Appendice A

Tabella
di trasformate di Laplace

Per eseguire le operazioni di trasformazione e antitrasformazione secondo
Laplace sono di notevole utilita tabelle che riportino le trasformate piu im-
portanti. Una di tali tabelle & riprodotta in questa appendice. La funzione

- arg(o+jw) che in essa spesso ricorre & definita dalla relazione

arctan% perg >0, :
arg(o + jw) :={ =+ arctan pero <0, w>0, (A.1)
—7 + arctan pero <0, w<0;

se la funzione viene programmata su un-calcolatore, per non avere divisioni
per zero (quando & 0=0), conviene usare 1’espressione equivalente

( arcsin——<— per o >0
Vo2 + w2 ’
.y ._ ) m— arcsin——%— pero <0, w>0, A9
arg(o + jw) := < P e i (A.2)
-7 — arcsin—;"—i——2 pero <0, w<O0.
\ g° +w
F(s) ‘ f(®)
1 1 8(t) (impulso unitario in ¢ = 0)
2. L u(t) (gradino unitario in t = 0)
S
3. 5—12 tu(t) (funzione rampa)
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F(s) f(®)
1 1 n—1
4. = (n— l)lt
5. : — u(t —a) (gradino unitario in t = a)
1 —as 3
6. ;(1 —e %) u(t) —u(t —a) (impulso rettangolare)
1
—~@k
% s+a %
7a. o le_$
1+ 7s T
: 1 i+ n—1_-at
S e t
8.' (s+a) - (n—=1)!
] 1 el =L
B (I+7s)» 7= 1)!t s
1 —at
9. m {1 -5
9 g -3
- s(l4+7s) - 8w
B ot
i, GFa)E+d) o Lo
1 1 o S
. (14+718)(1 + T28) L —T2 (e 0 2)
FES oS 1 Poopeme e o oie
11 G+a)s+b) b——a((a a)e (a—b)e )
1+Ts 1 T Nt LN ek
la. I=—de fa —11T-——Jec =
o (14 718)(1 + T28) L — T (( 'rl>e . ( Tz)e 2)
12 S i( TS oot _ O —bt)
s(s+a)(s+b) ab b—a a—>b
1 T1 .- T2 B
s e TR s T
- s(14+718)(1 + 128) T —Tze ¢ T2 —T1e x
s+a 1 bla—a) _,; ala—0b) _bt)
13. R i e =9
s(s+a)(s+0b) ab(a bew —
13a 2. T S T
: s(14718)(1 + 128) Ti =T T~
1 —at 1s —bt
. 1 B—ale—a) T e=Ra=H T
' (s+a)(s+b)(s+c) 1 ek

@a—al-0°
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F(s) f@)
T o T2 —
s | T2
Tds 1 (=) —73) m—m)(m—m) .
' (L4 718)(1 + 728)(1 + 735) T3 P
L7y =y i = 18)
a—a —at a—b —bt
5 s+a (b—a)(c—a)e +(cmb)(a—b)e
’ (s+a)(s+b)(s+c) a—¢c et
(@a=c)(b—rc)
_ n—T s =T hy
155 1+Ts (1 — 12)(71 — T3) (7'2—7’3)(72_—7‘1)
‘ (I1+718)(1 + 728)(1 + 135) T3 —T -t
. (13 -—7‘1)(7’3 = T3)
1 1 o 1 bt
. 1 abc  a(b—a)(c—a) b(c —b)(a — b)
P s(s—i—a)(s—}—b)(s—{-c) 1 et :
cla—c)(b—rc)
L= i g = i e T —
- 1 (1 ~T){T1, — Ta) (ms — 73) (a ~71)
’ s(1 4+ 718)(1 + 728)(1 + T35) 3 -~
e 73
(g~ (g — )
R a—a R @b 5B
1 s+ o abc  a(b-a)(c—a) b(c—b)(a—b)
‘ s(s+a)(s+b)(s+c) a—c o
cla—c)(b—rc)
1 Tl(Tl—T) it TQ(TZ—'T) sl
ra— T] - TY o
. 1+Ts (1 — 12)(11 — T3) (Te — 73) (12 — 71)
' s(1+718)(1 + 728)(1 + 7358) T3(13 — T . 3
(13 = 1) (T3 — 72)
w
18. PR sin wt
19. Fier coswt
wcosw £ ssinp .
20. s e sin(wt + )
21, s e cossf j_::)ugsm .4 cos(wt % @)
3 )
99 sta e sin(wt + ),
: 2 )
i p = arg(a + jw)
o w2(1+Ts) wnV/ 14+ waT? sin(wnt + @),
‘ 82 +wi @ = arg(l + jw,T)
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F(s) f(®)
-—._s— —=at —bt
& (s+a)(s+b) a—b(ae ~8e" )
2
w 2
24, m 1 — coswt
R
s+a %__o;:'icos(wt+¢),
25. ey pr =
p = arg(a + jw)
25a, w2 (1 + Ts) 1-V1+wiT? cos(wnt + ),
s(s? + w%’,) @ :=arg(l + jw,T)
L e
k .
26 RS SN @ttt wva? +w? ek
: (s +a)(s* +w?)
; ¢ = arg(a + jw)
2 whT e T wn_ sin.(w t—)
26a. : (1+ ;‘Enz = 2) 1 +w'r2),T2 . /1 s wn§T2 .n Y),
78)(s% + w? .
o = arg(l + jwn 1)
1 1 —at .
27. e TPt 7€ sin bt
2 Wn —Swnt .
27a. e . e T ilwan/1 —02 ¢
> 82 + 20wn s + w2 V1 —62
oo L
28 s+a -(a%_e—“t sin(bt + ),
: s+4a)? + b2
( ) ¢ = arg(a — a + jb)
1 —26wnT + WiT? Sl
Wn e .
2 1-42
28a wn(1+4Ts)
: 52 + 20w, s + wi sin(wn\/l — 62 t+<p), ;
Q= arg(l — 0wnT + jwnTH/1 — 62)
1 1 e
2 1 PR bme sin(bt + ),
: s((s+a)2 +b2) (@4 i)
= arg(a+j
1 —bwnt .
2 11— ———e™ %" SIn(wn\/1—52t+<p),
29a. ot . VI—§2
N Wgrton p 1= arg(6 + /1= 52)

) Nel dedurre la relazione (29.) e altre successive si & fatto uso delle identita

—arg(—o + jw) = arg(o + jw) £ ,
sin(¥ £ 7) = —sin® .
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s(s+c) ((s +a)? + bz)

F(s) f(®)
a 1 [(a—a)2+0b2 _, .
sto — =4[ ————5—e “sin(bt + ¢),
—_—— SRR 2 52
30. s((s+a)2+b2) a* +b b a@® +-b
@ = arg(a — a + jb) + arg(a + jb)
e 1 — 26w, T + w2 T? o—dunt,
1—42
30a. wa(1+Ts) sin(wn V1-62t+ <p) :
s(s% 4+ 20wns + wi)
Pu= arg(l — 0wnT + jwn,TA/1 — (52)+
arg(6 +7v1-— 52) '
¥ f i —ct 1 . —at -.
1 R - L S
‘ (c—a)? + b2 by/(c — a)? + b2
o (s +O)((s +a)? + 7 ' Shudave
: , = arg(c—a+ jb) -
wfl'r e_%—{-" L i
1 — 20wnT + wWiT2? e
- s Wn i ;ant_
3la. L — = 2.2
. (14 75)(s? + 26wns + w3) V1=20wnt +wir
: sin(wn\/ 1-62¢t+ <p)",
= arg(l — dwnT +jwn'7_\/1 - 52)
g T
1 c(a? + b?) c((c — a)? + b?)
32. - 1 i
b2 e “sin(bt + ),
WG ) bVaZ +52\/(c— a)? + b2 g
@ := arg(a + jb) — arg(c — a + jb)
1 u.:,z,'r2 = 1
T 1= 26wnT +w%'rze JI—02
1 —dwnt
s w2 V1 — 20wnT + W22
a.
8(1+ 7s)(s? + 20wns + w?) sin(wnw 1 -8 4% (P),
== arg(ts +Jv1- 52)—'
arg(l — 0wnT + jwnT/1 — 52)
(6] c—a —ct
+ e
c(@®+6?)  ¢((c—a)? +5?)
33, £te (@—aP + 02

e * sin(bt + @),

bWa? +b2,/(c - a)? + b2

¢ = arg(a — a + jb) + arg(a + jb) — arg(c — a + jb)
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F(s) ft)
" wir(T - 7) e Tl B
1= 20w,T + wir? V1=42

1 — 26w, T + w2T? o—Sunt,
1 — 20wnT + w22

w2(1+Ts) :
33a. s(1+78)(5% + 20wns + w2) sin(wn /1~ 82 t + ),
o — arg(l —0wnT + jw,T/1 — 52)—}—
arg(6 +7v1 - 62)-
arg(l — 0WnT + jwnTV/1 — (52)

: . 1 —at
34. 2lssa) A a—z(at—1+e )

.
34a. m t—T(l—e ")

s+ a

s s%(s+a)

515 (aat +(a—a)(1l- e_“t))

S 1+Ts _t
35a. P g t+(T-7)(1—e7)

= : Al el
36‘. ;m)—z - . po (1 - (1 +at)e )

36a.

s(1+7s)?

= 5o+ o)

1+4-Ts T-71 L%
37a. m 1+( - t—l)e




