TheGradient Field of a differentiable function fis the field of gradient vectors.

In 2D, the gradient field of f(x,y) is the set of vectdi§(x,y¥ (fx(xy), fy(x.y))
In 3D, the gradient field of f(x,y,z) is the set of
vectors Of (x,y,2F {fx(xy), fy(xy), f, &)

Work & Flow along a path -- Path Integrals

Letr(t) = ( X)), y@), z(t)> be a smooth path and T(t) = unit tangent vector of r(t).

Work along r(t)
If F(x,y,2) = ( M(x,yz),Nkyz),P&yz)) is (afield of) force vectors,

then the Work done by the force F( x, y, z) along the curve r(t) from t=a to t=b is
t=b
W = [FeT ds
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What this really means — different forms of the same integral:

t=b
W = [FeT ds
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= I Fe— dt because of the Chain Rule (usually most useful form)
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I Mdx + Ndy + Pdz the most common form (yuck!)
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Flow along r(t)

If Fis a continuous velocity field, then tHew along r(t) from t=a to t=b is

t=b
Flow = IF T ds (and it has the same alternate forms as the work integral)
t=a



