
This video focuses on impedance matching between transmission lines and antennas - concentrating on 

the different measurements involved, including reflection coefficient, S11, Return Loss, and SWR. 

Examples of antenna designs are also shown. Derived from a university course, the material includes 

essential math formulas, but the presentation is intended for a wide audience from students to radio 

amateurs to practicing professionals.

Radio Design 201 Microwave Circuits and Antennas

Episode 7, Part 1 – Antennas and Feedline Systems
Slides downloaded from: https://ecefiles.org/

Companion videos at:   https://www.youtube.com/playlist?list=PL9Ox3wpnB0kpOb7NdpHAK-jDpsZm3Xedx 

This material is provided by ecefiles.org for educational use .
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Antennas & Feedline Systems
(Impedance, Reflection coefficient, S11, and SWR)
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Formatting of            Measurements
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Today’s  “Lecture”

Topics

Practical antennas and feedline systems
    Examples and Essential Theory

    Antenna Impedance and Reflection coefficient

    S11 and VSWR with Demo

Solving Maxwell’s equations at antenna

Finding currents, impedance, and far-field 

patterns

EM Simulators (e.g. EZ-NEC)

Announcements

Lab 1 “assigned” in Episode 6

Due Date:  ??



Today’s Lecture in Context

Episode 3
(p/o 4-part intro)

This Episode

Episodes 5, 6



Review

𝐼𝑟

In the “far field”, we have a “plane wave”, where

E x H is power density in  Watts/meter-squared

How do we design the transmitter antenna system?



Antenna Designs

Array of microstrip patches,

or waveguide slots



Dipole Examples
HF VHF/UHF Microwave Array

Hertz (World’s First)



Directional Antenna Examples



University Class Lecture Notes
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Antennas and Feedlines
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Antenna to Feedline Matching

For best performance,  antenna should be resonant, (                       ) and

Rant should match the “characteristic impedance”  (Zo) of the feedline.
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Return-Loss, S11, and SWR
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Γ < 0.3 is OK:    (about 90% of incident Power is radiated)

Γ < 0.1 is Excellent:     (99% of incident Power is radiated)

Return Loss (in dB)

20 𝑙𝑜𝑔
1

Γ
>10 dB  is OK

>20 dB  is Excellent

SWR (a.k.a. VSWR)

𝑆𝑊𝑅 =
1 + Γ

1 − Γ

SWR is a legacy measurement method and

defined as (max V on line)/(min V on line)

<2  (or “2:1”)  is OK

<1.2  is Excellent

S11 (in dB)
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<-20 dB  is Excellent
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Lab 2 (pages 1-3 of 6)
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UHF Dipole Home-Lab Construction/Test

Elements too long & freq too low Trimmed and measured at 420 MHz O/C Calibration Checking

Γ = 𝑆11 = 0.16 + 𝑗0.25 = 0.30∠57𝑜

                    @  340 MHz
Γ = 0.06 𝑅𝐿 = 25 𝑑𝐵 𝑆𝑊𝑅 = 1.1 BNC-M to SMA-F added to move

“Reference Plane” beyond BNC



Formatting of            Measurements
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More Demos

https://www.youtube.com/watch?v=jo6H5ZeBuYM https://www.youtube.com/watch?v=hLPNOp0RXD8

https://www.youtube.com/watch?v=jo6H5ZeBuYM
https://www.youtube.com/watch?v=hLPNOp0RXD8


Upcoming Lecture (Ep7, Part 2)
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• Effective area or length

Additional Upcoming Lectures



Thanks For 

Watching !

MegawattKS - YouTube https://ecefiles.org
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