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for the drop slowing down. A detailed calcula- 
tion of the yelocity drop would require the 
knowledge of the viscoelastic properties of the 
liquid clystalline polymer. which are quite 
complex. Nevertheless, if we approxinlate the 
polymer by a visquous liq~lid of typical viscos- 
ity q = lo4 Pzs. we obtain (16)  a velocity on 
the order of 5 p!s ,  in agreement with the 
experimental results. 

We have peifornled tack and dewetting ex- 
peliments on a srnectic polyiner liquid clystal 
around the la~nellar-to-isotropic phase transi- 
tion. Specific behaviors that reflect the complex 
stmcture of the system are exhibited. Tlrough 
the side-chain ordering, the smectic stmctwe 
brings hardness and nonwettability. In contrast, 
in the isotropic phase, the presence of the back- 
bone. which connects the side chains together, 
allows for a strong dissipation that leads to both 
a tacky behavior and an ability to slow down 
the dynamics of wetting. On each side of the 
phase transition, a different aspect of the hybrid 
macromolecule becomes predominant and irn- 
prints its behavior onto the system. This effect 

can be used to design ~ersatile materials with 
highly flexible properties that vary with temper- 
ature. Moreo~er, the transition temperature can 
be h~ned by changing the copolyn~er composi- 
tion, which may be useful for different types of 
applications. Finally. the reversibility of the 
structural transitions and of the resulting prop- 
erties with temperature is another interesting 
feature of the systern. 
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Chemical "Double Slits": 
Dvnamical Interference of 

Photodissociation Pathways 
in Water 

Photodissociation of water at a wavelength of 121.6 nanometers has been 
investigated by using the H-atom Rydberg tagging technique. A striking even- 
odd intensity oscillation was observed in the OH(X) product rotational distri- 
bution. Model calculations attribute this oscillation to  an unusual dynamical 
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dissimilar conical intersections of potential energy surfaces, but result in the 
same products. The interference pattern and the OH product rotational dis- 
tribution are sensitive to the positions and energies of the conical intersections, 
one with the atoms collinear as H-OH and the other as H-HO. An accurate 
simulation of the observations would provide a detailed test of global H,O 
potential energy surfaces for the three (~IAIB) contributing states. The inter- 
ference observed from the two conical intersection pathways provides a chem- 
ical analog of Young's well-known double-slit experiment. 

The photodissociation of water, a unimo- 
lecular process, can be studied from first 
principles, and extensive experimental and 
theoretical studies have been performed on 
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third (B) state, which correlates adiabati- 
cally with an H atom and an excited elec- 
tronic state of the OH partner (A2Z+). 
Howeyer, the dominant dissociation leads 
to an H atom plus a ground-state OH mol- 
ecule, which is brought about by a nonadia- 
batic crossing from the B state to the po- 
tential energy surfaces of either the A state 
or the ground (2)  state of water. Although 
extensive information on the photodisso- 
ciation through the B state has been ob- 
tained through these studies, a quantitative 
picture is still lacking. 

Conical intersections of potential energy 
surfaces play an important role in the dy- 
namics of many excited electronic states. 
The extremely high rotational excitation of 
the OH product that arises from excitation 
to the B state has been attributed to such an 
intersection. Dvnalnical calculations have 
shown that this high average rotational an- 
gular momentum results from a high torque 
acting in the vicinity of a conical intersec- 
tion at a linear (H-0-H) geometry of the 
excited and ground-state potential energy 
surfaces of H 2 0  (2). This conical intersec- 
tion arises because, for a linear approach of 
H to OH, a repulsive potential curve from 
H + OH(X211) can cross an attractive po- 
tential curve from H + OH(A22+). where- 
as there is an avoided crossing of these 
curves in the lower symmetry of a bent 
geometry 

Besides the conical intersection for the 
H-0-H geometly, there is second symmetry- 
determined conical intersection on the B state 
surface for the linear 0-H-H geometry. The 
importance of this second intersection in the 
O('D, 'P) + Hz reaction system has been 
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noted before (3, 4), but its possible influence ed by using H-atom Rydberg "tagging," a 
on the photodissociation of H20 has never time-of-flight (TOF) technique pioneered by 
been seriously addressed. Dixon and co- Welge et al. (6) .  The experimental method 
workers pointed out (5 ) ,  in a recent wave- 
packet calculation, that a small part of the 
dissociative flux on the B state goes toward 
the second (0-H-H) conical intersection. 
That study indicated that this conical inter- 
section might also play a role in the B state 
photodissociation. 

We have now remeasured the H atom 
photofragment translational spectra from H20 
photodissociation at 121 nm at higher reso- 
lution by using a lower molecular beam tem- 

used here has been described in detail before 
(7, 8). The rotational temperature of H20 is 
estimated to be about 10 K. From the TOF 
spectra, the translational energy distribu- 
tions can be obtained with a laboratory to 
center-of-mass transformation. Figure 1 
shows the translational energy distributions 
of the products from H20  photodissociation 
at 121.6 nm using two different polariza- 
tion schemes (parallel and perpendicular to 
the detection axis). A TOF spectrum of the 

perature. A striking novel feature of the en- H atom product at the magic angle polar- 
ergy disposal, revealed by the data reported ization was also made to ensure that the 
below, is an odd-even intensity alternation as intensity ratio of the TOF spectra obtained 
a function of N, the OH rotational quantum at parallel and perpendicular polarization is 
number, superimposed upon the broad inten- 
sity distribution. This intensity alternation is 
due to interference between dissociation 
pathways via the two dissimilar conical inter- 
sections. The pattern of the intensity alterna- 
tion is very sensitive to the positions of the 
two intersections, thus providing us a new 
probe to the H20 potential energy surfaces. 

Photodissociation of H20 was investigat- 

correct. From these measurements, the an- 
gular dependence of the translational ener- 
gy distribution can be constructed. Figure 2 
shows a three-dimensional (3D) plot of the 
product translational energy distributions at 
different angles relative to the photolysis 
laser (121.6 nm) polarization direction. Be- 
cause the total energy must be conserved in 
the dissociation process 

Fig. 1. The total translational en- 
ergy distributions of the photo- 
fragments (H and OH) from H 2 0  
photodissociation at 121.6 nm. 
The blue trace was obtained with 
the H-atom flight path parallel 
to the photolysis laser polariza- 
tion direction; the red trace was 
obtained with detection perpen- 
dicular to the polarization direc- 
tion. All sharp structures can be 
assimed to the rovibratiml states 
of 6 e  OH(X2n, A2Z+) product. ;& i lU *A A 

. I 

The assigned features correspond I) ,'.re, - > ,  

to the highly rotationally excited 
' I 

OH(X2n, v = 0) product. i 
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Fig. 2. The angular-dependent 
product translational energy dis- 
tributions, relative to the polar- 
ization direction. The range of 
total translational energy shown 
is 0 to 25,000 cm-'. Each sharp 
ring corresponds to fragrnenta- 
tion to a different quantum state 
of OH. The inner group of peaks 
relates to levels of the excited 
A2Z+ state of OH, and the outer 
group to its ground X211 state. 
Most of the highly rotationally 
excited OH products dissociate 
along the photolysis laser polar- 
ization direction. 
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the internal energy (Ein,) distribution of the 
OH products can be determined from the H 
atom translational energy (E,,,) distribution; 
h is Planck's constant, and Do the dissocia- 
tion energy. All of the sharp features in the 
TOF spectra can be assigned based on previ- 
ous spectroscopic data on the OH molecule 
(9, 10). Most of the ground-state OH(X21T) 
products have extremely high rotational ex- 
citation within the v = 0 vibrational level, 
although there are a few products with rota- 
tional levels as low as N = 0 for the v = 0 
state. Vibrationally excited OH products as 
high as v = 4 within the ground state were 
also observed, but were far fewer. 

The oscillatory behavior in the OH 
(X21T v = 0) product rotational distribution 
when the laser polarization is parallel to the 
detection axis (Fig. 1) is highly reproduc- 
ible. The odd N levels of OH(X, v = 0) are 
more populated than would be interpolated 
between the even N levels. The cause of 
this oscillation in the OH product rotational 
distribution is not immediately clear. The 
even-odd N oscillation observed using the 
parallel polarization detection scheme is far 
less evident for the perpendicular detection 
scheme. This difference indicates that the 
dissociation process of H20 might have 
two dissociation pathways to the ground- 
state OH product with very different dy- 
namical behaviors: one with a clear even- 
odd rotational oscillation and one without 
this oscillation. The total rotational state 
distribution, which can be calculated by 
using the two distributions obtained from 
the parallel and perpendicular detection 
schemes, is peaked at N = 45 of OH(X). 
The overall distribution is similar to the 
theoretical results calculated through the 
H-0-H conical intersection pathway (4), 
indicating that the main dissociation pro- 
cess of H20 to the OH ground state is 
probably through this conical intersection. 

The OH products in the A-doublet com- 
ponents, the A' and A" states, are unequally 
distributed. Figure 3 shows the experimental 
and simulated line shapes of the OH(N = 45) 
line in the translational spectrum. This com- 
parison shows that the observed line is nar- 
rower than predicted for a uniform population 
of the four fine structure components, and 
probably reflects the predicted propensity for 
conservation of A' or A" symmetry from H20 
parent to OH product (4, l l ) ,  which would 
lead to unequal population of the A' and A" 
A-doublet components for each N-value. 

A periodic oscillation of rotational inten- 
sities is not of itself a new phenomenon and 
has been seen in the photodissociation of 
H20  following excitation to the A ~ B ,  state 
by photons with a wavelength of about 200 
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nm, provided that the promotion is from a 
single ground-state vibration-rotation level. 
However, that is a perfect example of so- 
called Franck-Condon mapping of the ini- 
tial bending motion of a parent molecule 
that dissociates under the influence of neg- 
ligible torque (12). Schinke et al. have 
shown that this mapping leads to a sinusoi- 
dal modulation of the smooth rotational 
distribution with a period AN = ply,, 
where ye is the equilibrium angle (or a-ye, 
whichever is the smaller) (13). The observed 
period of about AN = 2.4 for this A ~ B ,  
dissociation process corresponds to the 
known angle of ye - 105'. But this model is 
clearly inappropriate for a process known to 
involve high torque and would also predict no 
oscillation for dissociation from a linear 
H-OH geometry. 

Many ab initio calculations have con- 
firmed the existence of the conical intersec- 
tion in each of the two equivalent H + OH 
and HO + H exit channels for linear HOH. 
However, there can be no interference be- 
tween motion along these two channels be- 
cause they lead to physically distinct prod- 
ucts. Indeed, we have observed an intensity 
alternation for the process HOD + hv + D + 
OH similar to that for H,O. We therefore 
seek an alternative explanation. 

The earlier dynamical calculation by one 
of us using time-dependent wavepackets, 
which was able to reproduce the general 
form of the OH population distribution, 
showed no evidence of any intensity alter- 
nation (11). That calculation was based on 
the ab initio surfaces of Theodorakopoulos 
et al. (14). These surfaces did not cover the 
full range of angles and distances and had 
to be semi-empirically extended before use. 
Although it was known from symmetry 
arguments that there must be a second con- 
ical intersection for linear geometries of the 
type H-H-0, these were thought to occur at 
very high energy and therefore to be of no 
importance. However, Yarkony has more 
recently calculated limited regions of the 
surfaces in the vicinity of these two types 
of crossing (15), and it is now clear that 

Fig. 3. Experimental evidence for 
the A-doublet propensity in the 
OH photofragment. In the simu- 
lation, all four fine-structure com- 
ponents of OH(X211, v = 0, N = 
45) are assumed to be equally 
populated. The width of each in- 
dividual component is assumed 
to be 45 cm-', corresponding to 
a translational energy resolution 
of 0.45%. The obvious disagree- 
ment between the experimental 
and simulated line-width clear- 
ly indicates that this assumption 

both are energetically accessible for exci- 
tation of water at 121.6 nm. We now con- 
sider the possibility of interference between 
the exit channels H+OH and H+HO. 

There are several important quantum 
numbers for the dissociation process: J, K,, 
and Kc for the rotation of the parent H,O 
molecule, and A (the helicity) for its com- 
ponent along the direction of the departing 
H atom; N for the rotation of the OH 
molecule (neglecting electron spin for the 
moment), A (= 1) for its orbital angular 
momentum, and a designation A' or A" for 
its A-doublets (which reflect the orientation 
of the unpaired electron orbital with respect 
to the OH plane of rotation). At large H-OH 
distance, where the OH rotation becomes 
free, the number of angular nodes in its 
rotational wavefunction increases with its 
quantum number N. Consequently the map- 
ping of the outgoing wavefunction for a 'A' 
parent surface onto the OH rotational wave- 
functions has a symmetry property (denot- 
ed by m) with respect to H + OH (0 = 0) 
and H + HO (0 = T) at the same intersys- 
tem distance R, where 0 is the angle be- 
tween the OH bond and R (Table 1). 

Thus, for each H+OH exit channel, a 
coherent passage of the outgoing wave-hc- 
tion from the B'A, surface onto the %'A, 
surface through both conical intersections 
may result in a constructive or destructive 
interference of the waves, depending on their 
relative amplitudes and phases, and the sym- 
metry number m. Conversely, for dissociation 
through electronic Coriolis (Renner-Teller) 
coupling to the A'B,(~A") surface, all of the 
symmetries in Table 1 should be reversed. 
This latter coupling is zero for A = 0, and 
increases in strength with increasing A (16). 

We first consider a simple model for the 
two 'A' pathways in which one such com- 
ponent wave exits near 0 = 0 at an inter- 
system distance R, with amplitude A, and 
the second exits near 0 = a at distance R, 
with amplitude A,. For a given rotational 
state Ni of the OH product, the final outgo- 
ing free waves will have a wave-vector ki 
that will be a function of the available 

i; incorrect: most the I I I I 

A-doublet components are un- 9700 9800 9900 lpoO0 10100 

evenly populated. Transbtional energy (cm-1)- 

energy following dissociation and will be 
the same for both pathways: 

where f i  = h12a and is the reduced mass of 
H-OH. The expression for the product popu- 
lation will therefore contain the N-dependent 
factor: 

If (R, - R,) is small, the presence of rn in 
this expression will lead to an alternation of 
population over a sustained range of N-values 
for the A' series of OH rotational levels. A 
similar interference may occur for the A" 
levels, although in this case the crossings to 
the 'A" surface can take place over the wider 
range of R-values for which the potential 
functions for the B and A states are degener- 
ate. For each value of N, the A' and A" levels 
are close in energy (Fig. 3). If these levels are 
unresolved, and in the eventuality that the 
amplitudes A, and A, contribute equally to 
both series, then this alternation would be 
hidden by their opposite phase behavior. Fur- 

Fig. 4. Contours of the B-, A-, and %-state 
potential energy surfaces for the movement of 
H around OH with a fixed OH bond length of 
1.07 A. Energies are given in electron volts 
relative to the minimum of the ground state. 
The conical minima (O), a (H-OH) and b (H- 
HO), of the h a t e  potential are degeneraze 
with the conical maxima, a and b, of the X- 
state potential, leading to the "funneling" of 
nuclear trajectories from B to X. The B surface 
is asymptotic to H + OH(P2Hf) at large H-OH 
separation, whereas the A and X surfaces are 
asymptotic to H + OH(X211). The central core 
of each potential function is strongly repulsive. 
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thermore, should (R, - R,) be large, or the a combination of experimental and ab initio OH(X). (Note that in a space fixed frame, 
varying OH energfbe accompanied by a 
strong variation of ki with N, then any such 
interference will only be sustained over a 
short range of N-values. Thus, the pattern of 
any observed interference is a sensitive probe 
of the overall dynamics. 

These ideas have been tested by new 
dynamical calculations. An accurate theo- 
retical treatment of the process would re- 
quire complete 3D surfaces for the three 
important electronic states, together with 
the non-adiabatic couplings between these, 
to be used in 3D dynamical calculations 
that include a range of parent rotational 
states. For the present we restrict ourselves 
to a model calculation that demonstrates 
the basic principles. Murrell and co-work- 
ers have published analytical expressions 
for 3D surfaces for the two 'A, states (1 7), 
and for the A'B, state (18). The latter 
surface was not completely degenerate in 
linear geometries with that for the B state, 
as required by their common 'TI character, 
and small shifts were made to remedy this 
defect. These surfaces (Fig. 4) are based on 

. . 
Fig. 5. The outgoing waves on the three H,O 
surfaces, resonant at an energy appropriate to  
excitation to  the B state'at the Lyman-a wave- 
length, with 1' = 1 and A = 1. Green and red 
lobes have positive and negative amplitudes, 
respectively, and have been truncated beyond R 
= 4 A. The gray-filled contour on the surface 
represents the Franck-Condon excitation from 
the ground state. Note the strong interference 
between waves emanating from the two con+ 
cal intersections (0) on-the ground-state (X) 

data, and possess all of the expected topo- 
logical features (19). However, it must be 
stressed that they are not energetically ac- 
curate in all aspects. 

For simplicity, the dynamical calculations 
were limited to two active dimensions, with 
one r,, fixed at 1.07 A reflecting the mean 
bond length for the centrihgally stretched 
OH product with high N-values. Thus, only 
one bond could break after passing through 
either of the linear H-OH or H-HO inter- 
sections. The spin doubling of the OH lev- 
els was neglected, because at high rotation 
of OH its electron spin becomes decoupled 
from its internuclear axis, and will there- 
fore be a spectator to the nuclear dynamics. 
Figure 5 presents the outgoing waves on the 
three surfaces resonant at an _energy appro- 
priate to excitation to the B state at the 
Lyman-a wavelength. For this calculation, 
J' = 1 and A = 1, being the dominant term 
in excitation through a type-b transition 
from the lowest (O,,) level of the H,O 
ground state. These plots are polar presen- 
tations of x(R,0) for the motion of the 
departing H atom from the OH moiety and 
have been truncated for clarity at R = 4 A 
(the semicircles). Because the polar angle 0 
is restricted to the range (0 - P), passage 
through linearity is represented by reflec- 
tion at the diagonal of the semicircles. 

The wave on the B surface is initiated in 
the Franck-Condon region (open contour) 
and is accelerated towards the linear H-OH 
intersection point (a in Fig. 4). The flux 
then becomes partitioned into three compo- 
nents. The major component is transmitted 
onto the 3 surface, on which it proceeds 
outwards leading to dissociation to H + 

Table 1. Values of the symmetry index m for the 
ratios at 0 = 0 and 0 = .rr of the mapping of the 
bending motion of H,O in 'A' states onto OH 
rotational states. The signs of m are reversed for 
the mapping from 'A" states. 

Quantum numbers A-doublets 
(N - A + A) m 

Even 
Odd 
Even 
Odd 

this motion would be shared between the 
departing H atom and the rotation of its OH 
partner.) A minor component is transmitted 
through Renner-Teller coupling onto the A 
surface and also dissociates to H + OH(X). 
However, a significant flux remains on the 
B surface and the H- and OH-moieties con- 
tinue their relative orbiting motion. Part of 
the flux dissociates on the B surface, lead- 
ing to H + OH(A), but part is attracted 
towards the linear H-HO intersection, 
(point b), which provides a second source 
of flux on the 3 surface (and in principle on 
the A surface). The interference between 
these two sources of flux on the 3 surface 
is indicated by the pattern of nodes in the 
wave-function as the two components spi- 
ral out in opposite directions. 

The population distribution over the two 
sets of A-doublets of the OH X-state calcu- 
lated with the wave-hctions on the A and 2 
surfaces is given in Fig. 6. (Experiments 
show that there is substantial vibrational ex- 
citation for the OH A-state (20) that is not 
accessible with the frozen bond length of the 
present calculation.) The distribution over the 
A' A-doublets shows a sustained intensity 
alternation, with even N stronger from N = 

22 to 36. The phase then reverses, and from 
N = 39 to 43 the population is higher for odd 
N. In contrast, the population distribution for 
the A" A-doublets is much smoother and 
peaks at a lower N-value than for the A' 
A-doublets. Interference occurs between two 
emanating waves for the A' case; but not for 
the A" case for which the nonadiabatic tran- 
sition from B to A takes place almost entirely 
through H-OH geometries (Fig. 5). 

These distributions should be contrasted 
with the smooth distributions of (11), cal- 
culated with the same computer program 
but with the potentials from (14). Even so, 
there are still several quantitative differenc- 
es between the results of Fig. 6 and the 
experimental data of Fig. 2. In particular 
the calculated oscillation depth is too high, 
and its phase is incorrect. In part, these 
shortcomings can be attributed to errors in 
the chosen potential functions. The mini- 
mum energies and locations of the two 
conical intersections for these functions are 
given for the calculations of Murrell et al. 

Table 2. Calculated locations and minimum energies of the two conical intersections of the B and i( 
potential functions of H,O. 

Calculation R V(R.0) - E(H + 0H.X) 

Murrell et al. (17, 18) 
H-OH (0 = 0) 
H-HO (0 = a) 

Yarkony (15) 
H-OH (0 = 0) 
H-HO (0 = a\ 

surface, but not on the A surface. 
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In Table 2. The later, more accurate. treat- 
ment by Yarkony of the conical intersec- 
tions (15) notes that in three dimensions, 
there are seams of crossings as a function 
of the two bond-lengths, which have abso- 
lute minima with Yarkony's parameters in 
Table 2. 

With this latter potential, the much 
greater difference in potential between V ,  
and VT would affect the outgoing wave in 
two ways. (i) The forces of attraction to- 
ward the second intersection would be 
weakened, lowering the ratio of AT to A,  
(see eq. 3 )  and thus decreasing the depth of 
the interference. (ii) Secondly, the relative 
phases of AT and A,, and thus the phase of 
the interference, would be affected by the 
accompanying change in the profile of the 
B-state potential between the two conical 
intersections. The model calculation has 
almost certainly overestimated the strength 
of the interference. 

A second important factor is the purity of 
excitation, and particularly of the helicity 
quantum number A which is directly related 
to the phase of the interference (Table 1). 
But A is not a good quantum number. Even 
for excitation from the 0," level of water 
the type-b moment of the B-% transition, 
which is directed along the bisector of the 
two bonds, makes an angle of about 56" to 
the recoil vector R(H-OH). Thus the pro- 
jection of J onto R corresponds to 70% of 
A = 1 and 30% of A = 0. Furthermore, even 
at our estimated beam temperature of 10 K, 
76% of the ground-state molecules are in 
levels higher than 0," (mainly I,,); result- 
ing in fragmentation from a number of 
levels with a range of values of h.  This 
effect will lead to a further dilution of the 
interference depth. We note in this respect 
that there was no hint of an intensity alter- 
nation in the spectra for this system pre- 
sented in (5). for which the molecular beam 

temperature was - 100 K. 
Thirdlv. in the real molecule the nonadia- 

2 ,  

batic transition between the B and % states 
can take place over the ranges of values of R 
which correspond to the seams of intersection 
in the full three dimensions. 

Finally, the results of Fig. 6 lead to an 
understanding of the observation that the 
intensity alternation is only present for par- 
allel polarization. The anisotropy of frag- 
mentation following the B to % crossing 
wlll be controlled by the same factors as 
operate for the A to % crossing at a conical 
intersectloll in NH,. The observations for 
ammonia have been rationalized using a 
classical, energy and angular momentum 
conserving impact parameter model. It is 
assumed that the final momenta are estab- 
lished at the "point" of the conical inter- 
section, for which the atoms are coplanar 
(21). Applying this model to H,O, by the 
time that the HOH angle has opened to 
reach an H-OH intersection; the line of 
atoms will be approximately perpendicular 
to the axis of the excitation transition mo- 
ment, with both H atoms moving parallel to 
this axis. Thereafter, if the molecule makes 
a B to % transition, the nascent OH will 
rotate with high angular momentum while 
the free H atom will tend to continue in a 
straight line, particularly when in partner- 
ship with the highest IV-states of OH, lead- 
ing to a dominant parallel polarization. 
However, any subsequent B to % transition 
via the H-HO conical intersection will tend 
to degrade the anisotropy from this limiting 
behavior. 

In contrast, the B to A transition involves 
an interchange between nuclear and electron- 
ic angular momentum, the effects of which 
have been successfi~lly modeled for the pre- 
dissociation of HCO (22). The consequence 
of this quantum phenomenon, for the case 
where A = 1, is that after the transition the 
atoms tend to move in a plane which has 
become rotated by 90" about the linear axis, 
and thus perpendicular to the original excita- 
tion transition moment. Given that the B to 2 
transition is subject to quantum interference, 
but the 8 to A transition is not (Fig. 6), it 
follows that the interference should be most 
clearly observed in parallel polarization, as 
observed. 

Fig. 6. The calculated population distribution 
for the I1-doublet components o f  the  OH 
ground state. The A'  I1-doublets w i l l  contribute 
t o  the t ime-of-f l ight spectrum most  strongly in  
parallel polarization, and the A 11-doublets in  
perpendicular polarization. The marked alterna- 
t ion for the  A '  components relates t o  the  in- 
terference noted in  Fig 5. 
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