)
Ferrite N41

Iron (99.8% pure)
Ferrite T38
Silicon GO steel

supermalloy

W/(H m-)

1.00E-05
9.42E-04
7.54E-04
3.77E-03
6.28E-03
1.26E-02
5.03E-02
1.26

3. /-Relative permeabilitie

8

750

600
3000
5000
10000
40000
1000000

o

Application
UHF chokes
Resonant circuit RM cores

Power circuits

Broadband transformers
Dynamos, mains transformers

Recording heads
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orentz’s Force equation

E 0 fE 1| < B j
Note: Magnetic force is zero for g moving in the direction of

the magnetic field (sin0=0)
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' xerted on the wire normal to both the magnetlc fleld and the current
direction. This force is actually acting on the individual charges
moving in the conductor.

%<

(2) (b)
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e

e magnetic force is exerting a torque on
the current carrying coll

Pivot point

n
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%. groégi)roduct ;
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Vv x B = LU J
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Gaussian -
Surface
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There are no magnetic flow sources, and the magnetic flux
lines always close upon themselves
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mpere’s circuital law

The circulation of the magnetic flux density in free space around
any closed path is equal to My times the total current flowing
through the surface bounded by the path
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Postulates of Magnetostatics
in Free Space

Differential Form Integral Form
. B 0 PB -
Y xB - 1

0 PB_Odl_zuol

C
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