EE 422G Notes: Chapter 5 Instructor: Cheung
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Why? Rational functions come out naturally from the Laplace transform of X(8) = 1;”5

ordinary differential equations, exponential. cosine and sine functions. HOX(S) = TES)

Our strategy: breakdown a general rvational function into simpler fractions I‘LHE{_ ﬂmgi’w
and polynomials whose inverse transforms have already been computed in =~ o cton To
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I. Convert non-proper rational function into proper rational function
Non-proper: degree of numerator = degree of denominator

Approach: Long Division
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EE 422G Notes: Chapter 5

It 1s easy to find the Laplace transform of polynomials:
s" — g" (I)
L's+D)=L"(s)+ LM (1) =0 () + (1)

I[I. Factorize the denominator polynomial:

Example:
P48 458 FAs A =5+ D E D =G+ DY s+ - )

* Factorize into REAL linear and irreducible quadratic factors. Further
break down REAL urreducible quadratic factors into conjugate roots.

. Notice some factors may repeat.
. No analytical formula for polynomial with degree 5 or other. Need

to rely on numerical methods.
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Four simple rules to write down unknowns:

1 _ . + ... forreal root a

1 (s—da).. s—a

, - WL SR complex conjugate roots a and 4
(s—a¥s—a).. s—a s-—a
k, k, E,
+— 4+ + ...
(s —a) (z—a)

b

"(s-a)*.. s-a
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IV. Solve for the unknowns.
Many methods exist. I will talk about two:

1. Compare coefficients (The Dumb Way)

s
(s+2)(s° +1)

Example: X(s) =

a b d d
+ —+ +
s+2 (s+2y s+j s—j
(a+2Re(d))s” +(2a+b+8Re(d)+2Im(d))s” + (a +8Re(d) +8Im(d))s + (2a + b+ 8Im(d))
(s+2)°(s*+1)

X(s) =

Notice that when you expand it out, no complex coefficients remain and you can
ALWAYS do that if you follow the four simple rules above.

You can ask Matlab to do this too:
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