SO335: Leibnitz Rule, applied to a Fixed Volume
For a fluid density field, ρ, defined over a fixed volume, V, the change in mass, M, over time is represented as 
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?  For that we turn to Leibnitz Rule.  Let F(x,t) be a function of space and time:
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The area under the curve (shaded) F(x,t) between x=a(t) and x=b(t) is 
[image: image4.wmf]()

()

(,)

bt

at

Fxtdx

ò

.  The time rate of change of the area under the curve is simply the time derivative of the integral, 
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.  Physically, how can the area under the curve change?  Either F could become larger between points a and b (left panel), or a(t) moves left and/or b(t) moves right (right panel).  I.e., 


Thus Leibnitz Rule tell us 
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When the volume is FIXED (as we have assumed here), the points a(t) and b(t) do not move.  Thus 
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.  And we are left with
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