Communications

Grades 5-8


Desert Rats – Communications

Radio waves, TV, microwaves, visible light, X-rays—these are all part of the ELECTROMAGNETIC SPECTRUM:
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All these seemingly different “waves” are really all the same thing:   electric and magnetic fields that move together.  And they all move at the same speed—a speed we call the Speed of Light (300,000 km per second, or 186,000 miles per second).  So whether you send a radio signal down the street or shine a flashlight in the same direction, both signals will take the same amount of time to reach the end of the block.

What, then, makes them different?

In the picture shown above you see a squiggly line that represents waves.  The waves get narrower to our right.  The closer together the waves are, the more energy they have, even though they move at the same rate.  Radio waves are very weak.  X-rays are very energetic.

The distance between the two adjacent wave peaks is called the “wavelength.”  For radio waves the distance can vary from several meters to several kilometers between wave crests.  Blue light, on the other hand, has less than one millionth of a meter (17 millionths of an inch) between wave peaks.

All these types of electromagnetic waves can carry information for us—without our having to move!  Radio, TV, and microwaves are the most convenient to use for this purpose.  Since they all move at the same speed it comes down to a choice of how much information we want to transfer.  The farther we move to the right in the diagram above, the more information we can cram into the signal.

Another important aspect of the signals is that they travel in straight lines.

Desert Rats uses microwaves to send us information, not far from the microwaves used for satellite TV.  The “wavelength” they use has about 2.5 cm or 1 inch between wave crests. (Compare this with your microwave oven, which uses waves that have about 12.5 cm or 5 inches between wave peaks.)
Let’s do some calculations using this information.

1. Flagstaff, Arizona, is about 3200 km (2000 miles) from Cleveland, Ohio.  Desert Rats can’t send a signal straight to us.  Why not?

2. Can you think of two ways to get the signal to reach Cleveland?
Usually the satellites used are called “geosynchronous” satellites from “geo” for Earth and “synchronous” meaning “same time.”  These are satellites placed in an orbit far above the Earth’s surface—at about 36,000 km (22,300 miles).  At that distance the satellites rotate at the same rate as the Earth:  once in 24 hours.  That means they are “stationary” satellites:  they always stay above the same point on Earth.
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3. The Earth has a radius of 6,380 kilometers (4,000 miles).  What is its circumference in kilometers?

4. The Earth takes about 24 hours to rotate once.  Knowing the circumference from Problem 3, find out how fast a person on the Earth’s equator is moving.

5. Find that speed in miles per hour (1 mile for every 1.609 km).

6. A geosynchronous satellite is 36,000 km above the Earth’s surface.
a. What’s the distance from the satellite to the center of the Earth?

b. Can you determine the circumference of the geosynchronous satellite in km?

c. It takes 24 hours to make a round trip.  What is the speed (in km/hr) of the satellite?
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The microwave signal from Desert Rats travels at the speed of light:  300,000 km every second.  If the satellite is 36,000 km high, how long will it take the signal to reach Cleveland from Arizona?
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Communication to Mars takes considerably longer.  Right now Mars is on the opposite side of the Sun from Earth.  On September 25, 2004, Mars will be about 394 million km (245 million miles) away.

a. If we send a signal (a radio wave) to Mars on that date, what’s the quickest time we could expect a reply?

b. How many minutes is this?
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