Radio Design 201 Microwave Circuits and Antennas
Episode 7, Part 2 - Antenna Analysis and Simulation

Slides downloaded from: https://ecefiles.org/
Companion videos at: https://www.youtube.com/playlist?list=PL9Ox3wpnBOkpObINdpHAK-jDpsZm3Xedx

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

In this second part of Episode 7, we dive deeper into solutions to the Maxwell equations relevant to
antennas. We begin with a review, including the solutions in the so-called “far-field”, but then discuss
how to find what is happening at the antenna interface as well. This includes the concept of antenna
impedance and the mathematics needed to understand how it changes for different antenna designs. As
always, the focus is on engineering rather than mathematical methods. But the presentation remains at
the level of the university course on which the video is based and designed to support.

EZNEC Pro/2+

Far-field solution: o ' \ Current =1 A at 0.0 deg.
" FzZy 1_ i Voltage = 83.13 V at 2.64 deg.
Ex=E, cos (.Zﬂ.’f (t ¢/ and Sy = EE’T Impedance = 83.04 + j 3.83 Ohms
e ' SWR (50-Ohm system) = 1.66

With ¢ = | = 2.998FE8 meters/second
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Microwave Circuits and Antennas
Radio Design 201 #7 Part 2

Antenna Analysis & Simulation

(Currents, Patterns, Gain, and Impedance)

EZNEC Proi2+

Current =1 A at 0.0 deg.

Voltage = 83.13 V at 2.64 deg.
Impedance = 83.04 + j 3.83 Ohms
SWR (50-Ohm system) = 1.66
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Antenna and Feedline System
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|F| < 0.1 (S11 <-20 dB) is Excellent: (99% of incident Power is radiated and Z',,;; = Z,n: )
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Antenna Designs

Antenna Examples Directional Designs

. T . %
Antennas come in a nearly infinite number of shapes and sizes. Here are a few of the more

common ones. Note that many commercial designs are variations or combinations of these.
j 1) Yagi-Uda \ﬁ%j\ Moderate gain (10 dB)
% . . ” Good front-to-back ratio.
Non-directional” Types Relatively simple construction.
Antenna Impedance Features

—_— Similar to Yagi-Uda. but
J 2) Log-Periodic % broadband. Lower gain
. and less directivity.
1) Halfwave Dipole “ 73+j0 Ohms Relatively isotropic. )i i Y

Good "sector-coverage” (i.e.
beamwidth of 90 to 120 degrees
with excellent front/back ratio).
Often used in cell-towers.

2) Folded (halfwave) Dipole 300 + jO Ohms Similar to dipole. Higher impedance. 3) Corner Reflector
Sometimes used in simple vertical arrays.

Gains to about 12 dB. Good
illumination pattern for dish
antennas.

- Similar to dipole. Ground-plane often
3) Quarterwave Monopole J SSupD abbreviated (e.g. case of cell-phone is 4) Hom
T

ground plane)

R-jX Physically shorter than quarterwave
4) Short Monopole le. but requires ing coil
3 P 12
EE and/or matching network.

Circular polarization. Moderate
gain, and good illumination for
dish antenna.

5) Helix

Similar to short monopole. but resistive

ul i l'
nominally 50 Ohms.

Concentrates power toward
horizon for max range. Used

in public-safety (police/fire/etc.)
Used in cell-towers when array
embdded in corner reflector.

6) Linear, vertical array
Varies Smmple useful design at low freq (e.g. (tower-mounted dipoles)
6) Simple longwire Z Widely <30 MHz). Often used for shortwave
7 7V 777 receivers.

5) Loaded monopole R+j0 g it d Can be engineered to

o Varies Simple, low-cost. Popular for indoor
7) Simple large loop Widely UHF TV antennas in "the old days"..
or smaller resonant loop Resonant loop used in KeyFobs today.

s 3 % o High-gain, narrow-beamwidth.
8) Small ferrit X R+jX Physically small with large effective 7) Parabolic dish ng . : L
) Small ferrite-core loop 2 Used in portable AM broadcast Simple, low-cost construction.
receivers and other LF to HF products.

9) Microstrip patch ﬁ 50 Ohms Simple. low-cost. Useful mainly at
J/ high frequency (e.g. good for GPS).

10) Other Inverted F, small 50 Ohms Simple, low-cost designs for PC boards. High-gain, narrow-beamwidth.
loaded patches. etc. May use high-K diclectrics to make 8) 2-D Phased-array rapid-steering. Relatively high

i i cost.
antenna much smaller than a wavelength. 5:‘;:;’29‘:;;2’:;;5 patches,




Far-Field Calculations (The easy way)

(from previous Episodes and Antenna Briefs Episode 6)

Pt — Vtz * " Radiation . V —FE L
Ront ) 4 eff
V.2
2 = I
= Ii"Ran: Fr Rin

Voltage Source sets Currents Launch Fields induce

up currents in tx antenna E and B Fields voltage/current
in rx antenna

P, G, |E|?
Pdensity — 4 17 d2 — 7

E = \/Pdensity Z,

(0]

* For Resonant Dipole (where Z_ =R, ,+j0)
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Maxwell Equations, Far-Field Solution

(from Antenna Briefs, Episode 5)

Far from source (antenna),
Maxwell’s equations
simplify to:

Radiation

From: https://owlcation.com/stem/maxwell-
equations-displacement-current

Far-field solution: From: http://cleanenergywiki.org/index.php?title=File:Emwavepropagation.jpg
7 1
E,=E,cos an(t—z) and By:zEx

|

Ho &Eo

With ¢ = = 2.998E8 meters/second

Magnet Field Oscillation




Far-field p/us Near-field Solution
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Far Field Pattern Analysis
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Finding Currents in Antennas
and Far-Field Patterns

Finding I(x) Function Finding Far-Field Patterns
* Guesstimate based on velocity of propagation * Do integrals ®
/ wavelength, and boundary conditions: e Use simulator
/T\ N * Build and measure !
™~ , T~ /—\I/—\; RTL-SDR Dipole Antennas
T \/ \ e

 And/or use EM simulator — e.qg.:
* NEC or EZNEC
 Ansys HFSS

* Keysight ADS/Empro NanoVNA
 QucsStudio or uSimmics

(Transmitter, receiver, display © )



Analyzing Antenna Impedance

Antenna Examples

Antennas come in a nearly infinite number of shapes and sizes. Here are a few of the more
common ones. Note that many commercial designs are variations or combinations of these.

“Non-directional” Types

Antenna Impedance Features

1) Halfwave Dipole —‘ implc construction
2) Folded (halfwave) Dipole Similar to dipole. Higher impedance.
Sometimes used in simple vertical arrays.
J Similar to dipole. Ground-plane often
3) Quarterwave Monopole abbreviated (e.g. case of cell-phone is

ground plane)

Find far-field pattern and E-field
strength as above

E|?
Integrate 7z~~~ over full

sphere around antenna to find
total radiated power P, ,

Setequalto P, ,,=FF R, ., and
solve for R_,



Doing it the Hard Way

Some of the math we’re going to try to avoid ...

Problem:

Analytically prove that R,,,; = 731}
for a half-wave dipole at resonance

Solution Outline:

Assume [(x)~ I,cos(x) for _7'1 <x < %

Find Ey in the broadside direction (6 = 90°) at
distance r from a single segment of length dx

Integrate (add) contributions to total Ey from all

-4, 2
segments along antenna (from x =—~ to )

Approximate total Ey at other angles as scaled by
sin(¢) CAUTION: Approx valid if length < 2 only |

2
Integrate dP = lEZgl

over surface of sphere at distance r

o

to get total radiated power

Equate to P = 102 R+ and solve for R+



Homework/Study Questions

Antenna Examples

Antennas come in a nearly infinite number of shapes and sizes. Here are a few of the more
common ones. Note that many commercial designs are variations or combinations of these.

+
“Non-directional” Types

Antenna Impedance

1) Halfwave Dipole J‘ 73450 Ohms

2) Folded (halfwave) Dipole 300 + ;0 Ohms

36+j0 Ohms
3) Quarterwave Monopole J ] —
e

R-iX

4) Short Monopole R<<36, X large

5) Loaded monopole R+j0

Features

Relatively isotropic, simple construction

Similar to dipole. Higher impedance.

Sometimes used in simple vertical arrays.

Similar to dipole. Ground-plane often
abbreviated (e.g. case of cell-phone is
ground plane)

Physically shorter than quarterwave
monopole. but requires resonating coil
and/or matching network.

Similar to short monopole, but resistive
input impedance. Can be engineered to
be nominally 50 Ohms.

Why is R_ . for a half-wave dipole 73 Ohms ?

ant

Why is R_,, for folded dipole 4x that of value for
basic dipole ?

Why is R_ , for a monopole above large ground-
plane only 72 of dipole ?

Why does R

monopole decrease by (

for an electrically-short

ant
length
/4

2
) (as X becomes

large and negative) ?

What would happen to R_ , of a half-wave
dipole if the feed-point were moved close to
one end ?



Pattern and Polarization Measurements

See Antenna Briefs, Episode 6: https://www.youtube.com/watch?v=VFRIBtFwPiE

/\

\/

—_—

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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Half-wave Dipole Simulation with EZNEC)

File Edit S 1
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EZNEC Pro/2+ ver. 7.0

Balanced Feed Dipole

oltage = 73.086 U at 2.94 deg.
Current = 1 A at 0.0 deg.

SWR (50 ohm system) = 1.466 (50 ohm
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File Edit View Options
Highlight

Reset

[~ Center Ant Image

~Mouse Operation -
@ Normal Viewing
 Add Conn Wires
 Move Wire Ends

Slice Elev

I~ Show 2D Plot

285 MHz

8/4/2026

system) =

3'Wires, 24 segments
1 Source

0 Loads

0 Transmission Lines

0 Transformers

0L Networks

0% Param Networks

Fiee Space

10:51:57 AW

Y Param Networks
——— EZNEC Pro/2+
s

30

Wire Loss

1.466 Units

Step Size 5Deg
0dBi
Alt SWR Z0 50 ohms
Desc Options

OFF

jme

File Edit Segmentation

EZNEC Pro/2+ ver. 7.0

Balanced Feed Dipole 8/4/2026 10:51:38 AM

- &l Geometry Checks ok -

All Segmentation Checks ok

[T CoordEntiyMode [~ Presetve Connections [ Show Wite Insulation [~ Show Loss

[No| €t 0 00 End2 | Dismeter [Segs]
| [Xm [ [z JCom [Xm [vm [Zm Jcom [eom | |
|7 Jo 0025 |0 €2 [0 [0 | #10 4 |
|#10
|#10

[z 1 : , [0
(0025

[WIET



Dipole Fed with Coax (no balun)

5 2D Plot: Dipole Unbalanced Feed
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Resonant Full-wave Dipole (L.=1m)
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Getting and Learning EZNEC

EZNEC Antenna Software by W7EL

FREE - EZNEC Pro+ v. 7.0 is now available! - FREE

3 2D Plot: Five-element Yagi B View Antenna: Five-element Yagi

File Edit View Options  Reset —

Total Field 048
V'S -

7\

File Edit View Options Reset

Elevation Piot Cursor Elev  14.0 deg.

Azimuth Angle 0.0 deg. Gain 14.91 dBi

Outer Ring 14.91 dBI 0.0 dBmax
0.0 dBmax30

3D Max Gain 14.91 dBI

Slice Max Gain  14.91 dBi @ Elev Angle = 14.0 deg

Beamwidth 14.1 deg.; -3dB @ 6.5, 20.6 deg.

Sidelobe Gain 9.6 dBi @ Elev Angle = 42.0 deg.

FronUSidelobe 5.31 dB

Above: Screen shots from several EZNEC displays. Right: 3D far field pattern, with 2D elevation "slice" highlighted. Any azimuth or elevation slice can be highlighted.

&3 3D Plot: Five-element Yagi
File Edit View Options Reset

Center: View Antenna display, showing the "wires" making up the model of the five-element beam, with currents and 2D slice superimposed to show orientation.
Several other items, such as currents and wire numbers, can be added to this display. Left: 2D display showing detailed information about the selected slice.

Download EZNEC Pro/2+ v. 7.0

Printable manual for EZNEC Pro+

*** Support is no longer available for any type or version of EZNEC program * * *

Cc 25 youtube.com/watch?v=WNPghbiJFbU

) YouTube eznec pro/2+v.7.0 X Q

EZNEC+

mFeave O8RS e

Roy, W7EL, explains antenna modelling using EZNEC

G-QRP Club

1.66K subscribers
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/> Share
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https://www.eznec.com/
https://www.youtube.com/watch?v=WNPghbiJFbU

Microwave Patch Antenna Simulation
(with Keysight Momentum)
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Upcoming Episode(s)

Directional Designs
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Upcoming Episode(s)
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Engineer Joel Steinkraus uses sunlight to test the solar
arrays on one of the Mars Cube One (MarCO) spacecraft.



https://solarsystem.nasa.gov/missions/mars-cube-one/in-depth/
https://solarsystem.nasa.gov/missions/mars-cube-one/in-depth/
https://solarsystem.nasa.gov/missions/mars-cube-one/in-depth/
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https://solarsystem.nasa.gov/missions/mars-cube-one/in-depth/
https://solarsystem.nasa.gov/missions/mars-cube-one/in-depth/
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Thanks For
Watching !

MegawattKS - YouTube https://ecefiles.org



https://www.youtube.com/@MegawattKS
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   Z  a n t ′


   | Γ | < 0 . 3


   | Γ | < 0 . 1


    Z ′  a n t ≈  Z  a n t


  Γ ≜    V  r e f   V  i n c   =      Z  a n t −  Z o   Z  a n t +  Z o


    Z ′  a n t =  Z o   1 + Γ ′  1 − Γ ′


   Γ ′ =


  Γ     e  − j  ( 2 ) 2 𝜋    l 𝜆


   𝑽 𝒓 =


        𝑳  𝒆 𝒇 𝒇


  𝑬 =     𝐏  𝒅 𝒆 𝒏 𝒔 𝒊 𝒕 𝒚     𝒁 𝒐


   𝑷 𝒕 =      𝑽 𝒕 𝟐   𝑹  𝒂 𝒏 𝒕


  =    𝑰 𝒕 𝟐  𝑹  𝒂 𝒏 𝒕


   𝐏  𝒅 𝒆 𝒏 𝒔 𝒊 𝒕 𝒚 =    𝑷 𝒕     𝑮 𝒕  𝟒   𝝅     𝒅 𝟐 =      | 𝑬 | 𝟐   𝒁 𝒐


   𝑷 𝒓 =      𝑽 𝒓 𝟐   𝑹  𝒊 𝒏


    Δ  E x  Δ z


    Δ  B y  Δ t


  −   Δ  B y  Δ z =  𝜇 o  𝜀 o   Δ  E x  Δ t


   𝑬 𝒙 =  𝑬 𝒐   𝒄 𝒐 𝒔  ( 𝟐 𝝅 𝒇  ( 𝒕 −  𝒛 𝒄 ) )


   𝑩 𝒚 =    𝟏 𝒄 𝑬 𝒙


  𝒄 =   𝟏     𝝁 𝒐   𝜺 𝒐 = 𝟐 . 𝟗 𝟗 𝟖 𝑬 𝟖


       | E | 2   Z  o   f r e e − s p a c e


   R  a n t = 73 Ω


   E 𝜃


   ( 𝜃 =  90 o )


   E 𝜃


    − 𝜆 4   t o    𝜆 4


   E 𝜃


  𝜃 )


  ≤  𝜆 4


       |  E 𝜃 | 2   Z o


  P =    I o 2  R  a n t


   R  a n t


  ≈  I o c o s  ( x )


    − 𝜆 4 < x <  𝜆 4


  𝜃
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