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Telephone

Modem

4. Haired andmesides

[0 Sumbuvus ja sumbuvusest tingitud moonutused
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[Joonis 12. Analoog- ja digitaalsignaalide kasutamine |
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Joonis 13. Sumbuvus telefonikanalis ‘ Joonis 14. Hilistumisest tingitud moonutused telefonikandis| v
source: Stallings| I [source: Stallings|
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M Urad Mirad (2)
O Termiline mura (“valge” mira)
0 Ng=kT
o N=N,B
O Intermodulatsioonimiira
0 Ulekostvus

O Impulssmira
O Signaali/mira suhe:

_ signaali vdimsus
(SN)ag=10l0g mira vdimsus

©1998 T.Tommingas, TTU LAP-373LIntro25

[Joonis 15. Miramaju digitaalsignaalile i
source: Stallings|
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5. Kanali maht

J Kanaimaht C on teoreetilselt maksimaane
andmeedastuskiirus kanalis valge miire tihedusega N,
mille korral on véimalik saavutada kuitahes véike vea

esinemise tdenadosus. [bit/s]

C=Blog, (1+S/N)

O Andmeedastuskiirus R néitab, mitu bitti informatsiooni

edastatakse gjaiihikus, [bit/s]

C=>=R
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Kanali efektiivsus

0 Kanali efektiivsust véljendab suhe:

C/B[bit/sHz]

O Tihti on signaali/mura suhte asemel mugavam kasutada
jargmist suurust:

E _SR_ S

No ~ N, kTR
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Kanali efektiivsus (2)

Thearetical cificieney,
(Shannon's Law,

Efficiency achicved

over practical
telephone lines
i

0 100 1000

10,000

\Joonis 16. Teoreetiline ja reaal selt saavutatav kanali efekﬂiﬂus_‘
| source: Stallings|
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6. Edastuskeskkonnad
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Edastuskeskkonnad (1

Frequency

)

1010 el ol2 goB goM o1

hert) 102 100 w0t 10’ 108 107 1t 1ef
E

[ LE] TF T MF | HF ERE [

. T T T T + |
Po Microwave Infrared Visible
Rots Radios and televisions Radar light
Musical instruments Eleetronic tubes Microwave antennas Guided missiles
Voiee microphones Tntegrated cireits Magnctrons Rangefinders

Twisted -
pical
- Fiber
Coaxial Cable
P B }
AM Radio FM Radio| Terrestrial
and TV | and Satellite
Transmission
I L L I ! ! ! ! | 1 |
0t 103 ot

Wavelength 10> 10° 10t 108 w2 10! 1w ! w? 103

b, [Joonis 17. TelekommuniKalsioonis kasutatav
elektromagnetiline spekter

source: Stallings|
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Juhitud keskkonnad (1)

e MBED
—Separatcly insulated
~Twisted together

s my ‘ d d dl J
~Often "bundled" into cables

—Usually installed in buliding when built

Joonis 18. Keerutatud paar

source: Stallings|
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Juhitud keskkonnad (2)

—Outer conductor is braided shicld
~Inner conduetor is solid metal
—Separated by insulating material
—Covered by padding

Joonis 19. Koaksiaalkaabel
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Juhitud keskkonnad (3)

AN INN

L
gle sle of
—Glass or plastic core \ AniL m‘ ért‘lilce(ik()m
Laser or light-emitting diode Light at less than incidence
—Specially designed jacket critical angle is
—Small size and weight absorbed in jacket

‘Joonis 20. Fiiberoptiline kaabel

source: Stallings|
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Kiudoptika (1)

Kiudontika (2)

[km] 103 T
i
-
Attenuation (dB/km) (Max) t
Core Cladding L oum ko 1087
diameter diameter (MHz/km) 1 | e T
Fiber type (wm) (wm) 850nm 1300 nm 1500 nm (Max) 15um.SM —
Single Mode 50 850r125 23 5000 @ 850 nm T ‘
81 125 05 025 102
1.3pm,SM
Graded-index 50 125 24 06 05 600 @ 850 nm
1500 @ 1300 nm q A
62.5 125 30 07 03 lzg g k;;l;)n:lnm 3‘3 3pm, MM -y = o1
100 140 35 15 09 300 @850 am 5 T8
500 @ 1300 nm g o] T o N
Step-index 200 or 300 380 or 440 60 6 . | ]
. . L. . - 10 02 108 10 [Mbit/s)
Joonis 21. Kiudoptiliste kaablite karakteristikud sR —P
Joonis 22. Kiudoptika areng.
source: Stall MM: Multimode-kiud:  SM: Sir kiud source: Leuthold
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] o Kiudoptika (3) =
km it < nm-km T DN
B e e
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o1 5= -20 b || T R ot | B0
1200 1400 1600 nm s
: Eo i B o A W RO
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i) Pever] W I
Joonis 23. Singlemode kiu wmbuvu31§d| spersioon TS Srede oluliste TUpIde parameetri
sumbuvus; ——— dlspersoon source: Leuthold| (L = 1km) source: Leuthold
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Juhitud keskkonnad(5)

30
22-gauge
twisted pair
10
7 3/8" coaxial
= cable
3 3
]
k]
B
2 1
2
< Optical
fiber
03
0.1 1 | L i}
TkHz 1MHz 1GHz 1THz

Frequency

1000 THz

\Joonis 25. Sumbuvus erinevates kaablituipides
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V aba leviga keskkonnad (1)

Frequency Analog data Digital data Principal
band Name Modulation _ Bandwidih Modulation  Dataate applications
30300 kHz LE (ow Generally not practical ASK,FSK,MSK 01100 bps Navigation
frequency)
0-300kHz  MF (mediom A ToskHz ASK.FSK,MSK  10-1000bps  Commercial AM radio
frequency)
530 Mz HE (high AM,SSB TodkHz ASK.FSK,MSK  10-3000bps  Shortwave radio
B adio
3030MH:  VHF(eoyhigh  AM,SSBFM  SkHzioSMHz  FSK.PSK Tolodkbps  VHF television
requency) FM adio
300-300MH:  UHF (ulrahigh  FM.SSB To20MHz [=3 TotoMbps  UHF telovision
y Terestrial microwave.
32061 SHE (uperhigh ~ FM To 500 MH: sk Tol00Mbps  Terestrial microwave
irequency) Satelit mictovave
0300GH,  EHF(etemey  FM Tot GHz BSK To750Mbps  Experimental shors
higa frequency) point-to-point

‘Joonis 26. Vabalevi laineal ade karakteristikud

source: Stallings|
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Vaba IQ/i_gq keskkonnad (2)

Joonis 27. Vaba levi laineal ade rakendusva dkonnad

source: Leuthold|
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