
In this second part of Episode 6, we examine antennas and radio communication systems from the EM 

field point of view. Starting from the EM wave's power density in free space found using the methods of 

Part 1, we use Poynting's theorem to find the Electric field strength, and ultimately, with a receiving 

antenna's effective length (or effective height), the received voltage. This journey takes us many places 

along the way, including reviewing basic electric and magnetic field physics, some core math, 

university course curriculums, and university level laboratory work. We hope you enjoy the voyage :-)

Radio Design 201 Microwave Circuits and Antennas

Episode 6  Part2 – Field Strength and EM Waves
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


Radio Design 201   #6   Part 2

Microwave Circuits and Antennas

Antenna Height  and  Line-of-Sight  and  EM Fields

MegawattKS - YouTube https://ecefiles.org

Power Density
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https://ecefiles.org/


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
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Power Density at Receiver

𝑾

𝒎𝟐

𝑷𝒅𝒆𝒏𝒔𝒊𝒕𝒚

• Pdensity  is independent of specific receiver used

• n=2 for line-of-sight propagation

• n= 3 to 5 with unclear path – but still in  𝑾

𝒎𝟐



Power Density vs Field Strength

𝐼𝑟

E is electric field-strength in  Volts/meter

H is magnetic field-strength in  Amps/meter

And… in the “far field”, we have a “plane wave” where,

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



KACZ  FM’s   1 mV/m  Contour



Field Strength vs Power Density
Why specify as “field strength”  (V/m) ?



Additional Receiver Contours

Theoretically a good FM receiver/dipole 

could work down to 20 dB uV/m or lower !

(Pr = -95 or -100 dBm or less) 

See Radio Design 401 series 

https://www.youtube.com/playlist?list=PL9Ox3wpnB0krNexW2k5JMCaewXN7LoRXd
https://www.youtube.com/playlist?list=PL9Ox3wpnB0krNexW2k5JMCaewXN7LoRXd


RF Exposure Limits for Transmitters

CAUTION:  Rules are complicated and change with time
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University “Lecture”  Notes

= 𝜇𝑜𝐻



Example University Curriculum (2026)

ECE 764

Etc…



University “Lecture”  Notes (Continued)



Poynting’s Theorem

𝑃𝑑𝑒𝑛𝑠𝑖𝑡𝑦 = 𝐸 × 𝐻 =
𝐸 2

𝑍𝑜

“Impedance” of free-space

(377 Ohms)

E-field in V/m

Magnetic field in A/m

Power density in W/m2

=
𝜇𝑜

𝜖𝑜
=

4𝜋(1𝐸 − 7)

8.854𝐸 − 12

Power Density

    = E x H



Antenna “Effective Length”  and  Voc Vr  Pr

𝑽𝒐𝒄 = 𝑬 𝑳𝒆𝒇𝒇

𝑬 = 𝒁𝒐𝑷𝒅𝒆𝒏𝒔𝒊𝒕𝒚

𝑷𝒅𝒆𝒏𝒔𝒊𝒕𝒚 =
𝐸 2

𝑍𝑜
=

𝑷𝒕𝑮𝒕

𝟒𝝅𝒅𝒏

𝑽𝒓 = 𝑽𝒐𝒄

𝑹𝒊𝒏

𝑹𝒊𝒏 + 𝒁𝒂𝒏𝒕

Power Flow

    E x H

𝑷𝒓 = 𝑽𝒐𝒄

𝑽𝒓
𝟐

𝑹𝒊𝒏

Alternatively called “Effective Height”
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Example University Lab Work



Example Lab 1  Assignment
See:   https://ecefiles.org/microwave-circuits-and-antennas-course-notes/



Radios (CB, FRS, ISM bands)

CB antenna telescopes to 1.5m length.

27 MHz is 11m band. So, it uses loading coil 

to act “electrically” as Lambda/4.

User’s body is “other half of dipole”.

27 MHz

radios

465 MHz

radios

900 MHz

radios

Short, inefficient antenna 



Home Lab Equipment 
(Spectrum Analyzer, Antennas, etc.)

Tiny SA Nano VNA



Upcoming Topics

Episode 3
(p/o 4-part intro)

This Episode

Episode 5

Next Episode



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/


Obstructions, Reflections, and 

Diffraction
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   I r


   𝑷  𝒅 𝒆 𝒏 𝒔 𝒊 𝒕 𝒚 =    𝑷 𝒕     𝑮 𝒕  𝟒   𝝅    𝒅 𝒏


   (  𝑾   𝒎 𝟐 )


   𝑷  𝒅 𝒆 𝒏 𝒔 𝒊 𝒕 𝒚


   (  𝑾   𝒎 𝟐 )


   I r


  =  𝜇 o H


   P  d e n s i t y = E × H =      | E | 2   Z o


  =     𝜇 o   𝜖 o =    4 𝜋 ( 1 E − 7 )  8 . 854 E − 12


   𝑽  𝒐 𝒄 =  | 𝑬 |  𝑳  𝒆 𝒇 𝒇


   | 𝑬 |


    𝒁 𝒐  𝑷  𝒅 𝒆 𝒏 𝒔 𝒊 𝒕 𝒚


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


   𝑽 𝒓 =  𝑽  𝒐 𝒄    𝑹  𝒊 𝒏   𝑹  𝒊 𝒏 +  𝒁  𝒂 𝒏 𝒕


   𝑷 𝒓 =  𝑽  𝒐 𝒄      |  𝑽 𝒓 | 𝟐   𝑹  𝒊 𝒏

