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Exercise 1 (§6.6) [1 Punkt]
Let H be an abelian group, G “ pV,Eq be a connected graph, T be a spanning tree, and f be
a map from the orientations of the edges in E r EpT q to H that satisfies (F1). Show that f
extends uniquely to a circulation on G with values in H.

Exercise 2 (§6.7) [1 Punkt]
Continuing with the setup of Exercise 1, let VH be the group of all maps V Ñ H and let EH

be the group of all maps
á

E Ñ H satisfying (F1), both with pointwise addition. Every ϕ P VH

defines a ψ P EH by ψpe, x, yq :“ ϕpyq ´ ϕpxq.
(i ) Show that these ψ form a subgroup BH of EH with

BH “
 

ψ P EH : ψp
á

Cq “ 0 for every oriented cycle C Ď G
(

,

where ψp
á

Cq “
ř

tψp
á
eq : á

e P
á

Cu.
(ii ) Show that every map

á

EpT q Ñ H satisfying (F1) extends uniquely to a map in BH .

Exercise 3 (§6.8) [1 Punkt]
Continuing with the setup of Exercises 1 and 2, let CH denote the group of all circulations on G
with values in H.

(i ) Show that the quotient group EH{BH is isomorphic to CH .
(ii ) Show that the quotient group EH{CH is isomorphic to BH .

Exercise 4 (§6.12) [1 Punkt]
Show (directly, without using Theorem 6.6.1) that every bridgeless multigraph G has a k-flow
for some k P N.

Written Exercise (§6.5)
View the group of circulations on a graph with values in Z{2Z as a vector space over Z{2Z.
Find a space to which it is isomorphic, and write down an explicit isomorphism.
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