
For this assignment...  Develop some confidence in how atmospheric perturbations vary 
with decaying density, and how molecular viscosity arises in the thermosphere.  

1) Show that the linear scaling factors for perturbations to conserved quantities 
(density, momentum, and energy) are ~(ρ(z)/ρ(0))^(1/2), where density and pressure 
decay exponentially with altitude. This can be done in accordance with conservation of 
energy. Also confirm scaling factors for perturbations to v. What is the scaling of 
perturbations to these (six) quantities with altitude if ρ(z)=ρ0 exp(-z/H)? 

2) Investigate the importance of molecular viscosity, using NRLMSISE00 data from 
Assignment #1, calculate kinematic viscosity and thermal diffusivity (both with units m2/s) 
assuming that the dynamic viscosity µ is constant over altitude and equal to 1.8 x 10-5 Pa•s, 
and that the Prandtl number is Pr=0.7; note that we can define “kinematic viscosity” ν in 
terms of “dynamic viscosity” µ (ν=µ/ρ0). 

Plot the following on a semi-log scale with altitude: 
a) Kinematic viscosity ν and thermal diffusivity α, and 
b)the mean free path and mean time between collisions (Explain any assumptions!). 

2) Using a time-split method, incorporate viscosity in our example solution describing 
linear acoustic wave propagation in one dimension (assume horizontal!). In 1D, and after 
careful linearization, the momentum equation can be approximated as: 

Starting from the example m-file for LeVeque’s method, simulate the acoustics equations 
and add via time-splitting an (1) explicit and (2) implicit solution for this viscous term. 

a. Calculate the maximum kinematic viscosity νmax which could be stably applied using 
the Euler method with the same time and spatial step as your acoustic solution.   

b. Demonstrate damping by explicit and implicit methods for an infinite 60 Hz square 
wave at νmax/2, νmax, and 5νmax, each run for an equal duration of time (run long 
enough to validate damping and/or confirm presence of numerical instability).  

c. Explain how you may implement a simple solution for viscosity and conduction in 
your 2D model code. 
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