
Physics 410 - Project 4

December 1, 2016

The project is an investigation of the one-dimensional Burgers equation.
This equation appears as a simplified model for the Navier-Stokes equation,
exhibiting shock formation and turbulence (for the two dimensional case). It is
also related to the KPZ equation for surface growth.

The equation is
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with the initial condition u(x, 0) = exp(−8x2). The equation include the ef-
fects of advection (propagation of signals, in the term proportional to c) and
dissipation (decay of signals, in the term proportional to ν).

Note that for numerical stability it is preferable to compute the right hand
side as stated (instead of differentiating the term in the parentheses). For the
same reason, it is preferable to use (first order) backward differentiation for the
first derivative in the spatial direction, but for the second derivative use the
centered formula.

• Following the discussion in class, write a code integrating the equation
using Euler method in the time direction. Impose periodic boundary con-
ditions in the spatial direction.

Start with the following parameters: Spatial direction– between -1 and 1.
spatial discretization size 1e-2. Final time t=2.

For some of the sections these parameters need to be adjusted. For exam-
ple the length of the spatial direction should be adjusted when the signal
reaches the boundaries. Recall the relation between the spatial grid size
and the time step, needed to ensure stability. For the following you might
need to adjust the time step to ensure stability.

• Start with the case c = 0 which results in the diffusion equation. Find
out the rate at which the size of the initial pulse broadens with time, and
describe how does that rate depend on the constant ν.

• The opposite limit is that of the invicid Burgers equation, ν = 0. Increase
the value of c in units of 0.1 (up tp 0.5) and observe the formation of shock
waves. Describe how the formation time depend on the parameter c.
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• Investigate the fate of the shock waves of the previous section when we
turn the viscosity ν back on, in units of 1e − 3, describe what happens
when the viscosity is gradually increased.
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