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“The clever part happens at the receiver: it subtracts the two signals . . . the
electrical interference disappears!”
Cat5 is a widely misused term and I’ve noticed that the
Artistic Licence Help Desk has seen a recent surge in
questions about both Ethernet cabling and Ethernet
cable testing. So, in the next two columns, I plan to look at the
structure of the Ethernet cable and also the different techniques
available for testing the cable and the data. Many people, myself
included, use the term Cat5 to describe an Ethernet cable. In
fact, Cat5 (category 5) is just one of the numerous categories of
copper twisted-pair cables that can be used for communication.
Below is a summary of the category types:
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Category

Purpose

Cat1

Analogue voice telecommunications

Cat2

Data cable up to 1MHz

Cat3

Data cable up to 16MHz. Can be used for 10BaseT

Cat4

Data cable up to 20MHz. Can be used for 10BaseT

Cat5

Data cable up to 100MHz. Can be used for
10BaseT or 100BaseT

Cat5e

Data cable up to 100MHz. Enhanced version
of Cat5 with better signal to noise ratio. Can be
used for 10BaseT or 100BaseT. Can in principle
be used for 1000BaseT (Gigabit)

Cat6

Data cable up to 250MHz. Can be used for
10BaseT, 100BaseT and 1000BaseT (Gigabit)

Cat6a

An enhanced version of Cat6 designed to operate
at 500MHz. Can be used for 10BaseT, 100BaseT,
1000BaseT (Gigabit) and 10GBaseT (10Gigabit)

SPEED
Today, anything below Cat5e is essentially obsolete as Cat5e
has replaced Cat5. The ‘e’ stands for ‘enhanced’. Cat5e can, in
principle, be used for 1000Base-T (gigabit Ethernet), although
it would be pushing the limit. A lower negotiated data rate can
be expected - particularly with bunched cables where cableto-cable crosstalk becomes a problem. Numerous network
engineers will argue this point in just the same way that many
lighting engineers argue that DMX512 termination isn’t needed.
But in my view, there’s no point risking the show . . .
Cat6 is in wide use but is still significantly more expensive
that Cat5e, so has not yet replaced it. As noted above, Cat6
should be used for gigabit. It can also be used for short

distances of 10GBase-T (10Gigabit), although the maximum
cable distance drops from 100m to 55m, further reducing to
37m if multiple cables are bunched together. Cat6a is designed
for 10GBaseT (10Gigabit) up to 100m, although at these speeds,
many systems would shift to fibre.
TWISTED PAIRS
The common factor between all these cable types is that they
contain twisted pairs - usually four pairs giving eight conductors
in total. But what are twisted pairs and how do they work?
As the name suggests, a twisted pair is simply two conductors
twisted around each other. The purpose is to reduce the amount
of electrical noise or interference that can be picked up by the
signal. To understand why, consider the following drawing of
a digital signal on a single wire . . .
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The red indicates electrical noise, and you can see that it has
destroyed the underlying signal. But using the twisted pair, the
transmitter sends two copies of the signal, one inverted relative
to the other. In the drawing below, these are labelled ‘twisted
pair +’ and ‘twisted pair -’. Because the wires are twisted very
close to each other, any electrical interference is picked up
equally on both wires . . .
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D Y N A M I C S TA G E T E C H N O L O G Y

The clever part happens at the receiver: it subtracts the two
signals. If you remember high school maths, two minuses make
a plus; the electrical interference disappears!
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The concept is also known as a balanced line, and is widely
used in audio - for microphones - for exactly the same reason.
There is a downside to this: the twisted pairs can act like
a transformer, which causes data in one pair to couple to the
one next to it. This is called cross-talk. Over long distances,
cross-talk becomes a major problem and two techniques are
employed to minimise it. In the first, each pair is twisted with
slightly different rates, known as ‘twists (or turns) per metre’.
The pairs in a Cat5 cable range from 52 twists per metre, to 72.
By doing this, the adjacent pairs do not touch each other at the
same point on every twist.
The control of cross-talk in Cat6 cable is even more important
due to the higher data rates. Cat6 adds a cross shaped former
to the centre of the cable to keep the pairs a constant distance
from each other. This vastly reduces cross-talk. Cat6 also
employs in excess of 200 twists per metre, further reducing
interference.
Next month, I will look at how the pairs are used, how to test
them and also how to analyse the data . . . I
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