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2η seir� ask sewn

1. Na parastajeÐ grafik� h kardioeid c kampÔlh

z(t) = (1 + cos t)(sin t− i cos t), 0 ≤ t ≤ 2π.

To m koc miac kampÔlhc dÐdetai apì th sqèsh

L =
∫ b

a
|z′(t)|dt

me dosmènh mia parametrik  perigraf  thc z(t). Na brejeÐ h perÐmetroc thc anwtèrw kar-
dioeidoÔc kampÔlhc.

2. Jewr ste thn akoloujÐa
zn = z2

n−1 + c, n ≥ 1, z0 = 0,

ìpou c eÐnai migadikìc arijmìc. Gia k�poiec timèc tou c h akoloujÐa teÐnei sto �peiro, dhlad 
to mètro |zn| megal¸nei adi�kopa. To sÔnolo twn arijm¸n gia touc opoÐouc h akoloujÐa
den teÐnei sto �peiro onom�zetai Mandelbrot set. 'Eqei eurejeÐ ìti an gia k�poio zn to mètro
tou xeper�sei to 2, tìte me bebaiìthta h akoloujÐa teÐnei sto �peiro. ZhteÐtai axiopoi¸ntac
aut  thn idiìthta na eurejeÐ kai apeikonisjeÐ to Mandelbrot set me qr sh tou MATLAB.
Proc toÔto jewr ste èna plègma 401×401 shmeÐwn sto migadikì epÐpedo wc timèc tou c sto
di�sthma −2 ≤ <c ≤ 2,−2 ≤ =c ≤ 2. MporeÐ na qrhsimopoihjeÐ gia to plègma h sun�rthsh
meshgrid. OrÐste wc mègisth tim  gia tic epanal yeic thc anadromik c sqèshc to 50. Gia
k�je tim  tou c breÐte ton arijmì M twn epanal yewn ¸ste |zn| > 2. An h anisìthta de
sumbaÐnei mèqri to mègisto arijmì epanal yewn, tìte M = 50. 'Etsi lamb�netai ènac pÐnakac
di�stashc 401 × 401 tou opoÐou zhteÐtai h apeikìnish me qr sh thc sun�rthshc image tou
MATLAB.

3. (a) Na apodeiqjeÐ ìti gia |z| = 1 kai α pragmatikì arijmì me |α| 6= 1,

|αz − 1|
|z − α|

= 1.

(b) DÐdetai h sun�rthsh

f(z) =
z

z − α

kai zhteÐtai na apodeiqjeÐ ìti h eikìna tou monadiaÐou kÔklou me kèntro thn arq  eÐnai
epÐshc kÔkloc me kèntro to shmeÐo ( 1

1−α2 , 0). Poi� eÐnai h aktÐna autoÔ tou kÔklou;

4. Me qr sh sumbolik¸n upologism¸n sto MATLAB (sun�rthsh int) na brejoÔn ta akìlouja
oloklhr¸mata



(a) ∮
|z|=1

ez

z2
dz

(b) ∮
|z|=1

sin z

z4
dz

(c) ∮
|z|=2

dz

z2 + 2z − 3
,

∮
|z|=5

dz

z2 + 2z − 3

(d) ∮
|z|=2

dz

z2(z2 + 16)
,

∮
|z|=5

dz

z2(z2 + 16)

(e) ∮
|z−1|=2

dz

z2 − 2i
,

∮
|z−1|=3

dz

z2 − 2i
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