A function of two variables has a local maximum
at (a,b)if f(x, y)< f(a,b)for all points (x, y)in some

region around (a, )
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A function of two variables has a local minimum
at (a,b)if f(x, y)> f(a,b)for all points (x, y)in some

region around (a, ).

e outside the region it is
possible that the function could
be smaller

A point (a,b)is called a critical point of f is one of the following s true :

i) Vf(a,b)=0, thatis BOTH f,(a,b)=0and f,(a,b)=0
i) fx(a,b)and/or fy(a,b)doesn'texist

f has a local maximum or fx (a, b) =(0and fy (Cl, b) 0

local minimum at (a, b) :
and the first partial U
derivatives of f exist there

(a,b)is a critical point

f has a local maximum or . ... .
local minimum at (a.b) (a,b)is a critical point

not all critical points lead to a local maximum or local minimum




£(0,0)=0

maximum in the the graph is in the
direction of the x-axis shape of a saddle
minimum in the the point (0,0,0) is
direction of the y-axis called a saddlepoint

Find all critical points (a,b)such that

f.(a,b)=0and f,(a,b)=0 Let
fo [y
the second partial derivatives are fo 1y
contiuous in some region around (a, b) Evaluate D at these critical points

I (a, b) > () == £ (a,b)is a local minimum
D(a,b)> 0/
\fxx (a, b) < 0= f(a,b)is a local maximum
D(a,5) < () s> f (., ) is a saddle point

D(a, b) = mee test giVCS no information




floy)=3x"y+y* =3x =3y* +2
f.=6xy—6x fy=3x2+3y2—6y
fo=6x(y-1)
f.=0=either6x=00r y—1=0

(a)x=0= f,=3y* -6y =3y(y-2)
= y=0ory=2

(0,0)and (0,2)

(b)y=1= f, =3x’+3-6 =3(x"-1)
= x=lorx=-1
(L1)and (—11)

ROWR D R

flr,y)=3x2y+y* =3x2 =3y* +2
f,=6xy—6x fy=3x2+3y2—6y

fo=6y=6  f =6y-6  D(00)=36
0,0)=—6
fxy — 6x fwc( )
D=(6y-6) —(6x) D(1,1)=-36
D =36|(y-1) - x*| £ (1) doestt
matter
D fnx
(002) >0 <0
(02-2) >0 >0
(1L,0) <0  ——

(-11,0) <O

D(0,2)=36
f.(02)=12

D(-1,1)=-36
3 doesn't

fo(=11)

" matter
Classification
local max.
local min.

saddle pt.
saddle pt.




A function of two variables has an absolute maximum
at (a,b)if f(x,y)< f(a,d)for all points in the domain of f

A function of two variables has an absolute minimum
at (a,b)if f(x,y)> f(a,bd)for all points in the domain of f

absolute maximum
Usually the domain is restricted to some region

f(x,y)=x2+y2+x2y+4
Restricted Domain :
—1<x<land-1<y<1

absolute minimum

A regionin R® (for us this will be the xy plane)
is called closed if it includes its boundary.

A region in R? (for us this will be the xy plane)
is called bounded if it is contained within some disk

(in other words a region is bounded if it is finite)

Extreme Value Theorem

there are points (a,b)and (c,d)in the region S

f (x Y ) 15 continuous In some so that f(a,b)is an absolute maximum and

closed bounded region S in R* f(c,d)is an absolute minimum

This tells us that the points exist but
it doesn’t tell us how to find them.




To find the absolute maximum and absolute minimum

values of a continuous function f on a closed region S :

1) Find all the critical points of f that lie in the region §

Evaluate the function at each of these points

2) Find all extreme valuesof f that lie on

the boundary. (This turns into a Calc I problem)

3) The largest and smallest of the values found in
steps 1 and 2 are the absolute maximum value and absolute

minimum value of the function f

Find the absolute maximum and absolute minimum values of

f (x, y) = x” + xy on the region S :{(x, y)Hx| <2, y| < 1} L
1) Find possible critical pts. inside the region ®
f(xy)=x"+xy
set st Critical pt. Ly ‘ ) S L
fi=2x+y =0 f,=x=0
Both have to be true at the same time (O’ O) L @

plugginginx=0intof, = y=0
2) Find all extreme values of f that lie on the boundary.
a) Lix==2 f(-25)=(2)+(2)y = fonL =-2y+4

no extreme points on L, |

flonL==2#0
b) L,:y=1 f(x1)=x"+x =>7f onL2=x2+xm, (%,1)
flonL,=2x+1=0=x=5
_ B
b feo)=2em :]{’ gﬁl[:;;%)::f no extreme points onL3|
d) Li:y=-1 f(x-1)=x"-x = fonL =x"-x (%,—1)
ffonL,=2x-1 =x=1
7(0,0)=0 f(F1)=2 f(F1)=2

absolute maximum absolute minimum absolute minimum




