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The problem of diffraction of amplitude-modulated impulses with linear frequency modulation on the pla-
nar periodical grating consisting of infinitely thin and ideally conducting strips has been considered. The ability
to provide the group impulse delay without distorting of their forms and changing their duration has been shown.
Dependencies of group delay on grating parameters and the velocity of frequency change in the field of long

waves have been given.

Constructing and elaborated making of functional
devices and devices of the radar-tracking systems
based on using of peculiarities of interaction of the
composite electromagnetic impulses with different
hindrances, including periodic shields, remains an
essential problem of mm and sub-mm waves tech-
niques. With their help the optimum filters providing
the compression and the delay of signals dividers,
transcribers of the velocity of the frequency sweeping
can be constructed.

Expansion of initial frequency band, in view of
modulated signal of presence additional parameter
(frequency deviation) leads to the occurrence of idio-
syncrasies of distribution and interaction with the
periodic shields possessing different continuous
properties.

Diffraction of amplitude-modulated (AM) elec-
tromagnetic impulses with the Gaussian enveloping
and linear frequency modulation on the strip periodic
grating, consisting of infinitely thin and perfectly
conductive strips are investigated.

Initial and scattered fields satisfy the homoge-
neous Maxwell equations, the conditions of radiation,
boundary conditions on the surface of periodic struc-
ture as
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Here (3, is a velocity of a frequency sweeping,
wp 1s a carrier frequency of the signal, U (z,%)
stands for the £, or H, -components of the electri-
cal or magnetic field accordingly.

The solution to the wave equation is obtained as
an expansion in Fourier integral on frequencies
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where j is the number of the domains to which the
solution concerns; F'cw> is a spectral function of the
initial field; ) (w,y,2) are the functions, which

provide realization of the above-stated requirements.
Proceeding from periodicity of considered hin-
drance along the axis Oy , we shall present the spec-

tral function ') (w,y,2) for each domain as a Fou-

rier-series expansion. Unknown complex decomposi-
tion values will be determined thus from the solution
of boundary problem for the plane simple harmonic
wave normally incident on the strip grating, with the
fixed frequency ® and amplitude F <w>. The scat-
tered field is determined via its integral representa-
tion. Amplitude and phase characteristics of scattered
field will depend on properties of spectral function of
initial field F cw> and the kind of transfer functions
for the grating which are evaluated by a strict
mathematical method for solution of boundary prob-
lems of diffraction.

For the case when the parameters of initial im-
pulse satisfy the requirement of quasi monochro-
maticity Aw < wy, in the paper [1] the analytical
expressions for the scattered fields, allowing gener-
alization on solving of diffraction for AM and LFM
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fields on some class of periodic structures, are ob-
tained.

It is determined that in case of the frequency
modulation of an initial signal owing to expansion of
the frequency band occupied in initial impulse, and
the account of the aspect of continuous curves of the
module and phase of transfer functions for grating
among the parameters describing the scattered field,
occur additional ones (a phase and batch delay, shift
of a carrier frequency). Such performances as spades
amplitude, efficient duration, a velocity of the fre-
quency sweeping, additional phase attack have more
composite dependence on parameters of periodic
structure.

Let's analyze the properties of zero harmonics of
scattered field. Analytical expression for scattered
field has in this case the form
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and in the case when the dependence of amplitude
and phase of transmission coefficients of the grating
on frequency is practically linear, expressions for
performances of scattered field look like
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From the expressions (3)—(9) it follows, that as
compared to incident impulse the zero harmonics of
scattered field has a series of differences. At first, the
smaller spades amplitude stipulated by factor

|C’éj ) (wy )|, representing the module of coefficient

of transfer function of a strip diffraction grating. And
we shall mark, that parameters of zero harmonics will
differ for domains above the grating (j = 1) and

under grating (7 = 2) owing to the available con-

nection between coefficients Céj ) (wp)
1+ C§Y (wy) = C§ (wy) — for E-polarization,

(2)

1— O (wy) = —C§% (wy) — for H-polarization.

Secondly, the zero harmonics have additional
phase attack and the group delay, the phases of trans-
fer function of the grating stipulated by linear de-
pendence on frequency in the frequency band occu-
pied by the initial impulse and presence of the linear
modulation of frequency.

Thirdly, efficient duration, bearing frequency
and the frequency deviation of zero harmonics, prac-
tically coincides with the corresponding magnitudes
of initial impulse.

Thus, selection of parameters of a diffraction
grating and initial impulse makes it is possible to
realize group delay of LFM of impulses without dis-
tortion of its shape and modification of efficient du-
ration.

Let's consider for example expression for a
group delay of zero spatial harmonic for E-
polarization. For the long wavelength case
_ wol
- 27e
known dependences of transmission coefficients on

(Ko << l; £ — the grating constant) from

. . wd .
dimensionless frequency x (u = COST; d is a

breadth of a slot of the grating) it is obtained [2]:
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Relations (10) allow to determine immediately
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Apparently, that the group delay has major
magnitude for past impulse; depends on the phase
and fill factor of grating, and also from the primal
pulse duration, its carrier frequency.

In Fig. 1 the graphic dependences of the relative

group delay [%] on the parameter of grating fill-
0

ing % for the case AM (8 = 0, a dotted line) and

LFM impulse (8 = 0.2, solid curves), calculated
with the formulas (11) are presented. One can see
that with increasing of breadth of the slot in the field
of admissible structure parameters, defined by the
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inequality |rg In

‘<< 1, the group delay in-
creases, reaching at % = 0.7 the maximum values

At
(?O ~2..4%).

The broadening of the frequency band occupied
of the initial signal by the frequency modulation or
the decreasing of initial duration leads to the increas-
ing of group delay. So at the modulation of the initial
signal with the frequency deviation Yo 1%
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creases on 0.5 %, and at 7j = 0.03 ns on 1 % as
compared to AM signal. Graphics in Fig. 2 illustrate
the dependence of the relative group delay on pa-
rameter 0 = wy1y for reflected (solid curves) and
transmitted (dotted line) fields.
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JUDOPAKIIUA MOAYJINPOBAHHBIX
SJIEKTPOMAT'HUTHBIX UMITYJIbCOB
HA IEPHOJIUYECKOM PEIIETKE

T.B. I'aspunosa, IO.5. Cudopenxo

PaccmoTpeHa 3ajgaua  qudpakiuuum  aMIUIUTYAHO-
MOJlyJINPOBAHHBIX HMITYJIbCOB C JIMHEMHOM YacTOTHOM
MOAYyJIALMEH Ha JICHTOYHON NEepHOINYEecKON pelleTke,
cocTosted 13 GECKOHEYHO TOHKUX M HCAIBHO IPOBOMS-
mux JieHT. IlokazaHo, 4TO BO3MOXHO OCYLIECTBUTbH IpYII-
HOBYIO 3aJIepXKKYy CUTHAIOB 0€3 MCKaXeHHs HX (OpMBI U
U3MEHEHUsl JIMTeNbHOCTH. IlpuBeneHsl 3aBUCHUMOCTH
IpYINIIOBOM 3aJiep>KKU OT IIapaMeTPOB PELIETKU U CKOPOCTH
Ka4aHMsS YaCTOTHI B JUIMHHOBOJIHOBOM 00JaCTH.

JTUO®PAKIIS MOJYJIbOBAHUX
EJIEKTPOMATHITHHUX IMIY.JIbCIB HA
MEPIOJUYHUX F'PATKAX

T.B. I'aspunosa, IO.5. Cudopenxo

PosrnsinyTo 3amady audpakiii aMIutiTy AHO-MOIYJIbO-
BaHHUX IMIYJBCIB 3 JIHIHHOIO YaCTOTHOI MOIYJIALIEI0 Ha
CTPIYKOBil NEepiOANYHIN IPaTIi, M0 CKIAJA€ThCS 3 HECKIH-
YEHHO TOHKHX Ta iJeaJbHO MPOBIIHHX cTpivok. [TokasaHo,
0 iCHye MOXJIMBICTH CTBOPUTH I'PYIIOBY 3aTPHMKY CHI-
HaJiB He 3MiHIOI4YM iX ¢opMy Ta TpHBaiicte. HaBeneHo
3aJICKHOCTI TPYIOBOT 3aTPUMKH BiJ| MapaMeTpiB IPATKH Ta
MIBU/IKOCTI Ka4aHHS YaCTOTH Y TOBrOXBHJIbOBIH 00JIaCTi.
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