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• Communicat ion system

• Termino logy

• Analog to Dig i ta l

• Bandwidth and bit rate

• Impairments

• Capac i ty
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Telecommunication systems and networks

Te r m i n o l o g y

Transmission Terminology
➢ Data transmission occurs between a transmitter and a receiver via  a medium.
➢ Data is transmitted in form of electromagnetic waves or signals 

➢ Medium may be: 
Guided: wires/cables, e.g. twisted pair, coaxial cable, optical fibre.

Unguided: wireless, e.g. air, water, vacuum.

➢ Configuration may be:
Point-to-point: only 2 devices share the same medium.
Multipoint: more than 2 devices share the medium 

➢ Direction of communication may be: 
Simplex: one direction, e.g. television.
Half duplex: both directions, but only one way at a time.
Full duplex: both directions at the same time, e.g. telephone. 
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Telecommunication systems and networks

Te r m i n o l o g y

Electromagnetic waves 

• Transmitter generates electromagnetic signals, which is transmitted over the 

medium 

• Electromagnetic signals represent data

• Electromagnetic signal consists of one or more signal component.

• Electromagnetic signals can be represented in two domains: 

• Time domain: signal intensity vs time

• Frequency domain: Peak signal intensity of component vs frequency

. 
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Telecommunication systems and networks

A n a l o g  t o  D i g i t a l

Analog and Digital waveforms

Analog signal varies in continuous manner over the time.  

Digital signal maintains constant level for some period then changes to another constant level, in a 

discrete manner.

. 
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Telecommunication systems and networks

B a n d w i d t h  a n d  b i t r a t e

Trade-offs

Bandwidth

• Digital signal has infinite bandwidth; transmission systems impose limits of 
transmitted signals. 

• Bandwidth is a limited resource
• Greater the bandwidth, greater the cost. 

Data Rate
• Digital data is approximated signal if limited bandwidth.
• Greater the bandwidth, greater the data rate

Accuracy
Receiver must be able to interpret received signal,  even with transmission impairments.
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Telecommunication systems and networks

I m p a i r m e n t s

Transmission impairments

• Received signal may be different from the transmitted signal causing: 
➢ Analog: degradation of the signal quality
➢ Digital: bit errors

• Most important impairements:
➢ Attenuation and attenuation distortion
➢ Delay distortion
➢ Noise
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Telecommunication systems and networks

I m p a i r m e n t s

Attenuation 

➢ Signal strength decreases gradually with extended distances

➢ Important conditions to Manufacturing a transmission system:

1. Received signal has sufficient strength to be interpreted by the received

2. Power of the  received signal is significantly higher than the power of 

the received noise.

➢ Attenuation distortion is a problem of analog signals:

• Attenuation along different frequencies
• Received signal has different strengths
• Apply equalisation to overcome
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Telecommunication systems and networks

I m p a i r m e n t s

Noise

Thermal Noise 

➢ Due to thermal agitation of electrons
➢ Present in all transmission devices and media 
➢ Function of temparature: 

N= kTB
Where k= Boltzmnan’s constant (  1.38 × 20−23 Τ𝐽 𝐾 ),B is bandwidth and T is 
temperature in kelvins. 

Intermodulation noise

➢ Caused when signals of diffrent frequencies share the same medium 
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Telecommunication systems and networks

I m p a i r m e n t s

Noise

Crosstalk 

➢ Unwanted coupling of different signals

Impulse noise

➢ Short peak of noise, e.g. lightning,  electrical disturbances, flaws in 

communications system. 
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I m p a i r m e n t s
Effect of noise on a digital signal 
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Telecommunication systems and networks

I m p a i r m e n t s
Example
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Telecommunication systems and networks

C a p a c i t y

Channel Capacity 

➢ Channel capacity: maximum data rate at which data can be transmitted over 
a given communication channel. 

➢ Relates:
• Data rate, C [bits per second]
• Bandwidth, B [Hertz]
• Noise
• Error rate

➢ Two theoretical models:
Nyquist Capacity: assumes noise-free (noiseless) enviroment
Shannon Capacity: considers noise
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C a p a c i t y

Nyquist Capacity 

➢ Assumes that channel is noise free 

➢ Given a bandwidth of B, the highest signal rate is 2B.

➢ Single signal element may carry more than 1 bit; signal with M levels may

carry log2𝑀 bits

𝐶 = 2 𝐵 log2𝑀

➢ Tradeoffs

➢ Increasing the bandwidth, increases the data rate

➢ Increasing the signal levels, increases the data rate

➢ Increase the signal levels, harder for receiver to interpret the bits 
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C a p a c i t y
Example
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C a p a c i t y
Example
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Telecommunication systems and networks

C a p a c i t y
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Telecommunication systems and networks

C a p a c i t y Shannon Capacity 

➢ With noise, some bits may be corrupted; higher data rate, more corrupted
bits

➢ Increasing signal strength to overcome noise

➢ Signal-to-noise ration:

𝑆𝑁𝑅 =
signalpower

𝑛𝑜𝑖𝑠𝑒𝑝𝑜𝑤𝑒𝑟

➢ Shannon Capacity:
𝐶 = B log2(1 + 𝑆𝑁𝑅)

➢ Tradeoffs:
• Increasing the bandwidth or signal power, increases the data rate
• Increase of noise, reduces the data rate 
• Increasing bandwidth, allows more noise
• Increasing the signal power may cause intermodulation noise
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C a p a c i t y Example
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C a p a c i t y Example
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C a p a c i t y
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Thank you for  your  attent ion
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