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Chapter 1
1.1-1 u
a). N

-1 1
Lyy = Q = [ 1 ___2}
Since @ is negative definite, Lyy < 0. Therefore, ¢* is local maximum.
_ 1 -1 1 Uy PR TR R ' g
Ly = 3 [ur  ua) [ ) __2] [uz} +[0 1] [U2] = —guiFuug - U+ U

Optimum value of L, L* = ‘—1/2.AThke gradient
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3
11-2 —1][0 .
x_ _pn-le_ _* -
w=-ams== [ ][] =[]
1-1 1
hma=[7 1]

Since |Q] £ 0, v* is a saddle point.

1.1-2

L{z1,z2) = 2 — 2120 + 25 + 32y
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1.1-3

a). U= {;} ) fu = [42;;} ’ ft;lxt&Oz {8- .

_[ & &) e o) fho= 20
fuuw=1 o1; 79_4, Tlo 12 TweM=0T o of

| fuul = 0 = origin is a singular point.

c). flz,y) =a>+y* f(0,0)=0,2>>0forallz#0. y*>0forally#0.
f(z,9) = z?+ y* > O for all z # 0 and y # 0 = (0, 0) is 2 minimum point.

1.2-1 f ‘
’:30 L X
:
Ta T a0+ Ly 30y
L(z,y) =§(x—20) +§(y-—30)
(:L' y)""\/—:ﬂw—_jzo,

H(z,y) = L+A”f=—(ac—20)2 (J 30)* + MV3z —y),

S ' Hy=V3z—-y=0 A=1.16
He=2-20+XM/3=0 )= z=17.99
Hy=y-30—-A=0 y=31.16

Closest point: (z,y) = (17.99,31.16), distance = v2L* = 2.32.

it
Time = IOm.pi ~36 hours.
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1.2-2
L= mingy(d7),
f= di—di.
H = II(J:,?,/\)=(3a""931)2+(y"‘yl)2
)
A [ —2)?+ (= n) = (2= 22)" = (= 92)7]
' %ﬂ = 9z — ) 2Nz — 21) ~ 2A(z — 22) =0
xz
%% = 2y— )+ 22y —u) - 2My—v2) =0
%{; = (“’"331)24"(31*3/1)2‘“(’3“‘:62)2‘(y"'y2)2 =0
T = (1 +>\)9;1 — >\2§2
y=(1+Nn - Ay
)= Tt ity
=Y, T= 5 *2
1.2-3 ) |
.{2”31); conet,
) ) i R
H = —2—(:81 ”m2)2+§(y1 —y2)® + A (Z'% —'53"1)
2 zq
H, = —(z1-—22)+ a;’* =0,
2)\12
Hy, = —(y—y)+ —g%‘/" =10,
23 3

a?(zy — 22) b2 (1 — v2)
A= = — .
‘ 22, 2y2

From the above equation we obtain

9
x5 ui

a? b2

a2y, + byizn = (a® +0%)zap2.

= 1,
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The above equations have two unknowns which can then be solved for.

1.2-4

a).
f(z,9)
L(z,y)
H(z,y)
H

Hy
HS’

Y

Il

2243 —y—6=0
1

. 2, Lo o
5=+ 5= 2)

L—i—)\Tf:%(m—-?)"’—%—%(y~2)2+/\(m9+3x——y—~6)

2248z —y~6=0
2= 24 A2z +3) =0

y—2—2
3248 22—z 3 2 _
T3 =53 22° 4 Oz 6z — 26 = 0,

b). By Newton’s method (z¢ = 1.5, four iterations). = ~ 1.7086, y ~ 2.0454,
A ~ 0.0454, distance=+/2L* ~ 0.205.

1.2-5
a).

Y k
N 1L
‘\j\ ) T
H(z,y) = z2y+XM2z+2y-p)
Hy = 2242y—p=0
Hy = y+22=0
Hy = 2z+2x=0
A= -p/8, z=y=p/d
- \\ :g'\\. ‘\.‘"x X
H(z,y) = 2z+2y+ Mzy—d?)
Hy = my—«azz()
H, = 242y=0
Hy = 24X=0
V2

A= — z=y=2a.
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1.2-6

b).

HHu
o)

1 (10
2° [oz]*

frmsm——
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™

. -2 -2

+[75) =0
AR E e P
5] =0

1‘U-
2
u -

10
[02} +2=0,

HHE =S

 —(R+BTQB)” 1BTQC {13/5} K:[
(I - BK)C = {lﬂ, M =~z ~-[

7y [09
_ 50 ’\’“[1.8 g

23*

K = (R+
0 = BTQ—

0 1
—0.4 1)

-18]
i)

(R+B7QB)™
~-KC

= —(I-BK)C
QU — BK)C

}Z-CTQ[I — BKIC

BTQ

i

1

o

Q- QB(BTQB+ R M)BTQ =Q(I - BK)

BTQB)™ BTQ
(R+BTQB) K
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Furthermore,

BTQU - BK) - RK
~KTBTQ(I - BK) + KTRIK
QU — BK) - KTBTQ(I - BK) + KTRK

where KT BTQ(I — BK) + KTRK = 0. So,

0
0 ‘
QU - BK)

o

So = QU -BK)=(I-KTBT)Q(I - BK)+ KTRK
= (I-BEK)QU~ BK)+KTRK
= -;—CTSDC = ;;—CT(I — BRY'\/O" V(Q)I - BE)C
+5CTRTVE VRKG
1 a7 ., 1 L N\T "
= 3 [Vau-smc] [Vau- i) + 5 (VRrC) VREC
c).
So = Q-QB(R+BTQB)™ BTQ
- (wa +BR—-IBT)"1
1.2-8
a).
L = 2222 f:$2+y2+zz_“rz =0
H = L+ATf=a%%"%+ /\T(:c:' +yi 4+ 22—
Hy = 244" +22-2=0
I, = 22872 +22y=0 (1)
H, = 22%224+2y=0 (2)
H, = 22%'242)=0 (3)

From (1)-(8), we have z® = y* = 2%, Now,

Hy = 32°-’=0=2%=

. 2 3
~ = (—3—)

2

2y 3
St
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7
: P2\
H = .2 222-— — =0
R @>
H, = 224202 =0= %27 = -1/)
Hy, = 2y+222%2 =0= 2%2% = —1/)
H, = 2z42:22%% =0= 2% = —1/\
Therefore, v
22 = y2=22:~$2=7"‘i/3
I* = x2+y2+z"’=r?.
c).
f o= B+ttt +bl—r?=0
H = L+)Mf
Hy = bI4+b3+4+b34--+b2—12=0 (4)
Hy, = 26536302 + 2500 =0 (5)
Hy, = 203302 b, +2b,0 =0 ' (6)"

From (4)-(6), we have

bi" = bg:bg:---:b;’:
Hy = abi-1?=0=bl=r*/n
[T AN UL R 1A
T o\n/) n
b+ b3+ - 4+ 02\"
bjog. .0 < (‘ - .

e n . .
Let a; = b?. Tlence, ¢; > 0 and (&ﬂ—;‘t—f—“—ﬂ-) is the maximum value of
ayasaz -+ Qn 1.6,

ai1aonQa-++ (@ < al'*“flg-{--.. a, n
14243 n f
; ¢ s Un )
(ula'-’aS "'Cln)" < ( 1 ; az + -+ n)

n
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1.2-9
filz,y,2) = 3z 4+2+z~1=0
f2(mly)z) = z+4+2y-3z—4=0
- EZ ,1_2 _1_2
L(zx?:z) = 233 %2y +22
Let
z
f::{j;l], w=|y]|.
: F4
z
o o_ Lo 3 2 1 -1|}y
o= gty AQ}L 2 -3 —~4] L}
: 1
Hy, = Ba+2+2~1=0
Hy, = z42y—32+4=0
H, = y+3\+A=0 (7)
}ly = I/+2/\1+2/\220 (8)
I, = 24+ A =3 =0 (9)
From (7)-(9) we obtain .
z = =3\ —A
y = ““‘2A1-——2A2
z = =X 43Xk
and .
: 1
7A1+2A2 = ——
22 +7h = =2
I'eSU.lt il'] }\1 = -9_16’ /\2 - -—%%‘ }Ience’ T = _3_%‘ y= _g, 7 = ___lgf_g_.
1.2-10 L
)
L,y
-y e
(S % .D..L-:'i
b T

a). Here we have,
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9
L(z,y) = A(=+v)
22 P
f@y) = —m+p-1=0
(22 ¢
2)
Hy, = 4+Z-2-:::0 (11)
2\
Hy = 4+-g§~y=() (12)
z*
Equations.(11)-(13) result in
A= ~2Va? 4 b
o2
T Va? +?
2
v = T
i
LI, = Hy, - 2{3—ny + i"—’gh’u
r *
Ao 2hy%ar 2 a’y? ,
= g%.;_w‘mgbq =35 [1 quz] <0, iff A<0
b).
oz N
Ley) = oy, J@y) =gt —1=0
2 2
H(z,v) L4+ ATf=day+ A %5-**%—-1)
22
H. 4y + -;—2-3: =0 (14)
2A
Hy 4+ 35'.130 (15).
2 2
Hy = %+%5—1=0 (16)
Equations (14)-(18) result in
A= =2ab,
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10
, = @
= 7
S b
Y
which gives the optimum area
L
L* = 7

This area is the maximum since

fy £
fvp o+ lvg,,
fx Iy+f£ x
= 4814 )

= 4b[1+bx] <0, (a>0,b>0).

L, = Hy-2
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