18.03 Recitation 19, April 15, 2010

Laplace transform II

1. Find the unit impulse response for D + 31.

'+ 3z =90. Takmg the Laplace transform of both sndes leads to sX(s) + 3%X(s) =
and X(s) = —5. The inverse Laplace transform of —5 is z(t) = e~

2. Find the solution to & + 3z = e~* with rest initial condition (so x(0) = 0) using
Laplace transform.

The solution satisfies the rest initial condition, so we can take the Laplace transform

of both sides directly and get sX(s) + 3%(s) = 7. So X(s) = m Assume
Wl(s%) =5+t +3, then 1 = a(s +3) +b(s+1). Set s = —1, then a = 1/2; set
s = —3, then b = —1/2. So m = % : SJ%I — % . 5J+3’ and its inverse Laplace

transform is 1(e™* — e™?").

3. Find the unit impulse response for D? + D using Laplace transform.

2@ 2 =9, Taking the Laplace transform we get s3X(s) + sX(s) = 1, and hence

X(s) = o5 = 8(82“) Notice that 2+1) i — 257 So x(t) =1 — cost.

4. (a) Find the solution to &, + 3z = 1 such that 2(0+) = 2 using the formula for
L))

By t—derivative rule for x,, the Laplace transform of the LHS of the equation is

sX(s) =2+ 3X(s), and L[1] = . So X(s) = (1@;2 - s(sl+3) t si_B Moreover,
3(31‘3) - %(% - s+3) S0 Q?(t) %(1 — 6_3t) -+ 23t — % + ge—Bt.

(b) The jump in value of z(t) at t = 0 can be created by adding 2(t) to the right
hand side of the equation. Using the expression for L£[f’(t)], find the solution to
4+ 3x =1+ 20(t) such that z(0—) = 0.
By t—derivative rule for 2/, the the Laplace transform of the LHS of the equation is
sX(s) + 3%(s), and the RHS is £ + 2. So X(s) = %, which is the same with (a).
So the solution is z(t) = u(t)(s + 2e~%).
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