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Laplace
Fls)=4C§)=[" &%ty at
L{tf(£)3=F(s-a)
L{§Ct-a)u(t-a)]=e"F(s)
Liy™W3=s"Y(s)-s""y (o) ..~
{[SfCeyaz]="tsF(s)
(fx9) () =], f(x)gt-t)ds
-6{{*3}=4(f)1.(3)
[E4ceyaT=-1%4(¢t)

y(n-l)( 0 )

Condition : piecewise cottinuous and | £(£)] <MKt
w, f t=a

S(t-a)-=
0, othwwise

I26Ct-a)=1
J2a(t)8(t-a)dt=g(a)

Founer

pis perisk of £ if £ (x+p)=§(x), p=2L

£(x)=a, +'§(qHCo.s (M{_&_)* bn_JiVL(Ll‘[_X,)

[Le(x)dx

Ay = }
2L
a.L='TI.L,_{(x) cos (n.zl_x ) Ax
L .
b,.,-lr]_,_{l(x) J»n(ﬂ{;&)dx

eve: £ (-x)=£(x),b,=0

odd: §(-x)=-f(x), ap=0
e™ = cos (x) +isin(x)

s (nx) = (einx+ e:iu)/l

s (nx)=(e¥-e™)/ (2i)

TP

flx)= 3 cpe

Cpu=_L j {—(x)e, L Ax

.z,
2a% +Z 2 (al vl )= A [T b (x)* Ax
$0x) =2 a(w)cos (wx)* B (w)sin (wx) dw

Alw)="mI5$(v) cos(wv) dv

B(w)="MI54(v) sinlwv) dv
Flw)=r () =5 £ (x) €ax

$(x) = .P'"'({) WI_“{( ) %A
F{f ()37 iwr{f(x)]
T lw)=,{-ixf(x)}

Filfxgf=~zn®($)F (9g)
(£29) (x)={5%(p)g(x-p)dp

¥W=Z::L fkwnk, w = C:EN‘-—L-
t=Fnf> f= F f VNF f: F‘I"‘ i""‘

fr=cws(2mkn/N)> { = (O,-',"/&,",”A,“JO )
g =cos (2wkn /N)>§= (0,-iNg,+M 0)

Mean value

ODE

d'Alembert

Jep. av variable —

chain

Tllylor

Taylor

ODE/ PDE wave Uy=ctuyy , heat: uy=c*uyy
2
g“*‘& 9 =039 =8 cos (At) +B"sin (at)
-att
9' +7L, 9=0%5 Be

wix,0)=f(x), atu\(xo)'scx)
wx,t) =4[ §(x+ct)+ §(x- ct)] * %]
wlx,t)=@d(x+ct)+¢(x-ct)

Loulxt) =F(x)ac(t)
* Seit inn i likning, Separer og set lik k.
¢ Self opp en ODE fr F, 09 en for G bounda
conditions

'J-KX“

-\IEX+ Ce

C e
ax +b T
A cos(wx) + Bsin(wx)

0
o

ruou uTl

3. Lus hknmgm, for G, med fumet k
« Se "ODE", wave brukes Z.orden, heat 1. orden

4 La M(X,t)=Zn— Gn Fn
5 Bruk inihal cond. o9 Fourie(snus)rekker

* Finn Bn oav W(Xx,0)
* Ran BR av wy (X 0) (for wave)

-

Los resultectide ODE, ultrykk O (w,t)
Transformdr initial cond. o9 bestem konstant (er)
Inverstransformes @ (wit) Al w(x,t)

£ &

Partia\ Dervatives

Oy $(g(x)) =3, f(g(x)) 9,9 (x)
3 (R )=TF(R(E))+3,R(¢)
4= (205 2mfs s Oxat)

D2 §(X)=FF((R) W

Jis (x)=93%,/9x;

#e=T(95)

F(R+R)=F () +F4(R) “RehT -4 (R) -R+..

Preliminaries

%(X)’g(iigf £90a) * R (x)
£(x+n) -5 %‘l‘ {Lk)(x)*ﬁmﬂ(x)

k=0

R (3 =W £7(8) =0 (™)

{'éd: [ab] %3ge(n,b) -f (E,) = T

me&ﬂMQMSfGQ[Gﬁ],dgm(g(xJ)==K,xe[a$]
Jo $Ux)9(x) dx=£(g) . 9L x) Ax

23gelad) :

Fourier tansforme likningen. med heasyn pa x. -

-t 3(5) ds

PPE by Fourier hansform

Intermadiate value -(160:[ab] yxe€lf (), £(b) 1> 3Tge(any):
£§) £(q)
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Numenaal PDE

Xi=(h, ¢c=0.M, t,=nk,n=0..N

Quadrakures Explicit Euler: forward diff. in t-direchon
4 QLEI (ab) =Z3%, w; $(x;Y2IL§] (ab) Stable for wave if ck/WE!. For heat if cth/k% < V2
§‘ ILfI(ab)d 'A:ZJ':;' QL $T (X;, Xja) Implicit Euler © backward diff- in t-divedion . Unconditionally stmble for heat.
g [-1,11>[abl: dx=dt(b-a)/2 Crank. Nicolson:  Write PDE as U4 =F
£ X=t(b-a) /2t (bta) /2 Thea Crank Niwlson method is given by
S(-1,0) =3 [£(-1)+4f(0)+£(1)] ﬁ*‘K_—ub_é_(F{“WF{‘)
2 $Cab)=(T%) [§Ca) 4 (22)+§(b) ] . v
L sm(ab) =" §(x,) +4Z3 £ (x40) Z=[;'], &'=[1“ ], z, [ e L
= \ E : ¢ I
° *%Z.m { L)(zJ ) *‘? (X.zm)] y(m") -‘(t,\/,...) (net) olo o '
Es (ab)=-(b-a) {“)(9)/{,880 Euler's method © yan = Yo *hE(tn,yn) + I‘/z/z
Eam(ab) =- (b-a)h* £(8) /180 Heun's method :  kq = £ (tn, yn), L=£(tn+h,ym+hk1)
_ Tlab)= (=) [£Cad+ £Cp)] Ven= Y * " (ky * k)
T Tp(ab)=h[%f(x) +Z5 £0x;) +%4(xp) ] Runge-Kuttn ki=f(tutcih, ynu+ RZ5 agk;)
é— ET(d,b)=“(b’m)3{-“(l§)/lZ, expliak it a;;=0, n«=Yr\,+kz-;S=1 b, k;
Er(ab)=-(b-a)h?§" (§) /12 T
m(A5) ( 2Dl 15—(ED Lipschite continuous i§: [l § Ctoy ) —§Cty, ) €Ly, -y I,
M(ab)= (b-a) £((a+b)/2) il eb.l i CChy) IS LC.> uniaus, soleh !
s L - .. for ' Y, . '= I | .C. @ unique. Solutor. in D.
T My (ab)= (370 £ (x5 + X50) /2) P T Y e
pd 3 A A method is of order p if He,,ll =l\y (‘tw[) Yn H‘Ch, h= ﬁu& to
Em (ab)=-(b-a)> £"(8) /24
Eva(0,5)= = (b-a) k% §" (&) /24 R Vo WelEEpep it hpse ppefied of
| n n y is of order p, and § of order p+ 1.
-‘3 * Em* th/ Ezm Cz"\_k. N CT=m= Owm s A
) ", ... for Runge-Kutta : Lean=hZXZ = (b, -b; )k
S e Solve T -Qm®% Cwuha 3 T~ Qem® Camh | for . =
hpg= P (Tol /Nl kg, | Y7 by , PELOS ,045]
Fixed Point Ifeations Move Aorwards if |l deqs, Il < Tol
The intermediate value Hiorem proves existence and Linear shbilty: y' =Ay, y(o) =Y
menstonicty proves uniquetss.
% Yyw=R(Z)yn, =Ah
Given 9 Juch that r—ELf‘), ank X,
xh|9 Xy ) . Stability region S={zeC: |[R(z) |£1§
E Icon-hnuous qn{f\l_2< 9(x)<b on Lab]) For shbility, choose K such +hat 2=Ah€S
% A-shble if S covers €7, Shble indepardart of h.
9 has a unique fired point re (ab) _
‘ Explict metheds cannot be A-stable.
¢ The frahions comveme ward r for xoe[a,b]
The error €y = r - Xy, Sahisfies: Order of convergence
lexn | 2L [ e |, enr reduchon. mite Order of convemence p, ey, éMet
| ek+‘l£ |X1 =X, \ Lk+‘/(1 - L), a-pron est. P= log (e'kq,/ e‘Kﬂ) / log (e'kﬂ/ ey )
o el 2 I X=X L/ (1-L) , aposterion est. g_e(h)=Hx—x(h)H, e (h) ¢MW?
%éxhﬁxk-chK)/f'(xk) I prlog (e (i) /e )) / log (hy, /hy )
ec®1s; =0(r-5,r+81, i
3 ’T“"“W”( {) It \‘( [; l:ZPT ; "'f C Numerca\ &6f. and BV P
X X = a € \
SN EOU U S IR S CFCxh) = §G0O ) - £ (8 Forunrd
Ui Verge ra s.C. n
. ewm'y i oNS Conveye qua cally ° {l= ({.(x)—{(x-h))/h-‘-h/z{ (8) Backward

[Xo-r|<mnf{ 'M™,s}.
g Xp\’XK‘J’(XK)_‘f(XK)

-gA:[ ] > A": \ -b
&

2]

a b
c A

[-%

ad-bc

($(x+n)-§(x-W))/2h-"%65" (g) Conl

differences

2
) 228 G0 e £0c- 1) Ve { U (3)



