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Des ign Facto rs

• bandw id th
– h igher bandw id th g ives h igher data ra te

• transm iss ion im pa irm en ts
– eg. attenuation

• in te rfe rence

• num be r o f rece ive rs in gu ided m ed ia
– more rece ivers in troduces more attenuation



E lec trom agne tic Spectrum



Transm ission Characte ris tics of Guided 
Media 

 

  Frequency 
Range

Typical 
Attenuation

Typical 
Delay

Repeater 
Spacing

Twisted pair 
(with loading)

0 to 3.5 kHz 0.2 dB/km @ 
1 kHz

50 µs/km 2 km

Twisted pairs 
(multi-pair 
cables)

0 to 1 MHz 0.7 dB/km @ 
1 kHz

5 µs/km 2 km

Coaxial cable 0 to 500 MHz 7 dB/km @ 10 
MHz

4 µs/km 1 to 9 km

Optical fiber 186 to 370 
THz

0.2 to 0.5 
dB/km

5 µs/km 40 km



Tw is ted Pa ir



Tw isted Pair - Transm ission Characte ris tics

• analog 
– needs am p lifie rs eve ry 5km to 6km

• d ig ita l
– can use e ithe r ana log o r d ig ita l s igna ls

– needs a repea te r eve ry 2-3km

• lim ited dis tance

• lim ited bandw id th (1 MHz)

• lim ited data ra te (1 00MHz)

• susceptib le to in te rference and no ise



Unsh ie lded vs Sh ie lded TP

• unsh ie lded Tw isted Pair (UTP)
– ord ina ry te lephone w ire

– cheapest

– eas ies t to ins ta ll

– su ffe rs from  exte rna l EM in te rfe rence

• sh ie lded Tw isted Pair (STP)
– meta l b ra id or shea th ing tha t reduces in te rfe rence

– more expens ive

– harde r to hand le (th ick, heavy)

• in a varie ty of categories - see E IA-568



UTP Ca tego ries

Category 3
Class C

Category 5
Class D

Category 5E Category 6
Class E

Category 7
Class F

Bandwidth 16 MHz 100 MHz 100 MHz 200 MHz 600 MHz

Cable Type UTP UTP/FTP UTP/FTP UTP/FTP SSTP

Link Cost
(Cat 5 =1)

0.7 1 1.2 1.5 2.2



Comparison of Shie lded and Unsh ie lded 
Tw isted Pair

Attenuation (dB per 100 m) Near-end Crosstalk (dB)

Frequency
(MHz)

Category 3
UTP

Category 5
UTP 150-ohm STP

Category 3
UTP

Category 5
UTP 150-ohm STP

1 2.6 2.0 1.1 41 62 58

4 5.6 4.1 2.2 32 53 58

16 13.1 8.2 4.4 23 44 50.4

25 — 10.4 6.2 — 41 47.5

100 — 22.0 12.3 — 32 38.5

300 — — 21.4 — — 31.3



Near End C ross ta lk

• coup ling o f s igna l from  one pa ir to ano the r

• occu rs when transm it s igna l en te ring the link 
coup les back to rece iv ing pa ir

• ie . nea r transm itted s igna l is p icked up by nea r 
rece iv ing pa ir



Coax ia l Cab le



Coaxia l Cab le - Transm iss ion 
Characte ris tics

• supe rio r frequency cha racte ris tics to TP

• pe rfo rm ance lim ited by a ttenua tion & no ise

• ana log s igna ls
– amplifie rs every few km

– c loser if h igher frequency

– up to 500MHz

• d ig ita l s igna ls
– repeater every 1 km

– c loser for h igher data ra tes



Optica l F ibe r



Optica l F ibe r - Bene fits

• g rea te r capac ity
– data rates of hundreds of Gbps

• sm a lle r s ize & we igh t

• low e r a ttenua tion

• e lec trom agne tic iso la tion

• g rea te r repea te r spac ing
– 1 0s of km at least



Optica l F iber - Transm iss ion Characte ris tics

• uses to ta l in te rna l re flec tion to transm it ligh t
– effective ly acts as wave gu ide for 1 01 4 to 1 01 5 Hz 

• can use seve ra l d iffe ren t ligh t sou rces
– L igh t Em itting D iode (LED)
• cheaper, w ide r opera ting tem p range, las ts longe r

– In jection Laser D iode (ILD)
• more e ffic ien t, has grea te r da ta ra te

• re la tion o f wave leng th , type & da ta ra te



Optica l F ibe r T ransm iss ion M odes



Frequency U tiliza tion for F iber App lica tions 

Wavelength (in
vacuum) range

(nm)

Frequency
Range (THz)

Band
Label

Fiber Type Application

820 to 900 366 to 333 Multimode LAN

1280 to 1350 234 to 222 S Single mode Various

1528 to 1561 196 to 192 C Single mode WDM

1561 to 1620 192 to 185 L Single mode WDM



A ttenua tion in G u ided M ed ia



W ire less T ransm iss ion F requenc ies

• 2GHz to 40GHz
– m icrow ave
– h igh ly d irec tiona l
– po in t to po in t
– sa te llite

• 30MHz to 1 GHz
– om n id irec tiona l
– broadcas t rad io

• 3 x 1 01 1 to 2 x 1 01 4

– in fra red
– loca l



An tennas
• e lectrica l conductor used to rad ia te or collec t 

e lectrom agnetic energy

• transm iss ion antenna
– rad io frequency ene rgy from  transm itte r

– conve rted to e lec trom agne tic energy byy an tenna

– rad ia ted in to su rround ing env ironm en t

• reception antenna
– e lec trom agne tic energy im p ing ing on an tenna

– conve rted to rad io frequency e lec trica l energy

– fed to rece ive r

• same antenna is often used for both purposes



Rad ia tion Pa tte rn

• powe r rad ia ted in a ll d irec tions

• no t sam e perfo rm ance in a ll d irec tions
– as seen in a rad ia tion patte rn d iagram

• an iso trop ic an tenna is a (theo re tica l) po in t in space
– rad ia tes in a ll d irections equa lly

– w ith a spherica l rad ia tion patte rn



Parabo lic Re flec tive An tenna



Antenna Ga in

• measu re o f d irec tiona lity o f an tenna

• powe r ou tpu t in pa rticu la r d irec tion ve rses tha t 
p roduced by an iso trop ic an tenna

• measu red in dec ibe ls (dB)

• resu lts in loss in powe r in ano the r d irec tion

• e ffec tive a rea re la tes to s ize and shape
– re la ted to ga in



Terres tria l M icrow ave

• used for long hau l te lecommunica tions

• and short po in t-to-po in t links

• requ ires fewer repeaters but line of sight

• use a parabolic d ish to focus a narrow beam onto a rece iver 
antenna

• 1 -40GHz frequencies

• h igher frequencies g ive h igher data ra tes

• main source of loss is attenuation
– d is tance, ra in fa ll

• a lso in terfe rence



Sate llite M icrow ave

• sate llite is re lay sta tion
• rece ives on one frequency, amplifies or repeats signa l and 

transm its on another frequency
– eg. up link 5.925-6.425 GHz & down link 3.7-4.2 GHz

• typ ica lly requ ires geo-sta tionary orb it
– he igh t o f 35,784km
– spaced a t leas t 3-4° apart

• typ ica l uses
– te lev is ion
– long d is tance te lephone
– priva te bus iness ne tw orks
– g loba l pos ition ing



Sate llite Po in t to Po in t L ink



Sate llite B roadcas t L ink



B roadcas t R ad io

• rad io is 3kH z to 300GHz

• use broadcas t rad io , 30MHz - 1 GHz, fo r:
– FM rad io

– UHF and VHF te levis ion

• is om n id irec tiona l

• s till need line o f s igh t

• su ffe rs from  m u ltipa th in te rfe rence
– re flections from land, water, other ob jects



In fra red

• modu la te noncohe ren t in fra red ligh t

• end line o f s igh t (or re fle c tion)

• a re b locked by wa lls

• no licenses requ ired

• typ ica l uses
– TV remote contro l

– IRD port



W ire less P ropagation
G round W ave



W ire less P ropagation
Sky W ave



W ire less P ropagation
L ine of S igh t



Refrac tion

• ve locity of e lectrom agnetic wave is a function of density of 
materia l
~3 x 1 08 m/s in vacuum , less in anyth ing e lse

• speed changes as move between media
• Index of re fraction (refractive index) is
– sin(incidence)/sin(refraction)
– va ries w ith wave leng th

• have gradua l bend ing if m edium density varies
– dens ity o f a tm osphe re decreases w ith he igh t
– resu lts in bend ing tow ards earth o f rad io waves
– hence op tica l and rad io horizons d iffe r



L ine o f S igh t T ransm iss ion

• F ree space loss
– loss of signa l w ith d is tance

• A tm osphe ric Abso rp tion
– from water vapour and oxygen absorp tion

• Mu ltipa th
– multip le in te rfering signa ls from reflections

• Re frac tion
– bend ing signa l away from rece iver



F ree Space Loss



Multipa th In te rfe rence


