
Math 145 
Chaos Theory

Ralph Abraham
www.ralph-abraham.org

Math Dept, UCSC
Spring 2017



Meeting #5Th,  May 4 

• 3D Flows, continued

• Dynamics: The Geometry of Behavior

• Part 3:  Global Behavior

• Chs. 13, 14, and 15



Ch. 13: Heteroclinic Tangles

• Sec. 13.1. Point to point

• Sec. 13.2. The Lorenz attractor

• Sec. 13.3. Point to cycle

• Sec. 13.4. Cycle to cycle

• Sec. 13.5. Birkhoff ’s signature



Sec. 13.1
Point to Point

















Sec. 13.2
The Lorenz Attractor



















Sec. 13.3
Point to Cycle













Sec. 13.4
Cycle to Cycle









Sec. 13.5
Birkhoff ’s Signature

















Ch. 14: Homoclinic Tangles

• Sec. 14.1. Homoclinic cycles

• Sec. 14.3. Horseshoes



Sec. 14.1
Homoclinic Cycles





















Sec. 14.3
Horseshoes

















Ch. 15: Recurrence

• Sec. 15.3. Nonwandering points



Sec. 15.3
Nonwandering Points
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