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D ig i t a l Computer Laboratory 
Massachusetts I n s t i t u t e of Technology 

Cambridge, Massachusetts 

SUBJECT: GROUP 63 SEMINAR ON MAGNETISM J3_ 

To: Group 63 

From: Arthur Loeb and Norman Menyuk 

Date: November 13 , 1952 

In the previous l e c t u r e we discussed the problem of the damped 
l i n e a r harmonic o s c i l l a t o r sub j ec t to a s inuso ida l ly varying external 
f o r c e . In t h i s l ec tu re we w i l l show how the harmonic o s c i l l a t o r may 
be used to expla in the p r o p e r t i e s of a d i e l e c t r i c when subjec ted to 
e lectromagnet ic r a d i a t i o n . 

Opt ica l P rope r t i e s of a D i e l e c t r i c 

We have already discussed the microscopic p ic ture of bound 
charges in a d i e l e c t r i c . When an e l e c t r i c f i e l d i s applied the negative 
and pos i t ive charges in the d i e l e c t r i c w i l l become s l i g h t l y displaced, 
and the r e s t o r i n g force for smal l amplitudes i s assumed to be d i r ec t ly 
propor t iona l to the displacement from equi l ib r ium. We f u r t h e r assume 
the damping force i s p ropor t iona l to t h e v e l o c i t y , and apply an external 
f i e l d E = E0 e 2 " 1 ^ . 

Using the nota t ion of Se i t z* , the equation desc r ib ing the 
above s i t u a t i o n i s : 

wherein 

-e = charge 
E0 = e l e c t r i c f i e l d amplitude 
k = r e s t o r i n g force c o e f f i c i e n t 

2mn1f = damping coeff ic ient 
m = mass 
y = displacement 
v = frequency of imposed rad ia t ion 

* S e i t z , F . Modern Theory of S o l i d s , McGraw H i l l Co., New York, 19k0 , 
p . 633ff 
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Equation n - 1 i s the exac t form discussed in the previous 
l e c t u r e , with only the coe f f i c i en t no t a t i ons changed. The s o l u t i o n 
of equation I I - 1 i s then 

e _£a_= f 

wherein: if = J£ 

v.- ' k 

IITT m 

= tan _ 1 XM 
hrTT1) 

Then 

i = cu r r en t densi ty 

dv "x 
o d t v--^ m M^Frp^ ' ,„_„ 

wherein n = number of o s c i l l a t o r s / u n i t volume. 

Since Ohm's law s t a t e s 

1= crif, (n-U) 

Then we may, by analogy, say 

c 

Wherein rf- i s a complex conduc t iv i ty . The r ea l p a r t of tf-* i s 
C C 

j u s t the conduct iv i ty due to free charge motion, and the imaginary p a r t i s 
r e l a t e d to the displacement cur ren t a>D , which a r i s e s as a r e s u l t of the 
p o l a r i z a t i o n of the d i e l e c t r i c . d* 
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Fur ther i t can be shown t h a t 

0 1 • d~ "•* 2 f ' l V e ^ ( I I - 6 ) 

where «><" = p o l a r i z a b i l i t y , and i s defined by the equation 

P = tf E 

Also , 

D = t E* = ~E + IwrP 

Therefore 

From XI-5 and XI -6 , since 

we have 

^ e - 2 Cos f 

***** tfFTFZFT* 

= sin *+ i cos f 

«P5 [[vl-r*t+rV] 

Curves of f, tf^j and «A are shown in Figure 18, plotted against frequency. 
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Figure 18 

The proportion of electromagnetic radiation reflected a t the 
surface of a semi-infinite piece of material i s given by the ref lect ion 
coefficient R. 

(n-1)2 + k2 

n - K ir 
(n+1)^ + k* 

(n-io) 

where n = index of refraction 

k = extinction or absorption coefficient 

n2 = 

k2 = 

z 

2 

(n-n) 

(n-12) 
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For a f u l l e r d i s cuss ion , p a r t i c u l a r l y on t h i n me ta l l i c f i lms , 
see t h e re fe rences given below. + 

In Figure 18 (a) we see the conduct iv i ty i s apprec iable only in the 
resonance r eg ion . When <T~ = 0, k = 0 when € i s pos i t i ve* k i s appreciable 
only when (f i s a p p r e c i a b l e . And as k —* <*°, R - * l j hence i n the absorpt ion 
band the r e f l e c t i o n i s very high, so not much r a d i a t i o n i s absorbed i n sp i te 
of t h e high absorpt ion c o e f f i c i e n t . 

On the low frequency side of v^>, where \v>t- 2>M» V , ff i s small 
but p o s i t i v e and <y i s neg l i g ib l e («# 0 ) . 

Then, since o< = V—-» 
' UK * 

e - lwr-<-+ 1 > 1 

S u b s t i t u t i n g € > 1 , and <T - 0 in to H - l l and 11-12 we obtain 

n 2 = € > 1 

k = 0 

Therefore, in t h i s region the system i s t r anspa ren t and has a r e f r ac t ive 
index g r e a t e r than one. 

S imi l a r l y , i n the high frequency side of V , (f-zz 0 . However, since 
X i s nega t ive in t h i s r eg ion , we f ind t h a t , depending on the value of «K, € 

can be e i t h e r pos i t i ve or nega t i ve . 

For i/ s u f f i c i e n t l y h igh , however, U becomes very smal l , and £ i s 
p o s i t i v e . Here the reg ion i s again t r a n s p a r e n t . 

Between t h i s high frequency t r ansparen t region and the absorpt ion 
reg ion , i s a range wherein € i s n e g a t i v e . For negat ive € , we see from 
equat ions XI-11 and H - 1 2 t h a t 

n = 0 

k = f i n i t e value 

• S t r a t t o n , J . A . , Electromagnetic Theory, McGraw H i l l Book Co. , New York, 19U. 
p p . 321ff, S t i f f . 

+ H a r r i s , Beasloy and Locb, Journal of Optical Socie ty of America, Ul, 1951, p . 60li. 
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Therefore, from II-10 

R = k
2 

7 = 1 

and the medium is to ta l ly reflecting independent of frequency over a range 
of frequencies which i s known as the metallic reflection region. 

The regions described f a l l approximately as shown in Figure 19. 
The curve of p< i s also drawn for comparative purposes, and i t should be 
noted that the sign of f changes when the value of °< passes tWwBgh 

1 
" US" " 

t 
1 

*ir 

*• Xt1,,oH 

1 . 

f \ 
i 

1 

r 
i 

1 
1 

i 

i 

i 

L 

i 
f \ • 

\ J 

\ • 
\ 1 
\ 1 
\ 1 \ 1 
\ 1 
\ 1 
\ 1 
X 1 \ t 

\ i 
\ i 

\ './ 

-1 

1 

, R*6iom 

+% 

-*-

Figure 19 

Prude-Zener Theory 

For ideal metals, Drude and Zener developed a classical t r ea t ­
ment of opt ical properties based on the assumption of perfectly free 
e lectrons . For t h i s case, the equation of motion would be 
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dt 

2niz/ t 
e ( I I -13 ) 

which i s the same as H - l except t h a t t h e r e s t o r i n g force c o e f f i c i e n t 
k = 0 . 

Following the procedure used i n determining the o p t i c a l p r o ­
p e r t i e s of d i e l e c t r i c s l eads to the values 

<r s y\< 
*-fr-Z'>n ( n - i i i ) 

r 
w s, ,^-r 

y "«* y 
( n - 1 5 ) 

Comparing these equat ions wi th D - 8 and XI-9 we see they are 
i d e n t i c a l fo r the case V0 = 0 . We can, t h e r e f o r e , expect a system of 
free e l e c t r o n s to have o p t i c a l p r o p e r t i e s s imi l a r t o those of an i n ­
su l a to r on the high frequency side of the cen te r of the absorpt ion reg ion ; 
a t low frequency (DC and ordinary AC c u r r e n t s ) , the energy i s merely 
absorbed as h e a t ; for h igher frequencies (microwaves, i n f r a red ) the 
energy i s l a r g e l y r e f l e c t e d . Beyond t h i s region the Drude-Zener theory 
does not gene ra l ly hold because the re are bound e lec t rons with n a t u r a l 
frequencies in th i s r e g i o n . 

Signed 

Signe d ' /frlwtfL*<s 
Norman Men 

«JL 

ALL/NM: jmm 

Group 62 (15) 

Approved 
David R. Brown 
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