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Mathieu beams are solutions of Helmholtz wave equation in elliptical coordinate system and are part of non-

diffracting beam family. Due to unique asymmetric transverse intensity profile of zeroth order even Mathieu beam it 

can be perceived as “Optical Knife” and has many applications including material processing, medicine etc. 

Superposition of Bessel beams with different frequencies and amplitudes results in non-diffracting pulses where, 

diffraction spreading and dispersive broadening is compensated by a given angular dispersion. These non-diffracting 

and non-dispersing wave packets are also known as X-waves or Focus Wave Modes. Scalar non-diffracting pulses 

containing Bessel, parabolic and Mathieu beams analyzed previously [2], but a deeper analysis of pulsed vector 

Mathieu beams is still needed. 

In this work we introduce Mathieu beams and use them to create pulses with different polarizations in a fashion 

similar to Focus Wave Modes. Vector solutions to Mathieu beams are obtained from scalar ones using classical 

technique described in [1]. Pulses with different topological charges (m) and eccentricity parameters (which control the 

width of “Optical Knife”) are presented in detail. Transverse distribution of intensity of a pulse with m = 0 (“Optical 

Knives” case) can be seen in Fig.1. 

Moreover, angular spectrum of femtosecond Mathieu beams and its properties will be discussed. 

 

 

 
 

Fig. 1. Transverse intensity distribution of a pulsed Mathieu beam with m = 0 

   

Furthermore, ways of creating these beams and possible challenges will be presented as well as applicability and 

importance of these pulsed beams. 
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