Radio Merit Badge – Instructor’s Manual
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Why This Manual Was Written

When I was first asked to teach the Radio Merit Badge (RMB) class, I started searching for instructor support material from BSA sources and on the internet.  I was shocked to find that there is virtually none available.  

The Radio Merit Badge booklet (published by BSA) is geared towards the student and offers little support for the instructor.  In fact, it offers only a moderate amount of support for the student since it contains several pieces of inaccurate or obsolete information, and it doesn’t cover such important radio-related subjects as NOAA Weather Radio, FRS, or wireless phones.  

The purpose of this Instructor’s Manual is to provide the instructor with the resources necessary to teach a RMB class, and to do so in a manner that conveys accurate, timely, practical, and potentially life-saving information to the Scouts, while adhering to the written RMB requirements.  

Class Structure

When I started working up a lesson plan, I noticed one problem right away—the chapters in the RMB booklet (which the Scouts will be using as a “textbook”) don’t follow the actual badge requirements in proper order.  

To avoid confusion and give the students a better foundation in the subject, the class is divided into three segments, or modules.  Ideally, the class would last an entire day with the first two modules being completed before lunch. 

Module 1 is entitled Introduction To Radio.  It covers material through page 16 in the RMB booklet.  Module 2 is entitled Components & Safety and covers pages  17 to 28.  Module 3 is entitled Amateur Radio & Emergency Communications and it covers pages 30 to 48.  

It’s assumed here that the Scouts are electing to take the Amateur Radio course of study.  (They could also study broadcasting, or shortwave listening.)  

Breaks should be scheduled in between modules, and at whatever other times they are needed in the particular class environment.  

It’s important that the students read the RMB pamphlet before coming to class so they will already have some initial exposure to the subject.  The class includes a lot of material and several exciting lab activities.  If you’re to get everything done in a day, the Scouts must come “prepared” for class.  

Structure of the Student’s Workbook

The Student’s Workbook is divided into five sections and is contained in a half-inch thick loose-leaf binder with a clear plastic front window for inserting a cover page. The cover page features photos of some Scouts working the radios at JOTA 2000, which was held near Dallas.  (Supplemental handout materials can be put in the binder’s inside pockets.)

Some of the actual workbook pages are printed off on colored paper.  (Just about any color will do.)  These pages are where the Scouts will take rough notes during the class.  

In the back of the workbook there is another copy of the same pages, only these are printed on white paper.  At the end of the class, the Scouts should transcribe their rough notes onto the final white copies.   These white workbook pages will be used to document that the RMB requirements have been met.  

Along with the workbook pages, there is a glossary of key words.  You’ll want to periodically refer to this section during your class.   

A typical workbook is laid out in this manner:

· Blank sheet of paper

· Workbook title page

· How To Use This Manual

· Correction Sheet

· SECTION  1  DIVIDER

· Introduction To Radio – (Pages 1-4)  Colored Paper

· SECTION  2  DIVIDER

· Components & Safety – (Pages 5-7)  Colored Paper

· SECTION  3  DIVIDER

· Amateur Radio & Emergency Communications – (Pages 8-13)  Colored Paper

· SECTION  4  DIVIDER

· Radio Merit Badge Key Word List – (Pages 14-25)  Colored Paper

· SECTION  5  DIVIDER

· Workbook pages 1-13 printed on white paper

Structure of Instructor’s Manual

This Instructor’s Manual contains actual lesson plans (which you will use as your speaker’s notes) followed by pages describing in detail the various lab exercises that will be conducted.  

Periodically, page numbers will be referred to in the speaker’s notes.  These page numbers can either refer to pages in the Radio Merit Badge booklet (Ex:  Page 12 RMB) or in the student workbook (Ex:  Page 12 W).  

Word definitions are written in italics while the names of lab exercises which require advanced preparation on your part appear in ALL  CAPS.  

Hands-On Demonstrations and Lab Exercises

The RMB class contains several interesting demonstrations and lab exercises for the Scouts to enjoy.  You’ll need to prepare for these exercises in advance.  The most formable challenge may be getting a portable HF station set up at your class site.  This station is critical to the class.  

To complete the class, each Scout must participate in ONE 10-minute voice contact and TWO Morse code (CW) contacts.  The badge requirements don’t specify what band these contacts must be on, or at what speed the Morse code contacts must be made.  

I’d recommend that these be done with a computer on HF.  It’s getting ever more difficult to find proficient CW operators.  This trend will surely continue since the CW requirements have almost gone away in the amateur licensing requirements.  

The final activity is a station visitation.  Of course, you’ll have a real ham station right there in the class.  However, a portable station can’t adequately illustrate what a real home station would be like.  

It would be best to find an amateur who has an elaborate station and would let you bring some Scouts over for a tour.  If you know somebody who has an OQSAR station, that would be even better.  

· After the Scouts return to the classroom, they should fill out their station visitation reports and transcribe their rough notes onto the white pages in their workbooks.  Once you’re convinced that EVERY individual Scout knows the material, you can sign off on their official completion forms, and they’re done.  

· Have fun teaching the class!  Let me know how this instructor’s support material works out for you.  
Introduction To Radio – Instructor’s Outline

Module 1 of the Radio Merit Badge Class

I.

Welcome to the Radio Merit Badge class.  When the power is out,

and the phone lines are down, you can communicate when nobody 

else can.

II.

What is radio?  Electronic communications without wires.  Radio 

waves, also called electromagnetic waves, travel in straight lines away 

from the transmitting source.  

A.  History of radio – Telegraph, telephone, wireless CW, voice

B.  Demonstrate RF  RADIATION  EXPERIMENT

C.  Key words – AC, frequency, hertz, wavelength, metric prefixes

III.
What is the electromagnetic (EM) spectrum?  Demonstrate CLOCK  RADIO  &  EM  CHART.  Locate services on chart. 

IV.  
What is broadcast radio?  Radio communications that is ONE WAY 

and intended for reception by the general public.  What kind of info is 

broadcast?  Locate services on EM chart.

V.

What is 2-way radio?  Radio that both transmits and receives.  Who

uses 2-way radio?  Locate services on EM chart.

VI.  
What is Amateur Radio?  (Hobby radio)  A non-commercial radio service established primarily for recreational, educational, and emergency comm.  

VII.
What is a call sign?  A unique identifier assigned to every radio 

station by the FCC.  Look at world call sigh map; worldwide call 

groups assigned by ITU.  

VIII.
What do radio and broadcast facilities look like?  Show and explain the RADIO SITE  PHOTOS.  Locate services on EM chart.

IX.  
What is a typical ham radio station like?  Look at the REAL

HAM  STATION and the block diagram on page 10 RMB.  

A.  Show pictures of equipment from QST.  

B.  Explain modes (AM, SSB, CW, FM) 

C.  Explain phonetics, and the Q-code.

X.
What is propagation?  The ability of radio waves to travel from one 

point to another.  

A.  Explain local and skip chart on page 12 RMB.  

B.  Demo WWV and 19-meter shortwave band


C.  Explain propagation reports


D.  Coordinated Universal Time


E.  Shortwave stations & guide book

 XI.  
Review Key Terms and Complete Workbook

PROPS  NEEDED:

· PORTABLE  HAM  STATION  IN  CLASSROOM

· Pictures of old telegraph, telephone, and broadcast facilities

· RF  RADIATION  EXPERIMENT – Function generator, speaker and wire, oscilloscope, radio receiver. 

· ANALOG  AM/FM  CLOCK  RADIO

· World call sign map

· RADIO  &  BROADCAST  SITE  PHOTOS

· QST magazine or radio catalog

· Shortwave listening guide

STUDENT  HAND-OUT  MATERIALS  NEEDED:

· EM wall chart (US Government Printing Office publication number:

003-000-00652-2)
WWV  info chart / hand-outs from WWV web site: www.bldrdoc.gov/timefreq/stations/wwv.html

Components & Safety – Instructor’s Outline

Module 2 of the Radio Merit Badge Class

I.
What is a schematic diagram?  A diagram that uses symbols to 

represent electrical components.  
A.  Show symbol chart and COMPONENT  DISPLAY  BOARD.  


Resistor

Variable Resistor (Pot)

Diode


Capacitor

Variable Cap (Trimmer)

Battery


Inductor

Variable Inductor


Fuse


Transistor

Integrated Circuit (IC)

Tube


Antenna

Ground



Transformer


Speaker

Headphones



Microphone


Switches 


B.  Work resistor color code exercise on scratch paper – Page 21 W. 

II.
How does a schematic compare with a block diagram?  Show 

examples of each

III.
What are some common electrical properties?  Discuss these:


A.  Electricity – The flow of electrons

B.  Conductor – A substance through which electricity can easily pass

C.  Insulator – A substance through which electricity can’t easily pass


D.  Voltage – Electrical pressure or “electromotive force.”  (Volts)


E.  Current – The flow of electricity through a circuit (Amps)

F.  Power – The ability to do work (Watts = Volts X Amps)


G.  Perform CAPACITOR  DISCHARGE  DEMO

IV.
What is a circuit?  Use CIRCUIT  DEMO  BOARD and Volt-Ohm Meter to illustrate:


A.  Open Circuit – No complete path for current to flow

B.  Closed or Complete Circuit – Complete path for current flow

C.  Short Circuit – Very little resistance – blows fuse
V.
What are some safety rules I should observe with electricity and 

RF energy?  

A. 
“Electricity will not show you any mercy because you’re a 

beginner.”  

B.  
Safety with power lines – Look outside, refer to TXU brochures

C.  
Antennas and power lines – Don’t place antennas OVER or 

UNDER power lines, or where the antenna can fall on the 

power line.  

D.  
Go over each ARRL safety rule.

VI.  
Review Key Words and Complete Workbook

PROPS  NEEDED:

· COMPONENT  DISPLAY  BOARD

· Schematic and block diagram examples

· CAPACITOR  DISCHARGE  EXPERIMENT:  Large electrolytic cap, 12VDC power supply with clip leads, screw driver

· CIRCUIT  DEMO  BOARD  

· Various resistors for color code exercise

· Volt-Ohm Meter

STUDENT  HAND-OUT  MATERIALS  NEEDED:

· Schematic symbol sheet

· TXU electrical safety brochure

Amateur Radio & Emergency Communications – Instructor’s Outline

Module 3 of the Radio Merit Badge Class

I.
Why is Amateur Radio important to you and your community?  

BE PREPARED to communicate when nobody else can!


A.  Read definition on page 34 RMB


B.  SKYWARN


C.  During natural disasters


D.  Field Day – Practice drill for a disaster


E.  Community events – bike races, parades, etc.

II.
How do I get a license?  Three classes of license; errors p. 35 RMB


A.  Tests are given by volunteer examiners (VE’s)


B.  Show ham band charts

III.
What can I do on the air?  


A.  Repeaters for local communications – Diagram page 35 RMB


B.  HF or “Shortwave”  


      1.  ID every 10 minutes and at end of QSO


      2.  Define Mobile,  Portable, and Base operation


      3.  Phonetics – Page 39 RMB; Page 18 W.


      4.  Q-Signals – Page 41 RMB


      5.  RST  System


C.  AMATEUR  TELEVISION  DEMO 

IV.
Practical Lab Activity – One group builds CODE  PRACTICE  OSCILLATOR  KIT  while the other operates the HF  STATION.  Each student must make one 10-minute voice contact and two CW  contacts.  

V.
What is NOAA Weather Radio?  Locate on EM chart.  Demo with a

2-meter HT.  refer to NOAA brochure.  

VI. 
How do I make an emergency call?  


A.  Report WHO you are, WHERE you are, WHAT the situation is 

      and what help you need.  


B.  On CW, send “SOS”


C.  ON voice, call “MAYDAY” – illustrate


D.  On FRS, observe line of sight – demo FRS radios


E.  Wireless phone – if signal is weak, get up higher.  

VII.
Practice real-life scenarios.  Give Scouts sealed envelopes containing descriptions of real-life emergency scenarios.  Let them have two minutes to study the information, then make a simulated emergency call over the low-power radios while others observe.  


A.  Sinking ship – Simulate call for help on HF


B.  Injured Hiker – Simulate use of FRS


C.  Injured cyclist – Simulate use of wireless phone 

VIII.
Review Key Words and Complete Workbook

· IX.
Go on Station Visitation and write report in workbook

PROPS  NEEDED:

· HF  STATION  WITH  CW  CAPABILITY

· 2-meter talkie

· ATV  DEMO  (if available)

· 2 FRS radios

· Wireless phone

· 2 low power 49 Mhz talkies or CB radios

· SEALED  SCENARIOS  IN  ENVELOPES 

· 5 soldering irons with sponges

· 5 pairs of eye protection glasses

· Solder & Flux remover solution 

· Tools  (screw drivers & side cutters)

· 5 complete CODE  PRACTICE  OSCILLATOR  KITS

STUDENT  HAND-OUT  MATERIALS:

· Ham band chart
· NOAA  Brochure 

Hands-On  Experiments  &  Activities

Listed in the order performed in the RMB Class

RF  RADIATION  EXPERIMENT

Objective:  Demonstrate how alternating current begins to radiate away from a wire as it’s frequency is increased into the RF range.  

Materials Needed: 

· Long table

· Function or sine wave generator

· Oscilloscope

· Common lamp cord

· Speaker (car stereo type)

· Radio receiver

· Tape (masking or electrical)

Procedure:

Place the function generator at one end of the long table.  Connect a section of lamp cord to the output of the function generator.  Run the cord down the entire length of the table and tape it firmly in place.  

At the opposite end of the table from the function generator, connect the lamp cord to the speaker.  Turn the generator on to verify that the sine wave from the generator can be heard coming out of the speaker.  Turn back off.  

Now tape a section of lamp cord down the table running exactly parallel to the first piece.  This piece should be almost touching the first section, but not quite.  

At the end nearest the function generator, strip back the two wires of the lamp cord and twist them together.  At the end nearest the speaker, strip back the ends of the wires and connect the CHANNEL 2 scope probe.  Connect the CHANNEL 1 scope probe to the speaker.  

Turn on the scope and set it up to display both channels 1 and 2.  (Dual trace mode.)  As audio is supplied to the speaker, the sine wave should be displayed on the scope.  

Vary the audio frequency up and down to demonstrate how various audio frequencies sound to the ear.  Illustrate how that wavelength decreases on the scope display as the audio frequency increases.  Change scope settings as needed to keep the sine wave clearly visible as you increase the frequency.  

Increase the frequency until it can no longer be heard.  As you increase the frequency out of the AF range, be observing the other scope channel for signs of the signal being picked up by the other channel.  

When this happens, the high frequency AC is radiating out of the speaker wires and being picked up by the second lamp cord lying nearby.  Go all the way up beyond 1 Mhz and see if you can hear the signal on a radio receiver across the room, assuming your portable ham station is in place.  

It’s true.  When the frequency of an AC signal is increased, it eventually begins to break away from the wires carrying it, and it tries to radiate out into the air, thus becoming RF.  

CLOCK  RADIO  &  EM  DEMONSTRATION

Objective:  Graphically illustrate the RF spectrum

Materials Needed:  

· Analog AM / FM clock radio

· EM chart  (Instructor should have one, plus one should be supplied in each student workbook.)  

Procedure:  Illustrate how the analog tuning dial on the clock radio looks like a part of the electromagnetic spectrum as seen on the big chart.  Locate each of the broadcast radio services on the chart.  

RADIO  SITE  PHOTOS

Objective:  Show examples of real-world radio facilities.  

Materials Needed:  Photos of facilities

Procedure:  Take pictures of various radio-related facilities including (if available) broadcast station towers, two-way radio towers, cell sites, FAA or weather radar facilities, satellite TV or cable company dish antennas, etc.  

(I managed to also snag pictures of an FAA air traffic control tower, a VOR station, and a remote broadcast truck being used by a sports talk radio station.)  

Show each photo in class and explain the antennas and facilities depicted in each photo.  Locate each of the radio services on the EM chart.  

PORTABLE  HAM  STATION  IN CLASSROOM

Objective:  Demonstrate Amateur Radio and allow Scouts to fulfill their on-air operating requirements.  

Materials Needed:  

· HF radio

· Portable antenna (vertical is handy for this)

· Computer to work automated CW

· 2-meter talkie of other portable

· Satellite capability (optional)  

Procedure:  Use this station to demo various concepts covered in the class.  At a certain point, you’ll send half of the class off to build their code oscillator kits while the others work HF.  The 2-meter radio can be used to demonstrate repeaters and NOAA weather radio.

Each Scout must participate in a 10-minute voice QSO, using proper Q-signals and phonetics when appropriate, and TWO Morse code contacts.  

COMPONENT  DISPLAY  BOARD

Objective:  Familiarize the student with examples of real electronic components.  

Materials Needed:  

· One piece of plaque-style display wood (available at craft stores)

· Various electronic components

· Glue

· Label maker

Procedure:  Glue the individual parts onto the board so they can be neatly displayed.  Label each.  Explain each component to the class including what each part’s unit of measure is.  Example:  Resistor…resistance is opposition to current flow…measured in ohms.  

CAPACITOR  DISCHARGE  DEMO

Objective:  Demonstrate the electrical properties of a capacitor

Materials Needed:  

· Large electrolytic capacitor (At least 16 volt)

· DC power supply

· 12-guage larger hook-up wire

· Insulated alligator clips

· Large screw driver with insulated handle

Procedure:  Attach a hands length of hook-up wire to the terminals of the DC power supply and connect the insulated alligator clips on the free ends of the wire.  Turn supply on.

Carefully clip the leads onto the capacitor terminals.  Note:  Be sure to observe correct polarity.  While the capacitor is charging up (about 30-45 seconds) explain the propertied of capacitance to the class.  

Carefully remove the leads from the capacitor one at a time.  Take special care not to short the power leads together or let them touch an opposing capacitor terminal.  

Hold the capacitor in front of you at arm’s length.  Short across the terminals with the screwdriver.  (The audience will be startled by the POP!)  Be sure the capacitor is completely discharged by shorting across the terminals several more times.  

Place your hand over the terminals to illustrate that the capacitor is now safe to handle.  Pass the discharged capacitor around to the class.  

CIRCUIT  DEMO  DOARD

Objective:  Demonstrate an open, closed, and short circuit.  

Materials Needed:  
· One piece of plaque-style display wood (available at craft stores)

· Battery holder – holds four C cells to equal 6 volts DC

· Fuse holder

· ½ amp slow blow fuse

· Single Pole – Double Throw knife switch (available at hobby store)

· 6 volt light bulb in socket

· Hook-up wire

· Glue

· Volt-Ohm meter (VOM)

Procedure:  Mount the battery holder at one end of the board, and mount the light bulb at the other end.  Mount the fuse holder in line with the light bulb.  

Near the bulb, wire up the switch so that in one position the voltage goes through the bulb, causing it to light up.  In the other position, the switch should short the positive side of the circuit to ground, blowing the fuse.  

Use the VOM to illustrate voltage and current.  Demonstrate the difference between an open and closed circuit.  To demonstrate a short circuit, dim the room lights and have the students gather around so they can see the fuse burn open when the switch is moved to the short circuit position.  

AMATEUR  TELEVISION  DEMO

(This activity is optional)

Objective:  Demonstrate ATV

Materials Needed:  

· ATV transmitter 

· Portable TX antenna

· ATV receive antenna

· Cable-ready TV set

· 2-meter mobile / portable

Procedure:  Explain how each piece of equipment works and demonstrate it on the air.  

SEALED  SCENARIOS  IN  ENVELOPES

Objective:  Provide students with simulated real-life situations in which they might have to use radio to summon help in an emergency.  

Materials Needed:  
· Two low-power walkie talkies (kid-style 49 Mhz radios)

· Sealed envelopes

Procedure:  Before class, type out several real-life scenarios in which radio would be used for emergency communications.  Have one for each Scout.  Seal each in an envelope.  

At the appropriate time, each Scout will open his envelope.  He’ll have two minutes to read his scenario and decide what he should do.  At the end of that time, he will simulate calling for help over the small talkies, with the instructor playing the roll of net control, or perhaps the 911 operator.  Each Scout will individually do this in front of the rest of the class.

For example, in one situation a Scout might find himself aboard a sinking ship and need to summon help by breaking into the Maritime Mobile Net on 20-meters.  His scenario might read like this:  

“You’re out at sea with your family when your sailboat, the Coral Sea, begins taking on water. While your family works to deploy the inflatable life raft, you must try and summon help.  

As water comes into the lower engine compartment of your boat, it shorts out everything except your battery powered ham radio. Now your boat is sinking and Amateur Radio is your only means of communications.  Your ham call is K5XYZ.

You turn on the radio and find that the Maritime Mobile Net is in progress on 20-meters.  You must break into the net and report your situation.  

Your last known position was 50 MILES SOUTH OF KEY WEST at:

LATTITUDE:  24.90.950 North

LONGITUDE:  87.75.315 West

You have two minutes to convey your emergency message and abandon your boat.”  

Other scenarios may include an injured hiker on a mountain, an injured cyclist on a remote back-road.  The Scouts should clearly understand how to summon help over HF, VHF, FRS, or wireless phone.  

CODE  PRACTICE  OSCILLATOR  PROJECT

Objective:  Teach the student the basics of soldering and kit building.  Also provide the student with the means to practice learning Morse code.  

Materials Needed and Procedure:  Listed in the RMB book and the kit’s instruction sheets.  
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