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SUMMARY

Instructions are given for preparing data for the calculation of
longitude and azimuth or declination using a Control Data Corporation 3600
computer,
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-1, INTRODUCTION

The computer programs descrlbed in this Record have been modified
from the originals written for the Ferranti  'Sirius' computer (Parklnson,
1963), The first program, code-named TRUENTH, is designed for the evaluation .
of both the azimuth of a reference mark and the station longitude using the
'altitude method'., The second program, code-named DECLINAT, is for the eva-
luation of the azimuth of a reference mark, or more usually the magnetic
declination, using the 'hour angle method'. For both programs the . latitude
of the station must be known. ‘

Both programs work to an accuracy of 0.1 minute of arc.

2., DATA INPUT AND OUTPUT

The following conditions apply for both programs:

(a) Latitude is positive or negative according as the station is
in the northern or the southern hemisphere. Similarly a northerly
solar declination is positive whereas a southerly one is negative.

“(b) Longitude is always con31deréd between O and 360 degrees
measured east from Greenwich, e.g. Bast Australia 1507, Mexlco

245°.

(¢) The Greenwich hour angle (G.H.A.) for the sun or a selected
star is calculated from the nautical almanac for the time of
observation by summing the G.H.A. of the previous hour and that due
to the fraction of the hour,which can be read from the appendix.

For sun .observations, however, this latter step has been incorporated
in the program so that the insertion of only the observation time and the G.H.A.
of the last hour in the appropriate positions are required.

Unfortunately the G,H.A. of the sun and of stars increase at
slightly different rates (owing to the difference in length of solar and sidereal’
deys); hence, for star observations it is necessary to calculate the G.H.A.
fully, leaving blark the time columns for hours and minutes, If it'is necessary
to distinguish between observations done at the same station within any hour,
this can bé incorporated in the eight letter name, for example:

AROPA 1
AROPA 2,etc.

Program TRUENTH

Program TRUENTH involves two ¢omputatioﬁs:
&ag.azimuth of reference mark
" (b) station longitude

The datae required are as follows:
1, station name )
2, date

- 3. time (accurdte to one fifth of a second if possible)

4. position indication of sun or star east or west of true merldlan
5. declination of sun or star

6. latitude
7. altitude of sun or star

8. circle reading of azimuth mark

9. circle reading of sun or star

10. G.H.A. of sun or star

for identification only




If either the azimuth or the longitude only is required from an
observation, it is acceptable to punch the relevant date only. For azimuth,
for example, time and G.H.A. will be blank; the correct value of azimuth is
computed but the value fo~ longitude will be based on a G.H.A. of zero., Simi-
larly, for a longitude computation, the circle reading of azimuth mark will
.be blank.

The position indication of the sun or star is required for a
wnique solution, to distinguish between the two similar triangles on each
side of the vertical plane through the meridian. If the observed sun or
star is in the eastern sky this should be indicated by a figure 1"in .colum
24, if in the western sky by a figure 3. (see Appendix A):

The azimuth angle printed out is measured 0° to 360o from north
through east.

Program TRUENTH is shown in Appendix B.

Program DECLINAT

Program DECLINAT is designed to evaluate the azimuth of a selected
reference marky however, by substituting the magnetic meridian circle read-
ing for that of the reference mark the magnetic declination can be calculated
‘directly. o :

The data required are as follows:

1. station name )
2 date

3. -time (accurate to one fifth of a second if possible)
4. ‘not required

5. declination of sun or star

6. latitude :

7. longitude

8., horizontal circle reading of mark or magnetic meridian
9., horizontal circle reading of sun or star
10. G.H.A. of sun or star

for identification only

No position indication for sun or star is fequired, ag the computer
- does this by testing the local hour angle. Column 24 (Appendix A) is left
blank. 5 '

The azimuth angle is given between -180° and +180°, positive or nega-
tive signs indicating respectively east or west of north. This convention is
convenient, as DECLINAT is used predominantly for declination calculations,
However, when preparing readings from a declinometer, care is required in
preserving the sense of both sun and magnetic circle readings, i.e., if the
south end of the magnet has been observed (observer facing magnetic north),
the circle reading of the direct sun must be inserted; if the north end of
the magnetic is observed (observer facing magnetic south), the sun reading
must be that of the sun reflected from behind in a mirror.

If this sense has not been preserved, i.e. if the observation has
been made towards magnetic north with the sun reflected from behind or towards
magnetic south with the sun direct, then add or subtract 180  from the sun
cigcle reading go that tge correctedovalue remains between O  and 360, e.g.
30" becomes 210  and 240  becomes 60 . '

Diagramatically,
magnetic north observed magnetic south observed
‘:\‘\-sun circle reading
L + or -1ao°\\‘\\ﬁ>-

sun in front (direct) sun behind (reflected)

Program DECLINAT is shown in Appendix C,
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3., PREPARATION OF INPUT DATA

Blank data sheets have been producéd as shown in Appehdix A,

Observation data can be entered on these in the field to facilitate the
early punching of data cards on completion of the survey,

Notes

The data sheets are divided into 99 columns and are used as follows:

Column Use
1 to 8 Station name .
9 to 15 Date (year, month, day)
16 to 22 ‘ Time
23 to 24 e N (position of sun or star)’
25 to 31 Declination (sign considered)
32 to 38 Latitude 2sign considered)
39 to 45 Altitude (for TRUENTH)
: Longitude (for DECLINAT)
46 to 52 Mark circle reading (for TRUENTH)
: Magnetic circle reading (for DECLINAT)
53 to 59 ‘Horizontal circle reading . of sun
. or star
60 to 66 Greenwich hour angle

éa; For the station name, any or all of columis 1 to 8 can be used,
b) The date must be written as year (abbreviated), month, and day,
e.g. 650801 is 1 August 1965, Column 9-is left blank for clarity.
(c) Time is printed in hours, minutes, seconds, and tenths of seconds,
but if the G.H.A. is calculated fully and inserted (as is invariably
done with star observatlons), the -minutes and seconds columns must
be left blank or the computer will increment the G.H.A. by the cor-
responding amount.

éd) The value.for N is 1nserted 'in column 24.

e) All angles are to be given in degrees, minutes, and tenths of
minutes, without blanks or decimal points.,

(£) For latitude and declination, positive signs are redundant.

- Examples of data sheets are given in Appendix A,

i
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. APPENDIX A

Examples of data sheets

' The fbilowing stations have been selected to illustrate the common uses of the programs

Station Progran o Calculztion
WA102 A : DECLINAT declinaticn (sun)
o : . Sandown 1 _- TRUENTH zzimuth (sun)
LR o : - - | gg'gl;:.a?dean g "g‘gUUgTTHH | ::2$:E§an§;:§;itude (sun) -
x . Sandown 2 ~ . DECLINAT azimutk (=un)
1 .g 3.4 sjeir sfofojuis 13114 148 16 '17 18 11930 zc?azru 24 252627 :aizo‘ scfat fhzlaase g:s 36 |37 38} 39} 40 4114:§4: «qus‘ 4647 48, 43's0{ 31 s2fs3 sa] 5]s6]s7]se]s9]e0 L1 szlsafalasls_s
oo [TATIONT [Ty Rl 2 HR Mk [sTolst IN[DE c(N /S LT (Ve SIAlTITORIENZ| MAR KA JslV N | A{HOW Rl
s __‘ —[ rep - .{ IR B N R (R e S O IERI RS T B B d 1 o 3
viahlolal T bi2[1 o' 7loi7ial laiTiol | | |=li]5|5|2]0] I-13i311 lolo} {111161S10 21714i51912| 1119]114{9]0] 2181910511
- - - 1slalnipiowin: 1] 1512]016,04 a"zz‘fsr "1lal | lal2l2lol2] | |slol3lai8) | 1214i0M o] |3|4[9|23]5) | 418131711 N
“lelololkiniaiip| Isi2lo q;0i8l20vt | -1 - lol2lsle] | Istilaiaiz] | |3lslejolaf | L | | |} L A4 {3lel3 7]
alRlolelal |11 Telalel7i2 tfolslsls|slole] ls| | lzlolslele] | -lelziols] | lajeisiaio] | izizioi2ial juaoin siéh 238 2 830
{slaln n{ql\gg__z_ iSi2 ote_i,,_o_!4 NI ERE R RS ! &2.[? 4| |-islolalels] | | 11]ol9i7] 1341913|314} |.|S|t]0}5(5] 1-.i18{3|3{elo}-
[NEEE AN RRNR RERRANL Y UL REREN) il O

Notes. a) For Cookhamdean a star is used; therefore the G.H.A. must be czlculated fully before insertion and the minutes znd
: _ seconds columns left blank. Similarly, although the sun has been used for Sandown 2, the G.H.i. has been czlculated
' -~ fully, so again the minutes and seconds columns are blank. ' : ‘ '

. b) Por WA102 and Aropa 1 (both sun observations), the G.H.A. has been inserted for the last hour only and the full time
" inserted; the machine will incrementthe G.H.i. to the correct value automatically. ' ’ :

v

¢) For Sandown 1 (no longitude required), blanks have been left for G.H.A. but the time has beéen inserted (for identificstion

only) to the nearest minute. The longitude here czlculated is based on a G.E.4i. of zero, plus on increment due to 25 A
minutes. Similarly for Cookhaumdean the correct %ong’itude value is calculated but the vilue for azimuth is that of o mark .-
with the same circle reading as the star (voth 0°), i.e. the azimuth of the star. e o



oo

"fz»azzz #3,14159-A2.

'3 LHAS2.,43,14159=LHA - -

13 LONG=LHA=GHA

7 CONTINUE

APPENDTX B

Progrom TRUlNTH o § R N

'y
DIMENSION A(6)oD¢6) i ~ T
. TYPEREAL LHA,LONG . T

WRITE(61,20)

20 FORHAT(llX.7HSTATlON.’X.‘HDATE.GX.QHTINEa’lo?HAZINUTN 3x.
19H LATITUDE,3X,9HLONGITUDE) = -
WRITE(61,21)

s s e o e e e it e arane e ———————a— e a2

21 ‘FORMAT(26X,7KY M D, 6X08NGNT.QK08ME FROM N;//) .

5 READ(60,1)NAME, IYEAR,MONTH, onv IHOUR, NlNUYE.SECSoNo(A(l) 1-1.0)
JF(EOF,60)7,8

1 FORMAT(AB,13, 12.12.12.12573 1,12,6F7,3)

8 D04 I=1,6 L , i S U
KsA(]) . ! ‘ D o
BA(])~K S S S S
C 9'5 /3, '

Cwewn sae e e e ae bt s s gt 4 it o ¢

© e e e = e e e s emm s cmmeme ta s we e e ep e & e o ——————————

m1=SECS/60o
:X4e (MINUTEe¢X1)+3, 1‘159/72°o~
.- .GHA=D(6)+X4 -
- AZRACOS((SIN(D(1))~ SIN(D(Z))OSIN(D(S !/
ILHA=ACOS((SIN(D(3) )~ SlN(D(?))OSlN(D( )

U SRS VRN

(COS(D(2))9COS(D(INI)
/(COS(D(?))QCOS(D(t})))

IIF(N.GT.2)2,3 o L e i

‘GOT015

15 AZ=AZeD(4)=D(5) i

TF(AZoLT0.)11,19
11 AZ=AZ+2.#3,14159" o R
19 JF(AZ.LT.2,93,14159)14,10
10 AZ=AZ-2.%3,14159 - e e e o e e

14 AZsaz~1eo./s.141597“] o

LEAZ P A
XFAZ-L o T
er.GO.

IF(GHA.LT.2,03, 14159)13.17 e R

17 GHA=GHA=2,#3,14159 - = . e

IF(LONG,LT,0,)16,12 - O T T PP

16 LONG=LONG+2,43.14159 S
- 12 LONG= LONG'IBO./3 14159 - L .

N1=LONG : R S S ' '
Y1=LONG~N1 e e T L
Wiz=Y1#60., R
BIAS SECS 71O AVOiD HXNUS SlQN IN PRlNT OUT L e
SECS = SECS ¢ 0.00% o . T .
JYEAR=IYEAR¢1900 ‘:" . "_,-” f. T L
NA = A(2) F S
ZA=ABSF((A(2)=NA)®100,) E
9 WRITE(61,6)NAME, JYEAR, HONTHolDlV lHOURoNlNUTEQSECSo NAozloutoUIif
6 FORMAT(11X,A8,18, 130130160130F5 10l’oF’olol’of’olll’oréol, .
60705

END | . . . . . : » . . ) "7".'. .__,..._.---.-v..,-‘



]‘ : ‘ . | . 3 : : -6. S

; . . .l s} B N . '
-t “ . R S . o et

APPENDIX C . ~iuf:~,%¥f'= S
* - :'v-' '.‘ ‘l."’; ',.““ e “ ,'_ N - . N -

Program DECLINA‘Z‘LL
S N KR .
g;f "'t‘f" L{:: : ?'.  RS "?.A . e
i ; .

i
' S L vl o 1
 DIMENSION ACEY DUOY T T T T S
TYPEREAL LHA i S et e e
. WRITE(6%,20) . T e et |
20 FORMAT(1 . 16X,
18HLA11nuoe.3x.9uL0N017unea L T R
__ WRITE(61,21) . » ‘ VRV Y
24 FORMAT(26X,7HY M D,6X,3HGMT,//) L
.5 READ(60,1)NAM [ . R
. IF(EOF+60)7,8 L “ I
4 FORMAY(ASB _LL1LLzLLaL12l124£§41L13hVF7 31 e b o] e
8 D04 131,6 E R
K‘(l)‘h - . . I . £2 R o .
BzA(])dK o , _ L I S
CxBe5,/3, — : — : e U S
"4 D(1)s(KeC)®3,14159/180, S
__X18SECS/460, - o) L L S VY
X4s (MINUTEeX1)#3, 14159/720. N P
GHA=D(6)¢X4 e A
IF(GHA/LT,2,03,14159)17,16 . ~ =~ - . . S S
16 _GHASGHA=2,#3,14159 R SR S PSR s
" 47 WOURANGU=GHAeD(3) e T L
o IF(HOURANGL L. T,2,%3, 14159)19 15
48 HOURANGL=HOURANGL=2#3,14159 ‘- o By B o
F!HOHB!NQI lI ; 1!’5212’ gn g L D S Lt 1
21 LWA3WOURANGL | R
___. Gbro22 !
20 LHAZ2,43, 14159-uounansL
_22- AZsATAN( _SIN(LH2
1F (HOURANGL LT, 3, 14159»24.23
2IMUTHS2 , #3,14159« wAZ
GO 70 15 .
23 _AZIMUTHsAZ
15 AZIMUTHZAZIMUTHeD(4)=D(5) , - . B
1FCAZIMYTH, LY, 0,)11,14 L ‘ S .
11 AZ!HUTH:AZIMUTH02.03 14159 B c T S S

gt S

.10 AZ!MU?W:AZ!MUTH-2.»3 14159
43 AZIMUTH3A2IMUTH®180,/3,14159
L=AZIMUTH ' o o - W ‘ L —
_X2AZIMUTH=L . , S _ : I
 WsXe60, L o A
NA = A(2) S : S S
.ZASARSF((A(2)=NA)®#100,) - ,*' L N T
— ____NBs __A(3) ' SR N "
-28s8(A(3)=NB)#100) : Y
BIAS. secs_ln_Ayd1n_nluus_51ﬁy lN PRlNT our )
SECS = SECS '« 0,001 . DS R
JYEAR:!YEAR019OD ‘ : i IR B
- 1F(L,GT,179125,9 S L R
125 L#L=359 ' : ' . ff., .
U We60, oW ‘ N .
9 WRITE(61,6)NAME, JYEABLMQMJHJ[DA!LLHOU LﬂlNuIELaEnsLLLﬂLNALIALNaLIB. o
6 FORMAT(L1X,A8,18,13,13,16,139F5,1, l7.F5 1417, FS.t.l?.FS 1) i o
.60 705 .
7 CONTINUE '

END- .

—'——’T—'—
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