Fermat’s Principle (Reflection)
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S: Source
R: Receiver
C: Reflection point
ES: Earth’s surface 
SR: Subsurface reflector  
H: Layer thickness  
V: Layer velocity 
D: Source-receiver offset  
X: Distance to reflection point  
i: Incidence angle

r: Reflection angle
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 The last equation is Snell’s law for reflection.

Proof that dT/dX=0 corresponds to a minimum-time path:

· To find out if the point at which dT/dX=0 is a minimum; we must find the second derivative and prove that it is positive.

· See this Mathematica program for more details:
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.Fermat's Principle (Reflection)x)

Nty

infip= T =

outf1}=

ine)= dl = DE[T, X, Constants -> {V, D, H}] (Calculating dT/dX»)
D-X X

___b-x X
vVHZ + (D-x)%2  vHE 4P

outfg= -

Ingj= Solve[dl == 0, X] (xSearching for X that corresponds to dT/dX=0s)

o {{5=2])

(xx:‘zl means that the ray will be reflected at the mid—point (Snell's Law for Reflection)s)

In(i0}= d2 = DE[T, {X, 2}, Constants -> {V, D, H}] (Caleuating ¢>T/ax?,)

: L __ex? o ®__,_a
z 7372 ST
J#ion?  ([Eron?) (#7) N
out{10]= 7 + 7

(+To prove that specifically X=D/2 correspondsto a minimum, we substitute X=D/2 into ¢°T/ax.)

infi1)= FullSimplify[d2 /. X 5D /2]

161

out11)= m

1

2
(«Note that % >0, indicating a minimum—time path through X=D/2+)
(pZra W22y








SR





V








ES





r





i





   D-X





R�





S





D





   X





C





 H





 H








_1095570908.unknown

