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 2008�2009Tet�rth 29 Oktwbr�ou 20081h Ergasthriak  'Askhsh1. Jewr ste to prìblhma sunoriak¸n tim¸n


















−u′′ + qu = f, x ∈ [a, b]

−u′(a) + σ1u(a) = 0,

u′(b) + σ2u(b) = 0,

(1)ìpou q(x) ≥ 0 gia k�je x ∈ [a, b], kai σ1, σ2 ≥ 0. Jewr ste ènan omoiìmorfo diamerismì tou
[a, b] me b ma h = (b − a)/N (dhlad  oi kìmboi e�nai xi = a + (i − 1)h, i = 1, 2, . . . ,N + 1).Gr�yte èna prìgramma pou na upolog�zei prosegg�sei
 Ui twn tim¸n u(xi), i = 1, 2, . . . ,N + 1, meth sun jh mèjodo peperasmènwn diafor¸n. Dhlad , ja prèpei na upolog�zete ti
 prosegg�sei
 Uime to arijmhtikì sq ma:



















2
h2 (U1 − U2) + 2σ1

h
U1 + q(x1)U1 = f(x1)

− 1
h2 (Ui−1 − 2Ui + Ui+1) + q(xi)Ui = f(xi), i = 2, 3, . . . ,N,

− 2
h2 (UN − UN+1) + 2σ2

h
UN+1 + q(xN+1)UN+1 = f(xN+1).

(2)Gia to progr�mm� sa
 mpore�te na qrhsimopoi sete Fortran   C (se dipl  akr�beia)   Matlab. (Oi
q, f kai h akrib 
 lÔsh u ja prèpei na d�nontai w
 upoprogr�mmata function kai na kaloÔntai apìto kur�w
 prìgramma ìtan e�nai apara�thto.) To progr�mm� sa
 ja prèpei akìmh, na upolog�zeikai na ektup¸nei sthn ojình to sf�lma th
 mejìdou max1≤i≤N+1 |Ui − u(xi)|.(aþ) Dokim�ste to prìgramm� sa
 gia ta akìlouja dedomèna: [a, b] = [0, 5/2], q(x) = 8−2π sinπx,

f(x) = 8 + (8 + π2)x cos πx − πx sin 2πx, σ1 = 1, σ2 = (5π)/2, opìte u(x) = x cos πx + 1.(bþ) Upolog�ste prosegg�sei
 th
 lÔsh
, kaj¸
 kai ta sf�lmata, gia omoiìmorfou
 diamerismoÔ
me N = 25, 50, 100, 200, 400 upodiast mata.(gþ) Sqedi�ste sto �dio sq ma thn analutik  lÔsh kai ti
 prosegg�sei
 th
 gia N = 100 upodia-st mata, kai apojhkeÔste to sq ma se èna (postscript) arqe�o.(dþ) Bre�te upologistik� thn t�xh akr�beia
 th
 mejìdou.Autì mpore� na epiteuqje� w
 ex 
: 'Estw E(N) to sf�lma th
 arijmhtik 
 mejìdou gia Nupodiast mata, kai a
 upojèsoume ìti E(N) ≈ Chp, ìpou h stajer� h e�nai anex�rthth tou
h kai tou N . Tìte

E(N)

E(2N)
≈

Chp

C
(

h
2

)p = 2p ⇒ p ≈
log

(

E(N)
E(2N)

)

log 2
.(eþ) Sqedi�ste èna log log gr�fhma tou sf�lmato
 E(N) sunart sei tou arijmoÔ twn upodiasth-m�twn N , me N = 25, 50, 100, 200, 400.



2. Jewr ste to prìblhma arqik¸n/sunoriak¸n tim¸n gia thn ex�swsh th
 jermìthta



















ut(t, x) = uxx(t, x), x ∈ [a, b], t ≥ 0

u(0, x) = u0(x), ∀x ∈ [a, b]

u(t, a) = u(t, b) = 0, ∀t ≥ 0.

(3)Gr�yte èna prìgramma Matlab   Fortran   C (se dipl  akr�beia) pou na ulopoie� th mèjodopeperasmènwn diaforwn Crank-Nicolson gia thn ep�lush tou probl mato
 gia t ∈ [0, Tf ].(aþ) Jewr ste [a, b] = [0, 1] kai u0(x) :=







2x, x ∈ [0, 1/2]

2 − 2x, x ∈ (1/2, 1]
. Upolog�ste thn analutik lÔsh tou probl mato
.(bþ) Gia Tf = 1 kai gia omoiìmorfou
 diamerismoÔ
 th
 epilog 
 sa
 upolog�ste thn proseggistik lÔsh tou probl mato
 me th bo jeia tou progr�mmatì
 sa
.(gþ) Sqedi�ste sto �dio sq ma thn analutik  lÔsh kai ti
 prosegg�sei
 th
 sto qrìno Tf kai seendi�mese
 qronikè
 stigmè
.(dþ) Bre�te upologistik� thn t�xh akr�beia
 th
 mejìdou.PROSOQH!

• E�nai protimìtero na doulèyete se om�de
 twn dÔo atìmwn. Oi om�de
 autè
 ja parame�noun oi�die
 kai sti
 epìmene
 ergasthriakè
 ask sei
.
• Thn Tet�rth 5/11 k�je om�da ja prèpei na parad¸sei mia èkjesh (tupwmènh kat� prot�mhsh)sthn opo�a ja perièqontai tìso oi apant sei
 sta analutik� erwt mata, ìso kai p�nake
 me taupologistik� apotelèsmata, kaj¸
 kai sqoliasmì
 tou
.
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