
EE 8215 HW 7 Spring 2013

Due Monday 05/13/13 (noon, Xiaofan’s office)

1. Khalil, Problem 13.27. (In part (b), do simulations but skip the performance comparison question.)

2. In class, we used the PR Lemma to show that a positive real linear system,

ẋ = Ax+Bu

y = Cx

has relative degree one, that is, CB 6= 0. Show that positive realness also implies a minimum phase
property. (Hint: Write the system equations in normal form and apply Positive Real Lemma.)

3. The dynamics of the translational oscillator with rotating actuator (TORA) are described by:

ẋ1 = x2

ẋ2 =
−x1 + εx4

2 sinx3
1− ε2 cos2 x3

+
−ε cosx3

1− ε2 cos2 x3
u

ẋ3 = x4

ẋ4 =
1

1− ε2 cos2 x3
(
ε cosx3(x1 − εx24 sinx3) + u

)
where x1 and x2 are the displacement and the velocity of the platform, x3 and x4 are the angle and
angular velocity of the rotor carrying the mass m, and u is the control torque applied to the rotor. The
parameter ε < 1 depends on the eccentricity e and the masses m and M.

With y = x3 as the output, determine the relative degree and the zero dynamics. Provide a physical
interpretation of the zero dynamics.
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1. In class, we used the PR Lemma to show that a positive real linear system:

ẋ = Ax+Bu y = Cx

has relative degree one, that is, CB ∕= 0. Show that positive realness also implies

a minimum phase property. (Hint: Write the system equations in normal form and

apply the PR Lemma.)

2. The dynamics of the translational oscillator with rotating actuator (TORA) depicted

below are described by:

ẋ1 = x2

ẋ2 =
−x1 + ²x2

4 sinx3

1− ²2 cos2 x3

+
−² cosx3

1− ²2 cos2 x3

u

ẋ3 = x4

ẋ4 =
1

1− ²2 cos2 x3

[² cosx3(x1 − ²x2
4 sinx3) + u],

where x1 and x2 are the displacement and the velocity of the platform, x3 and x4 are

the angle and angular velocity of the rotor carrying the mass m, and u is the control

torque applied to the rotor. The parameter ² < 1 depends on the eccentricity e and

the masses m and M .

With y = x3 as the output, determine the relative degree and the zero dynamics. Give

a physical interpretation of the zero dynamics.
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