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8 Apr 2024 Exam Testing Results 
Congratulations to:
* 1. Christopher Chitty of Missoula passed his General exam. His call sign is KJ7PBL.
* 2. Chad Finnegan of Missoula passed his Tech, Gen, Extra exam. His new call sign is AI7XI.
* 3. Jon Reid of Helmville passed his Technician exam. His new call sign is KK7SRW.
*     4. Aeron Walton of Missoula passed his Technician exam. His new call sign is KK7SRR.

Program: Missoula CERT (Community Emergency Response Team) presentation by Tim Jacobs.
CERT currently has 25-30 members, they work closely with Missoula County OEM.
They have performed traffic control at County COVID vaccination locations, Missoula Marathon
and the Missoula County Fair. They can be reached at www.missoulacert.org

8 Apr 2024 HARC Meeting Minutes Meeting called to order @ 7:35 PM
1.  Attendance: N7PAS, K7MTD, NZ7S, N7NHS, N7BIO, KK7QJH, W7RPG, KK7KEK,

KK7MPW, KJ7PCR, W7XT, K0SN, K7MSO, AG7FH, KJ7YHG, K7QA, AG7SW
Visitors: Seth McClain KK7RWD, Doug Drader K7INJ, Chad Finnegan AI7XI, Tim Jacobs KJ7ZJC.

 NOTE: 17 Members / 4 Visitors present. Thank you to all that attended.
2. Last meeting minutes, Mar: Motion to approve minutes: 1st N7PAS   2nd  K7MTD

Discussion __None________________________________________________________  Vote: Passed
3. Treasurer’s report: ___Turnover proceeding smoothly, Nothing to report______________________ 

_________________________________Motion to approve report  1st ______  2nd ______ Vote: Tabled
4. Repeater Committee W7RPG: Discussion _Nothing to Report _______________________________

_________________________________Motion to approve report  1st ______  2nd ______ Vote: Tabled
5. HF Committee Report K0SN: Discussion __Elecraft K3 had another malfunction. It’s on K0SN’s
       bench for testing. K7QA says Club has refurbished all band receiver for sale. _____________________
       _________________________________Motion to approve report  1st ______  2nd ______ Vote: Tabled

6. New Business: a. None
7. Net Control Operators

May 01 N7PAS Jun 05 N7PAS
May 08 K7MSO Jun 12 ______
May 15 K7MSO Jun 19 ______
May 22 W7RPG Jun 26 ______
May 29 N7JGS ___ __ ______

8. Up Coming Events:
1.) Field Day 22-23 Jun 2024 explained by K0SN – Possable Council Grove site/Blue Mtn?
2.) Possable APRS presentation at June Meeting.
3.) K7QA said club has 1.5KW Linear Amp for sale - $300.00

8. Good & Welfare:
1.) W7PX doing QSO’s with Olivia on FLDigi, says are similar to PSK31 and are pleasant.
2.) K7MTD needs more Net Control Operators for Saturday Morning Net.
3.) W7KJA repaired a Kenwood unit, needs Mic.

Meeting adjourned at 8:17 PM.

Minutes by K7MSO

http://www.missoulacert.org/


HARC  INVENTORY  --  FOR SALE

Line ITEM MAKE MODEL CONDITION VALUE STORED Remarks
1 Computer Dell Latitude Fair 100 ?
2 Pow Supp. 220-225mhz Mirage C106G Good 25 ?
3 Handie-talkie Realistic HTX 202 Good 50 ?
4 Portable Repeater TM-241X2 ? ?
5 Triband Beam Hy-Gain Few Missing parts 200 K0SN

6 Tuner Signal Corps BC939B Parts only 25 K0SN parts only, no cabinet
7 Speaker + Power Supp. Drake MS-4 + AC4 Not tested 75 K7QA needs upgrade
8 Reflected Pwr Mtr Heathkit HM-15 Works 10 K7QA
9 Mobile Tuning Mtr Heathkit PM-2 Untested 10 K7QA

10 Trap Vertical Hygain 14AVQ Clean, untested 150 K7QA
11 2 Mtr HH Transceiver Realistic HTX-202 Error Code 25 K7QA
12 Spkr. w/vol. control Yaesu Untested 50 K7QA
13 1993 ARRL Handbook like new free K7QA
14 Handbooks ARRL 1950-1980 OK Free KGVO
15 Vintage Mic Astatic JT-30 worn, untested 50 KGVO Ebay sales $50-300
16 13.8V, 20A power supp. Astron RS20A No output 15 KGVO
17 RC checker CDE untested 30 KGVO
18 Rotor CDE? untested 50 KGVO w/ control head
19 Transceiver Collins RT-91ARC-2 untested 100 KGVO Aircraft Military
20 Transverter Interface Down E. Micro untested offer KGVO
21 Low pass Filter Drake TV-3300 untested 20 KGVO
22 Receiver Hallicraft. SX-100 fair 150 KGVO
23 Receiver Hallicraft. SX-62B untested, rough 75 KGVO no cabinet top
24 Vintage Speaker Hallicraft. PM 23 Nice, untested 150 KGVO
25 Vintage Speaker Hammar. S-100 Nice, untested 60 KGVO
26 AC Power Supply Heath Kit HP-23-A works KGVO for the HW-101
27 SSB Transceiver Heath Kit HW-101 needs repair KGVO Ebay $90-300
28 HF Xcvr + Power Supp. Heathkit untested 150 KGVO
29 Oscilloscope Heathkit IO-4105 untested 30 KGVO
30 Power/SWR Meter Heathkit HM15 untested KGVO
31 Vertical antenna Dipole 80 ? NOAA
32 Receiver Heathkit HR-10 untested, rough offer KGVO Ebay sales $100-300
33 SSB Adapter Heathkit untested 40 KGVO
34 Test Oscillator HP 650A untested offer KGVO
36 VHF Mobile Xceiver Icom IC-25A fair, untested 30 KGVO
37 2M FM Transceiver Kenwood TR7400A no output 10 KGVO
38 HF Transceiver +Man Kenwood TS-520 non-working 100 KGVO
39
40 Transmitter Meissner 9-1160 (tube) good KGVO was in use
41 Voice Keyer MFJ MFJ-432 untested 30 KGVO
42 Fwd/Refl. pwr meter Midland 23-126 untested 10 KGVO
43 2 mtr, 30 Watt amp Mirage B23 untested 25 KGVO
44 2 mtr mobile Xcvr RadShack HTX-242 untested 40 KGVO
45 Field str/SWR meter RadShack untested 10 KGVO
46 VHF/UHF/FM amp RadShack untested 20 KGVO
47 Gen. Coverage Rvr. Realistic DX302 untested 125 KGVO Ebay sales $80-350
48 Receiver Signal Corp R-392/URR fair 300 KGVO Stromberg Carlson
49 VTVM Simpson 311 untested 25 KGVO
50 Oscilloscope Telequip. untested 20 KGVO
51 Var. power resistors Various untested 10 KGVO box of ~20
52 Scanner Uniden BC9000 works 50 KGVO
53 BUG KEY unknown fair KGVO



54 12V DC Backup Power West Mtn PG40S good, untested 25 K7MTD
55 Speaker Yaesu SP-8 Good, untested 125 KGVO
56 VHF FM Transceiver Yaesu FT720RU untested 25 KGVO
57 VHF Transceiver Yaesu 1500M untested 75 KGVO

58
Many electronic parts too 
numerous to list. offer KGVO some free, door prizes

59 Misc. meters untested, 40 KGVO 2 boxes full
60 RCA male Patch cords good 10 KGVO box of ~20
61 Peter Dahl 10 HY @ 1 A new new KGVO
62 Peter Dahl 40 HY @ .6 A new new KGVO
63 Peter Dahl 9 HY @ 1.5A NEW NEW 200 KGVO 66 pounds - pick up only
64 Peter Dahl Sw. Choke new new KGVO
65 Antenna Tuner Icom AH-4 NZ7S
66 Voice Synthesizer Icom UT-102 NZ7S
67 Transceivers, qty.2 Kenwood 220-225 mhz. ? NZ7S
68 Antenna Tuner + man MFJ MFJ-934 NZ7S
69 RTTY CW MFJ ? NZ7S
70 Telescoping Mast MFJ MFJ-1910 new NZ7S

71 Audio Filter Heathkit HD-1418 works 15 K0SN

72 Audio Filter AFTronics Super SCAF works 15 K0SN
73 TRIPLEXER Comet CFX-324 K7MTD
74 WATTMETER/SWR MFJ 864 works 10 K7MTD
75 2 mtr, 30 Watt amp Mirage B23 works 25 K7MTD
76 Microphone Astatic D104, SE needs work offer K7QA
77 Vintage Mic Astatic JT-30 worn, untested 50 KGVO Ebay sales $50-300
78 Rotor Control Hygain DCU-1 untested 100 KGVO
79 VHF FM Transceiver Yaesu FT720RU untested 25 W7KJA

For information email to hfc@w7px.org

mailto:hfc@w7px.org


Field Day Countdown

Field Day is just about 3 months away, and now is the time for your club to plan for the 
event. Many of the details of this event should not be left to the last minute. With hopes of 
pointing clubs in the right direction, here are a few tips that may help.

1. Plan your location with a few questions in mind.

a. Will you have public traffic around your site, and are the antennas you will be 
using mindful of safety?

b. Is your site on property that requires supplying an insurance certificate to the 
owners? Many public sites require this.

c. Are you planning to create signs telling the public what you are doing and inviting them to learn more?

d. Does the site have adequate parking and access? Remember, Field Day is a 24-hour operation. You don't 
want to get locked in or out of your location, especially once it's dark.

e. Have you reviewed the safety requirements for fueling and grounding your generator? Noise may be an 
issue if you are on a public site.

f. How do you plan to keep the site clean and uncluttered for pictures?

2. Contact the local media to invite them to your site.

a. Local newspapers

b. Local television networks

c. Plan to have someone that can serve as a guide, answer questions, and direct pictures.

3. Operator planning is essential. Create a schedule of operators.

a. Think about whether you will operate for the full 24 hours or not.

b. Invite new hams to learn by logging and operating.

c. Don't forget to think about having relief operators.

4. Consider contacting your local served agencies to demonstrate the capabilities of hams in an emergency.

a. Local emergency management

b. American Red Cross

c. Local police, fire, and ambulance companies

d. Other local agencies that may be involved with shelter management

Field Day is what you want to make of it. Treat it like a contest and see how many contacts you can make, make it an 
emergency drill, use it for outreach to the public, or make it a social event for your club and include having fun on the 
radio. Field Day is all about having fun and showcasing the different aspects of amateur radio. Make your Field Day an 
event that the club will learn from, and, most importantly, have fun!

Find the complete list of Field Day resources at field-day.arrl.org.

http://field-day.arrl.org/


 



The Discovery of Radio Waves
By George R. Steber 

When the concept of electromagnetic waves was first proposed around 1864, it was met with 
great skepticism. As a result, the idea languished for a long time. This is understandable since 
the foundations of the theory were complex and the conceptual ideas were at odds with 
physical thinking. It took several decades for a handful of dedicated persons — infatuated 
with the mysteries of electricity and magnetism — to finally put the theory on a solid footing.

In this article, we’ll take a look back at this period that launched the serious study of radio waves. We’ll 
examine the contribution of James Clerk Maxwell, the man most responsible for the concept. Next, we’ll 
look at the work of several notable scientists who came after Maxwell, and see how they confirmed the 
existence of radio waves.

We have a seemingly unlimited electromagnetic spectrum consisting of radio waves, microwaves, visible 
light, ultraviolet, x-rays, and gamma rays. How we came to discover and comprehend these astonishing 
waves is a captivating story. In what follows, we’ll look back at the historical underpinnings of 
electromagnetic waves — and we’ll do so without invoking theoretical derivations. But first, let’s examine 
what we mean when we talk about such waves.

Conceptually, an electromagnetic wave can be generated as shown in Figure 1. A more comprehensive 
picture of how electromagnetic waves are formed and their analogy to gravitational waves can be found at 
the URL noted in Reference 1.

Figure 1. Assume that you have a stick with a certain amount 
of charge Q (a). When you hold the stick stationary, the charge 
is surrounded by an electric field E but no magnetic field (b). 
The same charge in motion creates a magnetic field B as well. 
If the stick is shaken up and down at frequency f, a small 
portion of the field escapes to propagate away as an 
electromagnetic wave at the same frequency.

https://www.nutsvolts.com/magazine/contributor/george_r_steber


Electromagnetic waves consist of both electric and magnetic field waves. These waves oscillate in 
perpendicular planes with respect to each other, and are in phase. A simple picture of a transverse 
electromagnetic wave propagating through space is shown in Figure 2.

Figure 2. Electromagnetic waves are formed when an 
oscillating charged particle creates ripples in its electric 

field and thereby also creates a magnetic field. A 
typical wave is shown here: an electric field coupled to 

a magnetic field. The fields of the wave are 
perpendicular to each other and to the direction of 

propagation of the wave.

The creation of an electromagnetic wave begins with an oscillating charged particle, which creates oscillating 
electric and magnetic fields. When accelerating — as part of the oscillatory motion — the charged particle 
radiates energy creating ripples (or oscillations) in its electric field, and also produces a magnetic field.

Once in motion, the electric and magnetic fields created by the charged particle are self-perpetuating — 
time-dependent changes in one field (electric or magnetic) produce the other. This means that an electric field 
that oscillates as a function of time will produce a magnetic field, and a magnetic field that changes as a 
function of time will produce an electric field. Consequently, both electric and magnetic fields in an 
electromagnetic wave will fluctuate in time, one causing the other to change.

If the charge’s frequency of oscillation is f, then it produces an electromagnetic wave with frequency f. The 
wavelength λ of this wave is given by λ = c/f where c is the speed of light. Electromagnetic waves transport 
energy through space. This energy can be delivered to charged particles a large distance away from the 
source.

The Strange Path to Maxwell’s Electromagnetic Theory

According to many science books, James Clerk Maxwell (Figure 3) is the 
person most responsible for providing the theoretical foundation for 
electromagnetic waves. What the books don’t tell you is that at the time of 
Maxwell’s death in 1879, his theory — which bolsters so much of our present 
technological world — was not yet on firm footing.

Figure 3. James Clerk Maxwell was a Scottish mathematical physicist, who 
formulated the classical theory of electromagnetic radiation, bringing together 
for the first time electricity, magnetism, and light as manifestations of the 
same phenomenon. He was one of the most influential scientists of the 
nineteenth century.

Science teachers tell us that the basic rules by which light and indeed all electromagnetic waves behave — 
such as electric fields and magnetism interactions — can be reduced to four elegant equations. Today, these 
equations — known as Maxwell’s equations — are found in just about every introductory engineering and 
physics textbook. It is little known [Reference 2] that Maxwell did not write these equations; although, he 
was mainly responsible for the theory behind them.



Let’s look back at the early development of electromagnetic theory. In later sections, we’ll look at events that 
occurred after Maxwell’s death.

Events Leading Up to Maxwell’s Electromagnetic Theory
Most historians agree that developments related to electromagnetic theory began in 1800 when physicist 
Alessandro Volta announced the invention of a battery, which allowed experimenters to work with a stable 
supply of direct current. Some years later, the first physical evidence of a link between electricity and 
magnetism was obtained by Hans Christian Oersted by demonstrating that the needle of a compass would 
shift when it was moved close to a wire carrying direct current.

Soon thereafter, Andrè-Marie Ampère showed that a mutual attraction or repulsion occurred between two 
parallel current-carrying wires depending on the relative direction of the currents. Then, around 1831, 
Michael Faraday showed that a magnet could affect electricity when he demonstrated that pulling a magnet 
through a coil of wire would produce a current.

These events were that were not understood in a systematic or complete way. They were indeed very 
perplexing. How could a current-carrying wire reach out and shift a compass needle? And, how could a 
moving magnet cause a current to flow in a wire?

Certainly, the natural philosophers and scientists conjectured on the manner in which electric and magnetic 
influences are transmitted through space. Most favored direct action-at-a-distance. Exploring a different 
approach, the foremost mathematician Karl Frederick Gauss, around 1855, considered the idea that electric 
actions propagate between the charges with finite velocity. However, he resolved not to publish his research 
until he could design a mechanism to achieve that transmission — which didn’t happen.

Faraday, a scientist-inventor, had also begun to challenge the orthodox view that electromagnetic 
phenomenon were the result of direct action-at-a-distance between electrical particles. Instead, he envisioned 
a mysterious invisible “electrotonic” state surrounding the magnet — what we would call a field. Changes in 
this electrotonic state, he said, are what caused electromagnetic phenomenon.

It is now known that in a deposition with the Royal Society of London known as “The Original Views,” 
Faraday considered the idea that electric and magnetic effects are “progressive and require finite time for 
their transmission.” Faraday did not find time to provide experimental evidence to support his views and 
hence wished the deposition, submitted in 1832, to remain unopened for 100 years. He stated that “ by 
depositing this paper in the care of the Royal Society, to take possession as it were of a certain date; and so 
have the right, if they are confirmed by experiments, to claim credit for the views at that date.”

However, historians do not attach much importance to this fascinating document and do not regard Faraday 
as the prime inventor of wave propagation. It was all well and good to prophesize about such phenomena, but 
shaping these ideas into a complete theory was far beyond his mathematical abilities. Nonetheless, Faraday’s 
dreams, once planted, were enough to stir the imagination of those who followed him.

This was the situation that Maxwell found during his formative years in the 1850s at the University of 
Cambridge in England. In the next section, we’ll set the foundation for his work in this field.

Maxwell Begins His Scientific Work
Maxwell was already an accomplished mathematician when he left Scotland for the University of Cambridge 
in 1850. He studied in Trinity, a college of Cambridge, under the tutelage of William Hopkins who was 
known for turning out mathematical geniuses.

After a brief interlude working on pure mathematics, his attention turned to physical problems such as 
electric and magnetic fields, the kinetic theory of gases, the nature of Saturn’s rings, and color vision. In his 
first attempt at electromagnetic theory, Maxwell wrote a paper in 1855 called “On Faraday’s Lines Of Force,” 



showing how the equations that describe incompressible fluid flow could analogously be used to solve 
problems with constant electric or magnetic fields.

Unfortunately, his work was disrupted by many difficulties. He was forced to leave his first teaching position 
at Marischal College in Scotland because of a college merger and nearly died from complications of 
smallpox. Finally, he ended up as a professor at King’s College, London.

Maxwell’s time at King’s was — by most accounts — the most productive of his career. This period of his 
life would see him produce the world’s first light-fast color photograph, develop his ideas on the viscosity of 
gases, and propose a system of defining physical quantities — now known as dimensional analysis.

Maxwell would often attend lectures at the Royal Institution, where he regularly came in contact with 
Faraday. The relationship between the two men was not close; partly because Faraday was 40 years’ 
Maxwell’s senior and showed signs of age. They nevertheless maintained a strong respect for each other’s 
work.

It was at this period in his life that Maxwell made significant theoretical advances. He examined the nature of 
both electric and magnetic fields in his two-part paper “On Physical Lines Of Force,” published in 1861. 
Therein he provided a conceptual model for electromagnetic induction consisting of tiny spinning cells of 
magnetic flux. Each cell is surrounded by small particles of some form that helped carry spin away from one 
cell to another.

Although he eventually discarded this concept, he found that this picture helped him describe a variety of 
electromagnetic phenomena. Perhaps, most importantly, it helped lay the basis of a radical new physical 
concept known as displacement current.

Displacement current is a difficult concept since it is not really a current. Normal conduction current found 
in wires consists of moving charges. Displacement current is a way of describing how the change in electric 
fields passing through a given area give rise to a magnetic field, just as a conduction current would do.

An ordinary capacitor holds within it one of the most striking examples of displacement current. Consider a 
parallel plate capacitor in an electric circuit with empty space between the plates as shown in Figure 4. If the 
capacitor is charging, that causes charge buildup on the plates and an increasing electric field Ε between the 
plates. This changing electric field causes a changing magnetic field B which is related to the so-called 
displacement current ID = IC. No conduction cur rent actually flows between the plates.

Figure 4. This is a parallel plate capacitor with empty space between the plates 
assumed to be in a charging circuit. Because of the charging, there is a changing 
electric field Ε between the plates, and consequently a displacement current ID 

(not shown) producing a magnetic field B. The displacement current ID has the 
same value as the conduction current IC that flows in the wires due to charge 
movement.

However, Maxwell’s displacement current is more fundamental than this example shows. It can arise in any 
medium including regions where electrons are available or not. And, just like a conduction current, it gives 
rise to a magnetic field.

Maxwell’s new concept provided the necessary bridge to link measureable circuit properties such as 
permittivity and permeability of free space. He somehow realized that these constants can be combined to 
determine how fast an electromagnetic wave travels in space.

Maxwell relied on others whose experiments on capacitors and inductors had determined their values very 
precisely. Using these numbers, Maxwell was able to calculate the speed of an electromagnetic wave in 
space. Amazingly, when he compared his value to the existing values of the speed of light, he concluded from 
their closeness that light must be an electromagnetic wave.



Maxwell Predicts Electromagnetic Waves
In 1864 when he was 33, Maxwell presented a paper “Dynamical Theory Of The Electromagnetic Field,” 
where he theorized that an electromagnetic disturbance travels in free space with the velocity of light. He 
also conjectured that light is a transverse electromagnetic wave even though this fact was somewhat hidden 
in the set of equations he proposed. Most importantly, he described how electricity and magnetism are 
inexorably linked in a moving electromagnetic wave.

When Maxwell introduced his theory at a presentation to the Royal Society, the audience was mystified. 
Maxwell had shown a fundamental shift in his approach. Instead of building imaginary physical models, he 
tried to discern scientific truth from well established mathematical relations known as the laws of dynamics.

To the audience, a difficult physical model would be bad enough, but a theory based on no model at all was 
beyond their comprehension! Their perplexed state is understandable since Maxwell’s paper was long, hard 
to grasp quickly, and the mathematics was difficult to follow.

It described how various variables interacted and how they moved in space and time. More confusingly, it 
used the concepts of vectors to represent electric and magnetic field intensities and flux densities. Few people 
of the time understood vectors. For newcomers, it was especially difficult since each vector came as triple — 
one equation for each of the three dimensions.

Maxwell also employed a counter-intuitive variable he invented known as electromagnetic momentum — 
known today as magnetic vector potential — from which he calculated the electric and magnetic fields.

All told, Maxwell introduced 20 equations involving 20 variables. For those interested in studying all of them 
in detail, see Reference 3. Through these equations, Maxwell essentially unified the work of Oersted, Gauss, 
Ampère, Faraday, and others while adding his own radical concept of displacement current. Today, this 
theory is the foundation of our modern understanding of electromagnetism.

All of this work was met with extreme skepticism even from his closest colleagues. Sir William Thompson 
— later Lord Kelvin — was one of the loudest skeptics. He simply did not believe a displacement current 
could exist. Our intuition would agree with him.

It was one thing to think of a displacement current in a material filled with atoms. It was quite another to 
imagine it forming in the emptiness of space! Without a model to describe this displacement current — one 
that works without moving charges — it was not clear how such a current could arise. This whole concept 
was very repulsive to the scientists of the time.

Today, we readily accept radical theories. We accept black holes, gravitational waves, the Higgs field, 
quantum entanglement, and other theories that defy everyday intuition. We do so as long as the mathematical 
foundations are sound and can be verified to some extent.

Because of all the complexity surrounding the debut of Maxwell’s work, it was not met with enthusiasm. One 
could more accurately say that practically no one was interested!

Maxwell Publishes the “Treatise”
Maxwell had put his new electromagnetic theory on full public display, but it was ignored by most. It would 
be some time before it would be appreciated. No one, perhaps not even Maxwell, understood the full 
significance of his work.

Maxwell had thrived on a full assortment of work during his five years in London, but he still yearned for 
country life. So, he decided to resign his chair so that he and his wife, Katherine could take up a settled life in 
his old Glenlair House in Galloway in 1865.

The years Maxwell spent at Glenlair were in no sense a time of retirement. His work on electromagnetism 
was far from finished. He wanted to write a substantial book; one that would bring much-needed order to the 
subject, help newcomers, and establish a solid base for future work.



n 1873, Maxwell published his book “Treatise On Electricity And Magnetism,” where he expounded further 
on many of his ideas. Still in print, it is one of the most renowned books in physics. However, the “field” 
concept in the book was alien to physicists and his mathematics seemed like a backward step in the art.

His fields obeyed partial differential equations which were far more difficult to handle than current 
Newtonian force laws. Without adequate mathematical interpretation, his theory of electromagnetism hung 
like a museum painting on the wall, admired by some but out of reach.

Maxwell died in 1879 at age 48 with Katherine and a friend at his bedside. He was a lone pioneer as was 
Faraday before him. Almost nobody understood his “Treatise” during his lifetime. Not until the following 
generation — led by a small band of individuals known as the “Maxwellians” (Reference 4) — did anyone 
truly understand what he was trying to say. Oliver Heaviside was one of these.

Heaviside Arrives On the Scene
Oliver Heaviside (Figure 5) was once described by a friend as a “first rate oddity.” 
He was actually the forgotten genius of the Victorian age. He was the youngest of 
four sons, born in 1850 to a poor but respectable family in London. At the age of 
eight, scarlet fever left him partially deaf making it hard to play with other boys. 
Subsequently, he relied on his own resources and developed a stubborn 
independence that he held to the day he died.

Figure 5. Oliver Heaviside was a reclusive mathematical genius who spent most 
of his life on the fringe of the science establishment. In spite of this, he did more 
than anyone else to shape Maxwell’s theory and put Maxwell’s equations into their 
present form.

He did well at school but was denied a university education because it was beyond the family’s resources. 
Heaviside taught himself science and mathematics — learning from the journals and books of the day.

Through the influence of his uncle, Charles Wheatstone (of bridge fame), he got his first and only job at the 
age of 18 as a telegraph operator on the Anglo-Danish cable running from Newcastle to Denmark. In this 
capacity, he had the opportunity to learn firsthand about the most advanced and scientifically interesting 
branch of electrical engineering.

Telegraph equipment of the time used visual cues, so his mild deafness did not play a role. He loved 
communicating in Morse code, but fixing faults in the cable system was what he really enjoyed. 
Telegraphers, being the elite of the group, were free to experiment with many electrical components like 
bridges and condensers. To be sure, they had to know these components well to keep the traffic moving.

Heaviside eventually became the star troubleshooter, enjoying each problem and the puzzling effects of 
electricity that often baffled his colleagues. In his free time, he continued his studies into electricity and 
mathematics, and even began writing scientific papers.

One day, he came across a copy of Maxwell’s “Treatise” and was immediately impressed. Although much of 
the mathematics was far above his head, he became determined to master it. By this time, Heaviside had 
already decided to devote all his attention to electricity. He had left his telegraphers job and returned to his 
parent’s home where he began pushing back the frontiers of electrical knowledge.
It was Heaviside working at home alone that developed Maxwell’s equations in their present form. Plowing 
through the complicated vector calculus, he happened upon a way to reformulate Maxwell’s 20 confusing 
equations into the four we use today, shown in Figure 6.



Figure 6. Around 1884, Oliver Heaviside began writing the 20 fundamental equations of Maxwell’s “Treatise 
On Electricity And Magnetism” into the new and more compact form shown 
here. They have become the standard that today defines the relationship between 
electricity and magnetism and the wave nature of electromagnetic radiation. 
Shown here is the differential form of Maxwell’s equations, but other forms exist 
such as the integral form. Here, Ε and B are the electric and magnetic fields 
respectively, ρ is the electric charge density, and J is the current density. There 
are two other fields — the displacement field D and the magnetic field strength H 
— related to Ε and B by constants that reflect the nature of the medium that the 
fields pass through.The displacement field was the key contribution of Maxwell. 
The last equation describes how both changing electric fields and current produce 
magnetic fields. The symbol  is a vector differential operator, commonly called∇  
Del or nabla that compactly expresses the calculus that involves directionality of 
the three x, y, and z components.

Heaviside said the key was removing the strange magnetic vector potential. According to Heaviside, “I never 
made any progress until I threw all the potentials overboard.” Heaviside’s formulation placed the electric and 
magnetic fields at the forefront.

While Heaviside’s formulation exposed the beautiful symmetry of Maxwell’s equations, they also exposed a 
mystery. Electric charges have lines of electric field around them emanating from the charge. However, the 
magnetic field lines — as we know them — have no source and appear only in continuous loops, with no 
start or end.

Heaviside was troubled by this and added a term to the equations to represent magnet charge assuming it had 
not been discovered yet. In fact, magnetic monopoles still haven’t been found, although they have been 
predicted by some particle theories. Yet, the notion of magnetic current, composed of fictitious moving 
monopoles, persists and is sometimes used as an aid in solving some problems.

Heaviside was often asked why we don’t call these equations Heaviside’s equations. He said that he believed 
that Maxwell — with good reason — “would have admitted to the necessity of the changes when pointed out 
to him.” Hence, he felt they should be called Maxwell’s equations.

Refining a mathematical theory was one thing, but finding experimental evidence to support it was 
something else. With the help of two other Maxwellians and a little known German researcher, Heinrich 
Hertz, the fog began to lift.

Other Maxwellians Arrive On the Scene
Up to 1888, Heaviside was doing the same things: reading journals, writing papers 
that were seldom read, and rarely travelling from his home. One day, he happened 
upon a report by Oliver Joseph Lodge (Figure 7), professor of physics at University 
College in Liverpool, wherein he was mentioned for his work on Maxwell’s theory.

Figure 7. Oliver Joseph Lodge was a British physicist who studied electromagnetic 
radia tion. He made a particularly strong mark in the field of wireless telegraphy. In 
1894, he perfected the “coherer:” an electrical device used to detect radio waves. 
Lodge’s version of the coherer greatly improved the detection of radio waves.



Overjoyed to find a kindred spirit, Heaviside promptly wrote to Lodge and found he 
had another admirer, Lodge’s friend George Francis Fitzgerald (Figure 8), a professor 
of experimental philosophy at Trinity College in Dublin.

Figure 8. George Francis Fitzgerald was an Irish professor of physics at Trinity 
College in Dublin, Ireland. He is known for his work in electromagnetic theory and for 
the Lorentz–Fitzgerald contraction, which became an integral part of Einstein’s special 

theory of relativity.

It turned out that Lodge and Fitzgerald were captivated by Maxwell’s work and were trying — with mutual 
support — to carry it forward, largely through the exchange of letters. Fitzgerald was a brilliant theoretician 
but a bit lazy when it came to experimental work. However, he was one of the very few people who read and 
learned the “Treatise” in detail.

Lodge, on the other hand, was more comfortable using models rather than equations and enjoyed 
experimental work. Heaviside’s bond with them was immediate, and they began collaborating in the hope of 
advancing the understanding of Maxwell’s theory.

Lodge and Fitzgerald were particularly interested in finding experimental evidence to support the idea that 
light is an electromagnetic wave. They didn’t have much success in this endeavor initially. One day, Lodge 
was experimenting with a lightning protection system in preparation for a talk to the Society of Arts.

He endeavored to simulate lightning by discharging Leyden jars across the wires. Sparks appeared between 
the ends of the wires. This was expected, but soon he found that by varying the wire lengths he could make 
very large sparks or weaker ones. He realized immediately that he was seeing an electromagnetic wave in 
resonance. With enough power, he claimed to actually see the ionized standing wave around the wire.

Lodge planned on reporting his astonishing results when he returned back from a vacation in the Alps. For 
the trip, he took along some unread journals. While on the train leaving from Liverpool, he was crestfallen to 
read about similar work in the July issue of Annalen der Physik und Chemie by Heinrich 
Hertz, the German researcher. Hertz (Figure 9) had produced and detected waves not 
only along wires, but in free space.

Figure 9. Heinrich Hertz was a brilliant German physicist and experimentalist who 
demonstrated that the electromagnetic waves predicted by James Clerk Maxwell actually 
exist. In November 1886, Hertz became the first person to transmit and receive controlled 
radio waves.

More incredibly, he had measured the speed of the waves and showed that they could be refracted, reflected, 
and polarized the same as light. Lodge, of course, was severely disappointed that he was outdone, but this 
was more than overshadowed later on by the newfound admiration of the German’s work.

Experimental Evidence for Radio Waves
Hertz’s experimental work began in the 1880s at the Technische Hochschule in Karlsruhe, Germany. At this 
time, there were various electromagnetic theories, including Maxwell’s. Hertz was encouraged by his mentor 
Hermann von Helmholtz, to differentiate the theories. Hertz tried an experiment to detect displacement 
currents, but he found nothing.



Several years later, in the course of setting up an experiment for a classroom demonstration, he noticed while 
discharging a condenser through a loop, that an identical loop some distance away developed arcs. He 
instantly recognized a resonance condition and suspected electromagnetic waves. Now inspired, Hertz began 
using such loops to detect unseen radio waves, and verified most of the properties of electromagnetic waves. 
A photo of his lab is shown in Figure 10.

Figure 10. Hertz took this photo of his lab. It shows the coil that he 
used (left) and the antenna — a dipole resonator with spark gap that he 
used to detect electromagnetic radiation.

In one interesting test, Hertz transmitted radio waves toward a grid of parallel wires and verified that they 
would pass through or be reflected depending on the angle of the grid. This showed that electromagnetic 
waves were transverse waves and oscillating, as light does, perpendicular to the direction of propagation. In 
another experiment using a zinc sheet as a reflector, he moved the detector around and found places of 
sparking and others of no sparking. This was evidence of a standing wave formed by a travelling wave 
combined with its reflection from the screen.

Hertz’s findings attracted little attention in Germany. However, across the channel, the Maxwellians 
showered him with praise, welcomed him into their ranks, and began promoting his work. Lodge, for 
example, made a replica of Hertz’s apparatus which he demonstrated before the British Association and other 
groups. Heaviside was so elated, he wrote Hertz thanking him for providing the experimental proof, saying 
he had given “the death blow” to the action-at-a-distance theories.

Hertz, Lodge, Fitzgerald, and Heaviside became a close and mutually supportive group. Through the efforts 
of these four very different persons — joined in a common cause — they brought Maxwell’s theory out of 
the shadows and into the light.

Epilog
The Maxwellians had built up a solid friendship through their correspondence, and succeeded in revising and 
transforming Maxwell’s theory in many ways. They gave us the equations we currently use today and they 
were the ones who gave us the confirming evidence that light is an electromagnetic wave. Most importantly, 
they got Maxwell’s theory accepted by the scientific community.

Unfortunately, their heyday lasted for only a few years, from 1888 to 1894. Tragically, Hertz died in 1894 
from a rare bone disease at the early age of 36. We’ll never know what other wonderful things he could have 
accomplished.

Fitzgerald also died at the young age of 49. In addition to his work on Maxwell’s theory, he is remembered 
today as one of the proposers of a theory on the relativity of space with speed, now known as the Lorentz–
Fitzgerald contraction. This later became a crucial part of Einstein’s special theory of relativity.

Lodge lived until 1940 and continued his work in many fields including radio. In 1894, he perfected a 
“coherer:” an electrical device to detect radio waves.

Heaviside corresponded with other scientists and continued publishing until he died in 1926. His other 
achievements include using complex numbers to study electrical circuits, inventing the step function, and 
developing mathematical techniques for solving differential equations. He is perhaps best known for his 
prediction that earth’s atmosphere had an ionized reflective layer capable of bouncing radio signals back to 



earth, such that the radio signals followed earth’s curvature — now known as the Kennelly-Heaviside layer in 
his honor.

Maxwell’s theory of the electromagnetic field had a momentous effect on science, but theories seldom spring 
from the minds of their creators fully completed. As so often happens, the next generation of scientists has to 
refine and codify it — a process that can take years. So it was with Maxwell’s theory.

Albert Einstein once said: “The special theory of relativity owes its origins to Maxwell’s equations of the 
electromagnetic field. Since Maxwell’s time, physical reality has been thought of as represented by 
continuous fields, and not capable of any mechanical interpretation. This change in the conception of reality 
is the most profound and the most fruitful that physics has experienced since the time of Newton.”

Maxwell’s achievement was honored by two IEEE Milestone ceremonies in 2009: one in Glenlair House; and 
the other at King’s College. The plaques inform visitors that between 1860 and 1871, Maxwell developed his 
unified theory of electricity, magnetism, and light, 
summarized in the equations that bear his name. One 
of the plaques (engraved with the famous equations) 
is shown in Figure 11.

Figure 11. Two IEEE Milestone ceremonies were 
held in Glenlair House and at King’s College in 
2009 to commemorate the publication of Maxwell’s 
equations. This is one of the plaques that inform 
visitors of his unified theory of electricity, 
magnetism, and light, summed up in the equations 
that bear his name.

Some prescient words from Heaviside seem appropriate at this point. “The great gap between Hertzian waves 
and waves of light has not yet been bridged, but I do not doubt that it will be done by the discovery of 
improved methods of generating and observing very short waves.” Very prophetic words indeed!

In closing, I would like to dedicate this article to my former student and longtime friend, Dr. Steven E. Reyer, 
who recently passed away unexpectedly. His presence will be truly missed. NV
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HELLGATE AMATEUR RADIO CLUB
AGENDA –  13 May 2024 meeting

Program: Red Cross

Meeting called to order at 7:__ PM (8 needed for business)
Introductions.   Please make sure you signed the attendance sheet      Quorum Y/N ____

Last meeting minutes, Apr:   Motion to approve minutes:  1St ______ 2nd ______
Discussion  ________________________________________________________  Vote: P/F/T

Treasurer’s report: KJ7HYG, Discussion __________________________________________
_____________________________Motion to approve report: 1St ______2nd ______ Vote: P/F/T

Repeater Committee Report: W7RPG, Digital repeater modes – What? Where? When? - any 
interest in learning more ??______________________________________________________
_____________________________Motion to approve report: 1St ______2nd ______ Vote: P/F/T

HF Committee Report: K0SN, Discussion _________________________________________
_____________________________Motion to approve report: 1St ______2nd ______ Vote: P/F/T

Events for 2024:
May 12 Mothers Day
May 13 HARC Testing and Meeting
May 27 Memorial Day
Jun 10 HARC Testing and Meeting

HARC Net every Saturday morning @ 9:00 AM on 147.040 Repeater – Buy/Sell - During.

HARC Discussion List
1.  June ?? – Trail Rail Run ___________________________________________________

2. Field Day Fourth weekend in June, 22-23rd. _____________________________________

VHF Net Control Station assignments: 
May 01 N7PAS Jun 05   N7PAS
May 08 K7MSO Jun 12   ______
May 15 K7MSO Jun 19   ______
May 22 W7RPG Jun 26   ______
May 29 N7JGS ___     __  ______

Reminder: Backup is always the next person in line as the net control.

Good and Welfare. _____________________________________________________________________

*** Next Club meeting: Jun 10 ***
Is there any other business? ______________________________________________________________  
_________________________________________________________ Meeting is Adjourned at _:__ PM.



May                                              2024 

Hellgate Amateur Radio Club
Calendar of Events

Board: NZ7S, W7RPG, KJ7THG, K7MSO

                                                                                           
Editor - N7PAS

Sunday Monday Tuesday Wednesday Thursday Friday Saturday
1 2 3 4

ERC Net 7:30 on 
146.900-88.5T
BARC Net 8:15 on 
146.720-203.5T
HARC Net 9:00 on
147.040-No Tone

HARC Saturday Net
9:00AM on 147.040
Repeater.

5 6 7 8 9 10 11

HARC Testing 5:30
& Meeting 7:00PM
CERT Presentation

ERC Net 7:30 on 
146.900-88.5T
BARC Net 8:15 on 
146.720-203.5T
HARC Net 9:00 on
147.040-No Tone

HARC Saturday 
Net 9:00AM on 
147.040 Repeater.

12 13 14 15 16 17 18

Mother’s Day ERC Net 7:30 on 
146.900-88.5T
BARC Net 8:15 on 
146.720-203.5T
HARC Net 9:00 on
147.040-No Tone

HARC Saturday 
Net 9:00AM on 
147.040 Repeater.

Armed Forces Day

19 20 21 22 23 24 25

ERC Net 7:30 on 
146.900-88.5T
BARC Net 8:15 on 
146.720-203.5T
HARC Net 9:00 on
147.040-No Tone

HARC Saturday 
Net 9:00AM on 
147.040 Repeater.

26 27 28 29 30 31

Memorial Day



HARC Events: (Actual Dates Unknown)

# Month Activity

1. Monthly MARS Interoperability Exercises – Eric NZ7S will keep us advised.
1st week of each month for 2024.  Check in on 60 meters. Noon and 8 pm 
Channel 

2. April Grizzly Triathlon

3. April 27 Riverbank Run
←------- We are here

4. June ?? Trail Rail Run

5. June 22-23 Field Day – What are we doing? - 

6. June Missoula Marathon - was same day as field day in 2022

7. July W7PX Special 4th of July Event – Cabin needs to be reserved.

8 July Glacier Waterton Hamfest

9. Aug Fox Hunt 1 per year on Saturday from 10:00AM to 4:00PM

10. October JOTA/JOTI

11. October Great Montana Shakeout Drill

12. October Bitterroot Mushers Dirt Dash
13. November Election Day

14. December Sky Warn Recognition Day  (0000Z-2359Z)

15. December 9 HARC Christmas Dinner Meeting
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