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(2013), Strepitov et al. (2014), Smolyanskaya et al. (2014), Sushko et al. (2013)], etc. In this paper, modeling 
particularities of propagation of spatio-temporal THz wave train during its decomposition on separate spectral 
components are considered. In according to the scalar diffraction theory, the Rayleigh-Sommerfeld equation can be 
used to calculate spatial distributions of wave fields for each wavelength. However, this equation have high 
computational complexity and its use is impractical due to a large number of spectral components. Therefore, in this 
paper we will consider other method: the representation of the field as the angular spectrum (AS) and by 
convolution (C) of the initial field in the object plane with the impulse response function. 

2. Mathematical model developed for numerical simulation of propagation of the two-dimensional broadband 
THz fields 

Let the real part of the pulsed terahertz field density E(x, y, t) is defined in the registration plane (x, y). Generally, 
it can be measured by raster scanning in the recording plane with coordinate system x, y by using electro-optical 
detection. We can pass into the spectral domain by applying the Fourier transformation to E(x, y, t) and thereby 
obtain the spectral dependence of the complex amplitude of the THz field for each point on the screen: 

, 1 , ,
ˆ( ) ( ( )) ( ) exp( 2 )x y D x y x yu F E t E t i dt                                                                         (1) 

where 
1̂DF  is a one-dimensional Fourier transform. Obtained this way three-dimension array 

u(x, y, ) = |u(x, y, )|exp[i (x, y, )] contains spatial distribution of the amplitude |u(x, y, )| and phase (x, y, ) at 
each point x, y for each frequency . After transformation of the data from ux,y( ) to u (x, y) we obtain the spatial 
distribution of the THz field on each spectral component. 

In the scalar diffraction theory, when we consider the two most common methods of calculation of wavefront 
propagation from the object plane (x’, y’) to the recording plane (x, y) (namely, AS and C), it should be noted that 
their applicability is limited by the sampling theorem. Thus AS method defined as: 

2 22( , , ) ( , ) exp 2 ( ) exp 1 ( ) ( )x y x y x y x y
i zU x y l u f f i f x f y f f df df         (2) 

where ( , ) exp 2 ( ) ( ', ') ' 'x y x yf f i f x f y u x y dx dyu  is the angular spectrum, is restricted by the 
inequality [Petrov et al. (2012)]: 

0 / .cl D x                                                                         (3) 

Here c is the speed of light, l is the distance from the initial object plane to the remote recording plane, D is a linear 
dimension of the calculated field in the initial plane, x is a pixel size. 

Similarly, the field , ,u x y l  can be calculated using the method C 

( , , ) ( ', ', 0) ( , , ).U x y l u x y h x y l                                                       (4) 

Here h is the impulse response function: 

2exp
( , , ) ,

ir lh x y l
i r r

                                                      (5) 

and r is the distance between the object and registration planes: 
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