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Toroloyixég TOANATAOTNTES

‘Acxmor 1.1 Show that any open subset of R? is a topological 2-manifold. (A subset
A of R? is open if for every x € A there is € > 0 such that for every y € R?, |z —y| <
e=>ycA)

Acifte ot x&e avowxtd utooivoro tou R? eivon tormohoyx, 2-tohhamhdtnta.  (Eva
vroclvoro A tou R? etvar avouxtd edv yio xdde © € A urndpyer € > 0 tétoo woTe Y1 xdde
yeR) |z —y|<e=>yeA)

‘Aoxnon 1.2 Let Dy ={(z,y) eR?: (z —a1)* + (y —b)? <ri}, Dy = {(z,y) e R*:
(r —a2)* + (y — ba)? < 13} be two discs in R%. Find a homeomorphism f : Dy — Ds.

Bewpriote dbo dloxoue Dy = {(z, y) e R? : (x —a1)* + (y — b1)* <7ri}, Do ={(z, y) €
R?: (z — as)* + (y — b2)* < 13} oto R%. Bpelte évav opoopopioud f: Dy — Ds.

‘Acxmor 1.3 On the unit sphere S* = {(z, y, z) € R®: 22 + y* + 2% = 1} consider the
equivalence relation (z, y, z) ~ (—z, —y, —z), and let IP be the set of equivalence classes,
so that an element of P is a set {(z, v, 2), (—z, —y, —2)}.

The mapping p : S? — P is not injective, but if we restrict to any open hemisphere, it is
injective. Use the images of the subsets U,, U,, U; of 52, to define a 2-manifold structure
on the set P.

The set P with this topological structure is the projective plane.

Y povadiodo ogalpa S? = {(z, y, 2) € R® : 22 + y* + 22 = 1} dewprhiote ™ oyéon
woduvayioc (z, y, 2) ~ (—x, —y, —z), xa 10 oOvoro P twv xhdoewv wwoduvopiag, €tol
wote éva ototyeio tou P ebvar éva odvoro {(z, y, 2), (—z, —y, —2)}.

H anewxovion p : S — P Bev ebvon éva mpog éva, ahhd €8 TNV TERLORICOVUE OE XdTOLo
avoTo Muicaioto, TOHTE efvar €va Tpog Eva. XENOWWOTOWGTE TIC EIXOVES TWY UTOCUVOAWY
Uy, Uy, Ug 00 S?, vy va oploete 11 dopr| 2-torhanhétnTag oto P

To olvoho P ue auty| tn Tomoloyuxr dout| ebvar 10 TPofoArkd eninedo.

‘Acoxnor 1.4 We have defined the torus as a 2-manifold structure on the set S* x S*.
We'll show that the torus is homeomorphic to the surface of revolution R C R? with

equation
(Vo2 +y2—a)?+22=7", a>r>0,



with the relative topology as a subset of R3:
Use the mapping f : R?> — R? defined by

(s, t) — ((a+ rcostm)cossm, (a+ rcostm)sinsm, rsintm)
to define a continuous bijective mapping S* x S' — R, which has a continuous inverse.

‘Eyouye oploel 1 onelpa wg ulo dopr} 2-toAAATAOTNTOC GTO GUVOAO Stx St O oetCouye
0Tl 1) omelpa £Vl OTOLOUOPPIXT UE TNV ETLPAVELN EX TEPLOTEOYTIC R C R3 ue e&lowon

(Va2 +y2—a)P+22=r*, a>r>0,

ue ) oyt Torohoyia we utochvoho Tou RE:
XpnowonofoTe Ty anexovion f R? — R? 1ou optleton ¢

(s, t) —> ((a+ rcostr)cossm, (a+rcostm)sinsm, rsintm)

YLt Vo 0p{GETE ulot GUVEY T AUPULOVOCTUAVTY] ATEXOVION St x St — R, tou EYEL CLUVEYEC
avtioTeoyo.



