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Problem 6. Sampling and quantization 

Ha(jΩ) ADC
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a) In designing a telephone system, a near-ideal analog anti-aliasing filter Ha(jΩ) of bandwidth  

4 KHz is used before the sampling circuit (such that the output of Ha(jΩ) has no energy at 

frequencies above 4 KHz). 

The digital bandpass filter is designed to have the passband from 300 Hz to 2900Hz and 

stopband edges at 200 Hz and 3000 Hz as shown in the above figure. 

What is the minimum sampling frequency such that there is no aliasing in y[n]? (Note that 

there may be aliasing in x[n] as long as H(ejw) can remove it.) Sketch the frequency 

responses of xa(t), x[n] and y[n]. Assume the frequency response of xa is the same as Ha(jΩ). 

b) If the sampling rate is 8 kHz and the ADC uses 4-sigma signal scaling and quantizes to a 

total of 10 bits per sample, what is the quantization SNR (in dB) at x[n]? 

If the SNR has to be greater than 50 dB, how many sigma (σx) will you need to fit in the 

maximum signal amplitude of the ADC? (Assume the same number of bits per sample.) 

c) Now we want to use oversampling to relax the anti-aliasing filter as in the figure below. 

Suppose that the nominal sampling rate is 8 kHz but we choose to oversample by 4 times.  
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Find the smallest Ωp and the largest Ωs such that the above system is equivalent to the 

original system (at sampling rate 8 kHz), ignoring the effect on quantization noise. 

d) With 4-sigma signal scaling and 10 bits per sample, what is the quantization SNR in the 

system with oversampling? 
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