ol

* Bl T a2

py e

=4

ey e,

COMMONWEALTH OF AUSTRALIA

DEPARTMENT OF NATIONAL DEVELOPMENT

- BUREAU OF MINERAL RESOURCES, GEOLOGY AND GEOPHYSICS

RECORD  No. 1963/39

ln hmr .

LTINS DN A ﬁ
(\[ : ARy gr'ff:‘wf' U
Al ) ! .
RN . Ry u&: PR N S E

.
ek
Y boeaoa0 b .e: (4aN0ebNe0060000009003 080

MACHINE COMPUTATION OF SUN AND STAR OBSERVATIONS

by

W.D. Parkinson

The information contained in this report has been obtained by
the Department of National Development, as part of the policy
of the Commonwealth Government, to assist in the exploration
and development of mineral resources. It may not be published
in any form or used in a company prospectus or statement without
the permission in writing of the Director, Bureau of Mineral
Resources, Geology and Geophysics.



RECORD, No. 1963/39

.
'i"" CUYRS A g omr .
IRl L'.uf, @, e e ., - N .

! ’ "

r/\ . * Lo A
S L NN . . h
K
! ;
B

o
a’ E-’:,\‘v-ka-..ns;....u - Gt

MACHINE COMPUTATION CF SUW AND STAR OBSERVATIONS

by

.0, Parkinson

The information contained in this report has been obtained by
the Department of National Development, as part of the policy
of the Commonwealth Government, to assist in the exploration
and development of mineral resources. it may not be published
in any form or used in a company prospectus or statement without
the permission in writing of the Director, Bureau of Mineral
Resources, Geology and Geophysics.



CORTIHTS

Paso

SUMKARY
1.  INTRODUCTION 1
2., PREPARATION O INPUT DATA 1
3. PUNCHING OF INPUT DATA 3
4.,  OUTPUT 3
5. RESTRICTIONS 4
6, OHER USES OF THE PROGRAMIES 4
7. HACHINE OPSRATION 4

8, CHECK COMPUTATION . 'ITH AZLIUTH AND LATITUDE TABLES 5

A7)

9, RIFERENCE

APPINDIX ¢ Ingtructions for computing ezimuth
using A & A tables

ILIUSTRATIONS

Plate 1. Computation of azimuth and longitude by
A and A Tables (Draving Ho. C78-42)

SUMRARY

This Record conteins instructions for preparing data
for the computation of longitude and azimuth or declination using
the Forranti 'Sirius' computer, and a bricf description of the
PTOETaItics An approzimate interpolation method ig ocutlined in
the Appoendix,



1. ILITRODUCIION

he cowpumwulon of azimuth and longitude from

observations of the aun or a star is a tash well-sulted to
electronic digital computatlon. Two programmes have been
written Ffor the Ferranti 'Sirius' computer tc effect this
computation. The first is called the 'azimuth programme'.

It is designed to be used with observations of either the sun

or a sbtar. It uses the zltitude of the observed body, the
horizontal circle readings of the observed body and a reference
mark, and Greenwich time as input deta, and computes the longitude
of the station and the azimuth of the reference mark. The latitude
of the station must be knmown. The second programme is called the
'declination programue' It is designed for observations of the
sun which involve a vcmd_n” of the mugnctlc meridian inctcad of a
reference mexk., The latitude and longitude of fthe staition must
be known.,

Both programmes work to an accuracy of 0.1 minutes
of arc.

2. PREPARATION OF INPUT DATA

Dezta are fed into the computer in the form of «ight
nwnbers, or 'words', caoch of 10 o less digits., All are in the
form of integers, so ne decimal point is used.

ight words,

In the case cf the azwmuth programne the ei
in the order in which they must be used, are os followsy

(1)  YUYYMIDD, the Grecnwich dete, The first
four digits indicate the year, the neut two the
month, cnd the last two the day., Thiz is usecd

for idontification only,

(2)  CCOOMMHSS  The first Llflt is a code indicating
vhether the obscrved buﬂy was cast or west of the
irue meridien, = The sccond d_git indiecstes wmether

the ohsorv.d body was the sun or a star. CC has
the following significances

CC = 00 sun or planect chserved in the west

CC = 01 wtar obsecrved in the west

Ce 10 sun or planet observed in the esast

CC = 11 star observed in the cast.
The third esnd fourth digits are always gero.

Ths last six digits indicote the Greenwvich sean time

in hours, minutes, snd scconds.,

The remaining gix words in thoe group of eight specifying
an obscrvation ave in degrees and minutesy tae firet three digits are
the degroces and the last three the teathe of minutes, If the angle
is less then 100 the first digit can be amitted., Thus the angle
85° 14,0' is writter 8514C. TFinal zoros must not he omitied.



2.

(3) HHHHHH, the horizontal-circle reading of the
observed body, when viewed directly, not through
a mirror,

(4)  AAAAAA, the altitude of the observed body above
the horL’ontal, corrected for refraction and
perallax,

(5) IMMEZW, the horiszontal circle reading of the
reference mark,

(6) LILLLLL, the latitude of the station. Southern
latitude is considered positive,

(7) DDDDDD, the celestial declination of the ouserved
body at the time of observation, Horthern declin-
ation is positive, southern is negative. A plus
sign can be omitted, but a minus sign must be
include This is the only word that can be
”””Qthby

(8) GGGGGE, thie Greenwich hour angle of the cbserved
body at the last 1nuog-a1 hour hefore the observation.
This is derived from the body of the almanac without
using the interpolation tzbles at the baclk. Inter-
nelation for minutes and seconds since the last hour
is done by the computer,

The fi five words are obtained from the observation
shoets, the sixth (lat" tude) from a sepavate observation, or a mep,
and the luut two Troim the ilautical Almanac.,

In the case of the declination programme the eight words
of input data differ only slightly Trom thosc for the aszimubh programme.
The words are:

(1)

(2) HIBOISS, the Greenvich time. Ho code uigits are
HGOde9 but if they sre insluded, they will be
ignored, ond no harm will be doae,

tne date,

(3) HEIHHH, horizontal circle reading of the sun, oither

glructly or through a wmirror,
(4) LLLLLL, south latitude,
(5) FFFFFF, longitude cas’ of Grecuwich,

i) the horizontal circle reading of the
magnetic moridian, If HHMHED is the reading

of the sun viewved the circle V“dlnw
oi magnotic wouth should be uwsed; if HHEHEW
the reading of the sun viewed throush o mlrror
(i.¢. sun behind the obscrver); that of mognetic
north should bo used,

o) DUTDLQ' the solar declination, positive in the
winter and negotive in the sumﬂ 2y
(8)  GEGCCE, Groonvich hour angle at the last intogeal

hour,

As with the dats for the amimath hr~~Tﬂrnc, the los® six
words roprescnt sngles in degrecs and tenths of minutes.,



3. ~ DUNCHING OF TUPUT DATA

This section applies equally to the azimuth and
ceclination programmes

The name of each station must be punched onte the
data tape in the following form:

The operation of the programmc is 0 scarch for the letior-
“ i i
shift character, after findiog it to copy cach charzciter up to
two consecutive figure~shifts, then to read the unext cight words
2 3
as input deta and use thewm in the computation, Tharofore aven

if no name is used the cheractor

fod

(lettors)(figures)(figures)

oo

must be punchod bhefore the data of
format can be controlled by this means

caech obmeorvation, The output
g.g. if line-feed is

-] B
punched four times bolweon the latteor-shift and +the name, a Tour.-
linc gap will be lef™ betweon tho output of one station ~nd the
next.
The fo]lowi‘; scquence of charsciers must bo punched
at tho ond of each data topos

(letters)(figures ) (fi
This orlggc the machine to a 99 wait. Un vressing 'contiave! it
will start again to scarch for o letitor-shift. This facility is
used when :uvaral data tapes are to be wun comsccutively,

mw

It is usuzl %o punch chout cight blenk charactors
{figure-shifts on-a Sirius tapc-punch, dulay on a 8illisc tape-—
puwich) at the end of canch obscrvation, This is 2 help in corrccting
the tupes,

L, QUTPUT

s ————

The output of the azinuth prosromme consists of t
date, Greenwich time, letitude, longitude, ond egimuth of th reference
mark, in thot order. The awsimuth is counted from south through west,
% lics betweon 0° and 3609,

ne output of *‘ho leclination »rograme consizig of
the date, Greenwich time, latitude, longitude. and mﬂ”nv+!p doclinntiong
in that crisr. The Qcol$na'1on lics betwreon -180° and +180°

l_l

. A :
The results of cesh o - »t]OT/ TL\O“IDtud Ol & ZCPArauc
line. All angles oxo o3 Y e Eal to ithe ncaresh
tenih of a minute. .- -

<




5, RESTRICTIONS

In the case of the azimuth prowrarwe9 overflow in
the machine imposes certain limitations on the range of obssrved
data.

The bhearing of the observed body must not be within
239 of true north. Also the local hour angle must be within the
range - 157°, If the observed body is the sun, the latter
restriction means that observations must not nc made within 1% hours
of local midnight. An observetion made witlh the observed body near
the true meridian would have low accuracy anyvay, 50 the computing
restrictions are not : be of practical importance.

There are no such restrictions for the declination
programme, bubt if the altitude of the sun is too great, accuracy
is lost,

6o OTHER USES OF THE PROGHANITES

The azimuth programme can be used, vhen no refereuce
mark hags been observed /by putting the horizontal-circle reading of
magnetic south in the group MRIEEI,  The eawverly declination is
then printed out under the heading 'aziruth', I this casce the

declination will be in the range 0° to 3600,

If the latiitulde lg not lmcwm accuratoly, »ositicn lines
can be derived from the azimuth programme by carrying out the
computetion twice with different latitudes, and plotiing the liue
joining the twe pairs of latitude and longitude values, The assvmed
latitudes should be about 1° apart with the true latitude betwesn them.

The declinatiom nrogram.e can be uzed tc dovive the azi-
muth of a mark by enteriapg Wwho norlz-atalnuircle reading of the marl

as MMMEE,  IF the sun has bzen cbserved through a mirror, 180° should
be added., Tho aszimuth will he priq*"d ouv undcr the heading

Ydeclinaticn'., 15

- . : [}
be in the rangc -180° tu +13C°%,

we declination proglemme siem Do wsed for star obrervations
bv putting zeros for Al ard 35 in the second word of data and muiting
vhe Greenwich hour angle of tho actual time of ‘obsorvation in the
cighth word.

his section applics to hothasimuth and declinatson
programnes,  For o desorip“ion of the temms uscd the reador is
e

roeferred to the Programuing llanual of the Ferventi Sirius Computer.
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hen the machine encounters a zero

sub=routines have beon read,
Tﬂe dc. NVECH

standard programmes and library tapes required

initial orders,
fixed-peint library.

Tinitial owxders!
and the programnc into TR

the fixed-point library
When the programme
the machine stops on an
tape is then fed 1n%o TRO,  Aftor sterting

cycle of operation is:
find letter-shift,

copy onto output tape all characters up to
a double figurc-shift,

read the next word; if it is zero, stops
if it ie not zeroc, read the next seven woras,

punch out the three or four words which do
not require computation,

compute (which talkes about 1 sec),
punch: the remainder of the output,

gearcih for the next letter-shift.

¢ate it comes to a

99 wait in word 890, It can be restarted by pressing 'continue’,
If it makes any other stop it can be rostarved by Jjumping manually
to word 891.
8. CHECK COMPUTATION UITH AZLMUTH AND ALTITUDE TLPLES

If sccuraie computation of obscrvations arc not made in
the ficldy it is desirable o have some immodiate checic that cbscrvations
arc rovghly correci, The simplest way of coing this is by using
tablee of azimuth and altitude (Admiralty, 19%2). The instructions

&)

for using these
the Appondix,

ADMTIRALYY

tables snd o sampic computation fomm, arc showm in

alty

1952 TABLES OF CONTUTED-ALTITUDSE
AWD AZT ‘-"JTmIMLonoo%, Adiira
l,ﬂ);uvq?%?ﬂzghlc‘Dop . Hydrographic
o (fubl\““"r 4 6. Y
}\'ﬂvﬁ;?‘“ ' \\




INSTRUCTIONS FOR CCMPUTING AZIMUTH USING AZIMUTH AND ALTITUDE TABLES.

Tableos of computed altitudc and azimuth (Admiralty,
1952) contain altitude values (to 0:1') and azimuth angles (to
0.1°) for every degrce of latitude, half degree of sun's declination,
and degree of hour angle. The computation form is designed to make
usc of the tables in four different ways:

(a) accurate computation of azimuth and longitudes
knowing latitude, declination, and altitudc,

(b) accwrate computation of azimuth, knowing latitude,
time, longitucde, and declination,

(c) approximate computation of agzimutlh knowing latitude,
declination, and altitude,

(d) approximate computation of azimuth knowing latitude,
time, longitude, and declination.
9 > 9

In every cagc the computation consists of a three-way
lincar interpolation. In cascs (a) and (b) the quantity interpolated
is the hour angle or altitude respcctively, The agzimuth is then found
from the sine law

sin A = sin t. cos d/cos h

by logarithms, Space for this computation is provided in the

lower right-hand corncr of the computaticon shect, In cases (c)

and (d) the szimuth is determined directly by interpolation.

Because the azimuth is tabulated only to 0.1°%, the result is accurate
only tc a few minutes,

The form allows two vbservations to be computed provided
the sun's dcclination is the same for both. All cntrices arc mode to
the nearcst minute. It is found that keeping tenths of minutcs does

not improve the accuracy of the result,

The top vart of the form is self-ciplonstory. Line 1
ig called 'latitude’. and iz divided in the middle by brackets,
Two latitudes, in integral dogroes and one dogree apart arc ontored
on the two sides of the braciket, so that the actual lativude falls
between them., The fractional diffcrence bvetwecen the actual latitude
and the loft-hond lotitude is coterced inside the brackets, Iine 2,
called 'declination', ig divided into twe halves, each half being
divided by brackets (1ike the whole of Linc 1), Two declinations,
being integral multipics of 30', are entored, onc on ecoch side of
the brackets, such that the actual declinntion is betwecu them,
The fractional differcnce boebwecn the loft-hond declination and the
actual deelination is cntered within the breckets., The right hond
helf of Line 2 is o oxact copy of tho left hand helf,

From here on the procedure depends con the vroblen,
Por case (a) altitudes are eniered on Linc 3, so 'ha' is crossed
out of the heading and written in the hezading of Line 4. Using
the table for the latitude in the lefi-hond helf of Line 1 and the
declination in the left~hand quorter of Line 2, scarch for twe
consecutive valucs of altitude which straddle the observed value of
altitude (corrected for R ond P) and entor them in the left~hand
guarter of ILine 3, ¥rite ths corresponding hour-angle values
immediately belcw in Lince 4. trite the proporitionel difforenco
botween the lefi--hand aluitude and the observed altitude in the first



broclzet of Line 3, aand the total d fference botween the two heup-—
angle entrics (i.e. 60') in the first brocket of Line 4.  Tho
other thrce guarters of Liuocs 2 oqd 4 sre ©illcd in similoriy,
using the spyropriste letitude and declinntion, Line 5 bOnt‘lnw
hour angles interpolatcd linearly from Line 4, snd Linc § contnins
thoso 1nuorpolutcd frem Ling 5 ( sce worked cxemple bolow).

_b

Lines 7, 8, 9, and 10 corrcspond to 3, 4, 5, and 6 but
for the sccond observation, The hour ongle obtained by interpolating
Line 6 is cntored s the Tirst LHEA (Cbﬂtfu bottom of form), ond that
from Linc 10 as the second., The corrcsponding log sincs are onterced
in the bottom right hond pert of the form, For an obscrvation made
in the morning use (360°~t) for the LHA entry. GHA iz found from
@M ond the almanac, and longitude is LHA -~ GHa, In the right-hand
corner, G and h are kmomm declination and altitude, Notice that
log cos h rust be subbtracted The value of A must tazke into account
the local time of observabi: iong iL.e. it is buter then 180° in the
merning and less than 180° in the afbor roon {counting from § through
W), The appropriate vazluc of A is entered in the Yop line of the
10 t-hond bottom part of the form, and the ozimuth of the morl computed

the usual way.

For case (b), dines 1 and 2 are the same,  Compute GHA
from GHT and enter it and the kmomn lengitude in the bottom centre
part of the form; add them to obtain LHA,  Cross out 'alt' wn
Line 3 end enter it on Line 4., Usinrg the oppreprinte table, onter
the hour-angle values which straddle L (or 3600 - LIA in a.nm.)
on Line 3 and the corwvcsponding cltitudo values in Line 4. Inter~
polate valucs of altitude for st a2nd 2nd cobscervoevions ond entow their
log ceosines in the lowor right-hand part of the fhum, thue computing 4.

Tlor case ‘o) Linc 3 is filled as for casc (m), but
azimuths are catercd on Line 4 instead of bour anglos. The intor-
poisted value of A is then onterod airoctlv in the left-hond botbom
pert of the form. Tabuloted valucs of ezimuth ore negaitive in the
morning, positive in the altermoon, for the southorn heunisphers
(counting from 5 throuwh ).

For case (d), THA is founi os in cose (b) ond %
straddling values of hour ~ngic ~ro cnbtered on Lince 3 with the corres-
ponding asimutis cn Line 4, Internoleated ] tad i
case (¢).

Worized Exomples

The following vorked cxomuple Tor cesc () will moke the
e

chove clear, Actual lohitude = 247 347

i
—
3
l@
—
~

decliziotion

OS]

obsgerved altisune 3C.1L 340

1

0]

. o C .
and 257, hocouse 247 34' is bobtween them,

On Tine 1 enter z4



The difference between 240 34 and 240 is 34/60 of the -difference
between 240 and 25°, so 3£/6O is entered in the brackets.

On Line 2 (each ha1¢) outer 17° and 17° 30' because 1{° 41 is
between them, and enter 1ﬁ,30 in the brackets.

Now using the table Tor 24° latitude nd 17° docllnatlon (1,e. Dage
227) look for values which straddle 30 34'., Taey are 30 EY:H Bld
290 551, The corresponding values of hour angle are 44 and 45°
Nows '

"30° 38! - 29° 55" = 43!
and 30° 38' - 30° 34' = 4!
and 45° - 44° = 60"

Therefore A/ﬁ} iz entered in the first bracket of
Line 3 and 60 in the First bracket of Line 4.

For the zenond guarter of Lines 3 and 4 we use the
170 30' column of page 227 in just the same way, and for the 3rd
end 4th quarters, page 251. The tables headed 'declination
contrary name to latitude' are used becausge the cbservations were
made in the winter,
The first entry of Line 5 is derived from the left-hand
A

hour angle using the bracheted gquaontities on lines 4 and 3, thuss

‘-LQ

° + (4/43) = 60 = 44° + 61 = 44° 06"

The 6' is added to the left-hand membsr (44°) beceouse
that member iz less than the right-band member (457). D Flerauces
are slways reckoned from the left-hand wmember TCPer] g of sign.

Other entries on Line 5 are

43° + (25/41) x 60 = 43° 37
43° + {7/41) % 60" = 43

0
42° + (27/41) x 60t = 42° 40
The differences are entered in the brackets of Line 7

44° 06" - 43

(o8
-3
1
N

O

43° 10v - 22° 40" = 30

The entrica for Line 6 are derived from the bracketed
guantitics on Lines 5 aad 2 thus

440 06! ~ {4 ’/;.\,\ PP 430 52!

1

0

O\

42

)
s

43° 10 = (14/30) x 30

and the differenco entered in the brackets,



fractional mart is subiracted from the loft-hand
beecause that womber is less than the right--hand
o The final wvalus of hour anzgle for the st
derived frow Lines 6 and 1

o
member (437 3
mewber (44° 0
obgervation i

c

43% 521 ~ (43/60) x 56' = 43° 20

The observatiocn wag made in the morning, so

ih = 360° ~ 43° 20t

i

= 316° 40
By the cornventional method, 316039,1'
Using the sing law, A = 1307 25
The conventional calculatiion gives 1300 23. 7!
The same preblen solved for casze (c) gives

A= 130° o5t
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GEOPHYSICAL  BRANCH,
BUREAL OF MIMERAL RESOURCES,
GEOLOGY AND GEOPHTSICS

COMPUTATION OF AZIMUTH AND LONGITUDE 8Y A ond A

TABLES

soon _Henbury NI oo 9 May 1961 ossew J. vd L. conome 939 549 43 30
Latitude _240__34'____. .- . [ fobs1) ﬁo:&—“'_ . Corn to G.MT ;9_—29_M 29 50|
S A0 7 L { ez 317 12" cur 0 10 04 0 13 40
toae | 24  ( 3a/e0 ) 25°
) Deciination 17° 00 (14 /30 ) 17° 30" I 17%00t  ( 1a/30 ) 17°300
obs 1 ot/ v 30°364_ 4 /43) 29%55'1 30°59+( 25 /41 )30°18130°21+( 7 /41 ) 30°00+i 31%1°( 27 741 ) 30°20
oue | 4a° (60) 45° | 43° (60 ) as® | a3° (60 ) a1® | 42° (60) 43°
angle a8° 06" (29 ) 43° 37 . 43° 10 (30 ) 42° g0
. 43° 52 ( 56 )  42° 56 = 43° 20
obs 2 an /50 31°20'( 8 /42 )30°38+31%a1" ( 29/42 130%59131%22( 10741 )30%41*1 31°41*( 29 /40 ) 31%1*
43° (60 ) 44° 42° (60 ) 43° 42° (60 ) 43° | 41° ( 60) 42°
hour T o ) "
angle 23° 110 0 30 ) 42° 41 L 42° 15 (32 ) a41° ag
42° 57" ( s1 ) 4°o00 = 42° 25
Az of Sun 229° 341 : 228° 53¢ 9. 0 -180° 54" 9.6 0n- 180° 54° 19, sin. ¢ F.83648 1.82899
crew oass | 164° 47" 1 164° 05' 1O~ 4+ - 2% 31! 1340+ _ 3% 25" | wems 1.98005 11.95005
S. Mer. reads 205° 13 295° 13! GHA = 183°% 250 | owa - 184° 19° ecosn  J a350> T 9;21’5
won rwoss [ 326° 38" 326° 38" | wwa -316° 40" |uwa - 217° 350 |wes ,62151 T.87689
srotmon | 319 25 312 250 | woomae - 133° 150 tongtuse - 123° 16! 2, 45° 34" | 48° 53

3ivid
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