GENERAL PROPERTIES of WAVES

MECHANICAL DEFINITION OF A WAVE

Waves can be thought of as a traveling vibration within or at the surface of the earth.  In three dimensions, the mathematics is complex.  If we assume that velocity not only varies as a function of position in space (i.e., heterogeneous media) but also as a function of the “direction” that waves a travelling (“anisotropy”) the mathematical complexity becomes a problem that is only just now, after hundreds of years of mathematical innovations, being tackles.  This may be a great research topic for someone to take on for their advanced degree!

WAVES vs. RAYS

We can simplify the mathematics by reducing the problem in several ways.  We can assume that the earth is two-dimensional and begin to use a cartesian co-ordinate system. That’s not too bad an assumption if we have receiver-source distances of about a 100 km or less.  In this case, the wavefronts are curved and can be drawn on a sheet of paper.  An additional simplication comes from considering that at the scale of an observer the wave front can appear to be a flat surface, so that the wave fronts, locally are planar.  Now that makes it a little easier.  

Finally we can use rays. Rays are one common way to simplify reflection seismology problems.  I will often analyze a reflection seismology problem in terms of rays a more accurate description would use waves. Rays are easier to visualise than wavefronts. Rays are ideal and have an infinite frequency content so they can image all objects regardless of how small they are. That is to say that a ray or a line of light or sound has only one dimension and therefore is always smaller than any object on which it impinges. This is a theoretical approximation only works if we have waves with a frequency content that were infinitely high.

Limitation of Rays

Of course we can start to see that a reduction of waves to rays will have limitations but as long as we are aware of them we can stay honest in our analysis of problems.  In an isotropic medium, I have said, seismic wave travels in a direction normal to the wavefronts and it is convenient to represent its normal as a seismic ray.  I repeat that this is only true in the case of an isotropic medium.

 Rays can not be used to explain diffractions.  We know the limitations of rays in an intuitive way borrowed from optics. The term ray is adopted from optics. In optics we know that this concept of ray (or pencil of light) will travel around an object and not only travel on a straight path. When???

When the size of the object is very small in comparison to the wavelength then the object will cause diffractions

 So, rays are a useful concept when the size of the object we are trying to examine is several times the size of the wavelength. Rays can not predict wavefront paths if the obstacle is much smaller than the wavelength. When this situation occurs, point obstacles (a relative size problem) scatter energy in all directions (diffraction) and full wave theory is needed to explain the wave path as and amplitudes, which are not the same in all directions.

Rays sometimes do not work well at discontinuities.  More about this later when we deal with critically refracted rays at interfaces between two different media.

 We do however, use rays to simulate a model diffraction if we apply Huygen’s principle to a point reflector and consider it to radiate energy in all directions.  But, remember in this case we are assuming a point, that ideally has no width or breadth.

PARTICLE MOTION

Particle motion is actually 3-dimensional although the representation that is often shown is 1-dimensional.  From a simple spring and ball model it is easy to start seeing how deformation must relate to the degree that particles are able to rotate and stretch with respect to each other.

GEOMETRIC SPREADING (or SHERICAL DIVERGENCE)

As we move away from an energy source and make recordings of the strength of the signal, the intensity diminishes. This does not only occur because individual frequencies are being filtered out by natural attenuation processes in the earth but because the energy that initially was concentrated in a very small volume around the seismic chargetravels as a wave and distributes itself over a wavefront that increases in size in all directions.

Normally, the effects of spherical divergence can be corrected during the seismic processing by taking into account the distance travelled by each part of the seismic trace. Distances can be calculated using velocity and traveltime information.

Geometric spreading makes the amplitude of a signal falls off in proportion to the distance traveled by the ray. So that if the path of flight is doubled the amplitude will decrease by a factor of: square root of 2.






