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Antennas and Electromagnetic Waves! Level 1
Name:







Hour:

Date:

As you’ve probably noticed around you there are many objects that have antennas.  Cars have antennas for their radios, older cell phones, wireless routers, and many other objects have antennas.  Antennas are important devices for transmitting and receiving information.  This information travels from a transmitter to a receiver in the form of an electromagnetic wave.  
Part I:  Device and carrier frequency
Goal:  To determine the relationship between the length of an antenna and carrier frequency at which the device operates.
[image: image5.wmf]cf

l

=




Device






      Carrier Frequency 
CB Radio (Citizen Band Radio for the Truckers)



              27MHz
  
Cell Phone (Older models)






   880MHz 
Portable radio (FM radio)




                  88MHz to 108MHz 









1.  The table above shows different devices that have antennas and the carrier frequencies they use.  What is the relationship between the length of the antenna and the carrier frequencies they use?
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Information: Now that we know that there’s a relationship between antennas and the waves they receive, lets look at the waves themselves.  We know that all electromagnetic waves travel at the speed of light, c, in a vacuum.  This value is approximately c = 3 x 108 m/s.  We also know that for all waves, their wavelength and frequency are inversely proportional.  This means that as one value increases, the other value will decrease.  If we take frequency and multiply it by the wavelength we find that it is equal to the speed of light.   
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c = speed of light in m/s
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= wavelength in m
f = frequency in Hz.

Many times we put frequencies in megahertz.  1 megahertz (1 MHz) = 1,000,000 Hz
Example:  549 MHz = 549,000,000 Hz
2. How many Hz are in 4 MHz?

3. How many Hz are in 880 MHz?

Part II:  Calculations
[image: image8.wmf]Goal:  To find the wavelengths of the portion of the electromagnetic spectrum that radios and cell phones utilize.

4. Solve the equation on the previous page for wavelength.
λ =

5. An FM radio (like the kind in vehicles) can pick up frequencies in the range of 88 MHz to 108 MHz.  
a. What is the average frequency between 88 MHz and 108 MHz? 
b. Put your answer from part 1a. in Hz.  (see question 2 and 3)

c. Now find the wavelength of the average wave using the equation 
[image: image2.wmf]c

f

l

=

 .  
6. [image: image9.png]


Old cell phones use frequencies that average 880MHz while newer phones use frequencies that average 1900MHz.  
a. Put the two frequencies in Hz instead of MHz. (see question 2 and 3)

b. Find the wavelength for each of the waves using 
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7.  A CB radio has picks up a frequency of around 27MHz.  
a. How many Hz are in 27 MHz? (see question 2 and 3)

b. Find the wavelength of a wave with this frequency using 
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Part III:  Activity
Goal:  Determine the relationship between the length of a device’s antenna and the calculated carrier wave’s wavelength from Part II.
Assuming that antenna lengths are used to pick up specific wavelengths associated with that device, measure the antennas and graph the results to find a relationship.

Data:  

FM radio antenna measurements:

FM signal wavelength calculations: (from 5c)
________________ meters


__________________ meters

Cell phone antenna measurements:

Cell phone (880 MHz) signal wavelength calculations:
(from 6b)
________________ meters


___________________ meters

CB radio antenna measurements:

CB radio signal wavelength calculations: (from 7b)

________________ meters


___________________  meters

Graphing:  To visualize the pattern, let’s make a graph of the information.  On the graph below, make a plot of antenna length (x axis) versus the wavelength (y axis) detected.











Extensions:
1. Imagine a world where our devices could not produce frequencies as high as 880 MHz, but instead only 30 MHz.  What would the wavelength of the carrier wave be at 30 MHz?  Based on the graph you created in Part III determine how large the cellular phone antenna would need to be.  How would this affect your everyday life?  



2. Newer cell phones use 1900 MHz instead of the original 880 MHz.  What are some advantages of operating at this higher frequency? (refer to question 6 in Part II)

3. How would our lives be affected if we used ultraviolet rays for communications instead of radio?
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