Antenna Briefs #5 -- Electric Fields, Magnetic Fields, and EM Waves

Slides downloaded from: https://ecefiles.org/rf-design/
Companion video at: https://www.youtube.com/watch?v=6C-IETDAY1s

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

Episode 5 focuses on the electric, magnetic, and electromagnetic fields produced by antennas. We also provide some
key engineering results here. For example: How does one find the field strength in volts/meter produced by an antenna
and how do we map that to the voltage that a receiving antenna produces? How can we build transmitters that obey
regulatory rules? A brief preview of the next episode is also provided, where we ask the questions: what is a B field

(spoiler: it's really just an E field in another relativistic frame of reference), and how do we calculate and simulate far-
field patterns from antennas...

Example: Field Strength Rules
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Antenna Briefs #5 Poynting Vector

For Unlicensed FM transmitters in the US, find maximum legal transmit power:
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And with E=250uV/m, Zo = 377 Ohms, d=3m,

Ve . and Gt=1.6 (dipole), we get max legal tx power
P, = [-"’1 Il = I'_ — ] (with halfwave dipole antenna) is

Yant
P, =11.6 nW !
P Assumes resonant antenna and
Zant = 73 + j0 Ohms for free-space propagation, operating (z49dB)
(ideal) halfwave dipole in the “far field”, with no C

obstructions or multipath ...
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EM Waves in Free Space

Dipole Antennas

Radiation
\ _—

N an OVN A Voltage Source sets Currents Launch Fields induce
up currents in tx antenna E and B Fields voltage/current

(Transmitter, receiver, display) in rx antenna
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Guided EM Waves in Coax

3 NanoVNA Demonstrations - Coax line reflections and
)~ Smith charts

MegawattKS

Propagation

Power)

(Voltage, current,
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Topics

—» Electric (E) and magnetic (B) fields
EM Waves
E-field strength
Antenna pattern calculation methods
Antenna simulation




Electric Field: E
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Coulomb’s law

E field definition

Permittivity (of free-space)



Magnetic Field: B

AB = u sz ar Biot Savart law Close to wire, we get:
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A Good EM Textbook

ENGINEERING
ELECTROMAGNETICS

@ N \@

Fifth Edition

[ [~ 4.5/5 stars
I )
WILLIAM H. HAYT JR. Out of print ®
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Electro-magnetic Fields

Electric Field Oscillation

Radiation
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Magnet Field Oscillation

From: http://cleanenergywiki.org/index.php?title=File:Emwavepropagation.jpg

NOTE: Illustrations are Snapshots in Time

EM Fields are sinewaves in space and time, and move to right with
velocity c (speed of light)
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Plane-wave Solutions in Free-Space
Maxwell’s Euations

Differential form

Far from (and broadside to)
antenna, Maxwell’s equations

v-E=F simplify to:
e0

Radiation
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—

V:-B=0

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

Wh|ch has Solutions: From: http://cleanenergywiki.org/index.php?title=File:Emwavepropagation.jpg
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= 2.998E8 meters/second
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Example 1: Field Strength Rules

Find maximum legal transmit power for unlicensed FM transmitters

ecrrconent

L]

§ 15.239 Operation in the band 88-108 MHz.

(a) Emissions from the intentional radiator shall be confined within a band
200 kHz wide centered on the operating frequency. The 200 kHz band

~a .

PrimeAudio

(b) The field strength of any emissions within the permitted 200 kHz band

shall not exceed 250 microvolts/meter at 3 meters. The emission limit Wireless FM Transmitter

|
\ ‘

Power/Ch. 881 883 885 887 889

an average detector. The provisions in § 15.35 for limiting peak
emissions apply.
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Example 2: E-Field Exposure Limits

FIGURE 13

ICNIRP 1998 electric field-strength for occupational and general public exposure
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Poynting Vector

Watts/square-meter
Volts/meter

Amps/meter
P, G, |E|?
Pdensity :m: |Ex H| = 7
)

B Z, =J’£‘:;’ =377 Ohms

v, 2 Pdensity

P,=V, I, =

/ Assumes resonant antenna and

Zant =73 + j0 Ohms for free-space propagation, operating
obstructions or multipath ...

Rant
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Finding E and Vr at Receiver

Radiation

—_—

No radiation
from transmission
line (fields cancel)

P _— Vtz Pt Gt |E|2
t — R Pdensity — 4 1 d? — 7 Voltage Source sets Currents Launch Fields induce
ant n 0 up currents in tx antenna E and B Fields voltage/current
in rx antenna
- P; G; -
4mdz”° Vi, =E Ley
N
NOTE: E decreases as 1/d, not 1/d? Leff is effective length (or ‘height’) of antenna

(... in free-space. See Episode 3 for path-loss 2 A

exponent in terrestrial environments...) For halfwave dipole, Leff = = =

T 2
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Example: Field Strength Rules

For Unlicensed FM transmitters in the US, find maximum legal transmit power:

§ 15.239 Operation in the band 88-108 MHz.

(a) Emissions from the intentional radiator shall be confined within a band
200 kHz wide centered on the operating frequency. The 200 kHz band
shall lie wholly within the freauency rapge of 88108 MHz.

The field strength of any emissions within the permitted 200 kHz band
shII not exee 250 iorovolts/meter at3 meters. The emission limit

=

PrimeAud\Q

Wireless FM Transmitter

(@ =D

Power/Ch 881 883 885 887 889
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We can solve for

|E|24 g2 L
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Z, Gy

P, =

And with E=250uV/m, Zo = 377 Ohms, d=3m,
and Gt=1.6 (dipole), we get max legal tx power
(with halfwave dipole antenna) is

P,=11.6 nW
(—49dBm !)



tter Demo in ECE 662 Course
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Electric (E) and magnetic (B) fields
EM Waves

E-field strength
Antenna pattern calculation methods
ntenna simulation




Far Field Pattern Calculation in ECE 764
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Far Field Pattern Calculation
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Antenna Simulation (with EZNEC) ...
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Upcoming episodes

* Far field calculation and simulation
Reflection of EM Waves in environment

Antenna types, gain, impedance, and
polarization

Counterpoise, baluns, and chokes
Phase, superposition, and beamforming...




Thanks for Watching
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A prief look at the physics behind all
this...

—> What “are” E, B and EM fields ?




Magnetic Fields Revisited

Force on a (moving) cha rge q 22.2: Force between two current-carrying wires

@@@ Last updated: Nov 5, 2020 « 22.1: The Biot-Savart Law | 22.3: Ampere's Law

in presence of B is:

~  Howard Martin revised by Alan Ng
F — q (v X B) University of Wisconsin-Madison
Consider two infinite parallel straight wires, a distance h apart, carrying upwards currents, I; and I,
respectively, as illustrated in Figure 22.2.1.
_ poh
2mh
@ - g v

|- =@ r - B=DLl < B

B,

™ -

Figure 22.2.1: Two parallel current-carrying wires will exert an attractive force on each other, if their
currents are in the same direction.

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

ECEFILES.ORG



Where Does Force Come From ?

Coulombs Law + 22.2: Force between two current-carrying wires

@@@ Last updated: Nov 5, 2020 « 22.1: The Biot-Savart Law | 22.3: Ampere’s Law

EEIAA

Howard Martin revised by Alan Ng

B F i e | d S O r i gi n a te W&,/ University of Wisconsin-Madison
G Consider two infinite parallel straight wires, a distance h apart, carrying upwards currents, I; and I,
from moving r twoint el vand b
respectively, as illustrated in Figure 22.2.1.
charges B _ toh
. . 1

 27h
And so do E-fields Fy =Ll x By

©

It’s really just

CO u IO m bS LaW (Wlth Figure 22.2.1: Two parallel current-carrying wires will exert an attractive force on each other, if their

relativistic |ength dilation) currents are in the same direction.
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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And... An AC current (accelerating charges) creates a time/space-
varying EM field, which propagates at velocity ¢ through empty space ...

From: http://cleanenergywiki.org/index.php?title=File:Emwavepropagation.jpg

Electric Field Oscillation
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Magnet Field Oscillation
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Other Explanations/views ...

From Joules-Bernoulli equation discussion in:
https://en.wikipedia.org/wiki/Classical_electromagnetism
_and_special_relativity

= YouTube EM field animation detaching fror X

N / \ ’
\_ you can see that the " /
radiation we have produced

> Pl ) 408/728 B & = O 7

Understanding Electromagnetic Radiation! | ICT #5

3457877 views.. ) 86K GJ DISLIKE > SHARE L DOWNLOAD (§) THANKS S CLIP =+ SAVE

Lorentz boost of an electric charge. httpSZ//WWW.YOUtU be.com/watch?v= FWCN_U|5ng
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Thanks for Watching

..all the way to the end ©
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But What “is” a Magnetic Field ?

B field “curls” around a current

—
o
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Force on a (moving) charge g
in presence of B is:

F = q(vxB)

Why ?7?

Coulombs Law +
Relativity |

B Fields originate
from moving
charges

And so do E-fields
®)

It’s really just

Coulombs Law (with
relativistic length dilation)

ECEFILES.ORG

From Joules-Bernoulli equation discussion in:
https://en.wikipedia.org/wiki/Classical_electromagnetism

_and_special_relativity

Lorentz boost of an electric charge.
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