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z=f(X,y)=X*+Yy*+6
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z=f(x,y)= x2 4 y2 +6 Construct the tangent line.
P=(118)
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Recall that:

D, f = Vil =|Vf||t]|cosd=|Vf|cosé



Recall that:

D, f = Vil =|Vf||t]|cosd=|Vf|cosé

Consequently,

D, f Is maximized when 6 =0
D, f Is minimized when 6 =
D, f =0when VI LU



In other words:

1. You ascend a hill most rapidly when you go in the compass
direction indicated by the gradient vector of z.

2. You descend a hill most rapidly when you go in the compass
direction indicated by the negative of the gradient vector of z.

3. Your elevation doesn’t change when you go in a compass
direction at right angles to the gradient vector of z.
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Recall that when at a relative maximum or minimum point on a
surface, If a tangent plane exists, then it must be horizontal.
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This also suggests that the partial derivatives are zero
at such a point.




Z=X"+Yy°+6

Recall that when at a relative maximum or minimum point on a
surface, If a tangent plane exists, then it must be horizontal.

This also suggests that the partial derivatives are zero
at such a point.

And this leads to the following test.




Definition: Let (a,b) be a point contained in an open region R on which
a functions z = f (x, y) iIs defined. Then (a,b) is a critical point if
any of the following conditions are true:

1. z,(a,b)=0=2,(a,b)
2. z,(a,b) does not exist
3. z,(a,b) does not exist



Definition: Let (a,b) be a point contained in an open region R on which
a functions z = f (x, y) iIs defined. Then (a,b) is a critical point if
any of the following conditions are true:

1. z,(a,b)=0=2,(a,b)

2. z,(a,b) does not exist
3. z,(a,b) does not exist

Theorem: If z= f(x,y) has a local maximum or a local minimum at a
point (a,b) contained within an open region R on which z = f (X, y) Is
defined, then (a,b) is a critical point.



Second Partials Test: Suppose z = f (X, y) has continuous second partial
derivatives on an open region containing a point (a,b) such that
z,(a,b)=0=2,(a,b), and let

Zyx (a’ b) zxy (a’ b)

D=D(a,b)= 2, (a,h) Zw(a’ b)| = Lyx (a, b)zyy(a’ b) — Lyy (a, b)Zyx (a,b).




Second Partials Test: Suppose z = f (X, y) has continuous second partial
derivatives on an open region containing a point (a,b) such that
z,(a,b)=0=2,(a,b), and let

Zyx (a’ b) ny (a’ b)

D=D(a,b)= 2, (a,h) Zw(a’ b)| = Lyx (a, b)zyy(a’ b) — Lyy (a, b)Zyx (a,b).

Then:

1. fD>0andz,(a,b)>0, f(a,b)isalocal minimum.
2. IfD>0andz(a,b) <0, f(a,b) isa local maximum.
3. IfD<0, (a,b, f(a,b)) is asaddle point.

4. 1f D =0, the test is inconclusive.



D(0,0)=4>0

—(0,0,6) is a local minimum point
. 0,0)=2>0=(006) P



