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* Magnetic field due to J(7"): & \»\dl
— 1 / d 4 ~
cH=——[ff,e Jﬁm(ﬁwﬂ)rdw(r}dv r/a
* Apply duality theorem (Electric field due to M(r’)) y
— i 1 p /
-E——fff J.Bd(?-kj )rdxM(r)dv X

For any arbitrary oriented magnetic current | _
Fig. An arbitrary oriented d

current carrying element
carrying magnetic current | |
of length dl at the position 7/

along d of length dl at the position 7’
E=_efra(— 4 ’B) 7. x I ddl

41 rq3
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HMD,

S2 (O;O)_d)

30-09-

1

S

(0,0,d)

HMD,

Interface is at z=0

For HMD,, ;P = 14 = /x2 + y2 + d?
Ty =xX+yy—dz

For HMD,, S,P = 15 = /x2 + y2 + d?2
g =xX+yy+dz

Note that r is equal for both HMD,
but 7; is not the same for both HMD,

Fig. Classic image current problem for electric wall
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« E=—eFra(—+ )7, x 1, ddl
d

41T rq?

For both HMD,, we have 7; X I,d

For HMD,,

Py X1,y = ((xa? +y9 — dé) X I,9) = Lp(xZ + d&)

FHMD; _ 1 _jgry (1 -

Efgn " = 3me 7P (55 + 15) In(d2)dl

For HMD,,

Fd X (Imj;) — ((xy? + yy + dZA) X (Imj;)) — m(xZA — d?’C\)

SHMD _ 1 HMD, , RZHMD
*E. . = € e JBTa (rd 2 ) I,(—dXx)dl, therefore, Etan '+ E,, °=0
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Z
VMD, S, (0,0,d)

* Interface is at z=0

* ForVMD,, $;P =14 = Jx2 + y? + d?
s ry=xX+yy—dz2

* ForVMD,, S,P =15 = \/x2 + y2 + d?

. Y o 1ry=xX+yy+dz
_"'"6'/— _________ . Tqg =XX+Yyy Z

* Note that r; is equal for both VMD,
but 7; is not the same for both VMD,

S2 (O;O)_d)

! vmp,

Fig. Classic image current problem for electric wall
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o« F=— _Jﬁr L Jﬁ

E_4T[ d(Td Td)dXI ddl

For both VMD,, we have #; X I,,,d

For VMD,,

Py X 1,2 = ((xa? +y9 — d2) X [,2) = I, (—xP + yX)
FVMDy _ 1 —jprg (1 JB s 5

E,.. € d (Td > )Im( xy + yx)ldl

For VMD,,

Fd X (_ImZA) — ((xf + yy + dZA) X (_ImZA)) — m(xy o yf)
FVMD, _ 1 —jprg (1 o JB ——

Ecan = a (Td T2 ) [[(xy — yx)dl,

FVMD1 | pVMD, _ g

therefore, Etan o
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= 1 _ 1 15 P 1 1 B
°H=Efffv,e ]ﬁrd( g—J—)T’dX](T‘)dU __n ]ﬁrd( U—J—) dXIOddl

For both HED,, we have #; X I,d
For HED,,

7y X o9 = ((x% + y9 — d2) X [,9) = I(x2+ dX)

7HED 1 _; 1 A
+ Hign " = 1ze ra (== - 25) [(a®)dl
* For HED,,

Ty X (I,9) = ((xa? +yy+dz) X (1037)) = Iy(xZ — dX)
gHAEDz _ ie—jﬁrd (_L _ i) I,(—d®)dl,

HED, , 73 HED, _
therefore, Htan +Htan =0
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cH=21 ~jBra (=L _JB / = Lebra(-L _JE
H=_—[lf, e d( o rd)rd x J(#)dv' —e d( 3 Td) 7y X Iyddl
For both VED,, we have #; X Iod

For VED,,

2VE 1 1

Hian = e e (_U — _) Iy(=xy + yXx)dl

For VED,,

7q X (=Ip2) = ((xX + yP + d2) x (=1p2)) = Iy(x§ — y%)

2VE 1 _i 1

Hygy * = e /e (= = = 25) o (x9 — y®)dl,

therefore, H .t + H, > = 0
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o | =
JjATwe

) ](f')}dv
Apply Duality Principles (E>H, e>u, J(7)>M (7))

P~ o-iB _ > Bra (-2 —
fffv,{ ef’”d( 1 a5 )rerdx](r) Zefrd( 3

e H = P~ o=iBr 3 3 —jBr _i_
H JW@”fffV,{ e d( 1- a5 )rerdxM(r) —2e d( 3
JB =/

Td)M(r)}dv

Replace M(7") by I,d and dv' by dI
. 2 _ n . ; n
e H=-—1 {ﬁ e~JBTa (—1 SRR 2) Py X Ty X Iyd —2e 9P (== — 10 Imd} di
d

Jarwp (7 jBra = B?ry ra®  1rq?
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For HMD,, d = 9 and for HMD,, d = —7,

So the second term cancels out

For both HMD,, we have 7; X 7; X d in first term, let us calculate
For HMD,,

PaXTyXd="Ffyxf; Xy = 2(xx+yy dZ) X (xX +yy—dZ) Xy = 2(xx+yy—
d2) x (dx + x2) = 2( ydz+yxx x%y — d?*y)

., 2
HMD, — dl m ﬁ_e—]ﬂ‘l"d (_1 — 3 + 3 )—Z(yde/C\ —Xzy o dzy)

tan jamw 1y jBra = By’
dll,, 1 jp

2 —JjBra — %
]471(0;1 I
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* For HMD,,
« Py X TPy Xd=7fyxT; X (=P) = 2(xx+yy+dz)><(xx+yy+dz)><( y) = 2(xx+

yy + dz) X (dX — x2) = 2( ydz—yxx+x 29 + d?9)

= 2
. HMD; _ dlm B _jpr, (_1_ 3 43 )E(—yxd£+x257+d257)

tan jartwu rq jBra = B2rg°

. dll, o—ifra [ — 1 ],B (—9)
JAtwu rgs
FHMD2 _

ZHMD;
* therefore, H,,,  + H,
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. 2 _ " . ; n
e H=-—1 {ﬁ e~JBTa (—1 _ 343 2) Py X Py X Iyd —2e 9P (- = — 10 Imd} di
d

jamw (7 jBra = B%ry ra®  1ra?
For VMD,, d = Z and for VMD,, d = 2,
So the second term does not contribute to tangential components of magnetic field

For both HMD,, we have 7; X 7; X d in first term, let us calculate
For HMD,,

PyXTyXd=f; XT3 x2= 2(xx+yy dZ2) X (xXx +yy —dZ) X Z = 2(xx+yy—
Td

dz) X (yx — xy) = 2( x22 —y?2 — xdX — yd¥)

. 2
. ZHMD, _ _dliy ﬁ_e—mrd (_1_ L g2 2)%(—xd£—ydfl)

el JATWU Tg jBra = B?rg
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* For HMD,,
-fdxfdx&=fdxfdxz“— (xx+yy+dz)><(xx+yy+dz)><z— (x9?+y)7+
dz“)x(y;?—xy)_ (xz—y Z+ xdx + ydy)

N 2
. FHMDy _ _dlm B_e—fm (-1- S . B z)g(xdmydy)

el JATWU Tg jBra = B?rg
. HMD; |, 7HMD, _
therefore, Hwm +H.,, =0
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