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1. Consider a system described by 
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Find the state space representation of the system.
2. (a) Obtain the differential equations of a circuit with a single loop containing a capacitor of 1 F and an inductor of 1 H. Use state variables x1= capacitor voltage and x2 = inductor current. Write the state space equation of the system.
(b) Define new state variables y1 = x1 + x2, y2 = 2x2. Find the state space equation in terms of the new state vector.

3. Which of the following sets of vectors are linearly independent?
a. 
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in (R3, R)

b. e-t, te-t, e-2t in (U, R), where U  denotes the set of all piecewise continuous functions defined on [0, ∞ ).

c. 3s2+s-10,  -2s+3,  s-5  in (R3[s], R)
4. Two tanks are coupled in series such that water are pumped into the first tank and an
opening in the bottom makes the water flow into the second tank, which has a similar

opening with outflow of water. Each tank can be modeled with the mass balance

equation
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where A is the tank area, h is the height of water, qin and qout are the inflow and

outflow of water, respectively. Energy balance (Bernoulli) gives
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where v is the outlet water velocity. With outlet area a, the outflow then becomes
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[image: image7.wmf]The pump flow is proportional to the pump voltage V , according to

qin = kV

Both tanks have the same dimensions (of A and a). The nonlinear tank dynamics are therefore
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a) Find the relation between h1, h2 and V in a stationary situation ( 
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) and denote these 
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Introduce a state vector x, input u and output y as deviations from the stationary point as
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Then linearize the nonlinear dynamics.
b) 
Calculate numerical values for A, B and C at two different linearization points corresponding to 
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