







































































Math2010 Week 12 II 1 1 ab offf eifa bb
Lagrange Multipliers

Q Whendoes f haveglobalextrema ai a

subject to constraint g c
b

Iii IT I a b 0 HyperbolaA sufficient condition
e Thelevelset 5 g c isclosedandbounded

f is continuous on S a a

By EVT f hasglobalextrema on S I IF
QuadraticConstraint for 2 variable ConicSection Rmk xy C CFO

gkif Art 2BxytCy4D EytF
also a hyperbola Y c

Sometypical examples of g c c o












































































iii y ax a 1 0 Parabola Fact By a change of coordinates
only 1 quadraticterm any quadratic constraint gangs _c canbe

transformed to one of theforms above

a o Ellipse Hyperbola Parabola Degenerate

eg 17 2 l2xyt8y11655 8155 0
Iv Degenerate Cases cut15 v2 2x y X122

1YI o a point o.o
l
t 22 1 where a g

k g

y
tuff I emptyset TV

hip O I Ift suis
aafc10

a pairof intersectinglines X

X c X 11C S
U

a pairofparallellines double lire if cO










































































lmk In thelastexample n and v are QuadraticConstraint for 3 variable
chosen so that the a axis vaxis gHey2 Ax4By'tCz't2Pxyt2Qyzt2RZX
Such u and u can befound using 1DxtEytFztG
theoryof symmetricmatrices in linearalgebra Sometypical examples of g c

Amongthenondegenerate quadraticconstraints EatYI t I a b c 0

above onlyellipse is closedand bounded How to graph it

Any continuous fixy
restrictedto an X't g't 22 1 is a unitsphere

ellipsehas bothglobalmaximin
Rescale in each
coordinate direction

Zn
It is nottrue for hyperbolaandparabola

µA continuous fixy
restrictedto a hyperbola I

fb
Y

or parabolamaynothaveglobalmaximin L Ellipsoid










































































Graph Yb L Y I 1

Upto rescaling can assume a b c l Zn

x y 22 1

Let r y s ydistancefrom lay z to zaxis r Revolve
around Xt

E Z N zaxis
Cao

A aB
r z I X4y 22 1

y peggy y Hyperbola Hyperboloidof sheet
around L
Zaxis

Ex Graph
r E I Tty 22 1

Hyperbola Hyperboloidof 1 sheet y 22 0 Elliptical cure

z x2ty Elliptical ParaboloidRink A riz 5,54 on

13 10,5124 C l 3 4,124 on Z K Y Hyperbolic Paraboloid

















Graphs of standard quadratic surfaces Source philschatz.com










































































Besides the standardnondegeneratecases Similar to the caseof 2variable i
above there are alsodegeneratecases

Anyquadratic constraint guy E C

including cylinders of conic sections can be transformed to one of the

eg
standardforms bya changeof coordinates

n X'ty 1 Amongthe cases abore onlyellipsoid
is closed and bounded

Cylinder of Ellipse Any continuousfuryz restricted to an

ellipsoid has bothglobalMaximin

E X It is not the case for otherquadratic
surfaces

Cylinder of parabola




































































































































































































































































































































































































































































































































































































