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PH 317  Why does light go slower in glass?
(From Orear’s Physics)

January 17, 2001

Overview. We will send a light beam in the +x direction :  (think of it starting along the -x axis)

Ein =  Eoy exp (i(t -ikx)

[ See sketch on next page. ]

When this strikes a thin layer of material (x thick in the y-z plane it will set up a sheet current Ky which will in turn create a magnetic field (Bz+ on the side of the sheet where the wave is going. This in turn creates an induced electric field (Ey which is 90o in phase behind Ein. The total outgoing wave is the sum of Ein + (Ey. This wave lags the original wave by a phase ( = (Ey/Ein . This phase delay is equivalent to a wave of amplitude Ein travelling the distance (x at a speed v. At speed c the time would be to = (x/c while at speed v the time would be tn = (x/v. The phase difference between the two waves would be


( = ( (tn - to) = ( (x (1/v-1/c) = ( (c/v - 1) (x/c = ( (n-1) (x/c 

When we equate these phase differences we find the index of refraction of the material.

Gory details.

The electrons in the material are bound to atoms in some spring-like way. Imagine a thin sheet of with (x is struck at x=0 by the incoming plane wave. The electrons hit by the invading electric field feel a total force


Fnet = qEin + Fspring = may ,         and since Fspring  = -ky, and k = m(o2  


qEoy exp(i(t) - m(o2 y = -m(2 y ,           and


y = qEoy exp(i(t) /m((o2 -(2)  .

The current density Jy = ( vy = ( (i( y) = i(( qEoy exp(i(t) /m((o2 -(2).  We may imagine a sheet (x thick of this current/area and we get a sort of ‘sheet current’ 

Ky = Jy (x  = i(((x qEoy exp(i(t) /m((o2 -(2).

On either side of a sheet current in the +y-direction we get a magnetic field Bz. From curl B = (oJ we find that Bz on opposite sides of the sheet current has magnitude 1/2 (oKy . On the side the wave is going (remember it came in from the -x direction), Bz is negative:


Bz+ =  - (oKy /2 .

From curl E = -(B/(t  we find    (Ey/(x- (Ex/(y = -i( Bz    (all go like exp(i(t - ikx) .


-ik Ey,extra = -i( Bz+  .

The outgoing field is then


Eout = Eoy + Ey,extra = Eoy + (-c(o /2)( i(((x qEoy exp(i(t) /m((o2 -(2).

Thus the outgoing wave is (suppressing the exp(i(t-ikx) )


Eout = Eoy + Ey,extra = Eoy -i (E,

where (E = c/(2 (o) ( ( ((x qEoy ) /m((o2 -(2).  Letting N be the number per unit volume of oscillating electrons we have ( = -eN   and q = -e. This gives


(E = Eoy [(c(o/2) ( ( Ne2 (x) /m((o2 -(2)].

The atomic resonant frequencies (o are generally a lot higher than visible frequencies (, so (E is a positive quantity, and we have a 90o phase lag between Eoy and (E. From a simple phasor diagram we observe that the tiny (E added to Eoy produced a tiny phase delay


(  = (E/Eoy








(Eoy rotates ccw in the complex plane)
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Now we bring into play the arguments in the overview to obtain an expression for the index of refraction


n = 1+ [(Ne2 )/(2(o m((o2 -(2)) ].

This assumes only one resonant frequency and all N electrons/volume oscillating. It is the little brother of Griffiths’ 9.170 for the index of refraction, on p. 403.
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incoming Eoy along -x axis




sheet current in the y-z plane
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