Again from slide 13,

- EJ_E : ¥ e
HJ_i _ (U_)(e—jﬁl(:ﬂcbll‘191+z LObHI))(—COSQi o Sil’lﬁ'i Z)
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ﬁ _ Eyr ( —jf1(xsinf,—z cos6; ))( 0 % + sind. %

J_r_(n )(e cosf, X + sinf, 2)
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7 Ey —jfB2(xsinfy+z cosl; ) , : -
H ; = (—)(e /P2 "Vt )y (—cosf, X + sinf, z)

i Lossless H |
New At the boundary (z=0 / on xy-plane), the tangential component (x- and y-component) is

EJ_?‘

le,tangential = (—)(e ~JPa(xsingy=0 cosoy ))(COSQr X)
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E,, o
=1y (e~ /F1(xsinb) ) (co50. R)

1
z=0 (on the bolindaryslirface, xy-plane), Lossless, H | |-

Hir,tangential = (




Again from slide 13,

— E,. . e . .

HJ_i _ (_1)(8—][))1(.%511”1914-2 LOle))(_COSQi 2?4+ Sil’l@i Z)
M

7 Eyr —jf1(xsinfy—z cosb; ) A : A

H . .=()(e’'" r r7)(cosB,. X + sind, z)
M

E, B, (xsi 05 - 5
- )(e—][_?z(xmnl_%+z cosf; ))(—COSQt ® 4+ Sil’lﬁ't %)
2

ﬁu:(

Lossless H |

New At the boundary (z=0 / on xy-plane), the tangential component (x- and y-component) is

7 1t —if SN 6 ~0s6 A~
Hlt,tangential — ( )(8 JP2 (x5 +0 costy ))(—COSQt x)

2

— EJ_I: . . -
_ —J B> (xsiné e D
Hlt,tangential = (77 )(e TP2(Xs t))(_Lm’Qt X)
2
z=0 (on the botn'dary=strface, xy-plane), Lossless, HJ_ 2




Summary of the tangential components of the magnetic field vectors at the boundary
which is the xy-plane or equivalently z=0

,— xsiné; e 2
HJ_i,tangenriaI = (_)(f’ TP L))(_U-}bei X)

G

E . .
"y (e IP1(xsine)y (5 R)

HJ_r,tangential = (

- 2 e B
HJ_r,tangentiaI = (7? )(ﬁ JPa(xsin t))(_u-}b("t x)
2

z=0 (on the boundary surface, xy-plane), Lossless, HJ_
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In general,

Boundary Condition

— — —
H1=H ;+ Hy,

Ny X (ﬁ1 _Hz) = Js

— —
HJ_Z = HJ_t

Boundary Condition for lossless case:
Js = 0 (No conduction current at the boundary)

HJ_l,tangential = HJ_Z,tangential

Using BC at the boundary (z=0)

HJ_i,tangential + le,tangential = Hlt,tangential

E“)(e_lﬁl(xsme DY(—cosb; R) + (E”)(e_fﬁl(xsme r))(cos6, &) —( )(e‘fﬁz(’fsmﬂt))( cosf, x)

In the equation above, we have used the tangential magnetlc field vector
epréssion giveR‘h sfide 23 o




Starting equation which is found in slide 24 and repeated below is different from the
equation in slide 16

E“)(e_ml(xsm@ DY(—cosb; R) + (E”)(e_fﬁl(xsmﬁ r))(cos6, &) —( )(e_]'gz(xsmﬁf))( cosf, x)

BUT THE Conlusions ARE THE SAME, AS EXPECTED

Conclusion 1) Conclusion 2)
1 (xsinb;)=f, (xsinby)

w~/E Uy (xsinB;)= w. /&, 1, (xsinb;)

f1(xsinB;)=1 (xsinby )=, (xsinb;)

W~[Er1 Eolr1 o (XSING; )= W\/Er5 €y Mo (XSING,)

91':01"
wnq (xsind;)= wn, (xsinb;)
W+[Er1 iyt (XSING;)= W+[€2 2 (XSINb;)
n4 (sinf;)=n, (sinb;)
Phase is preserved at the boundary Snell’s Law

n,:refractive index of the 1°"medium

ELERLs Electrompgoatefiractive index of the Z”dmediuz?gz



E i . . . N E . i vy " E . . N
(f)(e JBGSINO0y (_cosh; &) + (n—p(e JB SO0y (0050, B) = (ﬁ)(e JB2(sIm0y (o5, ®)

Using the starting equation found in slide 24 (and rewritten above for
convenience), we obtain the second equation which comes from the
boundary condition for the tangential components of the magnetic
field vectors. This second equation, together with the first equation
found in slide 18 (E,; +E,, = E,,), will be used to express the
unknown quantities £, .- and E | ; in terms of the known quantities like
E,;, 0;and 0,:

The equation at the top can be simplied as the following using the Conclusion 1 in slide 25

E; ~ E|, ~ E ~
(—l)(—cosﬂi xX) + (i)(cusﬂ?ﬂ X) = (j)(—cusﬂf X)
M N1 12

Dropping the X on both sides we obtain the equality below which is the 2"¢ Equation

(—)0059 — (—)CDSQ (—)cosr_’:?
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Again

New

E; E E
(3)00595 — (i)cosﬂr = (j)cosr_?t
M M 12 221

EJ_I'-I-EJ_?*:EJ_t a20
6; = 6,. (found before)
=> c0s(#;) = cos(h,) =>

E,; E E
( =t 2T ) cos(6;) = —it cos(6,)
1 M 12 a2l
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Again

Enlarge a20 with ny cos{f)  =>  E,;(;c0s(60;)) + E - (1c08(0,))= E £ (,cos(8,)) 2322
Enlarge a21 with 111, =2 E j(nyc0s(6;)) — E - (n2c0s(6;))= ELt(UfLCOS(Qt)) az3

Enlarge a20 with n, cos(0:) = £,;(m,c0s(6)) + E.,(12¢05(8))= E, ¢ (n,c05(8))) 224

Subtract a22 from a23 and write

New

E. . nzcos(t&?i) — nlcos(ﬁt)
FJ_ — —

E . nzcos(t&?i) + nlcos(ﬁ't)

Add a23 to a24 and write

New

ancos(ﬁ'i)
N nzcos(t&?t) + nlcos(ei)




Subtract a22 from a23 and write

Again r— E, nzcos(f?i) — nlcos(ﬁr)
' E; nzcos(ei) + nlcos(Qr)

Add a23 to a24 and write

Again E, ZWZCOS(QJ
E; n,cos(8,)+n,cos(6,)

New

Check(1+1)) =71,




From Slide 17 or Slide 24

Summary, L Polarization

81’ — Qr
F
s Ua , €2, Y2 Az, B2, 12 BlSIHQi — ﬁleHQt
jou . _ .
FJHM n4sinf; = n,sinf;

EJ_i — Eli(e—jﬁl(xsinﬁﬁz cos@i}) j}

EJ_T — Elr(e—jﬁl(xsinﬂr—z cosO, )) j:j

EJ_t — Elt(e—jﬁz(xsinﬁt+z cosf?t)) j}

— EJ_ s . ). ~nef. ~ ~
HJ_i _ (_I) (e—][)l(xmnﬁﬁz cosb; ))(—COSE}{_ X + Sill@i Z)
U

ELr

H., = )(e—j['fl(xsinﬁr—z COSH'-’”))(COS:‘E?,, X + sind, 2)

Ty
E, —JjB2(xsinB¢+z cosB ) 56, X Sind, Z
—L5¢e )(—cosB, X + sinf, 2)
nz From Slide 13ELE315 Electromagnelgide|ess HJ_

ﬁj_t=(

From Slide 12 Loss|ess EJ_
E.. nzcos(ﬁi) — nlcos(Bt)
I = =
E nzcos(ﬁi) + nlcos(ﬂt)
£, 2n,00500)
T, =—=
" E; n,cos(8,) + n,cos(8);)

A+r)=rt,
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