
ESS100 Modelling and simulation
Solutions to exam Mon, 18 December 2006

Exercise 1

(a) It gives faster simulations.

(b) From the step response can the static gain and the time constant be determined.
Static gain is given as b/a and the time constant as 1/a.

(c) The output signal does not depend on future values of the input signal, or in
bond graph modelling, it is possible to write the system as an ODE..

(d) Test of the model. Examples are: cross validation (test of the model by use
of a new measurement series), residuals and poles and zeros, frequency response
(compare with spectral analysis)

(e) Make two different step responses with different magnitude of the step. Com-
pare time constant and static gain, they should be independent on the steps mag-
nitude.
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Exercise 6

(a)

ẋ =

[ −3 10
0 −1

]
x = Ax

(b)

Euler method: xn+1 = xn + hf(x) = xn + hAx
A is on diagonal form => eigenvalues on the diagonal, λi. For stable simula-

tion
xn+1 = xn + hλixn = (1 + hλi)

nx0

The simulation is stable if |1 + hλi| < 1
λ1 = −1:

−1 < (1− h) < 1

0 < h < 2

λ1 = −3:

−1 < (1− 3h) < 1

0 < h < 2/3

Stable if h < 2/3
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