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CrXpENT ON FJP EJUATION FOR ARRIVAL-TAKEOFF ANGLES =-==--- de Ghoti, Ph.Dx

FJr publishod an arti=le on tha topic of skyline-horizon blockage in both
044 an! i arid save there the derivation of the following formula for
the urgle of arrival or angle of takeoff for a signal travelling via an N-
mode (en tonnsphere-Earth hop):

fR+R)ICOS(X) - R
SQRT(2R(R+H) (1-CO5(X)))

A = ASTN

degrces

whrre 7 in tre Earth’s radius and A is the height of the point of

in the fomosphare and ara both of the same linear measure;
e.g., riles or #ilomct-rs. Typical values (milca) are R = 3857,
HH“-E:;‘.PJ = 186 and H(E-layer) = 65. X ia half the angle subtended at the
Euarth'n eonter by the great eirele path ef thc atg-nal of diatance D.
X i measurcd rr degrecs and for D in milea; X = D/(138.17%k) where k is the
memd v of Fova thie nignal takes to travel f‘ro-'rl the tranamitter to the
receiver.  The marirum distance (milen) a aignal can travel by one hop
in an N-mode in given by: = 138.12 ACOS(R/(R+H)) where R and 8

arg defined as alove and of the some linear mcasure.

FJP's original derivation contains an error: viz., in Equation 4 of his
wort in sirplifuing the Law of Cosines applied to his illustration.

Spc.:tj‘c:..l‘;
Eq. 4: L® = B® + (ReR)? -2R(R4B)COS(X) # 2R(R#H)(1-COS(X))

where X dznotes the cmgle above (FJP's symbol here is theta). Tha error
is denoted by the cbaence of the wncqual sign in the above equation.
Thus, properly stated, FJP's equation becomes:

(R+8)C05(X) - R
SQRT(R® + (k1) - 2R(REHICOS(X))

A = ASIN degrees.

Thiz equation can be replaced by a perhaps simpler one which haa been
derived in PATTZRUS 1V (an MRC Monograph) which also considers such
grmotic modez of oropagat im. There are a multitude of cqationa which
folle: from arzlying the trigonome: ric equations to such a problem and
from PATTERNS IV, the following is offered:

H + R(1-r25(X))

A = ATAN( TRIGIN(E) ) - X degrees.

The error introduced by the published equation given by FJP increases as the
angle X deercases for a {ized height H. Thus values given by that formula
tend to be larger than the true value of arrival/takeoff, A.

Finally, it chould be noted that all trigomometric argumenta (depandent
variablea) and all trigonometric inverse values (independent vartables)
are meaourcd in degroe mecasure for the equatioms given above.

The article on TRANS-POLAR DX published in DXN uses tha original FJP equation
and thua some errora are introduced. For thosc interected, the following
table from that article is reproduced with correct values entered below:
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STATION

- Lol
Nrimawe .
Q}h*\

"~

-
T N -~

;
~
@~
L N
s« + s & % 4 s P W .
L R e
o wm
RSN mWE .
[ . B |
S R T LR
N oNammmo~ -
MM MG oS e el
e R R R R R R
Rwmmoamag NS
15 0y WA S s
L Bl B B R R B - ]
Sweounoan

. Nb
HN\I’I!\.QQ"\!N"‘O
ﬂﬁHHHNNnnl\.b

QN Enh -Nm
e R
&QhHHHHhW‘Q"lN

o
SO ON o .
-1
LT L L LR

-

h‘b‘ﬁo .

o s ™
EREREDQNMA~RER

6472
5500
5163
4850
4550
4155
4000
2683
2534
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Sredre-Xolumsk

Balsinki

Ururchi
Khabarovsk ete.
Petropavlovsk
Bulun

Momansk
Reykjavik

Thule

Calcutta
Bangkok
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gemmetry in real ionciaprerica—in fact varimts of severa

to round off to the rezrést whole degree cue to

with R = 3357 miles; 5(F,)



