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PART I: TEl: OONO!-!t:TRY AND GREAT CI hCLE IJ[ Sl'ANCE CALCULATJ:01,

In past issues of the club bulletins DX NEWE&ld LX Monitor technical articles
have appeared in which, in ordcr to be applied, the use of "math" was required. As "
result many DXers mused over thet! and then placed them aside because of their "rusty"
or non-exis'tent ability to perform the required mathematics. Trigon~tr.f certainly
has to be the most "avoided" simply because it is e.lmost always involved: It is
therefore very importar.t to note th..t in almost every case the "I!:athcmatics" to be
performed requires nothing more than the ability to use a set of mathematical tables-
which are in abw.de.nt supply: This series of articles is therefore I'resented to the
DX Clan with the sincere hope that a large nUl!1ber of this great group will m!l.ke the
necessary small effort to apply these technical fer.ts because the intent here is to
completely'remove tt.is mnskof mathematical perplexity thus alloving, at least, the
computatiol1 of great circle distonces I>nd bearings, the analysis of ionospherie
geometry giving path lengths, arrive/departure angles, number of hops, etc., and the
ability to derive the latitude and longitude of a distant f:tlltion by radio direction
finding techniques. All of tlll,se applicatior.s will be covered in this series and
others may also \Je ir.cluded.

TRIOONOMETPY,both plane and spherical, is a simple but elegont subject: Six
trigonometric functions exist \Jut four are eliminable by definition in terns of the
"primary" functions called sine and cosine. We shall employ three of tbesc functir,ns.
namely: sine, cosine, IIlld tangent whose algebr<lic names are aN, COS, TA."Iresl'ect-
ively. The usc of trigonometry in most of the previous articles has required nothiTl'b
more difficult than the ability to look up nu:nbers (":;ngles") in tables of natural
trig functions and then to subtro.ct(~), multipl,' ( x or . or ( ) ), divide (+ or /)
or add (+) EomC'ngthe values obtained from such tables. Furthern,ore, ,with the modern
low cost accurate digital "pocket" calculators a-~o.il..ble today, the ari thJ!'.etic tasks
of addition, multiplico.tion, subtr(>~tic>u, and w.viSicn have been reduced to mere but-
ton pushing: For our consumption, trigonometry involves (a) "converting" angles into
other n=bers and (b) "converting" ccrt..ir, numbers b!>ck into angles--both processes
taking place by use of trig tatle:;. Th., use of the&e tables is qui tc s1.Jople e.nd

straight forward and is hopefully exl'lained below:
First, ANGLES. There are two bD.Sic nngulo.r meo.surcments--degree mefiSure and

ro.dian mensure. For our purposes, ALL ANGLESARE TO BEoOF DEGREEtII:ASJRE. Degree
measure gives angles in the following units: degrees ( ), minutes ('), and seconds
("). The degree is divided into 60 equal parts, each part called 0. minute. Similarly,
each minute is divided into 60 parts, each part called a second. Thus we m<oywrite:
1° . 60' .. 3600".

Eecond, TABLES. Obtain from vC'ur 10C'al libro.ry, bookstore, or elsewhere a set
of "tables of the natural trigonometric fur.ctions for e(.oh minute of angles 00_90°

with values accuro.te to five significant I'lo.ces." We o.ssurne such n t!>ble &o.t least
tor fIN, COS, and TAN) is in the hnnd of the re<\der for all thllt followso ::00:: An
excellent reference is: "linndbook of Mathematico.l To.bles and FonnuJ.as" by R. S. Buring-
ton, McGraw-Eill, 4th ed., 1965 (pp. 262-264, Table Number 7). }.lso: "C.R.C. Standard
Mathemntical To.bles" C.D. Eodgmon, Editor-in-Chief, Chemical Rubber Publishing Com-
pany, Clevelo.nd, Ohio 11th ed. 1957. (Note: the "CRC" tables ere referenced as "Nat-
ural Trigonometric Functions: Natural Sines, Tangents, Cotnngcnts nnd Cosines, for
the tables desired here. ) These sets of tables give the .values of the trig functio,,"
for every degree (00_900) broken into minute-divisions (0'-60'). This subdivision of

,angle is necessary to achiev" the nccepto.ble accuracy for the calcullltions tho.t fol-
low Division of each minute of nngle into 60 seconds is not necesso.ry for, as we
sh~l demonstrate, seconds of nngulo.r measurement represent a refinement in o.ccuro.cy
not required for our needs. Furthermore, tables of trig functions for this. decrement
are very difficult to procure. Also note that tables of the tria functions for the
ar'gular range 0°-900 are sufficient to evaluate thesefunctions at ANYangle whatso-

ever: Use of these tllbles is si:t!ple. !ience6 let" be >In angle in degree measure, sayA . BoD' anu o.sswneA lies ill the range 0 -90°. The velue of the function, 5:11, cas,

TAIl, at the angle 1-.io given the !:.!!E£. fIN(A), COs(A). TJllI(A) or EtN(BOD'). COS(BoD'),
TiIN(BOD' ) arid is the number appeo.ring in the EtN, cas, TAl! column of the table speci-
fiedfromangleBo in the row corresponding to D'. Note tho.t these tables (probably)
show angles o.t the top o.s well as the bottom of the function columns with the minute
decrement col=s left o.nd right. The left (') column corresponds to angles at the
topof thetableand the right (') column corresponds to angles at thebottomof the
t"ble--e.~.,where fffff' denotes the actual values are not Given in this "sample"
ttocle---

For reference belo" (this is ilT.portantterminology here: ) the minute columns of any
tablearecalledthe ANGLEcolumn and the numben in the function column !U'e so.id to
beIlIEtDE the tabl~.

How, use your set of t..bles to directly verify ALL tbe following: COS(36°41') ..
0.80195; SiN (36"42') .. 0.59763; TAlI(17037').. 0.31754; 61.11(4103').. 0.73195; COS(450)
.. 0.70111 .. SlN(45°j; 5111(44057').. 0.10649 .. cas (4503'); T/.N(450).. 1.00000'
TAl:{3037') . 0.06321; cas 83021') .. 0.11580; TAN(5607') " 1.48909; and TAN(89~37') "
149.465.

For reference, the TAl, is defined in terms of SlN and COS, nllLlely: let A be
an angle, then TAN(A) .. 511,(A)/ COS(A),1.e.. the value of TAN@Aequals the value
of SIN€Adivided bythevalue ofCOseA. Nowtho.t you are an expert o.t using thetable
tables (that is all there is to it::::: ) note these facts: for any angle A the values
SIN(A) and cosU.) are ..lwo.vs numbers between -1.0 and +1.0 while TAlHA) could be any
number--1.e., TAl' hOof;no limits or restrictions. One more I'oint in terminology:in
COS(A), Slli(A), end TAlHA), t!ie angle A is called theARGOMENTof the functions and,
o.s before, COE(A), SLII(A) and TAN(A) are the VALUESof COS, 51N, and TAN (..t the argu-
ment u) respectively.

The set of "factsand figures" for trigonometryis essentinlly endless: 'l'hus, we
st.all consider only those relevent to the o.pplications to be discussed and these shall
be of the t~'pethatellc'.ols evaluation of the functions 51N, cas and TAN for ANYargu-
cent A.by converting to an angle and !1 function that can be evaluated directly from
the tables on hand for the range 00_900. All these equations will be presented as they
are needed in the applications and each will be.oumbered for reference throuGhout this
series of writings.

""UN A"OAr-e. - l
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8° now note the followingvalues:
(' ) 61:1; COS TAN '*" (') fIlN (802') .. 0.13975
0 ",.., ,t'.... """ """ 60 cas (801') . 0.99023
1 ,...." 0.951023"..., 7.10038 59 ' 'l'Ali (803').0.14143
., 0.13975 ,'u".. .".,* ""'" 58 SlN (8059') ..0.15615
3 """. II..."" 0.14143 """" 51 COS(8059') '" 0.99773

TAN(8059') '" 0.15809
N (81°1') '" 0.98773

56 ...u" ".""" """"* .,'u*, 2 cas (B10l') '" 0.15615
5 0.156150.98773 0.15809 6.32566 TAN(81°1') '" 6.32566

TAN(81059') .. 7.10038
(') cos s:I, .., TAN (') SlN (81°59') .. 0.99023

810 COS(81°58').0.13975
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Let A be -!!!l. angle:
(E2) caS(-A) - COBrA) USE:
(E3) - SIN(-A)- -SIN{A) USE:
(Ell) COBrA) - -sm(A-900) USE:
(B5) - SIR(A) - COS(A-900) USE:
(E6)- - COBrA)- -COS(A-1800)USE:
(E1) sm(A) - -SIN (A-180O) USE:
(ES) COBrA) - SIR{A-2100) USE:
(E9) SIR(A) - -COS(A-2100) USE:

when angle is negative
when angle is negative
A between 90° and 180°
A between 90° and 180°
A-between 180° and 270°
A between 180° and 210°
A between 210° and 360°
A between 210° and 360°

dividing line between Borthand South Latitude and thus any point on the
Equator has 0° Latitude. TheTrue Geographic Horth Pole has latitude 900H,
and the True Geographic South Pole has latitude 90°5. The Prime Meridian
of Longitude passes thru Greenwich Observatory in England and is the dividing
line between East and West Longitude. Thus, any point on the Prime Meridian
has 0° Longitude. Algebraically, latitude varies from-90° to +90° and
longiuude varies from -180° to +180°. To obtain Geographical Coordinates of
TX and (your) RX, again check your local library, bookstore, etc., for
reference materials. IUlllerous atlases have this intormation and tor North
American BCB, the BARBAlisting show precise coordinates ot every transmitter.
To take coordinates trom a -p is to be avoided unlessslow accuracy ot GCD
(or GCB, Part II) is acceptable I

Seconds. (") ot coordinates willbe neglectedhere. The reasoning
follows:On the Earth,whosemean radius R" is about 3951 statude (land) miles
or 6368 kilometers (u.), the totaldistsnce around (circwnference of ) any
greatcircle is 211' R" or 24862.56 statute miles or 40011.32 kilometers.
Sincethereare 360° in any circle, on Earth, 1° - (24862.56/360)=69.06 miles
or (40011.32/360)-111.14 D. Since also, 1°=60', we find l' - 69.06/60-
1.151 m11es or 111.14/60 - 1.85 km. Furtherm:>re, l' .. 60" so that 1" =
1.151/60 - 0.0192 miles.. 101. 3 feet or 1.85/60 .. 0.0308 IuD = 30.8 meters.

Also, for interest, l' - 1.0 nautical JII1les. Hence, if we neglect (") of arc
then our GCD can be in error at most 2.3 m1les or 3.1 km -- provided the

calculations themselves carry the necessary accuracy 1 Using five-place trig
tablesaffects the accuracy to only a very minordegree and the value.s so
obtained are still highly accurate for DXing purposes. For examples: North
Central Greenland (4008,800w) to Tasmania (42°S,145°E), GCD= 10108.8 miles
(5-place accuracy) and GCD - 10108.46 miles (lO-place accuracy), and Oregon
to Florida(43°N, l22OW to 300B,800V), GCD=2461.14 miles (5-places) and
GCD-2468.l4 miles (lO-places). Thus, we shallsimplyomit (") whenever
specified in coordinates --for example: 43°31'41" can eitherbe roundedto
11]°38' or truncated to 43°31' by simply dropping (41") --the resulted GCD
error no greater than2.3 miles.

Latitudes are given as N-Latitude or S-Latitude indicating that the

location is North or South of the Equator respectively. Similarly, longitudes

are given as E-Longitude or V-Longitude indication the location is East or

Vest of the Prime Meridian respectively. - Ve shall adhere to the following

STANDARD conventions on the assignmnt ot algebraic sign (+ or -) to coordinates:

vb, Rorth-LatitudeandV-Longitudeare positive (+)
South-Latitudeand E-Longitude are negative (-).

Note the table for TX and RX below assumes the algebraic signs are properly

assigned 1

2

There are three functions related to SIN, COS, and TAN that will also be

required in theapplications,vb: inverse sine, inverse cosine and inverse
tangentwhosealgebraic names (here) willbe ASIN, ACOS, and ATAN respectively.
Evaluation of these requires using the tables"backwards"-i. e., locating an
DlSIDE value and _then reading the correspoUing ANGLE. For example: let X be
a number twixt -1.0 and +1.0. Then V - ACOS(X) means "find the angle V whose
COS is 1". That is,"v - ACOS(X) is equivalent to X- COS(V). Analogous remarks
apply to ASINandATAN. lote: the arguments o_f ACOSi-and JISIIr ar... numbers from
-1.0 to +1.0 and the argument ot ATIJI can be any nuillber. Thevalues("angles")
of ACOS range from0° to 180° whilethe valuesof ASIN andATANrangefrom
-90° to +90°. low, use your tablesto verifyall the following: Acos(0.82462)-
34°21' ; ASIN(0.51661)-35°l3' ; ATAN(0.49278)-~14' ; ASIN(0.80516)-53°4l' ;
ACOS(0.1868l)-19°l4' ; ATAN(1.8456l)..6l033' ; ASIN(0.12345)=1°5' -; ACOS(0.24681)
-15°42' andATAN(0.54321 )=28°31'. Rote thatthe lastthreehaveargumentsthat
do not appear exactly IRS IDE the tables --merely pick the inside table value
nearest the argument and then read out the corresponding anglei

- Ve now state those equations necessary for some of the applications below

but will show their use in the illustrative examples that follow. -

(El) -- Let M and P be any numbers: (M+p) means add M and P; (M-P) means
subtract P fromM; (M)(P) meansmultiply Mand P; (M/P) means divide Mby P;
-M" -(M) .. (-l)(M); (-1)(-1) - +1; and -(-M) - +M. Examplesof the last
several items: -3.42 - -(3.42) - (-1)(3.42) and -(-5.2) - +5.2 and -(-(-2.6» 8O-
-2.6.

Let B be a nUlllberbetween-1.0 and +1.0 (inclusive):
(ElO) ACOS(B).. 90° + ASIN(-B) USE: B negative
(Ell) -ASII(B) - -ASIR(-B) . USE:B negative

Vith the above understood, ve now present tile trig formulas that
compute GCD:

Bote: (E4-E9), USE: between means inclusiveot the limits listed
Bote: (EIO-Ell): If B is negative (-) then -B is positive (+); see (El).

Bow use tables to verity: COS(-36°)=0.80902; 5119(-42°)= -0.66913;

COS(94°)- -0.06916; SIN(1l1°)-0.89l01; COS(181°)= -.99255; S1N(2110)= -0.51504;
COS(31kO)-0.69466; SIR(296°)= -0.89819; ASIR(-0.18116).. -(51°59') and
ACOS(-0.12345)=91°5'. Bow to the first applicationl

GREAT CIRCLE CALCULATIOBS of distance and azimuth bearings have proven

Tery valuable to 8DY DXers. But, an even larger number of DXhounds are
presently without the simple knowledge as to how to generate these data.

GREATCIRCLE DISTANCE: GCD. The GCD is the shortestdistance on the
surface between two points on a sphere and is necessarily an arc of the great

circle passing thru these points. On tile BCB the signals propagate between

the Earth 's surface and the ionosphere above the great circle path. Only

under adverse auroral conditions does the signal deviate trom the direction
taken by this great circle path and even then to a very minor extent I Thus,
GCD calculationsbetween transmitters (TX) and the receiver (RX) are ot
value and interest1

EaCIlpoint on the Earth's surtace has assigned to it geographical
coordinates of latitude and longitude. The coordinatesare given in degree
.&sure --degrees,minutes, seconds (O,',"), The Earth's Equator is the

TX:
RX:

LATITUDE
Tlo T2'
Rlo R2'

LOIIGITUDE

n° 12'
RlO H2'

A - (RloH2')- (Flo12')
A" SIN(T10T2')SIN(RIOR2') + COS(TloT2')COS(RloR2')Cos(A)
B. Blo B2' - ACOS(A)"_°-'
GCD- (69.06)Bl + (l.l)~.

- (11l.14)Bl + (1.85)B2 ~
- (60.00)Bl + B2 -

statute miles

kilometers
nautical miles

The trig equations required in this application are (El)-(E4),(E6),(E8),{ElO):

(E2): COS(-A) - COBrA) USE: when angle negative
(E3): SIN(-A) - -SIN(A) USE: when anglenegative
(E4): cos( A ) - -SIN(6 -90°) fJSE: 90° ~ A ~ 180°
(E6): caS( b ) - -COS(t) -180°) USE: l80°:f A ~ 210°
(EB): COS(b) - SUrA -210°) USE:2100~ A ~ 360°
(ElO):ACOS(A). 90° + ASIN(-A) USE:whenA is negative

lote: for GCD calculations, A is a value between -1.0 and +1.0; B is an angle -

between0° and 180° and in (ElO), observe if Ai. negative, then -A is positive.



T~ - b-3
~1):'f'J: 1 -WCWC,Ripon, WI): la3°la9'1I;88°51'W: Tl°'1'2,..43O49'; noF2'=88°51 ,
IX: (AaheY111e, IIC) @ 35°38'11, 82°35'\/ : RloR2'=35°38 , ; HloH2' =82°35'

~ .82°35' -88°51' = -(88°51'-82°35') = -(6°16')
A .811(43°49')5111(35°38') + COS(4104?')COS(15°1B')CO:;(6°1C')

. (0.69235)(0.58260)+ (0.12156)(0.81276)(0.99402) ". (0.~0336) + (0.58295) .0.98631 so that
IS .Blo B2' = ACOS(0.98631). 9~' and finally,
GCD. (69.06)(9)+ (1.15)(29)- 651a.92statute1I11e..

IOI'E:cos(-(6°16'» . COS(6°16')by uae ot (12)

GCD. (69.06)(96)+ (1.15)(32) . 6666.60 mile.
Ian: CO8(235°5').-CO8(235°5'-1800). -COS(55°5')by (E6)

3

£XAMPIZ ( II ): . . .
'f'J: (Dakar, Senegal)@ lla°39'1I; 11°26'\/; Tl°T2'-14°39'; FloF2 '=17°28 ,
U: (San Dieso, CA) @32°45'11; 111°10'\/; RloR2"'32°45'; HloH2'=117°10'

A .111°10' -17°26' .116° 70' - 17°28' - 99°42'
A -S111(1~039')SII(32°45') + COS(14°39')COS(32°la5')COS(99O42')

. (0.25291)(0.54091)+ (0.96149)(0.84104)(-0.16849) -. (0.13682) + (-0.13110) .. -0.00028 so that
B . BloB2' . ACOS(-0.OOO28) .90° + ASIN(0.00026)=9O0+001'=9001'
GCD. (69.06)(90)+ (1.15)(11 = 6216.55 miles

Ian: COS(99°la2')=-5U(99°42'-900) = -5IN(9°42') by (E4) and by (ElO)
ACOS(-o.00028) =90° + ASIII(0.00028).

EXAMPLE(III): . .
TX: (L18a, Peru)@ 1206's; 76°55'W : Tl~'" -(12°6'); noF2'=76°55'
U': (Bo.wn, MA)@42°15'1; 11°1'W : RloR2'= la2°15' ; 81°92'=71° 7'

A - = 71~'-76°55'. -(T6°55'-71~')- -(5°48') .

A . SII1(-(1206'»SIN(42°15')+ COS(12°6' )COS(la2°15 , )COS(5°48')
~ (-0.20962)(0.67237) + (0.91778)(0.14022)(0.99488) .. (-0.14094) + (0.72001) .0.51913 so that

B .. Bl"B2'. ACOS(0.51913)= 54°31' and tinal1y,
GCD. (69.06)(54) + (1.15)(31) . 3111.83 miles

IOI'E: b7 (12) COS(-(5°I18'»"COS(5°48'); COS(-(12°6'»=COS(1.2°6') and by
(K3) SD(-(12°6'» . -5U(12°6')

~ . I

~,Au)@ 31°52'S; 145°8'E : Tl°T2'. -(31°52'); FloP2'. -(145°6')
RX: (Wahoo,lIebr. )@ 41°1Ia'II; 96°39'\/ : RloR2'=41°1Ia' ; Hlo92'=96°39'

b. .96°39' -(-(145°8'» .96°39' + 145°8' .241°41'
A . 8I11(-(31°52'»SIN(41°14') + COS(31°52')COS(41°14')COS(241°41'). (-0.61383)(0.65913)+ (0.18944)(0.15203)(-o.la1281) .. (-0.40la59) + (-0.28010) . -0.68529 80 that
B . BlIB2' . Acos(-0.68529) . 9O0+ASll1(0.68529)=90°+43°16'.133°16'
QCD. (69.06)(133)+ (1.15)(16) . 920~.laO 8ile. ."

PAM II: Gnat C1rcJ.. Beer1Dp

III Pazot I of t.II1. Berie., the ...ential. of u1ao-tr7 rel~ to the
applicatiOD of cOl.puUq GCD, great circle 41atance, -- dbc:u..ed UAi cleYeloped.
BeJ.ov are the tr1~ric equation. that allov nal_tion ot the sreat circle
uiauth beariq of 1011.n &8 8&8ured at the RXvtdcb 18 tel'88Cl GCmIUld the
sr-t c:1rcl. ("beck" or 8nc:1proc:al8) &81.8&tbbear1q of RX&8 ~ at 'f'J
8D4 t 0CB'f.

~
~W. CerII)@46°B'II; 1l035'E : Tl~2'=48°B' ; non'= -(11°35')
RX: (Pt. Worth, n )@32°45'1I; 91°20'\1>. RloR2'-32°45'; Hl°H2'. 91°20'

A .91°20' - (-(11°35'» "91°20'+ 11°35' .106°55'
A .. 8111(1I8°8')8IJ1(32°45') + COS(48°6')coS(32°45')Cos(l08°55')

. (0.14410}(0.5laO91)+ (0.66740)(0.84104)(-0.32419) ". (0.~0286) - (0.18191) . 0.22089

IS . Bl'"B2' . ACOS(0.22089). 11°1Ia'so that

01:0".(69.06)(77) + (1.15)(14) . 5333.73 miles
IO!I: 006(108°55') . -sD(108°55'-9O0). -5111(18°55')by use ot (EIa)

~ (Vu. .
TX: (Cape 'fovD, 8.At.)@33°la8's; 18°28'1 : T10T2'. -(33°48'); noF2"'-(18°28')
IX: (TOUDpwvn, 01:l10)@41° 5'11; 8O°lao'w : R1~'=41°5' ; HlOH2'=80040'

A . 80°40' -(-(18"28'» .. 800~o'+18°26'. 99°8'
A . 8D(-(33OI18'»8111(lal°5') + COS(33°46')COS(41°5')COS(99°8')

'" . (-0.55630)(0.65116) + (0.83098)(0.75315)(-0.15813) .
. ,. (.:0.36558) + (-0.09942) . -o.la6500 so that

. . 81"B2'. ACOS(-o.la6SOO) =9Q°+ASIII(0.la6SOO)=9<)°+27°la3'.U7°la3'
CJCD. (69.o6)(UT) + (1.15)(~3) . 8129.51 ann

ID!I:8II(-(33O~'». -8111(33°118') b7 (£Ia); COS(-(33°~'»-CO8(33°la8') b7 (12)
814 ACOS(-o.1I6SOO) . 90° + ASIII(0.la6500) b7 (ElO)

II'
II' : ~ GeocnJIdeal

Iortb Pol.
'!II: '!'rue GeosnI*1eal IorUI

LA1'I!UDZ
n: Tl8ft'
HI: 1lea2' ...

UllGIft1'8
'1"%: n-r2'
U: Ill'"

'"

~ (VI t:
'1"%:(TDk7o,Japan)@35°lal'.; 139°lala'£ : Tl~'=35°lal' ; Flon'=-(139°44')
1X:(BoQ8too. 'fX )@29°46'.; 95°21'W: RloR2'.29°la6 , ; Hl°H2'= 95°21'

A "95°21' - (-(139°410'»=95°21'+139°4Ia'.23la°65'.235°5'
A . SII(35°lal')8U(29°la6') + COS(35°41')COS(29°46')cOS(23~O5')

.. (0.56330)(0.49641)+ (0.61225)(0.66605)(-0.51238) .. 0.28959 + (-0.40351) . -0.11390 so that
B . Bl"B2t . ACOS(-o.1139O).90° + ASIII(0.1139O)=90°+6°32'-96°32'

,. . (nea2'~- (n'"P2'). °
A. 8II(Tle.rz')8D(Rl"1l2') + COS(n0tf2')OO6(Jtl"1l2')COS(A)
B. 81'"B2'. ACOS(A).. . , .

CJCD. (69.o6)B1+ (1.15)82" -
. (lll.l~)JI1+ (1.85)82.-

J. 8D(Bl"Jl2') . SQR'.1'(1.0- A'ZJ.
Yl . SD(ne.rz') - (A)8D(Rl"B2')
n . (J)C08(Rl"112')
T. (Vl/n)
Vl . 8D(Bl"1l2')- (A)5D(ne.rz')
Vl . (J)C08(ne.rz')
V. (Vl!V2)IIAZ.AC08(Y). . ,
'!.U. ACOS(V). -. -,
If (0. ~ .A$ 18O81.t~ .. IIAZ&114~ . 360°- '!.U
If (A 4: 0., or, A.')0180" ), tIleD OCJ!IR. 360 -IIAZ 8D4 GCB'1' . tiZ

the uil tl8let1aa ..-t1ona required ill 101:11.applicaUaa are (El...), (18), (&1.0):
(12) cos(-x). CO6~X) 1m:-- aqle 1. lliepU...
(KJ) SIll (-X) . -8111(X) USE: wIleD aql. 18 ~1Ye
(BIt) cos(A). -8D(A -90") USE: ~fA. 180"
(£5) &D(X). COS(X-9Q°) 1m: ~ $ X~ 180"
(16) cos(A ) . -cos( /) -180") 1m: 180.. A ~ n08
(18) cos(A) . 8I11(A -2708) 1m: ;rro.~ A:£ ]60.
(no) ACQ8(X).90° + ASD(-X) USE:-- eqle 18 u..

atatute ail..
._Idl-ter.

<

"

~.: tJIi. alFriUa 1. -.&.14tor OCJIaII4 Gal bet- fIIq two poat. - tile
~'. .1Irfaee .aft tor "tbe Pol.. vIMr. the an&lT81.18 .uai&btto~
.aJ.cebraic CC8JU\&Uoa. 4180: -1 * A.+1; O' ~ B .180°; -1 ~ J~, +1;



TS-~-lt

VeritY _Ii detail ot the tolloriac-UII8Plel'
'"

W2 - .(0.98315 )cos(1I9°51 , )-0.63393; V-Vl/V2-o.86O93 .. WaWl/W2-0.7981510

RAZ - ACOS(o.86093)-30035' and TAZ- ACOS(0.79815) - 37°)' and
(0"" 180°) liv" 0CB'1'- 322°57' 8IId GeBR- 30°55'

EXAMPLEl!!lL
~, Mala) e 15°48'5, 35"7'E sothat T. -(15°48')ud,.. -(35"7')
U: (Riverl1de, CA) t 33°59'1, ll1°21'WI0 R. 33°59' and H. U1°21'

A- U7°21' - (-(35°7'». 152°28' IOTE: 0° ~ A$ 180°
A- (-0.27228)(0.55895) + (0.96222)(0.82902)(-0.88674) . -0.85970
B - AC08(-o.85970) . 149°17'10 that GeD . 10309.5 m11es
J - SII(149°17') - 0.51079, Vl.SII(-15°48') -(-0.85910)5II(33°59')80.20825
V2 - (0.51079)COS(33O59') -0.42355 and v . Vl/V2 . 0.49168
Wl . (0.51019)COS(15°48') . 0.32487, W2. (0.51O19)COS(15°48') . 0.49149
V. Wl/W2. 0.66099 8IId RAZ . ACOS(0.49168) - 60°33' wh11e
'f.U - Acos(o.66099) .48°37' and (OOS"~ 180°) gins the bear1llgs
0Cft - 311°23' and OCJIR- 60°33'

'r'

4
-1 £ VS +1; :'1 ~ V ~+1; 0° ~ RAZ~ 180°; Oo~ TAZ~ 180°; 0°=' GeBR~ 360°
lAd 0° ~ 0CB'l'S )60°. Abo: 111the eDlipl., which tollow: T . '1'l"T2',
.- Kl'B2', R. Rl'B2'u4' - n"12' .

~~
~, BipeD, VI) e 113°119'1,88°51'V so that '1'- 1.3°49' and F -88°51'
D: (Alb8Yille, IC) . 35']8'1, 82'35' Vso that R. 35°]8'andB. 82"35'

A - 82'35" - 88'51' - -(88°51' - 82°35'). -(6°16') IOTE: ~< 0°
A- (0.69235)(0.58260)+ (0.72156)(0.81276)(0.99403) - 0.98631
B . .ACOS(0.98631)'.9"29' 10 that GCD - 654.9 m11es '

J - SD(9°29').0.16476andV2. (0.16416)cOS(35°38').0.13391
Vl - 8I1(43°49') - (0.98631)SII(35°28') . 0.U173 ud V . Vl/V2 - 0.81911
Wl- SII(35°38') - (0.98631)5I1(43°49') . -(0.10028) , W2.(0.16476)cOS(43°49')
V- Wl/V2. -(0.843511) RAZ. ACO5(0.87917)- 28°27' - 0.U888
'l'AZ- ACOS(-o.811354). 90° + ABII(0.84354) .90° + 51°31' - 141°31'
and (ta.< 0°) 10 ~ GCBR- )60°-28°27' . 359°60'-28°27'.331°33';and
CICB'l'- 1117'31'

~~;Pl'!'X: Dakar 14°39'1, 11'28'v 10 that T - 14°39'and, - 17°28'
U: (JC.ansuCUr) t 39°5'. , 94°35'V so that R . 39°5' and H - 94°35'

A - .91-°35'-17°28' - 17"7' IIOTE: (0° ~ 4' 180°)'
A- (0.63045)(0.25291) + (0.77623)(0.96749)(0.22297) .0.32690
B - ACOS(O.32690). 70°55' so that GCD . 4897.5 811e.

J. 8II(70055') .0.94504, Vl. 8I1(14°49') - (0.32690)(511(39°5'»-0.04682
V2- (0.94501l)COS(39°5').0.73351 and V. Vl/V2.0.06382
Wl- 8I1(39°5') -(0.32690)SII(14°39')- 0.54711,W2-(0.94504)COS(14°39').
V. Wl/W2. 0.59910;RAZ. ACOS(0.o6382). 86°20' .0.91432

'l'AZ. ACOS(0.59910). 53'l2' and (0° If 4 So 180°) 80 that GeM . 86°20'
8114CICB'l'. 360' - ,3'12' - 359°60' - 53°12' . 306°118'

p.AMPLE (VI..!l:..
TX: (Duned1ll, HZ) t 45°48'5,141°6'£so T. -(45°48') 8IId'. -(141°6')
RX: (Vatertovn, MA)t 112°23'1, 1107'W so R - 42°23' ud H - 71"7'

A. (-0.11691)(0.671109)+ (0.69116)(0.13865)(-0.84604). -0.91894
A. 11°1'- (-(141°6'» - 212°13' and NOTE: (A~ 180°)
B . ACOS(-o.91894) . 156°46' so that GeD - 10826.3 statute milesJ. SIB(156°46').0.39448, Vl. SIB(-45°48')-(-o.91894)5IN(42°23')-
V2 . (o.39448)COS(42°43')-0.29138,V-Vl/V2= -0.33448 --0.09746
Wl . SII(42023' )-(-0.91894 )511(-45°48') - 0.01529, V .. Wl/W2 . 0.05560
W2- (0.39448)COS(45°48')- 0.27502 and RAZ - AC05(-0.334f8)- 109°32'
ud TAZ - ACOS(0.05560) - 86°49' and since we have that (A> 180°) we
tiDd: GcBT- 86°49' ud GeBR- 360° -109°32' - 250°28'

For thoseinterested in working other examples, the tollowing are based upon
a RX location ot 18°30'1 and 69°55'W (near SIUlto Domingo, Dominican Republic)

~
~ic Pol.) e 68°12'5 ; 1115°24'I so that '1'--(68°12')..,..-(145°24')
U: (Iortb Najp1etic Pole) e 76° I ; 102° V 80 that R - 16° andH . 102°

A-102° - (-(1115"211'».241°24' IOTE: A. 180°
A. (-o.92SJ.9)(0.9703Q) + (0.31137)(0.24192)(-0.38430) - -0.93544

B . ~(-0.93544) . 90° + 69°18' . 159°18' so that GCD- 11001,3 miles
J . SII(159°18') . COS(159°18' - 90°) - cos(69°48'). 0.35347

Vl . -5II(68°12')-(-o.93544)SIN(76°) . -0.02083 and
V2. (0.35341)COS(16°) .0.08551 and V. Vl/V2'. -0.24360

Wl . SII(16°) -(-o.9351t1l)SII(-68°12')-0.10115, V2a(0.35341)COs(68°12')"0.13121
W. Wl/W2- 0.17512; RAZ. ACQS(-o.24360)..90° + 14°6' .104°6' ud
'f.U . ACOS(0.77512) . ]9°UI and (A'> 180°) gives GeBT . 39°U' and GeBR-255°54'

~ -

~.eo, Uru)t 34°50'5 , 56°10'V so T - -(34"50') and , .. 56°10'

U: (OrllUldo, FL) @28°32'11 , 81022'W so that R - 28°32' ud H - 81°22'

t::. .81°22'- 56°10'.25°1C' NOT!:(OO~46 180°)
A- (-0.51119)(0.47161)+ (0.82082)(0.87854)(0.90508) - 0.37983
B - ACOS(0.37983).61°41' so that GeD.4674.2 m11es,J "S1N(67°41')ooO.92510
Vl - -5IN(34°50')- (0.31983JSII(28°32')- -0.75262,V2oo(0.9251)COS(28°32')-
Wl - SIB(28°32') - (0.31983)(-snC34°50'»=0.69462:md -0.81274
W2- (0.92510)COS(34°50')- 0.75934 so V = Vl/V2 . -0.92603 , W-Wl/W2=0.91477
IAZ - ACOS(-o.92603) - 151°49' and 'l'AZ. ACOS(0.91417). 23°50'

10 (Q8'C-A"180°) pva 0CB'l'. 336°10' aDdGeBR . 151°49'

~(V):
'!'X: (LYOv,USSR) t"9°51'., 28°31'! SO '1'.49°51'and.,- -(28°31')
IX: (McCook.IE) e 110°13'1, 100031'V80 that /1840°13' and H - 100°37'

A - '100°37' - (-28°31'» " 128°68' . 129° 8' NOTE: 0°S A & 180°
, A- (0.16436)(0.64568)+ (o,64479)(0.16361)(-0.63U3) .0.18278

B. ACOS(0.18278).19°28' 80 thatGCD. 5488.0miles,J-SIN(79°28, ).0.98315
Vl . SII(49°51') -(0.18278)SII(40013')- 0.64634,v2-(0.98315)COS(4o013')-
Wl. sn(40013') -(0.18278)SII(49°51') .0.50591 .0.75074

So8e tiJR ago lID lIZ"ticle titled "Iladio DirectiOll Finding: A practical
approach on the BCB with u algorithm tor aanual or CO8Iputer evalUAtion"
appeared in bothDXII andDIM. In thatwriting, two receiver locations RA UId
RB took loopbearings (b7 nulls) on a distant tran8llitter (TX) and the
'calculations that toUCIftd allowed CO8pUtation ot the great circle distances
RA to '!'Xand RB to TX. ~ ..tbodis ratherliJllited since there are restrictiOlls
011 the input ~ters to that algorithm not IIeI1tioned 111 the article.

BelOY a complete al&ori thm is preleated which not 8Dl:f allovs the
CO8pUtation ot the diataces iD'IOlve4 1Nt al'&O the aeosrapbical coordtD&tea
ot the distant station.

An introduction to the techniques ot _asuring such bearings (azilmtb
ugles) ot a distant trunaitter b7 use ot a loopantenna at the receiving
siteare discussedin the abaftn_d articleud thus will be omitted liere.

FigureI is tun~t to this deYel~nt. lIPdenotes the geographic
Jlortb Pole, RA il the location ot Receiver "A", RB is the location ot
Receiver "B", 'l'I deDOtelTrue Geographical' Borth, 'GeAl is the greatcircle
passingthruRA ud RD, DAB is the great circle diatuce betweeD RAud RD,
AI is the azimuth bear1llgot RB .. 8e&8ured at RA,' BAis the azilmth bear1llg
of RA &8 -uured at RD, DAJI'il the greatcirclediatuce between RAud
Transmitter fIll'" ('1'XF), DBP' 18 the great circle diltance between RD and TXF,
DAG18 the great circle dinance bet- RA and 'l'ransai tter "G" (TXG), ud

J,OCATIOI LATITUDE LOJlGITlJDE GeM MILES GeIT

Bogota, ColmDbia 11°38'1 74°6'w 196°56' 998.3 16°6'

Vladhostok, ABSR 113° 6'1 131°47'£ 342°38' 1958.7 22°49'

lCingston, J.-ica 18°21 'I 71°31'W 270°6' 498.0 81°31'

Blantyre, Mala 15°48'5 35'1'E 100°54' 1516.8 284°35'

Lilll&, Peru 12° 6'5 76°55'W 193°14' 2166.3 12°50'

Honol01u, HI 23°8'N 157°28 'W 287°26' 5485.4 109°23'

Wellington, NZ 41°25'5 174°45'E 232°25' 8352.4 91°56'

I'AJI'l'III: Radio,DiJ'8C1;i4a r1D4iq



TI-6- S
.18- COS(AO)SD(J5)Coo(A)
.19 - J1 + .18
U(J3> 180°), REPLACE.19 117J1 -.18
.710°- AOO8[J9)
.711- 90° ~ .710
.712°- AroS«COS(J5)-(SD(AO)SD(.Jll»)/(COS(AO)OO8(J11»)
U(J3 ~ 1SOO). then

(a) 1"(0° £ A~ 180°). '1'IIEII.713 . A" -.712

(b) U(l80°< A ~ 3600), 'fIiEII.713 - AoO+ .712
IF(.13> lSOO). then

(a) U(oo ~ A fa 180°). 'l'BD J13 - .Au + J12
. (b) U(1800~ A ~ 360°). '1'IIEIIJ13 - AoO- Jl2

D(.J3" l8<J8), tbeD-ftII' 18 tile tnn_~ loged. u4
Latitude 'l'D': J11
Loqitude 'l'D': .713
D1etuce DAJI'- (69.06).15° ... statute 1I1l88
D18tace DBF-. (69.06).J6° ... etatute 11118.

D(.13 > lao-), then 'l'XO18 the tnn88it.ter1oge", ud
Latitude '1'm: -311 .
LoDsitude '1'm: (a) U(.713 a 0°) ,LoD8('fXG)aJ13-180°

(b) U(J13" OO).LoD8('1'm)aJ13+1800
Dietuce DAG - (69.06)(180° - .15°) .. et&t1rte lI1leo
DietaDce DIG . (69.06)(180° - "6°) .. etatute lI11ea

IIJG 18 tbe'9reaf. c1rele UetaDce Mtwa lIB ud 'l'XO. DAP+DAGaD8J'+DJ3Oot1fR.
(1f R- 121130.8 lI11e. fOr Iarth l'&d.1ua183956 to 3951 1I11e8 and 10 thua
~ tile c1rel8t- ot the larth) 'l'D' 8114'1'm are thU8 "endpoint8"
ot a di~ ot tb8 8}IIb8reot l'&41u R (i.e.. thq lie at 0pp081te "end8"
ot tb8 ~h).

S1Ace_t ot a loopbeariD8ot a 41etanttr8ll8ll1tter.1oinherently
88ip.o1io 117180'", ODe c8IDOt be certain which tr8ll8llitter ('l'D' 01' 'l'XG) 10
beJ.ac 118a1'4. For th1. d8'n1.o... L," introduce the teJ'118 "Balt A" 11114
-w.t B81IIUch... de't8ftI1M4117the ereat circle GCAB p...iD8 thru RAand lB.
'l'h1. cr-t c1re1e Una. tb8 Iarth 1Dto two hal'nt8 III1dthe two DXer8 at
.. ... .. II1IIpl7 &cree 1IId.c:hbe.lt 1I'11l be de.i&D&ted Balt A. the other halt
tM8 C8ll" JI8U B. '!118~ hct 18 that loopbeariDg8 taken on a n
8&.1I8&Ia.884 IB 88t "po1Dt8 111*0the .- Balt. With th18 UDderatood,
A.-"'" tbe h8ari8c of the dilrt.8at 'fJ[ .. ared at RAud B 4eDote. the.
1Ie8riIIc of tb8 din-t 'fJ[.. ~ at lB. (:rip" I ~ 8hon A end B
111tb8 ~ B) '!11888t: probabl7 JI8U 111vh1ch the .et&tion i. to be fOund
10 ~ oIec1ded.117tb8 D:1er8at IIA_d IB 117their Oft ezperimce with
proJI8pt1- c:aDd1.t1-.. t,18e ot dq. prosraa 18DgU88e, etc. P'UrthenllOl'e, 4ue
to t.he n.ature ot tile BCB. DAB10 ~ 11ke17 to exceed ~al ~d lI1le8.
A180. tor pra:tic:al ~, nul IIhoald not be 1e.. thu ."oral bundred 1I11e.
fOr JIIBP1n&etau-a 80ft d18tc1t t!8l . thousand 1I11e. or 80.

Al8o. 111al8Det "'fIrT 1D8taDce.- ot the po.81ble tr8D88itter location.
1I1ll,be neerei' to ItA or II than the other. Jlbr thi8 diac:u..ion. .. U.U8e that
ftII' 18 the nearer--t.bet i.. IWP S DA.Gor DBF~ DBa. 'fIIere 18 a .!llp1e
~1- ot 1IIUch 'fJ[ 18 be1Ds heard (tile "8hort. h8ul" pat.h. 'fXF or the
8lGDa bImJ." P8UI to 'fIG), ~: it .13- .71+ J2 c.1SOO. tIleD '1'D'18 the
cI1et88t U8a8II1tWr _4 1t .13 > 180°, tIleD 'l'XO18 the DX. It .13. 180°.
tb8 DI coald be e1tber ftII' or 'f:m.

Jlbr the tollow1Dc:Alltri£OllO88tric flmc:t1Qn. ha..,.. ar~ts in
cJepoee~. yal...s 1111'&d.1&11_uure &lid all 1u"f'er8e trigo_trie
t\mc:1;10D8h8Ye ars-t. 111radian -.are III1dn.J._. in degree _88ure.
'!lie t.r1..-wtric t'lact.1-. U8ed are 81De (SD) end co81De (COS) &lidthe
~ t.r1~1c t'lmct1oc. ua84 an arc8ine (ABD) and arcco. (&COO).
Al.8o. 08(1) ~ tb8 abaol1Zte yalQ8 ot the nU8ber X, i.e.. it X 10
-.1..,.. (-). ipare tb8 "Jd.m&o881p. Jlbr 8D8Ple: .ABS(+3)-.ABS(-3)-3,
81(-1.98>-1.96. etc.

x.\ tile ~rd1Dat.. otRAbe Latitude (Al°.\2'A3"), Longitude
(AlloA5'A68) ad c:oord.1Dde8 01' II be Latitude (BloB2'B3"), 8IId Locg1tude
(M-.s '116"). '!lie 8t8a.d8r'4 c:cmftIIt1ODot algebraic 81p fOr coordinate.
18 1884, '1'1.: 1I-t8t1tade ... V-Laac1tude 111'8po81Uft (+) ud 8-Latitude
... a-LaDs1tud.eare "'-1.. (-).

We- pre~ the Dec:e88&17t.r1goDOIIOtl'7: l'Dr notatiODal
CODY'e81eace,let Ao deDate Al°-'2'-'38. A- denote AlioA5'A6". Bo denote
JII."B2'B38 _d BtHtdeDote M"B5'B68.

5

Seftral ExaIIple. tollov: In each case IIA and RB haft coordinates
Ao - 41°0'0". A-. 97"0'0". B8- 38°0'0" and"'. 92°0'0". 'rbu8. fOr all
eX8llp18. : .

), '.r"- 97" - 92° - 5° ~ . 1i.886°- 4°53'098
M - 0.99637 I - 0.08517
E" - 126.256°- 126~5'218 VO. 50.562°- 50°33'113"
DAB- 337.43 lI1les ud 81nc:. ""5°, we haft
AB- E". l26.256° BA- 36OO-VO. 3O9.li38°-309°26'18"

[.13< lao-)
and
Lat('l'XF): 39~8'14" (I)
Long('l'XF):88°]1.'01" (V)
DAF- 1160.08 1I11e8
DB". 205.80 1I11e.

Loop BeariD8: Ao
Loop BeariD8: Bo

J1-
.12.
.13-
pO-
.14-
.15-
.16-
.17-
.18-
.19-
J10-
J11 -
J12-
J13-

'.r" - A- -BtHt

~ - AOOS((SD(A8)SD('-» + (Coo(AO)C:OS(BO)COS('f'O»)
M - ros(~)
I - SD(~) .

J!> - ACOS[(SD(JI4I) -(M)SD(AO»/(I)COS(A8»)
yo. ACOS((SD(A8) - (N)SD(B8»/(I)COS(BtI»)
nul - (69.06)~ ... otatute 1I11e.
IF(OO ~ '.r" S 1SOO), '1'IID: AB - E" 8IId BA - 360° - yo
IF('f'O< 00 or '.r"> 180°). 'fIII:II: AB- 360° -B" ud BA- yo

.71 - .ABS( AB-A )
.12 - AII8(BA-B)
U(J1 > 180°), lU:PLACIJ1 117360° - .71
U( J2 > 180°), IIZPLACK.12 117 360° -.12
.13 - J1 + .12
U(.T3 > 180°), 1IEPLACI J1 117 180° - .71
U(J3> 180°). UPLA.CIJ2 117180° - J2
pO - Aros[(COS(~)SD(J1)SD(J2» - (COS(.71)COS(J2»]
.111- SD(D")/SD(P")
.15°- ABD[(JiI)8II(J2»)
.16°- ABII[(JiI)SII(JI»)
JT - SII(AO)C06(J5)

EX.AMPLB( I )
1Q20
63°
24.256°
113.562"
137.818°< 180°
112.~
0.12655
6.662°
2.980°
0.65163

-0.01820
0.63343 (-.17""8)
50.696°
39.304°-J9018'lI18
8.433°
88.56-r' - 88°34'01"

-(A" - Jl2)
80 'l'D' 18 tile DX 'fX;

.,,.,...

EXAMPLE(II )
~

2113°
155.744°
66.438° .
222.182° > 180°
112:299"
0.12655'
6.662°
2.980°
0.65163
0.01820
0.63]1.3 ("""'-38)
50.696°
39. 304°-J9018 '111"
8.433°
88.56-r' - 88°311'01"

-(A" -J12)
[.13 > 180°) 80 'fIG 18 the DX1'X
and
Lat('1'm): 39°18'111" (S)
x.-c('1'm): 91°25'59" (B)
DAG- 11910. T2 lI1le.
DBa. 12225.00 111188

A 8tud)' ot EuJlp1eo (I) 8IId (II) v1ll 8hov tbat, 111either cue, .13~ 1800 or
J3 >180°, that one al1l8)'8cO8pUte.the coord1Dat.. ot 'l'D', ~ Lat(J11)
and Long(J13). It .13> 180°, then'1'm 18 the tnn8ll1tter ot interest. bat
dace '1'XFand 'I'XGare "endpo1nts" ot a spherical 41_ter, the coordinate8 ot
one tollow. quickl:r troa knowledge ot the coordinate. ot the other. 1'0 wit:
it' Lat('l'XF)ttJll and LoD8('l'D')ttJ13, tIleD Lat('l'XO>- -311 8114Long(TXG). J13+180°
or J13 - 180°.



I ~ - b -b

!be l&rp ~ 1Ja CC8pIIte4 ftl tor Jtu8pln (I) ,1ID4 (II)
toUon hca Ue t8Cto ~t Ue loop M8riq8 1Ja ODe eu.pl. are reciprocal
loop bearac. ot t.M ot.Jaer ~e, to wit: 282° . 11)20. 180° 8114
2113° . 63° . 1808. Ia 8Iuple (I): 012. 2~.II38°, bIrt J2 > 180° require.
J2 replac~ 1IIr ]608 -J2 . u3.562°. Ia lbulple (I1), n . AJI8(-155.71111°)
.155.71111°884012. ".1138°80 that J3 . 222.182° > 180°. 1ro1r,1JatM.
caeen i. I"epl.8n41IIr1800- .n . ~.256° IID4 012 18 nplace4 bJ' 180° -J2. u3.5628 1IIdcJaare 1deaticel withthe .n, J2 ftl- 10 Eu8ple (I).
'ftae,tileftl-. 1Dr.n 8D4J2 the- tor bothJ:Iu,ple(I) 8114
8aeple ( II ).

Ia tile r--f8f'IC UIIIIIPl", .n 8D4 012w1llliel1ete4 .. tlle1r "t1Ja&l"
ftl- .. - WIt ,'tftTlU88 10-16 cd tile 8.J.p'1t111.

8IIIIIp1ecm) CIY) EIupl.e('f)
200 300 235
300 300 ' 2311
13.T" 6.256 11.256
9.1138 110.562 1011.562
83.182< 180 183.182 > 180 1811.182> 180
96.851 3.~8 6.216
0.08519 1.50329 0.71913
0.806 111.211 118.9117
It.T~ 9.1128 117.5115
0.65599 0.63581 0.113081
-o.OO99T 0.09302 -0.3261111
0.6II~ 0.511219 0.15131
1t9.158 51.l26 110.712
1t0.21t2 32.8111 119.228
0.361 111.725 11.067
vr.361 82.2T5 25.933
DF 'l'ID un
1tO8lIt'31.C.) J2852',26"(s) 1t9~3'1I1"(S)
,.,.-a"Ita.C.) vr8ft3'3Q.CI) 151t.oII'O1.CI)
55.67 U"5.211 9050.52
326.a um. 70 ~IIT.3It

Loop Beariq:Ao
Loop Bear18c:"

no .012..J3.... .lit .35..Jd-'.JT .J8 .J9 ..n00.mo..Jl2..Jl]8.
ft locP4
LAtit1I48
1DDC1 twI8
D18t8Dce 04- :
D18t.8M J8- :

J:Iu,pl. (n )
235
235
11.256
105.562
183.182>180
5.6119
0.86528
56.1166
55.0211
0.362113
-0.36083
0.12326
113.616
116.3211
81.1100
15.600
'fIG
1t6~9'26"(8)

1611.2I1'OO"CI)
8531.26
8630.811

6

Dr

-HI
"

"
',OCAB.,.. 1Ia8ple.Cy). Cn) 1841cat.eUe ezt~ _lthit)" ot tile

al8Dritill to ftZ7 -U ch8ape 1JaA. IID4.. (1. 10 tile.. Iu8p1nJ with
there8lllt1llctl'8881tten1Ie1ac41ft_t bJ'- 1000 lI11e.. 'ftae, BDP
_It 8ft lie ~ with .. sr-t 811effort .. 18 po..ible to acM the
"Met' loop 1Ie8rt88 cd a 8\Gloa 88p8C1all7 ODtile loac ha1 pRulll

!b8 atlaDr h88 8I'8at 1Dtereet in thi. -tter ot RDP1a)rt on tile
1ICB81141IOIIl4~ 8q ~. hca all pertie. fO intere.te4. 'Shoul4
there 1IVI'8Dt a ue4 tor ~1e ot cOD814erable 4eta with tM. al&oritlla,
the author 110111.4CC88i48r tile Job ot CO8pIItiq the re8Ult1q RDPdata 8IId
.end tile re8alt. to ell _8nI84. Certa1~ ODthe BCDthere are ~
inetuc.. wtIere RDP ~ C811lie 11884: aI4 tenere, c1aD4e8t1De et&tion.,
.pl1 t t'reqaeDCJ' 1It8t1oae 8114 tile l1lte. ItDXer. 110111.4V1UIt., tile 8IIt!tor
1a)1Il4 be w1lliq to 81:1;.. a "cl88l"1.q laDu." tor all neb actirltl...
IID4wal4 be w1ll1IIc to COI'l'88pODd with tho.e requeet.iq RDP811&11818
OD tru881ttere tbq 10ge4. '!be acCur&c7 18 beet. IICM"" with
--roue DI8n 1"e8It1ac1Iear1aceoa the - et.ation. 8114tile 811&11818
carri84 cnztb8tW8 all pdre ot .ach u.r. 1;0ucert.a1Dthe truea1tter
locaUoaI IDJ' de Oboti, Ph. DI:

TXG

PIGURI I ........................
BADIO DIDC'fIOI PDDDO MJIZL

Bote: All bearing. A, AS, BA, B are ..aeure4 clocltYi.. podts.w COO-]608)
troa !'rue Geosraph1c Borth (ft) - ~,b8re.p.cU" l'ece1ft1"
location. RA 8114 18.


