Journal of the

O PTICAL SOCIETY
of AMERICA
VOLUME

62,

NUMBER

4

APRIL

1972

Absorption and Emission of Evanescent Photons*
C. K. CARNIGLIAt AND L. MANDEL
Department of Physics and Astronomy, University of Rochester, Rochester, New York 14627
AND

K. H. DREXHAGE
Research Laboratories,Eastman Kodak Company, Rochester, New York 14650
(Received 14 June 1971)
Experiments have been carried out to investigate the excitation of molecules by evanescent light, and the
emission of evanescent light in the fluorescence of excited molecules. It is confirmed that the absorption
proceeds at a rate proportional to the second-order (normally ordered) product of the complex field amplitude, whether the light field is homogeneous or evanescent, and that the emission process follows a reciprocity principle.
INDEX HEADINGS: Absorption; Emission; Surface waves.

Evanescent waves have long been familiar in optics and each triplet of incident, reflected, and transmitted
certain of their properties have been investigated at waves as one fundamental mode of the system. We
showed that photons, or discrete excitations, could be
length, both experimentally'- 9 and theoretically."'0They play an essential role in interference filters based associated with these modes, so that a photon which
on the phenomenon of frustrated total internal reflec- is evanescent in one half-space may be homogeneous
tion,' 9 and a technique of internal-reflection spectros- in the other. That formalism allowed us to study the
copy, based on the interaction between evanescent interaction of a quantized electromagnetic field, having
waves and a sample material, has been developed in only evanescent components in one half-space, with
recent years.2 0 In these investigations the absorbing a bound electron in that half-space, and to calculate
material is usually described by a refractive index, the probability of photo-ionization or photo-excitation
rather than in atomic terms. But the interaction at the of an atom. The probability shows a pronounced peak
microscopic level of evanescent waves with atomic at the critical angle, when plotted as a function of the
dipoles has apparently received little attention. Whereas angle of incidence of the wave in the dielectric. The
semiclassical methods of treating this problem have result coincides with that obtained from a semiclassical
long been available, it appears that no quantized-field calculation, in which the electromagnetic field is treated
approach to the problem existed until recently, and as a c-number perturbation on the atom. The excitation
that questions regarding the possible emission or ab- probability is found to be proportional to the square
sorption of an evanescent photon could not be an- modulus of the complex field amplitude (usually known
swered. Indeed, it has been customary in quantum as the intensity in the literature of coherence theory).
optics to expand the electromagnetic field in homoThe results of these calculations ought, of course, to
geneous plane-wave modes, from which possible be tested by experiment, and this is the purpose of the
evanescent components are explicitly discarded.
work reported here. We have studied the excitation
We have remedied this situation in a recent quantum probability of certain dye molecules by evanescent
treatment of the electromagnetic field, 2' in which light, by measuring the resulting fluorescence. We have
evanescent waves were included. Because these waves also investigated the inverse process, in which the
are always associated with surfaces, we considered an excited molecules decay by emitting evanescent waves,
interface between a dielectric and vacuum and regarded or evanescent photons. In both- cases, we find that the
479
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respectively, by

i

E(R) (r,t) = u(k) E3(k3 -K 3)/(k 3+K 3 )]
X expi (k(R) r-Kt)+c.c., (2)

,(R)

I\

E(T) (r,t) = u(k)e[2k 3/(k3+K3)]
Xexpi(K*r-Kt)+c.c.

Re [K]

e
I
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I

(3)

Here k, K are the wave vectors, with components k 1,

k2, k3 and K1 , K2, K3 in the left and right half-spaces,
respectively. They are related by

- a-H atomic
dipole

Ki=k1 , K 2=k 2,

(4)

K 1 2+K 22+K 3 2= 12,

(5)

k,2+k2'+k3'=n2K2

(6)

where it is the ratio of refractive indices in the two
half-spaces. 23 We have chosen units in which the vacuum
velocity of light c= 1, so that K is also the angular frerelative
relative
quency of the light. k(R) is the wave vector with components k1, k 2, -k 3 of the reflected wave, u(k) is some
index = n > I
index = I
complex amplitude, and £ is a unit polarization vector
that is orthogonal to both k and K, and parallel to the
FIG. 1. Illustrating the principle whereby an atom or molecule
interface.
is immersed in an evanescent optical field. A dipole excited by a.
From Eq. (6) we see that
T.E. wave would be perpendicular to the plane of the paper.
k3=
=nK cos0,
experimental results are in quantitative agreement with
the theory, and that evanescent photons can be emitted
and absorbed like homogeneous photons. Although
some qualitative experiments on emission and absorption of evanescent light were carried out long ago,3 4
it is only since the development of the technique for
depositing monomolecular dye layers6 that quantitative experiments on the interaction with single atoms
or molecules became feasible. In this investigation we
confirm that the absorption probabilities for evanescent
and homogeneous photons are given by the same
expression.
I. THEORY OF THE ABSORPTION EXPERIMENT
Consider the situation illustrated in Fig. 1, in which
a plane wave incident from the left within a transparent dielectric falls on an interface between the dielectric and air, or some other lower-index dielectric. If the
angle of incidence exceeds the critical angle, the wave
is totally reflected and an evanescent wave appears in
the right half-space, whose amplitude decays exponentially with distance from the interface. The complex
amplitudes of the incident (I), reflected (R), and
transmitted (T) waves are connected by the Fresnel
relations.2 2 If the waves are transverse electric (T.E.),
and if the electric vector of the incident wave is given by
E'°)(r,t)=n(k)c expi(k-r-Kt)+c.c.,

(1)

then the reflected and transmitted waves are given,

(7)

where 0 is the angle of incidence from the left, so that,
from Eq. (5),
K3=KV/(1-n 2 sin2 0).

(8)

Evidently K3 is real or imaginary according as the
angle of incidence is less than or greater than the
critical angle 0,, for which sin0 0 = 1/n. It follows from
Eqs. (3), (7), and (8) that the square modulus of the
transmitted complex field amplitude I (0,a) (usually
known as the intensity in the literature on optical
coherence), at a distance a beyond the interface, is
given by
I(0,a) = [u(k) I 'E4k3'1(k3+K3)

3
sin 2d)/n cosd]- 2

= u(k) I 24[1+V(1-.n2

(9a)

for 0<6k, and

I(0,a) = Iu(k) I 2E4k 3 2/(k3 2+ K3

2)]

Xexp(-2 |K3I a)
= I u(k) 124[n 2 cos

2

0/(n

2

-1)]

Xexp[-2aK\/(n 2 sin2 0-1)]

(9b)

for 0> 0,.
If the electromagnetic field is treated as a classical
c-number perturbation acting on an atom, it can be
shown24 that the probability of photoelectric emission
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or photo-excitation is proportional to I (ha), regardless
I(6,a) 4
2
of whether the wave is homogeneous or evanescent. It Iu(k)1t
follows that an atom of some fluorescent material that
30
is located in an evanescent field at a distance a from
the interface should fluoresce at a rate given by Eq.
0.
(9b). The expected rate of fluorescence is plotted in
Fig. 2 as a function of the angle of incidence a of the
incident plane wave, for angles 0 both above and
0
below the critical angle, and for several different ratios
C
15
30
45
6B0° E, 75°
go
a/X. We have chosen a refractive index n=1.09 correANGLE OF INCIDENCE
6
sponding to that used in the experiment, for which the
FIG. 2. Illustrating the predicted variations of I(Qa), which is
critical angle 6, 66.50. The rate of fluorescence is
to the molecular absorption probability, with angle of
expected to be greatest at the critical angle, and to fall proportional
incidence 0, for several different ratios of distance a of molecule
off with increasing angle at a rate depending on the from interface to wavelength X. The curves refer to T.E. polardepth a. Similar relations are readily derived also for ization and to a refractive index n= 1.09.
waves polarized in the transverse magnetic (T.M.)
direction, but our experiments were limited to T.E.
II. ABSORPTION EXPERIMENTS
waves.
The foregoing brief analysis was based entirely on a
Our method of studying the absorption of evanescent
classical description of the electromagnetic field. How- waves leans heavily on a technique developed preever, we have recently shown21 that a similar result is viously 6 for depositing monomolecular layers of a
also obtained from a fully quantum-mechanical treat- fatty acid (e.g., arachidic acid C2DH
0 40 0 2), in which
ment, if the initial state of the field is a coherent state.2
fluorescent dyes may be incorporated, on a glass surThe quantum-mechanical calculation will not be re- face. Five of these 26.4-A-thick arachidic acid layers
peated here, but a brief outline of the procedure may were deposited on a glass microscope slide to form a
be of interest to the reader.
base. Two layers incorporating dye molecules that
We regard the triplet of incident, reflected, and trans- fluoresce in the yellow were then placed on these, and
mitted waves associated with a particular incident 16 additional, nonfluorescent arachidic acid layers
wave vector, and a particular polarization, as one were deposited on top. The resulting slide then confundamental mode of the electromagnetic field. The tained a number of light absorbing, fluorescent moledifferent modes are found to be orthogonal, and may cules about 450 A below the surface, but the number
be used for the representation of an arbitrary free field was small enough to limit the light absorption to less
satisfying the homogeneous Helmholtz equation. The than 1%.26
energy of the field reduces to quadratures when exFor total reflection to occur at the surface of the
pressed in terms of these modes. The field may then be layers, it was necessary to immerse the slides in a
quantized by associating Hilbert -space annihilation and liquid of refractive index higher than the index of the
creation operators with the complex amplitudes of the layers. High-index oils are not suitable because they
triplet-wave modes. If we identify the excitations of attack the layer system, and therefore a high-index
this quantized field with photons in the usual way, we aqueous solution called Clerici solution was used.6 This
are led to the concept of photons that, for certain wave consists of a 1: 1 mixture of thallous formate and
vectors, are evanescent in one half-space. Having in- thallous malonate in water. A saturated solution at
troduced the evanescent photons, we may investigate room temperature has an index of refraction of about
the interaction of these photons with atoms by making 1.65 and a density of 4.5 gm/cc. The purest salts
use of the usual electromagnetic interaction hamiltonian available were used in preparing the solution, and it
to couple the two quantized systems of atom and field. was filtered through a fritted glass filter to remove most
A first-order perturbation calculation of the probability scattering impurities. The solution still contained some
of photo-excitation of the atom, when the field is in a chemical impurities, however, as evidenced by the fact
coherent state, then leads directly to a term propor- that it showed a weak fluorescence. The fluorescence
tional to I(6,a) given by Eqs. (9), in which u(k) is the was Stokes shifted by about 1000 A from the waveeigenvalue of the photon-annihilation operator belong- length of the exciting light and was several hundred
ing to the initial coherent state. Now the state of the angstroms wide. This was the major source of backoptical field produced by a laser can be characterized ground light in the experiment.
approximately by a coherent state, so far as its interThe container was made of black glass, except for the
action with the photodetector is concerned. It follows windows. Top and cut-away side views of the conthat quantum electrodynamics also leads us to predict tainer are shown in Fig. 3. The window for the incident
the response shown in Fig. 2 for photo-excitation of beam is glass with surfaces flat to a quarter wavelength.
molecules by laser beams.
The cylindrical window, through which the fluorescence
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rotating spectrometer arm. When a current was passed
through the Helipot, the potential at the sliding contact
was a measure of the angle of rotation of the spectrometer arm, and this was fed to the x input of an xy
recorder.
An argon laser was used as exciting light source for
the experiment and the 4766-A line was isolated. The
light beam was expanded and collimated, and two
sheets of Polaroid film were inserted to select T.E.
polarization to an accuracy of about 20. The transmittance of the orthogonal polarization by the polarizers was estimated to be several orders of magnitude
smaller.
The fluorescent light collected by a large-aperture
lens was registered by a IP28a photomultiplier, housed
in a light-tight box with a slit about 3 mm wide in
front of the photocathode. The signal from the phototube was fed into a Keithly picoammeter, whose output,
in turn, was fed into the y input of the xy recorder.
A Schott OG-2 filter was placed in front of the phototube to discriminate against scattered light from the
argon laser and fluorescence of the Clerici solution.
III. RESULTS OF ABSORPTION MEASUREMENTS

FIG. 3. Top and side views of the vessel holding the Clerici solution,

in which the slide with monomolecular layers is immersed.

was viewed, was cut from a piece of glass tubing, and
was of relatively poor optical quality. The shape of the
container was chosen so that the light reflected from
and transmitted by the microscope slide was trapped
inside. The black glass of the container fluoresced
slightly in the argon-laser beam used for the excitation,
so some care had to be taken in positioning the container relative to the incident light beam and the
detector.
The container was placed on a spectrometer table
and the microscope slide was attached to a mount that
could be rotated concentrically with the cylindrical
window. The experimental setup is shown schematically
in Fig. 4. The photomultiplier and associated optical
components were mounted on one of the arms of the
spectrometer table, and could be rotated while the
Clerici-solution container remained fixed. The microscope-slide mount was coupled to the photomultiplier
arm so that both rotated together. Thus the angle
between the microscope slide and the detector remained fixed, while the angle between the exciting
light beam and the microscope slide was changed.
The angle of incidence of the light beam was recorded with the help of an accurate potentiometer
(Helipot), that was coupled by a friction drive to the

The experimental results are shown in Fig. 5, together with the corresponding theoretical curve calculated from Eqs. (9), with aK = 0.905, corresponding to
a=450A, n=1.10. Although the effect of the background light was almost negligible, we took account of
any background contribution by taking readings from

polarizer
=

monormolecular
layers//
slide

dye
9

/layer

\

<
't

filter

9

FIG. 4. The experimental setup for the absorption experiment.

The slide and the detector assembly are coupled so as to rotate
together about the axis of the cylindrical window.
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a portion of the slide that contained no dye molecules,
and used these readings to correct the data.
The experimental results are seen to be in good agreement with the theory, both below and above the
critical angle. In particular, there is no discontinuity
of the excitation probability as the exciting light changes
from homogeneous to evanescent, although the derivative with respect to angle is discontinuous. The predictions of both the classical and quantum theories of
evanescent light are therefore well confirmed.
IV. THEORY OF EMISSION OF EVANESCENT
WAVES BY EXCITED MOLECULES
After studying the excitation of molecules by
evanescent waves, or the absorption of evanescent
photons, we are naturally led to examine the inverse
process also, and to ask whether excited atoms or
molecules emit evanescent photons. The principle of
reciprocity would lead us to expect that emission
should take place also, and that an excited molecule,
placed close to the dielectric-to-air interface in Fig. 1,
should give rise to homogeneous light within the dielectric propagating in directions beyond the critical angle.
Such large-angle emissions were already observed by
Selenyi, 3 who made use of the light emission from a
drop of fluorescein solution placed on a prism, and by
Frohlich, 4 who used secondary sources in the form
of illuminated score marks on a glass surface. But
in neither case was the emission process studied
quantitatively.
Despite the fundamental symmetry of the elementary
processes of emission and absorption, the emission
problem cannot be treated in quantum electrodynamics
in quite the same manner as the absorption problem
that we outlined briefly in Sec. II. The reason is that
the electromagnetic field produced by the atomic source
cannot be represented in terms of the modes used in the
quantum treatment of the free field.2' The source field
of the atom differs in a fundamental manner from the
free fields we have considered so far. A quantum treatment is possible, of course, but it would naturally follow
the classical scheme in which the electromagnetic field
is explicitly expressed in terms of its sources.
It is simplest therefore to adopt a classical point of
view, and to regard the excited atom or molecule as an
oscillating dipole that radiates an electromagnetic field.
We may then examine the angular dependence of the
light flux radiated in the dielectric, and see if it has the
same form as I(0,a) in Eqs. (9). In particular, any field
in the dielectric propagating in a direction beyond the
critical angle will imply the emission of an evanescent
photon by the molecule.
Let us represent the excited molecule by a dipole
parallel to the interface of amplitude P oscillating at
the frequency K. Then, if the dipole source is located
at the point (0,0,a) at a distance z= a from the interface
(see Fig. 1), the electric field E(x,y,0,t) at some point
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FIG. 5. Experimental results for the absorption of evanescent
light by dye molecules located at a distance a=450A=0.14A
from the interface. The full curve is the theoretical value of
I(Oa)/¶u(k) 12and is based on Eqs. (9) with n= 1.10. The experimental values have been scaled so as to agree with the theory at
the peak.

on the interface (the plane z=0) can be given the
angular-spectrum representation1 27
E(x,y,0,)

expiK3a)

dKdK

X[(P K)K-K2 P]expi(Kix±K2 y-K/)+c.c.

(10)

Here K 3 = (K2 -K 12 -K 22 ) 4 as before. 23
In order to obtain the electric field transmitted into
the high-index region in the left half-space, it is useful
first to decompose the angular spectrum into its T.E.
and T.M. components. The unit vector for the T.E.
component, which is perpendicular to the wave vector
K and lies in the plane of the interface, is given by
(KX e3)/ (K, 2 +K 2 2 ) '
= (K

2

e,-Kie

2

)/(K

2
1

+ K 2 2 )1,

(11)

where el, e2, e3 are unit vectors in the directions of the
coordinate axes. The corresponding vector for the T.M.
polarization is orthogonal to e and K and is given by
cX £= (K3 K-KKe 3 )/K(KYK

2
2 ),

(12)

where ct K/K is the unit vector in the direction of K.
The dipole field of Eq. (10) can then be expressed
in terms of these unit vectors with the help of the
expansion
(P. K) K- K 2 p= Pe[ae+f (cX a)],

(13)
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and E(R,t) is found to be given by

-dye
layer

3'

2a

-PO
exp(iK3'a)
E(R,t) =-

\

)

]xc
k'k3'

+

+,O'3 (AKfXE)expi("KR-Kt)+c-c.,
k3'+nIK3'

(18)

where k' is the wave vector pointing in the direction of
R and K' is the corresponding wave vector in the other
half-space.
It is convenient to re-express this result in terms of
variables relating more directly to the experiment. Let
X be the angle between the wave vector k' and the
xz plane and let 6 be the angle between the projection
of k' on the xz plane and the z axis. In terms of these
angles

slide
monomolecular layers

polarizer c
filter

k '= nK sinO cosX,
k 2 '= nK sinX,
k 3 '= ,-K cos6 cosX.

(19)

If the point R lies in the xz plane, X= 0, and we find
with the help of Eqs. (12)-(16) that Eq. (18) becomes
FIG. 6. The experimental setup for the emission experiment. The
position of the slide remains fixed while the detector assembly
rotates about the axis of the cylindrical window.

where a, (3, and Po are given by
2

2

a =K (K 1 sin#-K 2 cos#)/ (K

1

+K

2
2

(14)

)',

2
A=-KK 3 (Ki cosk+K 2 sinVt)/(K1 +K

2
2

)',

IP=Po(eI cos&+ e 2 sinO&),

(15)
(16)

and # is the angle between the dipole and the x axis.
The transmission of each homogeneous and evanescent wave component across the interface is described
22
and, with the help of Eqs.
by the Fresnel formulas,
(10)-(16), the electric field in the left half-space is
found to be
00

E(r,/)

fdkidk

=

-Cosf

R

2n KK 3 'k '

3

k 3'+nl

3

k3+K3

)(£x+ ((X£)]
k3+n2K3
Xexpi(k-r-Kt)+c.c.,

(17)

where k 3 is given by Eq. (6) and vCis the vector k/k.
Because the light detector used in the experiment
is located far from the interface, we are interested only
in the asymptotic limit of E(r,t) given by Eq. (17), for
some point R such that kR»>. In this region the only
significant contribution to the integral comes from
values of ki, k 2 such that k is real and parallel to R. The
asymptotic limit of the angular spectrum representa8 28 29
tion has been investigated by several workers,' ' '

k3 1+K 3'

E

-

(2'X ) expiK(nR-t)+c.c.

(20)

If a polarizer is placed in front of the detector, so
that only the T.E. component of the electric field contributes to the measured signal, we may restrict ourselves to the first vectorial term on the right of Eq. (20).
The intensity I(6,a) (i.e., the square modulus of the
complex wave amplitude) of the T.E. component propagating in a direction 0, contributed by a dipole at
distance a from the interface, is then found to be

2

Xexp(ila)3[(

(2K2k3'

exp(iK3'a) sinf

(T.E.)I(6,a) =

27r

[

-Po

E(R,t) =--

P 0 2K 4
2

R

2k 3'

k 3'+K 3'

2

exp(iK 3'a)

sin 24'.

(21)

Because of the character of the monomolecular layers
used in the experiment, the transition moments responsible for the fluorescence of the dye molecules incorporated in these layers lie in a plane parallel to the
interface, but they are randomly oriented in this
plane.26 In order to take account of this random orientation we average I(6,a) given by Eq. (21) over all
angles iA,and find
P 0 2K4

4k 3' 2

2R1

(k 3 '+K3')2

(T.E.)I(6,a) =

P02K4
4k3 '2
42
= PK
2
12
2R k 3 + I K3s'

for 0<0C

(22a)

exp(-21 K 3'| a)
2

for 0> 6cu

(22b)
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Apart from a scaling factor, this result is identical
with that obtained previously in Eqs. (9a) and (9b) for
the intensity of the field on the low-index side, when a
plane wave is incident from the left. The validity of the
reciprocity principle in this situation is therefore confirmed. We conclude that the angular distribution of
the light emerging on the high-index side of the interface, that has been emitted by excited dye molecules,
should also follow the form of the curve shown in Fig. 2.
Any light emerging beyond the critical angle must have
its origin in the emission of evanescent photons by the
source.
Finally, we may examine the effect of collecting the
light emitted over a finite solid angle. Needless to say,
the aperture placed in front of the detector in the experiment was finite and admitted a finite range of angles,
from 0=O0-AiO to O=Oo+460, and from x=-26x to
X= 46x. The output from the detector is therefore
expected to be of the form

OF EVANESCENT
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=const Xf
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cosxI(O,X a),

(23)

with I (OXa) derived from the more general expression
(18) and given by
P 02

2k3la'
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FiG. 7. Experimental results for the emission of evanescent
light by excited dye molecules located at a distance a=450A
=0.14A from the interface. The lightly drawn theoretical curve is
based on Eqs. (22) with n=1.08. The broken theoretical curve is
based on Eq. (23), and takes the effect of finite aperture size into
account. The units are arbitrary, and the experimental values
have been scaled so as to agree with the theoretical values near
the peak.

2

solution is low enough for the wavelength spread to
have little effect on the results. A small aperture placed
in front of the detector limited the field of view to an
The effect of the integral is to lower the peak in the Oo angle 60 of about I' in the xz plane and to about 200
dependence of the detector output.
in the y direction (- 10"<x< 100). The finite size of
the aperture has the effect of smoothing the results in
the neighborhood of the critical angle, so that the
V. EMISSION EXPERIMENTS
height of the observed emission peak is reduced. The
Whereas the incident light beam in the absorption detector arm was rotated, and the outputs
of the detector
experiments was required to be collimated, polarized, and of the Helipot measuring the angle of rotation
were
and monochromatic, these same conditions apply to the applied to the y input and the x input, respectively,
of
emitted light in the emission experiments. It was there- the xy recorder.
fore necessary to introduce a small aperture, a polarizer,
and a narrow-band filter in front of the photodetector,
each of which substantially reduced the light flux VI. RESULTS OF EMISSION MEASUREMENTS
detected.
The experimental results are presented in Fig. 7. It
The experimental setup is shown in Fig. 6. The micro- will be seen that light is observed beyond the critical
scope slide was mounted with the dye layer facing the angle, so that the emission of evanescent waves or
photomultiplier, and the slide was maintained station- photons by the excited molecules is thereby confirmed.A0
ary while the detector was rotated. The laser beam was
The agreement between the experimental curve and
focused to a line on the microscope slide, at an angle of the theoretical curve given by Eqs. (22) is not imincidence well below the critical angle for the liquid- pressive. However, when we take account of the finite
fatty-acid layer combination." A polarizer and a Schott detector aperture used in the experiment, corresponding
OG-2 spectral filter were placed in front of the photo- to bX'20' and 80--1, and calculate the expected demultiplier, to select the T.E. polarization, and to limit tector output from Eq. (23), we obtain the broken
the bandwidth of the detected light. With the filter in curve shown in Fig. 7, which is much closer to the
place, about 60% of the fluorescence reaching the photo- experimental curve.
multiplier had a wavelength between 5X00 and 5900 A.
The waves in the observed curve are almost certainly
Thus the relative wavelength spread AX/X was about due to imperfections in the curved wall of the vessel
1/30. We believe that the dispersion of the Clerici (see Fig. 3), through which the output beam had to
I(0 X a) =-

_2

___-

exp(iK3'a)

.

(24)
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pass. As was mentioned earlier, this wall was cut from a
large-bore glass tube, and was not of optical quality.
The imperfections were unimportant in the absorption
experiments described in Sec. III, because the detector
was allowed to collect the light within a large solid
angle. However, such imperfections became significant
when measurements of emission within a small solid
angle were made, as in this experiment. We have
obtained a similar wavy response on observing a
cylindrical, diverging light beam through the same
vessel when empty.
It would obviously be desirable to use a vessel of
good optical quality for the experiment, but as our
results were substantially as predicted, we did not
construct another vessel and repeat the experiment.
Within the limitations of the apparatus, it appears
that both the absorption and the emission of evanescent
photons by molecules have been quantitatively confirmed.
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