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Harry Nyquist (1889-1976)
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Guided transmission media (B #R153X)

. Twisted pairs (& D X$#R)

. Coaxial cable (=

Power lines (E1#R)

Fiber optics (77 7 1/X\)

Telephone 45Mbps —— Fiber optics 100 Gbps



Twisted pairs (& D XIHR)

successive half-twists cancel field induction

par

D i i
— -|-<___- balanced capacitances to ground

twisted pair

field induction not cancelled

— — . <— unbalanced capacitances to ground

h straight pair

Unshielded Twisted Pair UTP Categories - Copper Cable

UTP Category Data Rate  Max. Length Cable Type Application
CAT1 Up to 1Mbps - Twisted Pair Old Telephone Cable
CAT2 Up to 1Mbps - Twisted Pair Token Ring Networks
CAT3 Jp to 10Mbps 100m Twisted Pair Token Rink & 10BASE-T Ethernet
CAT4 Jp to 16Mbps 100m Twisted Pair Token Ring Networks
CATS Up to 100Mbps 100m Twisted Pair Ethemet, FastEthernet, Token Ring
CATS5e Up to 1 Gbps 100m Twisted Pair Ethemet, FastEthernet, Gigabit Ethemet
CAT6 Up to 10Gbps 100m Twisted Pair GigabizEthernet, 10G Ethernet (55 meazters)
CATéa Ug to 10Gbps 100m Twisted Pair  GigabitEthernet, 10G Ethernet (55 meters)
CAT? Ug to 10Gbps 100m Twisted Pair  GigabitEthernet, 10G Ethernet (100 meters)

22 Firewall.cX

At enan O € vrartioe To Nevuvre Doclenninn



Coaxial cable (R —7)L)
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Data Over Cable Service Interface Specification (DOCSIS)

Channel configuration Downstream throughput

Upstream throughput
Number of downstream channels Number of upstream channels DOCSIS EuroDOCSIS
4 4 171.52 (152) Mbit/s 222.48 (200) Mbit/s 122.88 (108) Mbit/s
8 4 343.04 (304) Mbit/s | 444.96 (400) Mbit/'s = 122.88 (108) Mbit/s
16 4 686.08 (608) Mbit/s | 889.92 (800) Mbit/s 122.88 (108) Mbit/s
24 ¢ 1029.12 (912) Mbit/s | 1334.88 (1200) Mbit/s ~ 245.76 (216) Mbit/s
32 8 1372.16 (1216) Mbit/s | 1779.84 (1600) Mbit/s = 245.76 (216) Mbit/s



Power lines (& 7J#R)
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Fiber optics (JG~7 7 -1 /\)
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https://en.wikipedia.org/wiki/Optical_fiber
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Wireless transmission (FEHR{EIX)
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f : frequency

A : wavelength

A =c
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Heinrich Rudolf Hertz (1857—-1894)



Chart of the Electromagnetic Spectrum
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ISM (Industrial,

ISM band ISM band
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MHz MHz GHz GHz
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Commercial Communications Satellites
Geosynchronous Orbit
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VSAT
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end-to-end transit time is 270 msec (540 msec for a VSAT system with a hub)



Geostationary
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