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Figure 1: Classification of inertial critical points based on the eigenvalues e1,e2 of K. W.l.o.g., we assume that Repe1q ¤ Repe2q. The eigenvalue
e1 pq belongs to the eigenvalues f1,1, f1,2 pq of J̃, and the eigenvalue e2 pq belongs to the eigenvalues f2,1, f2,2 pq. Each pair of eigenvalues
fi,1, fi,2 is located diametrically opposite around the real-valued constant center �1{p2κq pq, here shown for κ � 0.5. For each possible case,
we show the eigenvalues in the complex plane and the corresponding eigenvalue conditions.
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Critical Points in 3D (1/2)
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Figure 2: Classification of inertial critical points based on the eigenvalues e1,e2,e3 of K. The eigenvalue e1 pq belongs to the eigenvalues
f1,1, f1,2 pq of J̃, the eigenvalue e2 pq belongs to the eigenvalues f2,1, f2,2 pq and the eigenvalue e3 pq belongs to the eigenvalues f3,1, f3,2
pq. Each pair of eigenvalues fi,1, fi,2 is located diametrically opposite around the real-valued constant center �1{p2κq pq, here shown for
κ � 0.5. For each possible case, we show the eigenvalues in the complex plane and the corresponding eigenvalue conditions.
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Critical Points in 3D (2/2)

Dbl-osc. 1/5 saddle node

Impe1q � Impe2q � Impe3q � 0
Repe1q ¤ Repe2q ¤ �

1
4κ

, 0¤ Repe3q

1/5 saddle focus

Impe1q � �Impe2q � 0, Impe3q � 0
Repe1q � Repe2q   �κ Impe1q

2,
0¤ Repe3q

Sink node

Impe1q � Impe2q � Impe3q � 0
� 1

4κ
  Repe1q ¤ Repe2q ¤ Repe3q   0

Single-osc. sink node

Impe1q � Impe2q � Impe3q � 0
Repe1q ¤ �

1
4κ
  Repe2q ¤ Repe3q   0

Dbl-osc. sink node

Impe1q � Impe2q � Impe3q � 0
Repe1q ¤ Repe2q ¤ �

1
4κ
  Repe3q   0

Fully-osc. sink node

Impe1q � Impe2q � Impe3q � 0
Repe1q ¤ Repe2q ¤ Repe3q ¤ �

1
4κ

Sink focus

Impe1q � �Impe2q � 0, Impe3q � 0
Repe1q � Repe2q   �κ Impe1q

2,
� 1

4κ
  Repe3q   0

Osc. Sink focus

Impe1q � �Impe2q � 0, Impe3q � 0
Repe1q � Repe2q   �κ Impe1q

2,
Repe3q ¤ �

1
4κ

Figure 3: Classification of inertial critical points based on the eigenvalues e1,e2,e3 of K. The eigenvalue e1 pq belongs to the eigenvalues
f1,1, f1,2 pq of J̃, the eigenvalue e2 pq belongs to the eigenvalues f2,1, f2,2 pq and the eigenvalue e3 pq belongs to the eigenvalues f3,1, f3,2
pq. Each pair of eigenvalues fi,1, fi,2 is located diametrically opposite around the real-valued constant center �1{p2κq pq, here shown for
κ � 0.5. For each possible case, we show the eigenvalues in the complex plane and the corresponding eigenvalue conditions.
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