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Philip Morrison’s review of the first English Edition [22] of Benoit Mandelbrot’s book hit a 
precise resonance with me.  For the previous few years I had been studying waves reflected 
from irregular surfaces, motivated by an application to geophysics. All existing theories 
assumed random surfaces where asperities with a single length scale perturbed a plane; this 
disturbed me, because it created an artificial distinction between ‘roughness’ and ‘geography’ 
(in this case the flat earth). Before fractals, I had no idea how to convert this unease into 
physics.  

After fractals, the way was clear: assume a rough surface with fractal dimension D, 
and see how waves reflected from the surface carry an imprint of D. I called such waves 
‘Diffractals’ [1]. An exact analytical solution of the wave equation with such a boundary 
condition was (and remains) unavailable, even for the statistical quantities I was interested in. 
Existing approximation methods failed too: ray optics (short-wave asymptotics), because the 
transverse length scales include the wavelength; perturbation theory, because the asperities 
are high compared to the wavelength; and variational methods, because there is no ‘nearby’ 
exactly solvable model. Nevertheless, I made a little progress with a Kirchhoff integral 
approximation, that at least showed how D gets imprinted on the second moment of the wave 
as it propagates away from the surface. Later, this monochromatic analysis was extended to 
pulses (echoes) [8]. 

Those were the early days of quantum chaology, where a useful class of models for 
studying high energy levels is ‘quantum billiards’: waves confined within boundaries of 
different shapes. I wondered how a fractal boundary (or even a fractal domain) might affect 
the asymptotic distribution of eigenvalues, and dared to publish a speculative answer [2, 7]. 
In a misguided attempt to be more precise than my mathematical knowledge warranted, I 
guessed that it would be the Hausdorff dimension that influences the asymptotics. I should 
have referred to D simply as the fractal dimension, because it was soon shown that the 
Minkowski dimension is more appropriate [13]. However, the essence of the conjecture has 
survived and has spawned a small literature [17, 20, 19, 18], extending to number theory 
[21]. Nevertheless, an important problem has hardly been addressed: for a billiard with fractal 
boundary, what is the geometrical origin of the fluctuations of eigenvalue density? For 
smooth boundaries, the fluctuations depend on the periodic geodesics [14, 6] bouncing inside 
the billiard, but reflection and hence geodesics are not defined for fractal boundaries. This 
question goes beyond the averages described by the Weyl formula and its extensions.   

In the mid 1980s, talk of ‘The Evil Empire’ revived fears of nuclear war, and raised 
the possibility that smoke from the resulting fires would absorb incident sunlight but transmit 
radiated heat in a ‘nuclear winter’. Ian Percival pointed out that the estimates of this cooling 
were based on models of the smoke particles as spheres, whereas it was already known that 
they aggregate into fractal clusters as the smoke ages. In another application of diffractals, we 
gave a mean-field theory [11] of the absorption of electromagnetic waves by fractal clusters; 
again D was implicated in a nontrivial way, which survives in more accurate computations 
[24]. As intuition might suggest, the absorption is greater for a fractals than for spheres of the 
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same mass, so fractality makes the nuclear winter worse [23] (see also [25]). The effect is 
made even worse by the fact that fractal clusters fall to earth more slowly than spheres, 
implying a modification of the hydrodynamic Stokes law, that I was able to estimate [3]. 

In diffractals, waves get imprinted with the D of objects they encounter, but they are 
not themselves fractal, because the wavelength provides a natural scale. It was therefore a 
surprise to discover that there are circumstances in which waves themselves can be fractal, in 
the sense of possessing self-similar structures on scales between the wavelength and the size 
of scattering objects. Moreover, this occurs in one of the most familiar waves, namely that 
diffracted by a grating with sharp-edged slits [9]. This ‘Talbot effect’ [26] fractal is richly 
anisotropic, with different D lengthwise, crosswise, and diagonally. Transferring the analysis 
from the paraxial wave equation to the time-dependent Schrödinger equation shows that very 
simple nonstationary quantum waves can be fractals too [5, 10]. Another surprise was finding 
[16, 15] and understanding [12, 4, 27] fractal waves in the modes of unstable lasers: simply 
reversing one of the mirrors in the familiar stable arrangement changes the mode from a 
narrow Gaussian beam to a fractal filling the laser cavity. 

I would never have recognised and explored these hidden territories in my intellectual 
habitat of wave physics without Benoit Mandelbrot’s great discovery that self-similarity is 
commonplace rather than pathological.   
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