[Ask students to remind me to return HW at the end of class.  Sound them out about moving the midterm exam to Nov. 2.  Hand out candy.]
Section 11.6: Directional derivatives and the gradient vector (concluded)
If (f ( 0, then (f points in the direction of most rapid increase of f:

Du f = (f (x,y) ( u = |(f | |u| cos ( = |(f | cos (, which is maximized when ( = 0.


If |(f | = 0, no conclusion can be drawn.  (E.g., consider f(x,y) = x2 + y2, f(x,y) = – x2 – y2, and f(x,y) = xy at (0,0).  In the first case, every direction is a direction of ascent for f; in the second case, no direction is a direction of ascent for f; and in the third case, the two opposite directions (+sqrt(2),+sqrt(2)( and  (–sqrt(2), –sqrt(2)( are the directions of steepest ascent.  As we will see soon, these are all examples of critical points; they are respectively a local minimum, a local maximum, and a saddle point.  For a picture of a saddle point, see page 670.)

Question: If f is differentiable at (1,1), with fx(1,1) = fy(1,1) = 1 (as in the TEC animation we saw last time), what’s the direction of greatest increase for the function f?

..?..

..?..

The (1,1( direction (or, if you insist on using unit vectors, the (1/sqrt(2),1/sqrt(2)( direction).

On to functions of three variables!:
Let S be a level surface of the function f(x,y,z). 

(Assume it’s a true surface, and not for instance the set {(x,y,z): x2 + y2 + z2 = 0} = {(0,0,0)}.)

Let P(x0, y0, z0) be a point on S.

Why is (f (x0,y0,z0) orthogonal to S at P?

..?..

..?..

Consider any path on S through P, and replay the argument we used for level sets in 2 dimensions.

Since (f  is orthogonal to every path through P on S, (f is orthogonal to S.
We define the tangent plane to S at P to be the plane through P with normal vector (f (x0,y0,z0) (in the case where the gradient is non-vanishing).

[Group work #1: Two Ways]

[Hint: If you’ve got a relation between cos ( and sin ( that lets you solve for tan (, then you can use the trig identity tan2 ( + 1 = 1 / cos2 (  to solve for cos2 ( and sin2 (.]
