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Problem 7 (25 points)

A dynamie system with input w(#) and output y{t) has the transfer funetion representation
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1. (5 points) Determine the ODE representation of the system and express your answer in the standard form
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2. (12 points) Obtain an all-integrator block diagram representation by expressing the transfer funetion as
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where ns) and d{=) are polynomials in ».

3. (B points) Find a state-space representation for the system using the all-integrator bloek diagram derived in
pari 2 along with the state variable assignments xy = p,xs = #1(t), .. ., Tn = Fn—1(t). This assignment places
the state space representation in eontrollable canonieal form.

Problem 8: (30 points)

Consider a LT 5150 system with the ODE representation

i + 54 + Gy = 4u (1)

1. (8 poims) Using Laplace transform methods, caleulate the zero-input response w4 and the sero-state response
Yzaqy for the initial conditions y(0) = 1,4(0) = —1 and the input u(t) = ¢ *us(t), Where ws(t) is the unit-step
function.

2. (5 points) Following the result in problem 7, find the eontrollable eanonical state-space representation. For
this case, where m = 0, let Pis)/U{s) = nis)/d(=), P{s)}/Y(2) = 1, and use the state-variable assignment
Ty —p =y and x4 = ¥y

3. (2 points) Determine the initial state voetor o(00).

4. (5 points) Compute the state transition matrix €(f). Cheek your answer by showing that $&{0) = I.

£

. (10 points) Using the state-transition matrix, calenlate the gero-input response vz, and the sero-state response
Yzaqry for the initial conditions and the input provided in part 1.

Problem 9: (30 points)

A single-input single-output (5150) system with input «(£) and output y({t) is represented by the state space model
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y(t) = (0 —1 )x(t)+ ult).

1. (5 points) Determine the cigenvalues of the system matrix A.
2. (5 points) Determine the state transition matrix ${t) and check your answer by verifying that {0) = I.

3. (10 points) Caleulate the zero-state unit-step response of the system by applying the following result from
leeture 5

ylt) = Ca(t)e(0) + C'f“[ gt — v} Bu(r)dr 4+ Du(t).



4. (6 points) Determine the transfer funetion representation of the system using the A, B, C and ) matrices. If
possible, eancel poles and #eros with the same location in the splane. Plase your result in the standard form
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5. (4 points) Uszing the transfer function obtained in part 4, determine the zero-state unit-step response and ehock
your answer against that obtained in part 3.

Problem 10: (15 points)

1. (3 points) Suppose a single-input single-output (SIS0 system is represented by
x = Fz4 Gu

y = H=x

We can find another state-space representation by introducing a new state vector © that is related to the
original state vector x by xr = P, where P is a constant, nonsingular matrix (a matrix is nonsingular if its

inverse cxists). In terms of the new state vector 1, the SISO system representation is
3 + Gu
Yy = Hx.

T

Express the matriees F, G and H in terms of F, G H, P and P, If x is a n x 1 column voetor, what must
be the dimensions of the matrix P?

2. (1 point) Given that the only restriction on the transformation matrix P is that it is nonsingular, how many
different state-space representation oxist for a given system?

3. (5 points) Consider the state-space representation
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Determine the cigenvalues of the system matrix and show that the corresponding cigenveetors are

m:(']}) and m(f)

4. (6 points) Apply the transformation in part 1 to the state-space system in part 3 using
P=(m m).

Compute the matriees F. G and H in the now state-space representation

F = F':i'+-|'_='.-'u
Yy = Hx.

What do the numbers on the main diagonal of F represent?



