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SEC. 2.4 THE TELEPHONE SYSTEM 109

transmission and examine how modems make it possible to transmit digital data
over analog circuits. We will also look at two common modem interfaces, RS-
232-C and RS-449.

Transmission Impairments

Analog signaling consists of varying a voltage with time to represent an infor-
mation stream. If transmission media were perfect, the receiver wauld receive
exactly the same signal that the transmitter sent. Unfortunately, media are not
perfect, so the received signal is not the same as the transmitted signal. For digi-
tal data, this difference can lead to errors.

Transmission lines suffer from three major problems: attenuation, delay dis-
tortion, and noise. Attenuation is the loss of energy as the signal propagates out-
ward. On guided media (e.g., wires and optical fibers), the signal falls off loga-
rithmically with the distance. The loss is expressed in decibels per kilometer.
The amount of energy lost depends on the frequency. To see the effect of this fre-
quency dependence, imagine a signal not as a simple waveform, but as a series of
Fourier components. Each component is attenuated by a different amount, which
results in a different Fourier spectrum at the receiver, and hence a different signal.

If the attenuation is too much, the receiver may not be able to detect the signal
at all, or the signal may fall below the noise level. In many cases, the attenuation
properties of a medium are known, so amplifiers can be put in to try to compen-
sate for the frequency-dependent attenuation. The approach helps but can never
restore the signal exactly back to its original shape.

The second transmission impairment is delay distortion. It is caused by the
fact that different Fourier components travel at different speeds. For digital data,
fast components from one bit may catch up and overtake slow components from
the bit ahead, mixing the two bits and increasing the probability of incorrect
reception.

The third impairment is noise, which is unwanted energy from sources other
than the transmitter. Thermal noise is caused by the random motion of the elec-
trons in a wire and is unavoidable. Cross talk is caused by inductive coupling
between two wires that are close to each other. Sometimes when talking on the
telephone, you can hear another conversation in the background. That is cross
talk. Finally, there is impulse noise, caused by spikes on the power line or other
causes. For digital data, impulse noise can wipe out one or more bits.

Modems

Due to the problems just discussed, especially the fact that both attenuation
and propagation speed are frequency dependent, it is undesirable to have a wide
range of frequencies in the signal. Unfortunately, square waves, as in digital data,
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