
Work on these with your partner(s) at the board

1. In the Petersen graph, find

(a) a trail of length 5 (b) a path of length 9 (c) circuits of length 5, 6, 8, and 9

Note: “length” means the number of edges

2. Prove that if G has an Euler circuit, then every vertex of G has even degree.

3. For each graph, find an Euler circuit or explain why one does not exist.

(a)
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8. Find the number of connected components for each of the
following graphs.

a.

a c hf

b
e

g

d

b.
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z

w

x

v

y

c.
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j h

e
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c

i

g

f

d.

v1 v3

v2

v4

9. Each of (a)–(c) describes a graph. In each case answer yes,
no, or not necessarily to this question: Does the graph have
an Euler circuit? Justify your answers.
a. G is a connected graph with five vertices of degrees 2,

2, 3, 3, and 4.
b. G is a connected graph with five vertices of degrees 2,

2, 4, 4, and 6.
c. G is a graph with five vertices of degrees 2, 2, 4, 4,

and 6.

10. The solution for Example 10.2.5 shows a graph for which
every vertex has even degree but which does not have an
Euler circuit. Give another example of a graph satisfying
these properties.

11. Is it possible for a citizen of Königsberg to make a tour
of the city and cross each bridge exactly twice? (See
Figure 10.2.1.) Why?

Determine which of the graphs in 12–17 have Euler circuits. If
the graph does not have an Euler circuit, explain why not. If it
does have an Euler circuit, describe one.

12.

v1

v2

v4

v5 v3

e2
e1

e8

e4

e5

e7

e3

e6

13.

v1

v0v9

v8

v6v7

v4

v2

v5 v3

14. a

b

c
f

de

i
h

g

15.

r z y x

s w

vt

u

16. v1

v4

v0

v5

v2

v3

17.

E

C

A

F

D

B

18. Is it possible to take a walk around the city whose map
is shown below, starting and ending at the same point and
crossing each bridge exactly once? If so, how can this be
done?

B

E

A C

D

River

For each of the graphs in 19–21, determine whether there is an
Euler path from u to w. If there is, find such a path.

19.

v1v7

v4

v0

v5

v2
v6

w

u

v3

20.

a u f

h w

e

b c d

g
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(b)
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8. Find the number of connected components for each of the
following graphs.

a.

a c hf
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9. Each of (a)–(c) describes a graph. In each case answer yes,
no, or not necessarily to this question: Does the graph have
an Euler circuit? Justify your answers.
a. G is a connected graph with five vertices of degrees 2,

2, 3, 3, and 4.
b. G is a connected graph with five vertices of degrees 2,

2, 4, 4, and 6.
c. G is a graph with five vertices of degrees 2, 2, 4, 4,

and 6.

10. The solution for Example 10.2.5 shows a graph for which
every vertex has even degree but which does not have an
Euler circuit. Give another example of a graph satisfying
these properties.

11. Is it possible for a citizen of Königsberg to make a tour
of the city and cross each bridge exactly twice? (See
Figure 10.2.1.) Why?

Determine which of the graphs in 12–17 have Euler circuits. If
the graph does not have an Euler circuit, explain why not. If it
does have an Euler circuit, describe one.

12.

v1

v2

v4

v5 v3

e2
e1

e8
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e5

e7

e3

e6

13.

v1

v0v9
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g
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16. v1

v4

v0

v5

v2
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17.

E

C

A

F

D

B

18. Is it possible to take a walk around the city whose map
is shown below, starting and ending at the same point and
crossing each bridge exactly once? If so, how can this be
done?

B

E

A C

D

River

For each of the graphs in 19–21, determine whether there is an
Euler path from u to w. If there is, find such a path.

19.

v1v7

v4

v0

v5

v2
v6

w

u

v3

20.

a u f

h w

e

b c d

g
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(c)
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8. Find the number of connected components for each of the
following graphs.

a.

a c hf

b
e

g

d
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v1 v3
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v4

9. Each of (a)–(c) describes a graph. In each case answer yes,
no, or not necessarily to this question: Does the graph have
an Euler circuit? Justify your answers.
a. G is a connected graph with five vertices of degrees 2,

2, 3, 3, and 4.
b. G is a connected graph with five vertices of degrees 2,

2, 4, 4, and 6.
c. G is a graph with five vertices of degrees 2, 2, 4, 4,

and 6.

10. The solution for Example 10.2.5 shows a graph for which
every vertex has even degree but which does not have an
Euler circuit. Give another example of a graph satisfying
these properties.

11. Is it possible for a citizen of Königsberg to make a tour
of the city and cross each bridge exactly twice? (See
Figure 10.2.1.) Why?

Determine which of the graphs in 12–17 have Euler circuits. If
the graph does not have an Euler circuit, explain why not. If it
does have an Euler circuit, describe one.

12.

v1

v2

v4

v5 v3

e2
e1

e8
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e5

e7

e3

e6

13.

v1

v0v9

v8

v6v7

v4
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v5 v3
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b
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f

de
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g

15.
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16. v1

v4

v0

v5

v2
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17.

E

C

A

F

D

B

18. Is it possible to take a walk around the city whose map
is shown below, starting and ending at the same point and
crossing each bridge exactly once? If so, how can this be
done?

B

E

A C

D

River

For each of the graphs in 19–21, determine whether there is an
Euler path from u to w. If there is, find such a path.

19.

v1v7

v4

v0

v5

v2
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w

u

v3

20.

a u f

h w
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b c d
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(d)
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8. Find the number of connected components for each of the
following graphs.

a.

a c hf

b
e

g

d

b.

u

z

w

x

v
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c.
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f
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v1 v3
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v4

9. Each of (a)–(c) describes a graph. In each case answer yes,
no, or not necessarily to this question: Does the graph have
an Euler circuit? Justify your answers.
a. G is a connected graph with five vertices of degrees 2,

2, 3, 3, and 4.
b. G is a connected graph with five vertices of degrees 2,

2, 4, 4, and 6.
c. G is a graph with five vertices of degrees 2, 2, 4, 4,

and 6.

10. The solution for Example 10.2.5 shows a graph for which
every vertex has even degree but which does not have an
Euler circuit. Give another example of a graph satisfying
these properties.

11. Is it possible for a citizen of Königsberg to make a tour
of the city and cross each bridge exactly twice? (See
Figure 10.2.1.) Why?

Determine which of the graphs in 12–17 have Euler circuits. If
the graph does not have an Euler circuit, explain why not. If it
does have an Euler circuit, describe one.

12.

v1

v2

v4

v5 v3

e2
e1

e8

e4

e5

e7

e3

e6

13.

v1

v0v9

v8

v6v7

v4
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v5 v3

14. a

b

c
f
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i
h

g

15.

r z y x

s w

vt

u

16. v1

v4

v0

v5

v2

v3

17.

E

C

A

F

D

B

18. Is it possible to take a walk around the city whose map
is shown below, starting and ending at the same point and
crossing each bridge exactly once? If so, how can this be
done?

B

E

A C

D

River

For each of the graphs in 19–21, determine whether there is an
Euler path from u to w. If there is, find such a path.

19.

v1v7

v4

v0

v5

v2
v6

w

u

v3

20.

a u f

h w
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4. For each graph in #3, find an Hamiltonian circuit or explain why one does not exist.

5. For each graph, find an Hamiltonian circuit or explain why one does not exist.

(a)

10.2 Trails, Paths, and Circuits 659

21.

v1

v2v3

v4

v0v7

v6

w

v5

u

22. The following is a floor plan of a house. Is it possible to
enter the house in room A, travel through every interior
doorway of the house exactly once, and exit out of room
E? If so, how can this be done?

A B

G

F

C

D

E

H

Find Hamiltonian circuits for each of the graphs in 23 and 24.

23.
v0

v1

v3

v6

v5

v7

v2

v4

24.
a

l

k

j

h
b

c

d

g

f

i

e

Show that none of the graphs in 25–27 has a Hamiltonian cir-
cuit.

25.H

a e

b d

g f

c

26. a

j h

c

b

i f

e

d

g

27.

A

F

G

C

D

E

B

In 28–31 find Hamiltonian circuits for those graphs that have
them. Explain why the other graphs do not.

28.H
a b

f g

e d c

29.

a

g

c

e

b

d

f

30.

v0

v4

v7

v2

v1

v3

v6v5

31.

a c

b

e f

h g

d

32.H Give two examples of graphs that have Euler circuits but
not Hamiltonian circuits.

33.H Give two examples of graphs that have Hamiltonian circuits
but not Euler circuits.

34.H Give two examples of graphs that have circuits that are both
Euler circuits and Hamiltonian circuits.

35.H Give two examples of graphs that have Euler circuits and
Hamiltonian circuits that are not the same.
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(c)

10.2 Trails, Paths, and Circuits 659

21.
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v0v7
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w

v5

u

22. The following is a floor plan of a house. Is it possible to
enter the house in room A, travel through every interior
doorway of the house exactly once, and exit out of room
E? If so, how can this be done?

A B

G

F

C

D

E

H

Find Hamiltonian circuits for each of the graphs in 23 and 24.

23.
v0

v1

v3

v6

v5

v7

v2

v4

24.
a

l

k

j

h
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c
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g
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Show that none of the graphs in 25–27 has a Hamiltonian cir-
cuit.

25.H

a e

b d

g f

c

26. a

j h

c

b

i f

e

d

g

27.

A

F

G

C

D

E

B

In 28–31 find Hamiltonian circuits for those graphs that have
them. Explain why the other graphs do not.

28.H
a b

f g

e d c

29.

a

g

c

e

b

d

f

30.

v0

v4

v7

v2

v1

v3

v6v5

31.

a c

b

e f

h g

d

32.H Give two examples of graphs that have Euler circuits but
not Hamiltonian circuits.

33.H Give two examples of graphs that have Hamiltonian circuits
but not Euler circuits.

34.H Give two examples of graphs that have circuits that are both
Euler circuits and Hamiltonian circuits.

35.H Give two examples of graphs that have Euler circuits and
Hamiltonian circuits that are not the same.
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(b)
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21.

v1
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v0v7
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w

v5

u

22. The following is a floor plan of a house. Is it possible to
enter the house in room A, travel through every interior
doorway of the house exactly once, and exit out of room
E? If so, how can this be done?

A B

G

F

C

D

E

H

Find Hamiltonian circuits for each of the graphs in 23 and 24.

23.
v0

v1

v3

v6

v5

v7

v2

v4

24.
a

l

k
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Show that none of the graphs in 25–27 has a Hamiltonian cir-
cuit.

25.H

a e

b d

g f

c

26. a

j h
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i f

e

d

g

27.
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In 28–31 find Hamiltonian circuits for those graphs that have
them. Explain why the other graphs do not.

28.H
a b

f g

e d c
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g
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d

f

30.

v0

v4

v7

v2
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v6v5

31.
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b
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h g

d

32.H Give two examples of graphs that have Euler circuits but
not Hamiltonian circuits.

33.H Give two examples of graphs that have Hamiltonian circuits
but not Euler circuits.

34.H Give two examples of graphs that have circuits that are both
Euler circuits and Hamiltonian circuits.

35.H Give two examples of graphs that have Euler circuits and
Hamiltonian circuits that are not the same.
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(d)
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u

22. The following is a floor plan of a house. Is it possible to
enter the house in room A, travel through every interior
doorway of the house exactly once, and exit out of room
E? If so, how can this be done?

A B

G

F
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D

E

H

Find Hamiltonian circuits for each of the graphs in 23 and 24.

23.
v0
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v6

v5
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v4

24.
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l

k
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Show that none of the graphs in 25–27 has a Hamiltonian cir-
cuit.

25.H

a e

b d

g f

c

26. a

j h

c
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i f

e

d

g

27.
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In 28–31 find Hamiltonian circuits for those graphs that have
them. Explain why the other graphs do not.

28.H
a b

f g

e d c

29.

a

g

c

e

b

d

f

30.

v0

v4

v7

v2
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31.
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32.H Give two examples of graphs that have Euler circuits but
not Hamiltonian circuits.

33.H Give two examples of graphs that have Hamiltonian circuits
but not Euler circuits.

34.H Give two examples of graphs that have circuits that are both
Euler circuits and Hamiltonian circuits.

35.H Give two examples of graphs that have Euler circuits and
Hamiltonian circuits that are not the same.
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