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PART 1: 

 
 
 

 
The actual power values will vary each time the code is ran, since it is a random process. 
However, the more samples used for the plotting will decrease the standard deviation of the each 
value, yielding approximate values closer to the expected. 
100,000 samples were used in the results shown above, which was also beneficial for more 
accurate results in proceeding steps. 
 
Code used for Part 1: 



 
 
It was important to calculate the actual power as I did above. Because WGN is a random, ergodic 
process, it’s ensemble mean is equal to its overall time average. Because we are generating 
random noise at a mu value of 0, the noise power is equal to the variance of the noise signal. This 
is why we square n1 and n2 above. 
 
 
 
Part 2 Results: 
 
 
 
 
Generating time-domain FM-modulated signal and frequency domain of signal using fft: 



 
  
Code used: 



 
 
Comments: 
Using the assigned value of kf, amplitude of 1, and an fc that is unique to my access id.  
A large fs and very small ts was helpful in producing clear results. It was also important to set the 
origin of the message signal to a non-zero value to produce the frequency-domain representation 
accurately. 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
PART 3:  
Signal with noise, filtered and differentiated r(t), detected md(t): 

 
 
 
 
Comparing the original and detected: 
The Amplitude of the detected is much, much, bigger! But the shape is fairly well retrieved.  
Side by side comparison: 
Ofcourse, the frequency of the retrieved signal is  going to be higher. When this signal is 
differentiated, even after filtering performed before and after differentiated, the FM will come 
through as amplitude variations, so I believe this is what we would expect to see. If we needed 
the retrieved signal to be of lower amplitude, we would have to apply more filtering/limiting. 
 



 
 
 
 
Code: 







 
 
I had to trial and error this part quite a bit with the filters, until my retrieved message resembled 
my original message better. Still, I couldn’t lower the amplitude of the retrieved message enough 
as I would have liked. After differentiation, the vector used to plot the retrieved signal did not 
match the original length of the message, so I had to manually add values to the array in order to 
filter and then compute the retrieved message. 
 
Part 4: 
Comparing the original recovered message with new recovered messages with varying Kf 
values: 
 



 
The comparison previously displays the comparison better, as the amplitude of the retrieved 
signal is much larger. The have the most similar shape when Kf is approximately 250. Anything 
beyond 400-500 for a Kf value already shows signs of overmodulation/sampling. 
 
 
Code used:  



 



Note: I provided examples of many different Kf values used, which helped to visualize the effect 
of under and over modulating the signal.  
 
Further discussion of Kf: 
The value of Kf in an FM system controls the modulation index, and how much the signal's 
frequency changes. If Kf is too low, the signal can be easily messed up by the noise, but if it's too 
high, it will use too much bandwidth and cause overmodulation, picking up high frequency 
disturbances. Finding the right Kf is about making the signal strong against noise without taking 
up unnecessary bandwidth. The best Kf gives you a clearer retrieved signal that has an ideal 
SNR. 
 
 
 
 
 
 





 
 

 
 



 
 
From the graphs above, we can once again see that a Kf of approximately 250-300 seems to be 
the best fit for our case. 


