New,

Eu: = Uz(ﬁu X ) =N, (H Hie xAy) = (nH  )(H X 7iy)
= (n,H,; )(—cosB; X +sinf; Z) x (sinf; X +cos6.2)
= (12H 1 )(—cos0;).(cosO;)(—Y) +(sinby).(sinb;)y

= (n2H 1) [cOs? 0, (+9)+sin“0,(+9)] = (,H H(+1)7
modified al8

l

E .= (UZHM ) Fu — (’72”“ Y(+V)=E Eu
noH, . = E = nyH, (e IP2(xsinbitz cosbe)y

EJ_t — 772HJ_t(€ —jP2(xsinbBt+z cosb; ))y

Eu = Elt(e_jﬁz(xsmgtJrZ Cosgt)) y modified a19
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Summary of electric field vectors from Slide 9, 10, 11 for perpendicular polarization
EJ_E — EJ_E(E —jf1(xsinf@;+z cosO; }) j}
o —jB4(xsin6,—z cos@ =5
EJ_T' — EJ_r(e JB1( T 'r)) Y

EJ_t — Elt(e—jﬁz(xsin@t+z cosO; }) j‘;

Lossless £

Summary of magnetic field vectors from Slide 8, for perpendicular polarization

—

H = H, (e JP1(xsinbi+zcosbi)y(_cos6 % + sind, 2)
H ., = H, . (e /Fi(xsindr=2c0s6-)y(co56 % +sind, 2)

H,, = H, (e IP2(sinbr+zcosb)y(_cosh, & + sind, 2)

Lossless g‘fj_

ELE315 Flectromagnetics Il




Again,

(e JB1(xsinbi+z cosbi)y(_cosh. & 4 sind, 2)

le H,, (e /B:1(xsinbr=2zcostr )y (cosh R +sinb, 2)

ﬁu: = H, (e IP20sinbr+z cosb )y (_cosh, & + singd, 2)

Lossless HJ_

New, we can pass from the box above to the box below using H=E/eta, for incident (i),
reflected (r) and transmitted (t) vectors

— EJ_ LS . ] oy o -~ ~
: 'e—jﬁl(xbmb’ﬁz cosB; ))(—COSQL- T + Singi Z)
"y

H, ;= e~ JP1(xsInbr=2costr )Y (o5 % + sind, 2)

- E e el ~ ~
H = (j) (e~ P2(xsinOc+z CosOL )Y (o5, & + sind, 2)

2 ELE315 Electromagnetics || LOSS'ESSBHJ_




Boundary Condition for Electric Field Intensity

— —
El,mﬂg-&'ﬂriai — Ez,raﬂgEﬂriaI

(This is the 1°" Equation for Perpendicular Polarization, Equation 1)

Boundary Condition for Magnetic Field Intensity
iy X (ﬁl — Hz) = Js
Js = 0 (Medium 1 and Medium 2 are perfect dielectric)
Since, i, = —Z, we can not have any z-component in#i, X (ﬁl — HE)
Ty X (Hl — ﬁz) can include only x-component and/or y-component:
== ﬁl,tﬂﬂg&ﬂtiai = ﬁ?,l"ﬂﬂg&'ﬂfiﬂf

(This is the 2™ Equation for Perpendicular Polarization, Equation 2)

ELE315 Electromagnetics Il
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At the boundary (z=0),

the tangential

_ _ , R component can involve a

E,; = EJ_i(E_jﬁl(xSmBﬁU cost; )) Yy combination of X or
,ysince the boundary

EJ_T' — EJ_T' (E’ —j 1 (xsin@, =0 CDSQT]) j} surface is the xy-plane.

But, Electric field has
only y-component. So we
will  consider this y-
component while
Lossless EJ_ examining the boundary
condition for the electric
field (i.e., equality of
tangential electric field
components).

EJ.E: _ Elt(e—jﬁz(xsi119t+0 cosO; )) j}

Bui = Eyi(e I 0m0) 5

Tangential components
of the Electric field
(Tangential components
which are tangential to
or which are parallel to
the boundary surface,
i.e., xy-plane or

equivalently z=0) e

E\, = Eip(e7/ilesintr)y y

E = E  (e/PLsin)y 5
z=0, Lossless, El




again,

E,; = E (e~ IPilxsinfi)y 3 In general,
E |, =E (e /Filsinr)yy

E|, = E (e7/F0sm00)y y El,=E
z=0, Lossless, E |

Boundary Condition

Ell,tangentiai = EJ_Z,tangentiaI

Eli,tangentiai + EJ_r,tangentiaI = Elt,tangentiai

New, Using BC at the boundary (z=0)

E, (e~iB1Gsind)) Gup  (o=iPilxsind)y 5 = p | (p=iBa(xsind0)y 5

z=0, Lossless EJ_

E (e /PiGsin0i)y 4| (e JP1xsinbr)y — | (e=/F2(xsinbr))

z=0, Lossless EJ_
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Again from the previous slide

E, (e~ /F1(sindi)y Lp (p=iBi(rsingr)y — | (g=JBa2(xsind))

z=0, Lossless EJ_

Conlusions
Conclusion 1) Conclusion 2)

f1(xsinB;)=[, (xsinb;)

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

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

W~\[Er1 o1 Mo (XSING; )= w/€; Eg iy o (XSING,)

9:1:01"
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

ELEjLs Electrompgoatefiractive index of the Z”dmediul?;n



Again from the previous slide, using the conclusions in the equality below

E, (e~ 1P1(sindi)y LE (o=iBulxsingr)y — | (o=IB2(xsind))

z=0, Lossless EJ_

o [ 41 Cosindi )= xsind)=f Cesind) |

Again —
I 0.=0,
(New) we find
E;,+E,. =E; This is the first equation, Equation 1
a20

Remember, from slide EJ_E =L, (e —JB1(xsinfj+z cosb; }) j‘:ﬁ
12, the meanings of

complex scalar E’lr =FE, (e —jB1(xsinby—z costy )) y

parameters in a20 as
seen in the box on the

right

s

EJ_t — Elt(e—fﬁz(x51119t+25059t)) j}

ELE315 Electromagnetics Il 18
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We have obtained the boundary condition for electric field in slide 17
and obtained a relation between E;, E |4 E |, which is the first
equation.

Note that, &;and E | ; are known, which are the inputs.

We can find &; (the angle of propagation in the second medium, i.e,,
the refraction angle) using Snell’s law as found in slide 16. Thus, &;
is, indeed, a known quantity.

E |+ and E | are unknowns which are to be found in terms of &;, &
and E | ;. Thisis our aim. We have two unkowns, as a result we need
a second equation to solve for E |- and E | ¢.

Next, using the tangential components of magnetic field vectors, we
will find the boundary condition for the magnetic field vectors which
will be the second equation we are looking for.



Again from slide 13,

— E|; . . o
HJ_i _ (_1)(6,—],(_%'1(x:»11191+z LU:-.HI))(_COSgi 2 + sing, 2)
M
ﬁ _ Eyir —jf1(xsinfy—z cosB; )\ ¢~ 0 % ind. %
-=(0)(e )(cosB, X + sind, z)
1
7 E, —jfB2(xsinf¢+z cosO ) ~ : )
H ;= (—)(e /7 "Vt (—cosl, X + sind, z)
M, Lossless H |
New At the boundary (z=0 / on xy-plane), the tangential component is

i di — 15 1N G- ~0< G- A
Hli,tangential — (_l) (8 JP1 (xS +0 cost; ))(—COSQI; x)

T

7 EJ_i i [ Jea
_ —J b1 (xsing; e D
Hli,tangential = ( " )(e TP ( L))(_Lm’gi X)
1
z=0 (on the boundarysirface, xy-plane), Lossless, HJ_ "




