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Abstract: We report an ultrasonic hologram based on Quadratic Residue sequences encoded with resonant
building blocks behaving as an ideal Lambertian scatterer from both sides, with spatial autocorrelation coefficients
6~0.7 each one, therefore diffusing waves in both transmission and reflection.

In this work, we present a bi-directional asymmetric ultrasonic hologram that can simultaneously control both
the reflected and transmitted wave-fields. To do that we design a surface made of a discrete spatial distribution of
monolithic elements with different properties than the surrounding medium. This allows to compress two identical
or different wavefield scattering patterns (for transmission and reflection) into a single monolithic object.
Depending on the applications, such hologram could be useful in situations where transmitted and reflected
wavefields need to be controlled at the same time, such as a bi-directional diffusing system emitting and receiving
equally in and from all directions (equivalent of perfect optical diffusers in optics [1]) or as a bi-directional beam
directivity selector, e.g., focusing/collimating/decollimating beam switch. Such hologram could also be used
directly in reflection situations for minimizing unwanted specular reflections, e.g., reflections from surgical
instruments during ultrasound-guided medical procedures [2].

We consider the building block is made of a monolithic polymer block of length / surrounded by two water
blocks of length d; and d> respectively (see Fig. 1(a)). The sound pressures, p, and normal particle velocities, v-,
atz = 0 and at z = L can be modelled by means of the Transfer Matrix Method (TMM). We consider each building
block is independent from each other in the structure and considered as an equivalent fluid. Such approximation
can be made due to the low difference in impedance between the water and polymer media, with a polymer-to-
water impedance ratio, coupled with the fact that shear waves can also be neglected due to the system being
considered under normal incidence. Therefore, the scattering coefficients of each building block can be calculated

In order to design a lens that can behave as an ideal scatterer in both reflection and transmission directions,
the latter must display a phase distribution coefficient at the surface, (x, y), such that the spatial Fourier transform
of said distribution approximates a flat distribution. There are many number theoretic sequences that can help de-
sign such phase distribution, such as the maximum length or quadratic residue sequences [3]. Here, the quadratic
residue (QR) sequence will be used. In order to determine the phase distribution coefficient at the surface, &(x, y),
we perform a data base of properties of the monolithic polymer block to produce the desired phase of the reflection
and transmission coefficients.



Figure 1. (a) Representative 1D Scattering Matrix diagram of a block of total length L composed of a polymer

element and an exterior water medium. (b) Picture and detail of the fabricated sample. (c) Experimental setup. (d)
3D measured acoustic field at 1.1 MHz from both sides of the diffusing hologram.

A picture of the fabricated sample can be seen in Fig. 1(b). It has been experimentally tested for underwater
acoustics in the water tank shown in Fig. 1(c). In this talk we will show the excellent agreement between the
theoretical predictions and the experimental results, and we will discuss in details the main features of the system
with a Physical insight of interest for the audience of the META conference.
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