4.80 (units: N, m)
minimize f =2plzRt - (246615.02)Rt

subject to
7957.75 '
- " <o, g = ~25x10° <0
BT % T
3 3
g, =P<7 R g, —(5.0x10°)- (6.5113x10° R <0

412
d, :?350—)93:$—50£0

g,=R20—>9,=-R<0
g;=t>20—>9,=-t<0

7957.75

L = (246615.02)Rt + ul( 2.5x10° + 312)+ 0,|(5.0x10° )~ (6.5113x10% jR*t + 5,

+u3(§—50+832)+u4(_ R+S42)+U5(—t+352)

oL

R (246615.02)t — u1(7957'75

Rt

j—(1.9534><10“)R2tu2 +ut—3— u, =0

oL

e (246615.02)R — u1(7957'75

Rt?

j—(6.5113><101° R, —tﬂzug —u; =0
i:siui =0 (uy>0) i=1...5

0S;
—>32cases > U, =S, =S, =U, =U; =0 —> U, =3.056x107*,u, = 0.3038
R =7.87x107m, t" =1.57x10°m, f~ =30.56kg
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4.81 (units: N, m)
minimize f =7lR,” ~R?)- (L2331x10°R,” - R?)

subject to
15915.5

P
= <o. 50, = -25%x10% <0
I I N (D

ER R g, =50000 - (1.62783x10° |R,* ~R,*)<0

g =

161°
2R, - R;) 2(R, —R;)

9,=R,20—>g9g,=-R, <0
g: =R, 20—>9.=-R, <0
:52915:2 _25x10° +5;° |+1,]50000 - (1.62783x10° R, —R,* )+,

o i

L=(1.2331x10° R, —R? )+ ul{

+u{M—50+532}+u4(— R, +s42)+ us(— R, +552)

2(R0 - RI)
oL 2(15915.5)R, R,
. (24662x10° R, _Wul — 4(1.62783x10° R 4, NCRT A =0
oL 2(15915.5)R, R,
i:siui =0 (ui 20) i=1...5
0S;

—>32cases—>U, =S, =S, =U, =U;, =0 —> U, =3.056x10*,u, =0.3055
R, =7.95x107?m, R,” =7.79x107%m, f"=30.56kg
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4.150

L P, | V2R, 2R 2P, |
Vg, = Vax? \/Ep(xl +/2x, )2 . Hg, - X, (x1 ++/2x, )3 (x1 +/2x, )3
~ , 2P, 24/2P,
Vo) (VxS (oev2e)
[ J2p, ] - 2J2P, 4P, |
Vg, = (x +\/_x ) . Hg, = (x1 +4\|/3x2)3 (Xliﬁf2)3
(X1+\/—X2) | (425, (x +v2%, ) |

g, : positive demidefinite — convex
g, : positive demidefinite — convex ; — constraint set is convex

' — convex problem
g5, 9, :linear — convex

f :linear — convex

4.152

o R J2pP
L =24/2%, + X, +U u 20000 ~ NS 200004 +u, (- %, )+u, (- X
{\/_{ Xy X1+\/_X2} } {Xl—'—\/ixz } 3( l) 4( 2)
glzgzzo(:U3:U4)

i=2\/§+u1 __h = i > [+ Uy — \/_P =0

X V2x, ﬁ(xlﬂ/?xz) (x ++/2x, ) —>u,>0->P,—3P, >0
—>tand >3

i:1+u 2R, ] 0

I:)V _ =
OX, ll_mlﬂj{ (xl+\/§x2)2

1P P,
- | 20000=0— X, =——*—
% \/{xl X, +/2X, } 1000042 P-P
5 5 —> X, = 20000 > >0—>tand>1
gZ:—PV—ZOOOO:O—>x1+\/§x2: 2R,
X, +/2x, 20000

optimal solution only when 6 >71.57°
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5.50
(0) problem formulation
Minimize f = 400(0.57D? + zDH )

D°H

subjectto h, = —-2507 =0

g,=H-8D<0
(1) check for convexity

vf = [4007zD +4007H } {4007[ 40071

4007D 4007 O
since Hessian of the cbjective function is NOT positive definite,
thisis NOT a convex programming problem.

(2) KT necessary conditions
aD*H

L = 400(0.52D% + 2DH )+ vl( - 2507zj +u,(H -8D)

L 400D + 2H +v1—7ZDH +u,(-8)=0
oD 2

2
i:4007zD+v1£+ul =0
oH 4

h,=0
9,<0,u9,=0,u 20

(3) solve the KT conditions

i)g,=0—>H =8D—>D=5H =40,v, =-226.7,u;, =-1832.5< 0(><)
ii)u =0>D=H =10,v, =-160,9, =H -8D=-70<0 — f~ =600007
sufficiency check:

2 2 2 4007 4007 0.57H 0.57D
VL=V"f +v,V°h = -160

40077 —807H 4007 —80zD
400z O 0.52D 0

4007 — 807D 0

a —-4007r —400x . o
\% L(x ): :NOT positive definite!
- 4007 0

vh,(x")'d = 257]2 1{31} —0>d=cfl -2

2

. 111 : -
d"V2L(x"Jd = -4007c2[L —2{1 O}[ 2}=12007zc2 > 0 — isolated local minimum
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(4) post-optimality analysis
h, : 2507 — 2557
Af = —v,Ab = -(~160)(2557 - 2507 ) = 8007
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