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Superposition Principle

Maxwell's Equations are Linear:

0
J = #—V X (Bl)—eo8 (El)

OZVX(El)—F%(Bl)

0
J = M—V X (Bz) — ant (Ez)

OZVX(Ez)‘F%(Bz)

0
J1+J2—#—VX(Bl+BQ)—€0 (E1—|-E2)

ot
0
OZVX(E1+E2)+E(B;{—I—B2)

R. H. Varney (UCLA) Phased Arrays July 2023 2/14



Superposition Applied to Antenna Arrays

Fields radiated by single element at the origin with applied current Iy:
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Far Field Approximation (Fraunhofer Zone)

If r and r — r,, are almost parallel lines:
r—r,~r—|ry|cosf?
Assume |r,| < [r|:
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Element Factor Array Factor
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Simple Two Element Array Example

Suppose d = A/4 and

i1(t) = cos (wt)
ir(t) = cos (wt + g)

How does the radiated power vary as a function of 67

R. H. Varney (UCLA) Phased Arrays July 2023 5/14



Two Element Array Example With Phasors
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Active Electronically Steerable Phased Arrays
The AMISR UHF System

Antenna Element
Unit (AEV)

-, |

Face

AMISR AEU = Tx/Rx Unit
- 500 W solid state transmitter
- Phasing control
- Status monitoring
- 4096 AEUs/AMISR radar face

32/panel

i

AMISR Panel
- 32 Antenna Element Units arranged in _I_ N
hexagonal pattern
- 3.5x 2 meters; 19.8 dBi /panel X
- 16 kW peak power per panel
- Basic system building block for AMISR
- Embedded linux controller

Panel (with PCU) Utility Distribution

- Fiber distribution system
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AMISR Control

Unit (UDU) System (ACS)
DU
by AMISR ACS
- 400 Hz JetPower converters i . .
2 - Flexible transmit and receive
- Remote power control units

system
- Completely remotely controlled
- Experiments run off a scheduler
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Advanced Modular Incoh t Scatter Radar

- 400 Hz JetPower converters
- Remote power control units
PCU - Fiber distribution system
- 32 Antenna Element Units ‘
- Embedded linux controller . Jaeed n
- Basic system building block et
- 500 W solid state transmitter
- Phasing control
- Status monitoring
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Ideal AMISR Radiation Pattern

Radiation Pattern of the AMISR with IDEAL System Data [Pythondl2 . ,AM,ISR ,Pea,k P‘?“’e,’ an,d AstIV? Elgmgntsy
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AMISR Graceful Degradation

AMISR Peak Power and Active Elements

Radiation Pattern of the AMISR with PFISR System Data [PythonJ1 0 — - —
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Steering Limits and Grating Lobes

e d < \/2 — kd < m: No grating lobes will ever appear
@ \2< kd <\ — m < kd < 2m: Grating lobes will only appear at
some steering angles
o d > \ — kd > 2m: Grating lobes will always appear
Example of linear array with d = 3\/4 spacing

6, =190.0
-8n  -6m  -4n  -2n om 2n an 6n 8n
kdcos6
0 y " : - -
0 30 60 90 120 150 180

e Maximum steering angle (for a linear array):
Dby — fsin (1 )|
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VisRegs.mp4
Media File (video/mp4)


AMISR Antenna Properties

AMISR Fovggff Boresight

@ Hexagonal spacing
with d ~ 3\ /4

e FOV limited by
grating lobe limit
~30° — 40°

@ Antenna gain
decreases with
steering angle off of
boresight

@ Antenna works best
within ~25° off of
boresight
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The PFISR Up-B Compromise

IPY Beam Pattern Reduced SNR in Up-B (Beam 2)

6-7-2016 17.028 UT - 6-8-2016 5.999 UT
1(14.0° az,90.0 2(~1543

330° 30°
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20°

2700+
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The Up-B beam is close e e —
to the grating lobe limit, -:ii:- -
and therefore has reduced ‘ T ’
sensitivity.

SNR (dB)
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Conceptual Diagram of Steering with AMISR

Beam Code

OxFA10 EEPROM

Delay Setting | 001101

Input Wavef: Del
nput Waveform éay SSPA To Antenna
Shifter
Del
éay LNA From Antenna
Shifter
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