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rev b

It is claimed that a thin layer of index n2 between layers of index n1 and n3 can be non-reflecting for one particular wavelength if the thickness of the layer is one-quarter of a wavelength.  (And n22 = n1 n3)

The sketch shows a plane wave



        x=0

    x=d

striking a surface at x=0, with

some of the wave entering a
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layer of thickness d, and eventually

being transmitted as an outgoing wave


n1

n2


n3
of amplitude E3.

e must match E|| and H|| at both

x=0 and x=d.
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In region 1 we have




E1

       E2
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E1 exp(ik1x-i(t) + E1r exp(-ik1x-i(t);

in region II we have





( all B fields point out of the paper )









( dotted arrows show direction of travel)

E2 exp(ik2x-i(t) + E2r exp(ik2x-i(t),










(1 = (2 = (3
and in region III we have

E3 exp(ik3x-i(t)

v1 = f (1 = (/k1,  etc.


At x=0 we have (dropping exp(-i(t) 

(E|| continuous):  E1 - E1r = E2 - E2r 


(1)

For H|| continuous we must remember that E = vB and B = (H, That means H = E/((v).

At x=0, H|| continuous we have    1/(v1(1) (E1 + E1r ) = 1/(v2(2) (E2 + E2r).


Because n = c/v, v1/v2 = n2/n1 and we get  (H|| continuous:)  E1 + E1r + n2/n1 (E2 + E2r)

(2)


Next we add (1) and (2) to get     2E1 = E2 (n2/n1 + 1) + E2r(n2/n1 - 1)



(3)

Subtracting (1) from(2) gives      2 E1r = E2 (n2/n1 - 1) + E2r(n2/n1 + 1)



(4)

Now we move on to match E|| and H|| at x=d.  For E2 we have      E2 exp(ik2d - i(t).

All the exp(-i(t) terms are common and will be omitted. 

We will use the abbreviation f = exp(ik2d)   and 1/f = exp(-ik2d). 


Then E|| in region II at x=d will be
E2 exp(ik2d) - E2r exp(-ik2d) = E2 f - E2r/f  





In region III at x = d we will have E3 exp(ik3d), and we will say that  g = exp(ik3d)  as a shorthand.

E|| continuous at x = d:   
E2 f - E2r / f = E3 g






(5)

H|| continuous at x = d:  
E2 f + E2r / f = n3/n2 E3 g





(6)


Adding (5) and (6) leads to 

2 E2 = (1/f)(n3/n2 + 1) E3g




(7)

Subtracting (5) from (6) gives 
2 E2r = f (n3/n2 - 1) E3g




(8)

The transmission coefficient is 



T = <St)/<Si> = {1/((3v3) |E3|2 }/ {1/((1v1) |E1|2 }  , or with  (1 = (2 = (3


T =( n3/n1)|E3/E1|2 .

Eq. (3) gives E1 in terms of E2 and E2r, while Eqs. (7) and (8) give these in terms of E3. Combining these three equations gives


4 E1 = [ (n2/n1 + 1)(1/f)(n3/n2 + 1) + (n2/n1 - 1) f (n3/n2 - 1) ] E3 g .


4E1 = [ (n3/n1 + 1 + n3/n2 + n2/n1))(1/f) + (n3/n1 + 1 - n3/n2 - n2/n1) f ] E3 g .


4E1 = [ (1/f + f)(n3/n1 + 1) + (1/f - f)(n3/n2 + n2/n1) ] E3 g .



1/f + f = exp(ik2d) + exp(-ik2d) = 2 cos (k2d),  and 



1/f - f = (2i)[exp(-ik2d) - exp(ik2d)]/(2i) = -2i sin k2d


4E1 = 2 [ (n3/n1 + 1) cos k2d) - i (n3/n2 + n2/n1) sin(k2d) ] E3 g

( g = exp(ik3d) )


|E3 g/E1|2 = |E3/E1|2 = 4/[ (n3/n1 + 1)2 cos2 k2d + (n3/n2 + n2/n1)2 sin2(k2d)]



T = (n3/n1) |E3/E1|2 = 4(n3/n1)/[ (n3/n2 + n2/n1)2 + {(n3/n1 + 1)2  -(n3/n2 + n2/n1)2} cos2(k2d) ]


When n22 = n3 n1 and  k2d = (/2, then T = 1  and we have a non-reflecting coating.


k2 d = (2(/(2) d = (/2  => d = (2/4,   and 4(n3/n1)/ (n3/n2 + n2/n1)2  => 1

