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Q uantum electrodynamics (QED) tells us that 
the electromagnetic field is, on a mode-by-mode 
basis, quantized according to the harmonic os­

cillator model. Each mode is ascribed a lowest energy 
(or dark) state possessing one half quanta of non-remov­
able energy plus an infinite ladder of equally spaced 
excited states accessed through the addition or removal 
of energy quanta from the mode. In the optical regime 
and under normal thermal conditions, electromagnetic 
field modes are typically in their dark state. Neverthe­
less, a residual dark-state atom-field coupling remains, 
and it is this coupling that mediates shifts and spontane­
ous radiative decay of atomic states. The experimental 
reality of dark-state atom-field coupling is frequently 
interpreted as proof of the quantum description of light. 



The spatial and spectral prop­
erties of the electromagnetic f ield 
(even the dark-state field) are de­
termined by al l those boundary 
condi t ions present i n the local 
environment. Consequently, atom-
field interactions, in general, and 
spontaneous decay, in particular, 
are expected to exhibit quantita­
tive and even qualitative changes 
w i th environment. Cav i t y Q E D 
consists of the study of atom-field 
interactions under condit ions in 
which the quantum nature of the 
l ight f ie ld is important and the 
presence of boundary conditions 
creates an electromagnetic environ­
ment different f rom that found i n 
free space. 

One cavity Q E D effect that has 
received considerable experimental attention in the optical 
regime is the environmental modif icat ion of spontaneous 
radiative decay. 1 - 3 In free space, where the electromagnetic 
environment may be described in terms of a spectrally and 
spatially smooth cont inuum of electromagnetic modes, spon­
taneous radiative decay proceeds in an irreversible and ex­
ponentially damped manner. In some cavities, however, the 
electromagnetic environment consists of a single weakly 
damped mode, and "spontaneous decay" consists of a per i ­
odic exchange of energy between the atom and the enclosing 
cavity. 4 , 5 More generally, the presence of dielectric or metal­
lic boundaries gives rise, in each particular instance, to a 
unique electromagnetic environment leading to spontane­
ous emission wi th characteristics intermediate between the 
extreme cases mentioned above. Predictably, the various 
decay dynamics lead to quite different spontaneous emis­
sion spectra. 6 - 8 

Environmental ly mediated modifications of spontane­
ous emission lead concomitantly to novel dr iven atom dy­
namics. For example, it has been shown that the presence of 
significant spectral structure in the electromagnetic environ­
ment can lead to entirely new steady states. For example, in 
suitably structured electromagnetic environments, the atomic 
steady-state displays a posit ive inversion (a result impos­
sible in free space 9 , 1 0), dipole forces relating to atomic cool­
ing and trapping are enhanced, 1 1 and spectral features of 
driven-atom spontaneous emission undergo novel modi f i ­
cations. 1 2 

The dynamical and spectral properties of one or a few 
atoms interacting wi th a single weakly damped and popu­
lated electromagnetic mode are also investigated as a part of 
cavity Q E D . Work in this area can be dist inguished f rom 
that described in the previous paragraphs through the pres­
ence of photons, beyond those emitted by the atom or atoms 
involved, in the mode of interest. Behavior predicted is often 
qualitatively different f rom that observed in more typical 
atom-field interactions. In the optical regime, experimental 
realization of the conditions frequently considered by theo­
rists work ing in this area presents great diff iculty and in 
many cases has not yet been achieved. Condi t ions assumed 

FIGURE 1. E X A M P L E S OF "CAVITY Q E D " 

ENVIRONMENTS. 

generally require the spatial local­
izat ion of atoms to w i th in the vo l ­
ume of a single mode for signif i­
cant time intervals and decoupl ing 
them f r o m other m o d e s and 
sources of damping. Experiments 
i n the mic rowave regime, only 
sl ightly less diff icult, have never­
theless been successful. Microwave 
effects observed have inc luded 
one -and t w o - p h o t o n m i c r o 
masers. 1 3 , 1 4 Numerous effects that 
relate to the optical regime have 
been analyzed, including few-atom 
optical bistabil i ty, 1 5 , 1 6 quantum re­
vivals of coherence, 1 7 , 1 8 quantum 
p rope r t i es of cav i t y f l uo res ­
cence , 1 2 , 1 9 - 2 2 and cav i t y - f i e ld - in ­
duced level shifts. 2 3 

In this article, we w i l l concen­
trate on cavity Q E D effects that are related to optical systems 
and have been or should soon be experimentally realizable. 
Whi le microwave cavity Q E D work w i l l be mentioned as 
necessary, a fuller account can be found in review papers 
that collectively cover both optical and microwave cavity 
Q E D . 1 3 , 2 4 - 3 1 

A T O M - C A V I T Y C O U P L I N G 

Cavit ies are broadly d iv ided into two categories—good and 
bad. Cavit ies i n the former category have photon leak rates 
that are slower than the spontaneous emission rate of cavity 
atoms. In bad cavities, spontaneously emitted photons dis­
appear f rom the spatial region of the emitt ing atom before 
reabsorption is l ikely and spontaneous emission proceeds 
irreversibly. In the optical regime, good cavities are extremely 
diff icult to realize experimentally and success has only re­
cently been reported. 3 2 Good cavities are special in that emit­
ted photons are local ized long enough to be reabsorbed. A s 
a result, good cavities generally lead to some form of non-
exponential spontaneous decay. In this section, we concen­
trate on determining spontaneous emission rates in bad cavi­
ties. Note that even " b a d " cavit ies can produce large 
modifications to spontaneous decay rates. 

A s original ly wri t ten by Einstein in the context of a 
thermal environment, the rate W e g at wh ich excited-state 
two-level atoms undergo radiative transitions to their ground 
state is given by 

(where ω a is the atomic transition frequency and U(ω) is the 
electromagnetic energy density per unit volume and fre­
quency. The first term, BU(ω a), represents transitions st imu­
lated by the electromagnetic energy density U(ω), whi le the 
second term, A , represents transitions that occur spontane­
ously v ia the dark-state atom-field coupl ing. 

Us ing Eq. 1 and thermodynamic arguments, one can 
show that the rate of spontaneous emission and the rate of 
stimulated emission are equal when each available electro­
magnetic mode is populated by one real photon. The fact 
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that this is so has led to the popular picture in wh ich sponta­
neous transitions are v iewed as being stimulated by an elec­
tromagnetic energy density that is associated w i th the dark 
(or vacuum) state and is equal i n magnitude to that phys i ­
cally present when each mode is populated by one photon. 

Quantum electrodynamic calculations of single-mode 
radiative dynamics conf irm the general picture already im­
plicit in Eq . 1, i.e., atoms display both stimulated and sponta­
neous emission into the mode w i th the former rate being 
proport ional to the photon occupation number of the mode, 
whi le the latter rate is independent of it. The same calcula­
tions confirm the equality of stimulated and spontaneous 
emission rates into a given mode when the mode is occupied 
by one photon. It is intuit ively clear and easily demon­
strated that stimulated emission into a given mode depends 
on the characteristics of the mode in the vicini ty of the 
atomic radiator . In par t icu lar , s t imula ted (and hence 
spontaneous) emission rates into a specific mode are af­
fected by the polar izat ion and energy density of the modal 
f ield at the location of the radiator. 

To calculate the overall rate of spontaneous emission i n 
a cavity environment, we must sum over the rates associ­
ated w i th ind iv idua l modes. In l ight of the discussion above, 
we can write the cavity spontaneous emission rate as 

where ξ represents the spatial and spectral coordinates of 
the atom, єm represents the relative angular coupl ing of the 
atom to the f ield of mode m, σm(ω,r ) is the spectral energy 
density of mode m when occupied by a single. photon, and 
B a represents an environment-independent constant propor­
tional to f ixed quantities such as the atomic matrix element 
and so on. By evaluating Eq. 2 for the case of free space, we 
f ind that A = B aћω ap(ω a)/3, where p(ω) is the free-space 
density of modes per unit vo lume and frequency. Solv ing 
for B a and using Eq. 2, we have 

The summation over cavity modes appearing in Eq. 3, though 
related to the cavity density of modes in an indirect way, has 
(except in the case of free space) no simple connection to it. 
One must conclude that those commonly heard motivations 
for cavity-modified spontaneous emission rates that are based 
on cavity-mediated changes in the density of electromag­
netic modes are only loosely correct. 

The cavity spontaneous emission rate may be enhanced 
or suppressed relative to its free-space value. Total suppres­
sion of spontaneous emission 3 may be achieved, at least in 
pr inciple, by placing an atom in an environment wherein 
modal polarizations or spectral energy densities lead to a 
nu l l summation in Eq . 3. We now consider specific physical 
environments and the modifications to spontaneous emis­
sion that they produce. 

T H E C A V I T I E S 

Consider an atom wi th in a closed, conduct ive-wal led, cavity 
(see Fig. 1a) having a characteristic spatial d imension of c 

and quality factor Q. If the cavity is sufficiently smal l rela­

tive to the atomic transition wavelength λ and its Q is suffi­
ciently h igh, the atom w i l l experience an electromagnetic 
environment consisting pr imar i ly of distinct electromagnetic 
modes. If spectrally adjacent modes possess negligible spec­
tral energy density at the atomic transition frequency, the 
atom's spontaneous emission rate may be strongly sup­
pressed relative to its free-space value (see Eq . 3). We con­
sider the opposite situation in wh ich the atom is resonant 
w i th one particular cavity mode. We assume, for simplici ty, 
that the mode is non-degenerate and exhibits maximal an­
gular coupl ing to the atom (i.e. єm = 1). Under these condi­
tions, the summation of Eq . 3 consists of one term whose 
magnitude is given by 

where Vmode and Δvmode are the m o d e vo lume and spectral 
w id th , respectively, and we have averaged σ(ξ) over a cubic 
wavelength. It fol lows that 1 

A (small closed cavity) = (3Qλ 3 / 8πV c )A . 

The cavity emission rate w i l l actually exhibit a variat ion 
w i th posit ion wi th in the cavity reflecting the generally non­
uni form spatial distr ibution of modal spectral energy. For 
wavelength-scale cavities w i th reasonable Q factors, sub­
stantial enhancements of the radiative emission rate can be 
expected. Self consistency w i th the assumption of irrevers­
ible decay, however, demands that the predicted emission 
rate remains much smaller than the l inewidth of the cavity 
resonance. If this is not the case, Eqs. 2 and 3 are no longer 
va l id and reversible spontaneous emission may be expected. 
The smal l closed cavity, though conceptually simple, has 
been diff icult to realize experimentally. Fair ly recently, cav­
ity mediated changes in optical spontaneous emission rates 
have been observed in micron-size dielectric spheres. 3 4 Such 
structures exhibit h igh-Q "whisper ing mode" resonances. 

A n experimentally convenient means of modify ing spon­
taneous emission rates is to place atoms near or between 
conducting planes (see F ig. 1b), as was demonstrated early 
on by Drexhage. 2 A n especially interesting situation involv­
ing plane boundaries arises when one considers the region 
between two closely spaced, paral lel , conductors. When the 
plate spacing lc is less than λ / 2 , there are no a l lowed 
electromagnetic modes w i th electric fields oriented paral lel 
to the conducting planes. This fact has been used to provide 
str iking demonstrations of the suppression of spontaneous 
emission. 3 5 , 3 6 In these cases, atoms have been placed in ex­
cited states whose decay depends entirely on coupl ing to 
electric fields oriented paral lel to the plates. In terms of Eq. 
3, the spontaneous emission rate vanishes because the angu­
lar coupl ing factor є is uni formly zero. Effects produced by 
dielectric planar boundar ies 3 7 - 4 0 have been studied, as have 
atomic-energy-level shifts in the presence of planar conduc­
tors. 4 1 A l though experimentally convenient for some pur­
poses, planar boundaries create fair ly complex electromag­
netic environments di f fer ing appreciably the free-space 
environment only for a wavelength or so around the planar 
surface. 
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O p e n - s i d e d , s p h e r i c a l - m i r ­
ro r , o p t i c a l cav i t i es p r o v i d e a n ­
o t h e r m e a n s o f p e r t u r b i n g 
a t o m i c r a d i a t i v e d y n a m i c s . 
C a v i t i e s o f th is t y p e are espe­
c ia l l y i m p o r t a n t because o f the i r 
d e m o n s t r a t e d ab i l i t y to s u p p o r t 
r e v e r s i b l e s p o n t a n e o u s e m i s ­
s i o n . 3 2 , 4 2 

C o n s i d e r a s y m m e t r i c reso­
n a t o r ( F i g . 1c) o f l e n g t h lc, 
f i nesse f, a n d m i r r o r r a d i u s 
R m »lc, W e a s s u m e that one 
m o d e of the c a v i t y i s resonan t 
w i t h the a t o m i c t r a n s i t i o n f re ­
q u e n c y . T a k i n g the d iameter of 
the m o d e to be approx imate ly con ­
stant, i ts v o l u m e Vmode = λlc

3/2 

Rm

1/2/√2 and by definition, its 
l i n e w i d t h vmode = π c / f l c . It 

c 

f o l l o w s u s i n g E q s . 3 a n d 4 that 

O n e sees i m m e d i a t e l y that a c h i e v i n g l a rge e m i s s i o n rates 
b e c o m e s i n c r e a s i n g l y d i f f i c u l t as the c a v i t y b e c o m e s la rge . 
N e v e r t h e l e s s , a m i l l i m e t e r - s c a l e c a v i t y o f f i nesse 10,000 m a y 
p r o d u c e a c a v i t y - m o d e s p o n t a n e o u s - e m i s s i o n rate o n the 
o r d e r o f the to ta l f ree -space e m i s s i o n rate. 

C o n f o c a l a n d concen t r i c o p t i c a l cav i t i es (F igs . 1d a n d 
1e) are s p e c i a l i n that t hey are c h a r a c t e r i z e d b y " h o u r - g l a s s " 
m o d e s h a v i n g a v e r y s m a l l w a i s t at the cen te r o f the c a v i t y . 
These cav i t i es are f r e q u e n t l y r e f e r r e d to as m o d e degenera te 
because o f the spec t ra l d e g e n e r a c y o f t he i r t r ansve rse s p a t i a l 
m o d e s ; the i r h o u r - g l a s s m o d e s are o f ten s e e n to be s u p e r p o ­
s i t i ons o f the s t a n d a r d t ransve rse G a u s s i a n c a v i t y m o d e s . 
F o r o u r p u r p o s e s , i t is m o r e s t r a i g h t f o r w a r d to s i m p l y t reat 
the h o u r - g l a s s m o d e s as s i n g l e d i sc re te m o d e s . 

A t o m s c a n b e c o u p l e d to h o u r - g l a s s m o d e s m u c h m o r e 
s t rong l y t han they c a n to cons tan t d i a m e t e r m o d e s o f s i m i l a r 
v o l u m e a n d l i n e w i d t h . In de te r rn i n i ng the e m i s s i o n rate o f a n 
a t o m at the w a i s t o f a n h o u r - g l a s s m o d e , w e note that the 
spec t ra l ene rgy dens i t y at the w a i s t has the s a m e v a l u e one 
w o u l d expect f r o m a m o d e of cons tan t d i a m e t e r (equa l to the 
s m a l l w a i s t d i a m e t e r dw) a n d l e n g t h lc (see F i g . 1d a n d 1e). In 
the ac tua l m o d e , the b e a m d i a m e t e r b e c o m e s qu i te l a rge at 
the cav i t y m i r r o r s . U s i n g E q s . 3 a n d 4, a n d the m o d e p a r a m ­
eters fo r a s p h e r i c a l m i r r o r c o n f o c a l cav i t y , w e f i n d that 

F o c u s i n g p r o p e r t i e s o f s p h e r i c a l m i r r o r s l i m i t the m i n i m u m 
spo t s i ze i n the c o n f o c a l g e o m e t r y . 4 3 R e p l a c i n g the c o n f o c a l 
c a v i t y m i r r o r s w i t h m u l t i - e l e m e n t c o r r e c t e d o p t i c a l re f lec ­
tors c a n i n p r i n c i p l e l e a d to s p o t s i zes l i m i t e d o n l y , as i n the 
concen t r i c c a v i t y case , b y d i f f r a c t i o n a s s o c i a t e d w i t h the 
f in i te d i a m e t e r c a v i t y m i r r o r s . 

C r e a t i n g a d i f f r a c t i o n - l i m i t e d c o n f o c a l c a v i t y is a n i n ­
te res t ing o p t i c a l d e s i g n p r o b l e m . F o r c o n c e n t r i c o r co r rec ted 

c o n f o c a l cav i t i es , E q s . 3 a n d 4 
i n d i c a t e that 

(A t the center o f a concen t r i c 

c a v i t y , the rate i s a b o u t t w i c e 

as l a rge as fo r the c o r r e c t e d 

con foca l . ) 

A n a d v a n t a g e o f the c o n f o c a l 
g e o m e t r y o v e r the concen t r i c 
is that i n the f o r m e r case the 
a t o m c a n b e l oca ted w i t h i n a 
r e l a t i v e l y l a rge ac t i ve r e g i o n 
w h e r e i n hou r -g l ass m o d e s c e n ­
te red o n the a t o m a l w a y s exis t . 
In the lat ter case , there is o n l y 
one s m a l l - w a i s t m o d e a n d the 
a t o m (and the c a v i t y fo r that 

mat ter ) m u s t be p o s i t i o n e d w i t h nea r w a v e l e n g t h - s c a l e a c c u ­
racy . F r o m the e x p r e s s i o n s g i v e n a b o v e , i t i s c lea r that m o d e -
degenera te cav i t i es of cen t ime te r scale c a n p r o d u c e la rge 
e m i s s i o n rates w i t h r e l a t i v e l y l o w f inesses. M o d e degenera te 
cav i t ies o f the c o n f o c a l a n d concen t r i c v a r i e t y h a v e b e e n 
e m p l o y e d i n e x p e r i m e n t s r e l a t i ng to s p o n t a n e o u s e m i s s i o n 
l e v e l sh i f t s 4 4 a n d c a v i t y - m o d i f i e d d r i v e n - a t o m d y n a m i c s . 9 

A l l o p e n - s i d e d c a v i t i e s h a v e the cha rac te r i s t i c o f l e a v ­
i n g a t o m s w i t h i n the c a v i t y p a r t i a l l y c o u p l e d to the f ree-
space m o d e s . T h e ra te o f s p o n t a n e o u s e m i s s i o n i n t o these 
m o d e s is g e n e r a l l y e s t i m a t e d b y a s s u m i n g that i t sca les as 
the f r a c t i o n o f s o l i d a n g l e o v e r w h i c h the a t o m " s e e s " the 
f ree-space b a c k g r o u n d . T h e a c c u r a c y o f th is m e t h o d p r o b ­
a b l y i nc reases w i t h the s i z e o f the c a v i t y a n d d o e s n o t take 
a n g u l a r c o u p l i n g fac tors i n t o a c c o u n t , e.g., the a t o m m a y b e 
o r i e n t e d so as to b e p o o r l y c o u p l e d to the f ree -space m o d e s 
a n d t h e r e b y m i n i m i z e the i r i m p o r t a n c e . A t o m i c c o u p l i n g to 
the f ree -space m o d e s t e n d t o d a m p effects r e l a t e d t o r e v e r s ­
i b l e s p o n t a n e o u s e m i s s i o n . 

C o n s i d e r a b l e a t t en t i on h a s recen t l y b e e n f o c u s e d o n the 
e l e c t r o m a g n e t i c e n v i r o n m e n t w i t h i n s p a t i a l l y p e r i o d i c o p t i ­
ca l " c r y s t a l s " (see F i g . 1f). It h a s b e e n s u g g e s t e d 4 5 a n d d e m ­
o n s t r a t e d 4 6 tha t s u c h m a t e r i a l s g i v e r i se to p h o t o n i c b a n d 
s t ruc tu re o f the s a m e g e n e r a l t y p e as assoc ia ted w i t h e lec­
t rons i n p e r i o d i c m e d i a . Interest h a s f o c u s e d o n the p o s s i b i l ­
i t y o f c r e a t i n g o p t i c a l m a t e r i a l s p o s s e s s i n g p h o t o n i c b a n d 
g a p s , i.e., s p e c t r a l r e g i o n s t h r o u g h o u t w h i c h e l e c t r o m a g ­
ne t i c f i e l d s c a n n o t p r o p a g a t e . W i t h i n p h o t o n i c b a n d g a p s , 
e l e c t r o m a g n e t i c m o d e s are essen t i a l l y absen t a n d r a d i a t i v e 
d y n a m i c s s h o u l d b e s t r o n g l y m o d i f i e d . 4 7 , 4 8 M o r e gene ra l l y , 
a n y m o d i f i c a t i o n o f the e l e c t r o m a g n e t i c c o n t i n u u m w i t h i n a 
s p a t i a l l y p e r i o d i c o p t i c a l s t r uc tu re m a y , t h r o u g h i ts p e r t u r ­
b a t i o n o f the b a s i c a t o m - f i e l d r a d i a t i v e c o u p l i n g , af fect the 
o p e r a t i o n o f o p t i c a l d e v i c e s . R e l a t e d w o r k i n v o l v i n g s e m i ­
c o n d u c t o r d i o d e lasers h a s b e e n r e p o r t e d . 3 8 

E X E M P L A R Y E X P E R I M E N T S A N D C A L C U L A T I O N S 

A f e w o f the m a n y i n t e r e s t i n g o p t i c a l ef fects c u r r e n t l y b e i n g 
s t u d i e d i n the f i e l d o f c a v i t y Q E D w i l l b e d e s c r i b e d . C o n -

FIGURE 2. INTENSITY OF F L U O R E S C E N C E EMITTED 

BY A WEAKLY-DRIVEN CAVITY-CONTAINED ATOM 

AS A FUNCTION OF CAVITY MIRROR SPACING. (D) 

INTENSITY EMITTED OUT T H E END OF T H E CAVITY. 

(b) INTENSITY EMITTED OUT T H E SIDE. (FROM 

R E F . 44; REPRINTED WITH PERMISSION.) 
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sider a single two-level atom that 
is in free space and is weakly driven 
by a resonant monochromatic la­
ser f ield occupying a single free-
space mode. In an experiment, 4 3 an 
open-sided concentric cavity was 
posit ioned so that its center coin­
cided wi th the atom. The cavity 
subtended only about 5% of the 
ful l sol id angle about the atom and 
was oriented perpendicular to the 
weak laser f ield. The leakage rate 
of photons from the cavity through 
the open sides and endmirrors was 
sufficiently large to ensure the cav­
i ty m o d e was essen t i a l l y 
unpopulated at a l l times (emitted 
photons d id not therefore exert ap­
preciable back action on the atoms). 
The atomic fluorescence intensity 
emitted through one end and out 
of the side of the cavity were mea­
sured as the length of the 5-cm long 
cavity was varied over a range of 
approximately one micron. 

The results are shown in F ig­
ure 2. Peaks in the intensity radi ­
ated out the end of the cavity (Fig. 
2a) indicate enhanced spontaneous 
emission into the cavity mode. The simultaneous dips in 
side fluorescence indicate a reduced level of atomic excita­
t ion concomitant to the increase in the overal l spontaneous 
emission rate. Putt ing aside our sophisticated perspective 
for a moment, the fact that atomic dynamics are appreciably 
modif ied by mov ing the distant mirrors of an empty cavity a 
minute fraction of their separation, is indeed intr iguing. 

Even more nonintuit ive modifications to the atom-field 
dynamics were demonstrated i n an experiment 9 conducted 
wi th essentially the same experimental arrangement, but 
w i th the concentric cavity replaced w i th a confocal one (of 
only technical importance) and the weak dr iv ing laser w i th 
a strong one. A s above, the side and end fluorescence inten­
sity are measured as a function of the cavity mirror spacing. 
The side fluorescence was measured for three different atom-
dr iv ing f ield detunings. Results are shown in Figure 3. In­
creases in side fluorescence intensity indicate increases in 
the excited-state atomic populat ion. The concomitant i n ­
crease in end fluorescence (see bottom trace) impl ies, para­
doxical ly, that the cavity-mediated increase in excited-state 
populat ion is affected through an increase in spontaneous 
emission. Analysis of this counter-intuitive result indicates 
that, under appropriate cavity conditions, the atomic steady 
state can approach total inversion. This experiment reveals an 
entirely new regime of driven-atom dynamics. 

Recently, the first optical observation of reversible spon­
taneous radiative decay was reported. 3 2 A s al luded to above, 
one expects a periodic interchange of energy between an 
atom and the cavity mode. In the frequency domain, this 
interchange manifests itself as a splitt ing (referred to as the 
"Vacuum-Rab i " or "Single-Photon" splitting) of the cavity 

resonance into two components 
split by the interchange frequency. 
Observation of this single-atom ef­
fect is an experimental t r iumph and 
required a smal l 1-mm cavity hav­
ing a finesse on the order of 10 5— 
extremely h igh for optical systems. 
Measurements of the cavity mode 
splitt ing are shown in Figure 4. In­
terestingly, it has been shown that 
the intrinsically quantum single-
atom splitt ing shown i n Figure 4 
fol lows in the case of many atoms 
f rom dispersion theory appl ied to 
a cavity containing a linear ab­
sorber. 4 9 

Final ly, we mention an effect 
no t yet o b s e r v e d . 1 7 , 1 8 In the 
semic lass ica l p ic ture , w h e n an 
atom is coupled to a single-mode 
resonant dr iv ing field, it undergoes 
Rabi oscillations, i.e., it cycles back 
and forth between its ground and 
excited states at a wel l-def ined fre­
quency (the Rabi frequency). Sans 
relaxation, this oscil lation w i l l per­
sist indefinitely. In the case of an 
atom dr iven by a single weakly 
populated cavity mode, the situa­

t ion is predicted to change dramatically. The atom experi­
ences an ini t ial Rabi oscil lation that soon damps out—with­
out coupl ing to any other modes. More interesting, as time 
progresses, the oscil lation is predicted to reappear! This 
effect has been designated quantum collapse and revival. 
The detailed character of the effect depends on the precise 
init ial quantum state of the cavity f ield, indicating that the 
effect is intrinsically quantum. Whi le this effect has been 
seen (just barely) in the microwave regime, 5 0 an optical real­
ization is not yet in hand. 

W H Y B O T H E R ? 

Cavi ty Q E D deals w i th situations invo lv ing few atoms a n d / 
or photons wherein one frequently observes behavior at 
variance w i th that expected on the basis of insight gleaned 
f rom more macroscopic systems. It is reasonable to antici­
pate the continued work in the field of cavity Q E D w i l l 
reveal entirely unexpected domains of atom-field dynamics 
that are of both fundamental and practical importance. 
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FIGURE 4. INTENSITY TRANSMITTED 

THROUGH A HIGH FINESSE OPTICAL CAVITY 

AS A FREQUENCY FOR DIFFERENT AVER­

AGE NUMBERS OF ATOMS IN THE CAVITY. 

REVERSIBLE SPONTANEOUS EMISSION 

GIVES RISE TO THE SPLINTTING. (FROM REF. 

32; REPRINTED WITH PERMISSION.) 
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