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Welcome to this presentation of “What’s all this 5G stuff, anyhow?” We, in amateur 
radio, should be able to freely discourse in 5G discussion from logical perspectives 
given the knowledge every amateur radio operator is expected by the FCC to know. 
When you search for 5G frequently asked questions, official responses are permeated 
with “…scientific consensus is that no health risks…” or “…have concluded that there 
are no known health risks…” The natural reaction to statements such as these from 
any one group is doubt. Presenting open conclusions is pointless. Yet, as amateur 
radio operators we cannot allow ourselves to be intimidated by hype that may exist 
all around us with the knowledge that we possess.

Isaac Newton was frustrated in the sixteenth century by what was being taught in the 
schools. Up until and in the sixteenth century, western schools taught Greek 
knowledge handed down from the year 200 BC. Much of it was even known in the 
sixteenth century as rubbish but it was still taught as truth. Principles were taught in 
even the very finest western schools such as a ten-pound ball falling ten times faster 
than a one-pound ball. Newton looked at the first ever mass-produced Bible, the 
Geneva Bible, saw its author as the creator of the universe, saw logic in the Bible, and 
therefore reasoned that there must be logic in the creator’s creation. Thus, Newton 
went on to eventually produce the scientific method whereby experiments could be 
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repeated. Before the scientific method, people believed for example, that celestial 
objects had intelligence. How else could you explain the celestial movements if the 
Earth was at the center.

Sadly, when you hear much of the hype today on 5G, what you are hearing is a 
mentality reminiscent of the pre-sixteenth century. It is my hope that in tonight’s 
presentation you will see a theme of Isaac Newton.

There will be a pop quiz along the way in this presentation so pay attention. You don’t 
want to be caught falling asleep.

A disclaimer: In order to avoid lengthy discussions on peripheral subjects, 
simplifications have been made with various topics in tonight’s discussion.
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Presentation Objectives

• Electromagnetics Amateurs Expected to Know

• Relevant forms of radiation

• Fields quantified 

• Work—High School Physics

• Thermal Impedance
• Resistance

• Reactance

• Inexpensive instrumentation to measure EMS

Here is a high-level look at what to see in tonight’s presentation. We are going to get 
a review of the electromagnetics that every amateur radio operator is expected by 
the FCC to know. We are going to look at forms of radiation that are relevant to 
electromagnetics. We will review electromagnetic fields and quantify them but all 
within the prevue of high school physics, nothing more. In fact, if Maxwell and his 
partial differential equations on electromagnetics show up at the presentation 
tonight, Maxwell will be promptly booted out of the room. There will be no technical 
mumbo-jumbo. We will look at the relevant forms of thermal impedance. And finally, 
we will look at some relatively inexpensive instrumentation to measure 
electromagnetic fields.
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Not Presented Herein

• Subjective concepts

• Conclusions

I should point out that there are some concepts and subjects that will NOT be 
presented tonight. Most notably, subjective commentary and concepts presented as 
relevant to 5G conclusions will be absent. Sadly, these dominate the narrative in any 
5G discussions which should shame anyone participating in such discussions. It opens 
the door to fear and letting somebody lead you around by the nose.
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What is an antenna?

• A wire designed to be resonant at a named frequency.

Described in its simplest form, an antenna is a wire that is fabricated to be resonant 
at a named frequency. While it will have various elements such as an impedance 
matched to the feed line and transmitter, all that is irrelevant for this discussion. 
What counts is that the antenna is resonant.
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Radiating Antenna Fields—the Near-Field

• Reactive
• Inductive

• stores energy

• Does not radiate

• Working element of touch screens

• Completely vanish in a few wavelengths.

• Sometimes called the Fresnel region

• Density function: 1/d3

Any radiating antenna will have fields. It will have a near field and it will have a far 
field. Let’s talk about the near field. While the antenna will have a net zero reactance, 
it will nevertheless have an inductive reactance and it will have a capacitive 
reactance. Because the antenna is resonant, these two reactances are equal. This 
reactance stores energy as opposed to spending it and becomes the near-field that 
will always surround the energized antenna. The next logical question is, “How far 
does the near-field extend from the antenna?” The density of the near-field falls of as 
the reciprocal of the distance cubed. That means that when you put a little distance 
between you and the antenna, the density of the near-field falls off A LOT! 
Incidentally, the near-field is sometimes referred to as the Fresnel region owing to 
Augustin-Jean Fresnel who invented the Fresnel lens used in lighthouses of all things.

We will visit this in an upcoming slide but for now please think about this: What 
should you expect to happen if you enter a near-field where energy is being stored?
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Radiating Antenna Fields—the Far-Field

• Energy Escapes, not stored

• Can circumvent the globe

• Sometimes called the Fraunhofer 
region

• Density 1/d2

Now let’s talk about the field that we all know and love—the far field. The far-field 
circumnavigates the globe. Here, energy escapes rather than being stored. This field 
travels much, much further than the near-field since its density only falls off as the 
reciprocal o f the distance from the antenna squared. But now we have something to 
think about. We learned that the near-field is completely extinguished at just a 
couple of wavelengths from the antenna. But now we are looking at the far-field 
which circumvents the globe. You cannot escape this field even if you went to the 
moon. In fact, you could travel outside the solar system and be exposed to other, 
even worse, far fields.

In the last slide I prepped you for a near-field question. Now another. Is there 
anything you can do to protect yourself from far-field radiation? …do you need to 
protect yourself? Be ready to explain your answer with what you know from amateur 
radio. If you answer with something about Maxwell, you will be booted from the 
room.
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Near-Field Radiation

• Near-field is inductive reactive
• E-field and H-field out of phase by 90o

• E/H fields must be perpendicular to radiate

• Remember the right-hand rule.

• Because no radiation, no spending of energy, only storage

• There is a transition region

In review, there is a near-field that is storing energy. This is a critical concept that I 
want you to take home with you. The near-field stores energy, it does not spend it.
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Far-Field Radiation

• E/H fields 
• orthogonal or perpendicular allowing radiation

• In phase

• Transmitter energy can be spent

There is a far-field having energy that it is willing to spend, but how? We learned that 
all you have to do with the near field is stay out of its way which is easy to do. We are 
still going to talk about penalties for letting it spend its energy on you. But now we 
are looking at the far-field which is impossible to escape, and which has energy 
circumnavigating the globe. Is it possible for it to spend its energy on you? We will 
talk about that in an upcoming slide but for now, think about this hint: how do you 
capture that energy for your transceiver to use?
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Quantification of How Far a Near-Field

• Region limits for λ values:
Freq (Lambda) distance (cm) distance (in)

• 2 meters = 32.7 = 13

• 430 MHz (70 cm) = 11.1 = 4

• 900 MHz (33.3cm) = 5.3 = 2

• 2.4 GHz (12.5cm) = 2 = ¾

Here are some distances for near-fields to consider. Our 2 meter repeater antennas 
have near fields extending upwards of one foot from the antenna.
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Interference with Medical Implants

• Is the implant designed to protect (hardened) against general RFI and 
solar flares?

• Sources of RFI
• Cell phones
• The sun
• Handheld transceivers
• Mobile transceivers
• Electric vehicle DC-DC converters, inverters

• International standard for RF immunity:
• 1993 rev of IEC Standard 60601-1-2

• It falls on manufacturers to design according RFI standards.

Let’s consider medical implants. What affect do you think 5G will have on your 
pacemaker? Do you think for one second that the designers of your pacemaker may 
have forgotten to design into the device a hardening from all forms of 
electromagnetic radiation commonly in use or possibly to be encountered. The big 
one is of course cell phones. A set of international standards already exists defining 
RF immunity and freedom from RFI. Since 5G is not a new technology and those 
frequencies have been around a long time, why is 5G so special? What makes 5G any 
different from other EM radiation?
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Pop Quiz

• Someone says to you:
• Because 5G networks are new, the FCC should update regulations for 5G.

• How do you respond?
• Using logic

• Circumventing controversy

• Putting the question into perspective.

It’s time to see who has been paying attention and who has been sleeping. 

Somebody thinks that the FCC regulations should be updated to reflect 5G 
technology. You would like to respond but using logic so as to circumvent controversy. 
How can you put the question into perspective so as to either answer the question in 
a direct manner or at least “shut up the barking dog” as Martin Luther would have 
said. There are a lot of correct answers to this but what I am looking for is a 
philosophy of an approach. Anyone, please offer your thoughts.

Here is what I am looking for. “Sure, 5G networks are new but not the technology or 
the frequencies. The electromagnetic technology is unchanged so what interest 
would the FCC have other than what they already control?
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High School Physics

• What did we learn in high school physics about WORK?
• Done on an object
• When a force
• Accomplishes

• Moves an object a distance
• Generating heat

• Units of measure
• Joules per second ➔ 1 Joule/sec = 1 Watt = i*i*r = e*e/r
• Therefore, 1 Joule = (1 Ampere)2 * 1 Ohm * 1 second

• Power?
• A rate of doing work

• Is Work / time

So now, let’s put all this information into perspective. What did we learn in high 
school physics about work? Work happens when you apply a force to move an object 
a distance. 

There is also a thermal equivalent. If you want to beat up a mammal you apply a 
force to move the mammal’s flesh a distance. The thermal equivalent is when you 
heat the mammal’s flesh moving its temperature upwards. 
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Why Is Work of Importance?

• In order to injure a mammal’s body what must be done?
• Answer: work

• It doesn’t happen because somebody waves a hand.

• Work = Thermal Energy

• Conclusion
• Thermal energy can be a source of ill-health to mammals.

So now, putting this in perspective, how can thermal energy be applied to heat flesh? 
Using what we have learned thus far, is there some way it can be used to heat flesh?

The answer of course to place the mammal inside a powerful near-field. The stored 
energy in the near field will then spend itself on the mammal generating a thermal 
event.
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Thermal Resistance

• Any mass has an ability to “drop” and “conduct” heat.

• Thus, the commonly known “heat sink” for transistors.

But there is something that we have not considered. To this point our discussion has 
been limited to steady-state conditions. Let’s prepare for moving to transient effects.

Any of us who have worked with and built electronics are aware of a  thermal 
resistance. A power transistor develops too much thermal energy to dissipate it 
without help. Without help the silicon junction will heat in excess of 150oC and 
destroy itself. Therefore, we add a heat-sink to help dissipate that thermal energy 
keeping it from reaching the silicon junction. But there is a “thermal resistance” 
between the transistor case and the heat-sink. This is nothing new for any of us in 
this room. But we are still talking steady-state with a thermal resistance. Let’s now 
introduce transients.
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Thermal Reactance--Capacitance

• Any mass has an ability to store heat.

• Thermal capacitance is a measure of how much heat a mass can 
store.

• SPECIAL NOTE: There is no thermal inductance in the real world.

There is a critical consideration: there is a thermal CAPACITANCE which finally adds a 
temporal effect. All the elements of electrical impedance have an analogy in the 
thermal domain except for a thermal inductance. This can further be grouped into 
pairs of THROUGH and ACROSS variables. Voltage (a potential) is an across variable 
and current is a through variable. Likewise in the thermal domain, temperature (a 
potential) is an across variable and heat flow is a through variable.

Considering our earlier BJT, because of a thermal capacitance, it takes time for the 
heat to reach the silicon junction. The transistor can absorb a massive jolt of thermal 
energy for a very short period of time because of the thermal reactance of the 
thermal capacitance. Are you beginning to get the picture? We can be exposed to a 
powerful energy source for a period of time without harmful effects. However, 
exposure to that same energy source in a steady-state domain would be harmful to 
our health.
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Should we Consider Ionizing Radiation?

• CDC Statement (abbreviated):
• Ionizing radiation removes electrons from atoms including living tissue.

• Conclusion:
• 5G frequencies lie well outside of the ionizing region and may be excluded 

from further consideration.

Freq >= 1,000,000 GHz

Freq <= 300 GHz

Ionizing RadiationIonizing Radiation

One mode of harmful radiation is that radiation which ionizes. Ionization removes 
electrons from atoms which when accomplished on mammal flesh is harmful to one’s 
health. Thus, X-rays are harmful to one’s health when applied in sufficient quantities. 
According to the CDC, ionizing frequencies are those well above 1 million gigahertz. 
The highest 5G frequencies are less than 300 gigahertz. The CDC therefore concludes 
that 5G frequencies are not ionizing so we can leave consideration of that particular 
mode of health hazard.
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Here Are the Questions

• How do Near and Far fields affect a mammal's flesh?
• Near-Field?

• Far-Field?

• Any effects on a mammal must be a result of spent energy

• Means of acquiring energy
• From a far-field

• Mammal must be resonant

• From a near-field
• Mammal must physically enter the field and carry a box of Band-Aids.

So, we are left with the thermal mode of a health hazard. We have already reviewed 
that both near and far fields contain energy which can be spent on, among other 
things, mammal flesh. So, here are the big questions: How does one cause that 
energy to be spent on a mammal’s flesh? To answer that question with respect to the 
far-field, how do you capture RF energy for your amateur radio transceiver? It’s the 
same thing. You fabricate a device that will capture that RF energy. That device will be 
resonant with the frequencies of the energy to be captured. 
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The Near-Field
• Near-Field is STORED energy

• If you enter a near field, it
will spend its energy on you.

• Owing to thermal capacitance,
some number of seconds or 
hours may be required.

• If you are an arm’s length or
more from the antenna, the
near-field is powerless to 
touch you.

I have an illustration regarding RF burns but RF burns are a little different and must be 
distinguished from near and far fields. The RF burns that amateur radio operators 
deal with are a result of mis-handled energy that the amateur radio operator 
develops him or herself that get reflected back to him. But in a sense, an RF burn is 
relevant since in order to be injured by a near-field, one needs to be at the site of the 
energy origination—within a couple of feet. The mammal injured would at least be 
operating in coordination with the person responsible for developing the near-field. 
Worded another way, you did a dumb thing and walked into your near-field.
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The Far-Field

• The far-field has energy that falls off as a reciprocal of the distance 
from the antenna squared.

• You can capture some of its energy…if, and ONLY if, you are resonant.

• How much can you capture?
• Suppose an S9 signal at your transceiver’s antenna: 

• input represents 50uV.

• Your transceiver’s Zin is 50 Ohms.
• Power is therefore 50e-12/50 = 1 pico Watt at the antenna input

• Suppose a resonant mammal’s input resistance is 1 Ohm (EXTREMELY
unrealistic)
• Power into the mammal is 50e-12/1 = 50 pico Watts

So now let’s talk about capturing energy from a far-field. How do you capture energy 
for your amateur radio transceiver? Maybe the principle is the same for getting that 
energy into your own flesh. You are going to figure out a way to make yourself 
resonant. In fact, this is not unrealistic since there have been cases where people 
have had dental work done which causes that tooth to become resonant at the 
frequency of a local AM radio station.

But suppose you made yourself resonant and were able to capture an RF signal at S9 
or 50 micro Volts. If it were your transceiver with its 50 Ohms impedance, the power 
dissipated by your transceiver captured from the atmosphere would be 1 pico Watt. 
But what if you made your flesh resonant and you captured that same S9 signal into 
your flesh. Your impedance is likely on the order of 2,000 Ohms but let us suppose a 
much worse case of 1 Ohm. The energy captured into your flesh would be about the 
same as your transceiver at 50 pico Watts. 50 pico Watts is too small an energy 
source for most laboratory instrumentation to measure. It is therefore not going to be 
hazardous to your health.
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EMF Meter

• Hand-held 
meter for well 
under a 
hundred 
bucks.

• Nearly 5-stars

Here is an EMF meter that is incredibly affordable. It is very limited in what it will 
produce but at least the uneducated consumer can get a whiff of what is in his or her 
house.
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E/H Field Measurement

Let’s look at this EMF meter’s actual performance.
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EMF Meter, Improved

• x

This EMF meter is considerably more expensive than the earlier meter but still well 
within the budget of the serious minded consumer. The primary difference between 
the two is that this one measures on 3 axes rather than one.
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RF Exposure Rules Effective May 3, 2021

• There have been no changes to the existing RF exposure (RFE) limits

• Amateur stations are now no longer exempted on the basis of power.

• Amateur stations must now
• Determine if they qualify for an exemption (most will qualify)

• Or must perform a routine environmental evaluation

• There is a 2-year grace period
• Amateurs have until May 3, 2023, to perform these (if they have to)

• ARRL publishes a guide “RF Exposure and You.” (316 pages)

• www.arrl.org/files/file/Technology/RFsafetyCommittee/RF+Exposure+and+You.pdf
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Worksheet:

N8QM Yours truly

10626 Coopersfield Rd.

Chelsea, Michigan 48118
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Summary of What Discussed

• The frequencies 5G uses are nothing new.

• We looked at the implementation of 5G from an electromagnetics 
perspective.

• There are three modes of health issues to consider
• Everyday EMI and effect on other electronic devices (already regulated)

• Ionizing radiation (not relevant)

• Near and Far-Fields energy displacement

• Cheap instrumentation for the consumer.

• This discussion is unique in that it is from an amateur radio 
perspective.

To summarize tonight’s discussion: The frequencies used by 5G are nothing new. 
What is new is a much more wide-spread use of them and their expanded 
implementation for consumer use. Any of the modes that are capable of producing 
health hazards are already regulated or irrelevant. And we took a look at very 
inexpensive instrumentation available to the consumer for gaining clues to their own 
situations and applications.

This approach to addressing 5G has been unique in that when you look at typical 
“frequently asked questions” web pages addressing 5G, the perspective is almost 
universally to say that studies have not shown thus and thus. This is what this author 
calls a “top down” approach. What we have done here is to look at 5G use as if it 
were nothing new. We then worked our way up from the bottom rather than coming 
in from the top. We started with a review of a most elementary electromagnetics 
discussion. This discussion was centered upon the skill set that the FCC expects every 
amateur radio operator to know (unless they memorized the pool questions). From 
this bottom-up approach we were than able to decide if any of the health distress 
modes were applicable.

It is my hope that as a licensed amateur radio operator, you found this presentation 
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useful and beneficial. It is also my hope that you now feel confident in reaching your 
own conclusions regarding the implementation of 5G and that you feel confident in 
explaining these things to other amateur radio operators. However, good luck 
explaining these things to the average consumer. I think that it is a lost cause because 
of the nature of the arguments.
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