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1) (15 marks) The nodal equation for a parallel RLC circuit is given by
v(t)
dv(t)
+ iL (t) +
dt
R
where
v is the voltage across the capacitor, iL (t) is the inductor current given by iL (t) = iL (t0 ) +
1 Rt
v(τ
)dτ , and is (t) is the input forcing function, i.e., u(t) = is (t). Obtain a state space representation
L t0
of the circuit by defining appropriate state variables.
is (t) = C

2) (15 marks) Obtain a state space representation of the single-input single-output system given by the
transfer function
b1 s + b0
H(s) = 2
·
s + a1 s + a0

3) Note: This question has 3 parts (a), (b), and (c) that can be solved independently.
For the state equation given by
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(a) (15 marks) Find y(t) when the input u(t) is a unit step function and the initial state is zero at t = 0.
(b)(15 marks) Diagonalize the state equation.
(c) (15 marks) Obtain the transfer function from u to y.

II

4) (25 marks) Consider a double pendulum system on a moving cart as shown in the figure below. The
dynamic equations are given by
Ji θ̈i − mi gli sin θi + mi li ucosθi = 0, i = 1, 2
where J1 = m1 l12 , J2 = m2 l22 are the moments of inertia of the pendulums, l1 , l2 are the lengths of
the links assumed to have negligible masses, m1 , m2 are the masses of the pendulums, and u is the
acceleration input to the cart. Assess the controllability of the system around θ1 = θ2 = 0, θ̇1 = θ̇2 = 0
and obtain the condition under which the system becomes uncontrollable.
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