Antennas and Electromagnetic Waves!  Level 2

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.

		Device		            			Carrier Frequency 

CB Radio (Citizen Band Radio for the Truckers)				              27MHz	  
	
Cell Phone									   880MHz 

Portable radio							                  88MHz to 108MHz 									
 
  

State the relationship between the length of an antenna and carrier frequency:
 

The larger the antenna, the smaller the frequency.




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;  where c = speed of light in m/s, = wavelength in meters, and f = frequency in hertz.

Part II:  Practice


Goal:  To find the wavelengths of the portion of the electromagnetic spectrum that radios and cell phones utilize using the equation.

1. An FM radio (like the kind in vehicles) can pick up frequencies in the range of 88MHz to 108 MHz.  Using the average frequency, find the average wavelength that the antenna will pick up.  Show your work.

88MHz     300,000,000 m/s / 88,000,000 Hz = 3.41 m
	108MHz   300,000,000 m/s / 108,000,000 Hz = 2.78 m
	98 MHz (average)    300,000,000 m/s / 98,000,000 Hz = 3.06 m

2. Old cell phones use frequencies that average 880MHz while newer phones use frequencies that average 1900MHz.  Find the wavelengths that each phone utilizes.
 
880 MHz     300,000,000 m/s / 880,000,000 Hz = 0.341 m
1900 MHz   300,000,000 m/s / 1,900,000,000 Hz = 0.158 m
3.  A CB radio has picks up a frequency of around 27MHz.  Find the wavelength that the CB radio can pick up.

27 MHz  300,000,000 m/s / 27,000,000 = 11.11 m




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.

Data:  

Car antenna measurements:

Measured car radio antenna should be approximately 76 cm. 
Portable FM radio receivers will have lengths near 76 cm.


Cell phone antenna measurements:

Cellular phone antennas (need older cell phones) have lengths of approximately 9 cm.

CB radio antenna measurements:

CB radio antennas (need older cell phones) have lengths of approximately 3.0 m.



What pattern do you observe between the measured antenna length and the calculated wavelength?  (May be useful to graph or look at a ratio)

Antenna lengths are ¼ the size of the carrier wave’s wavelength.
Observation obtained through graphing or dividing the two values.
























Extensions:

1. Imagine a world where our devices could not produce frequencies as high as 880 MHz, but instead only 30 MHz.  How large would the cellular phone antennas need to be?  How would this affect your everyday life? 

If the students are applying the pattern of antenna lengths being ¼ the size of the carrier wave’s wavelength, the 30 MHz antenna should be 2.5 m.
With a 2.5 m antenna, sleek appearance and speaking in cramped areas would be difficult.

2. Newer cell phones use 1900 MHz instead of the original 880 MHz.  What are some advantages of operating at this higher frequency?

Smaller antennas allow for smaller, sleeker cellular phone designs.

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

U.V. rays are the main source of sun burns and also cannot travel through many solid materials (including glass).  So everyone near communications towers would be tanned and communicating through windows or walls would be impossible.

4. From your pattern in part III and what you remember from studying resonance of sound waves, why is the antenna length different from the electromagnetic wavelength?

Note: This one will be difficult for students to answer on their own, but examining different solutions would be a valuable discussion.  An analogy can be made to standing waves in a hollow tube with one open end and one closed end.

The two keys to solving this application are the ideas of resonance and using the Earth as a radio wave reflector.  To achieve resonance, each electrical pulse needs to meet with the previous pulse while traveling in the same direction.  The path of the pulse is to travel up the antenna, come back down, get reflected off the ground (generates an image of the antenna), and come back up to start again.  Thus, we need an antenna long enough so that the time taken to move through the antenna twice is equal to the period of the wave.  We ideally want an antenna half the wavelength.  Since the ground acts as a mirror for radio waves, we use antennas ¼ the value of the carrier wave’s wavelength.

5. Suppose you’re standing near a friend and you both have cell phones.  If you are connected through the phone, why do you hear the person twice when they speak to you?

Sound is heard through the air by a mechanical wave directly between the two people.  Sound is also transformed into electrical and electromagnetic signals by the cellular phone which travels to the local receiving tower to the other cell phone.  There is a small difference in time between the two transmissions.

6. Some computers and advanced calculators have infrared lights included with their case.  Why are these devices forbidden during exams?

From observation of the Sound Jumper Device, infrared waves can be used for communications without emitting visible light.  This could lead to sharing information during an exam.
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