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Fast Fourier
Transforms

If the sine wave moves, the following holds:

A=oT where: T = =

N f f
or:Af = A is the wave length

v is the speed
light: v = ¢ = 299792458 ~ 3 x 10° m/s (in 1 ns: ~ 30 cm)

coax: v = (0.65~ 0.8)c depending on the quality
of the coax cable and f
Larger f: higher speed
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The advantage of this exponential scale is that level

losses in different parts of a cable can simply be added
together.

Problems:

*Signal must be strong enough so it can be detected
*Signal must be stronger enough than noise

* Attenuation is depending on frequency
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The lower the frequency the more power (think of
water waves).

Thus, the higher the frequency, the faster the wave is
extinguished.

Generally no problem with digital transmission, but is
problematic with analog transmission. Can be
equalised.
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Delay Distortion

® Due to the relative large
effect in the lower
frequencies, this is a
problem in digital
transmission.

® One bit can flow over in
to another bit.

delayin s

.................. with equalization

3 % e T —
L e R
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® Inter symbol
interference.

® Limiting factor in
digital transmission.
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Impulse/Burst Noise

® Caused by for example:
® Lightning
® Wiring errors

® In principle, no problem for analog
transmissions (transient crackling)

® Problem for digital transmission where bits
can be lost.
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Channel Capacity

® Nyquist (based on delay distortion)

® At bandwidth B (medium dependent), a
data rate of 2B is possible.

® Thus at B Hz — 2B bps (bits per
second).

® In case of more than 2 levels are used:

® B Hz — 2B 2log M bps
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Shannon Example (1/2)

® Assume medium: 3 MHz - 4 MHz and SNRgs = 24 dB.
® Then:
®* B=4-3MHz=1 MHz

® SNR = signal power / noise power = 25|
(24 = 10 %log SNR = SNR = 1024)

® Bandwidth = 106 2log (1+251) = 10°%8 = 8 Mbps
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Medium and
Characteristic Bandwidth

In addition to the

bandwidth of the
Signal, the ban dWldth Electrici.ty & telgphone | OHz- 1 OkHz ~10 kHz
f the transmission oleel e

o Twisted Pair (UTP/STP) 10-108 Hz ~100 MHz
medium and the e 1000 - 10° Hz ~| GHz

device will be Radar 10%-10'" Hz ~100 GHz
. Infrared 10'1-10' Hz ~100 THz
Important. Optical fiber 10'4.10'5 Hz ~| PHz
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Optical Fiber

For optical fiber:

v 3x10° 6
A T Exaou T
Thus, the length of an optical wave = [10® m =

| U m
| Um With of a pit in a CD

100 U m|With of a newspaper sheet

6 Um Aluminium foil
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