Derivation of Fresnel Equations for s-polarization

by Dr. Colton, Physics 471 (last updated: 29 Jan 2024)
using the method of Griffiths, Introduction to Electrodynamics
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For s-polarization the electric field is perpendicular to the plane of € N
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Boundary condition 1: (Ep1 = (B2 this is the x-component

Evoiei(ki-r—wt) + EOrei(kr~r—wt) — E"Otei(kt-r—wt)
The exponentials must all be equal, so cancel them out.
Eoi + Eor = Eoq (1)

Boundary condition 2: ﬂi By = #i (B1)2 this is the y-component
1 2

Nonmagnetic, so 4y = U, = Ug. Cancel them out.
Cancel exponentials again.

L Eyi(— cos 0;) + — Egyp (+ cos 6;) = — By, (— cos 6,) ()
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Let|a = 5% p=2 (: ﬁ)
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Multiply Eq (2) by Cozlel on both sides, remove the tildes for simplicity,
Eo; + Eor = Eo¢ 3)
—Eo; + Eor = —aBEq; “4)

Use Eq (3) and Eq (4) and solve for the ratio ?, call it “t”,
0i

2Ey; = (1 + aB)Ey;

t= 1+2aﬁ “transmission coefficient” for s, P&W Eq.3.21

Multiply Eq (3) by aff then add to Eq (4):

aBEy; + aBEy = aBEy;
+ —Eoit+ Eor = —aPEy;

(@ — DEg; + (1 + aB)Ey =0

Solve for the ratio ?, call it “r”:

oL

= % “reflection coefficient” for s, P&W Eq.3.21

The two boxed equations for r and t are the “Fresnel equations” for s-polarized light (with « and 8
defined above).
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