
An Introduction to Acousto-Optics

1. Introduction

In the year 1885, Lord Rayleigh attempted to describe the effects of earthquakes in terms of

what we now call surface acoustic waves [Rayleigh, 1885]. In his treatise, Rayleigh set in motion

the field of acoustics. Thirty-seven years latter and building upon previous work, L´eon Brillouin set out to analyze thermal acoustic fluctuations in liquids and solids by the scattering of light or X-rays off of changes in the refractive index of the medium [Brillouin, 1922]. In his paper, Brillouin gave the first look at the theoretical explanation of what has become known as acousto-optic diffraction. He used an analogy to diffraction gratings to determine binding equations on the output light. From his theory he was able to predict some of the common phenomena known today regarding acousto-optic (AO) devices, namely the deflection of light and the frequency shift of the deflected light.


An acousto-optic effect is produced by generating an ultrasonic wave in an optically transparent material. As the acoustic wave travels through the medium, it causes periodic variations in the index of refraction. For instance, in a crystalline solid, the wave produces compressions and rarefactions in the crystal lattice. Because the changes in the refractive index are periodic, the material behaves much like a diffraction grating, with site spacing equal to the wavelength of the ultrasonic wave. This is known as the elasto-optic effect, and was first proposed by Raman and Nath, 1935.


Typically the acoustic wave is launched into the medium by a piezoelectric transducer.

Application of an electric field to the transducer has the effect of deforming the material, producing

an internal strain. This strain is transmitted to the acousto-optic medium which is mechanically

coupled to the transducer. The acousto-optic medium can be liquid (such as water), solid (such as

lead molybdate), or even gas (such as water vapor). Any strain in the material should produce a

change in the refractive index. Incident light on the acousto-optic medium will scatter off variations

in the refractive index. The scattering of light can be tuned to create destructive interference

between certain wavelengths, thereby constructing an optical filter.


Other common uses of acousto-optic media include devices for modulating light for

communication, deflecting light, convolving or correlating signals, optical matrix processing,

analyzing the spectrum of signals, optical sources, laser mode lockers, Q-switchers, delay lines,

image processing, general and adaptive signal processing, tomographic transformations, optical

switches, neural networks, optical computing, and much more.


The applications of acousto-optics are extremely rich as is the theory. In this paper we present the underlying mathematical formalism describing acousto-optic effects. In addition, we present the common picture of the phonon-photon interaction wherein an incident photon collides with an existing phonon to produce the AO effect. Lastly we give an overview of a few of the above

applications of AO devices.
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 Questions to the Text
1. What paper pushed the developming of acousto-optics?
2. How is an acousto-optic effect produced?

3.  What ifs known as the elasto-optic effect?

4. What can be the acousto-optic medium?

5. What are the common uses of acoutic-opitc media?
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An acousto-optic modulator (AOM), also called a Bragg cell, uses the acousto-optic effect to diffract and shift the frequency of light using sound waves (usually at radio-frequency). They are used in lasers for Q-switching, telecommunications for signal modulation, and in spectroscopy for frequency control. A piezoelectric transducer is attached to a material such as glass. An oscillating electric signal drives the transducer to vibrate, which creates sound waves in the material. These can be thought of as moving periodic planes of expansion and compression that change the index of refraction. Incoming light scatters off the resulting periodic index modulation and interference occurs similar to Bragg diffraction. The interaction can be thought of as a three-wave mixing process resulting in Sum-frequency generation or Difference-frequency generation between phonons and photons. 
