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GEOP 315

Fall 2009
Homework assignment # 1
Fermat’s and Huygen’s principles
(Due date: 1/11/2009)

Objectives
1. To understand the importance of Fermat’s principle in deriving Snell’s law in the refraction case.

2. To understand the importance of Huygen’s principle in constructing wavefronts in various media.
Fermat’s principle

Fermat’s principle states that a wave will take that path which will make the traveltime stationary (i. e., maximum or minimum).  Mathematically:

dT / dX = 0,

where T is the total traveltime along the wave path and X is the distance from the source to the point where the wave changes its direction (e.g., point of reflection or refraction).  In most situations in the earth, the stationary path is the minimum-time path. In this exercise, we will use Fermat’s principle to derive Snell’s law in the case of refraction.

Exercise 1
Given Figure 1:

(a) Use Fermat’s principle to derive Snell’s law in terms of the angles of incidence and refraction.

(b) Verify that this value of X refers to a minimum-time path.

Figure 1
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S: Source
R: Receiver
C: Refraction point
ES: Earth’s surface

SR: Subsurface reflector
Z1: Depth from source to reflector
Z2: Depth from receiver to reflector
V1: Velocity in Layer 1
V2: Velocity in Layer 2
D: Source-receiver offset

X: Distance to refraction point
i: Incidence angle
t: Refraction angle

Huygen’s principle


Huygen’s principle states that every point on a wavefront can be regarded as a new source of waves.  It is useful in drawing successive positions of wavefronts. In this exercise, we will use Huygen’s principle to draw successive positions of wavefronts in the following types of elastic media:

1. A homogeneous isotropic medium.

2. Heterogeneous isotropic medium.

3. Homogeneous anisotropic medium.

4. Heterogeneous anisotropic medium.

Exercise 2

A. The medium is homogeneous and isotropic with a constant velocity of 3,500 m/s.  The wavefront is plane.  Draw the wavefront after t = 250 ms.  Answer the following questions:

(1) Did the wavefront change its shape?

(2) Did the wavefront change its direction?

B.
The medium is heterogeneous and isotropic with a velocity function given by             V(Z) =  3,000 + Z.  Draw the wavefront after t = 250 ms.  Answer the following questions:

(1) Did the wavefront change its shape?

(2) Did the wavefront change its direction?

C. The medium is homogeneous but anisotropic with a velocity function given by:    V() =  2,000 (1 + 0.5 |cos ), where  is measured counter-clockwise from East.  The wavefront is initially spherical.  Draw the wavefront after t = 200 ms.  Did the wavefront change its shape?  If yes, what is the new shape?
D. The medium is both heterogeneous and anisotropic with a velocity function given by:    V(Z,) =  (2,000 + Z) (1 + 0.5 |cos ), where  is measured counter-clockwise from East.  The wavefront is initially spherical.  Draw the wavefront after t = 100 ms.  Did the wavefront change its shape?  If yes, what is the new shape?
Figure 2A
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