
Microwave transmission is different from lower frequencies like HF.  We show how microwave antennas 

are often elevated to satisfy line-of-sight requirements. Complexities considered include classic Fresnel 

issues, but also earth curvature and two-path cancellation (multi-path). This is part 1 of a two part 

episode. Part 2 will cover field strengths, field exposure limits, and an introduction to the mathematical 

treatment of radio waves presented in the university course that Radio Design 201 is abstracted from.

Radio Design 201 Microwave Circuits and Antennas

Episode 6, Part 1 – Antenna Height and Line-of-Sight
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 .

https://ecefiles.org/
https://www.youtube.com/playlist?list=PL9Ox3wpnB0kpOb7NdpHAK-jDpsZm3Xedx
https://www.youtube.com/playlist?list=PL9Ox3wpnB0kpOb7NdpHAK-jDpsZm3Xedx
https://www.youtube.com/playlist?list=PL9Ox3wpnB0kpOb7NdpHAK-jDpsZm3Xedx
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Why Use “Microwaves” ?
    (from Episodes 1 and 5)

• Massive Amounts of Spectrum Available

• Highly Directional Antennas and High Gain 

• Long Range Possible ( for line-of-sight paths )



Today’s  “Lecture”  Topics

Today’s Topics

A Quick Review

Line of Sight (Definitions and complexities)

Power Density vs Field Strength

EM Fields

Example University Labs

Announcements

Welcome to Episode 6 !

Episodes 1 - 5 introduced this series
• Frequencies and wavelengths

• Class projects

• Low-cost equipment and software

• Gain, pathloss, spectrums, and noise

Episode 5 covered how to calculate 

received signal levels



Antenna and EM Field Basics
(from Episodes 3 and 4)



RXTX Voice / DataVoice / Data

d PrPt

Ae

𝑷𝒓 =
𝑷𝒕𝑮𝒕

𝟒𝝅𝒅𝒏
𝑨𝒆

Gt

Antenna Briefs, Episode 7

𝑛 ≈ 4

See also: 

Received Signal Power
(from Episode 5)

https://www.youtube.com/watch?v=gKNsVSUiS9I&list=PL9Ox3wpnB0kqNLnCdCtWcjGq7nRVHYxKA&index=8
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Distance to Horizon vs Height

≈ 𝟐𝑹𝒉

Earth radius
Very tall

Antenna tower

About 15 miles

Mount tower/antenna on high-land if possible !



A Real-World Example

d = 3100 m

FM Broadcast

Antenna Array

Pt = 7500 W

Gt = 3.1 (5dB)

Ae =

0.6 m2

Line-of-sight  => n = 2

Microwave

Relay

Dish

Cell

Tower

FM Broadcast Reception 

in my home-office lab



Pr Measured at the Antenna Site
From Radio Design 401, Episode 8

6-element

Vertical Array

10o Beamwidth

Pt = 7.5 kW

EIRP=21 kW

Why “only” 

one milliwatt 

received ?

15o below main beam

Ref Level  0 dBm



Calculated/Measured Signal in House

3.1 km Away

Pr = -13 dBm = 0.05 mW

Winter:  December 2025 Spring:  May 2026

Pr = -16 dBm = 0.025 mW

𝑷𝒓 =
𝑷𝒕𝑮𝒕

𝟒𝝅𝒅𝟐
𝑨𝒆 = 𝟎. 𝟏𝟏 𝒎𝑾 = −𝟗. 𝟔 𝒅𝑩𝒎

Pt = 7500 W

Gt = 3

d = 3.1 km (3100m)

Ae = 0.6 m2

=>



Why Less than Calculated ?

• Ae estimate

• Walls

• Trees !

• Multi-path

• Polarization

From:  Antenna Briefs, Episode 7

https://www.youtube.com/watch?v=gKNsVSUiS9I&list=PL9Ox3wpnB0kqNLnCdCtWcjGq7nRVHYxKA&index=8


Antenna Height and Topography

Looking Southeast

Toward 400-meter MSL hills

400m 
MSL

Radiation-Center Above Mean Sea Level



Fresnel Zone Clearance

Frequency

f

Fresnel

Zone Radius 

(F1)

Angle off 

direct path 

@ midpoint

0.1 GHz 47 m 1.8o

3 GHz 8.7 m 0.33o

Example “maximum clearance” 

values at D = 3 km distance

Consider antenna 

beamwidth and earth 

curvature / bulge /etc. for 

very long paths as well !



Fresnel zones, diffraction, and
Two-ray Cancellation

and diffraction/reflections

Knife-edge

diffraction

and considerations



Knife-edge Diffraction vs Frequency

Knife-edge

diffraction

• You (and microwaves) can’t see through a hill, 

but …

• Sufficiently low frequency radio waves can reach 

the other side ☺



Thanks For Watching !

For more info …

MegawattKS - YouTube https://ecefiles.org

https://www.youtube.com/@MegawattKS
https://www.youtube.com/@MegawattKS
https://www.youtube.com/@MegawattKS
https://ecefiles.org/
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   𝑷 𝒓 =    𝑷 𝒕  𝑮 𝒕  𝟒 𝝅  𝒅 𝒏  𝑨 𝒆


  n ≈ 2


  n ≈ 4


  ≈  𝟐 𝑹 𝒉


   𝑷 𝒓 =    𝑷 𝒕  𝑮 𝒕  𝟒 𝝅  𝒅 𝟐  𝑨 𝒆 = 𝟎 . 𝟏 𝟏   𝒎 𝑾 = − 𝟗 . 𝟔   𝒅 𝑩 𝒎


  n ≈ 2

