

HAM
ABSTRACT

Ham Radio (amateur radio) is a popular hobby amongst electronics enthusiasts all over the world. Basically the hobby involves a person in making his own gear consisting of a receiver and transmitter or a transceiver (a receiver and a transmitter in one unit) after procuring a license from the Ministry of Communications. Various institutions with governmental help have come into being recently. 

Throughout the history, amateur radio enthusiasts have made significant contributions to science, engineering, industry, and social services. The economic and social benefit derived from research by amateur radio operators has founded new industries, built economies, empowered nations, and saved lives
An amateur radio operator, also known as a ham or radio amateur, uses advanced radio equipment to communicate with other radio amateurs for public service, recreation and self-training. They enjoy a wide variety of applications as described above.

Amateur radio operators enjoy personal wireless communications with friends, family members, and even complete strangers. They support the larger public community with emergency and disaster communications. Increasing a person's knowledge of electronics and radio theory as well as radio contesting are also popular aspects of amateur radio.

In this article we basically concentrate on the various specifications as defined by the HAM operators such as the Transmitter, Receivers, amplifiers, and the oscillator circuits. The basic block diagram and the circuits have also been illustrated. 



At various stages of the paper the applications and the diverse uses of HAM have been illustrated. The handy role of the HAM radio in various disasters management circumstances have also been provided. 

INTRODUCTION
Ham Radio (amateur radio) is a popular hobby amongst electronics enthusiasts all over the world. Basically the hobby involves a person in making his own gear consisting of a receiver and transmitter or a transceiver (a receiver and a transmitter in one unit) after procuring a license from the Ministry of Communications. Home brewing or self construction, an integral part of the hobby, has been sadly neglected in our country, despite the fact that various institutions with governmental help have come into being recently.

The Indian ham is often handicapped for want of ham gear. To overcome this shortcoming a small receiver and a transmitter can be home brewed with indigenously available components. The total outlay may not exceed a few hundred rupees. Some of you may wonder if this is feasible with out fancy test equipment like oscilloscopes and LC bridges etc. Yes it is possible.

     
Now we would like to explain the brief working of HAM.

WORKING
The basic block diagram of ham is as follows 


We are all aware that wireless communications means receiving and transmitting messages. We have many modes of HF (high frequency) communications like CW (continuous waves) where the signals are transmitted in the form of morse telegraphy. Generally, radio telephony consists of FM (frequency modulation), AM (amplitude modulation) or SSB (single side band). FM is mostly used for VHF (very high frequency) communications. AM, because of its inherent disadvantages, has become outdated for hams. SSB is the most popular mode used by hams all over the world. It permits them to have long rag-chews (long radio contacts). In addition to this, we have exotic digital modes like packet radio, SSTV (slow scan TV) and satellite communications.

First, let us look into the the earliest and simplest ways of CW and phone communication systems used by most Indian radio amateurs. In our country, we can see much of the amateur activity on 7000 - 7100 KHz (40 meter ham band) and 14000 - 14350 KHz (20 meter ham band). To get acquainted with this hobby, and to sharpen your skills in the communication procedures, you should make it a point to listen to the QSOs (radio contacts between hams) regularly.

The key to the success of an air operation is the possession of a good receiver. A good receiver is mated with a good pair of ears is an unbeatable combination. It is also possible to monitor the conversations between radio hams on an ordinary broadcast receiver. It would be advisable to use a broadcast receiver with three or more bands because it permits better tuning on the small spectrum of ham frequencies.

Only some of these receivers can tune on to 14 MHz (20 meter) band but almost all of them can tune on to 7 MHz (40 meter) band where you find most of the hams from the south chatting away.

COMPONENTS
Beat Frequency Oscillator

A simple free running oscillator oscillating at the receiver's IF (intermediate frequency) beats with the incoming signals in either CW or SSB and the resultant audio frequency goes to the AF amplifier.

The BFO works on any DC supply from 6 to 9 Volts. It can be assembled on any small veroboard. As the circuit is small and simple, no separate PCB design is given. A 2X transistor radio type tuning capacitor can be used to change the frequency back and forth. This unit can be housed in a small battery eliminator box. Power can be borrowed from the broadcast receiver.

BFO's use

Keep the unit close to the radio. Connect a 30 cm long wire at the output point of the BFO and leave it. This wire will serve as an antenna. RF signals radiated by this wire are sufficient for the radio to resolve CW and SSB signals.

Now switch on the BFO, keep the 2X tuning capacitor at the center. Switch on the radio and adjust the core of the transformer on the BFO with a trimming device until you hear a hissing sound in the radio. Now tune the radio up and down. If the hissing sound appears on the MW and SW you are on the right track in resolving the SSB signals. In this condition, tune in to any station and you will find that the BFO signal is beating with the incoming signal.


The circuit diagram of a BFO is as follows
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POWER SUPPLY


The transceiver requires 12 volt for most of the circuitry and 120 V for the final. The power supply should be capable of supplying the maximum current required with good stabilization. I used commercially available 40 - 0 - 40 5A transformer. The transformer have 6V, 9V, 12V and 22V windings also. The transformer cost me around Rs: 370. Power supply provides 110 Volt 2.5 Amps or 55 Volt 5 Amps. Three-pin regulator IC is used for regulating 12-volt supply. Good heat sink should be provided for regulator IC.

All diodes in the bridge rectifier are shunted with 0.1 uF 100 V capacitor (C1 to C8) to keep the diode protected from high voltage transients on the AC line as well as reduce inter-carrier hum modulation of RF that may be picked up by the mains. Always use fuse in 120 V supply line. This can avoid hand full of burned IRF. It also protects the power supply itself. My final consumes around 1 A at peak. I used 0.5 A fuse; it won’t go QRT with 1 A peak current. It is better to use a fuse that can just withstand the peak current.
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Microphone Amplifier

Microphone amplifier consists of LM324 and two transistors. LM324 is available in 14 pin DIP. It contains four identical operational amplifiers. Transistors BC548 and BC558 are used as compressor.
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 2-wire shield wire is used for connecting microphone. One wire is used for condenser microphone and the other for PTT switch. Shield serves common ground to both.

IF AMPLIFIER

IF amplifier consists of two-stage collector turned amplifiers using BC548. It provides useful gain for both transmit and receive modes. The coils used are of same type, wound on ordinary IFT core. Primary is 15 turns. Secondary is 4 turns. Any thin copper wire such as 36 SWG can be used. The IF amplifier can be turned by connecting carrier oscillator at input and RF Volt meter at output. Adjust both coils for maximum deflection in RF Volt meter.
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7MHz SSB Transceiver
Circuit Part 1
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VFO

Variable frequency oscillator uses two numbers of BC548. For 40 meter band VFO oscillates form 2.567 MHz to 2.667 MHz which on mixing with 4.43 MHz generates 7.0 MHz to 7.1 MHz. If you have a frequency meter it is easy to calibrate the VFO, otherwise connect a 2J gang condenser in parallel with VFO coil and adjust it to receive ham stations. VFO is fixed inside a small aluminum box.
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FRONT END

BF494 is used in receiver front end. The circuit provides enough gain. I had not used any turned circuit at collector of BF494 to make it compatible for multi band operation. No AGC is provided to keep the things simple. AGC voltage can be taken from pin 12 or pin 6 of MC1496 and applied to base of BF494 through a 100K resistor.
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LINEAR AMPLIFIER

The linear amplifier consists of 2N2222, SL100 and BD139. Heat sink should be provided for SL100 and BD139. All coils are wound on balun core. Some of the DC voltages measured are given below. These voltages are measured with out any input using digital multimeter.

	*DC
	Emitter
	Base
	Collector

	2N2222A
	2.79 V
	4.43 V
	9.54 V

	SL100B
	1.078 V
	1.69 V
	12.05 V

	BD139
	7.5 mV
	0.67 V
	12.01 V


Some of the RF voltages measured are given below. For measuring RF voltages, I had connected a crystal oscillator to input of the linear. These voltages are measured using digital multimeter and RF probe.

	*RF
	Emitter
	Base
	Collector

	2N2222A
	0.44 V
	2.3 V
	0.82 V

	SL100B
	0.76 V
	0.78 V
	4.87 V

	BD139
	0.55 V
	1.3 V
	23.0 V
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WINDING COILS

Most of the coils used are wound on balun core. They can work up to VHF range, normally used in TV boosters. A single balun core can handle up to 10 Watts. Band pass coils and coils used in IF amplifiers are wound on IFT former. Wind both primary and secondary in the same direction. If the start end of the primary is cold end, the start end of the secondary should also be a cold end.
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CARRIER OSCILLATOR

Carrier oscillator is a crystal controlled oscillator using two numbers of BC548. The circuit does not use any coils or turned circuits. First BC548 is used as oscillator second BC548 is used as buffer. The carrier oscillator frequency is offset by 1.5 KHz above ladder filter (IF) frequency. The carrier oscillator frequency can be varied slightly by adjusting the trimmer in series with the crystal. The metallic enclosure of the crystal should be grounded for increased frequency stability.
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MC1496
Double Balanced Modulator
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A mixer is a nonlinear element that combines two signals. A mixer has three ports: F1 receives low level signal; F2 is high level signal (local oscillator) and F3 is the resultant mixer product.

The output of the mixer contains number of different frequencies that obey the relationship [image: image19.png]


  Where m and n are integers 0, 1, 2, 3,...

There are three types of mixers: single-ended, single balanced and double balanced. Double Balanced Mixer (DBM) suppresses F1 and F2 components of the output signal leaving only the sum and difference frequencies. Double Balanced Mixer provides superior suppression of the local oscillator and RF signals in the output leaving only the sum and difference frequencies. This is known as port to port isolation

MC1496 is an active double balanced mixer made from bipolar silicon transistors formed into Gilbert transconductance cell. The internal circuitry of MC1496 DBM is given below.
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MC1496 is available in 14-pin DIP package. Brief descriptions of various pins are given below.
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Pin 1 and pin 4 are balanced low-level inputs. Pin 8 and pin 10 are balanced high-level inputs. Pin 6 and pin 12 are outputs. Pin 5 is bias usually connected to Vcc through a resistor (normally 10k). Pin 2 and pin 3 determines gain of the mixer. The gain will be maximum when pin 2 and pin 3 are shorted. Gain can be adjusted by connecting some resistance between pin 2 and pin 3. Pin 7, pin 9, pin 11 and pin 13 are not used.

DC Voltage measured at various pins of MC1496 given below. There may be slight variation in these voltages due to accuracy of measuring equipment or components used.

	PIN
	VOLTAGE
	PIN
	VOLTAGE

	1
	3.58V
	8
	6.51V

	2
	2.96V
	9
	NC

	3
	2.91V
	10
	6.51V

	4
	3.58V
	11
	NC

	5
	1.25V
	12
	11.8V

	6
	11.81V
	13
	NC

	7
	NC
	14
	0V [GND]
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POWER AMPLIFIER

In my prototype I used IRF840 in the final. Most of the power FET are designed for high voltage operation. At lower operating voltages they saturates quickly limiting the output power. I had given 120 V for IRF840 it takes 1 Amp at peak. Gate voltage is fixed at 1V. Heavy head sink is essential for IRF. My heat sink measures 30 cm * 6.5 cm. Use mica insulator and heat sink compound for fixing IRF.
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You can directly replace IRF840 with many of the power FET like IRF830, IRF530, IRF540 etc... When using a different IRF, supply voltage should be changed to less than half the maximum drain voltage (Vds). A zener diode rated slightly higher than the twice the supply voltage connected across drain and source can prevent drain source breakdown. Peak to peak gate voltage of magnitude more than 20 Volts can destroy the FET instantaneously. Two numbers of 15 Volt zener diodes are used to keep gate voltage swing below 20 Volts. Specifications for some of IRF series are given below. 

	FET
	POWER
	VOLT
	CURRENT

	IRF 530
	75 W
	100 V
	14 Amps

	IRF 540
	125 W
	100 V
	27 Amps

	IRF 830
	75W
	500 V
	4.5 Amps

	IRF 840
	125 W
	500 V
	8 Amps
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VHF, UHF and microwave operation

The Amateur radio high bands are the VHF, UHF and microwave frequencies above 30 MHz. These bands typically allow radio amateurs to communicate locally. While many radio amateurs use modest equipment on VHF or UHF frequencies primarily for local communications, other amateurs use more sophisticated systems to communicate over as wide a distance as possible.

One technique some amateur radio operators use to communicate over long distances is to use the surface of the moon as a passive reflector. Earth-Moon-Earth operation, or EME, allows communications between any two places on the earth which can see the moon at the same time.

Band plans and frequency allocations

Through ITU agreement, frequencies have been set aside for amateur radio. Using allocated frequencies as a basis of planning, national telecommunication agencies decide which of the international allocations can be used within their borders. National amateur radio societies often have band plans to further divide those allocations, often by use.

However, there is at least one case of amateur radio operators being allowed by a national telecommunication agency to use frequencies outside of the internationally allocated amateur radio bands. In Trinidad and Tobago, hams are allowed to use a repeater which is located on 148.80 MHz. This repeater is used and maintained by the National Emergency Management Agency (NEMA), but may be used by radio amateurs in times of emergency or during normal times to test their capability and conduct emergency drills. This repeater can also be used by non-ham NEMA staff and REACT members. Casual conversation and rag chewing is discouraged, but local hams are encouraged to test their capability on the repeater regularly. NEMA also maintains a repeater within the two meter band on 147.80 MHz. However, REACT members are not allowed to use this repeater.

Governance and amateur radio societies

The International Telecommunication Union (ITU) governs the allocation of communications frequencies world-wide, with participation by each nation by representation from their communications regulation authority. National communications regulators have some liberty to restrict access to these frequencies or to award additional allocations as long as radio services in other countries do not suffer interference.

In some countries, specific emission types are restricted to certain parts of the radio spectrum, and in most other countries, International Amateur Radio Union (IARU) member societies adopt voluntary plans to concentrate modes of transmission in specific frequency allocations within IARU guidelines to ensure the most effective use of available spectrum.

Many countries have their own national (non-government) amateur radio society that coordinates with the communications regulation authority for the benefit of all Amateurs. The oldest of these societies is the Wireless Institute of Australia, formed in 1910; other notable societies are the Radio Society of Great Britain, the American Radio Relay League, Young Ladies Radio League, Radio Amateurs of Canada and South African Radio League.

APPLICATIONS

In space

There are a number of satellites available for amateur use. Hams are also often able to make contact with the ISS. "More people have operated from the ISS than from (insert Expedition location here)" is a not infrequent remark to express the rarity of certain terrestrial locations. Amateur radio gear operating at more than 200 kilometers are called Oscars or Orbiting Satellite Carrying Amateur Radio. To date over 70 such satellites have been launched and more are scheduled to launch in the near future.

One of the newer OSCAR satellites—AO-51 (previously known as AMSAT Echo)—is one of the most accessible amateur radio satellites to date. When configured for high-power mode, it can be operated with as little as a handy-talkie (HT) with a stock "rubber duck" antenna.

Amateur radio in popular culture

Amateur radio can be found throughout popular culture as a plot device. An example from Hollywood is the 2000 film Frequency. In this romantic sci-fi, the two main characters, a father and son (played by Dennis Quaid and Jim Caviezel respectively), communicate via the same amateur radio, one of them living in 1969 and the other in 1999. This communication is, of course, impossible, but was used as a plot device. A wealth of additional information may be found at the main article link shown above.

Another example would be the "Radio Ham" episode of 1960s British comedy series "Hancock's Half Hour".

There are also famous Amateur radio operators such as King Juan Carlos I of Spain, Walter Cronkite, Gen. Curtis LeMay, Joe Walsh, the late Barry Goldwater, Chet Atkins and King Hussein of Jordan as well as many astronauts and cosmonauts

Disaster Management
· Thus HAM was extremely useful to avert the major disaster. In times of crisis and natural disasters, ham radio is often used as a means of emergency communication when wireline and other conventional means of communications fail. 

· The recent blasts in Mumbai hampered the communications. When the near and the dear ones of the relatives phoned through the cell network and the baseband system crashed. As a result many people who had the HAM licenses then contacted them. 

· Recent examples include the September 11, 2001 attacks on the World Trade Center in Manhattan, the 2003 North America blackout and Hurricane Katrina in September, 2005, where amateur radio was used to coordinate disaster relief activities when other systems failed. 

CONCLUSION

In our above article we have presented the detailed block diagram of the HAM and also explained the various components along with their circuit diagrams. The various applications, uses, and advantages of HAM have also been illustrated. To obtain and purchase a HAM we have to write an exam and get the license from the ministry of communications.
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