Communications

Grades 9-12


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 3 x 108 m/s).  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 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—which is what makes them more dangerous.

The distance between the two adjacent wave peaks is called the “wavelength.”
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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.  [image: image1.png](o) () () () (o) () ()
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The closer the waves are jammed together, the more of them will pass by in one second (since they all move at the same speed).  This is referred to as the wave “frequency.”  AM radio frequencies go from about 88,000 to 108,000.  We identify these numbers as “cycles per second.”  Why?  As each new wave crest moves forward to where the previous crest was, one cycle is completed.  In 1933 these units were renamed “Hertz” (short form: Hz) after Heinrich Hertz, the German scientist who worked with electromagnetic waves.  A radio lists these numbers as 88 kHz (kilohertz) or 108 kHz.

By inverting frequency (1 ÷ 88,000 Hz, for example) we end up with units of “seconds per cycle.”  This is the time it takes for one cycle to complete and is called the Period.
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So we have a distance traveled = the wavelength; and a time to cover that distance = the Period.
All 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.  These waves are in the 12 GHz range (GHz = Gigahertz = 109 Hz, or a billion hertz).  The “wavelength” corresponds to 2.5 cm, or about 1 inch, between wave crests.  Your microwave oven has waves with 12.5 cm 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?
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3. The Earth’s circumference is about 40,000 km.  Since the circumference of a circle is also 360 degrees, how many degrees are there from Flagstaff to Cleveland? (The kilometer distance between the cities is given in Problem 1.)
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If we sent a signal from Flagstaff to Cleveland by firing it along a tangent to the Earth’s circumference, how far above Cleveland will the signal pass? (The radius of the Earth is 6,380 km.)
(In real radio technology there is something called ‘bounce’: radio signals can sometimes bounce off cloud cover and other objects, thereby extending the range artificially.  This is an exception that depends on weather conditions).

5. When we talk about waves, distance (wavelength) and time (period) are involved.  Can you write an equation for velocity?

6. Can you write this equation using frequency instead of period?

7. Calculate the velocity of a 100,000 hertz signal whose wavelength is 3 km.

8. Since the speed of light is the same for all electromagnetic waves (300,000 km per second, or 3 x 108 meters per second) we can calculate the wavelength by knowing the frequency, using your equation from Problem 6.

a. Find the wavelength in meters for an electromagnetic wave with a frequency of 102.1 MHz (MegaHertz = million hertz –> This is in the FM band of your radio.).

b. Find the wavelength in meters for red light that  has a frequency of 6.38 x 1014 hertz.

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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9. The Earth takes about 24 hours to rotate once.  Knowing the circumference (see Problem 3), how fast is a person on the Earth’s equator rotating?
10. Take a look at the difference in the “circumference” at two locations:
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The axis we rotate around is shown as a vertical line.  At latitude 45 you can see that the circle described by our rotation is smaller than that at the equator.  Yet it still takes 24 hours to go this smaller distance.  Are we moving slower or faster than at the Equator?
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Find this new circumference.  Use the diagram shown to the right to help you with the calculation of:
a) The radius.
The circumference.

11. 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 (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?










� EMBED MSPhotoEd.3  ���








PAGE  
5

[image: image11.png]


_1153313222.unknown

_1153303812.bin

