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Amateur Radio is often called ham radio.1 It is a service recognized world-wide by the Interna-

tional Telecommunication Union (ITU), a United Nations specialized agency. Amateur Radio cannot 

be used for business purposes. Radio hams have access to a variety of bands across the radio spec-

trum. 

There are many different ways of playing in the ham radio community. Activities range from 

busy contests using an elaborate indoor radio station with an extensive outdoor antenna system to 

operating a featherweight transceiver which easily fits into a small backpack using a simple wire an-

tenna. An outdoor radio game is called Summits on the Air,2 where hams set up a temporary station 

within 25 m elevation from a qualifying mountaintop3 and talk with others anywhere, whether on 

another summit or across an ocean or even aboard a vessel mid-ocean. On popular summits, polite 

SOTA activators operate below the actual summits and away from typical climbing routes. Using ear-

buds instead of a loudspeaker avoids impinging on the outdoor experiences of other people and dis-

turbing wildlife; less battery current is also consumed.  

Hams often help with civic events or practice for disasters using handheld transceivers linked 

through nearby ham radio repeaters. Radio amateurs can be seen at rural fairs, encouraging children 

to compose radiograms to be relayed to distant grandparents or friends. Ham radio “near-space” bal-

loons floating far above jet aircraft sometimes circle the planet multiple times, sending Earth images 

or relaying radio signals.4   

 Parts of the radio spectrum allow signals to bounce off the ionosphere and to be received far 

beyond the line-of-sight, even across continents and oceans. We call those frequencies skywave.  

Solar Cycle 
Skywave radio propagation varies according to the solar cycle.5 We are currently experiencing 

the early part of Solar Cycle 25 since the year 1699.  Skywave communications are improving as Cycle 

25 progresses and solar activity, including sunspot numbers, increase, probably peaking during the 

year 2026. Space weather forecasts are available on the internet.6 

Becoming a Licensed Ham Operator 
Ham radio operators must pass examinations before they can transmit on Amateur Radio 

spectrum. Although Morse code is used extensively on shortwave frequencies, demonstrating 

knowledge of the Morse code is no longer needed to become a licensed radio amateur in most coun-

tries. Early radio amateurs communicated using only Morse code. Demonstrating Morse-code skill 

was part of that license qualification during those years. Later, voice and digital modes were devel-

oped. Eventually, the Morse code requirement was dropped by the ITU and by most national 

 
1 This article is the second in a series of two. The first article is called Non-Licensed Backcountry Communicating. 
2 https://www.sota.org.uk/ 
3 In most mountainous regions, a SOTA summit must have a topographic prominence of 150 m. In flatter regions, a 100-
meter topographic prominence is need for a summit to qualify for the SOTA program. 
4 https://arhab.org/ 
5 https://en.wikipedia.org/wiki/Solar_cycle  
6 http://www.spaceweather.com/  

https://www.sota.org.uk/
https://arhab.org/
https://en.wikipedia.org/wiki/Solar_cycle
http://www.spaceweather.com/
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governments of the world, including the USA and Canada. Morse code is still commonly heard on 

the ham radio bands, however, so learning it opens many doors, especially for backcountry operating 

with low-power radios and rudimentary antennas. Learning Morse code is rather like acquiring a 

new language, except that it is much easier. Children love it; Morse code can be a fun game for them. 

Learning Morse code by sound is much more effective than memorizing a dot-dash chart.  

In order to transmit on ham radio frequencies, a person needs to obtain a license by passing 
one or more written examinations which are regulated by national administrations.7 Almost every-
where there is no age requirement for ham radio operating. With one exception, there is also no citi-
zenship requirement to operate Amateur Radio transmitters in the USA or Canada. That exception is 
that citizens of the USA or Canada cannot take advantage of bilateral treaties which allow licensed 
radio amateurs from many foreign countries to operate in the USA or Canada. American citizens 
must earn a USA FCC license in order to operate a ham radio transmitter in places under FCC juris-
diction. Similarly, Canadian citizens may only transmit on ham radio frequencies in Canada if they 
possess a Canadian Amateur Radio Operator Certificate. 

In the USA, the beginning ham license is Technician Class. Technician hams have limited ac-
cess to some skywave frequencies, but they also enjoy all ham radio privileges above 50 MHz, where 
radio signals rarely propagate far beyond the horizon. Almost any teenager or adult could pass the 
35-question Technician exam after a few hours of study.  

The mid-level USA amateur license is General Class. A bit more study is needed to pass the 
35-question General Class exam,8 which allows access to all ham radio bands, including skywave 
ones, so it is definitely worthwhile for outdoor enthusiasts in the USA to attain General Class status. 
The General Class exam is not significantly more difficult than the Technician Class one, but General 
Class candidates must pass the Technician exam first. Multiple exams may be taken in a single ses-
sion. Many candidates prepare for both the Technician and General exams simultaneously so they 
can attain all-band radio privileges in one exam session. 

Top-level Amateur Extra Class licensees in the USA can operate on any frequency on all ham 
radio bands. Although sub-teenagers have become Amateur Extra Class hams, passing the 50-ques-
tion Amateur Extra Class exam is difficult, about the same challenge as completing a first-term col-
lege course in electrical engineering. Only on portions of 80 m, 42 m, 21 m and 14 m,9 however, do 
Amateur Extra Class licensees command more spectrum than those holding General Class licenses. 
Advanced hams in Canada and Amateur Extra Class hams in the USA also qualify for shorter and 
more prestigious call signs. American Amateur Extra Class and Canadian Advanced Class hams are 
often favored for college admissions and scholarships. 

 
7 For more information on obtaining an Amateur Radio license in the USA, see:  
http://www.arrl.org/licensing-education-training . For amateur radio licensing in Canada, see: http://wp.rac.ca/cate-
gory/uncategorized/begin/begin-2/. The Canadian Basic exam is about comparable to the USA General Class license 
exam. 
8 Another method for preparing for those two exams is to purchase the latest editions of ARRL’s Tech Q&A book and the 
ARRL’s General Q&A book. While studying, online practice quizzes on http://www.qrz.com/hamtest/ are helpful.  
9 Radio bands in this article are calculated in meters by rounding to the nearest integer values found by dividing the speed 
of light c (299.792 458 Mm/s) by the center frequency f of a band expressed in megahertz (MHz). Some commonly-used 
band labels can be misleading. 

http://www.arrl.org/licensing-education-training
http://wp.rac.ca/category/uncategorized/begin/begin-2/
http://wp.rac.ca/category/uncategorized/begin/begin-2/
http://www.qrz.com/hamtest/
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Studying for both the Technician Class and General Class exams is straightforward. There is 
no need to purchase a textbook or to enroll in an in-person course. A quality online program is 
HamTestOnline,10 which adapts to a candidate’s learning style.11 Candidates can subscribe to any 
combination of Technician Class, General Class, and Amateur Extra Class HamTestOnline programs. 
If they stick with the Study mode option, the programs will guide them through the question pools 
for those licenses. Passing scores are 74 percent or higher. No extra credit is awarded for acing the ex-
ams. Once candidates have digested about 90 percent of the study material for a given license class, 
they will be ready to pass the real exam,12 which usually costs $15 cash for one or more exams if they 
are taken at the same session. USA candidates need to apply for an FCC Registration Number13 be-
fore taking their first exam. A photo ID is required at the exam session. 

In Canada there are three Amateur Radio license classes: Basic, Basic-with-Honours and Ad-

vanced. Basic amateurs can transmit on all ham frequencies above 50 MHz, but those who score 80 
percent or higher on the Basic exam are designated Basic-with-Honours, which is a fine bargain, since 
Basic-with-Honours hams can transmit on all ham radio frequencies using a maximum of 100 watts 
of transmitter power. Only approved commercial transmitting equipment may be used by Basic and 
Basic-with-Honours licensees. The Basic-with-Honours license is all that is needed to use ham radio 
skywave spectrum in Canada. Canadian Advanced amateurs may use home-built transmitters and 
maximum legal power on all ham frequencies. To study for Canadian licenses, candidates may sub-
scribe to www.hamstudy.com for a nominal fee. 

2 m Ham Radio 
The best handheld radio option is a ham radio transceiver for the 2 m band,14 requiring at least 

a Technician Class Amateur Radio license in the USA. Any radio amateur in Canada can operate on 
the 2 m band. The Amateur Radio 2 m band is available worldwide. Handheld 2 m ham radios typi-
cally sport a 5 W output power and they often utilize FM voice radio repeaters which extend cover-
age distances in a local region. Those repeaters are widely available in and around urban areas. 2 m 
repeater coverage can be inconsistent in rural areas. A non-repeater 2 m FM adventure frequency 
146.58 MHz has been adopted recently for outdoor hams to keep the popular non-repeater 2 m call-
ing frequency 146.52 MHz free for other traffic. 

A Wilderness Protocol has been instituted, principally for the 2 m non-repeater 146.52 MHz 
calling frequency. The idea is to monitor that ham radio frequency without transmitting for five 
minutes starting at 0700, 1000, 1300, 1600, 1900 and 2200 local time. In an emergency, either there or 
on an Amateur Radio repeater input frequency, a Long Tone Zero (LiTZ) signal can be transmitted, 

 
10 https://www.hamradiolicenseexam.com/  
11 Because of that adaptive learning system, sharing the same HamTestOnline program with other household members is 
not recommended. 
12 To find the time and place of a USA Amateur Radio exam session in your area, go to http://www.arrl.org/find-an-
amateur-radio-license-exam-session  and fill out the online query form. 
13 Getting an FCC Registration Number (FRN) in the Universal Licensing System (ULS) | Federal Communications Com-
mission 
14 Many models of 2 m handheld radios are available Handheld radio transceivers at DX Engineering. 

http://www.hamstudy.com/
https://www.hamradiolicenseexam.com/
http://www.arrl.org/find-an-amateur-radio-license-exam-session
http://www.arrl.org/find-an-amateur-radio-license-exam-session
https://www.fcc.gov/wireless/support/universal-licensing-system-uls-resources/getting-fcc-registration-number-frn
https://www.fcc.gov/wireless/support/universal-licensing-system-uls-resources/getting-fcc-registration-number-frn
https://www.dxengineering.com/search/part-type/handheld-transceivers
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raising electronic alarms. LiTZ is produced by simultaneously depressing a push-to-talk switch and 
the DTMF15 zero (0) button for ten seconds or more, followed by an important voice message. 

A Ham Radio facility called Automatic Packet Reporting System (APRS) frequently uses 
144.39 MHz in North America and elsewhere.16 Enter <handheld APRS> into a browser to find avail-
able portable radios which operate APRS. APRS circuitry is sometimes included in handheld radios, 
automatically sending text bulletins which include information about location, elevation, speed and 
direction of travel. Specific text messages can be transmitted directly to other APRS stations or to any 
valid email address, relayed through nearby ground stations or ham radio balloons or Earth satellites, 
including the International Space Station.  

Shortwave Ham Radio17 

Shortwave signals from 3 MHz through 30 MHz normally travel beyond local line-of-sight. 
Shortwave transmissions experience minimal attenuation in dense forests. Cross-continental contacts 

are routine on shortwave frequencies. Occasionally conditions of the ionosphere18 allow contacts 
across oceans, even using low transmitter power and simple antennas. Ham operators worldwide uti-
lize the shortwave spectrum in nine frequency bands. Those nine bands are well spread out, giving 
hams flexibility to adapt to changing ionospheric conditions. Here is the shortwave spectrum which 
is available to radio amateurs: 

Shortwave Amateur Radio Frequencies 
Band f 

80 m 3.5 MHz ~ 4 MHz 

56 m 5.3515 MHz ~ 5.3665 MHz 19 

42 m 7 MHz ~ 7.3 MHz 20 

30 m 10.1 MHz ~ 10.15 MHz 21 

21 m 14.0 MHz ~ 14.35 MHz 

17 m 18.068 MHz ~ 18.168 MHz 

14 m 21.0 MHz ~ 21.45 MHz 

12 m 24.89 MHz ~ 24.99 MHz 

10 m 28.0 MHz ~ 29.7 MHz 

 
15 Dual-tone multi-frequency signaling - Wikipedia 

16 Automatic Packet Reporting System - Wikipedia 
17 The band labels in this article are rounded wavelengths reckoned by the frequency centers of the bands based on the 
speed of light (c), which is 299.792 458 Mm/s. Other commonly-used labels can be misleading, since they are not based on 
calculations of the band center wavelengths rounded to the nearest meter. 
18 Ionosphere - Wikipedia 
19 Although continuous Amateur Radio spectrum between 5.3515 MHz and 5.3665 MHz has been allocated by the ITU for 
the whole planet, the 56-meter band has not yet been approved for Amateur Radio use under FCC jurisdiction, but five 
upper sideband and Morse code and digital channels in that general spectrum are available to those hams. 
20 The 42 m band is limited to the spectrum from 7 MHz to 7.2 MHz in Africa, Europe, the Middle East and Northern Asia, 
including Japan. 
21 In most jurisdictions, voice modes are not allowed on the 30 m band, but Advanced Class hams in Australia may use 
frequencies between 10.12 MHz and 10.13 MHz for single-sideband voice. 

https://en.wikipedia.org/wiki/Dual-tone_multi-frequency_signaling
https://en.wikipedia.org/wiki/Automatic_Packet_Reporting_System
https://en.wikipedia.org/wiki/Ionosphere
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80 m through 42 m are effective at nighttime; 42 m though 17 m are the best daytime bands 
during the current early stage in Solar Cycle 25, which should last about eleven years. By the time 
that this cycle reaches maximum in about the year 2026, all ham radio bands from 42 m through 10 m 
will likely propagate reliably during the daytime, even using very low transmitting power. The best 
overall coverage day or night is on the 42 m and 30 m ham bands during all stages of the solar cycle. 

Modest Shortwave Transceivers 
 Many lightweight shortwave radios are budget-friendly.22 Most cover only one band and operate in 
one or two modes.  

QRPver 1 v.3 multi-mode monoband transceiver 

The miniscule Ukrainian monoband multi-mode transceiver23 200 g (7.1 oz.) QRPver 1 v.3 transceiver is an ex-
cellent example.24 

 
QRPver 1 v.3 multi-mode monoband transceiver 

This tiny one-band radio sells for US$238, which is less expensive than the Garmin inReach MINI satellite text 
transceiver.25 The 7 MHz QRPver 1 v.3 model would be a good choice, since that band generally is open day or 
night for communications beyond the horizon.26 A simple center-fed half-wavelength wire dipole antenna will 
work fine on that one band without using an antenna tuner. A female BNC-to-dual-post adapter can be at-
tached to two wires which are each ¼ wavelength long. Those would each be 9.88 m (32.4 ft.) for the middle of 
the 7 MHz band. Propagation with that antenna is better if it is in inverted vee configuration, with the apex at 
the center, fed by a dual-male BNC 50-ohm coaxial cable. 

 
Female BNC-to-dual-post adapter 

 
22 https://www.ke6mt.us/2018/05/hf-ham-radio-on-a-budget-qrp-labs-and-qrpguys/  
23 The QRPver 1 operates on SSB, CW and digital modes. 
24 Portable QRP transceiver kit SSB/CW/JT65/PSK/BPSK/FSQ: 20, 40, 80, 160 meter range (qrpver.com) 
25 Garmin inReach® Mini | Hiking GPS | Satellite Communicator 
26 Remember that voice modes are prohibited in many countries on the 30 m band. 

https://www.ke6mt.us/2018/05/hf-ham-radio-on-a-budget-qrp-labs-and-qrpguys/
https://qrpver.com/transceivers/qrpver_1_v_3.html
https://buy.garmin.com/en-US/US/p/592606
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QRP Labs QCX-mini CW Transceiver 

Another single-band transceiver is the QRP Labs QCX-mini CW Transceiver,27 which is avail-
able for one of six shortwave bands. Since in most jurisdictions, voice modes are not allowed on 30 m, 
that band would be a good choice for a CW rig. This British-designed product is shirt-pocket size and 
has a mass of 202 grams or 7.125 ounces. The kit version sells for US$55 plus shipping, but a factory-
built and tested version is also available for US$100. Although it is truly featherweight and miniscule, 
the QCX-mini is as sophisticated as many larger contest-grade transceivers. A monoband center-fed 
dipole antenna will work well with this radio. Each of two wire elements for a 30 m dipole antenna is 
7.03 m or 23 feet 1.3 inches. 
 

 
 

QRP Labs QCX-mini CW Transceiver 

Elecraft KX2 
A popular portable shortwave ham radio transceiver is the Elecraft KX2,28 which uses multiple 

modes on all shortwave ham radio bands. The KX2 is not cheap, but many outdoor enthusiasts con-
sider the investment worthwhile. The KX2 includes a built-in microphone, so an optional external mi-
crophone is not necessary. A valuable optional internal antenna tuner allows for a simple non-reso-
nant wire antenna to be used with the KX2 transceiver on all nine shortwave ham bands. 

 
Male BNC-to-Dual-Post Adapter 

 
27 QCX-mini 5W CW transceiver kit (qrp-labs.com) 
28  KX2 Transceiver – Elecraft 

http://qrp-labs.com/qcxmini.html
https://elecraft.com/products/kx2-ssb-cw-data-80-10-m-transceiver
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 With the addition of a male BNC-to-dual-post adapter, a 22.5 m (74-foot) radiator wire strung 
well above the ground, plus a shorter 5.18 m (17-foot) counterpoise wire placed just above the 
ground, the KX2 equipped with the optional internal antenna tuner will transmit or receive efficiently 
across the entire shortwave ham radio spectrum from 3.5 MHz at the lower end of the 80 m band to 
29.7 MHz at the top end of the 10 m band. The KX2 is capable of intercontinental communications us-
ing that featherweight antenna system.  

 

 

Elecraft KX2 shortwave transceiver 

Common modes used on the shortwave spectrum are Morse code telegraphy (CW), single 
sideband voice (SSB),29 slow-scan television (SSTV)30, also called image, plus various text modes like 
radioteletype (RTTY) and PSK31 and PSK63. Radio amateurs sometimes use amplitude modulation 
(AM) voice, or on the 10-meter band FM voice, but most ham radio voice operation on shortwave fre-
quencies uses SSB, since it is convenient and reliable. 

 

 
29 There are two forms of single-sideband: upper sideband (USB) and lower sideband (LSB). LSB is usual on 158 m and 80 
m and 42 m. Otherwise, USB is the standard Amateur Radio single-sideband voice mode. 
30 Slow-scan television - Wikipedia 

https://en.wikipedia.org/wiki/Slow-scan_television
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Oregon Ham Operator Roland Simmons K7FOP Lobbing a Wire Antenna Leader Cord 
 

The end-fed antenna radiator should be tied to a non-conductive cord so that it can be fastened 
to a rock or fishing weight to be lobbed over a tree branch. A brightly-colored antenna cord is easy to 
keep in view. A good knot to tie around a fist-sized rock is the scaffold knot.  
 

 

Scaffold Knot 

Untying a connecting knot before retrieving the lobbing line minimizes tree damage. A lobbed 
fishing weight or rock can go astray, so wearing a helmet is a wise safety measure. Wearing substan-
tial gloves for lobbing prevents rope burns. 

The non-conductive cord should be relatively long to minimize interaction of the antenna wire 
with a supporting live tree, which can induce losses in the antenna. In treeless areas, the handles of 
two trekking poles can be lashed together with the sharp points in opposite directions and poked into 
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the ground to keep the antenna radiator above the ground. Some hams use lightweight fiberglass or 
carbon-fiber fishing poles to elevate an antenna. 

The enclosures for all three of these shortwave transceivers are not waterproof, so they should 
be carried in a waterproof container and operated under shelter in wet weather. 

Here is a summary of the International Morse Code: 
A  di-dah   0    dah-dah-dah-dah-dah 

B  dah-di-di-dit  1    di-dah-dah-dah-dah 

C  dah-di-dah-dit  2    di-di-dah-dah-dah 

D  dah-di-dit   3    di-di-di-dah-dah 

E  dit    4    di-di-di-di-dah     

F  di-di-dah-dit  5    di-di-di-di-dit 

G  dah-dah-dit  6    dah-di-di-di-dit 

H  di-di-di-dit  7    dah-dah-di-di-dit 

I  di-dit   8    dah-dah-dah-di-dit 

J  di-dah-dah-dah  9    dah-dah-dah-dah-dit 

K31  dah-di-dah   ?    di-di-dah-dah-di-dit 

L  di-dah-di-dit  .    di-dah-di-dah-di-dah 

M  dah-dah   ,    dah-dah-di-di-dah-dah    

N  dah-dit   =    dah-di-di-di-dah 

O  dah-dah-dah  SOS 32   di-di-di-dah-dah-dah-di-di-dit 

P  di-dah-dah-dit  /    dah-di-di-dah-dit 

Q  dah-dah-di-dah  -    dah-di-di-di-di-dah 

R33  di-dah-dit   @    di-dah-dah-di-dah-dit  

S  di-di-dit   ’       di-dah-dah-dah-dah-dit 

T  dah    :       dah-dah-dah-di-di-dit 

U  di-di-dah   &34   di-dah-di-di-dit       

V  di-di-di-dah  +35   di-dah-di-dah-dit 

W  di-dah-dah   (36   dah-di-dah-dah-dit  

X  dah-di-di-dah  )   dah-di-dah-dah-di-dah 

Y  dah-di-dah-dah  ;   dah-di-dah-di-dah-dit 

Z  dah-dah-di-dit  !37    dah-di-dah-di-dah-dah 

¿ di-di-dah-di-dah  end of work di-di-di-dah-di-dah 

Ñ dah-dah-di-dah-dah understood  di-di-di-dah-dit 

 
31 K also means invitation for any station to transmit. 
32 SOS  is sent without letter spacing. 
33 R also means received. 
34 & also means wait. 
35 + also means end of transmission. 
36 ( also means invitation to transmit only for a specified station. 
37 ! is not part of the ITU-recognized Morse code, but it can be useful in conversations. 
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Tips for Learning Morse 

1. Learn Morse by sound rather than by sight. The summary on the previous page is designed to 

be sung aloud for practice. Using a dot-dash chart may seem easier, but if you learn Morse 

code visually, it will slow your Morse skills progress considerably. Banish any dot-dash chart 

from your sight. Try the online G4FON Koch Trainer38 to learn Morse characters by ear. 

2. Ironically, it’s easier to comprehend Morse code characters sent fast. Listening with a letter 

speed of 20 words per minute or 25 words per minute is fine for beginners. You can try send-

ing at slower speeds until your coordination improves. 

3. The old-fashioned straight telegraph key has a long history, but you don’t need to relive that 

heritage, which is replete with professional telegraphers who had to retire early because of 

what we now call carpal-tunnel syndrome, including hand, wrist and arm injuries. 

Most of us transmit Morse code with a lateral paddle controlling an electronic keyer, which is 
built into most modern transceivers. There are two basic kinds of paddles: single lever and dual lever. 
Almost all world-class Morse code speed operators use single-lever paddles. Quality examples of sin-
gle-lever paddles are the Einhebel 339 by Scheunemann, the Bushwhacker40 and Mini-B41 by Ameri-
can Morse Equipment, the Mono Basic,42 the Adventure Mono,43 and the incomparable Sculpture 
Mono44 by Begali. There is a wide choice of quality dual-lever paddles. A few of those are the Morse 
Dirigent45 by Scheunemann, the Porta-Paddle II46 by American Morse Equipment, the  
ZN-MiniMITE47 by N3ZN, the Adventure Dual,48 the Simplex Basic49 plus the Pearl50 by Begali. One 
special paddle, the Begali Leonessa,51 is a hybrid which includes both single-lever and dual-lever 
modes; a very high-end hybrid paddle is the Begali Sculpture Janus.52 The best-quality portable pad-
dles appropriate for lightweight backpacking are the Begali Adventure Mono and the Begali Adven-
ture Dual. 

 
© 2022 Bruce Prior  

 

 
38 http://www.g4fon.net/CW%20Trainer.htm   
39 http://www.morsex.com/scheun/  
40 http://www.americanmorse.com/bushwacker.htm  
41 http://www.americanmorse.com/minib.htm  
42 http://www.i2rtf.com/html/mono_basic.html  
43 http://www.i2rtf.com/html/adventure_mono.html  
44 http://www.i2rtf.com/html/sculpture_mono.html  
45 http://www.morsex.com/scheun/  
46 http://www.americanmorse.com/portapaddle.htm  
47 http://www.n3znkeys.com/p/338/zn-minimite  
48 http://www.i2rtf.com/html/adventure.html  
49 http://www.i2rtf.com/html/simplex_basic.html  
50 http://www.i2rtf.com/html/pearl.html  
51 http://www.i2rtf.com/html/leonessa.html 
52 http://www.i2rtf.com/sculpture-janus.html  
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