11.8 Lagrange Multipliers
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B Click here for answers.

1-4 w1 Use Lagrange multipliers to find the maximum and

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

1. f(x,y)=2x+y, x*?+4y*’=1
2 f(x,y)=xy, X>*+y*=4

3. f(X,¥,2z) =X+ 3y + 5;
xX2+y?i+z2=1

4. f(X,y,2) =x—y+ 3;
X2+ y?+4z2=4

B Click here for solutions.

5-8 1 Use Lagrange multipliers to solve the problem.
5. Find the shortest distance from the point (2, —2, 3)
tothe plane 6x + 4y — 3z = 2.

6. Find the pointontheplane 2x —y + z =1
that is closest to the point (—4, 1, 3).

7. Find the point on the plane x + 2y + 3z = 4
that is closest to the origin.

8. Find the shortest distance from the point (Xo, Yo, zo)
totheplane Ax + By + Cz + D = 0.
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I3 Click here for exercises.

1. Maximum f (i, 1 ) = g,
1

minimum f (—_ _
2. Maximum f (Tzv\/i) =f (7727
minimum f (TQ’,\/Q) =f (772

3. Maximum f (4=, 72, 752 ) = V35,

minimum f (74 -2 ,L)

Bl Clich here for solutions.

: 4 4 3
4. Maximum f <\/—1_7,——17, —17)
- 4 4 3
mlmmumf(f—n,—u,f—”)
7
5 T
5 1 25
6 (-3.-5 %)
2 4 6
1.(3.77)
8 |Amo+Byo+CZo+D|
) /A2 + B2 + (2
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I.f(x,y):2x+y,g(m,y):x2+4y2:1 =
Vf=1(21), Vg = <2Ax 8Ay). Then Az =1
1

and 8\y = 1 imply z = X = —. But

l_CL‘ +4y _)\2+ (64)\2) 2:%’50

A=£2L \/_ Thus the possible points are (:t

597
(:I:\/%, _%ﬁ) Since f is linear in  and y the maximum

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

4 _ — _ VT
V17’ 2\/ﬁ7 2

minimum value is f (—

g(z,y) =92" +y* =4 =
) /\Vg = (18\x,2\y). Then y = 18z implies

(z,y
f:
(z,9)
(z,y) =

) =
(v,
= (0,0) or A = y/18z and x = 2\y implies
(0, O)OI‘)\—%. Thus (z,y) = (0,0) or

% = % 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

(24.19). (4.

the ellipse is f (

-2 ) and the maximum value of f on
T,\/5) = 1 (=2, -V2) = 2 while the
minimum value is f ( \/_) (— —\/5) = —%.

3 f(2,,2) = 0+ 3y +5% 9 (0,9,5) =22 +47 + 22 =1
= Vf=(1,3,5), \Vg = (2X\z, 2\y, 2Az). Then
1 3 5
= AVg implies A = — = — = 1
Vf Vg implies 5% 3y 2 :
y = %z Then 2% + 3% + 2% = 1 implies
=+ 2P+ =lorz= i\/g. Thus the possible

points are (:I:— :I:T :I:\/——) with the maximum being

. o

f (\/%, \/%, \/ﬁ) = +/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), A\Vg = (2Az,2)\y, 8\z). Then

1 1
Vf = AVgimplies \ = — = =
f g implies %% 55 82
y:f—z Then 22 + 3 + 422 —41mp11es 2> =4dor
z::l:— Then the maximum of f on 2% + 3* +42% =4

N Clich here for answers.

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

= AVg = (6),4X, —3))
som:3)\+2,y:2)\72,z:f%/\+3and
(18X +12) + (8X — 8) + A — 9 = 2 implies A = £3. Thus

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

V61
6.f(x,y,z):(I+4)2+(y—1)2+(z—3)2,
g(zy,z) =2z —y+z=1 =
Vi=Q@2(@+4),2(y—1),2(z-3))
= AVg = (2\, =\, A)
soxr = \— 4y—17—)\z—3+1)\and
2(A—4)—( f—/\) (3+ 3\) = 1implies A = %

Thus the pointis (-3, —%, 22).

1. f(z,y,2) =2 +y* + 2%, g(2,y,2) =z + 2y + 32 = 4.
Then Vf = (2z,2y,2z) = AVg = (\,2)\,3)\) =
xz%)\,yzk,z:g)\and%)\—&—b\—&—%/\: =

4
A= %. Hence the point closest to the origin is (%

4
7

\Ilcﬁ

)-

»

8 f(2,y,2) = (z —20)* + (y —y0)* + (+ — 20)°,
g(z,y,2)=Ax+By+Cz+D=0 =
Vf=Q2(@-=0),2(y—v0),2(z — 20))

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

sox = 1AXN+ 20,y = 3BA+yo, 2 = 2CX + 20 and
1A’XN+ Azo+ $B°A+ Byo+ 1C°A+Cz20+D =0

A —Axzo— Byo—Czo— D
org = Ve —&—yB2 TCe . Thus
the square of the shortest distance is
(A% + B? 4+ C?) (Azo + Byo + Czo + D)?
(A2 + B2 + C2)?

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

, so the

distance is




