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1. Find the solution z = z(t) for 0 < t < 2 that Yields an extremum for the cost function

J(z) = /02 G (2(2)) + z(t)2(t) + £(t) + 22(t) + t2) dt,

where z(0) and z(2) are arbitrary. (15pts)

2. Find all the broken extremals of the cost function

2
Y L2
J(z) = / (@) *-6(0)*) a,
0
having exactly one corner, and such that z(0) = 0, and z(2) = 0. Give explicit functions for each portion
of the extremal. (20pts)
3. Given the cost function

J=3 /0 1( (=) + (u(v)?) a,

‘ and z(0) = 10, z(1) = 0, where z satisfies a‘}(t) = u(t), determine the optimal input u(t) for 0 <t<l1lin
feedback form by using

(a) the optimality equations based on the Hamiltonian, and (10pts)

(b) the solution to the Riccati equation. (10pts)

4. Consider a system described by

E1(t) = —z1(t) — u(?t)
E2(t) = —225(2) - 2u(t).

Assuming [u] < 1, determine the trajectory of the state vector [ I1 Io ]T under a control which wil]

transfer the states from [ -5 7 ]T to[ -2 0 ]T in minimum time. Plot the trajectory, and determine
all the state variables at the switching point(s), but do not compute the switching time Instance(s). If
there are more than one possible trajectories, show all of them. (25pts)
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1. Find the solution z = z(t) for 0 < ¢t < 2 that yields an extremum for the cost function

2
J(z) = /0 (%(:ic(t))z + 2(0)(t) + #(t) + 2(1) + t2) dt,

where 2(0) and z(2) are arbitrary.

Solution: Given the cost function

J = /02 O(z,2,t)dt = /02 (é (:i(t))2 + z(t)&(t) + z(¢t) + 2x(t) + tz) dt,

where z(0) and z(2) are free. The Euler-Langrange equation gives

d

0 — —8; =0,

(a':+2)—d%(:i:+x+l) =0,

=2,
or

z(t) =2 + c1t + ¢y,
for some constants ¢1 and c;. We need to determine the unknown constants from the boundary
conditions. At t =0, £(0) is free, so

[@i]ho =0,
[z +z + 1],., =0,

t+c)+ (B +eat+e)+1], =0,
t=0

or
it +ce+1=0. (1,1)
At t = 2, 2(2) is free, so similarly
[Qi]t=2 = O’
[t +c1) + (82 + crt + c2) +1],_, =0,
or

3Cl+02+9=0.

(1.2)
we obtain ¢; =

—4, and c; = 3. Therefore, the optimal solution is
z(t)=t" -4t +3for0<t <2

Subtracting (??) from (?7),
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