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A degree of signal distortions depends upon the values of 
amplitude and phase disturbances of the medium under investiga
tion as well as spectral bandwidth of an impulse [11. In current 
articles concerning problems of electromagnetic wave propagation 
quasicoherent radiopulses I IJw «wo ; tlw-spectral bandwidth, 
wo-central spectral frequency) are considered more often than 
other ones. At present the examination of wideband radiopulse 
behavior is very actual and it is proposed here to consider some 
distortions of a signal when it propagates through a transparent 
medium Iwithout any losses) with phase dispersion only . 

Frequency responses of real media are rather complicated 
for analysis. Disregarding definite properties of a medium and 
signal propagation mechanism we consider a model medium with 
parabolic phase function: 

Klw)= exp{i.[aw2+bwtc]} III 

where a, b, c are the parameters connected with the medium 
properties, and a defines the degree of its dispersion . 

In spite of physical abstraction of such a model phase 
characteristics of many real media can be approximated over the 
investigated frequency interval Iwo-D. 5t1w, "'0+0.5t1",) by a 
quadratic polynomial. Such a response II) enables also to 
simplify analyti c calculations. 

Broadening the pulse can be characterized by the value: 
T 

r = ~ (2) 
T . • n 

where Tin is the duration of an initial pulse and Tout - of the 
pulse passing through a dispersive layer.To investigate we need 
to choose some magnitude of constant r. This choice is rather 
arbitrary. For instance, in 121 a problem of narrowband Gauss 
radio~ulse propagation through the medium with parabolic phase 
functlon was examined. The authors considered the case of r=1.1 
only. However, this alteration of the duration is revealed most 
vividly in precise measuring . To generalize and to enlarge theil' 
resul ts several pulses wi th various kinds of spectrum are 
discussed. No limitations on the bandwidth are made and four 
cases are investigated: 

a) r=l.l; b) r=1.5; c) r=2.D; dl r=4.D 
The case c) can be used as universal criteria that defines 
permissible degree of distortions in communication systems, 
while the case a) and b) are of theoretical interest only . 

The duration of a radiopulse is determined as a time 
interval containing a given part of signal power, that is 
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( 3 ) 

where Po is proportional to the entire pulse power, IIp is a 
relative part of Po corresponding the duration T=t 2-t r 

Dispersi ve distortions are determined by nonlinear part of 
phase function ~(w) in the exploring frequency interval (w

1
,w

1
). 

\/e call val ue 
~=16~-6¢L I (4) 

a dispersive disphase over the spectral interval. 6~=~(w2 ) -~(w1) 

is the absolute phase difference, 6¢L is a linear phase 
increment that results only in time displacement of a signal. It 
should be mentioned that some ambi~uity exists in calculating 
6¢L.It is connected with the indefenItion of wave group lag time 
for broadband pulses passing through the dispersive medium. In 
this case we adopt: , 

6¢L =6~ ( w
1
) =6w( 2awtb) (5) 

For an arbitrary phase characteristics of a medium the problem 
of determination of 6¢L demands some special examination. As to 
the medium in question (1) we can write: 

~=a(6w)2 (6) 
This formu la couples spectral bandwidth of a signal with the 
value of media dispersion a. 

Consider an example. The Gauss pulse envelope and its 
spectrum are: 2 

t 
R;n(U=AoeXP[- 2, 2 ) (7) 

o 
A , ,2(w-w )2 

F. (w) = 0 0exp _ [0 0) (8) 
,n'2li 2 

where to defines duration T and spectral bandwidth 6w. After 
passing through the medi um wi th the dispersive character ist ics 
In form (1) the envelope will be : 

1 [ct+b+2aw ) 2,2] 
R (U =A, (,2+4a2)4 exp - 0 0 (9) 

out 0 0 0 2(,4+4a 2) 
o 

Having used formula (2) and definition (3) we found that 
the broadening of Gauss pulse is equal r when 

The left 
disphase 

a J r2-1 
(10) 7-

o 2 
side of the equation is proportional to the dispersive 
13, hence formula (10) using (3) to calculate 6w helps 
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to obtain such a value ~ that duration increase is r when some 
magnitude ~ is given. Note the va l ue ~ according to ( 10 ) i s the 

p 
function of r and ~p only. 

6.D ~ 

It.S 

3.0 

1.5 

';? Y=20 

~'I' 
./'-'. "/ 
./' 

:;4;:::; ./ 
::;-;;;; ' ./ Y 

~'--:;;"'-. ~ - "=H :;,..-.: ' ...- ~. - 4 ' 
::0- , _ .~_-

_.-,...;..-::::--=- :::-"- - -
~~~~~~~~~~n 0.5 0.6 0.7 0.& 0.9 l 

fig.l 

-- cosine 
- .- quadrocos ine 
-- triangular 
--&- rec tangular 
-- gauss 

Some analogous calculations were made for the following 
types of the pulse spectrum: 1) cosi ne; 2) quadrocosine; 3) tri
angular; 4) rectangular . The first step was to obtain ana l ytic 
forms of envelopes after passing thro ugh medium (1). Then with 
the help of a computer some magnitudes of dispersive disphase ~ 
corresponding to the pulse broadening of r were found (see 
figure 1 as an example). Analising these results a conc lusi on 
can be drawn: when ~ ; const and Fconst the value ~ remains 

p 
almost the same in all cases. It is impossible to examine all 
kinds of spectrum. However we can suppose that the smother the 
spectral function of a radiopulse the better agreeme nt of its 
values ~ with the value obta i n from (10). 

Average magnitudes of ~ when ~ ;0.9 are given in a table : 
p 

1.1 
1. 27 

1.5 
3.15 

2.0 
5. 0 

4 . 0 

11. 1 

From the above mentioned some supposition can be made that 
an invariant coupling the degree of media dispersion with the 
spectral bandwidth of a pulse and depending on ~ and r i s 

p 
determined. Such an invariant is the dispersive disphase ~. When 
gi ven di spers i on a and ~ ; const it enables to obta i n such a 

p 
pulse bandwidth aw that results in pulse broadening not greater 
than r. Dispersive disphase turns out to be very useful in 
estimating dIstortion degree of a pulse and in choosin~ spectral 
bandwidth. To do it we have to approximate phase functIon of the 
rea l medium by quadratic polynomial over (w

1
,w

2
) ' then to use 

the above results. 
One simple example of a parabolic ionospheric l ayer are 

represented here. Within the limits of geometrIc optics without 
absorption and when w » wm frequency response has the form: 
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( 11) 
3w 

IIhere to= c ~~si)io' Ym- hemithickness of a layer, wm- critical 

frequency of ionosphere, </>0- the angle of a plane lIave path. 
After approximation the formula Ill) by quadratic polynomial and 
using (6) lie determine such a relative bandllidth of a 
radiosignal that pulse broadening is not greater than 2: 

2 
2toWm 

Her e i s A =---"---"" 
3 

6 J I 
Wo = -1+-4-A/-(-/3W-

o
-) 

parabolic approximation is about 
represented in figure 2 113=5 .0). 
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13=5.0 

r=2. 

The analysis based upon exploring model characteristics (1) 
describes lIell the behavior of radoipulses in a medium IIi th 
monotonous dispersive dependence on frequency. But if the phase 
function is not monotonous or has some points of bend than the 
obtained results have limited applications. 
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