Annex I
SUPPLEMENTARY INFORMATION AND FORMULAS USEFUL FOR PROGRAMMING
The material of this annex is organized into the following sections:
1. Line-of-sight
2, Difiraction over a single isclated obatacle
3. Diffraction over a aingle isclated obstacle with ground reflections
4, Diffraction over irregular terrain
5. Forward scatter
6., Forward scatter with antennas elevated
7. Longa=term variability

8. List of special symbols used in annex III
Section | lists geometric optics formulas for computing transmission loss over a

gsmooth earth, for detor'mining the magnitude and phase of the reflection coefficient, and for
computing a first Fresnel zonedlong a great circle path, Graphs of the magnitude R and
phase ¢ of the reflection coefficient are included, Section 2 gives mathematical expres-
gions that approximate the curves A{v,0), A(0,p) and U(vp) for convenience in using

a digital computer.. Section 3 lists geometric optice formulas used to compute diffraction
attenuation when several components of the received field are affected by reflection from the
earth's surface, Section 4 defines the parameters K and b for both horizontally and
vertically polarized radio waves, Section 5 shows the function F(6d) for -NB = 250, 301,
350, and 400, and for values of 8 from 0,01 to 1. Curve fits to the function F(0d) and
equations for computing Ho(n' = 0) are included, Section 6 suggeats modifications of the
prediction methods for use when antenna beams are elevated or directed out of the great
circle plane, Section 7 shows diurnal and seasonal change# in long-term variability,
Mathernatical expréuicma used to compute predicted dintributi_om are shown and a method
of mixing distributions is described. Section 8 is a list of special symbols used in this

annex,

Section 1.3 of annex I explaina an easily programmed method for obtaining ref-
erence values of attenuation relative to free space Acy for & wide range of applicatio‘xs.
These reference values may be converted to estimates of transmission loss exceeded for
100p = 100(1 ~ q) percent of the time by subtracting the quantities V(0. 5) and Y(q) defined
by (10.4) and (10. 5) of volume | and discussed also in section 7 of this annex.
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1.1 Line-of-Sight

Simple formulas for line-of-sight propagation which suffice for most applications, are
given in section 5 of the report. Formulas for geometry over a smooth earth and for deter-
mining the magnitude and pha.s:'e of the reflection coefficient are 'given here.  These formulas
may be used when the great circle path terrain visible to both antennas will support a substan-
tial amount of reflection, and it is reasonable to fit a smooth convex curve of radius a to this
portion of the terrain,

Figure 5.1b illustrates the geometry appropriate for reflection of a single ray by a
smooth earth of effective radius a. In the figure, { is the grazing angle at the geometrical

reflection point located at a distance d'1 from an antenna of height h. and at a distance d

1 2
from an antenna of height hZ' The total path distance d = d1 + d2 is measured along an arc
of radius a. The difference, Ar between the reflected ray path length r + r_ and the length

1 2
of the direct ray, L is calculated to find the phagde of a radio field which is the sum of ground-

reflected and free space fielda. If Ar is less than 0.06), these ray optics formulas are not
applicable. For almost all cases of interest the angle Y is small and the strailght line distances
p» 4, and d. The
geometric optics formulas given below upually require double-—prgciaion arithmetic,

T, and r, are very nearly equal to the mean sea level arc diatances d

-1 hl d1
tan ¢ = cot(dl/a) -1+ h‘lla) cac(dl/a) 3 - 3 (111, 1)
1
1 hZ dZ
tan | = cot(dz/a) -(1 + hzla)- céc (dzla) el i Y (a1, 2)
2
2 2 %
ro= a{(hlla) + (hz/a) - Z(hlla)(h‘z/a) +2[1+ hlla thylat (hllé.)(hz/a)‘][l-coa(dla)]}
(111, 3)
o2 %
[(a sin 4} + hl(Za + hl) ] -asin ¢ (I11.4)
2 1
[(a sin ¥)” + h,(2a +h,) ] - asiny (L. 5)
Ar=r1+r2-r°=4rlr2 sinztw(rl-o-rz-rro)o (111, 6)

Equating {11, 1) and (III, 2) and substituting 4 - dl for dZ in (Lil. 2), the distance cl1 may
be determined vgraphic'ally or by trial and error, and tany is then calculated using (IM, 1),
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Using double precision arithmetic, (III, 1) through (Il1. 6) give an accurate estimate of the
path difference Ar for reflection of a single ray from a smooth earth, - This value is then used

in (5.4) or (5, 5) of section 5 to compute the attenuation relative to free space.

If either hl or hZ greatly exceeds one kilometer, and if it is considered worth-
while to trace rays through the atmosphere in order to determine § more accurately,

values of d1 or dz. tabulated by Bean and Thayer [1959], may be used. Given h

and the surface refractivity, Ns' select trial values for ¢, calculate d1 and dz,

2 ® d. Then (IIf,1) and (IIL2) must be solved for new values of h1

and ha if (1L 3), (Ill.4), and (IIL5) are used to obtain the path difference,

Ar“—*r1+rz-ro.

The symbols R in (5,1) and ¢ in (5.4) represent the magnitude and the phase

1’ hZ'
and

continue until dl +d

angle relative to w, respectively, of the theoretical coefficient R exp[-i{r-c)] for reflec-
tion of a plane wave from a smooth plane surface of a given conductivity ¢ and relative di-
electric constant ¢, Values of R and c as a function of thé grazing angle § are shown in
fiéures III.1 to III.B for vertical and horizoﬁtal polarization over good, average, and poor
ground, and over sea water, The magnitude R . of the smooth plane earth reflection co-
efficient is designated Rv or Rh for vertical or horizontal polarization respectively,
and is read on the left-han_d ordinate scale using the solid curves, The phase angle relative
to w, is designated c, or ¢ for vertical or horizontal polarization respectively, and
is read in radians on the right-hand scale using the dashed curves. As seen from these
figuree in most cases when the angle ¢ is small, R is very nearly unity and c may be
set equal to zero, A notable exception occurs in the case of propagation over sea water
using vertical polarization.

In preparing figures IIL. 1 to IIL.8, the following general expressions for the mag-
nitudes R.v and R}-1 .a.;'zd lags (ﬂ-cv) and (w-ch) were used, In these equations,
¢ is the ratio of the surface dielectric constant to that of air, ¢ is the surface conductivity
in mhos per meter, f is the radio frequency in megécycles per #econd, and ¢ is the

grazing angle in radians,

x=1,80x 10} ¢ /1, q=x/(2p) (LLL 7)
Y
sz = [(c - cmlZ «p)z +x2] + (e = cc:mZ ¢) {111 8)
2 2
b o= S AX oy 1 (1L, 9)
h° 2
P +q P +gq
m - HApetax) 2P (LLL. 10)
v 2 2 2 2
P +q P +q
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RZ=z[14b sin®¢-m siny![1+Db sin’ ¢ + m_ sin -t (111, 11)
v oL v v j v v B ] *
ha'zl:i-t-bhsinztla-mhaintv-‘l;li-bhsmz\p-rnlhlinQJ]-l (1. 12)
A
ol xsinY-q ~1{ xs8iny +q
T~ c = tan <-——-—-———-—-—-—€am¢_P>-tan (esin¢+p> (ILL, 13)
e =tan”1<——2-3-->-tan" -q—-) (15 14)
h giny ~ p siny + p *

The angle <, is always positive and less than 7, and ¢ _ is always negative with an ab-

solute magnitude less than =, The pseudo Brewster angle, w.he:e c, suddenly changes from
near zero to w/2, and where Rv is a minimum, is si.n—l'\/rrﬁj.

For grazing angles less.than 0.1 radian, for overland propagation, and for fre-
quencies above 30 Mc/s, excellent approximations to (IIL11) ami (111.12) are provided by

the following formulas:

w
1]

exp(-m_¥) (1. 15)

o
1l

exp (- m, Py . (Il 16)

The assumption of a discrete reflection point with equal angles of incidence and
reflection as shown in figure 5.1 is an oversimplification. Actually, reflection occurs from
all points of the surface, For irregular terrain, this is taken into account by a terrain
roughness factor NE {subsection 5,1), which is the r.m. s, deviation of terrain relative to
a smooth curve computed within the limits of a first Fresncl zone in a horizontal plane, The
outline of such a Fresnel ellipse ia determined by the condition that the length of a ray path,
rl.l T, 0 corresponding to scattering from a point on the edge of the ellipse is half a wave
length longer than the geometrical ray path, n + Tor where the angles of incidence and
reflection are equal,

The first Fresnel ellipse cuts the great circle plane at two points, * and X,

kilometers from the transmitter, The distances x and X, are defined by the relation

F2 2 2 | 2 2 2
NENE LWL +\jr2 sin” Y+ [(r 4+ ) cosdox]=r 4r, ¢+ A/20 (1m. 17)
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The exact solution for x is

2%, y(1+6)= [(r +2,)(148) +(r ~7,)] cosyp & (r; +1,+\/2) 5\4[;”1"2/[("1”2)‘-5]
(LI, 18)

where

2
i‘zzh'z"'dz

2 V2 2 ' v 2
1 1 1 r _hz +d (rl-l-rz) = (hl+h2) +d

cosy=d,fr; =d,/r, , sin ¢=h'1 /e, =h:z Iz,

dl' cl2 are defined by (5.7), and A i8 the radio wavelength in kilometers,

As an alternative method, the points x and %, may be computed in terms of path

distance, the heights hl' and h'z, and the radio frequency., In this method, the distance

e to the center of the first Fresnel zone is first computed, then the distance %, from the

center to the marxgin of the zone is subtracted from x, to give X s and added to give X,

2 g2
xoﬂd/Z[l+Bf(h'l-hz)] ke (I1I. 19)

where
' 2 21 -}
B= (o.sdu +2 0\ /a%) + £(n] +h}) ] (1L 20)

Va

l.
III. 21

R
1+2h1h2/d

2
L+in +h'2)2/d ]

N 2 ty t - i
%, = 0.548 B d {[f hyb) /d + 0.075 (142 hihy /d )J L

krp, x‘b=x0+x1 km .
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The method given in (IIL19) to (I1LZ21) is applicable whenever d >> A\, I{ in addi-

tion, h'1 h'Z << dz'. the computation of B, and x, may bo simplified as follows:

«1

B :[o.ad-rf(h'l '+h‘a)2] (1L 22)

1,
x, = 0.548 B a® {[f hih /4 + 0.075] [1 + (h'1+h'a)zldz] } (1L 23)
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REFLECTION COEFFICIENT, R,

THE COMPLEX REFLECTION COEFFICIENT R& 7 ~¢)
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REFLECTION COEFFICIENT, R,

THE COMPLEX REFLECTION COEFFICIENT Rei(m-c).
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REFLECTION COEFFICIENT, R,

THE COMPLEX REFLECTION COEFFICIENT Rg(7=C]
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COEFFICIENT, R,

REFLECTION

THE COMPLEX REFLECTION COEFFICIENT R&' (7 —¢)
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REFLECTION COEFFICIENT, R h

THE COMPLEX REFLECTION COEFFICIENT Re‘” ¢
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REFLECTION COEFFICIENT, R,

-i(7r=c)

THE COMPLEX REFLECTION COEFFICIENT Re
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THE COMPLEX REFLECTION. COEFFICIENT Re
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1II. 2 Diffraction over a Single Isolated Qbstacle,
The theoretical diffraction loss curves on figures 7.1 to 7.4 have been fitted by
arbitrarv mathematical expressions for convenience in using a digital computer,
The diffraction loss for an isolated rounded obatacle and irregular terrain is given in

section 7 as:

Alv,p) = Av, 0) + A(0,p) + U(vp) db (1.7

where the parameter v is defined as

vz & 2VATX = +NZda B % (1. 1a)
or
v.= % 2.5830N T, 7T (7.1b)

and p &nindex of curvature of the rounded obstacles is defined aas:

1/3 f-1/6

p = 0,676 r [d/rlrz)]l/a (7.8)

For an ideal knife edge, (p = 0), the diffraction loss is A(v,0) and is shown on

figure 7.1, For values of v from -0.8 tolarge positive values, this curve may be

approximated using the following mathematical expressions;

For -0.8=x v = 0,

A(v,0) = 6,02+ 9.0 v+ 1,65 v db. (L1, 24a)

For (0 = v = 2.4,

A(v,0) = 6,02+ 9,10y = 1,27 v2 (LI, 24b)
For v > 2,4,
A(v,0) = 12.953 + 20 log v db, (IIL. 24c)

The theoretical curve for A(0,p) is approximated by:
2 3
A0, p) = 6,02+ 5,556 p+ 3.418 p + 0,256 p~ db,

and the curve U(vp) is approximated as follows:
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For vp =31 Ulvp)=11.45vp +2.19 (vp )Z - 0,206 (vp )3 -6.02 ab. (II. 26a)
For 3<vp =5  Ulvp)=13.47 vp + 1,058 (vp)> - 0.048 (vp)> - 6.02 db. (ILL. 26b)
For vp <5  Ulvp)=20vp ~ 18,2 db+ (IIL 26¢)

An average allowance for terrain foreground effects may be made by adding a term
10 exp(«2.3p) to A{0,p). This term gives a correction which ranges from 10 db for
p=0to 1db for p =1.

When reflections from terrain on either or both sides of the obstacle should be con-
sidered, the method gi';ren in the following seéction may be used. This method considers; the
diffraction loss and phase lag over the diffracting obstacle, and the path laﬁgth differences

and reflection coefficients of the reflected waves,
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LI 3 Diffraction over a Single Isolated Obstacle with Ground Refiections
Diffraction over an igolated obstacle is discussed in section 7, where ways of approx-
imating the effects of reflection and diffraction from foreground terraih are indicated. Where
the effects of reflection are expected to be of great importance, such as in the case of prop-

agation over a large body of water, the following geometric optics method may be used.

Figure II.9 illustrates four distinct ray paths over a knife edge; the first ray is not
reflected from the ground, the second and third are each reflected once, and the fourth ray
is reflected once on each side of the knife edge. Each ray is subject to a diffraction loss £j
and a phase lag &, at the knife edge, where j=1, 2, 3, 4. Both fj and ttj depend
on the knife-edge parameter v given in section III.2, When the isolated obstacle is rounded,
f:\thcr than an ideal knife edge, the diffraction loss depends on v and p, where p is the

index of curvature of the crest radius, defined in section III.2, The parameter v may be

written:

=+ 2N A TN = 2da B /M .2
vj + 28 J/ =N aOJBOJ/ (I11. 27)

where Aj is

A, =r +r, 47 - T3 A4=r“+rlz+rzl+rzz-ro4. (III. 28)

Path differences Aj used to calculate vj in (IIL, 27) are closely approximated by

the {ollowing formulas :
2

_Aj = dr Oj A dr = dl dZI(Zd). Gj =0+ ejr
- - = = . .2
Or = 0 O =24 W /a8y =24y, 0 /dp 0, =0, H 0y, £, 29)
The total phase change ®(v,p) at an isolated rounded obstacle is
8 = 8 (v.p) = 90 V2 4 §v, 0) + §{0, p) + $lvp) (LI 30a)

where the functions ¢(v,0), #0,p), and ¢{vp) are plotted as dashed curves on figures
7.1, 7.4, and 7.5 For an ideal knife edge, where the radius of curvature of the crest is

zero, p =0, and (Il 30a) reduceés to

for v>0 Qj(v, 0) =90 _vz + &(v, 0) (1L 30b)

for v=40 ﬁj(v. 0) = &(v, 0) - (III. 30¢)
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The three components of the received field which are affected by reflection from the
earth's surface depend also upon effective ground reflection coefficients Rezexp [Fi(r - cz)]

and R, expFi{r- c3)], defined in section 5, and upon ray path differences AZr and A3r:

e3
A, =y  +r -1 HZ\PZd d, /4
2r 11 12 1 1 11 "12° ")
2
A3r =1, + PP Y = 4)2 le dZZIdZ' (111, 31)

Usually, it may be assumed that €y 7 Cy = 0 8o that the reflection coefficients are -Rez

and - _Re 3
Introducing the propagation constant k = 2 n/\, the attenuation relative to free space

is then

£ explri® ) - R, f, exp Ei(az + kAZ)_J

A= -ZOlog{

o, +kA3)] 9 axp.Ei(~b4+kA2 +kA3)] ]}db (I1L. 32)

-RE3 £3 exp

where

f‘-hLJ(l C.-5) +(C.-5)%, tano,= ©i%
J : b i M J'l-CJj-Sj

v, v
J wtz i wtz

S‘ cos| =5— dt, S, = ain{ ~=— ] dt, (1L, 33)
o ) o L

Pearcey [ 1956 |, and the NBS AMS 55 Handbook of Mathematical Functions [ 1964 ] give
complete tables, series expansions, and asymptotic expressions for the Fresnel integrals

C. and §,, The magnitude £J,s!£(vj) for v=vj may alao be determined from figure 7.1
]

and the expression

log f(vj) = . A(vj)/ZO (1L 34)

and where v is larger than 3

¢ = 0.225080v., .= 2(142 v."‘) radians (IIL 35)
i i SN j

Figure II.10 18 a nomogram which may be used in the determination of f(v,) and &(v.)
b )

for both positive and negative values of v, This nomogram is based on the representation
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of Fresnel integrals by the Cornu 8piral.

d d d d d

The general problem requires calculating 8, d, d 227

IR A § A A2

\pl, and 4, .as ‘shown in figure IIL.9.
1. Calculate Oj and Aj for j=1, 2, 3, 4, using (II1.29),
2. Calculate vj, Cj' Sj. £j. and wj. uging (LL.27), (OL33), and iigure 7.1.
3, Calculate A and A from (If.31),
2r 3r
4, Calculate R and R from (5,1), or assume that- R . =R =1,
ez es ez ez
5., Substitute these values in (IiL.32),
To check the calculation of each vj, the approximation given in (II[,27) may be used, with

the following formulas for @ = d, Gj/d and poj = d1 Bj/d:

agy = d, 0/d Bgy =9, 0/d

@y = @y t 24y, ¥ d, /(9 d) Boz = Py + 24y, ¥ /d

ag3 = @gy * 2y, ¥,/d Poz = Boy + 2dz,4,d,/d,d)

@54 = %92 ¥ %3 - %) Boa = Poz *Bo3 = Boy - (111 36)

Two special cases will be described for which (III.29) and (II1.31) may be simplified,
First, assume that each reflecting surface may be considered a plane. Let ht and htm
be the heights of the transmitting antenna and the knife edge above the first plane, and let
hrm and hr be the heights of the knife edge and the receiving antenna above the second
reflecting plane, Asasume that Ar is very small for every A, Interms of the heights ht'

htm' hrm' hr' the parameters 8, dl' and d2 and the parameter dr EdleI(Zd):

A, =2h htrh/dl' A3 =2h_h__ /d.

2r t r r rm' 2
2 2
Al = dr 8, A2 = dr(O + htm AZr)
2
A3 = dr(e + hrm ASr) ’ A4 E dr(O + htm AZr + hrm A3r) . (ILL. 37)

The second special case assumes a knife edge over an otherwise smooth earth of
effective radius a, with antenna heights ht and hr small compared to the height of the knife
edge.. In this case, ht and hr are heights above the smooth curved earth, The angle of
elevation of the knife edge relative to the horizontal at one antenna is 6, _ and relative to the

ht

horizental at the other antenna is o Referring to (5, 12):

hr®

I-19



2 _ 2 .
A, =h N 6 +4n/(3a) + eht} L By =k H O + 4h_/(32) + 0 ] (L. 38)

For this special case, the formulas (I11.29) for Aj may be simplified by writing

2 2
0,0 = 85, 4,/(Zh), 0, =4y d,)/(2h ). (11L 39)
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I11. 4 Parameters K and bo for Smooth Earth Diffraction

In section 8, the parameters K and b° are shown on figures 8.1 and 8.2 for
horizontally and vertically polarized waves for poor, average, and good ground, and for sea
water,

Assume a homogeneous ground in which the relative dielectric constant ¢ and

conductivity ¢ of the ground are everywhere constant. K and b° are defined as follows:

"or horizontal polarization,

- Y

L
K, = L7778 x 107 C_ 1 [(c-1)7 +x%] (111 402)
° =1 € 1
bh = 180 - tan - degrees , (III. 40b)
For vertical polarization,
2 2.}
Kv =(e +x) v Kh (II. 41a)
-1 -1 -1\ .
b, =2 tan (e/x) = tan ( v ) degrees (I1I, 4 1b)

where x  depends on the ground conductivity ¢, in mhos per meter,and the radio frequency

f, in mcgacycles per scecond, and has been defined by (I, 7) as

%= 1.8x 10% g/t

(70 is defined in section 8 as

1
C, = (8497/a)®

where a is the effective earth's radius in kilometers.

When o/f >> (e/2) X 10-4 , the parameters K and b” may be written as

-4 1/6 -1/2 o
Khne 1.325% 10 Cof T . b, = 180 (IIL, 42)

12 516 w0 (1L 43)

K = 2,385C o
v o v

and when off < < (¢/2) % 10-4, the parameters K and. b° may be written as

-2 -1 b ° i
K, =~ L7778 X 107" C_f T e -1 Z ., b, =90 (I11. 44)
. [ h
o

KV P K bv = 90 (I1L. 45)
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III.5 Forward Scatter

The attenuation function F(6d) for NB = 250, 301, 350, and 400, shown in figure
9.1, may be used for most land-based scatter links, When a path is highly asymmetrical,
the attenuation for a given value of 8d is less than it would be for a symmetrical path,
Figures IIL, 11 to III, 14 show the function F(6d) for values of 8 from 0,01 to 1, and
for N, = 250, 301, 350 and 400, For values of 6d = 10, the effect of asymmetry is neg-
ligible, but increases with increasing 6d, particularly when s <0,5.

For values of 8 between 0,7 and 1, the function F(8d) for Nn = 301 may be

computed as follows:

for 0,01 =6d=10, F(8d) = 135.82 + 0.33 8d + 30 log (6d) (T11. 46)
for 10 =8d =70, F(6d) = 129.5+ 0,212 0d + 37. 5 log (8d) (1. 47)
for 8d 270,  F(8d) = 119,24 0. 157 od + 45 log (8d)- (111. 48)

The function F(8d) may be obtained for any value of N' + by modifying the value

computed for N_ = 3010
F(ed, N ) = F(8d, N_ = 301) - [o.x(N._sox)e"ed“o}.

The frequency gain function, Ho' for the special case hte = hre frequently used
in systems design, is shown as a funétion of r on figures III. 15 to III. 19 for n, =1, 2, 3,
4, 5, and for 8= 1, 0,5 0,25 and 0.}1. In this case, no correction factor AHO is re-
ciuired.

The function Ho for n, v 0, shown on figure 9,5 corresponds to the assumption
of a constant atmospheric refractive index. Except for the special case where hte =h

re
this function may be computed as follows:

2 2
2(1- hre /hte )

H: (-qs = 0) = 10 log { } (I11. 49)
° v, [h(r,) - hir,)]

h - ; =
where r, 41r0hte/)\ ' T, 41r0hre/k,

nI-24



h(rl) =r, I(rl) ' f(rl) = Ci(r,) 8in ¥+ [n/2 - Si(rl)] cos T, (ILL. 50)
and

h(rz) =r, f(rz) ' f(rz) =_Ci(r2).si.n r, + {n/2 - Si(ra)] cos ¥,

r r
Gilr) = S o8t G,  si(r) = S‘ —s-itit-dt (1L 51)
0

t
w0

Values of the sine integral Si(r) and the cosine integral Ci(r) for arguments from
10 to 100 are fabulated in volume 32 of the U, S, NBS Applied Math Series [1954]. See
also [NBS AMS 1964}, The function h{r) is shown graphically in figures IIL20 and IILZ1,

For the special case of equal effective antenna heights, h_ = hre' equation (III.49)

te
is not applicable, In this case Ho('% = 0) is computed aa:

4
H (n =0)=101log { } (I1L, 52)
o’ v [h(r) - r gir) ]

where

glr) = Ci(r) coe r - [n/2 - Si(x)] sin r (1L, 53)

When the effective height of one antenna is very much greater than that of the other,
the computation may be simplified as follows:

For r. <<, H ( 0) = 10 log {r } {III, 54a)
1 M =
2 22 (1o hir,)] h(rz)]
For ry > r‘l. Ho("s = 0) = 10 log {--22—-— } . (ill. 54b)
r [1- h(rl)l
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1,6 Transmission Loss with Antenna Beams Elevated
or Directed Qut of the Great Circle Plane

The methods of section 9 may be modified to calculate a reference value of long-term
median transamission loss when antenna beams are either elevated ox directed away from the
great circle path between antennas. For many applications, the average tranamission loss
between antennas with random relative orientation is about 10 db more than the basic trans.
mission loss, which assumes gero db antenna gains,

Figure J[II.22 shows scattering subvolumes at intersections of antenna main beams
and side lobes, A ''scatter! theory assumes that the total power available at a receiver is
the sum of the powers available from many scattering subvolumes, For high gain antennas,
the intersection of main beams defines the only important scattering volume. In general, all
power contributions that are within 10 db of the largest one should be added.

For a total radiated power W,

-0.1 Lsr -0.1L
wa/wt= 10 s w. /w =10 (111, 55)
where I"ar is the tranamission loes and I...i is the loss associated with the ith power
contribution, w_,:

ai

-0.1 Li
L .= =10log(w /w) = -10log z 10 (I1L 56)

i

2
Ly = 30 logf ~ 20 log(d"/x ) + F(6,d) « F, +H +A_ -Gy -G + L, . (UL57)

In (I1.57) £, d, and Aa are defined as in (9.1) and the other terms are related to
sirpilar terme in (9.1). If the effective scattering angle eei for the ith intersection is
equal to the minimum scattering angle 8, then F(eeid ) Foi’ Hoi are equal go F(ad),
L and Ho, and Gti + Gri - Lgi = G , Note that a texen 20 log(rold) has been added
in (I11.57) to provide for situations where the straight line distance r, between antennas
is much greater than the sea-level arc distance d, Such differences occur in satellite com-
munication,

Scattering planes, defined by the directions of incident and scattered energy,may or
may not coincide with the plane of the great circle path, Each '"scattering plane" is
determined by the line between antenna locations and the axis of the stronger of the two

intersecting beams, making an angle § with the great circle plane.
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The free space directive gain patterns of the antennas are replaced by equivalent values
for ease in computation, For an idealized pencil-beam antenna with a hlli;powar beamwidth
25 and a circular beam cross-section, the directive gain g i» 4/52. aspuming that all of
the power is radiated through the main beam and between the half~-power points, An equiva-
lent beam pattern with a square cross=-section and a semi-beamwidth 60 has a gain of
w/&i. thus § = Vw74, and the maximum free space gains are

Gt = 10 log I 4,97 - 10 log & db (IIL. 58a)

two Btzo

G, = 10 log 80" 4,97 « 10 log b wo Grzo db (1II. 58b)

where the subscripts w and z refer to azimuthal and vertical angles, In most cases,

6w° and 620 may be replaced by their geometric mean, 60 s (Bwoszo)‘ . The free space
directive gain of a main beam may be measured or approximated as 8 /(2 8000 Caine
for side lobes are determined from g, and the ratios g, /go. gzlgo. v+e 5. which may be
measured or calculated, The average gain g for other directions depends on the fraction
of power radiated in those directions, For instance, if half the total power of a transmitter

is radiated in these directions, and if the polarization coupling loss, L_. is 3db, then

th-ch'—‘ -6 db

since the definition of the directive gain, th, assumes for every direction the receiving
antenna polarization appropriate for maximum power transfer,

Figure 1IL23 shows an antenna power pattern in several different ways, including a
Mercator projection of the surface of a unit sphere,

The plane that determines the "bottom' of a beam is perpendicular to the great
circle plane and forms an angle \Pi with a horizon piane:

Y 7 O 7 Bt 0 ¥ri T %ri ” Ser (11L. 59)

where Ob is the angle of elevation of the lower half-power point of 2 beam above the hori-
zontal, and 8_, is defined in section 6. If an antenna beam is elevated sufficiently so that

ray bending may be neglectegd, the angles a, and pe are denoted %o and ‘seo:

(111. 60)

where L is the angle away from the great circle plane. The angles a, and poo are
defined as in section 6 using the actual radius, a_ = 6370 km, instead of an effective radius

a.,
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When ray bending must be considered, the equations for a, and pe are

d, secl
Lt d sect,

a, =a, . + T<9bt' —— Ns) - .r(ebt' —a Ns) (IIL. 61a)
d, secl

Pe = Peo * 1-<ebr' ‘"1:3'2'”"”' Ns) - T<°br’ .9...52‘;5_;.. Ns) (ILL 61b)

where -r(veb, d, Na) is the bending of a radio ray which takes off at an angle eb above the
horizontal and travela d kilometers through an atmosphere characterized by a surface
refractivity Ns' The ray bending T may be determined using methods and tables furnished
by Bean and Thayer [1959 ], For short distances, d, or large angles, 0., T is neglig-
ible. If O, is less than 0.1 radians, the effective earth's radius approximation is adequate

b
for determining T,

T<eb. docct, NB>= aio [1-a/aN,)] . (IIL 62)

The reference value of long-term median transmission loss Lsr is computed using
(1II.56) where the losses associated with several scattering subvolumes are computed using
(I11.57)., The attenvation function F{(d eei) is read from figure 9,1 or figures IIT,11 - II.14
as a function of Gei.

The generalized scattering efficiency term Foi is

F, =1.086(n, /b }(2h -h

o =h b, ~h ) db (IIL. 63)

1 Lt Lr

where

2
Ge =a, By B¢ ~ ae'/pe ' he B d ee/(l+ se) v Mg T My (he' Ns) (111 64)

and the other terms are defined in section 9. In computing the frequency gain function .Hoi’

i > = i = oo, =

if @ >a use r, =, if pe > ﬂo use r, = 0 then Hoi HO + 3 db. If both antennas
are elevated above the horizon rays, Hoi = 6 db. Atmospheric abaorption Aa is digcussed
in section 3. The gains Gti and Gri are the free space directive gaine defined by (IN.58),
and the loss in gain I..gi is computed as shown in section 9 replacing % , 8, &6 and @

by Ngor B0 6@. and ee.
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In computing long-term variability of transmission lose for beams elevated above the
horizon plane, the estirmates of V and Y given in section 10 should be reduced by the

factor f(Gh) shown in figure 11,24, with eh = Sb:

VB(O. 5 de) = V(0. 5, de) f(eh) (111 65a)
Yland)) = Ylqd)8,) . (IL.65b )
The angle Bh' used in (I0.65) should be the elevation above the horizontal of the
scattering subvolume corresponding to the minimum value of I, ,

i
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SCATTERING SUBVOLUMES IN A SCATTERING PLANE
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SI0E LOBE By

MAIN BEAM
MAIN BEAM
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ILLUSTRATION OF A SCATTERING PLANE CONTAINING
THE MAIN BEAM OF THE RECEIVING ANTENNA

MAIN BEAM AXIS

HORIZON PLANE

MORIZON
PLANE

Figure M .22
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FREE SPACE ANTENNA PATTERN

INTERSECTION OF AN EQUIVALENT
ANTENNA POWER PATTERN WITH
THE SURFACE OF A UNIT SPHERE

ANTENNA VOLTAGE PATTERN.
POLAR DIAGRAM IN THE
EQUATORIAL PLANE

POLAR AXIS
POLAR PLANE PATTERN PARAMETERS
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CARTESIAN DIAGRAM OF TRANSMITTING ANTENNA POWER PATTERN IN THE EQUATORIAL PLANE
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THE ELEVATION ANGLE CORRECTION f(eh) FOR LINE-OF_--SIGHT PATHS
FOR BEYOND-HORIZON PATHS, f (8,)=!
WITHIN THE HORIZON, f (6,) = 4~ % TAN™'[20 LOG(46;,)]
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III.7 Long-Term Power Fadirg
Long-term power fading is discugsed in a.ecﬁon 10. Figures 10.5 to 10.16 show em-
pirical estimates of all-year vnriablﬁty for (1) continental temperate (2) maritime tempera‘te
overland and (3) maritime temperate oversea climates. The curves shown on these figures
are based op a large amount of data. Estimates of variability in other climates areé based on
what is known about meteorological conditions and their effects on radio propagation, but have

relatively few measurements to support ther,
Figures @25 to III,29 show curves of variability relative to the long-term median,

prepared by the CCIR [1963 £] for the following climatic regions:

{4) Maritime Subtropical, Overland,

{5) Maritime Subtropical, Oversea *

{6) Desert.

{(7) Equatorial.

(8) Continental Subtropical.
In sorne cases, random path differences have undoubtedly been attributed to climatic dif-
ferences, Available data were normalized to a frequency of 1000 MHz , and the curves
correspond to this frequency. They show all-year variability Y(q, de' 1900 MHz) about the
long«term redian a8 a function of the effective distance de defined by (10, 3).  Variability
estimates for other frequencies are obtained by using the appropriste correction factor g(f)
shown in figure I, 30;

Y(a) = Y(q. d_, 1000 MHz) g{f). (1L, 66)

The empirical curves g(f) are not intended as an estimate of the dependeﬁce of long~
term variability on frequency, but represent an average of many 'offofctl that are frequency-
sensitive, as diecuued in section 10,

Variability about the long-term median transmission loss L{0,5) is related to the
Tong-term refersnce median Lcr by means of the function V(0.S5, .d_) shown on figure 10,1,

The predicted long-term median transmisefon lose is then:

L(0.5) = L__~ V(0.5 d) (113, 67)

and the predicted value for any percentage of time is

L(q) = L{0, 5) - Y(q). (IIL 68)

* Curves for climate 5 have been deleted, They were based on & very small amount of
data., For hot, molst tropical areas use climate 4, and for coastal areas where prevailing

winds are from the ocean, use climate 3,
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O 7.1 Diurnal and Seasonal Variability in a Continental Temperate Climate

The curves shown in figures 10.5 to 10.16 and IIL.25 to IIL29 represent variability
about the long«term median for all hours of the day throughout the entiie year, For certain
applications, it is important to know something about the diurnal and seasonal changes that
may be expected, Such changes have been studied in the continental United States, where a
large amount of data is available, Measurement programs recorded VHF and UHF trans.
mission loes over particular paths for at least a year to determine seasonal variations, Data
were recorded over a number of paths for longer periods of time to study year-to-year
variability,

As a general rule, tranamission loss is less during the warm summer months than in
winter, and diurnal trends are usually most pronounced in summer, with maximum trans-
misgion loss occurring in the afternoon, The diurnal x;aﬁge in signal level may be about
10 db for paths that extend just beyond the radio horizon, but is much leés for very short or
very long paths, Variation with season usually shows maximum losses in mid-winter,
especially on winter aft‘ernoonl, and high fields in summer, particularly during morning
hours, Transmission lows is often much more variable over a particular pat;h in summer
thanit ie during the winter, especially when ducts and elevated layer_é are relatively céﬁmon.

The data were divided into eight “time blocks' defined in table I1,1l. The data were
assumed to be vatatistically homogeneous within each of the time blocks, With more and
shorter time blocks, diurnal and seasonal trends would be mére precisely defined, except
that no data would be ava:l.la;tble in some of the time blocks over many propagation paths. Even
with the division of the year into winter and summer and the day into four periods as in table
II.1, it is difficult to find sufficient data to describe the statistical chara:l:teristic's expected

of transmission loss in Time Blocks 7 and 8.

Table III. 1

Time Blocks

_& Months Hours
1 Nov, - Apr, 0600 -~ 1300
2 Nov. - Apr, 1300 - 1800
3 Nov., - Apr. 1800 -~ 2400
4 May . - Oct, 0600 - 1300
5 May - Oct. 1300 - 1800
6 May - Oct. 1800 - 2400
7 May - Oct. 0000 - 0600
8 Nov, - Apr, 0000 - 0600

In some applications, it is convenient to combine certain time blocks into groups, for
instance, some characteristics of long-term variability are significantly different for the

winter group {Time Blocks !, 2, 3, 8) than for the summer group (Time Blocks 4, 5,.6, 7).
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In other climatic regions, if the annual range of monthly average vilues of N. is
less than 20 N units (figure III.31), seasonal variations are expected to be hegligible., One
would also expect leas diurnal change, for example, in a maritime ternperate climate where
changes in temperature during the day are lass extreme, In climates where N. charges con-
siderably throughout the year, the consecutive 4.6 month period when N. is lowest may be
agsumed to correspond to "winter', whatever months may be involved.

For the U.S. 'onl-y, the parameter V(0,5, de) for each of the eight time blocks and for
tgummer" and "winter' is shown in figure III, 32, Curves of the variability Y{q, de, 100. MHz)
about the long-term median for each of these times of day and seasons are shown in figures
III. 33 to I11. 42, These curves are drawn for a frequency of 100 MHz. Figures IIl. 33 and
I1I, 34 show the range 0.01 to 0,99 of Y{(q, de'- 100 MHz) for the winter time blocks, 1,2, 3,
8 and the'summer time blocks 4, 5 6, 7, Each group of data was analysed separately, Some of
the differences shown between time blocks 1,2, 3, and 8 are probably not statistically signifi-
cant, Marked differences from one time block to another are obn.erved during the summer
months,

Figures [II, 35 through III. 42 show data coded in the following frequency groups, 88-
108, 108.250 and 400 to 10580 Mﬂz as well as curves for Y(q) drawn for 100 MHz, In gen-
eral these figures show more variability in the two higher frequency groups eéspecially during
"gummer" (time blocks 4, 5, 6 and 7). Because of the relatively small amount of data no at.
tempt was made to derive a frequency factor g(q, f) for individua) time blocks.

The curves for summer, winter, and all hours shown in figurea 10,13 through 10,22
represent a much larger data sarnple, since time block information was not available for
sorne paths for which summer or winter distributions were s.va.ﬂableQ

The smooth curves of V(0,5, de) and Y(q, de. 100 MHz) versus de shown in fig-
ures 10,13, 10,14, III, 25 to M1, 29 and 1II. 32 to III, 42 may be represented by an analytic func-

tion of the general form:

V(0. 5) n, n,
Y(0.1)) = [“1 d, - fz(de’] oxp (- e5d, ")+ £p(d,) (111, 69
-Y(0.9)]
/
where
n
fld) = £, 46 ~1) exp(=c,d_ %) (1. 70)

The terms €11 €1 g1 By By Dy, ‘m' and fw in (III, 69) and (III. 70) are constants
for any given time block and value of q. The parareters ‘m and i” are maximum and
asymptotic values, respectively. Tables III, 2 to Iil. 4 list values of the eight parametersg re-
quired in (111, 69) to obtain V(0.5, de) » Y(0,1, d‘e, 100 MHz) and -Y(0.9, de. 100 MHz) for the

eight time blocks in table III, 1, and for summer, winter, and all hours. ‘The constants given
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in Tables III, 2 to III. 4 for lumme'r. winter and all hours were determined using only radio
paths for which time block information is available. They do not yleld the curves shown in
figures 10.13 and 10, 14 of section 10, which represent a much larger data sample,

Tables 1II. 5 to III, 7 list values of the eight parameters in (III, 69) required to compute
v(0.5), Y(0.1, de' f MHz) and Y(0.9, d

e’ '{MHz
section 10, Volume 1, and section III, 7 of this annex,

} for emch of the ¢climatic regions discussed in
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TABLE III. 2
Constants for Calculating V(0.5, de)

Time d in km,
Block et ...e_..é.;____ cs ny oy ny ¢ £
m o
4 1.3576  5,02718 1.3277 2,80 6.74 3.08 5.2 4.0
5 1,05°8 5.02718 4,147 z; 70 6.74 3.70 2.4 1.8
6 2.047*  6.61718 2,827 1.87 6.67 3.76 5.2 4.2
7 8.00°* 3.9i"6 1.207% 1.68 5.94 2.25 7.1 5.6
St 1.1875 6,727V 1.657¢ z..4o 6.32 2.61 5.1 4.0
1 2,117%  3,447" 1.7374 1.67 6.52 1.82 L2 0.5
3 3,477 3,76 1% 5,424 1.60 5.30 1.58 1, 3 0.6
8 3.637%  1,8072% 1,557 1.65 8.91 2,36 1.95 0.8
W 1 4073 1,7973¢ 1. 0'5-5 1.27 1-3.. 23 2.51 1,05 0.5
A* 1.637%  1.817% 8.127% 1.80 9.59 2.32 3.0 1.9

Time Blocks "S', "W, and "A! are all hours summer, all hours winter, and all hours all year
renpectively. See Table III, 1 for definitions of the other time blockl. _
Small digits revresent the exponent of the number, for example 2. 3372 = 2,33X 1072,
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TABLE II1. 3

Constants for Calculating ¥(0.1, d , 100 MHz)

Time de in km,

Block cy e c3 n, n, ny fm fw
1 1.22°2 9.817¢ 1.0978 1.36 2,00 3.58 10.8 5.5
5 2.5874  3.417¢ 2. 01'." 2,05 2.25 4.178 8.0 4.0
6 3.847% 4.227% 7.7677 1.57 1.76 3.66 9.6 5.2
7 7.9573%  3.767% 3.1978 1. 47‘ 1.76 3.40 11.2 5.5
S* 4,477 1,667 2.0678 1.55 1.90 3.48  9.98 5.1
§ 1,094 1.2176 8.2978 'z.zs_ 2.29 3,26 9.6 2.8
2 1.04™% 4.287% 3.517% 2,71 2,91 3.4l 9.15 2.8
3 2.027% 1.4576 4,2778 2,15 2.28 3.37 9.4 2.8
8 1.707%  7.9377 1.2977 2.19 2,37 3.18 9.5 3.0
LA 2,467  1.747" 1.2778 2,11 2.64 3.62 9.37 2.8
Ax 5.25"4 1,576 4.7077 1.97 2.31 2.90 10.0 5.4

Time Blocks "S", "W', and "A" are all hours summer, all hours winter, and all hours all year,
respectively. See Table IIIl.1 for definitions of the other time blocks,
Small digits represent the exponent of the number, for example 2.3372 =2,33X 1072,
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TABLE III. 4
Constants for Calculating - Y{0.9, dg» 100 MHz)

Time de in km.

Block cy cz cy ny n, ny fm £,
4 1.8474 2.2276 3. 65716 2.09 2.29 6.82 8.0 4.0
5 3.80°%  4.76°¢ 8.39° ¥ 1.92 2.19 17.10 6.6 3.3
6 1.8173 5.8276 6.37°13 1.67 2.15 5,38 8.4 4,1
7 3.1973 2.5176 5.03°? 1.60 2.27 3.69 10.0 4.4
S * 7.427% 5.55° % 4,378 1.84 1.69 3.28 8.25 4,0
1 1.727*  6.3978 2.937° 2,10 2.79 4.24 8.2 2.4
2 1.05°%  7.00713 7.6479 2.59 4.80 3,68 7.05 2.8
3 3.6475  3,7479 3.537 2,40 3.28 2.94 1.8 2.2
8 1.647% 1,437 3. 147" 3.08 2.66 3.03 8.6 2.6
W* 3,457 1,257% 7,507 2.87 3,07 2.82 7.92 2.45
A* 2,937 3, 7878 1,027 2.00 2.88 3.15 8.2 3.2

Tirme Blocks "S", "W'", and "A" are all hours summer, all hours winter, and all hours all year,
respectively, See Table Ill.1 for definitions of other time blocks,
Small digits represent the exponent of the number, for example, 4.97 * =4.97 X 107* .
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TABLE III. 5
Constants for Calculating V(0. 5, de) for Several Climatic Regions

de in km
1imat
Climate N <, c, n1 n, n,
1. Continental Temperate 1.597° 1.567 1 2.7778 2,32 4.08 3.25
-4 =20 11

2. Maritime Temperate Overland 1.12 1.26 1.17 1.68 7.30 4.41
3. Maritime Temperate Oversea 1.'18“41 3. 33“13 3.82-9 2,06 4,60 3.75
4. Maritime Subtropical Qverland 1.09'“4 5.39-18 2.21-7 2,06 6.81 2.97
5. Maritime Subtropical Oversea {deleted)

6. Desert (Sahara) 3.35'7 2. 76-14 2.25-1Z 2.80 4.82 4.78

{Computes - V{0.5)) '

7. Equatorial 3,457 374712 6.9778 2.97  4.43  3.14
8. Continental Subtropical 1.597° 1.567 11 2.1778 2.32 4.08 3.25

Note - Corresponding curves of V(0.5, de) are drawn on figure 10,13, section 10, Volume 1,
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Climate

1.

Continental Temperate
All hours and Summer
Winter

Maritime Temperate Overland
Bands I & II (40-100 MHz)
Band I (150-250 MHz)

Bands IV & V (450-1000 MHz)
Maritime Temperate Oversea
Bands I & II (40-100 MHz)
Band III (150250 MHz)

Bands IV & V (450-1000 MHz)
Maritime Subtropical Overland
Maritime Subtropical Oversea
Desert (Sahara)

Equatorial

Continental Subtropical

Figure

10,14

10.23
10,25
10,27

10. 24
10.26
10.28
II.25
(deleted)
ur, 27
1. 28

111, 29

3.56°%

3.56"%

6.9673

6,28-1

TABLE 1.6
Constants for Calculating Y(0.1, de,

MHz

3.18'11

5. 22—17

3.9077

Note - Corresponding curves of Y(0.1, de) are drawn on the figures listed above,

1.52

1.11
1.92

1.38
1.79
1.29

1,09

1.08

1.39

1.46

i ) for Several Climatic Regions

2.83

2.96
2,96

3.89

1.84

1.46

2,67

4.85
4,78

5.04

7.14
5.05

2,27
3.27
5.78

4.93

15,1
8.5

16.0

D

11.0

11.0
12.5
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TABLE 1.7

Conatante for Calculating -Y(0,9, de' fMHz) for Several Climatic Regions
Clmate Figure € ¢, cy o n, n, fm £,
1. Continental Temperate 10,14 3 11 6
All Hours 9.4873 5,701 5.56_, 1.33 3.96 2,44 8.2 3.0
Summer 9.48 3 1.8170) 7.00_¢ 1.33 4,23 2.40 8,2 4,3
Winter 9.48 1.14 7.36 .33 4,22 2,39 8,2 2.1
2, Maritime Temperate Overland 3 12 6
Bands I & II (40-100 MHr) 10,23 1.45'4 1.68“14 8.07'16 1.70 4.61 2.36 9.0 3.5
Banpd IIT (150-250 MHz) 10.25 9.32_, 2.68_) 1.02_, 1.74 5.29 6.82 10.5 3.5
Bands IV & V (450-1000 MHz) 10.27 1.29 1.93 2.81 2,14 5.80 1,65 10.0 4,5
3. Maritime Temperate Oversgea 2 6 3
Bands I & II1.(40-100 MHz) 10. 24 4.52‘3 8.69"; 1.28'8 1.13 5,95 1.14 13.5 3.5
Band HI (150-250 MHz) 10.26 1. 14‘3 5.7;1’16 1.29"9 1.90 3.27 3.67 14.5 4.0
Bands IV & V (450-1000 MHz) 10,28 1.25 6,57 1.49° 1.72 5.96 3.84 12.0 4.0
4. Maritirne Subtropical Overland .25 7.2473 4, 26710 1. 1?."6 1.35 5.41 2.56 12.7 8.4
5. Maritime Subtropical Oversea (deleted)
6. Desert (Sahara) m.27  3.197°% 5.6678 7.39° 114 276 4.40  11.4 3.3
_ -3 -4 -16
7. Equatorial .28 6.51 2.53 2.61 1.36 1.36 6. 85 8.4 2.7
8. Continental Subtropical 1. 29 3.49'3 1.08"° g.15711 1.55 3,49 4,48 10.1 3.5

Note -~ These conatants will yield poaitive values, i.e., -Y(0.9, de) . Corresponding curves of Y(0.9, de) are drawn on the figures
listed above,



When a prediction is required for a period of time not shown on the figures or listed
in the tables, it may sometimes be obtained by mixing the known distributions, For example,
the distributions for time blocks 5 and 6 would be mixed if one wis:hed to predict a cumulative
distribution of transmission loss for summer afternoon and evening hours. In mixing dis-
tributions, it is important to average fractions of time rather than levels of tranemission logs.
Distributions of data for time blocks may also be mixed to provide distributions for other
periods of time, For example, data distributions for time blocks 1,.2, 3, and 8 were
mixed to provide distributions of data for "winter'. When averages are properly weighted,
such mixed distributions are practically identical to direct cumulative distributions of the
total amount of data available for the longer period.

The cumulative distribution of N observed hourly median values is obtained as
follows: (1) the values are arranged in order from smallest to largest, Ll-, Loy Kigy ==-y

k}

L.,--- L (2) the fraction q .of hourly median values less than Ln is computed:

N'
qin) = B - 5

(3) a plot of I"n versus q(n) for values of g from 1/(2N) to 1 - 1}{(2N) is the

observed curnulative distribution.

To mix two distributions, the following procedure is8 used: (1) choose ten to fifteen
levels of transmission loss Ll’ - Ln' covering the entire range of 1{q) for both dis-
tributions, (2) at each of these levels, read the value q for each distribution and average
thege values, (3) plot each selected level of transmission loss at the correéponding average
fraction of time to obtain the ""mixed" distribution,.In this way, any number of distributions
may be combined, if each of them represents the same number of hours. If. the number of
hours is not the same, a Weighted average valué q should be computed, using as weights the

number of houts represented by each distribution,
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The curves for climate 5, Maritime Subtroplcal Oversea, have been deleted, These
were baged on a very small amount of data. Data obtained since the preparation of these
curves indicate that the following give good estimates:

Climate 4, Maritime Subtropical Overland, for hot moist tropical areas or climate

3, Maritime Temperate Overgea, for coastal areas where the prevailing winds are from
the ocean,
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Y(q,d, , 1000 MHz) IN DECIBELS
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THE FACTOR g(f)
gi{f) =1 FOR CLIMATES 4,5, ,AND7.
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V{05, dg) IN DECIBELS

THE FUNCTION V(05, dg) FOR VARIOUS PERIODS OF TIME IN THE U.S.A.
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Y(q,d,) IN DECIBELS
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WINTER TIME BLOCKS, NOV. - APRIL, U.S. A,
CURVES FOR 88-108 MHz

EFFECTIVE DISTANCE, dy, IN KILOMETERS

Figure Il .33
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Yiq,de} IN DECIBELS
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CURVES FOR 88-108 MHz

q
]0.00

0.5

} 0.99

0
. JIME BLOCK -
i e e e e 4. Q600 - 1300 HRS.
% (// \\\ m——wweem~ 5 1300 -1800 HRS. |
N ——.— . & 1800 - 2400 HRS.
//f\\%\ - 7 0000 - 0600 HRS.
) 1
y7 o P
i . y \\ .‘\“' h.
4 ~ - —~ - .
/] I ’I b ey e T o s
A N [ S — e e o ===
0 - A . D O e i il gy s e o et = S+ f—— e e
! 717 ~<i _
. 1 i L S .
VAl
-1/
7
1/ o
A 7
Y T
N Jo
Q:\\
\'\h\ i
N s_"\
WV - —— -
IR T L l4=-4-1T7T JURE JRNE N RN ORI N OO A S A O O Sy el
! ] \ ‘L\ A"‘ WL e .
- A Y Ld [ —
\ \.\ LA ’//
\. - /1/ . i
Nl
-2
0 100 200 300 L] S0 00 0 800 "

EFFECTIVE OISTANCE, dg, IN KILOMETERS
Figure IN .34



go— I

VARIABILITY ABOUT THE LONG-TERM MEDIAN IN DECIBELS
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TIME BLOCK 2, NOV. - APRIL, 1300 - 1800 HRS., U.S. A,
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VARIABILITY ABOUT THE LONG-TERM MEDIAN IN DECIBELS
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VARIABILITY ABOUT THE LOMG-TERM MEDIAN [N DECIBELS
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VARIAQILITY ABOUT THE L(ONG-TERM MEOIAN IN DECIBELS
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II1.8 List of Speclal Symbols Used in Annex III
Attenuation relative to free space for each of several rays as a function of the
parameter vj ;s where j=1,2,3,4, (II1. 34),
The parameter b, a function of ground constants, carrier frequency, and polari-
zation, expressed in degrees, figure 8,2, and equations (III. 40) and (IIL, 41),

The parameter b for horizontal polarization defined by (IlI, 40).

The parameter b for vertical polarization, (III. 41).

A parameter showing the phase change assoclated with the complex plane wave
reflection coefficient R exp [-i{m-¢)] corresponding to reflection from an in-
finite smooth plane surface, (5.4) figures III. ) through IIf. 8,

Values of ¢ for horizontal and vertical polarization, respectively, (III.13) and
(I1I. 14) flgures I, 1 through II, 8,

Fresnel integral, (IIL. 33), where j= 1,2,3, 4.

Ci(ra) Cosine integral as a function of r, (III. 51), ) and r, {III. 50).
Digtance used in calculating ground reflections in knife edge diffraction; dr is
defined by (III. 29).
dZZ, Distances used in computing diffraction attenuation with ground reflec-
tions, (IIL. 31) figure IIL. 9,

Diffraction loss for each of several distinct rays over an isolated obstacle,
whexre j=1,2,3,4, (II1.32.1II. 35),

Diffraction loss for each of four distinct rays over an isolated obstacle, (III.32).

Functions of the normalized antenna helghts r and r 2 (III. 50} .

1
A function identically equal to f for v = v , (III,33) figure III,10.

A factor used to reduce eltlmntejl of variabi’lity for antenna beams elevated
above the horizon plane, (I, 65) figure III, 22, See eh and Bb.

Scattering efficlency correction term for the lth lobe of an antenna pattern,
(1. 63).

This function is the same as F(€d) with the effective angular distance eei sub-
atituted for the angular distance, 8, annex III, (III.57).

A high gain antenna radiates gy watts per unit area in every direction not ac-
counted for by the main beam or by one of the slde lobes of an antenna, The
gain g, for a transmitting antenna {8 8, scction III. 6.

A frequency correction factor shown In figure Iil. 30, (III. 66).

Decibel equtvntll:nt of 8y, Gb = 10 log By and of 8.+ annex 1II section III, 6.
Gains of the 1~ lobe of receiving and transmitting antennas, respectively,
(LII. 57).

A height, using elevated beams, that is equivalent to ho for horizon rays,
(IL1,63),

Helght of a knife edge above a reflecting plane on'the receiver or transmitter

side of the knife edge, (1L, 37).
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A function of r shown in figures III, 20 and III. 21,
A function of r or T, defined by (III. 50) and shown on figures III. 20 and
IIL. 21.
The frequency gain function for the 1“‘ beam intersection in a scattering plane
(111, 57).,
Represents a series of subscripts 1,2, 3,4, as used in equations (III, 27) to
(1L1. 35).
The diffraction parameter K for horizontal polarization, section III.4.
The diffraction parameter K for vertical polarization, section II1.4.
Loss in antenna gain for the ith scattering subvolume, (III.57).
Tranamission loss associated with the !.th power contribution, (I, 55) and
(I1I. 57).

. I..N A serles of hourly median values of tranamission loss arranged in
order from the smallest to the largest value, section III. 7,
Transmission loss exceeded a fraction q of the time, (III, 68),
Parameters used in computing the magnitudes Rh and Rv of the smooth
plane earth reflection coefficlent R, (III, 10),
A unit of conductance, the reciprocal of resistance which is rmeasured in ochmas,
figures III. 1 to III. 8,
A function of the dielectric constant and grazing angle used in ¢omputing the
plane wave reflection coefficlent,” (III, 8),
A parameter used in calculating a plane wave reflection coefficient, (III, 7) to
(I11.14),
Distances to and from the bounce point of reflected rays, (III.28) fig-
ure III, 9.
Plane earth reflection coefficient R for horizontal polarization, (IIf.12) and
figures III.1 to IIL.8,
Plane earth reflection coefficlent R for vertical polarization, (III,12) figures
III.1 to III.8.
Path asymmetry factor for beams elevated above the horizon, ue = ae/pe,
(I11. 64).
Sine integral as a function of r, (III. 51).
Fresnel integral, (III.33).
The parameter v for each of | paths over an isolated obatacle, (IIf,27).
Contribution to the total avallable power from the ith scattering subvolume,
(III. 55) and (IV. 11).
Polnts at which a first Freanel ellipse cuts the great circle plane, III,18 to
oI, 23,
The angles between the "bottoms" of transmitting or receiving antenna beams

or pide lobes and a line joining the antennas, (II.61),

II1-74



ey pei
%o’ peo
“oj’ po,i
o
-]
&
5
e
6
o
rwo' Gtwo
rzo’ 6mo
6
wo
5
ZO
A,
]
Al, A, A3, A
.Alr' AZ:' ASr' A4r
€
' ‘u
“ewl’ ‘tw2
“ear “te2
14
Tae
%

Angles @, and ﬂe for the im lobe of an antenna pattern,

When beams are elevated sufficlently that there is no bending of the ray due to
atmospheric refraction ae = aeo, ﬂe_= ﬂeo, (II1. 60); when ray bending must be
coneidered a and ﬁe are computed using (III, 61),

The angles a ﬂo made by each of j rays, over an {solated obstacle, (III. 36).

a A bo y ﬂoz The angles a, and ﬂo for each of four rays over an {solated ohsatacle,

(111, 36).
A parameter used in computing the first Freanel zone in a reflecting plane,
(1. 18).
The effective half-power semi-beamwidth of an antenna, section II1, 6,
The effective half-power semi-beamwidth of an antenna that i{s elevated or di-
rected out of the great circle plane, section HI, 6,
The semi+beamwidth of an equivalent beam pattern with a square cross~section
5 = 5w /4, section INI,6,
Azimuthal equivalent semi-beamwidths with square cross~section, (III. 58)
figure III. 23,
Vertical angle equivalent semi-beamwidths with square cross-section, (III. 58)
figure III. 23,
Azimuthal equivalent semi-beamwidth with square cross-section, section III. 6,
Vertical angle equivalent semi-beamwidth, section III, 6,
The jth value of Ar, where Ar = Ty + Ty e T (1II1. 27) and (III. 29).

Ray path differences between a direct ray and a ray path over a single iso-
lated obstacle with ground reflections, (III, 28) figure (IIL. 9).
Ray path difference between straight and ground reflected rays on
either side of an isolated obstacle, (I, 31), (IIL.37).
Ratio of the dielectric constant of the earth's surface to the dlelectric constant
of air, figures 8.1 and 8.2, annex IIL 4.
Angle between the axis of the main beam and the axis of the firat side lobe of
an antenna pattern, flgure III,22.
Azimuth angles of the first and second lobes of a transmitting antenna relative
to the main beam axis, flgure III,23.
Elevation angles of the first and second lobes of a transmitting antenna relative
to the main beam axis, figure III, 23,
The angle that a scattering plane makes with the great circle plane, (III.60),
(I, 61}, and figure IIL. 22,

A function of he and N! used in computing Fo and Hoi for scattering from

i
antenna beams directed above the horizon or away from the great circle plane,
(IIL. 64).

Angle of elevation of the lower half power point of an antenna beam above the

horigontal, (1X1.62). See 8 and £(©

h h)'
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0 e Values of 6 ' for the recelving and transmitting antennas, respectively, (III. 61),
w >
th

ebri’ ebti Values of eb for the I beam intersection, (III, 59).
5} The angle between radio rays elevated above the horizon and/or away from the

e

great circle plane, (III, 64).

] ' The angle ee at the 1th interséction of radioc rays elevated above the horizon

[

and/or away from the great circle plane, (IIL.57),

9( o By e Ben The angle Be for the firat, second, ... n"'h intersection of radio rays,
o « : .

figure III, 22.

€’ eht Angle of elevation of a knife edge relative to the horizontal at the receiving or
transmitting antenna, (LI, 38),

ej Angle between direct and/or reflected ray over a knife-edge, where j=1,2,3,4
as shown in figure II.9.

ejf Angles defined in (III, 29), where j= 1,2, 3,4, which are added to © to}’determtne
ej =0+ ejr .

elr' Bzr. 93r. 941- Values of ejr for j=1,2,3,4,(I1I, 29) .

el, ez, 93, 94 The angle between rays from the transmitting and receiving antennas over an
isolated obstacle with ground reflections, figure II1. 9,

¢ Surface conductivity in mhos per meter, figures 8.1 and 8,2, section III. 4,

T The amount a radio ray bends in the atmosphere, (IIl.62).

r(eb, d, N!) Bending of a radio ray that takes off at an initial angle eb and travels d
kilormeters through an atmosphere characterized by a surface refractivity N. ’
(111, 61).

¢ (v, 0} Component of phase lag due to diffraction over an ldealized knife edge, (7.13)
figure 7.1, and (III, 30),

& {vp) Component of phase lag due to diffraction over an isolated perfectly-conducting
rounded obatacle, (7,13) figure 7,5 and (IIL, 30),

$ (0, p} The component of the phase lag of the diffracted fleld over an imolated perfectly-
conducting rounded obstacle for v = 0, (7.13) figure 7, 4 and (1L, 30),

wj The phase lag of the diffracted field for the jth ray over an isolated perfectly.
conducting rounded obstacle (IfI. 30a), where j=1,2,3,4.

‘I:j(v, p) The phapse lag of the diffracted ray over an isclated rounded obstacle for the jth
ray, ~Dj(v, p) = ﬁj, (1II. 30). "

'@j(v, 0) The phase lag over an ideal knife edge for the j  ray, (IIL 30),

01. QZ' Q3, o, The phase }ag Qj(v. p) for values of j=1,2,3,4, (I1. 32,

q;r, q..t The angle between the plane of the lower half-power point of an antenna beam
and the receiver or transmitter horizon plane, (III.60),

¢ri' q’ti The angle 411_ or q;t for the ith lobe of an antenna pattern, (III. 59),

by ¥y Angle of reflection at the ground of a reflected ray that passes over a knife-

edge, (III, 36) figure II1.9.
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82 The half-power beamwidth, §1 = 2§, (9,10) and figure III, 22,

YR v 2 'utl Half-power beamwidtha correaponding to 260, 26, for the recelving and

ro r to

1
transmitting antenna patterns, respectively, flgure III, 22,
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