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Frequency Sweep Importance
Structural Dynamics and Interior Helmholtz
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Frequency Sweeps
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Solutions to Helmholtz Problem
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Solutions to Helmholtz Problem
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Storing derivatives of K
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Stiffness Matrix
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Computation of the Derivatives of K
For Isotropic Material the constitutive matrix D has the 
following form: 

where the Lame parameter   

where µ is the shear modulus and E is the modulus of 
elasticity.
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Constitutive Matrix
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Derivatives can now be taken with respect 
to the scalar value

Rather than storing entire matrices we only store the values of 
the derivatives and the matrices
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Acoustics of Rubber Material

Rubber Material is subject to partially inelastic wave scattering that 
is dependent on frequency. The material is assumed to be isotropic.  
Subject to loss factor  

	 	 	 	 	 	 	 	 	
	 	 	 	 *denotes complex modulus
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Automatic Differentiation
• Also known as Algorithmic Differentiation or computational 

differentiation. Not symbolic or numerical differentiation. When 
implementing “forward” differentiation the software breaks down 
the problem into elementary operations and applies the Chain Rule 
to compute the derivatives. 

• Several Software Packages out there to experiment with 
– ADOL-C -> fairly user friendly 
– Eigen -> has an unsupported library	  
– Sacado-> trilinos product from Sandia National Labs already 

used in AERO-S 
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Automatic Differentiation

Forward Example: 
f(x1, x2)=2*x12+cos(x2) 
Set up intermediate variables 
v1=x1 
v2=x2 
v3=2*v1*v1 
v4=cos(v2) 
v5=v3+V4 
f(x1,x2)=v5

Find the x1 partial derivative f 
v1’=1 
v2’=0 
v3’=2*(v1’*v1+v1’*v1) <-CHAIN RULE 

V4’=-sin(v2)*v2’ <-CHAIN RULE 

v5’=v3’+v4’ 
V4’=0 because -sin(v2)*v2’=0 
f’(x1,x2)=2*(v1’*v1+v1’*v1) 
plug in values of x1
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Automatic Differentiation

Future Work 

Switching from ADOL-C to Sacado in order to not have to include another library. Learning how SACADO implements Automatic 
Differentiation is the most difficult part.  
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Resources



Thank you. 
Questions?


