School of Engineering

Mobile and Wireless Technologies


Tutorial - Wavelength and Frequency 
To become proficient in wireless, there are several equations that must be learnt and used to provide the required answers. The first one we need is given below

 c   =   x f 
where c is the speed of light (metres per second)
 is the wavelength of the wave (metres)
f is the frequency of the wave (Hz)

The value of the speed of light in vacuum is approximately 3x108 metres per second. This is constant and does not change.

Worked Example
Work out the frequency of a radio station where the wavelength is 209 metres.

Firstly, we need to put all units in their correct form. 

c is 3 x 108 metres per second

We now need to rearrange the above equation to make ‘f’ the subject, i.e. ‘f’ must be on one side of the equation and all other terms on the other side.

This can be done by dividing both sides of the equation by 
     c   =    x f 

                 
 This is now simplified to read 

 c   =   f 

  
Now put the values for c and  in and calculate to reveal the answer
3x108=1.435 x 106 Hz
209

So the frequency of the radio station is 1.435 MHz

Basic Frequency and Wavelength Calculations
Now try a few of these calculations yourself.

1. What is the frequency of a radio station if the wavelength is 1242m?

2. What is the frequency of a radiowave if the wavelength is 20cm?

3. What is the frequency of Radio4 if the wavelength is 3.208 metres?

For the next questions, you will need to make wavelength () the subject of the equation. Follow the example above but this time divide both sides by the frequency f
4. What is the wavelength of Invicta radio if its frequency is 102.8 MHz?

5. What is the wavelength of green light if its frequency is 555 THz?

6. What is the wavelength of a microwave if its frequency is 1200 MHz?

7. What is the wavelength of Bluetooth if its frequency is 2.4 GHz?

Trigonometry

To work with radio waves, it is necessary to understand a little trigonometry. You will need to understand the sine and cosine functions. These can be found on any scientific calculator.

They express the ratio between certain sides of a right angled triangle at different values of one of the angles of the triangle.

For our purposes, it is necessary to understand that the values of sines and cosines lie between plus and minus 1.

Note that sine and cosine are abbreviated to sin and cos

Use your calculator to find the value of the following to FOUR decimal places.

1.
sin 45º = ______________

2.
cos 45º = ______________

3.
sin 30º = _______________

4.
cos 30º = ______________

5.
sin 60º = _______________

6.
cos 60º = ______________

7.
sin 90º = _______________

8.
cos 90º = _______________

9.
sin 135º = ______________

10.
cos 135º = ______________

11.
sin 180º = ______________

12.
cos 180º = ______________

13.
sin 270º = ______________

14.
cos 270º = ______________

15.
sin 315º = ______________

16.
cos 315º = ______________

Use Excel to draw graphs of sine and cosine between 0 and 720º 

What do you notice about the shapes of the sine and cosine graphs? What similarities, what differences?
Now use your calculator to work out the answers to the following questions:

1. If a certain angle has a sine of 0.45, what is that angle?

2. If a certain angle has a sine of  -0.45, what is that angle?

3. If a certain angle has a sine of 0.7071, what is that angle?

4. If a certain angle has a cosine of 0.45, what is that angle?

5. If a certain angle has a cosine of  -0.45, what is that angle?

6. If a certain angle has a sine of 1.45, what is that angle?

7. If a certain angle has a cosine of 1.25, what is that angle?

8. If a certain angle has a sine of 0.05, what is that angle?

9. If a certain angle has a cosine of 0.05, what is that angle?

10. If a certain angle has a cosine of 0.5, what is that angle?
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