
A

INDEX

B

‘t

~4ngular broadening 2-46
Angular width of source

relation to scintillation
Antenna gain 1-1, 10-12

discrimination against
multipath 9-61
off-axis 8-27 to 8-29

Antimultipath techniques

2-45

antenna’ discrimination 9-61
adaptive equalizers 6-31,6-32
div&rsity 6-31
pilot tones 6-34, 6-35
spread spectrum 6-31,

6-35 to 6-39
Attenuation

clouds 5-6 to 5-10
dust 5-15 to 5-17
gases 3-19 to 3-22
ionosphere 2-53 to 2-56
rain 4-1 to 4-41
vegetation 5-19

Attenuation, rain 4-1 to 4-41
models 4-21 to 4-41 (see
also Models of rain atten. )

Attenuation constant
clouds 5-6 to 5-10
dust 5-15 to 5-17
ionosphere 2-53 to 2-56
oxygen 3-19, 3-20
rain 4-1, 4-2, 4-8 to 4-13
water vapor 3-20, 3-22

Attenuation constant. rain
empirical relatiork  4-9, 4-10,

Bending, ray 3-10 to 3-13, 9-23,
9-24

Bit error mte (BER) 10-2, 10-3
Bistatic scatter from rain, 4-50

to 4-53, 8-20 to 8-25, 8-30
to 8-32

c
Characteristic waves 2-1, 2-2,

2-5, 2-6, 2-12
.

Clouds ‘5-1, ‘5-2, 5-6 to 5-14,
7-12, 7-13, 9-54 to 9-57

attenuation 5-6 to 5-10, 9-54
excess mnge delay 5-12, 5-13
noise 5-10, 5-11, 9-57

Coding 10-2, 10-3
Complex dielectric constant

dust 5-15
relation to complex index 4-5
water 4-5, 5-7, 5-10

Complex index of refraction
clouds 5-6, 5-7
rain 4-6, 4-7, 4-9
vegetation 5-18
water 4-2

Coordination area 8-1 to 8-3
great circle paths 8-9t08-19
scatter by rain 8-20 to 8-24

Coverage area of satellite 1-3,
10-30 to 10-32

Curvature, ray 3-6, 3-7, 3-11
nu

4-12 to 4-14 Defocusing 3-10, 8-14, 8-15,
extinction 4-1 9-28, 9-29
models 4-21 to 4-41 Depolarization 1-7, 4-42 to
plots 4-8, 4-11 4-50, 9-46 to 9-54

xi



Depolarization (cont.)
Chu theory 4-45 to 4-49
D 4-43 to 4-47
differentia~ constant 4-48
and attenuation 4-47, 4-49
XPD 4-42.4-43

Difference range versus int.
Doppler 2-20 to 2-22

Diffuse scatter 6-20, 6-21
Digital systems 6-35, 10-2,

10-3, 10-22 to 10-26
Diversity 10-7, 10-8
DRVID 2-20 to 2-22
Ducting 3-14, 3-15, 8-16 to

8-19
Dust and sand storms 5-14 to

5-17,  9-55

E

Earth radius,
3-9

effective 3-7 to

Elevation-angle error 3-9,
3-10.9-23.9-24

Excess ~ e delay
clouds !!-12, 5-13
ionosphe~ 2-17 to 2-19

9-8, 9-10, 9-15, 9-16
rain 5-13
clear tropos he= 3-22 to

3-29, 9-2{, 9-30 to 9-32
Excess time delay

ionosphere 2-18, 2-26,
2-27, 9-7, 9-lo, 9-15,
9-16

troposphere 9-30

F

Farada rotation 2-12 to 2-16,
2-~8, 9-7, 9-9, 9-15 c

Flat-earth plots 3-8 to 3-11

Footprint, satellite i O-31, 10-32
Free-space loss 1-2, 8-i2, 8-13
Frequency allocations 1-8 to 1-15
Fresnel zones 2-38, 2-43, 2-66,

2-67, 6-3 to 6-5

G

Gaseous attenuation, a , a Aw’ a
3-19 to 3-22, 9-3:

Geostationary satellite
azimuth angle 1-5
distance 1-4, 1-5, 10-12
elevation an~le 1-4, 1-5, 1O-12

Global positiork system (GPS)
C/A code 6-6i
carrier phase 6-61,6-62
differential GPS 6-62, 6-63
ionospheric delay 6-6 i
P code 6-59, 6-60

!
seudorange 6-59, 6-62
OPEX satellite 6-62, 6-63

tropospheric delay 6-61
Ground waves 6-1, 6-2

I

Index of refraction
circular polarization 2-2. 2-5
extmordikry wave 2-6 -

ordinary wave 2-5,- 2-6
quasilongitudinal (QL) 2-11
role in propa ation 2-6, 2-7
tro osphere

K
%-1 (see also

efractivit y)
Interference 8-1 to 8-33

aircraft 8-33
earth-station sitin~ 8-32
ductin 8-2, 8-3,”8-16

fproce ures for analysis
8-31

scatter by rain 8-20 to

xii
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-
8-26 to

8-25
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Interference (cont. )
si nal-to-interference ratio
i-3 to 8-8

Ionosphere l-19 to l-22
abso@ion 2-53 to 2-56
am-oral 2-30, 2-31
D region 1-19, 1-21
disturbances 2-29 and 2-34
E ~gion 1-21
equatorial 2-29
F region 1-21, 1-22

Y
lar cap 2-33, 2-54 to 2-56

ID’s and storms 2-31, 2-32
s mad F 2-33
?ID’s 2-32, 2-33

Ionospheric effects (see
Ionospheric propagation)

Ionospheric propa ation 2-1 to
52-67. 9-1 to -18

absorption 2-53 to 2-56
bandwidth coherence 2-22
Doppler f~quency 2-20 to

2-22, 9-16. 9-i7
excess +nge delay 2-17 to

2-19, 9-15, 9-16
excess time delay 2-18,

2-26, 2-27, 9-15, 9-16
Faraday rotation 2-12 to

2-16, 2-28, 9-15
left cirmlar larization  2-1,

2-2, 2-5, ~11
phase advance 2-19, 9-16
QL approximation 2-11
reflection 2-7, 2-8
refraction 2-9, 2-10
ri ht circular polarization

5-1, 2-2, 2-5, 2-11
scintillation 2-35 to 2-53,

9-18 to 9-21

L

Land-mobile satellite s stems
J1-15, 6-40 to 6-4 , 9-55 to

9-61, 10-17 to 10-21
balloon measurements 6-42
data summaries 6-43 to 6-45
diffuse scatter 6-41, 6-42,

6-46, 6-47
Doppler shift 6-42, 6-46, 6-47
shadowing by trees 6-41, 6-42,

6-47, 6-48
specular reflection 6-41

Laser ra ing 3-29, 3-30
TLaws and arsons distribution

4-2 to 4-4
Link power budget 1-1 to 1-3,

10-9, 10-10, 10-13 to 10-26
Losses and loss factors

clouds 5-6 to 5-10
defocusing 3-10
diffraction 6-4 to 6-7, 8-14,

8-16, 8-17
ducts 8-16 to 8-18
dust 5-15 to 5-17
free space, LF~ 1-2, 8- ~z>

8-13
ionospheric 2-53 to 2-56 .
Lb 8-10, 8-12 to 8-14

Lt 8-10, 8-20 to 8.23

min 4-1 to 4-41
vegetation 5-19, 6-42, 6-47

M

Magnetic field, Earth’s 1-22,
2-2 to 2-5, 9-4 to 9-6

dipole model 2-3 to 2-5,
9-4, 9-5, 9-72 to 9-76

Marshall and Palmer distr.
4-2, 4-3

xiii
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Maximum usable frequency 2-i O
Mesosphere 1-18
Mie theory 4-1 to 4-5
Mobile systems

aeronautical mobile 6-54
to 6-58

global positioning system
6-59 to 6-63

land mobile 1-15, 6-40 to
6-49, 9-55 to 9-61, 10-17
to 10-21

maritime 6-50 to 6-53
Models of rain attenuation 4-21

to 4-41
CCIR 4-34 to 4-41, 9-34,

9-37 to 9-46
Dutton-Doughetiy 4-27
global 4-29 to 4-33, 9-35,

9-36
piecewise uniform 4-28
radar 4-39
Rice-Holmbe~ 4-26
SAM 4-33
two-component 4-33, 4-60,

4-61
(also see Rain models,
features of)

Multipath fading
antimultipath techniques

6-30 to 6-39
specular reflection 6-8 to

6-13, 6-28, 6-29
tm ospheric 3-12, 3-17,

$-18

N
N units 3-1 to 3-8, 9-27, 9-28
Natural regions of Earth 1-23
Noise effect on C/X 7-8, 7-11,

9-63, 9-64

Noise figure 7-1, 7-2
relation to noise temperature

7-2
Noise sources or types

atmospheric thermal noise 7-6
to 7-10, 7-15, 9-63, 9-64

clouds 5-7 to 5-10, 7-13
cosmic noise 7-6
extratemstrial 7-14 to 7-28
lightning 7-6
microwave background 7-17,

7-27
Moon 7-22
sea surface 7“-32
synchrotrons radiation 7-19,

7-20
terrestrial 7-29 io 7-34
thermal 7-6 to 7-10

Noise tempemtm
antema 7-3
attenuator 7-2, 7-3
bri htness temperatm, Tb
f-7, 7-8, 7-10, 7-11,
9-62, 9-63

receiver 7-1, 7-2
relation to noise figure 7-2
series combination ,7-4
system 7-4 to 7-6, 9-61

0
Obstacle gain 6-6$ 6-7
Obstructions on path

knife-edge 6-4 to 6-7
smooth earth 6-4, 6-6

P

Plasmasphere 1-22
Probability density functions

6-21 to 6-25
lognormal 6-24

xiv
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Probability density functions
(cont.)

Rayleigh 6-23
Rician 6-25

Pulsars 7-28

Q
QL approximation 2-11
Quasa=  ‘?-28

R

Radio noise (see Noise sources
and Noise tempe~t=)

Rain
attenuation 4-1 to 441
depolarization 4-42 to 4-50

9-46 to 9-54
rain rate m ions 4-21 to

54-26, 4-3 to 441
rain mte valws  4-30, 4-32,

4-38
spatial distribution 4-18 to

4-20
scatter fmm 4-50 to 4-53

Raindrops
shape 4-1, 4-2
size distribution 4-2 to 4-4
terminal velocit 4-5

Rainfall data 4-1 {, 4-17
Rain models, features of

height extent 4-18, 4-19,
4-35

pa~h ~~d~t& factor, 4-18,

penen~a e of time rates are
fexcee ed 4-32, 4-35 to

4-38, 9-38 to 9-40
rain rate regions 4-21 to

4-26, 4-39

rain mte values 4-30, 4-32,
4-38, 9-34

relation of min rate to ,
attenuation constant, 4-9,
4-10, 4-12 to 4-14, 9-37,
9-4 i, 9-44

spatial distribution 4-18 to
to 4-20, 9-41 to 9-43

step-by-step mcedure
J9-34 to -44

Range delay (see Excess range
delay)

Rayleigh theo
?

4-5, 5-3 to 5-7
Reflection coe ficients

avemge ground 6-16
Brewster ande 6-15
cimular Polarization 6-17,

6-70 to 6-72
divergence factor 6-55
horizontal polarization

6-14, 6-15
ice ca s 6-56Rsmoot sea 6-53
surface roughness factor

6-18, 6-19
vertical polarization

6-14, 6-15
Refractivity, of trw osphere

J3-1 to 3-8, 9- 7 to 9-29
RF link relations 1-1 to 1-3, ‘

10-9, 10-10, 10-13 to
10-30

s

Satumtion water vapor pressure
3-2, 9-27

Scintillation
indices 2-37, 2-53
interplanetary 2-45, 2-46
ionospheric 2-35 to 2-53,

9-18 to 9-21

xv



Scintillation (cont. )
microwave 2-47, 2-49
phase 2-41 to 2-43
~ropos heric 3-17, 3-18,

9-2{ 9-26
Signal-to-noise ratio 1-2, 1-3

10-1, 10-2, 10-9, 10-10
allocation of 10-5, 10-6
analog systems 10-5
composite or overall 10-6
digital systems 10-2
examples of calculations

10-13 to 10-26
relation to Eb/No  10-2

Single sideband systems
6-34, 10-33 to 10-37

Solar power satellite 8-26
Specific attenuation (see

Attenuation constant)
Spectd broadeni~  2-46
Specular reflection 6-8 to 6-17

and diffuse scatter 6-21
modification b roughness

J6-i7 to 6- 0
Spread-spectrum systems 6-35

to 6-39, 10-37 to 10-41
Stratosphe~ 1-18
Surface roughness 6-17 to

6-20
Synchrotnm radiation 7-19,

7-20 “
System noise temperatm, 1-2,

7-4 to 7-6, 9-61, 10-10,
“ 10-11

T

TDRSS (see Tracking and data
relay system)

TEC 2-16 to 2-28, 9-13 to 9-18
effects of 2-17 to 2-24, 2-26

to 2-28, 9-7 to 9-13
oblique path 9-13, 9-14
plasmasphere 2-22, 2-23

Temperature inversions 1-18,
3-4.3-6.3-27

Time delay (see Excess time del.)
TOPEX 6-62, 6-63
Total electron content (see TEC)
Tracking and data relay system

1O-4O* 10-41
Tropospheric propagation 3-1 to

3-30, 9-22 to 9-32
bending, ray 3-10, 3-12, 3-13
ducting 3-14$3 - 1 5
elevation-angle error 3-9,

3-1o, 3-13
excess range delay 3-22 to

3-29
fading 3-12, 3-17, 3-18
flat-earth plots 3-8 to 3-11
gaseous attenuation 3-19 to

3-22
N units 3-1 to 3-8
ray paths 3-11
refractivity 3-1 to 3-8
scintillation 3-17, 3-18

Turbulence, atmospheric 3-15
to 3-17

Bragg scatter 3-16
C2 coefficient 3-16n
range of scale sizes 3-15
tro oscatter 3-16, 3-17,

#_7

v
Velocity of light, to nine

decimal places with no
uncertainty 3-23

xvi
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Very small aperture terminal (VSAT)
10-40, 10-42

potential interference due to broad
beam alleviated by use of spread
spectrum i 0-40

w
Water on radome 4-54, 10-24
Water vapor pressure 3-1 to 3-3, 9-27

excess range delay ARW 3-25

excess range delay AR2 3-25, 3-27

highest known value 3-3, 3-27, 9-28
saturation water vapor pressure 3-2

Water va or radiometers 3-25 to 3-27,
6-6f

application to GPS and TOPEX 6-63
correction for excess range delay AR2

3-25
radiative transfer theo 3-25, 3-26

%statistical retrieval tec ‘que 3-26,
3-27

xvii
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