1 fixing physical networks

*
%  Walking on Wires *

My darling, we are forever
entwined, like an unshielded
twisted pair of wires...

Will I ever get
his mind off of
the network?

s

Just plug in that cable and the network’s up, right? Network cables
silently do their job, pushing our data from here to there, faster than we can blink. But
what happens when it all goes wrong? Organizations rely on their networks so much

that the business falls apart when the network fails. That's why knowing how to fix
physical networks is so important. Keep reading, and we’ll show you how to troubleshoot

your networks with ease and fix physical problems. You'll soon be in full control of your
networks.

this is a new chapter
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problems at coconut

Coconut Airways has a network problem

There’s no better way to travel between islands than by seaplane, and
Coconut Awrways has an entire fleet. They offer scenic tours, excursions
and a handy shuttle service between the islands. Their service 15 proving
popular with tourists and locals alike.

Demand for flights is sky-high, but Coconut Airways has a problem—
whenever staff try to use the flight booking system, they're presented
with a network error message:

Unrecoverable Metwork Error

An unrecoverable network errar has
occurred; application is Forced
ko terminate.

Coconut Airways depends on their flight booking
system. Without it, passengers can't book seats, and 1t's
bringing theiwr fhghts to a standstll. What’s more, no
PASSENgErs MEeans no money.

Coconut Airways needs to get their

network up and running again, and fast.
Think you can help them out?
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fixing physical networks

Here's the wiring closet for Coconut Airways. What sort of problems do you see?
Circle each one.
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messy networks
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Here's the winng closet for Coconut Airways. What sort of problems do you see?
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The hooking systewm network cable is husted

It looks like a break mn the thght booking network cable 15 giving the
Cloconut Awrways stall’ network errors. If' we can fix the network cable, that

should get nd of the messages, and Coconut Airways will be able to book

passengers on thewr thights again.

mo how do vou think we should fix the network cable?



fixing physical networks

How do we fix the cable?

There are two key things we need to do n order to mend the
cable and get the flight booking system up and runmng again.

o We need to cut out the broken part of the cable.
It's the break in the cable that’s causing us the problem, so let’s get nd
of it.

Th: Jacket and the
wWires 'rnsidg HFFE'E"'
tl:' have b::h {:htlﬁ'fd

a We need to attach a connector.

By cutting out the broken part of the cable, we lose the connector on
the end. We need the connector so that we can plug the cable mnto
things, so we'll need to put a new one on.

But how do we do this?

At the moment we don't know anything about the sort of cable it
is, and the type of cable has an eftect on how we go about things.

So what sort of cable are we dealing with here?

I%gg VAN

Pawew
What sorts of network cables do you already know about? How do you think
they are different from one another? Why?

you are here » 5



category 5 cabling

Introduecing the CAT-9 cable

The sort of cable mnning the main Coconut Arways network 1s called a
Categorv 5 cable for Ethernet, or CAT-5 cable. [t has two disunguishing
teatures. First of all, it has an unshielded twisted pair cable or UTP cable.
Secondly, it takes an Rf-45 connector on either end. Most Ethernet
networks run on CAT-5 cables.

CAT-5 cables have print on the outude grving you important information
about the cable. As an example, vou can look on the outside of the cable to
see what type 1t 15, what the speed 13, and any relevant standards.

This is an RJ-AF
sommector. [£ allows

you to 'E“""} bl
¢able into places

J/
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R .
The Unshiclded Twisted
Paic cable and the RI-45
connet ko tonether form 3
CAT-5 cable.

Wﬁtinﬂ oh the outsid of
the cable folls You us:-l:'

: ul
}hrﬂrhﬁﬂtiﬂh ju{:h T

the speed.

So what's inside a CAT-5 cable? Let’s take a look.
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fixing physical networks

The CAT-9 cable dissected

If yvou open up a CAT-5 cable, you'll find eight colored wires
twisted into four pawrs. One pair 15 brown, another pair 1=
blue, another pair 1z green, and the final pair = orange. Each
pair consists of one plain and one striped wire.
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So why are the pairs twisted?

The problem with wires that aren't twisted is that they generate
magnetic fields that nterfere with the signal carried on the wire. This

means that you can get electromagnetic interference and crosstalk—
both of which are bad for your network data.

When the wires are feesied, the magnetic field around the wire 13
effectively disrupted so that anv interference 15 reduced. The more
twists there are in the pairs, the better.

See, being twisted
con be a good thing...

It's not just the twists in the wires that are significant, the colors are
important too. Let’s take a closer look.



the colors maitei

So what’s with all the colors?

The paired wires in a CAT-5 cable are colored for a reason. Each color has a
specific meaming, and =0 does the solidity of the color

.' Orange and green wires send and receive data.
The orange pair sends data, while the green pair receives data.

The green pair

||if veteives data...
[—— [—
——————————————————|
- ——— —

N

~while ﬂ'ﬁ: or3 :
s d’ah Me Pair

. The color solidity shows the wire polarity.
I a wire 15 stniped, then this means that it 18 positive. If a wire 1=
solid, then the wire 15 negative.

— Colid wires are neative.
_—

L—— | — T

Striped wives are pasitive, and
salid wives are heﬁa-}_—,'w.:.

. Blue and brown wires are reserved for future
bandwidth capacity.
Blue and brown wires don't do anything vet, but they will in the
future. The cable standards folks designed CAT-5 with the extra
colored wires so that they could be used for higher bandwidths m
the future.

=——— re—
_— More wires = more bandwidth

4\
B’I‘-G"-.m and blue wiITes dre

for the fubure.
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fixing physical networks

— Test DRIVE

Bandwidth tells us how much data can flow through the wires on a cable. Network speed tells us
the rate at which data can move on a wire. To get an idea about bandwidth and network speed,

visit the following site and test the connection you're using: http:/ /fwww.speedtest.net/

Turbo-Charge your Infemet
and PC Performancs

Press the “Elcﬁ,in Test"
button o speedtestnet

Turbo-Charge your Inlermel
and PC Performance

wdind You get a repor
1 ':f'l.'-'l,lr dﬂwnfmd and
upload capacity,

1=

Mb/'s stands for
medabits per setond.




bandwidth and speed are nol egual

s cholar’s Corner

bandwidth: the transmission capacity of a computer
network or telecommunication system

s?cn:d-‘ the vate at which s.omﬂ:hinﬂ is able to move.

) {

O___: What's the difference between
bandwidth and speed?

,t'll « Bandwidth is a capacity; speed iz

& rate. Bandwidth tells you the maximum
amount of data that vour network can
transmit. Speed tells you the rate at which
the data can travel The bandwidth for a
CAT-5 cable i 107100 Base-T. The speed
of @ CAT-2 cable changes depending on
conditions.

Oj What is Base-T?

frx: Base-T refers to the different
standards for Ethernet transmission rates.
The 10 Base-T standard tranzfers data at
10 megabits per zecond (Mbps). The 100
Baze-T standard transfers data at 100
Mbps. The 1000 Base-T standard transfers
data at a massive 1000 Mbops.

thereare ne .
Dumb Questions

O___: What's the difference between
megabits per second (Mbps) and

megabytes per second (MBps)?

j'fx: Megabits per zecond (Mbps)

iz a bandwidih rate used in the
telecommunications and computer
networking field. One megabit equals one
million bursts of electrical current (aka
binary pulzez). Megabytes per second
IMBpz) 1z a data transfer rate uzed in
computing. One megabyte equals 1, (485,
576 bytes, and one byte equals 8 binary
digits (aka bits).

0__,: Aren’t there newer, faster cable
standards like CAT-5e and CAT-67

j'r - CAT-5e and CAT-£ cables are newer
standards for cables. We cover CAT-S
because it's the baze framework for the
higher cable standards. CAT-5e and CAT-6
have bandwidths of 10010071000 Base-T.

O___: Can | build my own CAT-5e and
CAT-6 cables?

jx: Bulding & CAT-5e cable iz generally
no more dificult than building a CAT-3
cable. We don't recommend building your
own CAT-B cables because of the precision
needs of the cable.



fixing physical neiworks

Let’s fix the hroken CAT-5 cable

Now that we know more about how CAT-5 cables work, let’s see ff you can
fix the Coconut Airways network cable. All you need is a pair of wire cutters,

a utihty kufe, a cruimping tool, and an BJ-45 connector.

Where you put each wire is important.
Each wire needs to go into a particular slot in the BJ-45

connector,

where. We need to know more about what's inside the RJ-45

connectorn

Cut the broken part out. /ﬁ
Cut the cable well before the break to ensure that you have a

good set of wire ends. Make the cut as straight as possible so
that the indmnvidual wires are the same length.

Strip the cable cover back on the good end.

Cut carefully along the length of the jacket with a blade, making
sure you don’t cut nto the insulation of the bundled wires n=ide

the jacket. A good cut length 12 somewhere between 1/2 and 1
inch. Once you've done that, pull the cable jacket apart and peel
it back to expose the twisted pairs.

Untwist and flatten the individual wires.

Untwist the wares so that vou can hne them up with the slots on
the RJ-45 connector Generally you need aboutl /2 inch of the

wire to fit into the connector.

Place each wire into the RJ-45 connector.
Each wire fits into a slot in the RJ-45 connector. Just line up each
wire with the relevant slot and you're good to go.

INow stop right therel Are you

trying to get me slectrocuted or
something? How do I know which

position each wire goes in? Do
you expect me to just guess???

but at the moment we don't know which wire goes

11




order marters, 100

A closer look at the KJ-45% connector

As we saw earlier, the connector at the end of a CAT-5 cable 15 called an
RJ-45 connector. It allows you to plug your cable mnto a wall jack or the
network port of a network device like a computer

Each wire i the cable goes into a slot inside the KJ-45 connector, and
this connects it to a pin in the connector.

So which wire goes where?

The position of each wire 13 important.

When vou plug an EJ-45 connector into a jack, the pins on the
connector make contact with pins m the jack. If the wires are in the
correct position. this allows nformacon, i the form of electrons, to
Hlow: If' the wires are mn the wrong position, the iformation won't be
able to get through.

The order of the wires in an RJ-45 connector conforms to one of two

standards. These standards are 5684 and 56885.

12 Chaprer 1

Each wire in the eable goes into

£ 7 Job in the RUAS tonnector.

Ths J;'l‘nl::'- Hhe wire o a pin i
+he Lonmettor.



fixing physical neiworks

3004 and 3688 Wiring ﬁtandm*iﬁ Up Close

5684 and 5688 are cabling standards that tell you which order your wires
need to go in when fitting an B]-45 cable.

The 368A wire order

If vou're following the 568A winng standard, you use the following wire order:

Striped green, solid green, striped orange, solid blue, striped blue, solid orange,
striped brown, solhid brown.

fﬂl’.ﬂhﬂﬂ -:L
E-Eﬁ?td wWires albevnate
U ‘ @ ‘ H ‘ N ‘ with solid tdored wires.
green  blue br-own
The 9688 wire order
If you're following the 568B wiring standard, you use the following wire
order instead:

Striped orange, solid orange, striped green, solid blue, striped blue, solid
green, striped brown, solid brown.

Vel green 3
The G68B wire order 15
'tffr like the EEHH WirE order
buk with the position aj;
the green and orange wires
switkthed around
ﬂl’ﬂ'hﬂg ll:'lll-lrﬂ P

Can you see any similarines between the 568A and 5688 wire orders? The
order for each standard 15 basically the same except the orange and green
wires are switched over.

S0 which standard should you vse?

When you attach an RJ-45 connector, the key thing 15 that both ends of
the cable use the same standard. Before fitting a new BJ-45 connector, take
a look at the other end of the cable. If the other end of the cable uses

standard 568A for the R]-45 wire order, then fit your new RJ-45 connector
using the 568A standard. If it uses 568HB, then use this standard inatead.

you are here » 13



fix the broken cable

The good end of the broken Coconut Airways network cable has an

RI-45 connector wired up using standard 568B. What should the wire

order be on the other end? Draw a line between sach wire and its
rightful slot.

o blue

brown




fixing physical networks

The Case of the Meteorologist and the RJ-45 Connector

Stranded in a remote research station after a heavy storm, Jack has
to repair a CAT-3 cable that uses cabling standard 5685. Normally,
he could jump on his favorite search engine to find the pin and wire

color arrangemenct, but the storm has taken out his connecdon to
the Incernec.

Five Ninute
Mystery

Jack’s in a panic. Whart can he do? If he doesn’t repair the

necwork soon. he'll lose crucial rezearch data from his

weather-monitoring instruments.

Suddenly, Jack has an idea and leaves the room armed with a
pair of scissors. Five minuces later, the necwork’s back up.

How did Jack solve the problem without looking up
Standard 586B?

Ol are Ners » 15



how did you do?

The good end of the broken Coconut Airways network cable has
an RJ-45 connector wired up using standard 568B. What should

the wire order be on the other end? Draw a line between each
wire and its rightful slot.

16
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fixing physical networks

So what are the physical steps?

Now that we know how the wiring standards for the

R J-45 connectors work, let’s have another go at iang
the broken CAT-5 network cable for Coconut Airways.

Cut the broken part out.

Cut the cable well before the break to ensure that vou have a good set of wire
ends. Make the cut as straight as possible so that the individual wires are the
same length.

Strip the cable cover back on the good end.

Clut carefully along the length of the jacket with a blade, making sure vou

don't cut into the msulation of the bundled wires inside the jacket. A good F:"‘\T'l-.f,i-t are the 5{,!3.'?5 we
cut length 15 somewhere between 1/2 and 1 inch. Once you've done thart, went -I;ﬁ-,rg..ﬁ."" edeher.
pull the cable jacket apart and peel it back to expose the twisted paurs.

Untwist and flatten the individual wires. =
Untwist the wires so that you can hine them up with the slots on the BJ-45
CONNECtor

Check whether the other end of the cable follows wiring
standard 562A or SG8E.

Both ends of the cable need to follow the same wiring standard, s0 make a
note of what the other end uses.

Place each wire into the RJ-45 connector using the
same standard as the other end.

Attach the connector to the cable with a crimping tool.
Omce the lines are m theiwr proper slots, place the R]-45 mnto the crimping tool,
and then squeeze the tool to crimp the BJ-45 snugly onto the cable. Check
the end of the R]-45 connector to ensure that the wire 1s seated correctly in
each slot.

YyOu are nere » 17



macgyver-siyle

The Case of the Meteorologist and the RJ-45

Connector

How did Jack solve the problem without looking up Standard 586B°

After he left wich the scissors, Jack found an old
RJ-43 end that used Standard 586A. He curt off the
connector, traced the wires to their pins and wrote

down the order for Standard 3868 by trading the

orange and green wires’ position in the wiring order.

Dum

O___: Are you sure that a CAT-5 connector is called "RJ-4577
I've read that it's called an “8P8C” connector?

,r’rx: Through commeon use, we have come to call an BPBC
cornecter an RJ-45 connector. The acronym 8PEC stands for 8
positions, & contacts. The RJ-45 connector looks a lot like an BPEC
connector, ¢o over ime, many folks mizlabeled the connector. Now
through that commeon but incorrect use, more people call an BPEC
connector an RJ-43 connector. Say "BPEC to a network pro, and
you may get a funny look

O__,: Why should | always use the same wiring standard on
both ends of the cable?

/ {I If we don't use the same standard on both ends of the
cable, we won't have a “straight-through” or patch cable;
we'll have what's called a “crossover cable” In other words,
we'll flip-flop the green and the orange wire pairs, and the
send wires and receive wires will frade purposes. Always
check the opposite end of the cable and match the wire pair
configurabon.

therejare no g
b Questions

Five Minute
Mysiery

Solved

O_; What is a crossover cable used for?

frx: Suppose you want to connact a laptop to a desktop computer.
One way of doing thiz would ke to use a crossover cable, a cable
that can serd and receve data on both ends at the same fime_ A
crossover cable iz different from a straight-through cable in that 2
straight-through cable can only 2end or receive data on one end at
atime.

You could also use a switch or a hub to connect the two devices—
but youll zee more about theze later in the book.

O__; How long should | make my CAT-5 cable?

‘FX: The general rule of thumb is that you measure the distance
between the devices you want to connect and add one to two fest
for flexikility of movement. The maximum length of CAT-0 e 125
feet {100 meters).



fixing physical networks

You fixed the CAT-3 cable

Thanks to you, the Coconut Airways fight bookings system 1s back
in business. Before too long, all of thewr scheduled thehts are fully

booked and readyv for take-off.

Hey. not so fast!
Do you think T'm
gonna fly these planes
without being paid?

over for Coconut Airways. What do you think might have gone wrong?

We fixed the flight booking network, but it looks like the network troubles aren't

19



more problems

Coconut Airways has more than one network

You've done a great job of fixing the flight booking system. Untortunately,
that's not the only network at Coconut Airways,

The Coconut Airways accounts and payroll systems run oft’ a coaxal
network down in the basement, and they've recently had a problem with the
local wildlfe getting into the building, It looks like a hungry critter has taken
a good chunk out of one of the coaxial cables, and the damaged cable has

brought things to a standstill.

Fol v

)p)i=

Without the coaxal network, Coconut Airways can'’t process payments from
customers and can’t pay the pilots to fly the planes.

They need you to save the day for them again.

20



fixing physical networks

. Here's a sketch of the Coconut Airways flight bookings network, and the coaxial
EIQMISE network in the basement. What differences do you see between the two networks?
Why do you think they are different?

The rost ok the puil i
- _— —
e S
7’ The CED -
Y |
/ ]__[ 4
I \
I ===k \
I Ii I | I The b
e ; £ D35y gy
| = ! L Coax network
==
\ I )
\ ! s i e
~ N
R — i F
’ N
' — |
— \
[ -EI \
I 1

am =
AT
-!_
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different networks

Here's a sketch of the Coconut Airways flight bookings network, and the coaxial

network in the basement. What differences do you see between the two networks?
Why do you think they are different?

Coawial Cable Port or
Bayonct Neil Contelman |
(BNC) o comnett the  §
toavial bus to the switeh )
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fixing physical networks

Introducing the coaxial cable

The Coconut Airways network in the basement runs on coaxial cables rather
than CAT-5. 5o what's the difference?

Just like CAT-5 cables, coaxial cables are used to create networks. There are
two key differences between them.

o The cable contains one big copper wire rather than four
twisted pairs.

A coaxial cable has a jacket on the outside, just hike a CAT-5 cable. Inside

the cable, however, there’s just the one wire. It has a copper core or
conductor, with a laver of insulation made of plastic and other materials.

Copper tore

Jnsuf,;{:...

E'I-.].:H'mg

e The cables use different sorts of connectors and terminators.

CAT-5 cables use B J-45 connectors. Coaxial cables, on the other hand, use

BNC connectors, T-connectors, and terminators. The sort of connector you
use depends on why you need 1t.

A toupler

:;‘-I;emma'kﬂ'r
Now we’ve looked at the cables, what about the network?

you are here » 23



Coax networks count on a central line

Coaxial networks are bus networks

Coaxial networks (aka R(-62 networks) count on a central line,
called a baes. The bus functions as the spine of the network.

Each workstation on the network or mode must be connected to the
network with a T-Connector. The T-Clonnector attaches the node’s
network cable to the main bus. If' the bus 12 broken, unterminated,
or has a broken T-Cionnector, the entire network will go down.

Mﬁﬁt\ﬁﬁ
(node

Network professionals use a kind of shorthand, symbolic diagram to
depict a bus network. These dhagrams show how all of the parts of
a network are organized to work as a whole. We call these structural
ideas netiwork topologies.

{hﬂdfﬂx
N
Thisis a ‘tn?:ﬂ o diiﬁtam ok
[ +he nebwork shrutture above.
T

Coawial Bus
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fixing physical networks

So can we fix the cable?

We've found out a bit more about coaxial cables and networks
Dioes this give us enough knowledge to fix the Coconut Arways
coaxial network?

The rodents must have
chewed through the bus. If

we cut out the chewed part of
the cable and stick on another
connector, that should fix it. Right?

Let's see if she’s right.

€ cut the broken part out.
Cut the cable well before the break to ensure that you
have a good set of wire ends

€) strip and prepare the new end.
Strip back the cable covermg shield and insulator so
that you leave a 1/2 to l-inch portion of the copper
core protruding,

€ Place a BNC connector on the new end.
You can either crimp or solder the new connector onto
the end of the cable.

50 has that fixed the network?



still having problems...

The network’s still not working

Unfortunately, cutting out the chewed bit of network cable
and litting a connector hasn't worked. The Accounts stafl
are stll seemg network error messages whenever they try
to access their svstemsa.

mo why didn't our fix work?

Hmm. I wonder. We fixed the part of the cable
that was visibly damaged. but that hasn't gotten rid
of the network problems. But what if the cable's

damaged elsewhere too? What if we can't see which
bit iz damaged?

Not all cable damage is visible from
the outside.

Even though we've lixed the part of the cable that's
visibly damaged, there mayv be further damage
inzide the cable.

=0 how can we detect thas sort of damage? To do
that, we need to dig a bit deeper into how coaxial
cables actually work.

26 Chaprer 1



fixing physical neiworks

-errﬂBrn ne

Dumb Questions ——

L]
D__: Do many organizations still use coaxial networks now?

jx: Coaxigl networks are being phased out by most network
administrators. However, the principles behind coaxial network are
important for a network professional to understand. Mo one can
predict when all the coawal networks will become extinet

0__,: If coax is being phased out, why do | still need to know
about it?

1'1%: Knowing how coaxial networks work 15 essential for
troubleshooting. You never know when you'll come across “legacy”
infrastructure—cable and networs devices that are old but =till

functioning.
q: Why does a coaxial network need a terminator?

J.'I%: Great question! Keep reading, and we'll show you.

u are here » 27



fook inside a coax cable

So what goes on inside a coaxial cable?

As we've seen, coaxial network cables are made up of a jacket, an
msulator, and a metal conductor in the center. The metal conductor
allows electrons to move through it, and the electrons carry vour
network data. Electrons can't pass through the insulator.

As long as the path of the conductor 1s complete and unbroken,
electrons can How through it and the network data can travel along the
cable. We say that it's continuwous.

The eent
is mad: a-}r i;:t ?E;i:t:rf ; Elettrors &30 X ?:51; Electrons Flow Freely along 3
Conduttor for eleg s fheough the n% tombinuous metal conduttor

t"ﬂhﬁ

D =D =D =D =D =D =D =3

But what if there’s a hreak in the conduetor?

I there's a break n the conductor, this means that electrons can't flow
along the length ol the cable. We said earher that electrons carry vour
network data. so i the electrons can’t go through the cable, neither
can the network data.

There's a break in
the conductor! We're
going nowhere.

A break n the £ ontut tar .".-bm‘?!'.h
the c'lc-t’c,rm.h—aﬁd the webwor

\ | i,da’cj-ﬂ““& g _

\\x

S ——
@@®@@@@

/

This means that if there’s a break mn the coaxal conductor of the
bus, Coconut Airways will get network error messages.
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What about connectors and terminators?

Cionnectors conduct electrons, so adding connectors to coaxial network
cables helps to mamtain continuous electrical How Connectors allow
electrons to bridge the gap between cables, or between cables and network
devices, and this allows vour network data to get through.

As we've seen, a coaxial network cable 18 made up of one big conductor
core. When the conduction is not looped back through the copper core, we
say that it 15 not ferminated. When a wire 1sn't terrmnated, the network
loses the flow of electrons and, therefore, the flow of network data.

A termunator ensures that the signal in the cable keeps moving. The
termnator does this by ensurnng that the electrons stay in an electrical
loop. A resistor mn the terminator redirects electrons to the shieldimg
laver, which effectively keeps them looping back along the cable without
mterdering with the network’s signal. If the main cable 15 not termmated.
the network will not function.
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S0 how do we find a break in continuity in a coaxial cable network?
We need to listen to electrons. .

fixing physical networks
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the toner and 1h1e (racel

Use toner-tracer sets to listen to electrons

As we've seen, continuity breaks in a coaxial cable network stop
electrons flowing. As electrons carry our network data, this means that
the network data can’t get through either.

CUne wav of finding a continwty break in a coaxial cable 1s to histen for
signs of life from the electrons, and we can do this using a
tonev-tracer set. 50 what's that?

A toner-tracer set 18 a tool used by network professionals to detect noises
from electrons. You attach the toner part of the toner-tracer set to the
network cable, and the toner then sends a generated signal along the
cable. You then usze the tracer to hsten for the sigmal by placimg it on the
cable. The tracer sounds when 1t hears electrons carrving the zignal. It
amplifies the sional.

o Attach the toner to
the network cable.
The toner generates a
signal and then sends 1t

Hey. buddy. it's me.
Can you hear me?

along the wire.

boners have

M est ;

alliaator ElpS h The tone¥: oF

. ) . 'Ijli- k= | -

That ‘fov ;: ' £ Lone—generdtat
_ aikle. : .

fo The

e Electrons carry the signal.
Where electrons are flowing,
thev carry the signal the toner
generates along the wire.

A
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The tracer sounds when
it hears the signal.

Az long as the electrons are
flowing where the tracer 1s,
the sigmal can get to .

<Boop» Hey. T hear youl
Electrons live and active
round here. <Boop>
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fixing physical networks

No sound wmeans no electrons

We can use toner-tracer sets to identify breaks in continuty by histemng
out for when the electrons po quiet. If' the tracer = unable to pick up a
signal from the toner, this means there’s a break between the toner and

where the tracer 158 currently positioned.

Hello? Hello? Did you
say something? I can't
hear you. Hello?

I'm sending a =ignal.
Can you hear me?

o The toner generates

a signal.

If there's no signal,
the tracer's silent.
It electrons aren't

e Electrons carry the signal
until there's a break.
It there’s a break in continuity,
the electrons can't get past.

carrving the signal. the
tracer can't pick it up.

So how do we find the continvity break?

We've said that up untl the break, electrons are active, but after the
break, thev're silent. The break in continuity is the point where the
electrons go quiet. This means that vou can find the contmuty break
by repositioning the tracer unul you find the point where the electrons
go silent. And when vou've pin-pointed where the break in contimuty 1s,
vou can fix it

Buddy? I'm
losing youl Get
the medics!

L%

Dude, are you
reading me?

Wheve +he signal
stops, there's 3 break

Let's use this to fix the
Coconut Airways network.
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find the problemis)

Long Exercise

The Coconut Airways coaxial cable network is on the nexi page. A toner is attached to
the network cable, and so are several tracers. Assume that each T-connector goes to a
functioning workstation. Where do you think the continuity break is if:

1. Only Tracer F is silent.

2. Only Tracers G and H are silent.

3. None of the tracers are silent.

4_All of the tracers are silent.

3. Only Tracers E, F, G and H are silent.

. Only Tracers F and B are silent.
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exercise solution

p L
© Exercise
Lution

The Coconut Arrways coaxial cable network is on the next page. A toner 15 attached fo

the network cable, and so are several tracers. Assume that each T-connector goes to a
functioning workstation. Where do you think the continuity break is if:

1. Only Tracer F is silent.

2. Only Tracers G and H are silent.

3. None of the tracers are silent.

4_All of the tracers are silent.

5. Only Tracers E, F, G and H are silent.
¥ e

. Only Tracers F and K are silent.

\ g SR
Theve ave ackually TWO breaks —*-\._\_\-_‘_-_

heve, as toners E and § can pitk
up 3 5‘13na'|
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cablecross

Cablecross

> Answers on page 48.

Time to give your right brain a break and put that

left brain to work. All the words are related to the

gtuff we've studied so far.

Across

1. The transmission capacity of a computer network or
telecommunication system

4. Signal generator

5. Another name for a “straight-through cable ”

9. Point where the electrons go guist .

10. Striped orange, solid orange, striped green, solid blue,
striped blue, solid green, striped brown, solid brown . .
14. To make 3 trug electrical bus network, use this media.
13. Maximum length of a CAT-5 cable (in feet)

36 Chaprer 1

Down

2. A symbolic diagram that shows how a network works.

3. Equals one million bursts of electrical current

6. If the main cable iz not . the network will not
function

7. A cable that can send and receive on both ends at the sams
time.

8. UTP cable with an RJ-45 connector

11. The frue nams of the RJ-45 connector.

12. Standards for Ethemet transmission rates

13. Contact points on a jack



fixing physical networks

You've fixed the coaxial cahle

Well done, vou've found the break in the Coconut Airwavs coaxial cable

network! The Accounting department stafl’ are able to use their systems
again, and pay thewr pilots.

Wahey. money! I'm
primed and ready to fly.
But iz that a dark cloud T
see on the horizon?

o 9

We're in for a bumpy ride.

Tropical storms are a real problem out in the 1=lands,
and Coconut Airways have to carefully avoud {lving their

seaplanes when the weather gets too fierce. Normally
it's not a problem as they get up-to-the-minute weather
reports over the Internet.

Today things are different. Coconut Airways lost their

Internet connection, and 1t's too dangerous for thewr pilots
to v without updated weather reports.

Cloconut Awrways are connected to the Internet via a
[iber-optic line, and 1t looks like there might be a problem
with 1t. But what can that problem be?

Let's start by taking a closer loock at how
fiber-optic cables work.
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welcome to fiber-oprics

Introducing fiber-optic cables

Fiber-optic cables send network mformation using hight rather than
electrona. Light bounces through the inside of the cable, carrving the
network signal

The hght passes through the transparent core of the fiber-optic cable.
This core 18 made of transparent glass or plastic, which allows light to pass
through it easily. The layer just outside of the core s called cladding.

Cladding acts a bit like a mirror, reflectng hght so that it bounces along the
core and doesn’t escape.

Liaht earries the sional through
Jf,'l--.l;m:: fiber tore The angle of |
vefrattion keeps the light bounting
along inside the framsparent Core

The outside of the cable 15 coated with polymer, and Kevlar® threads
running between the core and the coating add strength and protection to
the cable.

Fiber-opties have connectors foo
Just like CAT-5 and coaxial cables, the ends of a fiber-optic cable have

connectors. There's a variety of connector types that can be used.

\

ber—optit tabl
Enh:&uid. There ave various
et of comectars you tan e~
.-}I""S{" pitk the ..4.5!1£ one For the §

es have tonnettors
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The Coconut Airways cable’s over-hent

So what about Coconut Airways?
Here’s the fiber-optic cable. Can vou see how tightly it’s bent?

Fiber-optic cables usually have a minmum bend radius of 3.0 cm.
If the cable’s bent more than ths, the fiber core can develop micro-
fractures, real fractures, or severely leak light. And as it’s the hight

that'’s carrying the network data, a loss of light means a loss of
information and network errors.

S0 how do we fix damaged fiber-optic cables? Well, one way 1s with a
fusion splicer.

So what's a fusion splicer?

A fusion splicer allows you to fuse two pieces of fiber together. The
splicer provides high-precision guides that allow you to line up the
fiber. Once you've got the ends lined up, you heat the two ends
with an electric arc and push them together. After you fuse the ends

together, the fusion-splicer heat-shrinks a protective cover over your
splice.

Let’s take a closer look at the steps for splicing a
fiber-optic cable.

fixing physical networks

TN The path of e fiaht

tan't make it through.

“f".;.u £an ust 3 Lusion sphter

b bin Liber—opkit cables
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fusion splicer... sounds cool!

You need to train
extensively on a
fusion splicer

Watch it! before using one.

How to fix fiber-optics with a
fusion splicer

Here are the steps vou need to go through in order to fix a

1 ' ' i Fusion splicers are
Hheropte i ol expensive and can be fricky to
use, but they're well worth the
. money and effort.
o Strip the coating from each end of the ::

fiber-optic cable you want to splice.
— v Protertive ""““5\

e Line up each end.

The guwides on the fusion sphcer allow you to be really precise
about this.

G Smooth the ends before fusing them.

The fusion splicer creates an arc of electniaty that makes the faces of
the core super smooth so that they can ahgn properly.
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fixing physical networks

Fuse the ends together.
This 1s the main purpose of the fusion splicer The electric arc melts the
ends, fusing them together to create a spliced core.

o Finish the splice by covering it with new coating.
Your fiber-optic cable 1s now ready for testing.

New toating

e,

So has this fixed the Coconut Airways fiber-optic?
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fiing fiber

A fiber-optic connector needs fitting too

Coconut Airways has one more problem wath their fiber-optic cable.
We've fixed the over-bent cable, but one of the connectors 15 mussing too,
right near the wall jack. We need to fit a new connector so that we can
plug the fiber-optic in at the wall.

Fiber-optic cables take various types of connectors, but they all do the
same basic job: they bring the ends of two fiber-optic cables together,
and allow hght to low through umnterrupted.

The differences between the connectors is all to do with their housing,
In other words, the shape, color, how large or small, how close together
another fiber connector can be, and how they attach.

Here are some of the iber-optic connectors you might see around.

This is the “bayonet” shyle
Jfonnettor. [t's an ST f
straight £ip” connector-

g another “maf—'in" i‘ﬂt

.'-.. ; t_tn__ |'E5 an L-C
“TI.::;JC. -tuhhcn‘JtP*'-" Noke

. Ehe pai of ends

This is another " enap-in
T kv, [Esan ST or

tgubseriber annettor

N
_ %jg VAN
‘PAOWEWR
Why do some of the connectors have a pair of fiber cores, where others
have only a single core?
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fixing physical networks

WHAT'S MY CQONMNNECTQAR™?

Connectors and receptacles must match in terms of type. Match
each of the connectors below to the receptacle it fits into.

Receptacle Connector
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match the connecitors

WHAT'S MY CQNMNMECTQOR™?

Connectors and receptacles must match in terms of type. Match
each of the connectors below to the receptacle 1t fits into.

Receptacle Connector

We're nearly ready fo fix the connector

There’s just one more thing that can aflect what sort of connector we choose
to go on the end of the cable: there are two types of fiber Let’s take a look.
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fixing physical networks

There are two types of fiber

Fiber comes in two flavors: single mode and multimode. The word
“mode” refers to the number of paths the hght takes through the hber

Single mode fiber

In a single mode fiber, the light travels m a single path. It takes a laser
light, and it has a very small core like this:

Laser light
ONLY
There's 3 ver'y swall
tore, %0 here’s only
one path For the light
Multimode fiber

In a mulmode fiber, the hght travels many paths. It takes a laser or
LED hght, and has a much larger core like this:

L aser ov

LED Light

L

There's a lavae tove so
that there are mary paths
for the ]igh{ $o take.

So how do we choose between the two types of fiber?
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fiber

Which wmode fiber should you use?

The two types of iber-optic cable have very different characteristics. There
are differences in areas such as performance, speed, and possible distance.
There are big ditferences in price, too, as it's harder to manufacture single
made {iber.

Here's a quick guide to the dilferences between single mode and multimode
fiber-optic cable.

Single Mode Multimode

Cost High Low
Easy of Implementation | High | Low
Performance 14 Thit/s 10 Ghit/s

LED Source | LaserOnly | Laseror LED
Distances 10-100km 2000 m+
bignal Loss + : -
Core 5ize Small Large

You need to buy some fiber-optic cable and run a network 1300 meters with a speed of
1Gbit/sec. Choose single mode or multimode, and write your reasons for your choice.
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Let’s fit the connector on the fiher-opfic

There are two main ways that connectors are attached to fiber patch cables.

o Use a pre-built connector and splice it to
the exisiting patch cable.
This technique 12 faster and easier, but there 15 some
hight loss where the two fibers are pushed together

9 Use a connector that does not have a fiber inside.
You epoxy the fiber of the patch cable inside the
connector, then polish the end of the fiber.

This technique 15 slower and more comphcated, and you
need special equipment and traiming. The advantage 1= that it
makes a higher quality connection.

So whieh technique should we use?
Whale we could use either technique, let’s go with the pre-bwlt

connector for now. Only a few tools are needed for this approach, and
any network tech can learn to do them in less than 15 minutes—which
means that Coconut Airways will get their Internet connection up and
running pretty quickly. You can even get videos and quick guides on
how to fit these from manufacturers,

So has this fixed the problem for Coconut Airways?

fixing physical neiworks

r_\\
Pre—built Connettor

Alrcady has a fiber end
gﬁunﬁﬂd.h1fﬂi¢¢-

Polish £ EFGKT Conneetor
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Yyou are nere »

L/ the pateh cable into the

tonneetor, epoxy, then polish
the end fai o
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exercise solutions

‘fou need to buy some fiber-optic cable and run a network 1300 meters with a speed of
1Gbitisec. Choose single mode or multimode, and write your reasons for your choice.

48

Across

1. The fransmission capacity of a computer network or
ielecommunication system [BANDWIDTH]

4. Signal generator [TONER]

5. Ancther name for a "siraight-throwgh cable " [PATCH]
9. Point whers the electrons go gquiet . . .
[EREAKINCCHTINUITY]

10, Striped orange, solid orange, sriped green, solid Blue,
striped blug, solid green, stiped brown, sofid brown . . .
[STAMNDARDS8E8]

14. To make a true electrical bus network, uss thiz media.
[COAXIALCABLE]

15. Maximum length of a CAT-S cable [in feet) [328]

Chaprer 1

2. & symbolic #agram that shows how a network works.
[TOPOLOGY]

3. Equale one mikon bursts of elecirical current [MEGABIT]
6. If the main cakde iz not , the network will ot
functon [TERMINATED]

7. Acable that can send and recaive on both ends at the same
fime. [CROEZSOVER]

B. UTP cable with an RJ-45 connecior [CATS]

11. The frue name of the F.J-25 conmecior. [8PAC]

12. Standards for Ethernet transmizzion rates [BASET]

13. Comtact pointz on a jack [PING]




Coconut Airways is sky high

Congratulations! You've successfully troubleshooted and fixed all of

the network problems that Coconut Airways were experiencing, and
they're back in full operation. All of their flights are fully booked, their
cash-flow problems are no more, and the pilots can fly safely thanks to

their up-to-date weather information.

You've learned a lot in this chapter. You've found out about the
different types of network cable, you've learned some important
troubleshooting techniques, and you've seen the steps yvou need to go
through to fix various cabling problems.

fixing physical networks

you are here »
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