



































































Last time
Problem a maximum on C

find extreme values of f x.gl f

subject to constraintglx.gl k

level curves glayl k and fix.gl 5 touch at 1 0Yo
Of X Yol Ltg XoYo

a number Lagrange multiplier

Method e Lagrange multipliers
To find maximum minimum values of f x y

subject to constrain g ix g K
Find all values of x y h such that f gx

OF x y XTglx.gl fy tgy
g ix g k

evaluate f at all points found in a

maximum largest value of f
minimum smallest



Lagrange multiples with constraints
Loblem find min max values of f x y Z subject to

two constraints glay zl k ry

surface hix.gzteydefineacurveCglxigiztf
IfatPlxo.Yo Zo on C

F has a min or max then

directional derivative
D F 0 D f of

where T is the unit tangent
surface hlx.y.tl c vector along C at P

So VF XoYo Zol is orthogonal to P
Of
p
lies in the plane orthogonal to C at P

This plane is defined by rglxo.jo Zo and Ph XoYo Zo
Therefore

OF Xo Yo Zo XVglxo.jo Zo Mth XoYo Zo
Two Lagrangle multipliers



Method Lagrange multipliers
To find maximum minimum values of f x y Z

subject to constraints g ix y Z K and hixy Z C

Find all values of x y Z X M such that

OF x y Z Pg ay 2 tmphlx.y.zlyfxxgxtyuhx.gly Z k fy tgy µhy
h x y 71 C fz Xgz Mhz

evaluate f at all points found in a

maximum largest value of f
minimum smallest

E find the max value of f x y Z try 32 on the curve C of

intersection of x y 12 1 taplanel and

fifty
laylinde

Tiny t



Sol f 1 t.tt

4.2XFy2 X 1 1 M 24
3 1.1 14.0 1 3 and

3 24 1

1 2 1 guy a y
y 1 Now 492 1 1 I 1 1 1

4 1 M F
Solution 1 3 M F Eg y Eg 2 1 Xty 1

Solution 2 1 3 14 y Z 1 XY 1

fixy 2 21 32 Fl It 13fgftmf.laze
f 1 3 Tg



Ef Plane 4 34 82 5 intersects the cone z x4y
in an ellipse C Find highest and lowest points on C

Sol glx.ly Z 4x 3y8Zhx.y Z x4y2 z2
flxy z z

WADE maximin of f subject to 91 9,21 5

and hixy Z 0

X 4 µ 2x
4 if 4 0 1 0

0 1 1 3 M 24 y u

1 1.8 141 22 2

but then

yyq.gg
giggyz

4 34 82
16 9 6411

5 39 8 10 4 µ

y E IE IEE E x
1a 4I



X 8

Solution 1 1 3 µ t 8 4
y 1,2 4 51
lowest point Csolution t.net iI e

Ef Rectangular box with a is made of 12m of cardboard

What is the max possible volume

x y z o f x y 2 xyz volume no lid

9 x y Z Xy 2 2 792 12

single constraint Feared
yt Xly 221 1 4 Note that to

2 1 22 1 41

y X 2x try 1 1 f
Xy 2 2 212 12



2 11 41 0 y X 1 41 1 14

1 0 Z Xy 2 7 212 12 3
2
12

12
should be 30 7

2 y 2 2 1

max volume 2.2 1 1


