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11.8 | LAGRANGE MULTIPLIERS

SECTION 11.8 LAGRANGE MULTIPLIERS = |

B Click here for answers.

1-4 = Use Lagrange multipliers to find the maximum and

minimum values of the function subject to the given constraint(s).

I flx,y)=2x+y;, x*+4y>=1
2. f(x,y) =xy; 9x*+y*=4

3. f(x,y,z) =x + 3y + 5z;
X2+ y2+z2=1

4. f(x,y,z) =x—y + 3z
x4+ yr+4z2=14

B Click here for solutions.

5-8 = Use Lagrange multipliers to give an alternate solution to the
indicated archived problem from Section 11.7.

5. [Archived problem 11.7.15]  Find the shortest distance from the
point (2, —2, 3) to the plane 6x + 4y — 3z = 2.

6. [Archived problem 11.7.16] Find the point on the plane
2x — y + z = 1 that is closest to the point (—4, 1, 3).

7. [Archived problem 11.7.17] ~ Find the point on the plane
x + 2y + 3z = 4 that is closest to the origin.

8. [Archived problem 11.7.18]  Find the shortest distance from the
point (xo, Yo, Zo) to the plane Ax + By + Cz + D = 0.
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2 = SECTION I1.8 LAGRANGE MULTIPLIERS

11.8 | ANSWERS

A Click here for exercises.

1. Maximum f (\/Lﬁ’ 2&) = 7
minimum f (—\/%,—2&) = _vIT
2. Maximum f (%,\/ﬁ) =f (77277\/5) =2
minimum f (%,—\/ﬁ) =f (*T{\/ﬁ) =-2
3. Maximum f( L ,\/%, \/%) /35,

minimum f (f

Bl Click here for solutions.

4. Maximum f (\/Ll_w—i”,
minimum f (f\/il_77 LN,
7
5. \/T
5 1 25
6 (-3,-5 %)
2 4 6
1.(37:7)
8 |A:L'o+Byo+CZo+D|
) A? + B2 + (C?
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11.8 | SOLUTIONS

SECTION 11.8 LAGRANGE MULTIPLIERS = 3

A Click here for exercises.

I.f(x,y):2x+y,g(x,y):m2+4y2:1 =
Vf=1(21), Vg = (2)\36 8Ay). Then Az =1
1

and 8\y = 1 imply z = X = —. But

l=2a?+4y° = A2+4(64A2>0rA2:%’SO
A=£¥ " \/_ Thus the possible points are (:t 03 \/_)
(:I:\/%, - 2\}ﬁ) Since f is linear in = and y the maximum

value of f on the ellipse is f (r 2\/—) £ and the

minimum value is f (—\/il—77 —2#) = ——V217.

2 fz,y) =2y g(zy) =9%"+y’ =4 =
Vi={(y ,:v) AVg = (18\z,2)\y). Then y = 18z implies
(z,y) = (0,0) or A = y/18z and z = 2)\y implies
(z,y) = (0,0) rA_iy. Thus (z,y) = (0,0) or
v T . a2 _ ,
o — % implies 4> = 922, Now (z,%) = (0,0) doesn’t

satisfy g (z,y) = 4, and when y? = 922, g (z,y) = 4

implies 2% = 2 or z = +¥2 ‘/_ Hence the possible points are

-2
9
( ) ( ) and the maximum value of f on
the ellipse is f (T? 2) = (—g,—ﬂ) = 2 while the
minimum value is f (—@,ﬁ) =f (%,—\/5) = —%.
3 f(2,9.2) =0+ 3y +52, g (@,y,2) =2’ + 7 + 22 = 1

= Vf=(1,3,5), \Vg = (2X\z, 2\y, 2Az). Then
. . 1

Vf = AVg implies A = om = % = %sox: %
_ 3 2 2 2 _ g

y = 2. Then z” + y° + z° = 1 implies

%z + —z +22=1lorz= i\/g. Thus the possible

points are (:I:\/—— :I:j’— :I:\/S—) with the maximum being

f (\/%, \/%, \/%) = /35 and the minimum being

1 3 5 _
33 —F) = -V

4 f(z,y,2) =z —y+3z,9(x,y,2) =2 +y° +42° =4
= Vf=(1,-1,3), \Vg = (2Az, 2\y,8\z). Then

Vf:)\Vgimplies)\:%:7%:8_3;50x:%z,
Y= *—Z Then 22 + y? + 422 = 4 implies & 68,2 _ 4 or
z

::I:\/—_ Thenthema)umumoffonx —|—y +422=14

5. f(2,y,2) = (2 —2)° + (y+2)* + (2 - 3)%,
g(z,y,2)=6x+4y—32=2 =
Vi=2(@-2),2(y+2),2(z—13))

= AVg = (6,4, —3))
sor =3\+2,y=2\—2,2= fg/\+3and
(18X +12) + (8X — 8) + A — 9 = 2 implies A = £3. Thus

the shortest distance is \/(%)2 + (%)2 + (—%)2 = 7.

V61

6 f(z,y,2) = (z+4)° + (y—1)* + (2 - 3)%,

g(z,y,z)=2x—y+z=1 =

sz<2($+4),2(y—1)72(2—3)>

= AVg = (2X, =\, \)

soz=A—4,y=1-2X\2=3+3\and

2(A—4)— (1= 3X) + (3+ 3A) = 1implies A =

Thus the pointis (-3, -, 22).

1. f(z,y,2) =2 +y* + 2% g(z,y,2) =z + 2y + 32 = 4.
Then Vf = (2z,2y,2z) = AVg = (\,2),3)) =
—l)\y:A zzg)\andl)\+2/\+2/\=4 =
4

A = 2. Hence the point closest to the origin is (£, 2, £).

8. f(%’yy»z) = (z—20)* + (y —y0)* + (2 — 20)%,
g(z,y,2)=Ax+By+Cz+D=0 =
Vf=Q2(@—-=0),2(y—wo),2(z — 20))

= AVg = (A\, BX,C))

sox = 1AXN+ 20,y = 3BA+yo, 2 = 2CX + 20 and
1A’X+ Azo+ $B°A+ Byo+ 1C°A+Cz0+D =0

A —Axo — Byo—Cz — D
org = Ve —&—yB2 TCe . Thus
the square of the shortest distance is
(A% + B? 4+ C?) (Azo + Byo + Czo + D)?
(A2 + B2 + (2)?

|Azo + Byo + Czo + D|
A2+ B2+ (C?

, so the

distance is




