Lecture 1
Some Introductory Concepts

EE533-08

Isotropic Radiator

» Power is radiated equally in all
directions

» F= flux density in Watts/m?
 Also use Field strength, F.= Volts/m

P Watts
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Real Antenna — Not Isotropic
Polar Plot of Normalized F
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Figure 3.11. Antenna planar gain function g(¢).
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Figure 3.12. Common antenna characteristics.
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Telstar 5
Ku-band EIRP

(te Western Hemisphere, Eastern Hemisphere, Footprints by Dish Size)
TELSTAR 5 (w. hemi or size list)
TELSTAR 5
C-band Transmit EIRP (dBW) . TelStar 5 _(at 97'9W) ,
Satotiite Position: 97° WL Poak: 39.5 4BY Dish sizes are minimum for "Top Grade
reception
(25deg LNB for C-Band, 0.8dB LNE for Ku-
Band)
C-Band Kun-Band
(Full Transponder (3/4 FEC Multiplex,
Analog) Full Transponder Analog)
FIRP D.TH SI\:I_ATV FIRP Multiplex Analog
(dBW)S]ze Size (dB“J)Chsumels Channels
) | () (cm) (cm)
39.0 1.9 2.5 50.0 55 84
38.0 21 2.9 49.0 60 94
37.0 23 31 48.0 63 105
36.0 2.6 3.5 47.0 72 115
35.0 2.8 3.8 46.0 77 125
34.0 3.1 4.2 44.0 95 155
33.0 3.3 4.8 42.0 115 185
32.0 3.9 5.4 40.0 138 230
31.0 4.3 6.1 38.0 175 300
NOTE: SMATV is satellite master antenna
television. 3




Satellite Relay
The “Bent Pipe”
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Figure 3.3-5 Satellite relay system.
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Link Budgets:
Fry = Pr + G.m-if t Gpu

u/l:‘nk:
- 3508w T 55008 —199.10(8 + 20248 = -~ B Bu
# iz 35l 24 - 59l

Note: EIK/’“ : 368w 155508 = 9081
= Kt Gru

Down Link: Peoh+ Cra#-Lo + Grod = Bt

Poit = 18olbuw +160lB - 195.60l8 + 518 = -110. & A8W
= @9 ¥ watls
e

21

A Tohl L)nk /4/7.&/;/,(;9 Y cluo/es
Man}/ Factors,
Yage 1 LoSS/Ga}ﬂ A8

Seedline loss
Connector loss
/4n‘f¢nn¢ Guln
/o-('“\ LD$$
Polan; 2atiun Less

/4‘/»145/‘!0/1,‘: /fbso/bC;.,L Lass
Ra; n, LIO“AS/ 0&5'/'/‘“#»1 Loss

ﬂ eceive H nitenaa.

Total Rueive Pover.

A full Link Budget will also include a noise analysis
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Factors affecting Free Space Loss
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Figure 3.21. Atmospheric attenuation due to absorption. (&) honzontal path at sez le
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Factors affecting Free Space Loss

CARRIER PROPAGATION CHANNELS 117

86 r—

Antenna gain, d8

30 L ! Lol ! o by
25 75 125 250 750 1250 2500

dfx

Figure 3.17. Antenna gain versus d/A. The pointing error is denoted by ¢,.
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Factors affecting Free Space Loss
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Figure 3.22. (a) Rainfall attenuation versus rainfall rate and frequency
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Plane Earth Loss- LOS

Fi.ﬂl"'i‘ 6.1: A great \"i.l'.rk.' path I\cl.\\c:'rrl\l.\\. aill.unn;: tours are marked with heights

in metres above mean sea level. Data is for the Seattle area using the USGS 3 and 1

arcsecond digital terrain models translated into Vertical Mapper format

When the wave interacts with the ground or some other
obstruction we no longer have free space propagation to the
receiver 26
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Plane Earth Loss-LOS
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Figure 6.2: Path profile corresponding 1o the path shown in Figure 6.1

When the wave interacts with the ground or some other

obstruction we no longer have free space propagation to the

receiver 27

Plane Earth Loss- Fresnel Diffraction
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Figure 6.7: Path profile as Figure 6.2 but with Earth radius corrected to account for
aumospheric refractive index gradient. The Fresnel ellipsoid represents 0.6 X the first Fresnel
zone at 900 MHz

Non-LOS communication involves an additional loss
due to Diffraction
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Earth Bulge

httDZ//WWW.CiSCO.COm/UniVeI’Cd/CC/td/dOC/Droduct/vv\re\ess/bbfw/ptop/p2p§pq02/qu02ch2 htm#xtocid19

Earth Bulge

When planning for paths longer than seven miles, the curvature of the earth
might become a factor in path planning and require that the antenna be
located higher off the ground. The additional antenna height needed can be
calculated using the following formula:

D? where
H=— H = Height of earth bulge (in feet)
8 D = Distance between antennas (in miles)
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Earth Bulge with Fresnel Diffraction

http://www.cisco.com/univercd/cc/td/doc/productiwireless/bbfw/ptop/p2pspg02/spg02ch2.htméxtocid19

Minimum Antenna Height

The minimum antenna height at each end of the link for paths longer than
seven miles (for smooth terrain without obstructions) is the height of the First
Fresnel Zone plus the additional height required to clear the earth bulge. The

formula would be:
2
D D

H=433,— +
4F

where

H = Height of the antenna (in feet)

D = Distance between antennas (in miles)

F = Frequency in GHz "
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Tower Height

L'g?s?;nséght Height of Tower  Tower Height Required Over Tallest
Between Antenna to Avoid Flat Obstacle In Line-of-Sight to Provide
Earth Curvature 60% Fresnel Zone Clearance
Towers
2.4GHz 802.11b/g 5.8 GHz 802.11a
(Fresnel Zone (Fresnel Zone
Radius = 39 Feet) Radius = 25 Feet)
8 Miles 10 feet 33 25
10 Miles 15 feet 38 30
12 Miles 20 feet 43 35
14 Miles 25 feet 48 40
16 Miles 30 feet 53 45
18 Miles 40 feet 63 55
20 Miles 50 feet 73 65
22 Miles 60 feet 83 75
24 Miles 70 feet 93 85
26 Miles 80 feet 103 95
28 Miles 100 feet 123 115 a1
32 Miles 125 feet 148 140
Free Space vs Ground effects
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Plane Earth Loss
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Figure 5.5: Physical situation for plane earth loss

Plane Earth Loss
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Plane Earth Loss

The overall amplitude of the result {electric or magnetic field sirength) is then

Jrl h, 598
‘qmwi = '{':ircci + ‘}trcﬂ-xmd 4dm.u i + RCXP ;] - (3-29)
where £ is the free space wavenumber.
F A, { 2h h
i Lotal ]+R¢‘.‘"’.|‘F J'i\ i (5.29)
Fjireat Adirect )’ ) e
where P, is the received power.
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Plane Earth Loss

The direct path is itself subject to free space loss, so it can be expressed in
terms of the transmitted power as

i) s
'F:I"rn"e'.' = P'.r 15.30)
dzr
so the path loss can be expressed as
p(aY 2h,h,
L= ) 1+ Rexp| jk T
Py drr J | r (5.31)

36
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Plane Earth Loss

LA L 2t I hihi,
PT L\—iﬂ?' r

4
r

Expressing this in decibels:

Ly, =40logr—-20logh, —20logh,

37

Plane Earth Loss

Example 5.5

Calculate the maximuim range of the communication system in Example 5.1,
assuming Ji, = 1.5m, ;= 30m. f= 900 MHz and that propagation takes place
over a plane earth. How does this range change if the base station antenna
height is doubled?

Solurion

Assuming that the range is large enough to use the simple form of the plane
earth model (5.34). then

lo y o Lre. +20logh,, +20logh, _148.3+3.5+29.5

40

=453
40
Henee r = 34 km. a substantial reduction from the free space case
described in Example 5.4, If the antenna height is doubled. the range may be
increased by a factor of V2 for the same propagation loss. Hence r = 48 km.

38
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Empirical Path Loss

Table 2.1 Empirical power drop-off values

City m ns dyp(m.)
London 1.7-2.1 2-7 200-300
Melbourne 1.5-2.5 3-5 150
Crlando 1.3 3.5 90
o d..,
J— 1 2
) g(d)=d™Q+—)
Pr g d

slope =n
! b

slope =n,

distance o
dy

Figure 2.2 Two-slope received signal model, wireless communication 39

Mobile Signal

Typical simulated Rayleigh fading at the carrier
Receiver speed = 120 km/hr
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Figure 5.15 A typical Rayleigh fading envelope at 900 MHz [from [Fun93] © IEEE].
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