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Transmission Terminology
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Transmilsslon Terminology
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e dornain concepts

Inalogy signal

°* various in a srnootn waly over firne

digital signall

* rnaintaing a constant level then changes o ano

constant level

oeriodic signzl

° patiern repeaizd over time

aoeriodic signall

°* oztiern not repeaiasd over time



Anzlogus & Digltal Signzals
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oez arnplituds (A)
reudrnuren strengtn of signell

volts
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Varying Sine Waves
(1) = A sin(2nft +o)
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Wavslzngtn (\)
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n two ooints of corresoonding
phase in two consecuive cycl
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assurning signal velocity v nave A = v/l
or equlvalently Af=v

23080 JEH/ wrern v=c

c =370 s’ (speed of lignt in free spaice)



rrecuzncy Domezln Conesots

signal are rmacde Up of rany frequenc
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COrfponents are sine waves

Fourier analysis can snowrn tnat any signell
15 made Uo of cornoonernt sine waves
car olot frecuency dornain functions
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Soscirurn & sSzrcwlcirn

rainge of frequencies contained in signal
a0solute oandwidir)
wicltn of spectrurm
effective ozndwidtr
ften just ofmr/w/r/rn
narrow oaind of frequencies containing rmost enargy
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any transrnission sysiern nas a lirmited oand of
frecuerncies
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Aeoustic Soacirurmn (Anzalog)

Upper limit

of FM radio \

Upper limit

Power Ratio in Decibels

|
|
of AM radio 1
| |
|
Telephone channel I I
| |
e = T C L . 1 1
MUSIC,, = Y I A
> ™ | 1
’, ] I
s “ I
, N 1
BT/ A - 1 Ay
SPEECH I L T Approximate
. | L dynamic range
_-‘q.ppm_xlmate _10dR 1 A of music
dynamic range 1 y}
of viice I {_
A = I
| it
Miolse i
1
]
) == 1
1 Y
] ] ] |
| | | |
10 He L0 He | kH= 10 kHz () kH«

Frequency



~a -

Alcio Slgnals

freq range 20rz-20xrlz (speecrh ’JOOJ—Iz~‘/kHz)
easily converied into eleciromagneiic signals
varying volurne converiad to varying voliage

can lirnit frecquency range for voice crarnnel o
500-3400r]z

O

In this graph of a typical analog signal, the
variations in amplitude and frequency convey the
gradations of loudness and pitch in speech or music.
Similar signals are used to transmit television
pictures, but at much higher frequencies.
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as generaiaed 0y cornouiers eic,
nas two de cormoonenis

oandwidin depends on data raie

+5 volts

L D5 volts

<>
0.02 msec

User input at a PC is converted into a stream of binary

digits (1s and 0s). In this graph of a typical digital signal,

binary one is represented by D5 volts and binary zero is
represented by +5 volts. The signal for each bit has a duration

of 0.02 msec, giving a data rate of 50,000 bits per second (50 kbps).



Anzlog Signals

Analog Signals: Represent data with continuously
varying electromagnetic wave

Analog Data
(voice sound waves)

@ Analog Signal

Telephone

Analog Signal

Digital Data @
(binary voltage ;:rul:-ae:-;;i (modulated on

Modem carrier frequency)




Diglizl Signals

Digital Signals: Represent data with sequence
of voltage pulses

Analog Signal™® > @ < » Digital Signal

Digital Data > - » Digital Signal

Digital
Transceiver
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Isaclvarniangaes

Voltage at
transmitting end

Voltage at M
receiving end



Transmisslon linpalrmernis

signal recel

celved rnay differ frorm signal
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rmost significant irnoairrnents are
aittenuation and attenuaton distorion

Py

stortor

O
(D
TR
<
T



recel ed 51erl strengin rmust oe:
strong erougn to oe deteciad
SLITT] (Jérlflj HU(JHF trieir) noise to recelve witriout error

so Increase sirengin using arplifiers/repeaiers
s also an increasing functon of frequency
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only occurs in guided rnedia
orooagatiion velocity variaes wiin frequency
nerice various frequency cormpornen

arrive at differaent tirmes
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ozriicularly critical for digital datza
since oaris of orne oit solll over into otners
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causing intersyrnool interferanc



additional signals inseried o
transrnitier aind recelver
tnerrnzl
due o therrmal agitaton
uniforrnly distriouted

write nolse
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al signal frorn one lineg is picked up

2c Up oy anoiner
irnoulse
irregular oulses or soikes
° eg. sxternal elecirormagnetic interference
snort duration

m]gm arnplitude

2 rninor annoyarnce for analog signals

out a major source of error in digital datza
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° z noise spike could corruot rmany olts



Crnznrzl Capzclty

rrell 0ossiole data rate on cornms cnannel

2l funciion of

cata rate - in oits ver second
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oarncdwidin - in cycles oaer second or rleriz
noise - on cornms ling
error ralte - of corruoted oits
lirnitaitions due to onysical properiies
welnt rost efficient use of capacity
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consicler noise free cnannels
if rate of signal transrnission is 28 then carn carry
signal witn frecuencies no greater tnan B

2. given pandwidin B, nignest signal raie is 28

for pinary signals, 28 ops needs pandwidin B rlz
carl increase rate oy using M signal levels

Nyquist Formula is: C = 28 log, VI

$O Increase rate oy increasing signals

It cost of recelver chr)I ety

U1

h\

lirnited by noise & otner irmopsirrernts



Snannor Capzclty FormLl

consider relation of data rate, noise & error raie
faster data rate snortens eacn oit 30 oUrsts of noise
affegfs rrore ols
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Snarmon clevelgped forrnulzl el 1tirigy irniese o
signal to noise ratio (in decioel
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SNR,10 log,, (signal/noise)
Capacity C=B log,("1-+3NR)

rec
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oretical reudrmurn capacity

get lower in praciise
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lookead at data transrnissiorn 1ssues
frequency, soecirurn < ozndwidin

a2inzllog vs digital signzls
transrnission irnpsirrnenis



