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      Sputnik launched in 1957. Earth's first artificial satellite was a milestone for humanity, and it orbited the Earth for three entire weeks before its batteries died, and it burned up as it fell back to Earth. Modern satellites have improved a bit since then in longevity, power, and price. Rather than requiring a "space race" and the resources of nations, satellites and other payloads are launched on a regular basis, many of which are communications related.

      Still, for most people, the workings of satellites are a little mysterious, and they're often the source of unfounded paranoia. What do they do up there? Are they watching us? Can they fall on my house? Even today, these kinds of questions are still too common, as the masses direct suspicion at the mysterious government agencies and powerful corporations who control most of the satellites.

      Many of us can remember, "back in the day," that many news broadcasts had the subtitle "Live via satellite" below the foreign correspondents. This was somewhat after "Now in COLOR" stopped being a thing. There was a time when satellite TV was a novelty that required a six- or eight-foot dish and cost so much that only the TV stations could afford to have them. Now, small "Dish TV" antennas are literally everywhere, and in many cases are cheaper to use than running a cable.

      Nearly everyone has used GPS in some fashion or watched satellite TV. Yet satellite technology still feels like a new and complicated thing, literally out of reach for most people. And using a satellite directly? Other than NASA experts and “rocket scientists,” who does that?

      Amateur radio enthusiasts do it, that's who!

      OSCAR 1, the first amateur satellite, was launched way back in 1961, just four years after Sputnik. Now, there are numerous radio-equipped satellites in orbit that cater specifically to hams. They're free to use, and the equipment required is easy to obtain and set up. The historically difficult part of the operation is knowing where the satellites are (where to point the antenna), and that's easily solved today with a simple web search or a smartphone app.

      There are varying levels of difficulty in working with satellites. Some are easy contacts, others are harder to hit. Sometimes you can reach a destination thousands of miles away, sometimes you can talk to an astronaut on the ISS. There are as many goals and projects in the satellite segment of the hobby as there are with any other "Ham subculture."

      Let's see how this all works.
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      The purpose here is much the same as any other facet of amateur radio: to get more from technology, to communicate with other amateurs, and because it's a fun challenge. There are sometimes situations where there is no HF radio available, or conditions are unsuitable for HF use, and long-distance calls are desired. With a satellite setup, you can use a simple and inexpensive handheld radio to talk to very distant stations.

      The basic idea of what we're going to do is this: Use a radio and a directional antenna to receive and transmit signals to and from orbital satellites. There’s a ton of science and history behind all this, but we’re going to focus specifically on the what-you-need-to-know details of how to do this. Learning the history and science of satellites is for your own research.

      These satellites, in turn, do different things. Some simply transmit beacons. Others contain transponders and digipeaters that will relay your communications to other amateurs on the ground. The most common activity is using a satellite as transponder: Your signal goes into space, hits the satellite, then gets retransmitted down to someone else on the ground, just like a repeater in space. The most popular ham satellites are “cubesats” or small 10-centimeter cubes that are essentially repeaters in space.

      That said, it's not all about just talking to other people on the ground. You can also use the same technology to talk to astronauts aboard the International Space Station, and even download SSTV images from the space station as well. No matter where your radio interests lie, there are a large number of options available in the satellite portion of the hobby that may appeal to you.
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      Talking to or through a satellite sounds like it ought to be a really expensive thing to do, but it's really a lot simpler than you might think at first. Only a few things are required, and many of those can be built or improvised.

      Radio

      It might seem obvious that you're going to need a radio, but there are some specific things to be aware of.

      Most satellites use two different frequencies. It's very common for a satellite to transmit on the 2m band and receive on the 70cm band (or vice versa), so you will definitely need either a dual-band radio or two single-band radios. Satellite communications are very low-power, so handheld (HT) radios are perfectly adequate to the job. Moreover, they are a lot more portable than a mobile radio. Still, if a mobile is what you have, you can use that well enough too. Once you have mastered the FM satellites, you may want to move up the difficulty scale to SSB transmissions through linear transponders, and that in turn necessitates more complex equipment.

      It's not strictly necessary, but it's nice if your radio is "full duplex," meaning it is capable of transmitting and receiving at the same time. Most handheld radios are not full duplex, but that's not a deal breaker. The difference is that with full duplex, you can hear yourself being transmitted through the satellite, so it’s a great way to know everything is actually working; there are a lot of variables, and just being confident that you’re actually hitting the satellite makes your job a lot easier.

      If you aren't planning on talking (just listening), you can use any scanner that allows you to tune into the receive frequency. You'll just set the scanner frequency to whatever the satellite transmits on, plug in the antenna, and aim in the proper direction at the correct time. You don't even need to be a licensed amateur radio operator to just listen. Doing it that way is only half the fun, but it works!

      Antenna

      It's completely possible to talk to a satellite using the rubber duck antenna on your HT radio; people do it all the time. On the other hand, it's not really something you can depend on, and getting through is more of a matter of luck and having the weather conditions be just right than any real skill. You'll do much better with an antenna designed for this.

      Most satellite folks swear by small Yagi antennas, and the two most popular varieties are the Arrow II and Elk antennas. People have been arguing back and forth over which model is better for decades, and there's no clear winner. I have an Arrow II (see the cover of the book— that’s me and my Arrow), and that works great for me, but others swear on their Elk. They're roughly the same price ($150-ish), so although they aren't cheap, this is really the only purchase most hams need to make to get into this area of the hobby.

      One interesting complication with this is that since satellites work on two bands at once as mentioned above, you transmit on 2m and receive on 70cm. And this requires a dual-band radio or two single-band radios. In order to use a dual-band radio, the antenna needs a diplexer to allow one radio to control both bands with a single antenna jack.

      I'm not much of a do-it-yourselfer, but it's not especially difficult to make your own directional antenna. Just Google "ham radio satellite antenna plans" and there are dozens of links to show you how. I recently watched a YouTube video called "$4.00 Ham Radio Satellite Antenna" where he makes one from a stick and some wire coat hangers. I’ve seen more than one article online about making one from an old tape measure. There's a link in the "Links and Further Reading" section towards the end of the book. I'm sure it's not going to be as efficient as a purchased antenna, but it looks like a fun project.

      Other Items

      The radio and antenna are the only absolutely required items to do this, but a few other things will make your life easier and make satellite work a lot more comfortable and fun.

      
        	A Watch or accurate timer. To be super-accurate, use a phone that can check time online. One iPhone app that I've used for years is Emerald Time. It uses Network Time Protocol to display the current time of day as defined by the international standard atomic clocks. Its accuracy is limited only by network latency and is usually accurate to less than +/-100 milliseconds. You really don't need anything close to that kind of accuracy for this kind of work, but... why not have it?

        	A Flashlight. You can obviously do satellite work during the day, but it’s a lot of fun to go out at night and try to visually spot satellites. Be prepared for darkness. Note: You can’t actually see any of the ham radio satellites as they are too small, but there are hundreds of others that you can spot.

        	A Compass. You can "get by" with just knowing which way is North, but since most listings will give you very specific compass directions, it's good to know exactly where to face. You can buy an inexpensive "Boy Scout"-style compass easily enough, but don't forget many smartphones have a perfectly good compass app on them.

        	Headphones. Many satellite signals are very weak, and depending on where you're working, external noises can be quite high. Even in the so-called "quiet countryside," wind and other natural noises can often be a lot louder than you expect.

        	Handheld microphone. This is more of a convenience than a necessity, but if you're holding the antenna in one hand it's often less of a hassle to use a handheld microphone rather than deal with orienting and finding the transmit button on a handheld radio. If you're using a mobile radio rather than a handheld variety, then this isn't even optional.

        	Recorder. Most people hold the antenna in one hand and the microphone in the other. How are you going to write down callsigns, times, and other notes? You can't write them down, so a simple voice recorder is a really helpful device. Again, a cheap device is fine, and again, a smartphone voice-recorder app could be all you need.

        	Tripod. For improved aiming accuracy and to ease arm strain, a tripod with some form of clamp to hold your antenna is going to make your life easier. This may not be the best way to get started (you can actually learn a lot by flailing your antenna about in the beginning), but once you've made a few contacts, this is something to try. I've even seen some hams make brackets to hold both the antenna and the radio. They have gotten to the point of almost being hands-free.

        	Computer, Tablet, or Phone. In the previous section, I mentioned using smartphone apps for a compass, voice recorder, timer, and so forth, but the most important use is for looking up where the satellite is going to be at a specific time. This can all be done ahead of time at home, and it's probably best to look ahead and find out what time satellite X is going to be in a good position.

      

      Again, if you're in a hurry, or have to get by on a small budget, most of the accessories above can be skipped or built/bought at a later date if you need. If you already have a smartphone, many of the tools can be replaced with the proper apps.
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