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The enduring legacy of Maxwell’s equations has been a boon to the modern 

world.  Unbeknownst to Maxwell, these equations are seeing a broader range of 

impact, and myriads of applications since their conception in 1864-1865.   In 

addition to being relativistically invariant, they are valid over a vast length scale 

as well as over a broad frequency range.  More recent studies indicate that they 

are also valid in the quantum regime, even when loss is involved (Dung, et al, 

1998, Scheel and Buhmann, 2008).  Hence, Maxwell’s equations (or 

electromagnetics) will continue to have tremendous impact on myriads of 

emerging technologies, such as nano-optics (Novotny & Hecht, 2012), quantum 

optics (Gerry and Knight, 2005), and quantum information (Nielsen and Chuang, 

2010).  Therefore, it is imperative that we investigate methods to solve these 

equations efficiently with new physical insight.   

A recently developed generalized gauge method is useful to study large-scale,  

multi-scale and multi-physics simulation (Chew, 2014, Vico et al 2015).  This 

method has the novelty that it has no low-frequency breakdown.  This implies that 

it can be applied to problems with a large range of dimensions and frequencies.   

Second, it involves the use of vector potential A  and scalar potential   directly.  

As these potentials often appear directly in many quantum calculations (Scully 

and Zubairy, 1997), this method is also ideal for integrating with problems 

showing quantum effects.   

Using the recently derived decoupled differential equations with A-phi 

formulation (Chew, 2014, Li et al, 2015), we will show that these equations have 

no low frequency breakdown.  Moreover, the physics of the electromagnetic field 

is nicely captured by these decoupled equations.   

References: 
Chew, W. C. (2014). Progress In Electromagnetics Research, 149, 69-84. 

Chew, W. C., Dai, Q., Sun, S., Liu, A., Ryu, C. J., Chen, S., and Sha, W. (2014). In Progress In 

Electromagnetics Research Symposium. Guangzhou. 

Dung, H. T., Knöll, L., & Welsch, D. G. (1998). Physical Review A, 57(5), 3931. 

Gerry, C., and Knight, P. (2005). Introductory quantum optics. Cambridge university press. 

Li, Y.-L, Sun, S., and Chew, W. C. (2015). The 31st International Review of Progress in Applied 

Computational Electromagnetics, Mar., 2015, Virginia, USA.  

Liu, Q. S., Sun S., and Chew, W. C. (2015)  IEEE Int. Symp. on Antennas and Propag., July 2015.  

Novotny, L., and Hecht, B. (2012). Principles of nano-optics. Cambridge university press. 

Scheel, S., & Buhmann, S. Y. (2008). Macroscopic quantum electrodynamics—concepts and 

applications. Acta Phys. Slovaca, 58(5), 675-809. 

Scully, M. O., and Zubairy, M. S. (1997). Quantum optics. Cambridge university press. 

Vico, F., Ferrando, M., Greengard, L., and Gimbutas, Z. (2015). Communications on Pure and 

Applied Mathematics. 

 


