3 15.8 L.a%ran%,a_ Multpliers

NOuJ we. QJCUS on de:n% MinImUuUm OH/LA MO X ImuUm Va!u.é,s of an
objective funchion ubject to a constraint g

Lookin% ot Jevel curves : ¥ Ro;} -

z_ = ?(x,\/) — level curves k={0qy) /
%(x. ) = constraint equal |

to o constant O \

mox Vg V‘P
The mimmum  ond. moximum values occur Wwhere V‘P and V

oY e O‘(‘Q“e/[ &:‘_

Uhy First, draw the constrant. — s /)
Ne,x+ draw any level curve 2 \\‘h:\cpk(
HLch ntersects —ﬁ bk

constrant o e e
Nez con CO\]C[L[O\,J['@, Y_E a-}— N ‘\*X( plbunds

the se Pomfs, <

As e increase , the level

curves will be movm : alon%

Once we nerease. k. onfﬂ‘ LL)]MJ‘&, 'H’Lé,
constramt and level curve aV‘e/ % cﬁﬁﬂ

we cannot nerease ko and shIl it F tHha
constraint

|ine IS %ani?m* o me}l h ar\d % at B so
V& and V% or‘H«o OXOV\ to P whch
M EONS ore. d_Pm‘a e,ac,l/\ o

We use Hms c,l;u‘[’ermme +he. mun ar\c’\
Mo |

Thm Lagrange multipliers

let F be, on ob'e,d—l‘ve, Runetion ond =0 be a
cons ﬁ"awﬁ‘ 5upPoS€, 1D |(1a5 on 6x+rem¢_ \/a]LLL Le.
o min  Or max, ot

Then P V% #‘O od’P we  have VP ?\V% Q,‘i_P

L
La_ on

W\U«\HP e



Nete: The theorem tells us (¥ there is a win or max,
VF =xVa. However VP:AVa+ém5 not mean there s

N

CL WMV o YNOLX at Hf\is Pm

As with absolue. extrema, we ewaluate £ of all
points  whare VPs}\V% and {Aﬂdm'\ey the min and

YNnocK,
Methed ©Solve. the system EVP =>)\\7%
‘ — %Lx,\/ =0
T working with  P(x3)Y), we Lnd points Gy,
T wor k(‘n% with ?Cx,\ZZ)/ " ve! b (x,;//,z).
And 50  on!

@EValucH'e, Q at all PDJ‘MLS QounA @ Ho dﬂ.nfh@y

min and max L values.

Exl Find +the absolute min and max of -P(x,\/5=;<—y subject
fo the constrant x%+y% - 3xy =20,

Note: We cannot eas{)\( <zve. xg“—\/ Q—BXV = QOQ_ fPor x or
V. T8 we have a_ constraint like Xy =28 we
-?M w;ljre,p Y —):Q(D‘X; ahA&P}u Cﬂﬂ(s into ng,\/ﬁ

5 (x)= x-a0O+ x ot s o cale

){%]z,aﬁon problem. Tnstfead, we ned fo use

ig%fan (:80, Wﬁp liers.

Ve = (B, PO= 0 -1
%CX@; xf“”yi— BX\{ -0
V% = <9~><*’37l) 9-7—- 3>‘~>

Solve. iVP=)\V% ';32{ ?x:/\%x

(Y d=0 £y = A
% ! X‘glya’ x\/\/w?.O:O

=0 @: A (Ax=3y) = X#£0 and Ax-3y #0
@) -1 = A (Ay = 3%)  A#0 and 2y-3x#0
Al x%+ Ny &-3xy -20=0

Then @ = )\:’s&)lfff;; and @ = A= &_£3x

N l —'l

M-BV - Z -3x
AN—3x = '304*'3\{




Ne solved both chuodions For N 4o relate % anoty.
NOUJ, we.  con P[UL Fhis relohon o @ to %ﬂif—

velues  for  x or -

X%+ yE- 3xy - 20 =0
)Yt N2 =3y - 20 =0
P8 S R -

N NS ?;y - 20 =O

Sy&:QD
y =74
Since. X ="\ = and =-d
TR I
Now, we evaluate £loy)= %=y  oF (-2,2) and
(_Q)-*Q> bt (Xf\i\, -C—[_x,\f\)—_ XY
(-2,2) f-2,2)=-2-2 = |-4| min
(2B £(2,-)=2-(A)= L0

Exd Find +he absolite min and max of p(x,y) = Xyz
subject to xHAy2+ {22 =19,
Ve= b, £y, £> = {yz, xz, xy>
Y%(-X'VBZ xsh_ Q7a+ U2 —
Ca, = <%,>(j g_\]) %z> :<QX, qy,g&.>

0

Solve. Vz = A(RAx) =
xz = ANy) =

XNy = A(Bz)=2Thz &
xe g2 fz2= 9

TP 2#0: ® = A= 5%

v\




a 2
ow, @ = x2+ Z(E) e H(E) -9 -0
Zx =9
x =*[3
x=-13 x =1z
_ x* = + 1= SN
ﬁ?" a NT -= N2
TE w=0: ©yz =0
@ O =4\
@ 0 =%A2
2 y=0, A=0 & z=0,A=0 & y=2=0
Does not
@ 4,2=-9q . O dy& =9 . 50&1‘5{—\/ constrant
Z.:t-a 7 ::i'ﬁi

Oimilac (F y=0 or 2=0.

However! We do not mead 1o 8nd and check all of
these PDH’\'("S b@,c,a,use, e x:_C)) \/:O) of
Z:‘—O) Fhaon PCX;y,Z)CX\;Z:O_ T

Now, we  nead o check thae ?oim% Coom  (K).

Since. we ore Ipokfn% Pr e min and max  values
and.  not Hie oints W here. +‘]/LQY oCcUN, e See.

that Lor 4l 3 paints (k) Ixyz|= |13 Z &= 35
%Z.P(x]\/."a.):t%% ouoawdm% on the  signs  of

Mox = 2t
Eﬁ Find H’lc_ olfmu\s:bns O'D 'H’LZ, rl.%)r\‘l" C,ir‘cular‘ C,\/,"ndﬂ" O'P

maximum volume that can be ” inscribed in a sphere
of radius 6.

Objective i moximizce volume
Consfraint: x+y2+2® =|*=250
g0 hare /
From the picture %Vﬁd"usnogaﬂﬂmﬂ@ = a1zl
(58 = 153 |
so0 in terms of ¢ and N,
e have V(e h)= Tréh
(Pi h\ DL_]._ + Y‘a_" QS@
=

v _ 91elT _ 32
Answer! r= 3, h= 322

S
ra:Xa+ﬁ

E -_— C)‘,Y'Z)




Note: When we oare finding gbsolute  extrema, we do

NOT use +he H24YDerivabve Test +o c,lassh%

mms _and waxes becouse po{nJrs (a,b) that

Saﬁﬁpy g VL (a,b) = A V%C‘l;b) ore. npot ne,cessm-\&
O&qu b) =0 .

s 08 R (e, VRGb) = 0)

crvhicol porl

Recoll cale | (absolute. extrema on an interval)

Flxd= y2
PUxd= Ax =0 ‘

x =0 is the crheal nuumber
VXY= = 2AMpT gaves local/relatve

P'(o) >0 min @ x=0
Now, restrict £(x) 4o -2 x£2

N& 57Ll“ have e ceifcal pumber =0
N fn"l’@r'\/a]J but we also have fo
‘ ( chock +ne beoundowies  x=-| and x=2:
N L=0= X | 1QC><3=><2

o) Cl) — A bsolute Min @ x =0
2| 4 — Abselute Max @, w =&
Snce  PV(xd)= L 20 Por oll %, the

second ciervcdjive, test only  works
for local /relative exthrema. The soma

——

s Yrue.  tor ijecuter dimonsion<.
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