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Q1.
What are the two factors affecting the quality of digitalization? Why?

Ans.
1. Sampling Rate: Nyquist criterion stated that the sampling rate must be at least twice of the maximum frequency component of the input analog signal in order to avoid aliasing effect.

2. Sample size: Sample size determines the quantization levels. The larger the sample size, the larger the number of quantization levels, the smaller the quantization interval, and the smaller the quantization noise. This led to more accurate the sample.

Q2.
What is quantization error? Write down the range of the quantization error in terms of Q, where Q is the quantization interval.


Ans.
Quantization error is the difference between the actual analogy value at sample time and the selected quantization interval. The range of the quantization error is between +Q/2 and –Q/2 where Q is the quantization interval.

Q3.
What is the function of the low-pass filter in A/D conversion system?

Ans.  
The low-pass filter is used as prefilter to filter the frequency component that is higher than half of the sampling frequency to avoid aliasing effect.

Q4.
If the minimum sampling frequency of the A/D converter is 100 KHz, what is the cut-off frequencey of the low-pass filter to avoid aliasing effect? What frequencies will be filtered by the low-pass filter?

Ans.    cut off freq. = 50 KHz. Frequencies  which are larger than 50 KHz will be filtered .

Q5.
An analogy signal, x(t) = 3cos(20(t) + 10sin(120(t) - cos(200(t) 
is to be uniformly sampled for digital transmission. The frequency component presented in the signal are 10Hz, 60Hz and 100Hz respectively.

(i) What is the maximum allowable time interval between sample values that will ensure perfect signal reproduction?

Ans.
fm = 100 Hz, fs = 200 Hz

Therefore, t = 1 / 200 = 0.005s

(ii) If we want to reproduce 1 hour of this signal, how many sample values need to be stored?

Ans.
no. of samples = 200 x 3600 = 720000
Q6.
For CD-quality audio, we need to capture all audible sound and have two channels to provide stereo effect.

(i) List the required sampling rate and the number of bits per sample.  Calculate the data rate.
Ans.
Sampling rate = 44.1 KHz, bits per sample = 16


Therefore, bit rate = 44.1K x 16 x 2 = 172 KB/s

(ii) If we need to store two hours of such audio, calculate the storage space.
Ans.
Space = 172KB x 3600 x 2 = 1.18 Gbytes

(iii)
What will be the consequence if the sample size is increased?

Ans.
The quality of the audio will be better. The larger the sample size, the larger the number of quantization levels, the smaller the quantization interval, and the smaller the quantization noise.


However, the space needed to store the audio will be larger.
