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In Electrostatics, we have studied In Magnetostatics
- 1 Q g / A
E(r) = - ) X7
( ) ATTEY 12 B(r) . ﬂf]( )2 dt’
41 7

VxE=0 ( For Electrostatic Field) V.)E)(r) = (0 (For Static Magnetic
Field)




Any vector whose curl is equal to zero
can be written as the gradient of
another another scaler. i.e.
E=-VV
We had defined
IV = Electric Potential

Using the Coulomb’ law

FE=Lt
€o
Gauss’s Law

Any vector whose divergence is equal to
zero can be written as the curl of
another vector

Here we define

-

A = Magnetic vector potential
Using the Biot-Savart law

V x B = o/
Ampere’s Law

VxB=Vx(VxA)=V(V.A)-V?4
= UoJ ~ o
We choose vector A such thatits V. A =
0, but curl is not zero.




—V24 = ﬂo]
21, _ =P
VeV = € VZA = — o]
Passion’s Equation In components form

VAR +V2A, )+ V2A,zZ
= —poUxX + 3y + ]2

VzAx = —UoJx
Vsz = —Uoly
VZAZ = — o)
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Electric Potential
for charge density

V) = 1 Jp(?’)dr'

4‘7[60 v~

Magnetic Vector Potential
By using the same token

dt’
A, = Ho j]x
41 vl
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And combining all these equations
We get equation of current density
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Method-Il

Derivation of magnetic vector potential



Magnetic Vector Potential

V(r) =

1 f o(r')da’

41e a

For Surface Charge Density

N /,lo fK(F,)da’
A =
41 1~

For Surface Current Density

V(r) =

1 f A(7")dl

4‘7TEO v

For Line Charge Density

i Idl'
4-7'[

For Line Current Density
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Example 5.11

A spherical shell, of radius R, carrying a uniform surface charge o, is sct spinning at angular
velocity @. Find the vector potential it produces at point r (Fig. 5.45).

Figure 5.45

Figure 5.46



Example 5.11

Uo Jf?(mda'

Ay =t
() 41T vl

» =+ R2 + 12— 2Rrcos’
da = R?sin8'd@’dg’
K = o and 3= xr

o(w X 7)da’

7

K=0(@X1") =— /T(F)=Z—7°J




Example 5.11

r' = R because r'represents t
he points lying on the

da' = stinH’dH’d(Z)’ surface of sphere
B X y Z
v=wXr =| wsiny 0 wcos\ys
Rsin@'cos®’ Rsin@’'sin® Rcos®’

= Rw [—(wcosysinB'cos@")x + (cosysinB'cos@’' — sinicosf’)y + sinPsinf’'sin@®")Z]



Example 5.11

uy (K@#)da'
T Anm r
uy [ K(#)R?%*sin0'do’'do’
4 ) \JRZ 4+ r2 — 2Rrcos6’

7 _ Ho ovda’ o [o(@w X7)R*sinf'd6’dp’
A1 4w ) VR?2 + 712 — 2Rrcosb’




Example 5.11

7 _ Ho a( X W)R*sin8'd8’'d@’
4 VR? + 12 — 2Rrcos6’

A=

Uo J o(Rw [—(wcosPsind’ cos@)x + (cosPsind’ cos@’ — sinfcosO’)y + sinpsind’sin@")Z] )R*sin8'd0’'d@’
4m VRZ + 12 — 2Rrcos6’

2T 2T
/ sin@d' d@' = f cos@' d@p’' =0
0 0

i=_

Y

UoR3owsiny f” cos0'sin8’'do’
2 o VR

2 +1r2 —2Rrcosb’



Example 5.11

T _,uOR3aWSim|J f” cos0'sin8'do’ 5
2 o VR% + 12— 2Rrcosb’
let U =c0SO' === du= —sinf'do’
For Limits
i uOR?’awsimpf” cosf' (—sinf'do") 5 wﬂiﬁgiﬁl : 32?;??;1_1
2 o VR2 + 12— 2Rrcosb’
7 HoR3owsiny j‘l udu "
2 1 VRZ+71%2—2Rru



Example 5.11

9 uoR3owsiny f 1 udu
A=— 9
2 -1 \/RZ -+ 7"2 — 2Rru
1 1
udu R? + 1% + Rru
Now f = — R? 2 —
_1VRZ +1%2 —2Rru 3R4r* VR + 72 = 2Rru

R? +1? + Rr(-1)

R?+ 1%+ Rr(1)
— JR2+12 —2Rr(1) +

Y VR? + 12 — 2Rr(-1)

3R2r?2



Example 5.11

R?+71r?+Rr(1
- _ T ( )\/R2+r2—2Rr(1)+

R? +1? + Rr(-1)
3R2r?2

JR2 4+ 12 —2Rr(-1)

1
3R2r?2

[((R?+7r? + Rr)IR—71| — (R*+7r> —=Rr)(R+71)]

Inside the Sphere For R > r

=" 3R£r2 [(R24+7% + RP)(R — 1) — (R2+7% = RP)(R +7) ]

~ 3Rz [((R3=TR* + Rr? —r3 + rR* — Rr?) — (R3+rR* + Rr? + r3 —rR? — Rr?)]



Example 5.11

1
iy [(R3—rR? + Rr? — 13 + 7R? — Rr?) — (R3+rR? + Rr? + 13 — rR? — Rr?)]
— 1 3 3 3 3
= — o (R — (R3]
1 udu 273 2r .
J — - — Inside the Sphere For R > r
_1VRZ+ 712 —2Rru 3Rr* 3R?




Example 5.11

outside the sphere Forr > R

[((R?+7r% + Rr)(r — R) — (R*+7r?> —=Rr)(R+71)]

 3R2r2
e

1
= ~3pzz [(CRP477) — (R7+7r7)]

outside the sphere Forr > R

fl udu ~ 2R® 2R
_1VRZ+7r2—2Rru 3R%*r? 3r?




Example 5.11

Outside the Sphere For R > r

7 MORBO'WSiTlLPfl udu . HoRPowsiny ( ZR) )
2 _1VRZ + 712 — ZRruy 2 3r2 )7
7= HORBU(_WTSian)?) 2R and O X T = —wrsingy
2 3r3
e MOR4O_ — - .
A= 3,3 W X7 Outside the Sphere For R > r




Example 5.11

Inside the Sphere For R > r

7 ,uOR3awsmt|Jf udu R ,uOR30WSim|J< 27 ) R
— y=—-
1VR%2 + 12 —2Rru 2 3R? )7
i UoRo (—wrsiniy)
3
HoRo

A=

3 W XT Inside the Sphere For r < R




Example 5.11

In natural spherical coordinates(fig.5.45) , r has angle 8 making with z axis.

let w is along z axis, angle between w and 7 is 6. Then

W X7 =—wrsind®
. uoR*s _, , poR%o AR uowR*s
A= X r = — Q) = — sinf
3,3 W XT 3,3 Wwrsin (D) 3,2 ingQ
,Llo(,l)R40- —~

A= sinf @ Outside the Sphere For R > r

372




Example 5.11

O X7 =—wrsind@

Ra Ro wRo _
,u03 W XT = ,uo (—wrsinf@) = e > rsinf @
A(r,6,0) = _“Oa?:R rsind® Inside the Sphere For r < R




