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Real Time Wave Study

Many of the wave experiments we do in physics are not 
amenable to real time study. In this poster we show how a 
number of real time experiments can be done, and how they 
correlate to the continuous wave equivalents.

The three considered here are:

1. Reflections and the etalon.
2. Diffraction
3. Refraction

We will first visualize these phenomena in the time 
domain with ultrasonic transducers; then do a Fourier 
transform and compare to continuous wave measurements.



Real Time Acoustics

The source of waves is either a pulse or a burst.

Multiple reflections occur within the sample. The usual 
reflection coefficient is given as follows:

Γ=
Z 2−Z 1

Z 2+Z 1

      

Even though impedance, Z, is a CW concept, the reflection 
coefficient is often used for transient events. We can use it 
here and verify that it can be used for transient waves.
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The Etalon

The acoustic etalon is the same geometry as shown in the 
previous page. The time response is similar to that shown in 
the oscilloscope trace, and the frequency response can be 
calculated from the Fourier transform. 

As an example, we have an etalon with surface reflection 
coefficients of 0.7. The ratio of successive pulses is 0.49. A 
picture of the setup is shown below. 



Fourier Transform

The Fourier transform of this sequence of pulses is 
shown below

FSR = Free Spectral Range. 
FWHM = Full Width at Half Maximum. 
A measure of quality of an etalon is finesse, which is 

Finesse = 
FSR

FWHM

For the graph above, Finesse = 4.5.

This result can be compared to measurements made with 
continuous wave excitation over a range of frequencies.



Measured Frequency Response

The oscilloscope trace below shows the resonant peaks of 
an etalon formed by two sound heads shown at right. The 
peaks are 260 kHz apart, and the Finesse is about 5.

This trace was produced by simply using a sweep 
generator for the input and a simple diode detector on the 
output. The width of the sweep shown is about 650 kHz.



Bursts

The phase addition of the multiple reflections in the setup 
shown above can be seen by applying a burst to the 
transducer. A burst of 36 cycles at a frequency near the peak 
response produces this waveform

The amplitude builds as the reflections add in phase. At a 
frequency off the peak response, the reflections are not in 
phase and there is no build up. 



Acoustical Diffraction Grating

At the angle of the first maximum, θ, d will equal one 
wavelength. Since the signals are bursts, the amplitude of the 
received signal at the maxima angles builds up at the 
beginning of the burst and decays at the end of the burst.

The build up time is the time it takes sound to travel the 
distance D. In terms of cycles, it is the number of 
wavelengths in D. Here, at the first order maximum, the 
number of spaces insonified is about 4, the build up is about 4 
cycles, or, at 13.3 MHz, about 0.3 usec. 



Refraction in Real Time

For continuous waves, Snell's law is used to calculate the 
angle of refraction. Snell's law is derived from the fact that 
the crests and troughs of the waves must line up on both sides 
of the boundary. If the excitation is a single pulse, does 
Snell's law apply??

The angles in the figure below are given for CW waves. 

The internal angle is 45° and θ is the external angle.
Measurements of the angles will be made with a pulse 
excitation and compared with the known results for CW.

Without using waves or Fourier transforms, can you 
derive the acoustical Snell's law for a single pulse?


