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Problem No. 1: For the linear time-invariant system:

(a) Find the state variable description of the system.

The transfer function of the system has the form of the ratio of two polynomials as given by

Y(s) and U(s) is the Laplace transform of the time domain system output and input respectively. The denominator
can be factored to give the relationship of H(s) as follows

Now, we can use partial fraction expansion and obtain

So, with the use of the inverse laplace transform, we can determine the state variables as

Which we can write in matrix form as

For the system :
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Therefor, we identify the state variable matrix as

(b) Compute the state transition matrix, Φ(t).

We can find the state transition matrix with                                            After we form the matrix, we

can take the inverse Laplace transform to obtain

With
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(c) Using the state variable representation, implement this as an RLC circuit.

Due to fact that the system is unstable, the system can not be implemented as a
RLC circuit.

Problem N0. 2: This problem deals with various aspects of Z-Transforms.

(a) Derive the expression for the Z-Transform of x(n) = na-n u(n) .

With the definition of the Z–Transform given as:
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We have the Z–Transform of x(n)

Now, we differentiate with respect to z to obtain:

Therefor, we can multiply both sides by –z-1  so we can obtain a form that can be
recognized in Table 8-1 .

Now, we can use Table 8-1 entry 3 to make the transform:

With the Quotient Rule, we differentiate with respect to z and obtain:

Finally, we multiply by –z to give the original identity :
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We note that this gives us a general result of the solution and we must therefor
manipulate the expression to give the original identity. We can multiply by T and let a
approach  0 which gives:

(b) For the transfer function,                  ,  find a closed form expression

for h(n)  (dont’t use long division).
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Now, we can make the substitution 

X( )z
H( )z

z

X( )z
( ).2 z 1

.2 z
2 .3 z 2

by factoring, yields

X( )z
( ).2 z 1

( ).( ).2 z 1 ( )z 2

Now, we can factor out 2 from the first term in
the denominator and obtain

X( )z
( ).2 z 1

..2 z
1

2
( )z 2

simplifies to

H( )z .( ).2 z 1
z

.2 z2 .3 z 2
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yields expands in partial fractions to
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Therefor, H(z) is of the form 
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Now, we can inverse transform using transform pairs 1 and 3 to obtain  h(n).

(c) Is the system stable?

No: The solutions for the two poles show that the system is unstable.
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(d) Is the system causal? Explain.

Yes. From  we see that the output of the
system will be 0 for any input x(nT) for n < 0. 

Problem No. 3: For the system shown:

0 nfor          )2(6.0)5.0(4.0)( ≥+−= nnnTh
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(a) Plot the spectrum of g(n)

The expression for the spectrum of the sampled signal x(t) is given by:

The spectrum of the sampled signal is obtained by multiplying X(f) by fs and reproducing the
Product fs X(f)  about dc and all harmonics of the sampling frequency fs.

For n = 0

For n = 1

So, we have
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(b) Plot the spectrum of y(n):

The signal y(n) is the sample of x(t) at the sample rate of  5 Hz/2 = 2.5 Hz.

For n = 0

For n = 1
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(b) How do you explain the fact that the sample frequency of y(n) is less than the
Nyquist rate, yet there is no distortion?

From the original figure, we can see that the highest frequency is 1.5 Hz so the Nyquist
rate is 2*1.5 = 3 Hz. However, the original signal width is 2.5Hz, so, the signal can be
reconstructed with no distortion due the fact that the sampled signal is reproduced about
dc and all harmonics of the sampling frequency fs.


