Excel graphs in physics
This section asks you to apply Excel’s graphical capabilities to study several functions occurring in different parts of physics.

Wave beating, amplitude modulation and frequency modulation 

We will study here the superposition of two waves.  First consider two waves that have the same wavelength and amplitude but are not in phase. 
· Represent these two waves by sin(x) and sin(x+b) where x and b are given in radians. Here b is the phase difference between the two waves.  Construct a two-dimensional table with b along the top and x down the side, and fill in the table with the values of sin(x) + sin(x+b).   Use a range of 0 - 2π for x and 0 - π for b. 
HINT: In the construction of your table think about whether absolute or relative cell references should be used.
· Having constructed the table, plot the function out on a 3-D graph (with x and b versus the function value).  You will need to choose chart type “Surface” from the Chart Wizard. You should get a chart similar to that below.  
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· Pay particular attention to getting the chart axes labelled correctly. Give the graph a properly thought out title and axis titles rather than the default values Excel uses.
What is the maximum value the function attains, and at what point? Qualitatively, how does the function with respect to x vary as b gets larger?

Save this table and graph in “username-Interference”.  
Consider two waves with slightly different wavelengths added together:  
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Tabulate and graph the function when k = 1.05 and k = 1.10.  You will need to extend your graph beyond x = 2π to see the full picture.  
Amplitude modulation (AM) and frequency modulation (FM)

Amplitude modulation (AM) and frequency modulation (FM) are two common means of "carrying" a low-frequency wave (such as a sound wave) on an electromagnetic (radio) wave of much higher frequency. 

In AM transmission, the low-frequency audio signal is used to "modulate the amplitude" of the high-frequency EM wave. In other words, the oscillation amplitude of the high-frequency signal is simply increased or decreased by the low-frequency one, and the overall signal therefore looks like 
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where Ω is the angular frequency of the carrier wave, s(t) is the signal to be transmitted, and a is a constant. In the case that the signal is a simple sine wave with angular frequency ω,
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In FM, the audio signal is used to "modulate the frequency" of the carrier i.e. to increase or decrease the frequency of the carrier wave according to changes in the signal. This is more complicated to treat mathematically, but the result is
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and if we use 
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 as before, we find
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· On a different worksheet (or worksheets) tabulate y for both the AM and FM cases, using a reasonably small step length (say Δt ≤ 0.05π, over a period of at least 2π). Use ω = 1 (fixed signal frequency) and different values of Ω (the carrier frequency) - for example Ω = 3, 5 or 11.  
· Plot both the AM and the FM signals. For the FM case, experiment with different values of a, for example 0.2, 0.1 and 0.01. Be careful that you do not introduce spurious effects due to your step-length, Δt, for example by it being too large and not following a whole cycle.  Think about the relationship needed between Δt and Ω to get meaningful results.  
· How do these curves for AM and FM relate qualitatively to the curve above where we mixed signals of slightly different wavelength?  
· Do the AM signal and FM signal repeat for integer Ω/ω from one (audio) wave to the next?

Save your spreadsheet in “username-Modulation”.  
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