Complex numbers: Adding Two Cosine Waves Together, by Dr Colton
Physics 123 Section 2
Suppose you want to add two cosine waves together, each having the same frequency but a different amplitude and phase. The result will be a cosine wave at the same frequency, but with a third amplitude and a third phase. How can you predict the amplitude and phase of the combined wave? 

Example:  
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(careful, the phases are in radians!)
The complete method:  Write each cosine as the real part of a complex exponential, then combine. Like this:
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Observe: The “3x” was just along for the ride. It played no role in the answer. The amplitude and phase of the answer were completely determined in the step where we added the amplitudes & phases of the original two cosine waves, as vectors.
The simple method: If you have internalized that italicized sentence, you can skip a lot of the work. Just remember that there’s a “Real(  )” and an ei(3x) contained at every step along the way, then don’t worry about actually writing them down.
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[image: image5.png]~ In[f]:= £1[x ] =5Cos[3x+ 1.5]
f2[x ] = 2Cos[3x + 2.5]
Plot[fl[x] + £2[x], {x, 0, 5}]

Out[1]=
5Cos[1.5 + 3 x]

out[2]=
2Cos[2.5 +3x]

out[3=





[image: image6.png]~ In4}= £3[x ] = 6.3092Cos[3x + 1.7700]
Plot[£3[x], {x, 0, 5}]

Qut[4]=
6.3092Cos[1.77 +3x]

Out[5]=





Add like vectors!


x-coord: 5cos(1.5) + 2cos(2.5) = –1.2486…


y-coord: 5sin(1.5) + 2sin(2.5) = 6.1844… 





Together, the sum is –1.2486 + 6.1844i





Convert to polar coordinates, 





The answer!





(Note: Real(x) means “Just look at the real part of x”)





(skipping the details of adding the vectors)





The answer!
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See other side for plots of the functions





It matches! Yes, we really did get the amplitude and phase of the combined wave!
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