
Decay of an emitting dipole between two parallel mirrors
R. R. Chance, A. Prock, and R. Silbey 
 
Citation: J. Chem. Phys. 62, 771 (1975); doi: 10.1063/1.430523 
View online: http://dx.doi.org/10.1063/1.430523 
View Table of Contents: http://jcp.aip.org/resource/1/JCPSA6/v62/i3 
Published by the American Institute of Physics. 
 
Additional information on J. Chem. Phys.
Journal Homepage: http://jcp.aip.org/ 
Journal Information: http://jcp.aip.org/about/about_the_journal 
Top downloads: http://jcp.aip.org/features/most_downloaded 
Information for Authors: http://jcp.aip.org/authors 

Downloaded 21 Oct 2012 to 18.189.110.229. Redistribution subject to AIP license or copyright; see http://jcp.aip.org/about/rights_and_permissions

http://jcp.aip.org/?ver=pdfcov
http://aipadvances.aip.org/resource/1/aaidbi/v2/i1?&section=special-topic-physics-of-cancer&page=1
http://jcp.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=R. R. Chance&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://jcp.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=A. Prock&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://jcp.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=R. Silbey&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://jcp.aip.org/?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.430523?ver=pdfcov
http://jcp.aip.org/resource/1/JCPSA6/v62/i3?ver=pdfcov
http://www.aip.org/?ver=pdfcov
http://jcp.aip.org/?ver=pdfcov
http://jcp.aip.org/about/about_the_journal?ver=pdfcov
http://jcp.aip.org/features/most_downloaded?ver=pdfcov
http://jcp.aip.org/authors?ver=pdfcov


Decay of an emitting dipole between two parallel mirrors* 
R. R. Chance 

Materials Research Center, Allied Chemical Corporation, Morristown, New Jersey 07960 

A. Prock 

Department of Chemistry, Boston University, Boston, Massachusetts 02215 

R. Silbey 

Department of Chemistry and Center for Materials Research and Engineering, Massachusetts Institute of Technology, 
Cambridge, Massachusetts 02139 
(Received 28 October 1974) 

A classical treatment is presented for the modification of the emission rate of an atom between two 
parallel mirrors. For the case of two perfectly reflecting mirrors, the results are identical with 
previous treatments of this problem using a quantum mechanical approach; The purely classical 
treatment has the advantage of being able to treat nonperfectly reflecting mirrors. 

Recently, Milonni and Knight, I Stehle,2 and Philpott3 

have discussed the modification of the emission rate of 
an excited atom owing to the presence of perfectly re
flecting mirrors using a quantum mechanical approach, 
In a series of article~4-6 we have discussed the same 
effect for a single mirror using the purely classical 
theory developed by Sommerfeld7 for radio wave prop
agation near the earth's surface. The latter method 
has the advantage of being able to treat real mirrors, 
i, e., those with absorptive parts to their dielectric con
stants. In the present paper, we extend this method to 
treat an emitting atom between two parallel and infinite 
mirrors. Milonni and Knight1 in their quantum me
chanical treatment of this problem, find (within the 
Wigner-Weisskopf approximation) that the rate of decay 
of an atom, with transition dipole perpendicular to per
fectly reflecting mirrors, is given by 

~ _ 31Tb 0 (.!. (k~L /7] 1 _ j21T2 2 j1Td) 
b - k L 2 + fTL2 cos L • 

1 J= I 

(1) 

Here bOis the decay rate in the absence of the mirrors, 
L is the distance between the mirrors, d is the distance 
betteen the emitter and one of the mirrors, [k I L/1T] is 
the greatest integer part of k I L/1T, and kl(=21Tnl/~) is 
the propagation constant at emission wavelength ~ in the 
dielectric medium (refractive index n l ) between the two 
mirrors. This notation differs slightly from that of 
Milonni and Knight, mainly in our use of d as a variable 
instead of the position of the atom relative to the mid
point between the two mirrors (their zo). 

If this system (Fig. 1) is treated clasically by assum
ing the atom to be an oscillating dipole, we find that, 
for real mirrors with dielectric constants E2 and E 3, a 
dielectric spacer of dielectric constant EI , and a lumi
nescent state with quantum yield q, 

b~ =b°(1-q)+~qbOIm 1~dTT3F(T)/I, (2) 

where 

(3) 
with 

1 = -i(l- T2)1/2 , (4) 

m=-i(E 2/E 1 -T2)1/2, (5) 

and 

n= - i(E3 /E 1 - T2)'/2 • (6) 

The branches of the square roots in the definitions of 1, 
m, and n have been chosen to keep their real parts posi
tive for all positive values of T, The quantities R I ,2 and 
R 1,3 are the reflectivities of the two interfaces and are 
given bye 

R h2 = (E21- E1 m)/(EzI+ Elm) , (7) 

and 

(8) 

(See Ref. 5, 6, or 8 for more general remarks on the 
details of the classical approach. ) 

In the limit that both mirrors are perfectly ref~ecting, 
Ez and E3-±oo(Rl,Z=R 1,3=1), we find 

b~ = b 0 (1 - q )+ 3q lim 
6·0 

XIm (l+i6 du (1_uZ ) cos(k1ud)cos(klus) (9) 
)O+i6 sin(k1uL) 

Evaluating the integral by finding the residues at the 
polesu=j1T/k1L,j=0, 1,2, ... , [k I L/1T], (the Fabry
Perot modes), we find 

3 0 ( (kIL /7] Z 2 • d) b~=bO(l-q)+ 1Tqb .!. + )' 1-/ ~ cos21L'n ,(10) 
klL 2 j;t klL 

in agreement with Milonni and Knight1 (who take q = 1) 
but without any recourse to quantum mechanics. 

~ t--1 E:, 
d 

FIG. 1. Geometry of the two 
mirror problem. The quan
tities d and s are the dis
tances between the dipole 
and the two mirrors. The 
mirrors are parallel, in
finite in extent, and separated 
by a distance L =d +s. 
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The general result for the case of the dipole oriented 
parallel to the mirrors is a bit more complicated and, 
for brevity, will not be given here (but is available on 
request). However, for perfectly reflecting mirrors we 
find 

IJllL /<] '2,r . 
b"=bO(1-Q)+321TkQbLO '\"' 1+J .2J1Td 

W ~ sm L' 
1 i= 1 1 

(11) 

in agreement with Milonni and Knight but, again, with 
no recourse to quantum mechanics. 

The utility of Eqs. (10) and (11) would be restricted to 
highly' reflecting mirrors and large values of Land d, 
while the general expreSSion Eq. (2) is not so re
stricted. For example, for the hypothetical case of a 
Drude free electron gas metal [E = 1- (WI>/W)2, where 
wI> is the plasma frequency], numerical calculations 
usingEq. (2)(klL=0.4, k 1d=0.2, andE 1 =2.25) show 
that for E2 = E3 = - 10 000, b L is about 10% larger than the 
perfect mirror result from Eq. (10). For a more 
realistic value E2 = E3 = - 25, b L is about three times 
larger than the perfect mirror result. From earlier 
comparisons of the classical theory with experimental 
results for single mirror systems, 4,5,8 we may reason
ably conclude that Eq. (2) and the corresponding expres
sion for the parallel case will offer a good description 
of the lifetime behavior for mirror separations which 
are only a small fraction of the emission wavelength. 

The effect of mirrors on the lifetime of an emitting 
atom or molecule is of current interest for a variety 
of reasons, 1-6,8-11 including the obvious relevance of 
the two mirror problem to microptical lasers. We have 

shown in the present paper that the classical theory is 
capable of reproducing the results of the quantum me
chanical theory and can be used for nonperfectly re
flecting mirrors. However, Bartonll has pointed out 
differences between the classical and afuU quantum me
chanical treatment; for example, the quantum me
chanical treatment assigns shifts and widths to each 
quantum level rather than to each spectral line as in the 
classical approach. 
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