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Congratulations
Josh Harris - KC1FJY

Josh earned the rank of EXTRA CLASS
Amateur Radio Operator. see Page #5

teaching engineering to elementary school
students
Written and designed by Calvin W1CLG

I have prepared an article for Key Klicks about an assignment I did for a class last year. I was
not sure how much of the assignment to include in the article, as it was very long. I have deleted quite a bit from it, and I have decided to leave it up to you how much of the original
assignment to publish. (Please see Ed Note below) Thank you for following my work. Calvin
Brooks
It has been a while since I have written an article for Key Klicks, I have not done a ton with
amateur radio recently. I hung an HF antenna in my attic last summer, but I was not able to do
any testing on it before I moved to Texas. I am currently in Texas, a PhD student at the University of North Texas Health Science Center. I have my Yaesu FT-817, a Yaesu 2M base/
mobile, Alinco power supply, my Alinco 220 HT, and my TYT 2M/70CM DMR handheld
here, but have not done much with them. I still have that 2M quad antenna in Vermont, I have
a plan to address some of the issues I was having in my previous article, I even went as far as
buying some material, so you will see an update on that eventually.
I was looking through my computer the other day, and I found something I wanted to share
with everyone. In January 2020, I took a course at Castleton University about teaching engineering to elementary school students. Some of you may remember me demonstrating the
Lego kit we used in the course, this lego kit made it possible to wirelessly control the motors
and accessories and create a program that can run without the user intervention. In this class, I
learned how to create lesson plans and activities to integrate engineering lessons into the elementary school classroom.
My final project for that class was to craft a lesson plan complete with summary (written as if I
had taught the lesson plan), instructions, blank worksheets, sample data, instructions, materials, standards met, lesson plans, how to integrate the lesson with other subjects. I decided to do
this lesson on radio engineering, and created a lesson plan where students learn about radios,
then build, test, and tweak, and retest a design for a dipole antenna. Below is a trimmed down
version of what I created (just the highlights), if anyone wants to use it, you can contact me for
a full copy. [calvin david brooks @ gmail. com (ED note remove spaces)]

Ed Note: This article is longer than this publication usually carries or permits. After
spending the day battling formatting and content it is being presented here in it’s
entirety for continuity. It is continued on pages #9 thru 15. Ed: AB1CH
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Foundations of Amateur Radio
What mode is that?

Page last updated on: Saturday, July 3, 2021
The hobby of amateur radio is about communication. When you go on-air and make noise, you initiate a communications channel, sending information out into the world and hoping for another station to receive and decode what you
sent. The channel itself can be used in an infinite number of ways and each one is called a modulation mode, or mode
for short. The popular ones come with most radios, CW, AM, SSB and FM.

Those few are not the only ones available. In fact as computers are being integrated into the radio at an increasing
pace, signal processing is becoming part and parcel of the definition of a mode and new modes are being introduced at
break neck speed. I've talked about WSPR as an example of one such mode, but there are many, each with their own
particular take on how to get information between two stations.
As you listen on the bands you'll increasingly find yourself hearing a bewildering litany of beeps, pops and clicks.
Some of those are due to ionospheric conditions, but many are different modes that are being experimented with across
our spectrum.
If you have access to a band scope, a way of visualising radio spectrum, you can actually see the shapes and patterns
of such signals over time and getting to that point can be as easy as feeding your radio audio into your computer and
launching a copy of fldigi or WSJT-X.

Every mode requires a specific tool to decode it and with practice you'll discover that there is often a particular look or
sound associated with a mode. Over time you'll confidently select the correct decoder, using your brain for the process
of signal identification.
Of course if you don't have access to the library in your brain yet, since you've only just started, or if the mode you've
come across is new, you'll need another library to discover what you found. There is such a library, the Signal Identification Wiki. It's a web-site that hosts a list of submitted signals, grouped by usage type, including one for our community.
In the amateur radio page of the Signal Identification Wiki there are over 70 different modes listed, complete with a
description, an audio file and a spectrogram. With that you can begin to match what you've discovered on your radio to
what the web-site has in the library and determine if you can decode the incoming information.
I will mention at this point that the Signal Identification Wiki is far from complete. For example, the Olivia mode has
40 so-called sub-modes of which about 8 are in common use. Each of those sub-modes looks and sounds different. The
wiki shows only a single line for Olivia.
I'm pointing this out because the wiki allows you to submit a mode for others to use. If you have a signal, either by
recording it off-air, or better still, recording it directly from the source, consider submitting it to the wiki so others can
benefit from your experience.
If you've come across a signal and you cannot figure out what it is, there are other places you can go for help. The
four and a half thousand members of the /r/signalidentification sub on reddit will happily look at and listen to your signal and try to help. Make sure you contribute some meta data like the time, frequency and location to accompany the
spectrogram and audio.
You might have come to this point wondering why I'm encouraging you to use and contribute to the wiki and ask for
help on reddit. Amateur radio is about experimentation. We love to do that and as we make signal processing easier and
easier, more people are making new modes to play with.
The speed at which this is happening is increasing and as an operator you can expect to come across new signals. I
remember not that long ago, it was last month, tuning to an FT8 frequency and the person I was with asking what that
sound was. They'd heard it before but never discovered its purpose, even
Foundations of Ameture Radio see pg#4
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Prez-Sez
February 2019

August already?!! This summer is flying by. I've been informed that the Wallingford Rotary
is unable to host us for OctoberFeast.

Forest N1BBQ

this is very sad news. Thanks to Lorri KB1QAJ for looking into this and staying on top of it for us.
BUT, we are still on for a BBQ / social event the afternoon of the 8th down at Lake St Catherine. In other
good news a HUGE Thank you to Calvin W1CLG for stepping up as secretary! Many, many thanks from
me, as well as the club. The only other thing I have for you guys this month is save the date for Near-Fest
October 15th and 16th. I hope everyone has a fantastic rest of the summer!
73
N1BBQ

More PREZ-SEZ!!!!
Anyways, This Sunday (AUG01) at 5:30pm we are hosting a VE session at The Mint. If you are a VE that wants to
come help out, let me know, if you are looking to upgrade or know someone who wants to get licensed have them register here: https://forms.gle/LZqy8asJjEGBsZaL6 (ED note: All testers MUST have an FRN# prior to testing...contact
Forest N1BBQ...He’s a Tech’ie and can fix that!)
For the BBQ the plan discussed at the last meeting is to do something at Lake St. Catherine down in Poultney on Sunday the 8th
mid afternoon. We need people to RSVP / let us know what you can bring for the pot luck here: ttps://forms.gle/
vZh6Go1n6Z23TNTf7 Hopefully the weather is nice. If its raining we may have to postpone.
Please note all admittance fees, etc. are the responsibility of partiipants
Feel free to email me with any questions! Forest N1BBQ

AUGUST 2021 GMWS ARES NET CONTROL SCHEDULE:
The GMWS ARES Net is held Monday evenings starting at 7:30 PM on the 147.045 repeater (+/- 600 kHz,
PL=100Hz). Please check the schedule to see if a given net is for training, or “rag chew.”
Note you can also find the complete ARES Net Control Pre-Amble Please email ED AB1CH@nfmra.org
Anyone can print it and follow along!
AUG02

PETE NJ2VT

AUG 09

FOREST N1BBQ

AUG16

STEVE W1SFR

AUG23

ANN MARY AB1CH

AUG30

MIKE AA1PR

We are lucky to have a number of Net Control Operators but, we could use a few “Floating” Operators to cover for times
when regular operators are away or need a break. Please Contact Forest N1BBQ
ATT ALL NC OPERATORS: Please send list of your check in’s Callsign & Name to: Prez Forest N1BBQ - TechieForest@gmail.com
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Green Mountain Wireless Society Minutes
Regular meeting minutes for the meeting over Zoom on the 14th of July.
Meeting called to order at 1900 hrs. The treasurers report was good this month, lots of dues and repeater donations came in. We discussed the repeater, Scott, W1SBW, will publish information on the digital links to
the GMWS repeater. We also discussed setting up a broadcastify feed for the repeater, that would allow anyone to listen
to the repeater at any time, and would also allow us to save and retrieve months worth of audio archives. There are also
plans for an APRS digi-peater up on Boardman Hill, to allow APRS use in the city. Forrest made a note that everyone
who participated in field day from home stations should list, "Green Mountain Wireless Society" (All spelled out) for the
club affiliation so our scores can be totalled. There was discussion of the possibility of doing field day next year from the
top of Killington or Pico. Andrew and Rick are going to look into the feasibility of this.
There are plans for a VE session on Sunday, August 1st. in the MINT parking lot. Forrest is looking for VEs. Contact
him for more info or to sign up for a test or an upgrade.
August 14th is the Slate Valley Scramble bike race in Poultney, we will discuss this more at the August meeting, but we
may be providing communications as a club. Another event on the radar is OctoberFeast, this will be discussed next
month.
Forrest is going to organize a barbeque, a social event for GMWS members and families. This will be in early august, at
either Lake Saint Cathrine State Park or Lake Bomoseen State Park. Forrest will send out an email with a signup sheet.
The last thing discussed before the meeting broke at 8:00 was whether we will return to in-person meetings. The attendence numbers have been the same virtually as in-person, but there are some people who have been absent on zoom, and
some that have attended meetings more regularly through zoom. The consensus of the people attending was that Zoom
meetings were very convenient, especially in the winter. Forrest is going to see about using the Neighborworks building
for a hybrid meeting (having attendees in-person and online) Another option discussed was having a quarterly in-person
meeting that is a more social function, perhaps meeting at Denny's.
Respectfully Submitted by: Secretary; Calvin W1CLG;

GRAND HOMECOMING 2021
NEAR-Fest XXX

October 15 & 16, 2021
https://near-fest.com/

Deerfield, NH

Foundations of Ameture Radio Con’t from pg#3
though FT8 has been with us since the 29th of June 2017.
What interesting signals have you come across and how did you go with decoding them?
I'm Onno VK6FLAB
http://www.southgatearc.org/news/2021/july/foundations-of-amateur-radio-03-07-2021.htm?
utm_source=feedburner&utm_medium=email&utm_campaign=Feed%3A+amateurradionews+%
28Southgate+Amateur+Radio+News%29#.YODBKOhKjg8
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Successful Online VE Session for GMWS Member

In July 2021, I took my Amateur Extra exam online. I found out that there are several clubs that offer online testing GLAARG and PARC being the main ones I believe. You can look on the ARRL website to find one. I opted to do it
online because I couldn't make the Field Day testing session because of a wedding, and had recently finished my study
materials. I also wanted to see the process and report in so we know if it's a future option for others.
The setup for the exam is quite intense, requiring a high speed internet, a laptop/computer with a webcam, and a cellphone with a webcam. Both the computer and cell have to be connected via Zoom at all times, and the cell has to be
mounted to see you, the computer, your hands, and the door at all times during the exam. They ask you to sweep the
phone around the room at the start to prove that the exam environment is secure. You have to show all of the running
processes on your machine and close down anything that might be suspect (they walk you through it). Before you sign
up, they state that you are expected to have a score of 88% on practice examinations. Essentially they don't want to be
going through all the effort of the online setup unless you are certain you're going to pass.
Also, there cannot be anything in the room other than your testing materials. They suggest your bathroom as a place to
set up. So, that's right, I passed my Amateur Extra exam from the porcelain throne! Well, I actually brought a chair and
TV table in.
The VEs were very nice. All 3 watch during your exam. The exam itself is computer based, and you hit "a", "b", "c", or
"d" on your keyboard to answer. You have to screen share your computer screen, and the entire process is recorded. At
the end, you click "done" and immediately get your score. If you pass, your CSCE gets emailed to you within minutes,
and the FCC database updated for me in less than 24 hours!

If you can't make a testing session, or if you live remotely, this is certainly a viable way to do your examinations. However, I personally preferred the in person examinations. There are a ton of setup rules to follow for online testing, as they
are very careful to make sure that cheating isn't possible. That however was a bit stressful, and wasn't quite as easy as
showing up to some friendly, personable VEs in person. I bet, however, that online testing is here to stay and will likely
be expanded in the future.
Josh - KC1FJY
..- -. . ...- . .-.

-.- -. ... .-- .-- ... .- --

..- -. - ..-

..- -.-. .- -.. --~~~

- .-. -.--

3034 VT Rte. 30
Poultney, VT
802.287.915 8
https://vtstateparks.com/catherine.html

Pet friendly but animals must be leashed, proof of current vaccines and
not allowed on the sandy portion of the beach
Day Entry FeeAdult (14 +) $4 - Child (4-13) $2 & Small Child 0-3 FREE

Firewood is not to be brought to parks UNLESS the wood is packaged, labeled as having been heat treated, and certified by USDA
or the appropriate state department of agriculture. For more info check their web site.
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National S'mores Day
Date When Celebrated: Always on August 10
S'mores are a favorite campsite treat for young and old kids. If you're at a campfire, chances are, there's S'mores. Sticky
and gooey, and loaded with sugar and carbs, S'mores are nothing short of delicious. Who was the first person to create
S'mores? We don't know. But, we're all sure glad they did!
National S'mores Day celebrates this tasty summer treat. It's appropriately observed in August...campfire prime time.
Don't limit your consumption of S'mores to the campfire. They are popular with kids year round, and can be baked in the
oven, or microwave.
The origin of S'mores dates back to the 1920's. It's believed the recipe was created by the Campfire Girls. Girl Scouts
soon discovered it, and found it to be choclatey delicious. Before long, S'mores became a campfire staple for everyone.
S'more folklore suggests that S'mores got its name right by the campfire. After eating one, young kids chanted "gimme
some more!"

While much is written about National S'mores Day, our research has been unable to verify that this is an officially recognized national day (which requires an act of Congress). Don't let that stop you from celebrating this day with a few
S'mores.
How to make S'mores:
Ingredients:
Chocolate candy bar
Honey Graham Crackers
Marshmallows
Instructions:
Toast a marshmallow until the center is soft. Make a sandwich with the marshmallow, a
piece of chocolate and two Graham Crackers. Eat , savor and enjoy!
Note: You can make S'mores in the microwave. Just put them together and pop them into
the microwave on high for 15 to 20 seconds.

Drone Antenna Launch

If you've thought about putting a rope over a tree to support an antenna, take a look at https://www.youtube.com/
embed/Hjam9nEj0Tc. The video by Ron Senykoff, KG1T,
of Harvard, MA, shows how he used a drone to drop a line
over a very tall tree. The most exciting part starts around
1:30.
Director: Fred Hopengarten, K1VR
k1vr@arrl.org
Copied from: ARRL Members Only Web site
<memberlist@www.arrl.org>
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TYT TH-UV88 $100
FM analog only

radio all original items:
charger, antenna, 1400mah battery
wrist strap, manual
200 memories all programmed for rutland county, VT state etc
two additional 3200mah batteries and a battery eliminator pack

Anytone ATD878UV-BT $240
4000 channels DMR and/or FM analog
10,000 talkgroups
firmware version 1.24N

radio, all original items:
desk charger cup, walwart, antenna, wrist strap, manual, 2 decals
bluetooth device, elastic strap for bluetooth, programming cable
also included is a NA771 high gain antenna . Can leave codeplug or factory reset.
cash sale, local preferred not interested in shipping . Both radios were purchased in June 2021 and used for YouTube
videos

Original Shark RF openspot $150 obo
MDVM hotspot , Supports DMR (Brandmeister, DMRplus), DStar (DCS, REF/DPlus, XRF/DExtra, XLX), System Fusion (FCS,
YSFReflector) networks. More supported networks and features will
be available with new firmware releases.

•

Supports cross modem modes. Talk with your C4FM radio on
DMR, and with your DMR radio on System Fusion networks!

•

Very easy to use, works without a computer. No additional hardware required, works out of the box. All accessories included.

•

Web interface for configuration and monitoring.

•

HTTP, UDP/TCP API support.

•

Custom 2FSK/4FSK RF protocol support with TDMA.

•

USB powered, low energy consumption, 20mW RF output.

Create your own private radio network using our open source server application.
Runs fully embedded software written in pure C, running on an embedded real time operating system. No Linux, bulky
Windows software or failing SD cards!
Please contact Mike (AA1PR) AA1PR@comcast.net

ARRL RADIOGRAM ABREVIATIONS
https://en.wikipedia.org/wiki/ARRL_Numbered_Radiogram
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Thought for Today: Always borrow
Mark Your Calendar ~Nets:
money from a pessimist. He never expects Every Monday:
Zone #3 VT RACES Net, 444.550 (+pl 110.9) 6:30 pm
it back.

gmws/ares Net, 147.045, 7:30 pm
GMWS/W1AD 10M NET 28.333 8PM(Bands permitting

National
Toasted
Marshmallow
Day 2021
Monday
August 30
Many Thanks To Our CONTRIBUTORS!!
Wayne, KB1FDW; Josh, KC1FJY;
Forest, N1BBQ; Mike AA1PR; Calvin W1CLG
Frank, W1AD; Scott, W1SBW

Every day:

Vermont phone traffic net, 3857 MHz, 7:30 pm
VT/NH Traffic net, 3539, 7:00 pm
New England Phone Net, 3955 6:30 am

Every Sunday:

Vermont phone emergency net, 3976, 8:00 Am
acara roundtable 147.36 (100 Hz) 8:00 pm

Upcoming VE Sessions:

Burlington area ve ralph kd1r 802-878-6454

GMWS 01AUG The Mint 530 or
Forest N1BBQ -TechieForest@gmail.com

NEXT REGULAR GMWS MEETING :
TUESDAY AUG 10 @ 7:00PM ZOOM. WATCH B OR EMAIL
LIST OR INVITE OR TALK-IN 147.045 T -`100
https://m.facebook.com/W1GMW-Green-Mountain-WirelessSociety-741253585940162/

PO BOX 84
Rutland VT 05702

KEY KLICK’s: The Monthly Publication of the GREEN MOUNTAIN WIRELESS SOCIETY AUGUST 2021
ON FACEBOOK https://m.facebook.com/W1GMW-Green-Mountain-Wireless-Society-741253585940162/ On the Web at: www.gmws.net
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Introduction:
Radio technology is ubiquitous in our society, and has been greatly engineered over the past century. Many common items such as
cell phones and remote keyless entry and starting for cars, are built on the basic principles discovered by amateur engineers since
1910. Amateur radio operators are FCC licensed operators who use radios for the advancement of radio science and technology.
Amateurs often build their own equipment, testing different designs to see which ones work best. Some designs are very complicated, such as a 1.5 KW radio power amplifier, but some antenna designs are basic enough to create in a classroom setting.
Engineering is commonly associated with physical structures e.g. bridges, windmills, and packages. Radio frequency (RF) engineers use the science of electromagnetic radiation in order to design transmitters and receivers to fit established criteria and fulfill a
need. This activity allows students an opportunity to apply the engineering design process to RF engineering. This activity also introduces students to the world of amateur radio, which is a facet where students can further explore many RF and electrical engineering topics on their own.
Materials:

All class worksheets shown below in the worksheets section
Pre-activity:
Various samples of antennas and feed line for the students to work with
Learning materials

Photos of ham radio
Video/audio recording of ham radio
Any reading assignments or power points related to material
Examples of catalog entries, advertisement, and other persuasive writing
Building the antenna
Wire: 18 gage stranded SD bare copper grounding wire 500 feet for $37 from Home Depot
You need enough wire for all groups to make the antenna (1/2 wavelength plus an extra 3 feet per group)
assuming a class size of 30 students, making antennas for the 20 meter band, groups of five, that is approximately 50 feet. Extra wire can be saved for future years.
Coaxial cable: RG-213 $0.89 per foot from DX engineering

I suggest giving each group 3 feet to work with to feed the antenna, then use a shared feedline from the
antenna to the tuner. Assuming the same class size as above, you would need 18 feet for the students,
plus whatever extra distance needs to be covered from where the antenna is placed back to the classroom. The long section going from the antenna to the classroom can be saved for future years.
Coaxial cable connectors: 2 for common line and one for each group, PL-259, crimp on.

Insulators: Various pieces of electric insulate material (glass, ceramic, rubber, plastic) An insulator should have two
holes in it, to feed two wires, or a wire and a rope through. $7 a dozen Tractor Supply (electric fence insulators)
Ferrite: to put on the end of the shared feed line, to prevent RF energy from flowing back on the coaxial cable back
into the building.
Tools
Wire cutters: to cut antenna wire and feed line
Tape measure: 300ft, with metric measurement as well as feet; to measure feed line, rope, and wire
Paramedic scissors: to cut rope
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Lighter: to prevent the ends of nylon rope from fraying
Needle nose pliers: one or two pair for each group, to bend the wire and make the antenna
Electrical tape
Coax connection tools
Goggles/safety glasses: one pair for the instructors in charge of the materials station, and one pair for each
student in a group.
Hanging the antenna
Tools
Tennis ball: bore a hole through the tennis ball large enough to feed the rope through
Caution tape
Optional: I have seen antennas hung using an air canon, drone, and bow and arrow, these methods were
cool, but maybe not as safe or cheap.
Testing the antenna
The instructor, or someone assisting the instructor must have at least a general class amateur radio license. If the instructor does not have a license, look for local clubs at arrl.org/clubs or by searching Google. Most operators love
opportunities to get students on the air. Per FCC regulation: a licensed amateur needs to be the control operator
of any amateur station, being responsible for that station following all FCC rules. Unlicensed individuals (like students) may operate an amateur transmitter and make contacts, they must do so under the direct supervision of a
licensed individual.
Radio equipment can be expensive; I would advise against trying to have the school buy equipment. Often, equipment
can be borrowed. For instance, if another amateur radio operator is coming in to oversee the activity, that operator can bring in his or her equipment, or equipment borrowed from other operators.
The amateur that will be the control operator of the station will know what is needed in order to set up the
station

Safety:

Building the antenna involves working with many tools and supplies that are possibly dangerous. Before using the tools, all students should be briefed on the proper use and safety precautions of them. Students should wear goggles when gathering and
cutting the wires for their radiators. Students should exercise caution when working with the wire, to avoid cuts or abrasions.

“Hitting one of your helpers with a rock or fishing sinker is considered not nice, and could end up causing serious injury.”[2] It is
common practice to use a slingshot, thrown object, or air cannon to launch a string over a branch or pole in order to hang an antenna. When using these methods, it is very important to keep the area on the other side of the pole or tree clear. To mitigate this,
we will be using a tennis ball with the rope attached to it. It is less likely to cause injury if it hits someone, but we will still exercise
all precautions. It may be desirable to require hard hats while putting up the antenna, but this may be expensive and in my opinion,
not necessary.

Although exposure to RF energy has not been linked to cancer, it is important to limit exposure to RF energy. It is especially important not to touch the antenna while transmitting it can cause RF burns. The antenna will be raised at least ¼ of the wavelength
off the ground, for the best radiation pattern, this will put the antenna a minimum of 2.5 meters (7.5 feet) off the ground (assuming
10 meters is the shortest possible wavelength, although 20 or 40 meters are much better choices for making contacts) This puts it
out of reach for all fifth grade students and most staff. Also caution tape will be used around the antenna area to keep people
away. An RFI balun will be placed on the coaxial cable just before the junction with the antenna in order to prevent RF energy from
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flowing down on the outside of the coax and into the other equipment, another cause of RF burns.

Setting up the “shack”, all the testing equipment, will be done by an amateur radio operator, since it requires a lot of connections
and working with electricity. The amateur acting as the control operator will monitor the equipment to ensure normal operation.
The activity may be stopped at any time due to possible equipment malfunction.

Preparation:

Great care should be taken to organize all the learning materials and organizing supplemental lessons: the science behind radio,
the history of radio, and persuasive writing/advertisements. If these lessons are not well prepared or well integrated, the engineering activity will seem a lot harder than it actually is, and will stick out in students minds as, “That time we randomly built an
antenna and talked on the radio.”

All materials for building and testing the antenna should be secured in advance, as well as any help (amateur radio operators)
needed. If something is missing, it would negatively impact the students engagement in and enjoyment of the activity.

Supplies and tools for building should be laid out ahead of time, in a way that puts the wire and coaxial cable stations isolated
from where groups will be assembling their antennas. This station is where the most complex and dangerous tools will be used,
only one group will be there at a time, and will be completely focused on the task at hand.

You should get permission from the school to hang the antennas and operate the station. To do this, it may be necessary to educate your school administration on amateur radio, the educational value of the activity, and the safety precautions you will be
taking. The power will be limited to 100-200 Watts (as opposed to the full legal limit 2.5 KW such as would be accomplished with
a power amplifier), a torrid will prevent RF energy from flowing back to the station on the outside of the coax, and the antenna
will be hung so that it cannot be touched by any people. Also remind them that a ham with a general class license has passed two
FCC exams on how to operate radios safely.

Along with that, a spot must be identified to hang the antenna, between two poles or trees. The antenna must be hung with very
little slack, so the trees must be spaced further apart than the antenna span, and should be tall enough to raise the antenna a
minimum of ¼ wavelength off the ground. The spot for the antenna will be a factor in determining which wavelength to work
with, the 15, 17, 20, 40, or 80 meters bands would be good choices, with 20 or 40 meters being my top two choices. Distances
reached depends on the band and atmospheric conditions, but antenna performance can be severely compromised if the antenna sags.

For best results of the testing portion, it is important to inform the ham community of when you will be operating and around
what frequencies. This can be done through word of mouth (discussing it with clubs, over email, and over the air), or can be done
online (e.g. through a forum on QRZ.com). Doing this will ensure that there will be people on frequency waiting to contact your
station. It would be very boring for students to call out over and over again without actually contacting stations, additionally, the
point of testing the antenna is to see how far it can send and receive signals, we cannot test the antenna if we cannot make contacts.

Procedure:

Create a plan for the antenna, based on worksheets
For the antenna to resonate on a given wavelength, what must the length of each radiator be? How many radiators
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are needed? (2 radiators, each is ¼ wavelength; so the total antenna length is ½ wavelength)
How will the antenna be fed? (draw connection based on the drawing above, type and length of coax)

How will the antenna be hung? (type and length of ropes and insulators)
Construct the antenna
Gather supplies: students will be responsible for measuring and cutting coaxial cable, wire, and rope. See an instructor to have the ends of the rope melted to prevent fraying.
Students will connect the wires, ropes, and feed lines in a secure manner.

Students may need help removing the insulators from the coaxial cable to make secure connections between the
antenna and the feed line. This should be done by an instructor
Consult the instructor when finished
Does the design look generally acceptable? Do we expect it to work?
Instructor may provide feedback such as: I think you should wrap this wire a little tighter, you need to secure the
feed line connection more or it will disconnect in the wind, etc.
Students may tweak their design based on the feedback
Hang the antenna
Connect the shared feed line to the antenna
Get the rope into the tree (or other structure)
Feed the end of one of the ropes through the tennis ball, tie it off so the tennis ball is on a loop.
Make sure the rope is not tangled, and has plenty of slack.
Throw the ball into the tree or other support used. Make sure the ball gets high enough that it is about ¼ wavelength off the
ground.

You may swing the tennis ball on the rope in order to get the power needed
You may throw again by pulling on the end of the rope that attaches to the antenna, in order to
retrieve the ball.
In a good throw, the ball will land on the ground, or close enough that it is within reach from the
ground, but the rope will loop over a tall enough branch.

Repeat the above procedure with the rope on the other end of the antenna.
If you are having problems, weights may be added to the ball to aid it’s travel.
Pull on both ropes evenly at the same time to raise the antenna
Ensure that the antenna is
Spread evenly between the two structures
Has very little slack
The wire is not touching anything but the insulator
Test the antenna
Follow the directions of the station operator, he will provide specific information on performing the steps

Record the impedance at the frequency at which you designed the antenna
Record the SWR at 25 KHz steps across the band of interest
Identify the point of lowest SWR
Identify the frequency range where SWR is below 2:1
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The station operator (the licensed amateur) will tune the station for the predetermined frequency
Under the direction of the station operator, you will have one hour to make radio contacts on the specified frequency and mode (voice or RTTY) For each contact:
Record the contacting station’s callsign (e.g. WY2Y, N1NDN, KA5VVI, W1AD, K1ZK, AB1CH, etc.)
Record the station’s QTH (location) in city, state, nation format
If they give location using a grid system (e.g. FN33jq) or latitude and longitude, ask for their location in the specified format.

Give the station a signal report
Score readability (can you hear/understand him?) 1-5
Score signal strength (signal to noise, or using the radio’s S meter) 1-9
Record the contacting station’s signal report (same format as above)

Record any other information received in the exchange
Data analysis
Graph SWR over frequency for the entire band
Identify:
The lowest SWR point
The target point of resonance
The 2:1 SWR frequency range
Calculate how far the lowest SWR point is from the target resonant point (in MHz)
Calculate the size of the 2:1 or less SWR range (in MHz)

The best antenna will have the lowest SWR at the target frequency, and have a wide 2:1 or better range.
Map the stations contacted:
Stations should be shown as points, with lines drawn to the location of the school
The distance to stations should be calculated
Based on the data collected, draw conclusions about the effectiveness of the antenna.
Tweak antenna design:
Calculate the change in radiator length needed to get the lowest SWR at the target point.
Double check measurements, make stronger antenna connections, etc.
Second testing period

Repeat instructions for first antenna test
Testing may stop after SWR measurements (based on time)
Final analysis
How successful were the tweaks?
Looking at the data from all tested designs (before and after, for the whole class) Was the antenna that was the
best the first time, also the best after the tweaks?
Write an informational paragraph on your designs, what worked and what did not work, what you would want to
change if you had more time, and
Use the data from your best design:
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Create a catalog entry for your antenna, it should persuade people that your antenna is the best
Include the graph of the SWR

Include a picture of “your antenna in action”

Worksheets:
Antenna Planning Worksheet

Antenna Testing Worksheet Part 1 (SWR recording)
Antenna Testing Worksheet Part 2 (Station Log)
Antenna Tweaking Worksheet

Tips:

The biggest tip I can give is to reach out to local amateur radio operators and clubs. This lesson plan may seem complex, technical, expensive, and even scary at times. You may wonder if your fifth or sixth grade class would be able to understand or engage
in this project, perhaps you are wondering whether you can understand all of it. First of all, let me tell you that with the right
preparation and instruction, this is not too complicated, and in the spirit of engineering, they are solving real-life problems using
real life methods. The antenna building may seem tedious or hard for students, but for most students the ability to make contacts
all over the country will be worth it. Ham radio is a hobby that is all about extending goodwill, effective communication, and advancing the science of radio. Older hams who mentor younger operators are often called Elmers. Not only is an amateur radio
operator necessary for the testing portion, an amateur radio operator will have valuable experience that will help you, the teacher, prepare for the activity, and help the students create designs that are more likely to be effective.

The costs, especially of the testing equipment, may seem very high for an activity that will be done once a year I do not suggest
you or the school purchase this equipment just for this activity. I would suggest that whichever ham(s) help you with the activity
bring in their own equipment, they will be familiar with it and, in the spirit of ham radio, can make the activity work with whatever they have. I also want to point out that the newest or most expensive equipment is not always the best. Some clubs also own
collective equipment they use for club functions, it would be possible for a club to let this type of equipment be used for educational purposes. A local ham may even donate coaxial cable or wire for you to use. My biggest piece of advice, that works for
many facets of this lesson, is talk to the local amateur radio operators or clubs.

Standards: (Next Generation Science Standards, https://www.nextgenscience.org/)
This activity meets or exceeds elementary school standards, and can be modified slightly to meet or exceed middle school Next
Generation Science Standards for engineering. The definitions of the standards and explaination of how this activity meets them
was omitted for space considerations.
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Sample Lesson Plan: (This utilizes the UbD 2.0 lesson plan format, it was omitted for space considerations)

This picture is an example of a home-brew dipole antenna.
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For more information on amateur radio, please visit arrl.org or consult your local club.
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Contact Calvin W1CLG via email: calvindavidbrooks@gmail.com
ED NOTE This is an independent project conducted and shared for your personal interest at Calvin’s request. There is no support or
liability implied by Green Mountain Wireless Society, the publication or editors.

