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Euler Characteristic
MATH 348

1. Draw several planar graphs and compute their Euler characteristics. What does the Euler characteristic
tell you about a planar graph?

numker of

Connected pieces

Mminus  tHe number

O‘(: loo'as

2. Extend problem #1 to planar two-dimensional simplicial complexes. What does the Euler character-

istic tell you about such complexes?
/ %( K} = Numbe of

('_mmu."f'l f:e"es
_ ’\uhw '{ (‘*S

K(K)=12-12-2=2

yertlas € S
q Connecttd pieces \
2 leops y-2-2

3. Explain why the Euler characteristic of a simplicial complex K can also be written

X(K) = 3 (-1

ceK

where the sum is over all simplices o in K, and dim(o) is the dimension of o.
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4. Compute x(S?) using at least two different triangulations of the sphere S?

0"0\«)

Tetrahedron

0\

‘i’ria/\\rjglm{el

(vbe

5. Compute x(T?) using at least two different triangulations of the torus 72

T?_

9 yotices X(T) = 9-27118
Z? e,Aqe,S < O

‘8 ‘paces
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Apgo#CA
(;/’Ov/

Svurface: A Housdeff spoce  with He poperty Hhot  aroind
any poirt, thee s an -per n.‘JLLcrlwoa' 'Mwaomq‘;l\-'c H I‘Rz

Cl als l‘{-‘: (d{':o/‘ Q'F SJI"F““S’
Tuo ‘\'rlaadolaUL g\)ﬁé‘nc_&s ace hohepmorpln‘c 131 Hvz/ haie
e came Culer characteristic  and orieta 'o‘-l'.'}’.
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Introduction to Simplicial Homology
MATH 348

Consider the following simplicial complex K. Note that K consists of two 2-simplices, seven 1-simplices,
and five 0-simplices. Moreover, K has one hole—the triangle that is not filled in.*

V2

U1

U3 €5 V4

. Write three one-dimensional loops that do not encircle the hole. Write each loop as a sum of 1-

simplices.
XI: €3+€,L1 telsg K’L: €l+€?.—k eS
‘(’Q)\-MAI som” 0\[' 1 -s}MPITw-S K_g = Q. *el « e‘-( + ezg

. Let «1 and 72 be loops that you wrote in #1. Consider the difference v; — o with Zgy coefficients.

What can you say about this difference? G alse dencted 272

- = (E;H—Cq +€,s\) B (€.+€1+€;) = €utls TR €, = Qee, wetes

3. Write three one-dimensional loops that encircle the hole. Write each loop as a sum of 1-simplices.

. Let 71 and 2 be loops that you wrote in #3. Consider the difference v; — 2 with Zs coefficients.

What can you say about this difference?

*source: Michael Starbird and Francis Su, Topology Through Inguiry, Section 15.2.
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