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CZECHOSLOVAK USE OF THE »ORAL 1» 
COMPUTER FOR GSODBTIC PROJECTS 

/"following is the translation of .an article by 
• Frantlsek Charam&a in Geodetid^ a „kartograficky 

obaor, (Geodetic and Cartographic Raviewj'^^ 
Voi Wl/49, Mo i, Prague» January 1961, pages 6- 

1»   Introduction 

In the past years we hava been witnessing a gradually increas- 
ing application of aatheraatical machines in srariouss spheres of 
hosten activity.   Among thoss the asost important ara the computers, 
Which ©nable us, on the basis of a prograa established beforehand, 
to solve at a vary high speed even such problems as have been 
practically insolvable with the application of the former aids* 

' The purpose of this article is to infera. the reader about the 
application of one of these machines, the computer "URAL.T1, in 
tt*c frequently occuring tasks in geodesy and to describe in oat- 
line th© pregraaming psocess.   The actual program was made up for 
the neods of th« TOG-TK /~7yskaany Ustav Geodäsie Topografie a Kar- 
tografie -~ Research Institute of Geodesy, Topography end Carte- 
gwtptoyJ7 *» p" 

2»   Characteristics of the HURAL I" Computer 

The "URAL I" comptster is a universal electronic machine 
designed for the solution of various problem of a scientific«- 
technical character»   The worker® of the scientific-research 
institute of the Ministry of Precision Machinery of the USSR, 
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t     ,   , ,    -GW-* „,.,,■« v>   T   il&p»'**v had iß olad two basic criteria 
?rS" %^^UVf*aU    that the «**lo. be sufficiently 
^trSl -aSd for aostWant problems., and tatter tlwt 
itse^T-r^4 and application be as simple as pwaiale.    ^ 
"* 1: ^"i-h'i^ wrk Is a compiter ^ieb processes ten-oigU 
££::;% riwed of 3.00 operatic«» par »in«!», «id consists of 
S^V V* S«r <KX>0 wtianium diodes,   The individual construe« 
I':"/    ~. '   U/b<*fa electronic and nonelectronic, are arremgeo JJJ 
r?U-n-£& ^ are easily replaceable.    The use of ,ae ^ 
L pi" 4at^ by AOtdwwit for maaaal control ana obs«rv*titm o, 
tU ;':^iwbe^"ohla of great inqwrtsace for the *«***«* 
/;   ^Ci ™«1 ni o^ errors fro® the instruction network,    Sutu.- 

Jf^b- f^Ut-flted b'? the fact that the iastnictio» system o* We 
n^JN  c^W ind»d00 in addition to the elementary arwh- 

T-t-> „r^-ioii a rüi*>wr of special operations (there are 30 
wTe*- in^r-ufMons) which make it possible to m*ke up t*°e>*sm~ « 
^Lt    ^HSX em rith a rich logical atruetuw, 
""^^fcp^i^'^ertn of the folding Min parts* ^ 

f   K«^ratiÜl wd.t? perforaii« all aAthatieal ana 

10£iC£i.C?Sri^Sroni,er, *ich coordinates the perforce of 
the individual blocks of the-machine, 

%) ^o^SSaTSo^ on a saagnetie dram *tta a opacity 

of ^%|^^tLory on a ^netie tape aertlng forppe- 
ee-*r* the eorAetts of any ^ of the ope^io^l >«ory v«.g. 
S; Ir^l of partial wsuUs arrtyed «t during the conation, or 
. „»»i  Pf the -Instruction net«rk); ^ *„.•»„% a Karr  of tne »^ ffi (standard perforated novlo ixl«) 
«Met is t^e Lrker of the initial and - together wit* .the 

'   S^" Sit - also of the final inforaation; 
pA        1     fhe control table, which .makes it possible for tae 
or-e«tS- »cWvSy to'interpose during the computation aad «atmniiy 
to ir^se;* ixjfomation into the machine. 

%     Th« outer equipment, consisting of the exit of the 
«^w&on(exit panier aad printer) and of the taps pawtaflg 
^%«*r£ ÜS tL entrance data (keyboard, «atran» puncher, 
aS ttoStJäunit,  serving also for taking (»pies of the par- 
forated tapes), 
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:#■}- 

' illu st ration. 1. 

• \l),: ■;.. P&&, Perforation 
;.% 2}~: .^Erin-ting, ■;,,,,,v  .; 

:,:; k% l^erätd^al' JJr&t 
■ \ 5 %;;. 'Sy^aba^ön5 ■« a;r:. 
' 6) ' Perforated 'Tape 

. Legend« 

;■;) "^A^g^tä-P^-pSpe 
. \ 8);:;.'. ppntr;.ol;.'-.l^bie_.. 

•■•.A 9)'- •-. Entrance'- ■•Puncher 
y'l 10>"; ^Btrqilffeit 

11) 'Keybord Ünit 

„,._ _.. .c.«,^."' .^^e^.^i^^tiiip^^/^^^^jQö- = 'be;tvf©en the individual parts of the 

yl,&Qi%±ng, to'ii^t&a$jry ,of £$jB^0$p&^^ the 

No io; 1959. 
! ,;>'/; -i .". 

 3.' '$j^oeuo%J{^ Mfeirt 

" "for'ihd'Maohiae 

^.^l^^tl^-la^sci^jtie%^a|^,it^^. "-for Jbjha «pe,ratö|v|^;sii.di^i;^Äl; 
. ""niä^ij^e&i, ^pj&r-at'iori%-.;;teak.£%< _cont/^alr.^f..vthe;:.cqRj^t^^ipji^v.ba-sesd on 

^|i<^,^ac^isue ,pef|i%|i^.e?s^}|^.s ot^^-ii^xia^^ of 

l^'eH'Är^tdoxi ^' kmma. ^p^jzmpr.Stv&jijfifi,•■ ifM^^te ^i^t«c*^-.-w^*fh the 

("s^^lJ^TOf^^ä^i^apv; c^xa^onst; t^v^he- ,stip^iw^taris^., that ,mmif:/.^ß\X" 
7^^t%^-,m^h^^l gtdt^^if :foii-'.-isaKi^ ^aic^laiio^jai^ fjor, .tha- }$s>mpater 

'"' great speed at whidti computers Work iaak©s it possible to. use thos© 
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methods ishich hare been practicality inaccessible up to now because 
of the great number of numerical operations involved. From the 
above it follows that it is necessary to choose auch a method as 
would have a simple logical structure and in which it is not sub- 
stantial whether the simplicity can be obtainsd at the price of an 
increased number of elementary arithmetical operations. This con- 
dition is fulfilled esoecially by several numerical methods of 
ealaulaticn (e.g. numerical integration) which are frequently used 
in or&grflttfl&ng. Another favorable fact is that such a aietnod is 
very easy to orogram cyclically (multiple repetition of a part or of 
the'" entire calculation according to the same prograsa with- various 
entrance values), which in the application of the computers has a 
great economic meaning» Thereby not only the tima necessary for 
the compilation of the program, but even the length of the instruc- 
tions is considerably reduced. 

The mentioned basic condition of the selection of the laatn- 
ematical method had to be respected also in the selection of the 
method for the solution of both of. the main geodetic problems♦ 

The formulation of the problem.: Assume that on the surface 
o? a rotary ellipsoid of giver, parameters there are given two points 
p" (<p i  >£->,,) and ?2  (<F 2*^ 2)» 2hese two points are connected 
by a geodetic curve of a length a tshose azimuths in the terminal 
points will be marked<C,, m&®(z*   'Considering the quantities 
*Pl* 3 ifiCl»  s («Vl» ^bf^^a.las town» and determining 
the Entities <f 2, % 2,VC 2* (©roCi^*"8) we solve the first 
(or the second) geodetic problem (Illustration 2). 

PJ%» A,/ 

?'*'V Illustration £.• 
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i •-. '• 3 &;^So3^ioi» lo# ^%i^t«''%lö;d^iij'lPa^:blem 
^ £$$ ^^'''atsl^tion/'of tä» ;ififä§''feöd;e€fcLpföfei«b ws selected 

t^;ÄÄ^eM;;iif^ii^im-ö^ t%$iM$$^ik.$ffi-7&$ffiioaa of the 
'■curve 

•■..'■..,;.     ^ 

'•cosa':"': ...dA 
If '"*■'''    ds ~ "'"^'iS'eosip 

(1) 

•W? 

-Sötit-oiAräütl4#'JäÄBi6d W;^lat^tt4>|!bö^ problesas 
*ift tJi£r&3iä]&i5^ tftfe book Reaolu~ 
^MMiM^^qa%iM^mm^m.-,m:kMm^mmmm^^m r i*«»pioi 

i/>ö ^>Ä'ü^tKijd;''öf?l^^^w|tl-»a|i*s-'l^^äölbl*'-to ••determine froa 
s £h#>1&öiSti%&tiÄ:l;'^Ä fhe beginning of 
^«äclt-';SÄ^grätiag'Ssi# tK&-'^Mt£tiikf{£ 4*1 *rf:'-.T i-f I. JÜ , if 1 
•©C-) JA*-..«*' '©nd7 ^A^tibfe fh^:*ldth ;öf; th©Ki-^ ljtn step, 
•mi<^hrS!fB:M ik'i'f WiMwS^'mi^M^äp^^^ tSarvlöiftge-.Kutt fcrmala 
<ttf taii:;sol&ti&xof t^'-m6h^i^''i^tÄi'-1>f i:diff«^dtial equations? 

• - ••' W = #-&i (A^- 24^J- s'-ij.'-V **,} 
:   ■   M* i ,«^1 {»J^ 2^,,,  ä.,^^ ^K .   ...--. '-<:J) 

* — 6r*^tof:^,'d^eti^«d';'^#ädäaIlir' for t^B-'Ä^iinteÄs^of the line     of 
th* fete-föilö»it^'%able 

l 5     f ■i:     ;. : i *    « I " 

1  if : 
,•■■' <A ■ 

•:' ■'•■   ■ *a ; 

.;..?''''.... \:W+'.tv.1sK-:f\ JA 'f i-Ai-t •' .'i VT i**i 
;■ 3- iV'+.i»:^ " jj*.%i^f 

,M:±.yh::..i. '. toiA i-;. ..i.JCT.,«^..} 
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;* ?"K:-':A'i'Xx';r 6^*x-/An<iH* ...'.;!   r'^

; ;i-.i t?;* -JMV? ft?  *s;.*C;h iöier^al until 

^«s^lrÄW^«i'4M?*#fffiiäSl!%f'%IasCÄi*vlrf   Thä derivation of the man- 

Yf:#Md^:'HiAd^a£s&§:^j^ d$"* 
'•"¥io£**l;v^8<"3^^ Mf)l^ On 

-■"■•&^c&j?tiMsi_ s&ä&s'%ÄM§!^^ppMrfsiÄe^ caleula- 

;-ret^%4-:ij^tij<^ i"Snd^M''4iiil1Jion-€&!-'thilf they 

^ttsi-ät#£> J^osMtiMLl^iH^IM^ The 
resöitg of Ina $$e<j&Z cJ.oUatioft era again pr4^c4 (i>,  Hsüal^ 

^i«o*'Mä'%ö%#6e§'"'i^^v iÜ%K##feiü r*6ffiÄ|re#ffl§aS'^#f' £*#MI§§ itün after 

'''-l&'^&iirolled manually according to the character of the obtained 
resultier    hnw.?.  ri.«.;s- two *^C:wi:s^ior.;-> tto' e.,r.t'or caused by 

■x^l*mMei':i:"M %m fi'fät?:^rÖ;MÄM3ia€liööf «$y#rr^rö$alfeM by 

^<Äiö:;^nfe|i*ati%^ipt£ji ^föe'!iS^f€§S'5'altöeh§ fil&fM&i^noMt'&a" 
^h^^zmsl-'iMp^^i^at :ih^-iäi§.'nege#M^«^r?WJc&terdll^ä«calöu- 
lation of longer curves (s > 250 km) is shorter than the doubl© 
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of the time needed for one calculations This eirctusastance is 
«specially significant with long carves. 

3.2 Solution-of the Second Main fcodetie Problem 

la selecting a method for the solution of the second main 
geodetic problero.., we looked, for on© which could use the prepared 
program for the solution of the first min geodetic problem which 
was given by the requirement for'a program as short -and simple as 
possible. In the following paragraphs we present the basic idea 
of the method &n& a list of the formulas used. 

From the given coordinates {<pi,^  i,)  and (<p 2s$ z) of the 
points Px and Pg we determine the approximate values sT andöfo* by 
means of the simplified formulas of the mem width method where we 
keep in progress only the aaaabers of the first order. If we denote 
(see Illustration 2) 

Af =-- 9% ~9l, M - 4 — ^, p * ~ (^ + ^ (3aj 

it follows that 

The mentioned approximation may be made only for stich A ^ and 
JX/j  in which the above mentioned progresses converge. In the pro- 
gram it is therefore taken into account that for such a distance" 
of the terminal points in which the convergence would becoase too 
slow, the machine does not compute according to the forum!s (3), 
but rather determines the ex.it values s! sndö"f 1» by means of solv- 
ing the spherical triangle P3, P2J Sp on a substitute sphere of « 
radius E s 6370 km. With the approximate exit values, the machine 
works exactly (i.e* with h * 125 toe or h s a.» for s«<125,^) 
according to the program for the solution of tfao first sain geo- 
detic problem and detezsaines in addition to the azimuth also^the 
coordinates of the point ?%*,  which generally is not identical with 
the point■ Pg. The following part of the program compotes the cor- 
rections jQ. <*C and A.» by which it is necessary to rectify the exit 
values ©fi* and a» so „that the point ?% be moved to the point F'2. 
Deriving the formulas for these corrections, we determine first 
the length a and the asiiauth Ag» of the geodetic curve connecting 
the points P2* and ?2- ^° determine then is nothing other than to 
use the program for the solution of the formula (3) in which instead 
of coordinates of the point Pi we use the coordinates of the point 
P21 and consequently obtain instead of values a» and<*C^' the values 
a and A2*. If we mark the reduced length JE (or m1) of the geodetic 

7 
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curve &  (or s8) where (v, fhj") 

m ^ 8^_ __ - 1W(m^j (4a) 

and '     . 
8 == «' +• J«    «j --~- aa' + /5a,   . (4t) 

we obtr.Lt according to Illustration 3 the following approximate 
plane rod. itlcv.is 

o> = a,' + 90° — A' (*>) 

{a . eos ft))2 .   .,   a . cos .u* 
ii« ^ ß . am w 4- —------— Aa-~  

2?» m, 

\ $'* Honst. .**' 
.*>< 

\.P-    ^-""     \ 
•* 'I--. 

x. 
\ 

\ VN \ a        \ 

'■A &a 

■ \\^~rz==Z$CP 

J.U.UJsX.lc!.'--.iVll    .5« 

The isachin® now works so that the approximate values ^fi* and 
a* are rectified by th%  corrections A6** and dXa  and v&th the rec- 
tified values the first geodetic problem is computed (with a step 
either identical or reduced).. As the experimental calculations 
showedy it is possible to obtain by this single repetition with 
not too long curves (1300 km) the accuracy mentioned in Paragraph §. 
In ease the terminal point of the curve computed with the rectified 
data fails to coincide with the required accuracy, with the point 

& 
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Pj   the program is arranged so that the machine will compute new 
corrections^'* and & sf and the computation will be repeated, 
When the machine performs correctly, after the second repetition 
the temlnal points coincide, even with long carves.   The machine 
proceeds then similarly as in the first geodetic problem* i.e., it 
either stops or passes to the next problem* 

Motes    It would bo possible, of course, by making the formulas 
(3b).  (4a) and (5) more accurate, to achieve the coincidence by & 
single repetition, but this is not .practical frc« the viewpoint of 
proiraasBiing, «spadally if w© take into consideration that problems 
Involving «dwnely long curve» occur only sporadically. 

3.3   Schematic Outline of the Program for 
Solving Both Main Geodetic Problems 

The formulas given in the paragraph 3.1 and 3»2 are the 
basis of a coanon program, for the solution of both of the geodetic 
problems.   The' logical structure of the program is presented in the 
schematic Illustration 4* -= . -? 

Comments on the individual blocks:   ./ in Illustration kj 
3 — the entrance quantities are pwnched in groups of   10 

Probleme into the individual parts (stones) of the perforated tape. 
The operational memory, whose capacity is United, receives only 
one sons and only.aftor the solution of eil the problems contained 
in it is the next aone introduced*■ 

45   the program is suitable for solution on Kraseovsky's, 
Hayford's or Beasel*e ellipsoid, The selection of the ellipsoid. 
constant £ is done by the a» chine automatically according to a nass» 
her code "-which denotes the «elected ellipsoid.   This symbol, together 
with the sign which farniataa the oachine with, the lofoxaation whet- 
her the first or the second geodetic problem should be competed, are 
poached in each ten« together with, the entranee values«    In addition 
to the mentioned ellipsoids, the program mj be used for computations 
on any other rotary ellipsoid «hose parameters naturally must be 
inserted into the operational memory.. 

9 — if it were necessary to study the course of the- etirve 
on the ellipsoid (a«g. for cartographic purposes), it is possible 
to suoplaaant the program so that the f? %/i >°v values are printed 
at the end, either of each or any chosen integrating step.- 

10,17 — marks the switches on the control table which can 
be manually aet into two positions.    The Ki avdtch comes into use 
in testing stoppage-free performance of the machine and in localising 
a possible stoppage,   The other switch, K2, enables us to stop the 
computation of the respective problem, 

14,16 — after pressing the respective bar the coaputation 
proceeds according to the schematic pietare« 

9 
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Illustration ^. Legend 

I«  Initial Starting of the Machine 
2»  Introduction of Instructions into the Operational Memory 

■with Control 
3»  Introduction of the Entrance Values from the aw zone into the 

Operational Memory with Control 
4*  Selection of Ellipsoid 
5»  Decision whether the First or the Second Main Geodetic 

Problem should be Solved 
6.  Selection of the Integrating Step 
7»  Refinement of the Integrating Step 
8*  Selection of Arguments for the'Formulas (3) 
9*  Solution of the Runge-Kutt Formulas 
10. K 1 
11* Chock whether the Problem for a certain Length of Stop has 

been Completed 
12. Repetition of the Calculation and. Comparison of the Results 

obtained "by repeated Calculation 
13. Printing; of Results 
14. Mien Disagreement - STOP 1 
15« Check whether required Accuracy has been Obtained 
1.6„ Calculation of one Problem completed STOP '2 
1?. K 2 
18. Preparation for Refinement of the Integrating Step for the 

First Oecdetio Problem . 
19» Check whether all Problems in one Zone have boon Completed 
20* Chock whether the Calculation should be Repeated 
21. Selection of Entrance Values for next Problem 
22« Chock whether Problems from all Zones have been Completed 
23« STOP k 
24«. End of Computation STOP 3 
25« Check whether the Aocuray of the (3) Fbrttulas -is Sufficient 
26» Computation of (3) Foraiulas« Determination of a-^ a s* 

or k0 a a 
27* Spherical Triangle Solution 
•26. Decision whether A -a and *s should be computed 
29 B Computation of '4 a AS and Computation of Rectified Vain as 

30« Selection of the Integrating Step 

11 
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*h© comnil&tioR of the rough schematic picture «presents 
th» first stek of the programing.    The next stage includes its 
bjv*k''4c lrto"a detailed schematic picture, which is the basis ior 
v^^tus! distribution of the instruction network.    The detailed 
„'cr_„at.?e pietur« of w problem contains over- 200 elementary blocKa; 
thöliiltraction network consists of setae 900 one-address instructions, 

4*   Problems 

. - ■■  •- .-he control oroblems which wer® used to test the 
eor^^r-'^ the program, is the solution of both main geodetic 

pret'L-■!:*■:' i^v a curve of the following parameters 
'*. =■• 4^I5'23,C-Kf0"    %==   48°50' 1.1,0000"    16) 
^ =,,   01«yoo,o;K>G"     4 ==   7a°lS'40,0000" 
at = RS'"47'205f 335"     K2 - lir'öi'28,3062'-' 
s   -.= 5 347 fi'?0,&i3 in 

on Hs.yn~>*"d!s «llicsold.    These parameters were taken from /l/ and 
will later on &e compared with the results received acccrdr.ag to 
the described method OB. the computer* 

4.1   Solution of the first Geodetic Problem   ■ 

Results of tfca first cogitation (h « 250 kr.) 
fftt =.--■=   48WIl,0€u9'' 

«i=in°51'23,gC4e" (7) 

Eeaults of the second computation (h " h0 = 125 ke 

«„ = 48lv50'If000," 
;.; =-. 7>ri.8/40,ooi." '    (s) ■ 
«a-= 111=0.!'29,30V 

, jwar finishing the second coBitMxbation, the saacbiae proceeded 
autom^UcallT to th/compitation of ^te* nesA problem because the 
varies -f (£) have bean prwad as final (sea paragraph 3*i-l. 

' T-hö sr4>rs of the individual approbations s.::*a given in the 
following table; 

Table 2» 

<5?'a       J       <W» &<*1      j 

ffc = 280 km) 
! ■ 

— d.ooo," j —o.oo«," 
i 

0s0GI«" 
 .... 

II. 
(k = 325 km) — 0,000," j — 0,001s" — 0,001," 

12 
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4.2   Solution of the Second Main Geodetic Problem 

Results of the first computations 

4.S Yfpofot ätnhi häsvai geoMieW Aloly 
Y^sleöky prvnüto v^poätu: 

s' •-= 6 831 094,46 HI    % «=   48°S4'2ß,3ö58" 
a/ « S8C46'10,76V      #«   76W22,2«,"   (91 

«,'» m°4r30c84$"''   ' 
Result of the seeond computation ' 
8'  = 5 847 070,70 m    «ps' ==   48°fi0' 10,90%" 
«,' == ssW'SOjmS      V -   70°18'4O,O«M '' (10}' 

Since after the second computation the terminal points had 
not coincided within the limits of an expected accuracy, the 
machine once niore corrected the s1 and Of 1* quantities and arrived 
at the following final results: 

s = S 847 970,60 Hi     <ps =   48o5Cni,09(y' 
«j «=' 68,,47'20,898,"     ^ =   76e18':i8,99Öst'"   (H) 

Ofj. urorsMov ■ 
Th« errors of its® individual approximations are given in 

Table 3* .     . 
Table 3« 

A», OCT.! 1 ■ '"'Al, 

I. 3.6 876, 15, m J l.'10,531," 'j    §'$8,48$*". 

II. ~ 0, 08, m. 1 —- 0,005," j    — 0,00«," 

IIL j ■— 0» 01, m j -- 0,000t" i    -~-0,G01t" 

4,3   Demonstration of the Printing of the Results 

Ths are data (9* * /$ ,°( ) are inserted into the machine and 
printed by it in arc units to a scale of (2 T*T)~* 

2-re 
(.12) 

Th« arc warring system was selected because ws-isay express 
an angle by means of it much more accurately than by means of angle, 
the number of digits being »a» in both cases. The necessity to 
introduce a scale is. caused by the construction requirement with 
regard, to numerical extent of the processed quantities. The scale 
of the length data expressed in meters is IÖ" >. It holds true that 

10? (13) 
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The pro*rwi is prepared so that before the printing of the 
results of mj solution the entrance quantities used in tfee problem 
wi3! be printed ass wall. 

Th* actual figures obtained in the solution of the probxem 
under 4.1 (first main geodetic problem) are given in Illustration j>. 

1 13"212192 

1 4 9 414270 

0 0 0 0 0 0 0 0 0 

3 8 4 7 9 7 0 6 2 

1 3 5 6 >  6 6 3 6 

3 10717056 

2 1 1 9 7 5 3 1 4 

5 6-4'7 9 7 052 

(14a) 

fläb 

111 2 fS       y      1       C 
WV        Sit,        et.         ,S 2 

's   s   o. A       *?        *f 4 1 4 2 -.7 0 

0 .0  0 0 0  0 0 0 0 
(ISa) 

5G47 9 7062 

1 3 5 6 5 o 6 3 6 

3 10 7 17058 

2 1 1 9 t 5 3'1  0 

5 ■ 8 i 7 9 7 0 6 2 
llliistratxc 

(15b) 

&■ ■*. <**>- 

The <Jata (U*a) 'and &5«t) are the entrance quantities, (U^) 
-hf,« ^WL*S arrived at oosapating with t&e step h * 250 knij  (13b) 
the results arrived at computing with the step h ~ 125 tea.   The 
aoqaeac*» o** the data in the individual groups of four is£p,«>i *yf $ 
•'.    The decta»! point is placed before the first flgars from the left. 
I* w* want to etotaia the results ia the conventional fona, we have to 
BHltiplv the printed quantities by the inverted value cf the scale. 

lit ■ 
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The «umla? data am thus rendered as arc valu*« and the length data 
«! SLi«t,eas H iw «nt to «pwea the angular data in deg~ 
SL! SS priced duties will be simply multiplied by 360*,    It 
follows that 

■j. . 3«0> = *I •./  .360- - ™- • .,\ . 360° --, «° 

and. similarly 

n? _ 
10' 

'*. 1C? =    ,8r,  . 10" =«       ■ {17] 

5« Conclusion 

The program for the solution of both main geodetic problems 
aakfts H possible to calculate these on any rotary ellipsoid 
entirely lutotatieally. Curves up to 10,000 in «y be computed with 
the following accuracy? • n_ 

Tbs £ir*t geodetic problem the error in the geographical 
coordinate and the aaiaath of the terminal point will not exceed 
0.0CW\ practically regardless of the length of the «arve.  ^ 

* The second geodetic problem? the error in the ieagtn oi tue 
carve is ]-« than 10 en and likewise is not dependent on the length 
of the curve  The* reason la the inaccuracy of the approximation of 
the poJnta'po and Po« independent of the distance between the points 
Pi and Po. the error in azimuths originates from the same reason 
and changes «ith the length of the can». For each problem its 
mudmim can be established fro» the relation 0.003" x R »a. *or 
s"> E the error Ss tho saa» as in the first geodetic problem* 
Certain values of the aaxiRU» astmüth error are gLvan in the follow- 
ing table: - . l6 a.t 

20A0  5000 

0,010 i 0,004 

The speed of the computation depends on the length of the 
<rrv*.    For information, lot as aention that the computation of 
the second Biain geodetic proteXeß for a distance of WOO km takes 
approximately h minutes.   The computation of the fxrafc geodetic 
problea is somewhat shorter — for the ewae distance it takes abouv, 
3 admiteß., ,        .   , . 

The correctness of the program has been proven by solving 
several control problems on various ellipsoids for curves of various 

L5 
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lengths. The results of these probleas agree with the results of 
seshanical coaputation with an accuracy «hieb is generally higher 
than that »estioned &bwr®* . 

10,132 -EBD. 

J£_ 


