18.03 Recitation 18, April 13, 2010

Laplace transform

Rules for the Laplace transform

Definition:  L[f(t)] = F(s) = ) f(t)e™*tdt for Re(s)>> 0.

0—
Linearity: Llaf(t) + bg(t)] = aF(s) + bG(s).

Lt F(s) essentially determines f(t).

s-shift rule:  L[e™ f(t)] = F(s —r).

t-derivative: L[f'(t)] = sF(s) where f'(t) denotes the generalized derivative.

If f(t) is continuous for ¢ > 0 and f/(¢) is the ordinary derivative, then

LIf;0)] = sF(s) = f(0+).

Formulas for the Laplace transform

L[1] = ! , Lo(t—a)]=e*

ot 1 N
E[e]_S—T’ E[t]_8n+1
S . w
,C[COS((Ut)] = m, ,C[Sln(wt)] = m

1. Find (from the rules and formulas) the Laplace transform of u(t)e™*(t* + 1)

2. Let f(t) = e 'cos(3t). From the rules and tables, what is F(s) = L[f(¢)]?
Compute the generalized derivative f’(¢) and its Laplace transform. Verify the ¢-
derivative rule in this case.

3. Find the inverse Laplace transform for each of the following.

25 +1 5% +2 2
249 $3—s s?(s—1)

4. Find the unit step and impulse response for the operator D+ 21, using the Laplace
transform.

5. Solve & + 2z = t? with initial condition x(0+) = 1, using Laplace transform.
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