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NAME _____________________   TROOP _________
	Radio Merit Badge Requirements

(Italics indicates “pen and paper” activity which students must do in class.)

	1.  Explain radio (broadcast, two-way, amateur), call signs and phonetics.  

	2.  Draw diagram of how radio waves travel around the world.  Explain how monitoring WWV can help you determine when bands are open.  

	3.  Draw diagram of the electromagnetic spectrum from 100 Khz to 1 Ghz.  Label MF, HF, VHF, UHF, and microwave bands.  Locate at least 8 radio services.  Explain local and DX stations, FCC and ITU

	4.  Explain how radio waves carry information; transceiver, transmitter, amplifier, and antenna.  

	5.  Explain safety precautions for working with radio gear, electricity, and RF grounding.  

	6.  Draw 8 schematic symbols and match three to parts.  Explain open circuit, closed circuit, and short circuit.  Explain a block and schematic diagram.  Draw a block diagram including transceiver, amplifier, microphone, antenna, and feed line.  

	7.  Describe some on-air ham radio activities.  Log a 10-minute QSO; use proper call signs, signal reports, Q signals, and abbreviations.  Explain 5 Q signals, the Technician license, who gives exams, repeaters, and mobile, portable, and fixed operation.  Explain why there is an Amateur Radio Service and how to make an emergency call.  

	8.  Visit a ham radio station.  Discuss equipment, maintenance, and licensing.


Unit 1 – Introduction To Radio

What is radio?  Electronic communications without wires.  
What is broadcast radio?  Radio transmissions which are one-way and intended for reception by the general public.  .  
What is 2-way radio?  A radio which both transmits and receives, allowing information to be passes either direction.  2-way radios are used by public safety agencies like police and fire departments, by utility companies, by business people, and by amateurs.  A 2-way radio could also be called a transceiver.  

What is Amateur Radio?  Also called “ham” radio, amateur radio is a radio service devoted primarily to recreational, educational, and emergency purposes
What is a call sign?  A unique identification assigned to a radio station by the FCC, or similar government entity in a foreign country.  A call sign is made up of letters, numbers, or a combination of both.
What is the FCC?  Federal Communications Commission.  The FCC is the government entity in the USA which regulates the radio frequency spectrum.  Call signs and station licenses are issued by the FCC
What is the ITU?  International Telecommunications Union.  The ITU is the entity which regulates the radio spectrum internationally.
What are phonetics?  Special code words which represent letters and are used to help pass information over radio.  Phonetics are especially useful during weak signal conditions.  The phonetic alphabet is listed in the appendix section of this workbook.  
Draw a diagram of the ELECTROMAGNETIC  SPECTRUM  featuring the following:

· Draw the spectrum from 100 Kilohertz to 1000 Megahertz.  
· Label the LF, MF, HF, VHF, and UHF portions of the spectrum.  
· Mark at least 8 radio services such as AM and FM broadcast bands, CB, television, at least 4 ham radio bands, and a police / fire band.  
	The  Electromagnetic  Spectrum

	


What is the difference between local and DX stations?  Local stations are stations which are nearby, such as in your town.  DX is a common ham radio term meaning distant or foreign stations.  If you talk to a station in Panama, for example, you would say that you made a DX contact.  

How might you monitor WWV to learn what you could expect to hear on the short-wave radio bands?  Generally speaking, if you can hear WWV clearly, you know that the shortwave bands are open.  
	Shortwave Radio Signals Travel Around the World

	In this box  illustrate how radio waves travel locally and around the world.


	Amateur Radio Station – Block Diagram of the Classroom Station

	In this box draw a block diagram of the classroom station



	Amateur Radio Station – Block Diagram Drawing Requirement

	In the box below, draw a block diagram of an Amateur Radio station including a transceiver, microphone, key, amplifier, feed line, antenna switch, and dummy antenna.



Unit 2 – Components & Safety

Block Diagram – a drawing which uses prominently labeled blocks to represent major sections of a radio system.  

Schematic Diagram – A drawing that uses symbols to represent electrical components.  
Conductor – A substance through which electricity can easily flow.  Conductors tend to have a large number of free electrons in their atoms—that is, electrons that can easily move from one atom to another.  Copper, silver, and gold are very good conductors.  

Insulator – A substance which does not easily conduct electricity.  Insulators contain very few free electrons in their atoms.  Glass, rubber, and plastic, and air are good insulators. 

Voltage – Electrical pressure.  A unit of voltage is the volt.
Current – The flow of electricity through a circuit.  Electrical current is often compared to water flowing through a pipe.  Current is measured in amps.  

Power – The ability to do work.  In an electrical circuit, the total power in watts consumed by an electrical device (such as a light bulb) is equal to the voltage applied to the device multiplied by the current flowing through it.  

Open Circuit – A circuit that does not provide a complete path for current to flow through.  

Closed Circuit – A circuit that has a complete path where current can flow from the power source, through some components, and back to the power source again.   

Short Circuit – A circuit that contains very little resistance and high current.  
	In the blocks below, draw and label 8 schematic symbols.

	
	

	
	

	
	

	
	


Special Metric Designations Used In Electronics – In the field of electronics, we often deal with numbers which range from very large to very small.  For this reason, some special metric designations are used.  The most common metric prefixes used in electronics are: 

· micro 
=
1/1,000,000

=
x 10-6
· milli 

=
1/1000

=
x 10-3
· kilo

=
1000


=
x 103
· mega 

=
1,000,000

=
x 106
· giga 

=
1,000,000,000
=
x 109
List three electrical components and explain what properties they exhibit 
and their units of measure.  

	Component
	Property
	Unit

	
	
	

	
	
	

	
	
	


	Open / Short Circuit Experiment

	Draw a schematic diagram of the short circuit experiment used in class




Safety Precautions Around RF Energy, Power Lines and Antennas
Radio Frequency (RF) Energy

Exposure to high levels of RF energy can burn human tissue or cause cancer
Human eyes are especially sensitive to RF burns.  

Hams are required to conduct a “routine station evaluation” to verify RF safely. 

This evaluation is usually done by consulting charts.  

Power Lines
Minimum voltage that can be fatal to humans is 30 volts.  

Minimum current that can be fatal is passed through the heart – 1/10th of an amp.  

Power lines are un-insulated and carry thousands of volts; never touch them.  

If power lines fall on your car, stay inside and call for help.  

If car catches fire, jump out on both feet and scoot away.  

Antennas and Towers 

Never place antennas or feed lines OVER or UNDER power lines.

Never place antennas where they could fall on power lines in any direction.

Never place antennas where a person could touch them.

Towers and antennas poles should be connected to ground rod.  

Disconnect radios when not in use.  

Connect antennas to ground when not in use.  

Electrical Grounding – When building your station:

All radio equipment should be connected to a common ground point.  

All equipment should have a fuse or circuit breaker

All high voltage power supplies should have a safety interlock.  

Everyone in your house should know how to shut off the power.  

Beware of charged capacitors

Beware of charged computer monitor and TV picture tubes.  

Hybrid Cars

Use high voltages and currents

Get adult help before working on hybrid

Never connect radio to main battery – connect to “auxiliary battery.”

Unit 3 – Amateur Radio and Emergency Communications

The Amateur Radio Service

Why was the Amateur Radio Service established?  The Amateur Radio Service is a voluntary non-commercial radio service which was established to:  

· Increase the number of radio and electronic experts

· Improve goodwill with other countries

· Assist with emergency communications

· Experiment with radio and communications to improve technology

What are the three classes of Amateur Radio License?   The entry level (or “Tenderfoot”) license is the Technician Class license.  The intermediate class license is the General Class.  The highest level is the Extra Class.  
Who gives ham radio examinations?  Volunteer examiners.  
What is base station operation or fixed operation?  Operation in a permanent location such as a home.  
What is portable operation?  Operation in a fixed location that is different from a ham’s normal home base station.  For instance, a ham station at a county fair used to demonstrate Amateur Radio to the public would be an example of portable station.  
What is mobile operation?  Operation from a station that can be moved around while in operation.  For example, a 2-way radio in a car would be a mobile station.  A pedestrian or cyclist using a handheld radio would also be mobile operation.
What is the purpose of a repeater station?  A repeater is a radio relay device used to extend the range of mobile and handheld units.  Repeater antennas are generally located on tall towers or buildings for maximum signal coverage over a local area.  The repeater listens for weak signals within its coverage area and retransmits them over a wide area.  
What is the Q-code, and what are some of the common Q-signals used by hams?  The Q-code is a special system of prosigns, or short abbreviations, which hams use to pass information over radio.  A list of common Q-signals which you may use during your ham radio contact is listed below.  
	QRM – Interference
	QTH – Location 

	QRN – Static
	QRZ – Who is calling? 

	QSB – Signal fading
	QSL – Acknowledge, or a postcard to confirm contact

	QRP – Low power
	


Placing An Emergency Call Over Radio
Using Morse – The original Morse code distress signal was “S O S” and remains the standard today, although relatively little critical communications is conducted over Morse code anymore.  

Using Voice – When operating on voice mode, the standard distress signal is “MAYDAY”, which was derived from the French term for “help me.”  

Example:  “MAYDAY  MAYDAY  MAYDAY  this is K5XYZ”

Breaking into an ongoing QSO – If you must break into an ongoing radio conversation to get emergency assistance, you should use the prosign “BREAK  BREAK”, followed by your call sign.  
Example:  “BREAK  BREAK   K5XYZ”

Reporting The Emergency – When reporting an emergency, it’s important to think before you act.  Be prepared to use phonetics when passing your information.  Once you reach somebody over the radio, you will need to report:  

· Who you are
· Where you are (street address, Lat / Long, highway mile marker)

· What kind of emergency you are reporting (car accident, injured hiker, fire, etc.)

· What kind of help is needed (police / fire response, park ranger, etc.)

The Family Radio Service (FRS) and General Mobile Radio Service (GMRS)
The Family Radio Service (FRS) is a radio service for use by the general public which utilizes 14-channel handheld radios which operate on the UHF portion on the radio spectrum.  FRS handhelds transmit with ½ watt of power, and are limited in range to the line-of sight.  No license is required to operate FRS radios.  GMRS radios operate at higher power levels, have 22 channels, and a mail-in license is required.  
NOAA Weather Radio

NOAA Weather Radio is a radio service operated by the National Weather Service that broadcasts weather forecasts and warnings 24 hours a day from special stations located around the country.  The NOAA frequency for Tyler is 162.475 Mhz.  Seven different frequencies are used throughout the country.  
Personal Locator Beacon

Handheld device containing a GPS receiver and a UHF (406 Mhz) transmitter.  For emergency use only, PLB signals are picked up by orbiting satellites which relay location to rescue forces.    

The Wilderness Protocol
The wilderness protocol is a set of standard operating procedures established to better allow people in wilderness areas outside of repeater range to communicate with each other.  When camping in wilderness areas, you should monitor these frequencies for emergency calls.  
If battery power resources allow, you may want to monitor the wilderness protocol frequencies continuously.  

If you are lost, and you believe people are looking for you, monitor the frequencies for 5 minutes, beginning at each quarter hour.  Monitoring only at these select times will conserve battery power.  If you have sufficient power resources, you may wish to monitor continuously.  

	Wilderness Protocol

	Primary Freq. 
	146.520 Mhz

	Backup Freq. 
	52.525   223.5  446.0   1294.5 Mhz.  

	FRS Channel
	Ch. 1 with no privacy code

	Routine Times
	Monitor for 5 minutes at the top of the hour, every three hours, starting at 7 AM local time.  
Example:  7:00 – 7:05 AM…10:00 – 10:05 AM

	Emergency Times
	Monitor for 5 minutes, beginning every quarter hour.  
Example:  9:00 – 9:05 PM…9:15 – 9:20 PM…
9:30 – 9:35…9:45 – 9:50…


RST System
A system for rating the strength of a received signal; stands for “Readability, Signal strength, Tone quality.”  
Readability if rated from 1 to 5, and signal strength is rated from 1 to 9.  Tone quality is normally not used anymore since it’s a holdover from the days of Morse code operation.  A strong signal would be 59, or “five by nine.”  A fairly strong signal would be 55, or “five by five.”  

Participate in at least one radio contact.  In the space below log your contact.

	Date:
	Time:
	Call Sign Of Station Contacted:  
	Mode:

	Freq:
	RST:
	Location: 
	Name:

	Comments:

	

	

	

	

	Date:
	Time:
	Call Sign Of Station Contacted:  
	Mode:

	Freq:
	RST:
	Location: 
	Name:

	Comments:  
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