
MATH 10C: Calculus III (Lecture B00)

mathweb.ucsd.edu/~ynemish/teaching/10c

Week 9:

Homework 7 due Wednesday, November 23

Homework 8 due Friday, December 2

Today: Method of Lagrange 
multipliers

Next: Strang 4.8
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Method of Lagrange multipliers. One constraint

flxiyhproblem
:

find the of on themaximumiminimum

glxiy
)oaurvedefined by the equationt c

that is

suppose that f is differentiable and C is smooth
.

problem solving strategy :
set up the system of equations using the followingtemplate

DfLxoiyo
)=xMgCxo,yo){ glxoigo)=o

Solve for 2o and yo (
may

have multiplesolutions,

The largest of the values of f at points (
ayo)

foundabove

maximizes fon C
;

the smallest of the values minimizes fon C.



More about step u

Lagrange multipliers used to find the critical points,are

The points of local minimal maxima are critical points.
but critical points are not necessarily local minimal maxima

Suppose(xo,yo)....(nign) are the points that satisfy the S

Lagrange multipliers equation and flxayo
)

a flxiy .) =...flaniyo)
if glxy)o is bounde

,

then (
oyo)

minimizesf onglxy)o,d

Cxniyn
)

maximizes f on glay
)o ( we know maximin exist

)

if glay)=
o is unbounded

,

visualize and determine whether

f gets larger or smaller as lay) goes to infinity along gixyko
if glxy)o is unbounded but we consider only a bounded

part of it
,

then checkthe alue of f at the endpoints
(

boundary)

of D



step 4 of the last example

Example Use the method of Largange multipliers to find the

minimum value of flxiy
)=xt4y?-2x+8y

subject to

the constraint xt 2y=7.

Steps 1-3: Point (5.1) is the only solution to the

Lagrange multipliers equation.

Step 4: What is the minimum of fay) on gexy) = o?
Is xt 2y=7 bounded? No

Mx
+2977

If by
) goes

to infinity along

glyl0 in
any

direction bl
- -

-
-

-
-
---

and lyl become infinitely large , a

Isoftendsto to in direction and in direction, (5, 1) is a unique
critical point

,

f 15,11 =27. Conslusion
:

F(5.1=27 is the minimum



Method of Lagrange multipliers

Maximize flay )= x (
xtzy'-1) subject to xty?= 1.

1. Maximize flay
)

-
xCxtzg?-i) subject to g(cy) = x

+y?

- 1

2. Set
up the system of equations

{
3 x+2y?- 1 =X.2x 4)

fx = 321 +2
y?

-1, gx
= 2

x

uxy =
X2y

(2)

fy = 4
xy

i gy =2
y

x?ty?-+ (3)

3. From (2): either
yoo or( divide by 9) 1=2

x

If goo : from (3) x=Es

If
y 5o,d

=Z2

: use (3) in C
1) 32+2 i0trg?J

-14X22,

xt
1-2dx

then ueseX =2x: 2+1=2.(22)
x,

PH
=42?,

x
=5,

K
=IF

From 13)5+4?=1, ye =5,Y=IB
4. Compute FCliO

),

FL
-10),

FLGIF
),

FIBIE
),

FEFIE
),

FEBI
5)



Method of Lagrange multipliers . Cobb-Douglas function

Company's production level is given by the Cobb-Douglas

formula flxiy
)=

2.520.45 40.55, where x is the total number

of labor hours
,

and
y represents the total capital input .

suppose l unit of labor costs 40$, one unit of capitalcosts

50$. Use the Lagrange multipliers method to find the max

value of flxig )= 2.520,45y
0.55

subject to budgetary constraint

of 500000$.

s
. Objective function is f

,

the constraint 40-
x+50-y

=500000

glky) = 404+50y-500000, x20, 420

2. Set up
the system of equations :

-0.55 0.55 Och
5

-8.45

fa = 2.5-0.45.
x y , fy =2.5-0.55-x Y ,g 7-40, gy

=50

w
w

9 ¥
8



Method of Lagrange multipliers . Cobb-Douglas function

fx = 8Y ( 1055 = d
-40= d-gxe ()

(
a) { 15

j045

= X.50
(

z \

40
x+50y

=500000 ( 3 )

3. Solve the system (*):

(1J-3 Y=I
ao

.s

" ( )055 (2) ->
"
8.50

"

y( 10"5= x
9
40.8 $/ 1055: "50'8 (5/045.. Y= 40.8 9.%

50-8
=1. 4%

45

g
: 44
u

5

k

x
=5625,y =5500


