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Taking the Laplace transform of both sides of the partial differential equation,
#hat is multiplying by e™*' and integrating with respect to ¢ from 0 to oo, we
ootain
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U(x,s) = Ae"V*/k* 4 BeV*/k=x

where A and B are functions of s. Since bounded solutions are sought we set
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, % ~w2Ll = 0 9
L.l(‘w,O) $(LU)3
LHes,4) > 0 o y-=>00,
The solubien of this bansLonmed Sysfem
1S U (w,g‘) Sflw) il

/ |
We apply +he cc.nvotu{—»on ékewzem

ond Q-Jncl that oo

whent qex) 1s the inverse Pouaies

‘év\hsfehm cs{; Q:M'U% h L.

C.onseq,umee% L-Ke de_‘asmeclv seludion i 8
LI(X.,'&)'“ '}“ S S\‘(‘g\e(..?_)z.*gl d!,‘j)@.

eT'tw\ EN Samm.\’?m Qc:n' iadiana ! Cumunnnils \




Exerncised ta) Find the inverse daplace brams-

%QN,M +6 - 5 Dt
p(&) - 61,5 11 . )367'&3(‘: 2)....
ST+8S8+15 ~ 16 5E Mg
- %) Find the smitsleponswer £6 6 SgStem
with the k‘wamsg-%x—wwc,&iov\ e
H(S)=—3> . %'&):1-3.531631
G+1\(5+3) —* 2
Exmiseif: Lise the Lﬂf&"%‘t“’wf‘”"m

4o Solvt:
{ L' = Uy 5 0Ex <1420,

U-Cb)t):.um)-(;):‘] S +>C o
Llﬁgj,@:— 1+ SinTX O”<w’<<1)

| = 4+ e,'m' %s in'nx;

w’i Cl) Denive the convoludion
Serrvulo F{$%%Y = Fifl-Fial Sen
Feurnien tuoms Sovms

,{,) RBedlma Mw&ws%mw an-
Signaliin, S =@(-3) & F3),

Exencise dt Q) Oefine the Hoon scaling
Sumchion W el the Hoarn wwdid

Lunmcdicn Yo



' 4) Tlustrate ‘-P(-&-Q.,),L/z(y*)’guélﬁ--j))@
(4t -3) and & Yt -2) in oty -plane

C) Exploin how o Si%nocp %—6&) can
be Mphe.sww By wsing a
sysdem of basis functious obioned
B%. mldu%. cLilauL—ious) buans lodvous and
namalizodions of the Hoan wavelpt

| Exencise 53 Solve with SaplacebramsSor mation
the {olowina ;S%SI'Q-M of e‘.i-‘;—gué.nkaleq-uaé\lo'ﬁ
' X' =4 X +3Y4 =0 ®(e) =8
W'-4 +9% =0 “eo) =3 |
| | = — == 2 \]
L [x) 2 5€5%36" (%0 £ +3)
- oot -
Lgug) = 5€ 2" (Y= & -2

3

¥ Exencisebos A syshwm has the bransfen
Sanckion ()= 1/(4+ST) and we
insert the iv\sig.na, X(t) = sinwt,

;;k Colculale the ocutsianal %ﬂg} . S —
- _ < 1 ~CIT .- -
m "d(i') o T wT e  +Sinwt-wTlcoswt

eRncize?s A Lchnical disowh Lieon.
Sy siom has the thanster funciron
[ Wiz = 7, « Calewlade the wnit sep answes.

9741
¥ E)cem—t-ise.g o A technical dis le Lneanr sy sl
3 % ‘e nCoa sSCh e ne m
‘hos the unit rmpulse answen iﬁ-‘z%} .‘:ﬁ“'—u&

Hhe oubsingnal whe insianal = al a$ey
e T L T8




TABLE 4.1. Laplace Transforms

Aepend ;

x1

f(1) F(s)
1 TN e
1
exp(at) Wiy $>a
s—a
n!
gk n a positive integer Tt s>0
. a s
t
Sinat and cos gt . g and e grgecd s>0
a s
sinh ar and cosh g¢ : ;
at and coshg ¢ g and - g s > |a|
b
e“'sin bt 5 ; s>a
(s—a) + p?
e“'cos bt S >
. . s>a
(s —a)’ + p?
n!
t"exp(at) — $s>a
(s - a)
H(t - a) s7lexp(—as), s>0
8(t - a) exp(—as)
H(t - a)f(t - a) F(s)exp(—as)
erfyt ST +5)"12 550
1 —a? .
i ey Vr/s exp(=afs), (s> 0
a
erfc — ~loxo( —
c i s 'exp( a/;), s>0 |
w i s -
21372 exp at \/;pr(-ﬂ\/;). s>0
™)

Jof(T)g(t - 7) dr

$"F(s) - s"1f(0) — s"~2p0) — ..

F(s)G(s)

3 _f(n-




158 . KAPITEL 4. FOURIERTRANSFORMEN
Aeeend, ]
4.8 Formelsamling P?ey X2
Rikneregel (sid.) f(t) f(w) g
Fourierintegral (135) f(t) 22 ft)e™tdt : Fll E
Inversformel (138) = [ Fw)etdw fw) : F2 i
Linearitet (141) -~ af(t) + bg(t) af(w) + bg(w) F3
* Skalning (143 flat) (a#0) ﬁf(i;—) | Fa |
Teckenbyte (144)  f(=t) Fl—w) F5
Komplexkonjugat (145) f(t) | f(~w) : F6
Tidsforskjutning (145)  f(t —T) e~ T F(u) F7
‘Fr.forskjutning (146) & f(z) flw-9) : F8
Ampl.mddulering (147) f(t) cos Qt %—(f(w ~ )+ flw+Q)) F9a
Ampl.modulering (147) f(¢)sinQt %(f(w - Q) - flw+Q)) F9%
Symmetri (148) 110 27 f (—w) F10
- Tidsderiveéring (148) () iw f(w) . F11
Frekv.detivering (149)  (—it) f(z) F(w) o F12
Tidsfaltning (149) F(t) * g(t) Fw@)g(w) F13
Frekv.faltning (151) f(®)g(t) ;;f(w) * G(w) . F14

Transformpar (sid.)

Deltafunktion (152) 5(t) 1 F15
derivata av (152) 5§ (¢) (w)™ F16
1
| i : t)e o &
Exponential (152) 8(t)e o (a > 0) F17
Exponential (152) (1 — 6(t))ect - _lw (@>0)  F18
. A _ 20 a
Exponential (153) e~ (a > 0) P E F19
~ Stegfunktion (153) 6(t) mo(w) + ;}— F20
, | w
Konstant (153) - 1 216 (w) ' F21
in Q¢
(154) S";t O(w + Q) — B(w — Q) F22
'Gaussfunktion (155) ﬁe_tz/ Gl e A (4> 0) F23 |

R A R R L AN T SR



Append jx %

6.9 Formelsamling

Rﬁkneregel (sid.) {a:n}fio : X(z)
Definition (211) Ty, Yooy Tz
Linearitet (216) a{zn} + b{yn} aZ[{zn}] +bZ[{yn}]
Démpning (216) a "z, X(Z) ‘ Z3
(217) nT, —2X'(2) Z4
Derivering (217) (1 —-n)zp_10n1 X'(2) . Z5
Faltning (213) Azn} x{yn} X(2)Y(2) Z6
Forskjutning framat (219) Z,—kon—k, (k> 0) 27%X(2) , Z7
G Forskjutning bakat (220)  Zp4x, (k> 0) 2 X (2) - Z;‘-’;é z;zF7 78
Transformpar (sid.)
Enhetssteg (213)  on p— Z9
Enhetspuls (213) n IREE - Z10
- fordrsjd (213) Sk \. z7k | - zZu
Exponential (220) a” . é'z -z
RAIhéMktion ;(21’5)' . rp=no, ( i 1)2 Z13
, , ‘ o
: zsin 6
i 2 ; in no —
Sinus (221) | | smn | S omB R Z14
Démpad sin (221) a” sinné zasing Z15:

2% —2zacos +a?
z(z — cos0)

22 —2zcosf +1
z(z — acosf)

Z16

Cosimjsd(221) cosnb

Dampé;d:ccis (221) S an cosnf Z17

22~ 2za cos 0.+ a2




Q) = 1 O'“’ S %
{ 5 elsewhere ~ 1,08t 21,
Vi) =4-1 >%<ts1

() ,d&ew‘terf
‘T'm\nsla-/;wv\s °X‘~.—.
4= @e-1) 48 ge(e-p)
¢
-'r—-;——-——-* MWy
R R
M.M‘&
A
Y= (9(2'¢) ¢ 4= @)
T I
4 t
Yoo "1/‘,"3l




g_lg_'éwn S 4 émn,& [&on& @

%
8 =(dt-1) 1° §=d@-3)
1" | 1+ -
| T =
——m— —usnm—t-T> ,
Yy Yy, %1

MWM-&M ons g alizabior

M. S 2t @ (2 - 3)
Y | —————
¥ 1

o Remg_x—z, : Vote that ﬁ.g
Cflete) = @(24) + W(at-1)
Y (&) = @ (2¢) — L (3¢t~1)



[B] An_opproximaton exa % ¢
s 4= 308) (e Sl) =g

1 4 | |
é/ 4=Acd)
| -
; &

Q) AppYbXtmaé—zon bé ‘f;lﬁ& mean valu
S &8 Ayl = ( Ss,(sx&é) L&)

£

| 7Z YA
| w1

£) Aperoximadion with Skep Yumckion
& s+eq>s) *

) A,ca_ i% §is)ds uam) + .'2,15 346)d¢
2

4
= &,(s)\l_'cw.s)dé R Les) +
'1 %o Qo )
Ssts) vz s-1)ds @ ©@(2t)
A e — T, ~




c) Approximatbion with Stpluncdion G
(Y steps) v "
Y

SO XA = 4 SS}LS)As ccm)v:- 'Ws)ds @(vt-1
3, Yy
+ q} w&s wtfé-z) +Y g (ds @ (v¢-3)
lf
%S 2049 ds(4t) + S ()2 Wfss-1)ds 2 Q-

1

=S
2 ——— 2 —_——
1

+5

0

Qo Wo Q4 @4

Q(s)zcews-.z)cls 20(4¢-2)+ S S}(s) ace(vs~3)ds 2 Ayt~

—- -4 r
Qq, €y, Qs @z

C) A@pmx;mwéao»\ W 6L\ S‘Iﬁp_(%u,v\cé—\-on

- (2" steps)
&=2"1
) m Zj qp &, (¢)
wWhere 1

H
o Founer - )
%% = é;(s) 2 s A> Coeg.gaclenésg
ond

wkcf) = 4 % Q(Q'L-k) gﬁon@




ggmdg‘ ~Y
Smﬁ%g“ Lgpsfeams, g

Fov mere yw&cn and applications s
k1 L. Debnath ) In*i-égha.l Ifw.vxsg_oﬁms anc!

Their Applicadvon €, CRS ?re&? 1398

1] W&ﬁﬁm
N S(:l:)~> c‘() Fg%)wswwé

L oww .-..\;@gf (w) coswt dw
L

(2] Eﬁuw_ia&,i&w&%nam |
: W —= 9,5 w) =& gsce) Sinwtd+
r;‘; g,u,) = JZ Sx.s(w) sinwedw

3l Hankel T TrensSeams
(deSin L'& ‘—LSsM\ 'Be.ssel Yruv\c:lwus 3,“uao

H,: S,Lf-b—) S'm_(%) S‘I,,_(%QSMAJJ».

PSR = S ‘3,&3&)&. ROY S
m Mv.——vmv-.j\e’“'“ %’9&_.

M ) —> §(x) = S X" 36 el

&t %0

9‘-(&) 2 g SXTXE s;(oq d o
Criaa 'oi 'S Complexl




E H—d@n# qu ‘,;ﬁﬂ: | @
H 9,&)-—» sm(x)-igBLdg.

:_(_t_)-» -1 S %H(z‘) Jx .

AQO xX-¢

MJWW Jargz|<
S i ) —» $) “Si‘-f% ¢

Remank: The openadion com be neversed
but we do not %e,-é some sSymple m.'lea.m

%mm»da as Be%—MQ SO we clo not Jiesaul,e
thos here

[l Geavwalized Stiel %S&M&a@
St §) — {,@ =050 4¢

o@f*l)
‘Tl«e. sSomé qu\aut.k QA c\,\oove. c.onleh,nom.ﬂ

the rocersed cpenabion holds,

2 §6) -—»{sm} = sPoas,eactx
Pn b‘\ is the Ll%e'\c\at Pol\anomml O_g cle{a/m,g q‘
2 )= Z,' @&—*-D ) P )

= S
Founien coetlicients




| a;&&o hi CD&L...‘Y‘%’B;!.Y_‘
%’ 63 —=i5 P, § e S@“")L*’é Y

- 5?@-—3‘?( Sn) S}“’&Cn)?"‘ o<

)

Fowuvt coelficients
(gn: 9*tB Y 7 (nedes) Tlnepar)
nt @*B-&-Quﬂ) Tinrd+p t")

Re'“mk ' Q&%Ma%.%m s g

the spectalcase *=pav-4

. é% (eNNe “Thans S;’?CS-—-
L &) —» N M, S )= Sé‘&“‘z.‘*&) 8

Ld\ 'S the LQQ—MM ?o’-a.no o&.
degrer n (>o) ond oaden o (>-1).

L' $6) = g,(%n\" C M LNe)dx
Fouwwea COQ,H-MM\N
QS - n-t-d. NCOH'T:))
@ chm.'(:e Jmnsg-mm oc
H* @ 56 —» 15,0 18,0)= Se’h,,m,wcz

Hn (<) is the Henmade Pola.vmomo»l of JQ;!M;
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G §60 = 31 1 5400) Hoto)

n:.D

Founen coelSociembs

opamon all &he
:&i Qéak' oW |

cold.

€ spec

1 oNre 6-!4,8

b\msx'wtmcs)ui’ -1 aemou& H@’:&aé m
N e Seines to eliscuss

%ewm&zbefi i teoce met

Lo .
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