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Time  discretization 
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Lax problem. t=1.3.  200 cells. Density.  

Left: k=1.   Right: k=2.  
For k=3 and k=4, the codes blow up 
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The Limiters 
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Advantages of the DG method: 
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A example of DG 
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History of the DG method: 

Here is a (very incomplete) history of the study of DG methods: 
 
l  1973: First discontinuous Galerkin method for steady state linear scalar 

conservation laws (Reed and Hill). 

l  1974: First error estimate (for tensor product mesh) of the discontinuous 
Galerkin method of Reed and Hill (LeSaint and Raviart). 

l   1986: Error estimates for discontinuous Galerkin method of Reed and Hill 
(Johnson and Pitkaranta).  

l  1989-1998: Runge-Kutta discontinuous Galerkin method for nonlinear 
conservation laws (Cockburn, Shu, ...). 
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History of the DG method: 

l  1994: Proof of cell entropy inequality for discontinuous Galerkin method 
for nonlinear conservation laws in general multidimensional triangulations 
(Jiang and Shu).   

l  1997-1998: Discontinuous Galerkin method for convection diffusion 
problems (Bassi and Rebay, Cockburn and Shu, Baumann and Oden, ...).  

l  2002: Discontinuous Galerkin method for partial differential equations 
with third or higher order spatial derivatives (KdV, biharmonic, ...) (Yan 
and Shu, Xu and Shu, ...) 

l  2007: Discontinuous Galerkin method for two-medium flow (Qiu, Zhu, 
Liu and Khoo) 
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Collected works on the DG methods: 

l  Discontinuous Galerkin Methods: Theory, Computation and 
Applications, B. Cockburn, G. Karniadakis and C.-W. Shu, editors, 
Lecture Notes in Computational Science and Engineering, volume 
11, Springer, 2000. (Proceedings of the first DG Conference) 

l   Journal of Scientific Computing, special issue on DG methods, 2005，
2009.  

l   Computer Methods in Applied Mechanics and Engineering, special 
issue on DG methods, 2006. 
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Lax-Wendroff  DG  

 
•  The method relies on converting all the time derivatives in a temporal 
Taylor expansion into spatial derivatives by repeatedly using the PDE and 
its differentiated versions.  

• The spatial derivatives are then discretized by the DG approximations.  

•  The nonlinear limiter for controlling spurious oscillations is performed 
once per time step. LWDG is more compact than RKDG. 

•  The Lax-Wendroff time discretization procedure is more cost effective 
than the Runge-Kutta time discretizationsfor certain problems including 
two dimensional Euler systems of compressible gas dynamics. 
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Numerical Results 

LWDG is more compact than RKDG and the Lax-Wendroff time 
discretization procedure is more cost effective than the Runge-
Kutta time discretizations. �
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