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Exercise 1 (5 p)

(a) Sketch a second order (i.e., with two states) electrical system with a causality
conflict. Concisely motivate your and check the presence of the causality conflict
by drawing the bond graph of the system you have proposed. (2p)

(b) Consider the bond graph in the figure below.

List all possible combinations of junctions ‘x’ and ‘y’ leading to a conflict-free
graph and mark the causality. (1p)

(c) Derive a state space model from the graph obtained at point (b). (2p)

Exercise 2 (5 p)

Consider the system

y(t) = 0.1u(t− 1) +
ξ(t)

1 + bq−1 + cq−2
, ξ(t) ∈ WN(0, λ).

Show how the parametersb andc can be estimated by using the LS method.

Exercise 3 (5 p)

(a) Show that theΦw(ω) = λT , wherew(t) ∈ WN(0, λ) is a signal sampled

with a sampling timeT . (3p)
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(b) Calculate the spectrum of the rotational speed of a rotatingbody, with a fric-
tion element ofb = 10 kNms/rad and inertiaJ = 10−3Kg m2, when the input
torque isw(t) at point (a) withλ = 1. (2p)

Exercise 4 (5 p)

Consider the Simulink model below:

(a) You would like to simulate the system using a Runge-Kutta method

k1(t) = f(x(t))

k2(t) = f(x(t) +
h

2
k1(t))

x(t + h) = x(t) + hk2(t)

which is the largest step size that can be used in order to havea stable simulation?
(4p)

(b) What value onx(0.2) andx(0.4) do you get when using a step size ofh = 0.2
(x(0)=1)? (1p)

Exercise 5 (5 p)

Answer to the following questions.

1. How can the spectrum of a signal be estimated by usingN samples? (1p)
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2. How do the local and the global errors of the Forward Euler method depend
on the step sizeh? (1p)

3. Explain how, in the PE method, the covariance of the estimated vector of
parameters depends on the variance of the measurement noiseand the size
of the data set. (1p)

4. Consider the DAE
Eẋ+ Ax+Bu = 0,

with E singular. Explain how to use the result stated in the Kronecker theo-
rem in order to easily calculate its differentiation index. (2p)
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