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Sampling Theorem

Let’s g(t) is band limited to B Hz, then samples of g(t) could be written as
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Sampling frequency should be at least equal to or greater 

than twice the bandwidth of the message signal for 

successful recovery of the signal from it’s samples

Bfs 2

Sampling Theorem
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Lowpass Filter

bandwidth of lowpass filter = B Hz
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Practical Considerations in Nyquist Sampling

• Gradual roll-off lowpass filter

• Aliasing

• Practical Pulses vs. Ideal Impulses
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Not practical to generate!
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Let’s Try Square Wave
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Sampling frequency should be at least equal to or greater 

than twice the bandwidth of the message signal for 

successful recovery of the signal from it’s samples

Bfs 2

Sampling Theorem
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Lowpass Filter

bandwidth of lowpass filter = B Hz
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Maximum Information Rate

Noiseless Channel of Bandwidth B
t

Signal of bandwidth B

2B samples per second

2B Independent pieces of information per second





Two independent pieces of information per second per hertz of bandwidth


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Sampling Theorem and Digital Communication

• Pulse Amplitude  Modulation (M-ary)

• Pulse Width Modulation (M-ary)

• Pulse Position Modulation (M-ary)

• Pulse Code Modulation (Binary)
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Pulse Code Modulation (PCM)

Sampling Quantization Binary Coding

Speech Signal from 15Hz to 15kHz

Maximum 

Frequency

Sampling 

Rate

Quantization 

Levels

Number of 

Bits/code

Bit Rate

Telephone 3.4 kHz 8 kHz 256 8 64 kb/s

Compact 

Disk

15 kHz 44.1 kHz 65,536 16 705.6 kb/s
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Quantization
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Reconstruction of actual samples after sampling

Reconstruction of quantized samples after sampling

Distortion in reconstructed signal

where q(nTs ) is the quantization error in nth sample
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Power or mean square value of q(t) (quantization noise) is given by
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=> quantization noise is average of square of quantization error

Let’s calculate this
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quantization error lies in the range of -Δv/2 and Δv/2

where
L
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Nonuniform Quantization

Uniform Quantization Nonuniform Quantization
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Nonuniform Quantization = Compression + Uniform Quantization

(Usually compression increases the bandwidth but not applicable here)
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Transmission Bandwidth for PCM

BBandwidthSignal 

BRateSampling 2

nLlevelsQuantized 2

nbitsencodedofNumber 

sec/2 bitsnBRateBit 

HznBBandwidthonTransmissiquired  Re
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Digital Communication and Time Division Multiplexing

• T1 Carrier System (DS1) is an example

• 1.544Mbits/sec total data rate for 24 channels

• Each channel is encoded with 8 bits

Ch 1

Ch 2

Ch 3

Ch 24

Ch 23

Coder
Digital

Processor

Transmission Medium

Digital

Processor
Decoder

Ch 2

Ch 1

Ch 24

LPF

LPF

LPF
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What does Digital Processor do?

1. Synchronization (Framing)

2. Signaling

3. Parity Insertion and Check

4. Scrambling
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Energy of a Signal and Parseval’s Theorem
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Energy Spectral Density
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Autocorrelation function of a signal
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Signal Power and Power Spectral Density
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Autocorrelation function of a power signal
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Various Digital Line Codes

1     1     0     1      0     0     1     1     1     0

On-Off

Polar

Bi-Polar

Pulse shape p(t) could be arbitrary

t

t

t



Department   of   Electrical   and   Computer   Engineering

Some Characteristics of Good Line Codes

1. Bandwidth Efficient

2. Power Efficient

3. Error Detection or Correction Capability

4. Favorable PSD

5. Adequate Timing Content

6. Transparency
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PSD of various Line Codes
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PSD of Polar Signaling
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having null at zero frequency
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Gaussian Noise and Probability Density Function
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Error Probability for Polar Signaling
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Error Probability for ON-Off Signaling
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Error Probability for Bi-Polar Signaling
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