RADIO LAB HANDBOOK

STATION LAYOUT
Congratulations!  You now have all the equipment you need to set up your own Amateur Radio station at your school. Now the question is, “Where do I put it?” Of course you have talked this over with your administrators and head custodian long ago, right?  Oh no! Well, before you approach them, you better do your homework so you can answer all their questions. Lets take things one at a time so we know what is needed and what it will take to set up your station.

Location tc "Location "
Where would you like to put your station?  Depending on your classroom configuration and the location of outlets, windows and heating ducts, you may find you do not have too many options. So what are some possibilities?  

Portable—If you are in a classroom with very little space, you might consider a small lockable cabinet with wheels. This allows you to move it around out of the way when not in use. You might also be able to keep it locked in a closet somewhere other than your crowded classroom. The advantage is the added security of having it out of the way, out of sight. This also eliminates the temptation of “button pushers & knob twisters.”  Lets face it, with all those buttons and knobs on the radio, it’s very tempting to “see what happens” when they are pushed or turned.
Classroom—Some teachers prefer to have their radio station located in the classroom, on a shelf or in a cabinet. The station becomes an integral part of the class. In some cases, it might be a center for students to visit during free time or to work at for a specific purpose. Where this center is located depends upon such things as the location of an available electrical outlet and antenna feed line etc. Noise can be a problem with the radio in the classroom, both for receiving and transmitting. How you solve this problem will depend upon how you decide to use Amateur Radio with your students. 

Office—Does your classroom have a separate teachers office?  Are you willing to “give it up” for your Amateur Radio station?  Teacher’s offices make excellent “ham shacks.” The office should have a large glass window to the classroom so no students are “out of sight” during radio operation. This allows radio operation during class time where noise might be a problem. 
Closet—Do you have a large “unused” closet in your classroom?  Closets make great school ham shack also. This 
allows you to have your station set up and operational during class and by closing the closet door at the end of the day, you have a secure storage area for your station. Closets often do not have electrical outlets so it may be necessary to have one installed. It is not recommended to use extension cords for such operation.


Groundingtc "Grounding"
A good ground not only reduces the possibility of electrical shock but also improves the performance of your station. By connecting all of your equipment to ground, you will help to avoid stray RF current in the shack. Stray RF can cause equipment to malfunction. A good ground can also help reduce the possibility of interference with other electronic devices. The wire connecting your station to an earth ground should be as short as possible. If your classroom is located on the second floor or higher of your school, grounding can be a problem. Having a long ground strap can cause RF hot spots to build up and cause interference.

Feed line and Antennastc "Feed line and Antennas"
School administrators and head custodians are reluctant to give permission to drill holes in schools buildings. The location of your antenna and where you bring the feed line into the classroom are major considerations. Many schools are reluctant to have towers located on campus. If you use a tower at your school, it is recommended to have it roof mounted to avoid student access. If your tower is ground mounted have it fenced off in such a way to avoid student access, or use a tower shield to discourage students from climbing. 

Finding a place to bring the coax cable into the classroom can be a challenge. Windows are a good place to start looking. Does your school have cable TV?  How did they run the cable into the building?  Perhaps you could run your coax in with the TV cable. How about the telephone line?  Where does it enter the building?  For safety purposes, never run your coax along a power cable. Check around the windowsills. Is there an external door in your classroom?    

Hams use many different kinds of antennas. There is no one best kind, so you will have to select an antenna type based on the available space, supports, cost and other factors. To start off, lets look at the half-wave dipole antenna.

The Half-Wave Dipole Antennatc "The Half-Wave Dipole Antenna"
Probably the most common amateur antenna is a wire cut to 1/2 at the operating frequency. The feed line attaches across and insulator at the center of the wire. This is the half-wave dipole. We often refer to an antenna like this as a dipole antenna. (di means two, so a dipole has two equal parts). A dipole could be a length other than 1/2  long.

Antenna Locationtc "Antenna Location"
Once you have assembled your dipole, find a good place to put it. Never put your antenna under, or over the top of electrical power lines. If they ever come into contact with your antenna, you could be electrocuted. Avoid running your antenna parallel to power lines that come close to your station. Otherwise you may receive unwanted electrical noise. Sometimes power-line noise can cover up all but the strongest signals your receiver hears. You’ll also want to avoid running your antenna too close to metal objects. These could be rain gutters, metal beams, metal siding, or even electrical wiring in the attic or your house. Metal objects tend to shield your antenna, reducing its capability.

The key to good dipole operation is height. How high?  One wavelength above ground is good, and this ranges from about 35 feet on 10 meters to about 240 feet on 80 meters. Install the antenna as high as possible, to get it clear of buildings and trees. Of course very few people can get their antennas 240 feet in the air, so 40 to 60 feet is a good average height for an 80-meter dipole. Don’t despair if you can’t get your antenna up only 20 feet or so, though. Low antennas can work well. Generally, the higher above ground and surrounding objects you can get your antenna, the greater the success you’ll have. You’ll find this to be true even if you can get only part of your antenna up high.

Normally you will support the dipole at both ends. The supports can be trees, buildings, poles or anything else high enough. Sometimes, however, there is just no way you can put your dipole high in the air at both ends. If you’re faced with this problem, you have two reasonably good alternatives. You can support your dipole in the middle or at one end.


You can support the antenna in the middle, with both ends drooping toward the ground or with one end higher than the other in a sloping configuration. If you don’t have the room to install a dipole in the standard form, don’t be afraid to experiment a little. You can get away with bending the ends to fit your property, or even making a horizontal V-shaped antenna. Many hams have enjoyed countless hours of successful operating with antennas bent in a variety of shapes and angles.

Tuning The Antennatc "Tuning The Antenna"
When you build an antenna, you cut it to the length given by the equation. This length is just a first approximation. Nearby trees, buildings or large metal objects and height above ground all affect the antenna resonant frequency. An SWR meter can help you determine if you should shorten or lengthen the antenna. The correct length provides the best impedance match for your transmitter.

The first step is to measure the SWR at the bottom, middle and top of the band. On 80 meters, for example, you would check the SWR at 3.626, 3.700 and 3.749 MHz. For operation in the phone portion of the band (usually called 75 meters) you should check at 3.851 MHz and 3.999 MHz. You could be lucky—no further antenna adjustments may be necessary, depending on your transmitter. 

Many tube-type transmitters include an output-tuning network. They will usually operate fine with an SWR of 3:1 or less. Most solid-state transmitters (using all transistors and integrated circuits) do not include such an output-tuning network. These no-tune radios begin to shut down—the power output drops off—with an SWR much higher than 1.5:1. In any event, most hams like to prune their antennas for the lowest SWR they can get at the center of the band. With a full-size dipole 30 or 40 feet high, your SWR should be less than 2:1. If you can get the SWR down to 1.5:1, great!  It’s not worth the time and effort to do any better than that. 

If the SWR is lower at the low-frequency end of the band, your antenna is probably too long. Making the antenna shorter will increase the resonant frequency. Disconnect the transmitter and try shortening your antenna at each end. The amount to trim off depends on two things. First is which band the antenna is operating on, and, second, how much you want to change the resonant frequency. Let’s say the antenna is cut for the 80-meter band. You’ll probably need to cut 8 or 10 inches off each end to move the resonant frequency 50 kHz. You may have to trim only an inch or less for small frequency changes on the 10-meter band. Measure the SWR again (remember to recheck the calibration). If the SWR went down, keep shortening the antenna until the SWR at the center of the band is less than 2:1

If the SWR is lower at the high-frequency end of the band, your antenna was probably too short to begin with. If so, you must add more wire until the SWR is acceptable. Making the antenna longer will decrease the resonant frequency. Before you solder more wire on the antenna ends, try attaching a 
12-inch wire on each end. Use alligator clips to attach a length of wire. You don’t need to move the insulators yet. Clip a wire on each end and again measure the SWR. Chances are the antenna will now be too long. You will need to shorten it a little at a time until the SWR is below 2:1.

Once you know how much wire you need to add, cut two pieces and solder them to the ends of the antenna. When you add wire, be sure to make a sound mechanical connection before soldering. Remember that these joints must bear the weight of the antenna and feed line. After you solder the wire, reinstall the insulators at the antenna ends, past the solder connections.

If the SWR is very high, you may have a problem that can’t be cured by simple tuning. A very high SWR may mean that your feed line is open or shorted. Perhaps a connection isn’t making good electrical contact. It could also be that your antenna is touching metal. A metal mast, the rain gutter on your house or some other conductor would add considerable length to the antenna. If the SWR is very high, check all connections and feed lines, and be sure the antenna clears surrounding objects. 

Now you have enough information to construct, install and adjust your dipole antenna. You’ll need a separate dipole antenna for each band you expect to operate on. Sometimes a 40-meter dipole will also work on 15 meters, though. Check the SWR on 15 meters—you may have a two-for-one dipole!

The Quarter-Wave Vertical Antennatc "The Quarter-Wave Vertical 
Antenna"
The quarter-wavelength vertical antenna is simple and popular. It requires only one support and can be very effective. On the HF bands (80 to 10 meters) it is often used for DX work. Vertical antennas send radio energy equally well in all compass directions. This is why we sometimes call them nondirectional antennas or omnidirectional antennas. They also tend to concentrate the signals toward the horizon. Vertical antennas do not generally radiate strong signals straight up, like horizontal dipoles do. Because they concentrate the signals toward the horizon, we say they have gain as compared to a dipole. Gain always refers to a comparison with another antenna. A dipole is one common comparison 
antenna for starting antenna gain.

As with 1/2- dipoles, the resonant frequency of a  1/4- vertical decreases as the length increases. Shorter antennas have higher resonant frequencies. 

The 1/4- vertical also have radials. For operation of 80 through 10 meters, the vertical may be at ground level, and the radials placed on the ground. The key to successful operation with a ground-mounted vertical antenna is a good radial system. The best radial system uses many ground 
radials. Lay them out like the spokes of a wheel, with vertical at the center. Some hams have buried ground radial systems containing over 100 individual wires.

Ideally, these wires would be 1/4- long or more at the lowest operating frequency. With such a system, earth or ground losses will be negligible. When the antenna is mounted at ground level, radial length is not very critical, however. Studies show that with fewer radials you can use shorter lengths, but with a corresponding loss in antenna efficiency. Some of your transmitter power does no more than warm the earth beneath your antenna. With 24 radials, there is no point in making them longer than about 1/8-. With 16 radials, a length greater than 0.1- is unwarranted. Four radials should be considered an absolute minimum. Don’t put the radials more than about an inch below the ground surface. 

Compared with 120 radials of 0.4-, antenna efficiency with 24 radials is roughly 63%. For 16 radials, the efficiency is roughly 50%. So it pays to put in as many radials as you can.

If you place the vertical above ground, you reduce earth losses drastically. Here, the wires should be cut to 1/4- for the band you plan to use. Above ground, you need only a few radials—two to five. If you install a multiband vertical antenna above ground, use separate ground radials for each band you plan to use. These lengths are more critical than for a ground-mounted vertical. For elevated verticals, you should have a minimum of two radials for each band. You can mount a vertical on a pipe driven into the ground, on the chimney or on a tower.

The radials at the bottom of a vertical antenna mounted above ground form a surface that acts like a ground under the antenna. These antennas are sometimes called ground-plane antenna.
Once a vertical antenna is several feet above ground, there is little advantage in more height. (This assumes your antenna is above nearby obstructions.) For sky-wave signals, a height of 15 feet from the base is almost as good as 50. This isn’t the case for a horizontal antenna, where height is important for working DX. Only if you can get the vertical up 2 or 3 wavelengths does the low-angle radiation begin to improve. Even then the improvement is only slight.

Electrical Requirements tc "Electrical Requirements "
You will need a three wire 120-V grounded electrical system to operate your radio station. If you have a linier amplifier, or are planning on using one, it would be a good idea to have a separate 220-V circuit installed. When your school was built the contractor was required to install all the wiring to national and local building codes, which should address this issue. However, unless your school is relatively new (20 years or less) it would be a good idea to check with your administration and head custodian to make sure your electrical system is up to code. How many circuits you will need will depend upon the amount of current required to operate each piece of equipment. How do you find that out?  First look on the piece of equipment itself. Look for a tag (usually on the back) that lists the electrical specifications. Second, look at the literature provided with the equipment. It will usually list the current the equipment draws. Remember, you are looking for the amount of current (amperes) the equipment draws. Now, add up the total current each piece of equipment draws. That will give you an idea of the current rating of the circuit you will need. The rule of thumb for circuits is:  you should not draw more than 80% of the total circuit capabilities. Example:  If the circuit has a 20-amp breaker, you do not want to exceed 16 amps. If the equipment draws more than 80%, then you need to add an additional circuit. 

If it becomes necessary to update your electrical system, it is important that only a qualified electrician should make the changes. You might consider installing a multi-plug power strip. if you are making a permanent installation for your station. As an added safety feature, include a circuit breaker and “kill switch” on the power strip that will allow you to turn the power off to the entire station by turning off one main switch. 

Photovoltaic Power Systemtc "Photovoltaic Power System"
An alternative way to power your Amateur Radio station is to use a photovoltaic system. It is a great way to teach energy conservation. Schools are often used as emergency centers for natural disasters. Having a photovoltaic powered Amateur Radio station at the school gives added benefit to the community as well as the school. 

Setting up a photovoltaic system does not have to be a monumental scientific undertaking. All you need is a photovoltaic panel (or possibly two), a regulator and a marine battery. Depending on the amount of operating, one panel should be adequate to power the station. If, however, you intend to use the station for emergency operation, it would be better to use two panels. 

Install the panels high enough to keep them out of reach of students; on the roof of the school if possible. Use #14 stranded wire to connect the panels to the regulator. Connect the regulator to the battery and you have your power source. To add monitoring capabilities, add a dc voltmeter in parallel with the wiring and a dc amp meter in series. This will allow you and your students to monitor the amount of voltage and current the system is using. It will also show you when the battery is being charged. You will need to monitor the condition of the battery by taking hydrometer readings every few days (this can be turned into a good practical project based lesson for your students).

Wind Power Systemtc "Wind Power System"
A wind power system also can work well for emergency power and has the same advantages as the photovoltaic system. The main difference is that the wind power has the advantage of charging batteries at night, as long as the wind is blowing. The disadvantage is that wind systems require more maintenance. This would also be a great project based educational tool for a science or technology classroom. 

Whatever you decide to use for powering your schools Amateur Radio station make sure it is maintained and is a safe system for your students. There are many ways to incorporate this into part of your lessons, so experiment with ways to make even the powering of your station interesting for your students.

Accessoriestc "Accessories"
SWR Meter—The Standing Wave Ratio Meter is a very handy piece of equipment to have in your shack. Most new transceivers include an SWR meter on the front panel so it’s not necessary to have an external meter. In its simplest form, the SWR meter tells you how efficiently your antenna is radiating a signal. The perfect SWR ratio is a ratio of 1:1. This means all the energy sent to the antenna at a particular frequency is being radiated. In reality, this is very difficult to accomplish. So what is considered acceptable?  For a transceiver with a solid-state final amplifier, an SWR of 1.5:1 or less is considered acceptable. Should your transceiver have tube finals, an SWR of can be somewhat higher, up to 3.0:1, and still get a signal out. 

So, the relationship between the length of the antenna and the frequency being transmitted is what is indicated on the SWR meter. Important information and every station should have an SWR meter, whether on the front of the transceiver or along side.

Antenna Tuner—So what if your SWR is 3.0:1, what do you do about it?  You need to “tune” your antenna. To accomplish this you can go out and cut, trim, add to or lengthen the elements of your antenna to give you the SWR you are looking for. Or you can make the radio think it sees a perfect match. That’s what an Antenna Tuner does. It balances the reactive forces the radio “sees” at the antenna to give the impression there is a perfectly tuned antenna. There is some loss associated with using the antenna tuner but in most cases it is considered acceptable. Although an antenna tuner is a handy piece of equipment, it is not necessary for radio operation. 

Power Meter—Virtually all new transceivers contain a power meter. The power meter tells you how much power (measured in watts) your radio is putting out. 

Antenna switch—If you operate on more than one band, you will need to have an antenna for each band. Multiband antennas are commonly used for the higher HF bands. If, however, you use more than one antenna, you will need an antenna switch. This device allows you to connect many different antennas to one common connection  and switch between them. 

Conclusiontc "Conclusion"
The information presented in this section is intended to help you begin assembling your Amateur Radio station. It won’t answer every question you may have, however. A local 
ham or radio club can prove very helpful. In addition, the many books in your technical library (provided by the Amateur Radio Education & Technology Program) should be of assistance.

Perhaps the most important piece of advice we can leave you with is to experiment, and have fun.

