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Investigated configuration

P

e Elements: NV +1, identical, mutually i
translationally shifted, pulsed ]
electric-current excited elements o

e Medium: uo, €0, co=+/toco | i,'.l
* Excitation: J(z, 1) :{Ig(t)](i)[Jg(m, t)]x L |

r £
L Dirac delta pulse excitation
Electric current

Jo(x,t) = Jo(x+dp,t), forn=1,...,N
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Radiated field ‘ . : 0

e From Maxwell’s equations
E = g0 A+ ¢, 1, V(V-A)
H=VxA

(V-V)A — ;207 A = t
where |, :/ f(r)dr
e Scalar wave equation | T )

(V-V)Gc028 (1)
creeisfncton RN RRORI
47| x|
) C

A(x,t) = ZAn(:c,t) = Z G(x,t) (*)(*) Jn(x,t) forz € R®

e Radiated field < electr
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TD far-field radiation characteristics

e TD far-field expression
_ {A%, E® H®}(&,t —|z|cy )

A FE H 1 O —1
(A.B.H)(x.1) iy 14 0(la| )]
as |x| — o
o [A™ E> H™>}(£,1) are interrelated by
E™ = —po|0,A™ — £(§-0,.A))
H> = —cglﬁx(’?tAoo
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Beam shaping and beam steering

e Excitation: time-shifted versions of the “0” pulse
1G(t) = 1§ (t — T,,), with T;, the relevant time delays

N i
A®=) " A
n=0

N Q (2) ) 1
S {ise-m Y [ s tew + djave) |
n=0 "

e Constructive interference occurs if
T, = cy €y-dy, forn=1,23,...,N
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Area density of radiated energy

Poynting theorem

E™(&, 1) x H™ (&, t)dt

1 6772 teR

e For the examined case:

P (€) = ¢;%¢ [0, A (€,1) - 0, A (€,1)] dt

teR
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Numerical examples
. ['(v+1)exp(v)
e Examined quantity: !

Dgp (&) = 101logyq [@[)rad(g).g /47rwrad}

e Electric current pulse I3 (t) :

normalised power-exponential —o |
pulse ] e

== ==
I(t) = Imax (t/t:)" exp [—v (t/t: — 1) H(?)

[/t =138473

-1 =05 0 05 1 15 2 25 3 35 4 45 5

e Radiator: rhombic antenna
(&) = ¢ %€ (O A (&,t) - K A™(&,t)]dt

analytic!
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Numerical examples: single radiator

e Shape: ‘doughnut’ — characteristic for dipoles

4 Dap(€) [ ) 4 DqB(€) h

. v v
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Numerical examples: x8 linear array
along Oz, broadside beam scan

* Spacing: 40v2Ly

e Observations: beam narrowing, no side-lobes
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Numerical examples: x8 linear array
along Oz, broadside beam scan

e Spacing: 40vV2Lg = x10 (4\/§LR)

e Observations: further beam narrowing, smooth side-
lobes, no grating lobes

4 Dap(€) 1o ) 4 Dap(€) o )
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Numerical examples: x8 linear array
along Oz, broadside beam scan

e Spacing: 80V2Lr = x20 (4\/§LR)

e Observations: further beam narrowing, smooth side-
lobes, still no grating lobes!

4 Dap(€) 1o ) 4 Dap(€) o )
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Numerical examples: x8 linear array
along Oz, broadside beam scan

e Spacing: 160v2Lg = x40 (4\/§LR)

e Observations: further beam narrowing, smooth side-
lobes, and still no grating lobes!!!
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Numerical examples: x8 linear array
along Oz, broadside beam scan

e Placement: {57,8,1} —-CDS, Layay = x10 (4\/§LR)

» Observations: similar radiation pattern
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Numerical examples: x8 linear array
along Oz, broadside beam scan

e Placement: {57,8,1} —-CDS, Layay = x10 (4x/§LR)

e Observations: much smoother side-lobes & »
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Numerical examples: x8 linear array
along Oz, 60° beam scan

e Spacing: 40vV2Lg = x10 (4\/§LR)

e Observations: accurate beam steering, smooth side-
lobes, no grating lobes
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Conclusions

* A complete TD, far-field radiation formalism
* A meaningful TD “radiation pattern” quantity

(I)ra,d (5) .£/4ﬂ_Wrad

e [llustrative numerical experiments:
—beam narrowing (like FD arrays)
—beam steering (like FD arrays)
—smooth side- Iobes region (unlike FD arrays)
—no grating lobes (unlike FD arrays)

e Future work: monocycle excitation, fidelity analysis
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