
String and Membrane Models

"He has all the virtues I dislike and none of the vices I admire” Winston Churchill



Applications
Membrane Mirrors:

• E.g., Kirtland AFB

• Issue: How do you model and compensate for wrinkles?



Applications
Chemical and Biological Sensors:

• Often involve ionic polymers



Applications
Active Polymers:

• e.g., PVDF (polyvinylidene fluoride) for MAV

• Structural sensors



Applications
Strings or Wires:

• 1-D version of membranes

• e.g., transmission line design to minimize ice or wind failure



String Model

Assumptions:

• Small displacements permit linearization

• Density



String Model -- Strong Formulation

Strong Formulation: Based on force (momentum) balance

Horizontal Forces:

Vertical Forces:



String Model -- Strong Formulation
Vertical Forces:

Newton’s 2nd Law:



String Model -- Strong Formulation

Model:



Kinetic and Potential Energy

Kinetic Energy:

Potential Energy: Find change in length and multiply by T



String Model -- Weak Formulation

Hamilton’s Principle:

‘Action’ Integral:



Hamilton’s Principle:

String Model -- Weak Formulation

Weak Formulation:

Note: Use integration by parts to show equivalence to strong formulation



String Model -- Solution Techniques
Numerical Methods: See acoustic lectures

Analytic Solutions: See acoustic lectures

Recall:

Note:



Membrane Model
Assumptions:

• Small displacements permit linearization

• Density:

• Assume tensile stress T is same at every point

Force Balance:



Membrane Model

Membrane Model:


