Piecewise Representation of Switching Inputs
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Unit Step Function

Definition:

1 t>a
at-a)={giZa

Example: Write the piecewise defined function f () in terms of unit step functions.

sint t > T,

fo={art iz

Solution: L e
. > T,
£&) = sin®){ g 12

= sin(t)u(t — m).



Pulse Function

Definition:
1 a<t<b,

0t<a,t>0b,
= u(t —a) —u(t —b).

pulse(t,a,b) = =

Example: Write the piecewise defined function f () in terms of pulse functions.

sint 0 <t < m,
f(t) =< cost m <t < 2m,
0 else.

Solution:

. 1 0<t<m 1 ™ <t<2m,
f(t) = sin(t) { 0 else + cos(t) { 0 else

= sin(t) pulse(t, 0, ) + cos(t) pulse(t, 7, 27).



Ramp Function

Definition:
t—a t > a,

0 t < a,
= (t — a)u(t — a).

ramp(t —a) =

Example: Write the piecewise defined function f(t) in terms of ramp functions.

2% —2 t>1
ﬂ”:{o t< 1.

Solution: e
— _ = Ly
& = @t-2{g $ 2]

(2t — 2)u(t — 1)
2ramp(t — 1).



Piecewise Defined Functions

Definition:
([ f1(t) a1 <t < a,,

f2(t) ay <t < as,
fit) =< :

fn(t) an S t < A1,
. 0 else

The functions fi, ..., f, must be defined on the whole real line.

Problem: Write the piecewise defined function f () in terms of pulse functions.

Solution:

1 <t< a,, 1 a,<t<api,
F0 = £ {4 BSES® g (LSS o

= fi(t) pulse(t, a;,az) + -+ + f.(t) pulse(t,a,, a,.1).



Laplace Pulse Example

et 1<t<2,
f(t) =< cos(mt) 2 <t <3,
0 else

Problem: Find L( f(t)) by pulse decomposition.

Solution: We use L(g(t)u(t,a)) = e **L(g(t + a)).

L(f(t)) L(e ' pulse(t, 1,2) + cos(mt) pulse(t, 2, 3))

L(e tu(t — 1) — e tu(t — 2) 4 cos(wt)u(t — 2))—
L(cos(wt)u(t — 3))

e *L(e*™) — e *L(e " ?) + e **L(cos(wt + 2m))—
e **L(cos(mt + 3m))

e—l—s — e 2—2s se”

2s —3s

se

s+ 1 B s2 4 72



Laplace of a Piecewise Defined Function

Definition:
( fl(t) aq S t < as,

fo(t) a; <t < as,
F={ "

fn(t) an S t < Apnit1,
. 0 else

Assumed is each f; is defined on the whole real line.

Problem: Find L( f(t)) for the piecewise defined function f ().

Solution: We use L(g(t)u(t — a)) = e **L(g(t + a)).

L(f(t)) — L(fl(t) plﬂse(ta a, az)) Tt L(.fn(t) plﬂse(ta A, an+1))
= > L(f;(@)u(t — a;)) — L(f;(t)u(t — a;t1))
= > e “"L(f;i(t + a;)) — e L(f;(t + ajt1))-



