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This episode looks at how antennas are analyzed and simulated. It starts with real-world measurements to set the 
stage and illustrate key issues like antenna patterns. We then dive briefly into some of the math behind antenna 
pattern formation. But as always, the focus is on understanding the theory that is relevant to engineering.  Information 
on and examples of antenna simulation software products are also provided.

Antenna Briefs #6   -- Analysis, Simulation, and Measurements

Slides downloaded from: https://ecefiles.org/rf-design/

Companion video at:  https://www.youtube.com/watch?v=VFRIBtFwPiE

This material is provided by ecefiles.org for educational use only.

https://ecefiles.org/rf-design/
https://www.youtube.com/watch?v=VFRIBtFwPiE
https://ecefiles.org/
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Topics

Some quick measurements to set the stage
E-field and pattern calculations
Antenna simulation
E-fields and B-fields revisited

Topics
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Recall From Previous Episodes

NanoVNA
(Transmitter, receiver, display)

RTL-SDR Dipole Antennas
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Path Loss Measurement

NanoVNA
(Measuring S11 and S21)



ECEFILES.ORG

Pattern and Polarization Measurements

Using TinySA instruments with RTL-SDR antenna kits 

( in a not-so-good home “antenna range” ☺ )

Fixed frequency at 915 MHz (unlicensed ISM band)
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Pattern and Impedance Simulation

Far-Field 2-D Pattern and SWR, Z
Simulated using EZNEC Software
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Measurements Complement Simulations 
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Measurements of Mars Rover Antennas

https://mars.nasa.gov/mer/mission/rover/antennas/

https://trs.jpl.nasa.gov/bitstream/handle/2014/41044/01-2249.pdf
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Near and Far-Field Calculations
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Far Field Pattern Calculation
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Antenna Simulation (with EZNEC) …
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Getting and Using EZNEC Software

https://www.youtube.com/watch?v=7z2MpBeyt6Uhttps://www.eznec.com/
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Bowtie Antenna Simulation 
(with Keysight’s Momentum)
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Patch Antenna Simulation 
(with Keysight’s Momentum)
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EM Simulation with MoM

https://en.wikipedia.org/wiki/Method_of_moments_(electromagnetics)
"A Tutorial on the Method of Moments"
IEEE Antennas and Propagation Magazine, June 2012
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FDTD and FEM Methods

"Investigation of practical antennas for astronaut body area 
networks,"  2014 IEEE International Conference on Wireless 
for Space and Extreme Environments (WiSEE)

https://resources.system-analysis.cadence.com/blog/msa2021-
fdtd-vs-fem-vs-mom-what-are-they-and-how-are-they-different
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Upcoming episodes

Future Topics

• Reflection of EM Waves 

• Antenna types, patterns, directivity gain, 
impedance, and polarization

• Counterpoise, baluns, and chokes

• Phase, superposition, and beamforming
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Thanks for Watching

But wait !   There’s more … 
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(what ‘is’ a B field and EM Wave ??)
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E and B Fields
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What “is” a B Field ?

https://phys.libretexts.org/Bookshelves/University_Physics/Book%3A_Introductory_Physics_-
_Building_Models_to_Describe_Our_World_(Martin_Neary_Rinaldo_and_Woodman)/22%3A_
Source_of_Magnetic_Field/22.02%3A_Force_between_two_current-carrying_wires

A charge q in presence of B
experiences a force:

𝑭 = 𝑞 𝒗 x 𝑩
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B field “curls” around a current 
(moving charges in wire)
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Where Does Force Come From ?

https://phys.libretexts.org/Bookshelves/University_Physics/Book%3A_Introductory_Physics_-
_Building_Models_to_Describe_Our_World_(Martin_Neary_Rinaldo_and_Woodman)/22%3A_
Source_of_Magnetic_Field/22.02%3A_Force_between_two_current-carrying_wires
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So is B field force just Coulombs Law 
plus Special Relativity ?
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In reference frame of electrons,

Positive charges of opposite 
wire are moving upward.

With length dilation, + charge 
appears stronger… 

In rest-frame, electrons e- are moving 

downward producing a current I

𝑩
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From: http://cleanenergywiki.org/index.php?title=File:Emwavepropagation.jpg
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OK (maybe), So What “is” an EM Field ?
(NOTE:  it comes from accelerating charges …)

In the Far-Field region:
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Other Explanations/views …

https://www.youtube.com/watch?v=FWCN_uI5ygY

From  Joules-Bernoulli equation discussion in:

https://en.wikipedia.org/wiki/Classical_electromagnetism
_and_special_relativity
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Thanks for Watching

…all the way to the end ☺
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