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this radial line forming a right-handed system. Evaluating egq (29) for given distance

from the center of the field, we see that the displacement of the image would be radial and
equal to J,DJV"in the direction y =0° and equal to -JpJV’at,t =180°. A1l intermediate values
of x result in displacements in both the radial and tangential directions {as indicated in
fig. 10A) with the maximum tangential effects occurring at y =90° and 270°.

To relate this distortion model to our plate coordinate system, we arbitrarily assign cne
of the directions of maximum tangential distortion ( y =270°) to our plate positive y axis
and introduce a new variable g, as the angle of deviation from this standard position. From

figure 10B, then, the angle y of Conrady takes on the meaning
X=9+4-90°;

and the expressions (29) in terms of @ and & become

r = 3p, V¢ sin (@, +4)
and {30)
tz-p Ve cos(p, + L)

Further, to resolve the Conrady displacements into components in our plate system, we pre-
multiply expressions (30} by a rotation matrix {rotate the s, ¢ system through an angle
/3 -90°, r toward t ) and replace the distortion profile ,%Vzby a polynomial in distance o
given by
pV® =R =k e kd?

resulting in the final form for decentered lens distortion (47 ):

4%, sind -cosg || r| £ (25ini8+1)cosp, +(2 sinBcosB)sing, 31)

8%, | |coss smg ||t} (2 sinddcasfB)cos @ v(2 cos i+ 1) sing,

Finally, from figure 7 and substitution of the relationships

dy
cas = L
< 24
and o
- X
51 =
/d [ed
where
L7 2:,)
fi = .93) .
t form

.:ca.sg;. + 2 dy sing;)]= fz;‘ -24) O,

(32)
Ld_ZISJthT +2dz ¢ '9;)]= fg‘;—_y_,)Dy .
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To develop the new coefficients for the distortion terms, we again refer to figure 7
and establish the relationships

d): 5,& f.{yé‘ ‘JP‘; _AZ; —Xs

and (56)
d =4 ~dRy -dTy - ys.
From these, the radial distance of an observation can be written as
%= g’ ray’ (57)
Also, using expressions (28) and {57), we have
4R, = [/ﬁfdz"ldy') + jﬁ[a{z",ﬂa’yv: + /G[dz’,.o_‘,/" J]dz
and (58)

dﬁy = [/(/ /dzzidy:} 4 /r; [dzafdya)z fh} [dzzv‘dyv',:l d_f/

from which we can determine the coefficients for 4A°, 4K, , and A4, (the coefficients in
the radial distortion profile):

oF

5" Ne = d,a* %— = Ny = @d‘, (59)
¢4 2

ok ok

—= = & = gadf d £ -0 = dyd®

o4, 4 e an %, y /y

It will be noted that the above coefficients are not exact in that they are derived from the
observations £, and 4, that are subject to errors {#s); also, the quantities gz and ay are
rated as constants in the expansion. However, experience with problems using fictitious
data both with and without random noise has shown that the convergence of the problem is not
hindered and that the effects of these approximations are smaller than computer significance

in the final solution.

For decentering distortion, we again use expressions (57) and (31) to write
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Option 9 is a control that permits the transformation of the final angular orientation of
the camera. Because of the refraction correction, it is most convenient to co te the camr-
era orientation angles {«,w,a) relative to a Cartesian coordinate system orie d at the
camera station, with the Z axis alined along the station zenith. This system is shown
figure 1. A triangulation of a set of multistation directions, however, requires that the
i ividual camera directions be given relative to a common origin {Hanson 1972). To accom-
plish this, we introduced option 9 into the program. When the option is yes, accompanied by
re” -ence station coordinates ¢, , A, and A, , the program will operate on the finaleawa in
the following manner. First,the system is

er

transformed (fig 14) from the camera station
system to the pole by rotating through the
angle {90°-g;) about the » axis, Z toward & .
Thus ,

sing; 0 -cosg;
r=| o / o (88)

cosg, O sing;

where @ is the camera station latitude. This
system is then rotated 180°-A; about the new
Z axis, & toward 7, to bring the direction
of the rotated 4 axis coincident with the

prime meridian with the positive direction Figure 14.--Camera station transformation

toward the Equator. Thus,

-cosA; sind; 0
oz |-sind; -cosk; O (89)
g g /

re A, is the camera station longitude. Combining ~ and 75 gives

- COSA; Sing;,  SinA;  €OSA, Cos®;
Rp-z‘ = gro= | -sind; Sing; -cosA;  sind;cose; |, (90)

cos@, 0 sing;

se two steps are then reversed (this time using the input reference station coordinates)
transform the system to the reference station. These rotations are

-cosd, -sind, 0
g = | Ssind, -cosd, 0 {91)
() o0 /
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stars and plate meas cments). These cards are included or  if options 3 and 4 so indicate.

Finally, the coordinate data cards are appended with the group of plate measurements to bhe
deleted (if so indicated on card 3) and with the numbers of those stars selected for the
minimum solution {again indicated on option card as IND 6)., The remaining problem decks
follow in sequence to the last problem with a 1 indicator in cc 80, card 1.

E. Program Output

Sample pages from a test problem selected at random are included as figure 22. The sam-
ples do not, by far, provide an example of each and every variation of output that can be
generated from the program. They do, however, present a general view of the form of the
output to be expected and show that all items are labeled adequately to aid the user in
their interpretation. The sample is a problem made up of fictitious data designed to test
the convergence of a total orientation using stars of pre, post, and event origin. Since
the data are exact, a fictitious mean error of unit weight is introduced for computation of
the problem statistics. Also note that the problem was designed to have exceedingly large
separations between the directions of pre, post, and event, for purely academic reasons.

Pages 1 through 3 of figure 22 describe the problem being computed as dictated by the
problem control cards of figure 21. These data are appended with a count of the observa-
tional data (star and plate coordinates) and a printout of the level of discrepancies after

ch iteration to show the trend of convergence. Also printed on page 1 of figure 22 is
the criteria within the problem that determined the halt of iteration. Page 2 of figure 22
is a selected coordinate printout list to illustrate one form of observational data after
solution of the problem {type 2 stars with common weights). This is followed by page 3 of
figure 22 that shows the typical form for presenting the directional differences (also
typical of a star having unknown coordinates). Finally, the remaining pages, which are self
explanatory, show the normal form in which the computed orientation data and associated sta-
tistics are presented.
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Read
’/‘
( Problem No ,Dale and Nome ——=NAMES{1,14)
\w— Problem ndrcators —= IND{I,14)
Iterations, Minimum Solutien —= ITMIN
Iterations ,Maximum Sclation — {TMAX
Inpyt mean error —=TYPBME
Point rejection —— IREJ
Histogram ndicator —= |HIST
Ceonstants
Iteration Tolerance — TOLP
Retraction " — TOLR
Stanhan Temperclure — TEMP
Pressure — PRESS
Oistartion  Zero — DK
" intervol — DINT
" mgximum —= DMAX
b toleronce — TOLD
Event number & date; Camera, Flate

I B Unit numbers — NAMES{15,21)
Sidereal time for hotihous
unknown stars — TIMEB

Time correction (hrs, min, sec]—= TEMPO(I,9)

Comparator No &
Cperator name —= NAMES{22,25)}

Plote pomnt numbers - 'Post” ——= MINPQ

" ! " - "Evert” ——= MINEV

Sel M.NSOL = |
Print <MINIMUM

el R
END(} SAANY
SOLUTIGN COMPUTED) \\[/_

Print {(PRE RUNM

COMPUTEO) FOR X AND Y)

Print {COMMON SCALAR COMPUTED—‘

i Set MINSOL=G,10ISK=1

Print {NO MINIMUM
SDLUTIONS

[?—.m <PROBLEM DESCRIPTORS)

|

FOR X AND Y3

Print {INDIVIDUAL SCALAR COMPONENTS

Print ¢ COMMON WEIGHT
MATRIX FOR ALL
KNOWN STARS)

le NAMES(22,25), TEMPO(1,9} |

Print {COMMON WEIGHT
MATRIX FOR AiLL
PLATE

POINTS

Print DK,
< Ino(e DINT, DMAX
Print  Heading, NAMES{5,14},

NAMES(27,29), CAMSTA(2,8)
NAMES{1-15-20-2,4 -26-19-21-16,8),
TOLP, TOLR, TOLD, TEMP, PRESS

Convert

Clear

time correction
to radians ~FTRL,3)
MSCOMP, MPCOMP

—

Print (INOIVIDUAL WEIGHT
MATRICES FOR KNOWN

STARS)

Print {REFRACTION COEFFICIENT CORRECTIONS COMPUTED>

Print ¢ NO REFRACTIQN COEFFICIENT CORRECTIONS COMPUYED>

Peint { RADIAL AND TANGENTIAL LENS OISTORTION
CURVES COMPUTED?

Print ¢RADIAL LENS DIiSTORTION COMPUTED>

MINEV =900

MINPO =500

t

Read Comera Statien number
NAMES(I26,29)

and name
Lotitude, Longitude B Height —— CAMSTALL,8)

Weight

Read Camera 4zzmuth 8 Zenith
distonce (deg, min, sec}—+— CAMAZ{I,6}
Plate coardingtes —= FLX FLY

matrix = FPL{2x2)

cotE = CCTE
sinA == SINA

Figure 19.--Flow diagram
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and  name

x — XANGLE

Read Reference station number

Lat., Long , & Height
tdean Pcoie coordinates

Convert Azimuth to radions —= CAZ
Zen:ith dist. to rad — CE
casA—=COSA
Print
AND  ZENITH DiSTANCE USED TO
LCONSTRAIN ORIENTATION ANGLESY

(CAMERA  AZIMUTH

Print

NAMES (30,33}
——» REFSTA(I,8)

XANGLE  and

NAMES{3/,33-30), REFSTA(2,68),
YANGLE

y —= YANGLE
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of the FORTRAN statements (page 1 of 10)
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Rawind Set mean error Print (NUMBER OF (TERATIONS -y Print (MINIMUM SOLUTION,
=0 Lobe} CRT IND(6}
disks IND{2) " cycle indicator WILL NOT EXCEEDY ITMIND
rapl -0
L2as3 g MCOMP = l
Sat Set Sel Sel unknown
Print (MAXIMUM
NOVENT:=4 NOPOST=2 NOPRE =1 count =8
Convert refroction Add one roj TYPBME -~ ERRPR SOLUTION, ITMAX >
NUC-3 NUO-3 NUO-3 NUOPRE = 8
toleronce to obs count l
radions —= TOLZ NOPPTS +1
Count obs. Count observahions Set NUO=22
{ on oriant, on orenigtion Clear NOVENT,
Compute wedther constants
3 porameters parometars for NOPRE ,NOPOST,
(o /o )r — W ,
Po he— for max. minimum  solution 182 NOM
L/,‘_ L = WF solution — NOM re—t NUO-I Clear BXTPBX(2x2), TWO(2x26),
° - NOMX NUOPRE - FOUR{26x2}, EIGHT(26), VI8 SIGMACS 2 Reod NOST, ALPHA, DELTA,

4, to rodions —= PHICS
sin §; ——-= SINPHI
cos §; —= COSPHI
Ciaor VLYSUM, VLXSUM,
ELXSUM, ELYSUM, PCYCLE,
RCYCLE, vCYCLE, AERES,
RCC, TOLMET, VI, V2, V3,
SuMv(3), SuMySI3), CTUD,
PRSUML, NDIV, MPTS, ITCNT,
L51G, CCYCLE, DELLO(26)

Call ANGLE Correct zenith dist.
sub-routineg 3,=ZR+ZETA +1I0

to compute 90°-Z0 = ELEVY

gzimuth ™| cos3, -=COSZO T
A7 sinj, —*=SINZO

sinA -=SINAZ 1on3. —=TANZO ‘

Cleor RN{26x26),
CN(26], DELO26)

Clear POSVX,K POSVYX,

PALPHA{2x2), NPT S, NCAT

X = Xt Bx —= XS

Yo T YptOy —= Y5

1

Compute direction

Read NOPT,ELX,ELY, NPP,
PLI2x2}, STIME, LASTPT

cosine matrices
—= A{3x9}

NX+2, NUN+2

Ciear DTLAST, DRLAST Corrgct b, for non-

Clear NL, NX, NUX,
NUSED, ACYCLE,
AERES, DELLSQ,
sin §, —= SINPHT
cos 6, —= COSPHT

ELYs=ELYSST, NCNT =0

ANEGVX, ANEGVY 4

cosA-»COSAZ

l

|

Compute declinotion

5: sm"lcosg. sing-

sing,cosldcosd) ~ DELTA

cosd —=COSDEL

\—@

Compute refroction

tong = ({" nt )'" - TANZ

3 fon (TANZ) —= ZR

/A= tan (WF e TANZ) —= BETA
ton /1/2 = smﬁlz /<:oe”g/z - TAN8

L=WCiT TANB + 1, TANB "+
<, TanB® + 7, TaNB')
—— ZETA

i

@ - ALSTAR

Compute standard ccordinates & & n
UL %)~ ELLXY (13, 12" y,) S¥/7 = ELLXYLU),

1Jd K Cx == ELLXY (K},
Pre = (|23 SMALLUM) = SMALLUM) +
Post = 4|56 A(M.L] % ELLXY(WL) |
Event= 7 |8 |9 M=(,3 L= LK

4 = SMALLUCI) /SMALLU(3) —= XSI
Nt SMALLUL2!/ SMALLU{3) — ETA

Compute distortion

[ perpendicuiarity +ELXSST —{ (Z-nf+{h-y) D2

NCNT +1, (D2) —= D4
(D4xD2) —~ D6
K,D2 + K,D4 + Ky D6 —= DELRDI
K,DZ+K, D4 —= DELTAT
[etf-x1702] + 1 = DCONI
|2t#-v¥02] +1 — DCON2
[PUE-2 X 4-%)] /D2 — DCONZ
DELTAT [DCON3kCOSPHT +
DCONZ % SINPHT] —= DTSINP
DELTAT [DCONIn COSPHT +
DCON3 » SINPHT] —+ DTCOSP
ELX-DELRDI(Y -5,) - DTCOSP «
ELY(£] —a ELXSST
ELY - DELRDI [4-y,) - DT SINP
— ELYSST

]

Figure 19.--Continued (page 3 of 10)
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Compute hour angle

.——- 053,05 § + sing,cosAsing —— CDTH
sing,smA e CDSH

Calh ANGLE to compute H'

o = ST - H  —= ALPHA

cos H' = COSHPR, sinH -~ SINHPR

5in& = SINDEL , cosd —= COSDEL

Correct for diurncl oberration
@’ @ - 32 cos$ cosH secd ——ALSTAR
6= 8- 32cos¢ sinH 0§ —~DELTA

Compute discrepancy vector
X% ©,SMALLM(I)/ SMALLM(K) +x,+
DELRDICL ™ x) + DTCOSP~ f4€ = XI

¥ = CySMALLMUI+1)/ SMALLMIK] +y, +
DELRDI{ )" y) + DTSINP — i

!

—
193) Add diurnol oberration

H'=ST-a® —= HPRI

sinH' = SINHPR, cosH - COSHPR,
siné -~ SINDEL, cos & — COSDEL,

o' = e +.32c056 cosH secd - ALPRI
§ =8 +32cos¢ sinH siné ~DBELPRI
H'= ST -e«', sinH = SINHPR,

tos H' = COSHPR, siné —= SINDEL ,
cas ' -~ COSDEL, ZLAST = C

Compute zemth distance

cosg = sind’sin g + cosd casH' cos § = COSZ
sing 'll-cosg]
fong = SINZ/COSZ —= TANZO
TITANZOY —- 2

Compute refrochion at 3

/i: tan™ {(WF tang }—— BETA

Tanﬁ/‘z = smﬂ/z /ccs/}z - TANB

£, T WCIT,TANB + 1, TANB +
T, TaNB" +1, TANE )= ZETA

—~= SINZ

3o 3~ 20

tong, —— TANZO

20

T Lo

<TOLZ

PCYCLE

;d'l - ga

~.

Write on diskl2); ELX, ELY, PL{2x2),

alx =) -Xl = DELL{!)
B s gy =YL = DELL{2)
—_ —

Compute ouxiliaries

(D) =(x1-x)7c, = CIRONE

(@ =ivl-y ¥c ~CIRTWO

@ = (D[a0x1-a0,1}] ~CIRTHR
@) = (@ [ai2,5)-4¢2,11] ~-CIRFOR
® = @[atLKI-ALL-n]) = CIRSIX
@= @laiz k1-a2,1+1) = cmsev
@ = @at2,n-0agz, 140

— CiRNIN

| = ETAXSI{3},
SMALLMILY = SMAL

VCYCLE

Compute direction numbers —l
{-—ETAXS\(I), L =ETaXs12),

LML} +

MCPT,ELXSST, ELYSST, DTSINP,
OTCOSP, HBAR, DELPRI, DELRDI, sing =
NPP, STIME

Compute declinotion & hour angle

cos q =lsin § - sind’ cos 3)/{cos sing)-COSQ
sinH cos § /smg —= SINQ

sing,z sind’ cosf + cosé'sing cosq ~—SINDEL

3 cosé.r -ty % —+ COSDEL

{ E= cosf sing,- sing casé,coer/cusz,—-—XSA

Compute stondard coordinales of star
€053, siNd sin§ + cosé cosH cos § + COSZO

N #-cosésinH/cosg, -~ ETA

§ = tar's’ —~ DELPRI
sinOH =sing + sing /COSDEL ~~ SINDLH
4H -+~ DELH, H,= H -AH = HBAR

AlM L) » ETAXS1({M]}
M=1,3 L=1,K
h where
Peo = | |3 ‘
Post = 4 | 6
/ Event= 7 | 9
TypeB

Inr=(akral) *DELLS?{

BO{Z,14)=CIRTWC

Nez |l ciear BOAUXIZ6x2) a7)

y!~ELYYS ses

Compute ouxiliaries u:'— ay) - ELXXS, u;.—
JpT-cg/q CIRTHR +0X |
Ky=-c,/q CIRFOR > EX,

Jy =-cy/q CIRSIX » DY
Ky =-cy/q CIRSEV = LY

Clear BDI(2x26)

Compute coetticients for aSw? 22 E5 %8,y & cf

BO{l,1} = - ¢, [CIRONE w CIRNIN + CIRSEY]

BO{LI+1=¢, (11 1CIRONE” 1 SINK A (NPP) - CIRONE  CIRT WO % COSKA (NPP )]
80,1+ -cyftl +CRTWS 1 x COSKAINPP)- CIRONE x CIRTWO ¥ SINKANPP)]

BOUI K] = ~c; CIRTWO
BOUL,I0)= - Uy

BoU D =
BOU1,13) = CIRONE

802,10 = - ¢y [CIRTWONCIRNIN - CIRFOR]

BOIZ,K) = cyCIRONE
BC.2,12) =

Compute coetficients for Aax & Ay

2K+ 4Kd = PARDT, 2K, +4K,d +6K,d" = PARDR

B01,i5) - DELRDI-ELXXS PARDR -EL XXS% PARDT#COSPHT - 4 s ELXXS (K +2wELXXS" +
ELYYSIK, W COSPHT - 2w ELYYS {K, «(ELXXS + 3 ELYYS'IK, ] SINPHT

BOI2,I5)= - ELXXS(ELYYS% PARDR + PARDT u SINPHT) - 2R ELYYS [K, +
{(BnELXXS’ +ELYYS IK;]COSPHT + 24 ELYYS kK, x SINPHT

BOUL,I6}= ~ELYYS(ELXXS* PARDR +PARDT COSPHT - 2w ELXXS[K, + LELXXS®+
I ELYYS ), ) SINPHT + 2% ELXXS#ELYYSw K » COSPHT

BO(2,I6)7 - DELRDI-ELYYS « PARDR -ELYYS % PARDT ¥ SINPHT -2 ELXXS (K, ¢ {ELXXS™
3nELYYS' 1K, COSPHT - A%ELYYS [K, 4 (ELXXS + 20 ELYYS VK] SINPHT

- { 20713
N \—2//

R}

Figure 19.--Continued (page 4 of 10)

29



80t1,12) = BO{I,16)

BOU,I7} = D2 w ELXXS
BO(,18! = D& x ELXXS
BO(I,I9) = D6 x ELXXS
BO{1,20) = D2 # COSPHT + 2(ELXXS % COSPHT + ELXXSXELY YS % SINPHT |
BOI220): D2 % SINPHT + 2{ELYYS% SINPHT + ELYYS A ELXXS% COSPHT)
BO(I, 21} = D4x COSPHT + 2% D2IELXXS % COSPHT +EL XXSKELYYSHSINPHT]
BO{2,21) = D4KSINPHT +2x D2(ELYYS % SINFHT +ELXXSkELYYS#COSPHT}
BOII, 22} * - SINPHT x DELTAT + 2 w DELTAT /D2 (ELX XS4 ELY YS*COSPRHT -
ELXXS % SINPHT)
BO(2,22) = COSPHT » DELTAT + 2w DELTAT/D2(ELYYS -ELXXS#ELYYS x SINPHT}

Compute coetticiants tor x, .y, K, K, Ky K, K, ¢
BOLLIY = B, 1) + BOU,IG)
BOi2,12)= BO(2,12) + BO (2,16}

LIERAL I

BOiZ, I = BO(2,15]

BO(2,07)= D2k ELYYS
BO(2,Bi= D4n ELYYS
BOi2,19) = DEXELYYS

pe

Yes

Compute coefficients for @ &
AA = SINDEL/COSZ0

7E = xSi {1/ TANZO) + TANZO]

BO(1,23) = DXEX % TANB
BO(I,24) = DXEX » TANB'
80{,25) = DXEX x TANG®
BO(I,26} = DXEX x TANB'

Compule coetficients tor ¥, T, Ty T,
TANZO =(ETA +x51T)7 ZN:=ETAx {1/ TANZO} TANZO)

DXEX= -WC(DXu ZE+EX w IN), DYEY=-WCIOYRZE vEY%ZN)

80(2,23) = DYEY » TANB

BO(2,24) = DYEY  TANB®
BO(2,25) = DYEY x TANB
BO(2,26)=DYEY » TANB’

BB * COSPHI/COSZO*- X51x AA
¢C = COSHPR/CO5Z0°

DC = SINPHIx SINHPR/COSZ0°
BX(,1} = OXxETA® AA+EXABB

Form nhormaol equations

Compute number of unkeowns
and cbservatiens fer
minimum solution

NOM + NL + NX = N

NUX + NUOPRE -= NU

Rewnd {2)

Bx(1,2) = DXx CC ¢« EX % DD
BX{2,11 = DY®ETA=AA + EY xBB
BX(2,2)= DY« CC + EY = DD

299
=l
FCompute number of unknowns Reduce normals ] 0 “TOLMET
and observations for
maximum  sclution TWO(2x26) » ONE L2 x2) = FOURIZEx2)
NOMX + NL + NX = N ~-FOUR26 2} m TWO(2 x 26)# RN{26 x 26] >°
‘ NUO + NUX -+ NU - FOUR(26x21# EIGHT{2) = CN(26) 2 RCYCLE

BXAUX{2x2} = BX{2x2} # PL{2x2}

BXTPBX(2x2} = BXAUX(2x2) » BX{2x2)
TWOI2x 26} = BXAUX({2x2) » BO{2x26)
EIGHT(26x2) = BXAUX{(2x2) » DELLI2}

BOAUX(26x2) = BO(2x26) » PL{2x2)
RN(26 x 26) = RN{26x 26) + BDAUX(26 x 2) ¥ BO(2 x 26) @
CN{2B6) = CNi26) « BOAUX(26x2) # DELLI(2)

o

a0

Compute degrees of

(DELLSQ/DOF) - 5UML

Add R, ond inver? sub-narmal
-1
[exTPBX(212) + PALPHA(2x2)] -~ ONE2x2)

freedom fer problem

N-NU — DOF

Print (ERROR 3-NOT ENOCUGH |

Add orientation
Print NOMX, NUO, NX, NUX, NL N, NU, NDF, SUML l—-— waight motrix

OBSERVATIONS

DELLSQ)Y — SUML]——

-

Compute Az -El doto

FLX = ELX, FLY = ELY, ELX +ELYx® & =+ ELXSST,

ELY = ELYSST, FPL2x2)+-PL(2x2), Clecr DELRDI, DTSINP, DTCOSP,
ACYCLE =1, XS{=-cot Ew cosA, EYA:=-cotAnsinA, NL+2

to normals
RNI26x286) +

>—-[ Print NOM, NUOPRE , NX, NUX,NL N,NU, NDF, SUML l»——-

PO{26x 26}

l

=0 NOF = N-NU

7| PRsuML = sum

(26) - POI26x 26} = DELLO{26] ]————

Figure 19.--Continued (page 5 of 10)

it singuior, print errer invert nermagl if zero en diogonal
Lnr%%slc:’cﬁ. go o clear | eguations N of nprmol equation
[RNI26 £ 26)] motrix, raplace
with 0%
=~ RNINV{26x26)
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Compute solution vecter

Compule total correction

DELO{26)= RNINV(26x26) x CN(26)

DELLC{261= DELLOL26) + DELOI26}

CNI{26) = SAVECNIZB)
DELO(26) - SAVEDL(26)

Correct approximotions

QPARIZE)+ QELC(26])

RCC=i, Print
NL, N, NU, NOF, SUML

NOMX, NUC, NX, NUX,

Count

given refrachon

parameters

Move

== NOMX

1

Print I}

COORCINATE DATA)>

Print (STAR AND PLATE

25!

DSUML = PRSUML - SUML
PRSUML = SUML

Print (FOUR

DIVERGENT

TPO@xd) -~ PO(26x26)

-ITCNT +1

refroction weight motrix
ax,w,2 (Pre

NUO + 4

CNi26) > SAVECN (26)
DELOI26)» SAVEDL(26)

[ Print (REFRACTION SOL

UTION > TOLMET =1

=, w,x (Event)

8 Post}

i

INDt3}

Rew:ind {{}

MCOMP =1

MPCOMP=1

MCOMP = |
MSCOMP =1

287,

DETMAX = CET

I

STEPS
OCCURRED?

Print (TERATION RESULTS DIFFER

BY LESS THAN TOLERANCE)

INDKS) >
t

Print {ITMAX I(\TERATIONS

COMPLETED)

Print {REFRACTION SOLUTION

Print <ITMIN ITERATIONS
COMPLETED?

ELIMINATED FROM PROBLEM)

VCYCLE =1, Cleor MPTS,
DELX (i}, DELX(2)

EIGHT(2)

Compute dax A4 OQONE{2x2)a

—= DELX{2}

Compute covanionce matrix tor

ONE(2x2)n TWO(2x26} = BOAUX(Zx26],

Type 8 point

BOAUX(2x26)% RNINV(26x261% TWOI26x 2} = BXAUX(2x2)

BXAUX(2x21% ONE(2x2} —= QALDEL12x2)

Rewind (2}

@ + A - ALSTAR
b +4% = DELTA

Read (4) Ilﬂl_i+ AJ;) tor type B star - VIB

DETMIN=DET A———<|ND(7>L
S

DETMAX =DET

Coreact rafrachion

paromerers

COPAR{L} + DELOQ)
1:23—+26

Clear MINSOL, ITCNT,
NDIV, PRSUML

RCYCLE=0

=0

Print (STAR AND PLATE
COORDINATE DATA»

eV~ RAST

. ot Compute m, m, betors ad|.

=\, +RASA MSCOMP

PR —+~ALPHME, - DECME

Vi =V ~DECSA Y

:

Print NOST, PALPHAR x2),

Print NOST, PALPHA(2x2},

NCAT, RAST, RASA, ALPHME, DECME, RAST,
DECSA RASA, DECSA
300

BXAUX{2x2)w
BD(2x4) =
Tw0oi2x 4}

Compute coetticients
(gﬂq’)‘"—-—rmzo, n(0/TaNZOY+ TANZO) = ZN, E{11/TANZO) + TANZO] =ZE
DYEY = -WC{DY® ZE + EY® ZN)

80(1,24} = DXEX« TANB",

DXEX = - WCIDX % ZE « EXw ZN] ,
BOUI,23)= DXEX » TANB, HBDI2,23)=DYEY« TANB,
BO(2,241= DYE Y w TANB”, BOLI,251:0XEXk TANB? BO(2,25) = OYEYx TANB®,
BO,26) = DXEX TANB®, BOI2,26)=DYEYx TANS

for refraction perameters

Figure 19.--Continued {page 6 of 10}
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317

3N

Resolve h\_l‘.‘_ a GLJ nro radiol &
tongential components

I, /(L v 1)) — cossum

B/ e B " — sinsuM

vy, #COSSUM “ZL_; * SINSUM = VLRAD
GI‘I #COSSUM - GI._ * SINSUM =V LTAN

Compute Az -E| rasiduals ond
add 1o LRy

T
v_h FL V‘! — V3

Print NOST, ELXSUM, ELYSUM,
VL XSUM, VLYSUM, VLRAD, VLTAN

Add star residual to sum

Vs p:& Vb T v2

VLXSUM, YLYSUM

I

Calt sub-routineg GRF to
plot type 2 stor

symbal at J‘,,L

Call sub-routine GRF 10 plot type 8
stor symbol ot L,ig

Print

Az - £l plote data, ELXMM, ELYMM,
PLi2x2), VXMIC K VYMIC

Clear ELXSUM, ELYSUM,

Store ViB
on Disk @)

Clear VI8, VCYCLE,

1_4 MPTS

Compute

WR v, —— V3

v Py

Compute total

VI+e V243 =4

Rewind {4}

Compute meon error of

(\M»/r‘hu))t — ERRPR

— 1I1

NOPRE +NOPOST + NOVENT +1 y L2:2

32284
ICNTR +|
IDIAG ¢ 1

ELX+.0t
ELY + 01
LAP={

Compute dota for

{ urit weight
=2
: NPP=I
NPP=I LLL=4 3
LL=S L2=3
! SIGMAC=l, ALPHA=0,
\ 3 DELTA=0, LASTPT=i,
4 NPP:3
m NPTS=0.STIME = TIMES,
7 5 NPTS:1, AERES=O,
NPPE | 6 NPP=I
LLL=2 VCYCLE=0, PCYCLE =0,
2=
t ACYCLE=0, PALPHA=Q,
PL=unif, ICNTR =1,
LAP=|, ELX=0, ELY=D,
NOST =-~ICNTR,
NOPT=ICNTR, NUST<NOST,
NOST = - ICNTR IDIAG = ICNTR - |
NOPT = ICNTR

nistogrom plot

i

<1 | Clecr MCOMP, V3,
Va4, vz, v

.,

MCOomP

Print PL ond beoding for
tirst diagonol point

Rewind {2}

L2:=2, snix-a ) —= SINDHR,

cosla - ) = COSDHR,

[(cOSDLAR SINDHRY + (SINDL3 »

COSDL3xCOS0L2 - COSDL3%SINDL2 »

cosoHRr]? — sinsiG

Compute o (L2), A AzIL2), AE(L2),
aaiL2), 68(L21,

Form error function

COS50L2 xCOSDL3# SINDHR/SINSIG

I-SINDL2 & COSDL3 + COSDL2 # SINDL3

COSOHRY SINSIG

-COSOL2a COSDL3RSINDHR/ SINSIG

(- SINDL 3 COSDL2 + COSDL3% SINDL2 &
COSDHR}/ SINSIG

£

LAP=3

SINDL2 — SINDL3, COSDL2—COSDL3,
ALSIG—ALSIG3, DESIG— DESIG3,
ELEV —ELEV3, AZ -AZ3, NPP=3,

ONERx2) — SIGHZ2 x2}
TWORx26) - 5IG22x2€6)

ELEV =~ELEVI, AZ = 471, ALSIG — ASIGMA,
DESIG — DSIGMA, sind — SINDLI, cosd —= COSDLI

snd = SINDL2, cosé =~ COSDLZ, snix-oc")+ SINDHR, cﬂsl.r:!:;&‘."l*COSDHR‘I
[COSDLI » SINDHR "+ (SINDLI % COSDL2 - COSDLI u SINDL2 ¥ COSOHR] ]+ SNSIG
Compute g (L2}, AAz(L2), AFIL2), AeciL2l, B8IL2).
ONE(2x2) = SIG1i2e2], TWO(2x26) + 51G2{2x26)

Form errar propegation function

(COSDL2 = COSDLI # SINDHR)/SINSIG

(-SINDL2 #COSDLI +COSDL 2 w SINDLI w COSDHR }/ S{NSIG
(-COSDL2 » COSDLI # SINDHR}/SINSIG

{-SINDL)I = COSDL2 + COSDLIx SINDL2 & COSDHRY/SINSIG

Figure 19.--Continued (page 8 of 10)
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Compute covarance maolrix (Q, ) Compute m, Print direction dota SiGMA, SIGMAM, Transtorm trom inst 1o meon pole
SIGIEx6) % SIG2(6x 261k RNINV26x 26)n mif QO ’1"/‘. DELAL, DELDE, OELAZ, DELEL ‘ PlL+ XRAD® P3l = PTH
SIG2R26x2)% SIGIEXE) —= QSIGBx6) - SIGMAM(3x3) Pi2+ XRADs P32 = PTI2
x"+x" =~ XRAD Pi3+ XRAD x P33 - PTI3
3 =y" -~ YRAD P2!+ YRAD % P3I —= PT2)
Tronsfarm orientation mairix {o inst. pole
P22+ YRAD % P32 —= PT22
Print <CAMERA OR TATION PARA A sin k. =+ SINLON S h COSLCN
rin MERA ORIEN RAMETER DATA) }—— " , COSh = —— - 23+ YRADK P35 — PT23
-C N % SINPH{ AUXL, Cf PHI = A ¥, = x,~ REFLC
OSLONxS 7 AUXI, COSLON COSPHI= Aux2 ‘:... 47~ REFLAT ~XRADXPIl -YRAD ¥ P21 + P3| = PT3|
~ SINLON# SINPHI = AUX3, SIN PHi+= AUX4Q el L
c * LONK COSPHI = e ShALO ~XRADCKP2- YRADx P22 + P32 — PT32
cmpute decentered lens Compute s fa AUX| ® All,J) + SINLON = A A Jy =P SIN A,
p pute maan error I ® AlLJ) LONx® A(2,0}+ AUX 2w A(3,0) I ° - XRADNPI3- YRADE P23 + P33 —= PT33
distortion along with rada! and tronstarmed AUXI® AYLJ+11+ SINLON® ALZ,J 1 [ 1+ AUX 20 B(3,0¢1) P12 cosh, =~ COSRLO
error propogation tunciion radial distortion ALXIR AL +2) SINLON®A(2,J+2) « AUX 2w A(3,J+2)+ P13 sin$, = SINRLA
K.D2 + K5D4 ~~ DT ERD=m [FTR(I!3]! RNINY AUXZIw AL -COSLONRALZ,J) « AUXAN A{3 J) = P2t cosé, - COSRLA R
[ Trenstarm to reference station
D2 -+ FTU} {3x3) # FTR(3x1)] AUXI % A11,Je1)-COSLONR AL, S+ 1]+ AUXG » AL, Je1) + P22 -SINRLAXCOSRLO
AUXS=PTI +AUXE#PT21+COSRLA wPT3I+ PRI
D4 - FTI2) ERDT = mJ:FFl 1x3) = RNINV AUX3wA{1L,J92)-COSLONKALR,J+2) + AUXG A B J+ 2)» P23 ~= OUX5
a AUX5k PTI2 +AUX6wPT22 +COSRLAAPT32 ~PPI2
{3x3w FRl3xl)] COSPHI a A{l,J) + SINPHI % A{3,J) —= P31 - SiINRLA = SINRLO
COSPHIRAL.J e a3 A AUXS PTIZ+AUXEwPT23+COSRLARPTI3 +PPI3
#A{1,J+1]+SINPHIm A{3 J+I) = P32 - AUX6 [
J ! SINRLO®PT!Hl - COSRLO » PT21 -~ PP2I
COSPHI kALl J42)+ SINPHI % AL3,J+2) —= P33 COSRLA» COSRLO
Compute mean error of Compute radial and transformed AUX7 SINRLOxPTi2 -COSRLO &« PT22 - PP22
-
decentered lens dist rgdic! distortion along with SINRLO® PTI3-COSRLD = PT23 —~ PP23
COSRLA X SINRLO
m[rmm n RNINY error propogotion function AUX7wPTIl+AUXBuPT2I + SINRLA®PT31 - PP 3
s Compute ¢* CSTAR= cll-DKO} = AUX8
(212]1FT(2xI)] D -D2, D2 ~D4, D24D4+ D5, Note it B AUX7wPTI2+AUXBRPT22+SINRLARPT32 = PPA2
ote it ¢ Xc C =gty
- ETD Cx {DKO + K, % D2 + K,# D4 + K;u D6} = bl AUXTxPTI3+AUXS% PT23+SINRLARPT33 ~PP33
— 0R l
Compute K, term, radigl.
DR-D&DKO -+ DTR, DnD2 = FTRU!, ) )
Compute error propagotion disyortian
] Dx D4 +FTR(2),DeD6 = FTR(3), 2 . . Compute transformed o, w, =
Print distortions aond tunction for c¢* SR g ¢ K dy +Kdy) = DKO . 2
D={D2-0DK2) -= FRIl} cosc = [1-PP23 |} —= COSOMT
mean errors {1-DKO) = DFNL!) = DFN(2), » -
Dn (DG -DK4) = FR(2]) " = tan (PP23/COSOMT) — TOMEGA
DMM, DTR, ERDT, DR, -¢{DK2) -~ DFN(5) : . .
Dx{D6-DKE) — FR13) Print inverse of reduced sincc” = PPI3 / COSOMT —= SINALT
ERD, DT, EDT -c(DK&) —= DFN (6] . -
{ normal equotians ANINV cos @ = PP33/COS0OMT —~ COSOMT
-c{DK&) FNLTY -
¢ bR @* = 1an {SINALT /COSOMT) -= TALPHA
DFN(3) = DFN(@4) = 0 »
- sin 2" = -PP2i/COSOMT - SINKAT
Primt OPARU3], ERRCX, OPAR{I4), Print statisticel date .
¢os 2 = PP22/COSOMT - COSKAT
ERRCY, OPAR{22}, ERRPHT, CSTAR, VI V2, V3, Ve, m, » -1
Vs " & = ton (SINKAT/COSKAT) —=TKAFPPA
ERRST, DK, DKO Campute meon error of ¢* m/{F, I} MR {
T ERRPR[OFNL} e RNINV Det{max], Det(min} — : -
v Print given crientation porometers ADPAR
(Wei2),41 412 nDFN Y] .
D= D+DINT Compule maan errors of cx, ¢y, 8 §r ERRST computed orentation paromglers QPALR
me, = ERRPRQ[RNINV\IE,I;‘,{J # - ERRCX " Je17 Print transtormed «,w, % weights tor poramesers PO
. whera =1
me, ERRPRa [RNINV U4,14]]% ~ ERRCY L7 TALPHA, TOMEGA, TKAPPA residuals on parometers ORES
mg = ERRPR % [RNLNV l22‘22)]"‘ —+ ERRPHT ’ corrections to porameters OCOR
mean errors of porametars OME

Figure 19.--Continued (page 9 of 10)
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n - Compute ond print refraction & mean errors tor 1
sin” [a ‘3-9'] -~ ELEV —— "‘ 90 -ELEV +IZEN l = 20 ponts spaced (0°on either side cf center roy Coll GRAPH fo
fan (1IZEN" | = TANZ, fon (WFuTANZ)— BETA plot histogram
tan{BETA/2) -+ TANB ot plate residuals
CONDIT(6x6} a RNINV{9x9)% CONDIE x3) —e SIG2(6 x26 WCATANE  —=FFLD) d=(4
5I62(6x26)a COND(E1 9! & RNINV (9x26] —— RN(26x261 FELIMOPAR v 22) — ZETAC
RNINV{26x 261 - RN(26 x 26} —= RNINV{26 2 26} FFiJin AOPARIJS+22) = ZETA "
DELO(261- SIG216 1 26)w ALDIFIE) —= DELO (261 mFFWinRNINVLG 22, 0+ 2 2InFFL0 ] ERRZT OPAR(I) - OPARIL +6)
Prind 1ZEN, ZETA, ZETAC, ERRZT — ALDIFUI]
| == COND(1.1)
-1 +~CDND1,146)
Clear VI,V2 V3,v4,Vi8, 1=13

SUMY(=3), SUMVS(=3],
OPARI([ +3)- OPAR(] +&!

CTi =3}
Invert CONDIT (6x6) —= ALDIF(1+3)

MCOMP = |
-+~ CONDITIE6x 6 |,_33!t>m—~_ (- CONDUL+3 1+ 3)
-( - CONDUL+3,1+6}
@ 113

COND(Ex D) s RNINV 9 x9)» CONDIGx6) OPARU) - OPARLI « 3}
— CONDIT i6x6} —=ALDIF{1)
{ - COND(I. I}
-1+ CONDII, T+3)
I=13

Punch dato for

Ge to start Rewind (1)

89

Rewind (2) followmg programs

next problem

&)

Figure 19.--Concluded {page 10 of 10)
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83

[-L]

JOB,K34—248T SINGLE CAMERA ORIEMTATION 9443 10713787

Ll 2 hvan LAt 1] st e (222 1] (L1 T ] [ 11

DPERATOR — THE RUNNING TIME SHOULD BE ABOUT MINUTES .
TH1S PROGRAM [S TO BE CHARGED TD PROGJECT 0 21501

*hd kb *

LX] YT LTI LIIT L] seaee a0
TYPE,COMPILGOs FORTRAN, PH

SUBTYPE,FIO0

§0D.D15K, ¢+ 1400

IDD,DI5Kees20

[0DDISKysp1400

IODsDiSKsyse5

EMO

SUBTYPE+FORTRAN, LMAP 4 PUNCH

"oy
SInGLE CAMERA ORLENTATION - STELLAR
FOR IBm 7030 STREVCH
PROGRAM NUMBER 9843

(11211

DIMEMSION MAMESI331,INCI1LY ,CAMSTAIB) JREFSTALR) +CAMALZIAIFPLI242),

1 AQPARI28),0PAR (26} ,R

AR(Q) ,POI28,26) yTPOG4, 4}, TPADI2,2),T0LI2,2
2 1 +FALPHALZ 21sPLI2420DELLDE286},RNE26,28),CNE28),BXTPBKL2,2),TW0
3 12420) FOURA2642) dEIGHT (214 DELLPLIZ) ¢DELLI2}+BO12,26) 804001 26,
4 6) BXAUXI6.6),8X12,)21,0MEL2420,SMALLU(I3) yANINYI 256,261 ,0EL0126]),

S DELXI2)4FTi21ORES19)40CORITI ,OME(9) , TEM( 283 4 FRLI ) (PALPHL2,2Y,

& FFia)RMORK (49, QALDEL (2,21 DFNIT I IDFNNITI(QTDTALT 2,20 ,FTREDI,

T TEMTI3),MNSTARTIDI(NRJSILDON MAJPIZDO) JETAXSI{3s, SMALLAE O}, ELLYY
8191, TYPI3E  LA13,9)+QSIGL6461,EARFUNIILo),SINALIAL,COSALI 3L, ST ROML
939 ,COSOMI 31y SINRAID) ,COSKALD]+SIGLIB40) (SIG2LA+26),SIGMALIY]
OIRENSION SIGMAME3.3) ,DELAZCI I, OFLEL(I),DELAL ¢ 3}, DELDEN D}

1 +CONDIA,93,ALDLIFIS) ,TERPOID) ,CONONITIG,6) s SAVECK 28] SAVEDL{26) 4
2 AROCE3),VAI3) (SOVE3),50MY L) SUMYST3) . CT{30,CLASSTY, 321 ,NOCI D)

3 ,TALPH(9},B(210}

EQUIYALENCE IRN(L),BCL0

DATA CH.T27220521664306-04),C41. 1745329251994 3E-0¢ 1},

1 C5{.2908808208645T72E~03),C6{.40481388110954E-0%],

2 LT 15TOTI6I26T949E- 011 (CBL. 287994631 44L-04),C9(.894368004E-02},
3 CLOE3.10059265358981,AFPARIIIL1050.8103) ,RFPARIZIITOL.21502),

& RFPAR(3I{262.06088 ) ,1TYPI1FeI=1,3)(5H PRE ,5HPOST ,SHEVEWTH,

5 AFPAR(4¥(142.8T7293)

COmMON &P FMANES

READ PROBLERM DATA

PROBLEM QESCAIPTDRS

100 READ L, INARES{lhel=l,4)

READ 2, iNARESTIR 1=, 14}

PROGLEmM OPTIONS

READ 3o RINOLIDoLmlol L)y UTMIN, ITHAX, TYPAME, TREJHEMIST

20

&2
23
24
25
28
27
28
29
30

n

3

34

32
39
40

41

%)

44

4%

Dimensions of Brrays.

Program constants, rediana per second of time,
radians per degree, radiens per minute, radlana

per second, radisns per grad,

Preblem nuaber, date of ¢omputation ang

problem nats .

Options (11}, Fumber of iterations for minimum
and mxiwum solutlions, Input mean error, and
option to plot histogram.

Figure 20.--Program listing (page 1 of 57)



70

PRUBLEM CONSTANTS

READ 4, TOLP:TOLR,TEMP ,PRESS 0K+ OINT ,DMAX, TOLD

READ 5, {MAMES( L}, I=15+2L0 « TIMEALATERPOCL) 137 ,9) 5 (NAHESEI D, 1222,25
L] MIKPO, MINEY,FACT

IF{MI{NPO.EQ.0) HMINPO=500

IFIMINEY.EQ.O0) MINEY = 900

CAMERA STAT[ON NAME, MUMBER, LATITUDE, LONGITUDE AND ELEVATION

AEAD &y (NAMES(I}sIm26+29), (CAMSTAILIF,[=1,B)

IF{(NDL91-11103,101,101

READ REFERENCE STATION NAME, NUMBER, LATITUCE, LONGITUDE AND ELEV.

101 READ &, {NAMESEN) ,1=30,32),{REFSTALL),E=1,8}

READ ENSTANTANEOUS PDLE COORDINATES, X AMD Y,

READ 7, XANGLE:YANGLE

103 IF{INO{2Y1104.105,104

READ AZIMUTH, ELEVATION DATA

104 READ B, ICAMAZ(1),121,46)

READ 94 FLX,FLY (FFLUI14114FPLI2,2).FPLLs21

105 FRL{2,L) = FPLIL1,.2)

HPCOMP = O
W5COMP = O
DO 38429 [=143

Jedw(~2

3842% FTR($) » TEMPOLII*. 2617993873 ¢ TEMPLIJ+11%.0043633231 + TEWMPO(J+2

[

WR

3051

3052
3053

3054

1 1*.0000727221

ITE APPROPATATE OUTPUT HEADINGS AMU SET PROGRAM COMTROLS AS

OICTATEQ BY PROBLEM CPYIONS AMD PROBLEM CONSTANTS.

PRINT 1001

PRINT 1002, INAMESITY 4 1=5,14)

PRIMT Q003 (MAMES{1)¢1=2T7429 , (CAMSTALT) T=2,0)
PRINT 1004 NAMES(1) o NAMESCLS ) o NAMESIZOINANESEIE,IX2,4),NAMEST 26}
I  MAMESTLO)yNAMESE2E D, INAMESTT ), [=16,18)

PRINT 10DS,TOLP, TOLR

PRINY1006,T0LD

PRINT 1008, TEMP

PRINT 1009,PRESS

1F{INDIBN)IO5),3052,3051

PRINT 101008

PRINT LOL1.DINT

PRINT 1012,0MAX

PRINMT 1013, (NAMESH 1) ,1=22,25)

PRINT 1124, 1TEMPDIEY+1=1,9)

PRIKT 1014

IFCENGLa) 1 106,108,106

4%

49

50

51

52

53

54
55
56
57

58

&1
62
63
64
&5
66
(.33
58
(34
I
T
T2
73

T4

Lxs
18

Froblem and refraction tclerances, temperature,
pressure, dilstortien crossover distance,
d¢istortion curve interval, distortion curve
maxioum distance, distort{on iteration tolerance,
Event number and date, Sldereal time for
fletitious polnts end time correctlons, plate
camera 2nd unit nos., point identification for
"Pra" "Fost" "Event", and factor for combining
solutions.

Camera Azimuth and zenith distance (deg.,min.,
sac.), plate coordinatas and weights. Restore

symmetry to welght matrix.

Clear mean srror computAatlon indleators.

Convert time ccrrections from hours mln and

geconds for each orientation (Pre, Post & Event

Frint SINGLE CAMERA ORIENTATICN WITH CELESTIAL
CGBSERVATIONS .

Frint Input problem name (80 col of data)

Print Station Hame, Latitude and Longitude.

Print Problem No., Event No., Camera Kc., Date

of observation and computation, Station, Plate

and tracking unit numbers.

Print Problem Jenstants; Froblem, Refractian snc

Distortion tolerances, Statlon temperature and

presgure.

If option 8 is yes, Print Distortlon curve cress-

over distance, interval and maxlmum distance.

Print Comparator Number and Name of Oparator.
Print time correction.

Print PROBLEM DESCHIPTORS

Figure 20.--Continued (page 2 of 57)
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108

10

~

tos

109
110

11

-

112
113

114

115

ils

| 93

-~

119

120

121

122

122

12%
[¥1)

127

L20

129

1291

1293

(%1}

c

PRINT 1Q15¢INDGG]
MINSOL = 1
IFLENDIT)I R 107,109,107
PRINT 1017

GO TO 09

PRINT 101é

MINSOL * O

IDISK = |

EFIINOI1 110,010,110
PRINT 1018

G0 Ta 112

PRINT 1019

IFCIRCII 113,108,103
PRINT 1020

G0 TO 115

PRINT 1021
TF{INDI4) ) 116,117,108
PRINT lO22

G} TQ 118

PRIMT 1023
LFLINDISIYL19,1205119
PRIKT 1D24%

Go TD 121

PRINT 1025
FFUINDIAI-1)122,123,124
PRINT 1027
&0 TO 25
PRINT 1028
G0 1O 12%
PRINT 1026

IF(INOI201026,227,120

CAZ = CAMAZELI®CA & CAMAIL2)9CS o LamA243)e00
CE = CID/2, — CAMAZI4)®Cs — CARAL(IISCS = CAMALZ(S)®CE
COTE = COSLCEN/SINLCE)

COs%A = COS(CAZ)

SINA = SINICAL}

PRINT L1029, 4CAMALTT D, I=1,61

IF{IN0i{9)-11128,129,129

PAINT 1034
G0 TO 1291
PRINY 1032, IMAMES PR B, 023} ,33) ,MARES¢DOb IREFSTALIY o 8=2,8)
PRINT 1033, KAMGLE, VANGL E
IFITYPAREILID, L 293,130
PRINT 1119

GO YO 121

PRINT 1120, TYPAME

C READ APPROXIMATIONS TD ORTENTATION PARAMETERS

<
131

4

1310

READ LO, (AOPAR{1Y,E=7,22)
00 130 I=1.3
AQPARELD) = ADPARII®6)
AQOPAR{T#3) = ADPAR{II)

DO 132 [=1.4

Figure 20.--Continued

n

79 If Option 6=1, Print MINIMUM SOLUTION COMPUTED

WITH XX STARS.

80 get Minimum Sclution Indicator.

at
@2 If COption 7=1, Print PRE-RUN COMPUTED.
B3

Print NG MINIMUM S0LUTION COMPUTED

85 Clear Minimum Sclution Indleator.

w

B
a7 IIf Option 1=1, Print COMMON SCALAR JOMPUTED FCR
58 X AND ¥ (CX E4UALS CY)
89

Print llDIVIDJ.H. SCALAR COMPONENTS COMPJTED FOR
D ¥ {CX DOES NOT BQUAL CY}

9

o

91 If Optlon 3=1, Print COMMON WEIGHT MATRIX FOR ALL
ENOWM STARS
92
92
94 Print INDIVIDUAL WRIGHT MATRICES FOR KNOWN STARS
95 1f Optiom 4=1, Print GOMMON WELGHT MATRIX FOR ALL
PLATE POINTS
L)
7
48 Print IMDIYIDUAL WEIGHT MUTRICES FOR PIATE POINTS
%9 If Option 5=1, Print RBFRAC'HOI COEFFICIENT
CORRECTIONS COMPUTED
100
101
102 Print WO REFRACTION COEFFICIERT CORKECTIONS
COMPUTED
103 If Option B=1, Print RADIAL AND DECENTERED LENS
DISTORYION CURYES COMPUTED.
104
Los
108
107
108 Frint B0 LEWS DISTORTIOR CURYES COMPUTED
[1:1]
110 Convert camera iAcimuth-Bievation to radians.
il
12
113
114
115 Print CAMERA AZIMUTN ABD ZENITH DISTARCE USED TO
COWSTRAIR ORIENTATION AWGLES
166 If Optlom 9=1, Print FIKAL CAMERA ORIENTATION
ANGLES TRAISFOH“D TO A REFEAEMCE STATION SYSTEM
1"y
1i8
119 pPrint RHeference Station Meme, Kumber, Latitude,
Longitude amd Elevation.
120 Print Mean Pole Coordinates (x znd y).
121
122 print ALL MEAN ERRORS COMPUTED JISING PROBLEM
MERAN ERROR OF UNIT WEIGHT
123
t24 Print ALL MEBAN ERRORS COMPUTED USING TMPUT MEAN
ERROR OF UNIT WEICHT
L8
127
128 get Pre and Post first approximations of «, o, X
equal to Event valuss.
129
130

{page 3 of 57)



72

C
C

[

[
c
c

]

[l

132 AUPARIT#27) = AFPARLI)
DO 133 I=i,28
133 JPARELE = AIPAR(])
L0 134 [=1.20
134 JPARITE = OPARLL)eC?Y
LPAM(Z22) = UPSRL22M%L 7T
ALPAR{ZTE = AJPAR{LY)«ADPARILS)

AUPAR{2A] = ATPAR(I]12V1+8DPARL]G]

ReAD WERGAT MATHIX FOR LIVWEN URITENTAT[UN PARAMETERS
135 DO 1351 [=1.426
Dis 8351 J=1.2%

L3St PIEIed} = 0.
LFGINDLIDI=521139,: 135,130
13s

READ 114l tPUIT 3Yed=zls22)4=1,22¢

b 137 1=L,22
Qo 137 J=1,22
127 PGAJe I} = POLT,0)
KEAD L1, 4(POLTJYsJ=1426041=23,26)
0C 133 [223,26
00 134 J=l«2p
133

PRIl = POIL4J)

G TO lat
TFIINDII0}) 239 ] 41411391
1391 NC3 = D
14) READ 12001, JL PO Ly 1d T2 J2PN1L24d2013,J%,PI13.031516,J0%,P0
1 tla,Je), 15,05,P0015,J051
POLIL, 1) = PULIL, 1)
POC42,L2) = POIL2,J2)
POIJ3 I3 = P3{Ed.J3)
POLI%, 14 = POU[8, 4}
FOLJS. 0151 = PRLIS,J5)
NLD = NCD ¢+ 1
IFCNCD-INDIT0} 140,141,141
TEMPORAREILY STORE REFRACTION WELGHT MAYRIX. REPLACE WITH ZERDS.
141 DO 142 1= 2].2;
DA l&2 J=213,26
TPOLL-22,J-22) = POt l.J)

1s2 PO{1+J) = 0.

[FUINDI3IF163, 104,143

READ CCHMOM STAR WEIGHT MATRIX.

143 AREAD 11, TPADCL LI, TPAD(Z2,2]),TPAIL,2]
TPADI 2,1} a FPADCL,2)

144 JFLINDI&DFL45: 1452, 069

READ COMMDN PLATE WEIGHT MAIRIX,

E4% READ L1:TPLILALIZTPLE242),TPLL) 20

TPLIZ,1) = TPRLL,2)

Figure 20,--Contlnued

133

L&D

144
La7
L4k

149

sl
152
153
L5&
155
156
187
158
159
180
Lot

62

163
Lo4

L6s

Lbd

169

70

171

(page

Mzve refrac-ticn paramsters to crientaticn
paTamerer matrix.

Convert grads %~ rajians /-r.,w. *, §).

Xy 7Zp9dl

Yt et Ay

Clear vrientatirrn wWeignt Matrix (Fu',

If Oprien 1. Is greater than 57y real In =rtlire
uppar triangular part of PO Matrix {22 x2z),
{Note: Elemsnts of input PO matrix must bte
arranged ln ascending vrder eg. (1,10, 1,2),11,3)
e G118, 0, ), 12,30, (2, )y v (25160 e,
Read Ln upper triangular part of refra<ticn
paTamster w2ight matrix.

Restore symmetry te both matrices.

If less than tull FU matrix, read in numder cf
cards lndicated by optlon 10. all cards must
be full.

4 of 57}



4
¢
14

4
[
C

kEAD NUMBERS FUR STARS amd OR PLATE PLINTS TO BE REJECTED,

L4522

1553

145%

lase

Eas7

Las2

1463

labs

lLebe

1e67

READ STARS TO BE USEQ 1N MINIHUX SOLITION.

1468

taby

147

READ AND STORE STAR CODRODINATES FROM STAR IDENFIFICATEION AND UPDATE

163 READ 13,ALPHALDELTA,FALPHAL] 1) +PALPHAI2,2),PALPHAL 1, 2} (NOST,NPTS,

151

152

1521

15 s ¢C

LP =0

[FCIRES.NE.O) PRINT 1121
IF{IRESI1453,146T,1453

READ LI35,NREJ,ITVEST

TFINREJ=1000011455 0463, 1463

LS = LS + &
TFLLS-B00i1662,1462.14%6
PRINY 11306

READ Jo, I TEST
IFCITESTI158,1457,15%8
NRJS{LS) = NREJ

PRINT 1138,KREY

GG TO 1eses

LR o= 1P s |
[FLLP-200) 14644 L464,1458
NRJIP(LP) = NREJ

PRENT 1139,NREJ
TFCITESE) LabT, 145301467

IF{INDIS) ) isbd, 1669, 1608

HMINS = INDUS)

HEAD LE33,IMNSTARLID,d=t,"INS)

KQ2PT1S = 0
HOIPTS = O
NOPPTS = O
NHM[N = O
126R0 = O
NFREZ=0
NPAEB=0O
NPUST2=0
NPOSTH=0
NVERT 220
NVENTB=0

TFUINDE3I 11504 1%8,150

PROGRAM.

1 NCart
PALPHAE2: L) = PALPHAIL,2}

FFIMOSTE1S2140521, 1541

REAC L4y ALPHAZDELTANUST NPTS W4T

LFINDSTI1514151415)
00 152 1=1.2
oo 1%2 J271,2
PALPHALIJ) = O,

NOAPTS = NOAPFS » |

IAPPARENT POSITIUNS)

17t
178
179
180
191
182
183
184
1BS
[Ya-3
187
(X2:]
189
iso
191
192
191
L9s

195

198
197

199

201
202

204
205
206
2071
208

209

211
212
13
21%
215
2B
217
218
219

220

Clear poiant type countars.

Fiqure 20.--Contlinued (page 5 of 57)
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74

GO TO 1564 221
153 00 15& 1=k42 222
D0 156 Sl 2 271
54 PALPHALT JY = TRPAD(L.J¥ 226 Set star welght ejual to “rmmoen welpht.
1561 FFILSYIhedy 194D, 1542 225
1567 DO 15465 23,15 22e
TFAMUST-NRISEIIIES45, 1543, 1545 227
1544 DU 19466 J=2142 228
00 1546 K=1,2 229 Type 8 polnts 1ldentilled by nogatlve star number.
If" type B point, s=t star weight matrix to zeros
1564 PALPHALD, k) = Q. 230 Rnd ada une tc type B point ecount.
NLEPTS = NUSPTS « 1 FAll
NUST = -NDST
L0 T 1548 232
1543 CUNT INUE 213
15&) NM2PATS 3 MUZPTS « | 23 Adl on= to typ2 o star count.
1340 JFLINDIBIIISET  1550,1557 235
1547 U0 1548 11, s 230
PP UNOST=MNSTAR(] D) 1548, 1545, )54 231 Check 1f star to ie Zsed inp minimmm s lati o
1564 CUNT IWUE 238
1015k 2 3 219
LIT TO 1590 280
1582 JDIsx = 2 ral
NN = NALN e L 242
1550 WURTS = O 243 Glear plate point counter.
[PTy » WRTS 264
C
€ ReAU PLATE MEASURERENTS FRCH COMPARATOR REQUCTION PROGRAM.
C
L1551 REAU E94ELXsELYSPLEL, 1D oPLI2,2 0 4PLELs 21 NOPT, NUST,STIME,LASTPY 244
NPP MU (RUPT, ED00) a1
IFLTRAS(NPRI-AENPIIY 1594, 1552,19%2 Determine orlentation of plate observation,
(Pre, Poat or Event)}. 4Aaa identification t
1252 LECIBMSINPPI-MINEVD 1555,1553,155) plate data.
15%3 NP2 = 1 250
GO YD 5% 251
1554 &PE = | 252
GU T 1536 253
1555 NPP a 2 244
15%a STIME = STIME+FTRINPP) Add time correction tc sidereal time (radians)
IFCIARSTMLST I =1ABS(NUSTII1S6,159, 156 If observational data 1s out of crder, print
error mesgage ERKOR 1 - STAR NUMBERS DO WUT AGHRZ
156 PRLNT 1103 MiST,RN0OPF 25T 3IAR WUMHER £XK, POINT WUMBES £i{i. Clear inpat
and go tc next problem.
E57 IFLLASTRT 384,154,384 758
158 MEAD 15,LASTPT 259
GL TO 157 ¢e0
49 LECIMDL&L1Y16L,160,160 261
160 PLE2.1% w PLIL,2}) 262 FRestore symmetry.
GO TO leds 281
161 DU 162 1s].2 264
0o o182 J=1,2 25%
162 PLEEed) = TPLIT,JY 266 Set plate welight equal to commen welght.
k2% IFILPYLG6D, 1632,18) 267
i63 DO 163l tal.LP 208
LF(NORT-HRIPIT}INSIL, 1630 L63L 269
1630 I1PTS = 1P7S - 1 210
GO TO L&)} FAd ]

Flgure 20.--Continued (page 6 of 57)



1621 CUNTINUE 212

ST RE AL PLATE aNg $TA® CodkolNATEY ™ Y[SK ALUNG WITH WEIGHTS,
SLOERFAL T1lMES IF OB8SERVATINNS Aw) NUM3bN JF DISERVATIINS
ASS ILIATAL alTd LALH ALPHA AND JELTA.
[F SINT%UM SOLGTION, SORT Jul P RNTS T2 BE USED AND PLACE AT

BEulNMING OF LISH.

1632 WHITE 4] NOPTVELXpELY g LLPEL [ dl ¢ d=1a20 151,225 STIME (LASTPT ,NPP 2113
Ih33 NOPYIS = NOPTS « 1 276
LFiPTS+ROPTS ) Inub,lo4,1551 275
1he HEAIND 4 276
PFITPTS,EN-0) GO TO 1865t »17
NIPPTS = NOPPTS + [PTS 2178
AR ITE LIDTSK) NOST ALPHA JELT A CLPALPHATT  dbyd=1,214921,21,[RTS, 219
1 NCar a0
DU 145 1=, iff1S 2A1
READ (&) NPT pELX o ELY o LUPLIJ oK) aK=Er2030=042145TIME,LSTSIG,NPP 282
FFILASTPRPY.EJd.L,ANUL | EQLIPTST LSYSIS = | 281
LEINDST Ilnal 1nbl, Lak2 2?84

16641 TF{NPPLEDLAINYENTE = JdVFNFS + | 2A5 ARdd plate .bservatlon to orientaticn type zcunt

separately fcr iypes 2 and 7.

LFUNFPLEJ.2INPUSTE = NPISTY 4 1 286
LFUNPPLEQ. 1 INPALA = NPRE# » | 2817
Go TD 185 ZR9
Iba? THINPPEZ.3INYENTZ = NyENTZ o 289
TRIREP R ZINPIST2 = WPOST2 ) 290
[F{NPP. e q-LINPREZ = NPRE2 ¢ 1 291
165 ARTTE G LOISK) NOPT ELX ELY 2 (4PLEU R KoL, 2b, 21,7 o STIME (LSTSIG, 202
1 NEP 233
KEWIND @ 254
IF(LasTeTylen, 147,106 295
1651 PRINT LL37,N7 ST 298
IFINCSTI1693,0658, 1652 297
1652 HU2PTS = NudPIY - L 296e
Gl) Tropass 299
1653 %0APTS = NUsPTS = 100
boba IFILASTPILEL. Y SU T |a7 301
HACKSPALE LDISK 107
READ TENESK) JUPT ELXeFLY oI VLI K)uK=1,2)3J=L+2) o STIME,LSTSIG,NPP 303
HRACKSPACL DISK 304
WHITE LLDISKE NUPT ELXGELY y CUPLAd K)o X=1,20ed=1,2)oSTINELASERT, 0%
L §PP 306
1oa ITFE{INMDIAY 1 La6d, 1867 ,1080 07
1560 [FINSTR —MINSILbOL, 1662, 1b01 308
1n6l PRINT 134 ELL]
GOoTO 100 310
(b6l AACKSPACE 3 3
READ (39 MOPT.ELXLELY j{{PLLJ AN X=1,21,028,2),STIME,LSTS(G,neP 1z
RACKSPACE 1 313
ARTTE 131 NUPT b UM ELY (APLIJoK) K2 l02), 021,210 ,STINE,LASTPT NPP 14
AEW NG 2 s
REWIND 3 16
D0 663 1=1.HINS 7

QEAY (2 NUST,ALPHALDELFA I LPALPHA (K L) Lx1a2],

« 2V eNPTSLHCAT A3R:]

Figure 20.~--Continued (page 7 of 57}



76

C
C
C

1583

lbos

l65s

loo?

183

1bB?2

1684

(%4

“

COUNT MUMBER

174 NUD =

171

1712

kL3

1Ths

LTS

1T

172

WARTL CLINOST  ALPHA DELTA, L{PALPMAIKR LY L =142 ) y%=bs 20 NPTS, NCAT
10 1661 s, NPTY

HEBE [2) AIPT, el N ELY LUPL IR L el =1 e2)en=1020 3T INELLASTPT  NPP
WRITELLY NUPT  EUXELY (4 OVLIK Ll =120 3h=la?) o STIMe o LIERS,NPP

READ (3 RMST ALPRA,UELTA, IUPALPHATT,,dlad=142) 4 1-142),NPTSNCAT

RATTELEY NOST ALPHA(CELTARLIPALPHAL Ly d bpd=slal2) al=l 2 NPTS,NCAT
At 1ebe =l NPTS
READ

U301 NOPTELXpELY 2 0dPLESaRT ) h=142)4d=1s2) ¢ STES (LASTPT(NPP

ARTTERL) NUPT ELXGELY 0 PLOD o K=l 420,212 ), 5T [ME L ASTRI NPP
LFILASTPY ILao T lbby, Lhn?

RE«1ND 1

REaIND 2

LEmiND 3

TFCINDI2I i Y ind inT

NOPPTS = NOPPTS & 1

NPREZ? = NPREZ + NPUSTZ » NVENTZ

NPPER = NPREA + NPUSTY + NVENTA

FAINT 1035 NOZPTS . NUKPT s WPRE? s NPIERSNPUSEZ N ISTH NVENT 2 (NVERT I,
NPPEZ,NPPEA

PREPARATARY STEPS

CALL CRTIO {4HSATR}
PRINT 1142

PRINT hLlbl o (NAMESTT) e l=5,14%]
FRINT 1162, NAMESTLS ) NAMES T L)

CALL WkFL=als=oloalyels@epOevalleadle242,008 0D oMo lahe2HTS LoD

JFITYPRYE (LT .0 }ERRPR = TYPBWE

RC MNP = ]

PHINT 1016
TFIINB(E)INLE9, 110,166

PRINT 1037, TT418

NUJPRE=S9
TFLINDEZPILTL, L7017
PRINT 1238,17MaX

UF UNKNOWNS &5SICTATED wITH ORIESTATION PRAAMETERS.

22

NUOVENT «Q

NUPRE=D

NUPDST=D

NCM = D

IF(NPRE2LGF,LL)GI TO §712
NUO=NUO- 3

WIPRE=1
IF(NPIST2.LT.11G0 TO 1714
NUd=NUO-3

NOPGST=2
IFINVENTZ.6F.1060 TO LTl
NUD=NUO- )

NOVENT = &
LELENDULY 112, 0734172

NJD = NUG-1

NUDPﬁtIyUDPﬂE-l

Flgure 20,--Contlnued

Lréd
27
328

1z2a

LR1}
132

333

47

348

If azimath-vlevation glven, ald n= tc plate

peint o ount.

Print point and star counts.

If mean arroT of unit welgnt glven for priblem,
set m=t. glven value.

Set lndicator to compute z bafore starting
raslaual eyole.

Frint numbter of lteraticns e2inimixy sulution will
te pestrizted tao in the preblem.

FEint numter of {terati_ns maximim s_laticn will
te restti~ted t- Iin the protlem.
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C COUNT MUMBER OF OBSERVAT[ONS ASSOCIATED MITH QRIEWTATION PARAMETEAS,

c
173 00 175 LlaT,la FTYY
TFLPOIT T1IL75,L75,174 387
174 NON = MOW ¢ 1 368
175  CONTINUE 369
NOMX = NOM re
DO 1752 lal.b 3T
TFCPOILUNILTS2,LTS2, 1751 kY F]
1751 NONX = NORK + 1 373
1782  CONTIMUE T
00 LT5% 1a15,22 375
IFIPOEE. 1201758, kT54,1753 376
1753 NOAX = MORX+1 T
1754 CONTINUE 378
Wl = (CAoPRESS)/SQRTITEMPE®I} 383 Compute weather constants for refraction
WFE = (T ¢ SQRTLTEMP} 384 function; We <8 A8 awe 7,
TaLl « TOLR ¢ Cb 38% Convert tc radians {refraction tolerance and
PHICS = ABS{CAMSTAIZIS®Cs ¢ CAMSTAL3I®CS o CAMSTACAISCS 388 Station cocrdimates).
JFICAMSTARLIILTB,1TG, 178 ar
LT8 PHICS = —PHICS 288
179 S(NPH| » SINIPHICS? 189
4

C CLEAR ARRAYS AND CYCLE IMDICATORS.

[
SIGRMAC = 0. 390 8igmm cycle indicator.
COSPNL = COSIPHIECS) 391
VLYIUR=0, 392
VLXSUN=O. 393
Plete residual sums
ELXSuM=0. 398
R 198 Plate messurement sums.
PLYCLE = 0, 396 Pre-run cycle indicator.
RCYCLE = Q. 3197 Refracticn computation cyele imdicator.
VCYCLE = Q. 398 Resisusl cycle indlcator.
AERES = Q. 399 Azimuth-Elevation cycle indicator.
RCC = Q. a00 Refraction ccefficlents computed cycle {ndicator.
TOUMET = Q. 401 Problem tolerance met 1ndicator.
¥l « Q. 402 Plate measurement pvv sum.
vZ » 0. 403 Star ccordlpate pvv sum.
¥y = Q. 404 OTlentation parameter pvv sum.
D0 1790 Jd=1,3 408
SuUMYiJ) = O. 406
1790 Sumysidi= 0. 407
CTil1 = Q. 408
PRIURL = Q. 409 Previcus level of residuals,
NDlY = 0 410 Number of divergent steps counter.
WPYS = 0 411 Number of abservaticns used fol star §.
ITCAT = 0 412 Nupber of iterations,
LStG = 1 %13
CCYCLE » Q. 414 Combined sclution cyele lndieator.
B DG 179y 1=1,26 4413
1791 OFLLO(L) = Q. : 418 Total coFrection vector, A, /86x/)
L7992 IFIRCCI180,180,287 . 418
160 DO 1802 I=l,.2b 419

Figure 20.--Continued (page 9 of 57)



78

DD 1801 J=1.28 ©20
1801 &NT14J) = 0. 421 Reduced Mormal Equation Matrix.
CR{EF = O, 422 Reduced Discrepancy Vector,
1802  DELOLI) = O, «23 Correcticn Vector,
IF{SIGMAC.EQ.1l.} GO YO 1810 &24
POSY¥X=0, k25
Sums of positive and negative plate
POSVYY=0. 426[ residuals,
AMEGYX=0. 27
ANEGYYa( . R28
1810 NL = O %429
NX = O 430 Observation counters.
NUX = 0 %3]
NUSED = O 432
ACYCLE » 0. 433 Azimuth-Elevation cyecle indicator.
AERES = 0. 434 Azimuth-Flevation residual cycle indicator.
DELLSG = O. 435 Sum of squared plate residuals,
SINPHT = SIN(OPAR{I2ZH) 436
COSPHT = COS¢QPAREZ2)) 437
Ja 1 438

C COMPUTE OIRECTIDN COSINES. COMPUTE ONE SET FOR EACH ORTEMTATION PRE.

C POST ANO EVENT.
4
0O EB03 P=1,3 439
SINALCT) = SINIOPARIJI] %40
COSALCI) = COStOPARIJIY 441
SINOMEL)} = SINCOPARGJ+1)) 442
COSOMI [} = COS{OPAR{J+11) 441
SINKALL) = SINIOPAR(J+2)) ah4
COSKA{ 1} = COSIOPARII+2Z)} ©45
Allsd0  =-COSALETYCOSKALII+STNALLTI®SINDHTI)#SINKALL] 446 4z -COSm COTN 4 Sie Tinew Sina
A(24Jd1  =—COSOMCEI4SINKALTY a4l B F-casw Sna
Al3¢d) = SINALUTI®COSKALI)+COSALT 1D*SINOMITI*SINKALLD 448 G ;S m COS M s COS & Sinw SinK
AllyJed) =—COSALUTI@SINKACTI=SINALL [ }9SFHOMIT3#COSKALL} 443 Ay s -Coda SINM - 3ine SRw COSK
AGZ,J+13 = COSOM{TI®COSKALLD 450 Ay 7 cosw cosx
Al3,J¢1) = SINALEDD®SINKATII-COSALCTI*SINDH(L IwCOSKALTY 451 (31 She SINK - (DS I COSH
AL, J¢2Z} = SINALIIISCOSOM{E} 452 D= Site COSw
Al2,Je¢2) = SINOM{I} 45y £ = ainw
A{3,0¢2) = COSALITI®COSOMITY 454 £ : CoSm (OS5
1803 J= J+3 455 e Past Lvent
¢ A, A,Déd, A D14 4 O
C COMPUTE ORIGIN OF DISTORTION CURVES. A |8 8 £ : 8 & fi 8 B8 £
c G G FiC G Fic & F
XS = OPAR{15)sOPAR{LY) 458 Xg = Ear dX
Y5 = OPARULS1¢DPARLLZ) ST Yy 2y rdy
181 TFIMPTSILB4.182,184 456) If First cbservation of star, clear arrays,
102 DO 1823 11,2 sss| BIR O, 12:2), BIR B, (2126} (8)88,)(B R 6, . 2,)
DO 1821 J=1,2 «60 | (26rz), B; B &4 (z1)).
1821 BKIPBXE1.J) = O. 461
D 1822 J=142& 462
THDO{1 .40 = 0. TS
ta2z FOURLI, I} = 0. Y
1823 EIGHTLIL = 0. 445
yl8 = 0 £2.1.

Flqure 20.--Continued (page 10 of 57)



IFLSIGHAC.EQ.1.) GD TO 1842 467
C

C READ DATA FDR OME STAR FAOM STORAGE. ADD 7O OBSERVATION AND UNKMOWN

C COuNT.
READ {13 NOST,ALPHASDELTAy I (PALPHAUT ¢ d) o d=l321,0=142) s NPTS,NCAT 469
IF(PALPHALL,11 184,184,182 470
183 NK = NX + 2 4Tl
NUX = NUX ¢ 2 472
C

C READ PLATE CODROIMATES FQR ONE OBSEAYATION OF STAR ALONG WITH WEIGHT,

C SIDEREAL TIME ANO ORIENTATION (PRE, POST, DR EYENT).
C
184 READ {1} WOPT ELNwELY 2 lCPLUT oY gd=le2)sln]o2)oSTIME,LASTPT NPP 4T3
IFIPALPHAIL LD 1L B42,1842,]841 4TS
C

C ADD TD DBSERVATION COUMT.
C

1841 NL = NLe2 475
C

C CO4RECT Lx MEAIUREMENT FOR NON-PERPEMDICULARITY,

c
1842 OTLAST = D, 17
Clear distortion tolerance check.
DALAST=0. 478
ELXSST = ELX ¢ ELYSOPARL10) IS TR Y R A
ELYSST = ELY 480
C

¢ COMPUTE AND CORRECT FOR DISTORATION AT LX AMD LY.

c

NCHNT = O 48t Clear distortion iteration counter.
185 02 = [ELXSST - K51482 + (ELYSST - vSisez w2 g s [F, -;,)'o oy - w)

MCNT = NCHT+1 483 Increment distortion iteration counter.
D& = D2en2 A84
Db = Déep2 485
DELRDI = OPAR{1T19DZ ¢ OPAR{L81¢04 + OPAR(19)®D6 w86 Ar/g + Kg rm &' v Kd0
DELTAT = OPAR[20)#D2 ¢ DPAR[ZL)eDA 48T Ar = K, 4" 4 A’,d‘»‘
OCOML = 2. LELXSST-XSI#42/02}+1. BB OCON ! = 2/4';;-4,')'/1"' 1
DCONZ = (2,®{ELYSST-¥S)#%2/D2Z}s1, 489 Ocons = iy -4) /L i
DCOW3 = (2.91ELXSST-X5)S{ELYSST-¥SIH/D2 490 pron Y- ?/&:-S,X&-»)/d_'.‘"
DY¥SIMP = DELTAT®{DLANISCOSPHT+OCONZSS [NPHT) 491 AYy = AY[DCONI cos gy + DCONE 3in @, )
DTCOSP = DELTAT#{OCONL*COSPHT +OLONISS [HPHT | 492 ATy « AT (DCON I cosp, + DCON S sing, }
ELXSST = ELX - DELRDI®{ELASST-XS) — DTCDSP 4 ELY4OPARLLOI 493 4: v —AR/(&(JL-I,)-AT; vy £
ELYSST = ELY - DELADI®{ELYSST-¥S)-DTSINP “%4 w by - OR/a, (B - 45)-ATy

c

€ CMECK DISTORVIDN ITERATION TDLERANCE.

<
IF{aRSiDELROLOSQRT ID2)-ORLASTI-TOLO)IL{ 681, L1861 ,1862 495 Check if radial distertion change is less ...~

1861 [FLABSIDELTAT-DTLASTI-TOLOY186,186,1862 498 Eﬁ:ziagge&ecentered iens distortion zhan

¢ less than tolerance.

€ SET LX ANO LY EQUAL TO OISTORTED OISTANCES &ND GO TO RECONPUTE

4 DISTDRYjON.

4

1882 DTLAST=DELTAT 497

 DRLAST=OELRDI#SQRT{DZ) 4948
TFLNCNT-5]185%.1863,1863 499 If more than 5 iterations, print point number

and continue probliem.

Flgure 20.--Continued (page || of 57)



80

1863 PRINT 1127,NOPT  OELAUDL,NDELTAT 500

186 [FIMPTS1193,.197,192 401 Check for first Jlservation of star.

€ FuUk ALL CBSFRVATIONS UF STAR J AFTER THE FER5T, AYPASS COMPUTAT]IN

< 1F APPROXIMATLIONS Tu ALP3A ANU LLTA.
[

Ia7 JFIPALPHACL 1¥ELRT, LT LRA $n7 Check star type.
[

€ IF 1 IR5Y CASEXVATIDN UF EYPE Th)) STaz, oyPASS CHHMPYTATIMN WF

€ APPROXIMATIONS YO ALPHA AWG DELTA. 5S¢l ALAHA STAR tGUAL TO GIVEY
€ aLmA AND GU YD 193,
c
"
183 AL>TAR = ALPHA 5Ny o - oo
Gu TG 193 504
1RG TE(MINSIL.EQL L. 0P KPP.EL. 3G To La9l 505 [f MINIMUM Solution, treat all unkrown itars
as PRE crientation.
1F (NPPLEQLZIGY TN Jau) <66
¢

C  CU4PUTe APPROXIMATICRS TO WIGHT ASCENSIUN AND UECLINATEUN FOH UNKYIWN

[ STER,
[
=1 50R
PRE star,
JJ o= 3 50%
GU TO 1993 S0
1R91 LI=7 521
EVENT star.
JJ=9 512
Lbd U 1393 513
1892 =4 514
POST star.
Jazt 215
[

C  COMPUTE 3TANDARD COORDINATFS USING APPROX[MATIUNWS TO URIENTATEIN

L FARAME TEAS,
4
1893 ELLXYIEI) = ECXYST-0PAR(L]) 516
ELLXYZUTeL) = {UPARELII/OPARCLud % ELYSST-IPART12]) 517
ELLXY[JJ) = UPAR(13) 518
LB94 DO 189% 1=1,3 519
SMALLOCL) = 0 520 U &:-t,)A. 'C‘/"y@:'yp)A, tee D
D0 1R85 3= 11,48 w21 v = (fe; - Xp )8, 4-’.‘;/:,(4:-”)3, Y
1895 SMALLOILT = SMALLUILI4ALT,JI®ELLEY(S) 520wl -xplC v Sy (B - yp )t G F
251 = SMALLIMII/SMALLUL3I 573 fy t U/
ETA = SMALLUIZ}/SMALLULY) 524 fa * v/ w
c

C COMPUFE ATMOSPHERGC REFRACTION AT XS] AND ETA.

[4
TANL = SORTIXSI®6Z «.plasaz) sas fang, (£l eqd) %
IR = ATANITANI) 524
BETA = ATAN{WF®TANZ) 527
TANB = SIN{HBET&A/Z,)/C1SIBETASZ s?9 fanAd :(’J""/f)tdn;.
IEFA = WCO(DPAR{ZIISTANS + DPAR{2e}#TANBS®3 » OPAR(ZGISTANBOSS + $29 ;-- Thw(T, tangs 17, tan tase v 1y lan /e
I LPAR(263WTANRS#T} 530 vy tan’are)
I0 = IR ¢ ZETA 530 g, s jar i
ELEV = [(C10/2.1-204/C4 532
COSLD = CCSH20) 533
SENZD = SINLZD} 534

Flgure 20,=-Continued (page 12 of 57}



C

[

C

C

<

C

L

s

<

C

[4

C

[

Tanr = 5 INZFLUSEN

LUMPUSE AZIMUTH,

L2y

L3z1

CALL ANLEE(ETA,XS51,A7)

42 = al ¢ £1C
ITHCAZ=Z,%0101 1921, 1722,162)
AL = 83 - 2.4C10

S1hal = SINLAZY

Cosaz = LnS(all

CHAPLTE winunl ASCONSEIN AW SELLl4aTluNe

1922

192>

L92s

1927

1923

STadL = CuSISINPRE = SINZ 16215\ T#7 14¢H]
TR THUEL =01 11922,19272, 1+ >

CALL ASINISINIEL 2 OELTAY

CUNOEL = CoSUIELTA]

wo T 1326

CUSUEL = SURTIL.-SINLLLPe2)

Ukl Ta = ATANISINDLL/COSIHL Y

ColH = COSZURENSPHL # LINZ *CI5A78STHPH]
Lud+ = SiNZieSINAL

CALL ANILECCIISH,COCH, PR 1}

aALvHA = STIwWE — HPH]
LELALPHA)L92T,1920,]1524

SLPHA = ALPHR & 2,¢(1"0

CilsHPR = (NSCPRL)

CURPULTE AN CORRECT Fur JlJRNAL Ad 2RATIUN,

SIIBPR = SiA(NPRI}
ALSTAN = ALPHA — {.328CCSPHIe heC JSHPR/CUSDEL)

CELTA = DELTA - (,42*CUSPHISLL®S PR eSINGEL)

CUMPUTE HUUR ANGLF.

193

ACD DIURNAL ABERRATIUN T4O RIGHT ASCENSICON &ND UDECL INATI1N.

HPRI = STIME - &LSTaAR
S5ENBPR = SIM(HPRY)
CISHPR = (COSIAPRLI
SINDEL = SINDJELTA)

CUSDEL = CUS{IELTA)

ALPRI = ALSVAR + {.32*C)S5PN]®CHELDSHPR/COSNEL )
DELAR] = DELTA + 1.328COSPHI*C6#S |NAPROSINDEL)
HPRT = STIME ~ ALPRI

SINHPR = SENCHPRI)

CUSHPR = CUSINPRI)

SINDEL = SINIDELPAILY

COSOEL = COSIDELPRIG

ZLAST = 0,

CUMPUTE 2EHITH WISTANCE .

535

LY

543

554

955

55h

557

558

963

%

5h%

Sb4

564

569

570

57t

572

Figure 20.--Contlnued {page

8 : 5in"'(¢os 3, 3:np - 5in3s COSA cosP)

cosé cosH' = €05 o COSp v $in 3, €05 A Sinp
cos§'simH’ = in g, sind
tanH' = cos & sin K’ Scos 8'cos o'

w' 2 87T,

W H

w®ot'- 32, cosp cOSH sS85’
&2 & - 320 cosp sinH’ siné’

w'sa® v 320 cospcosHsecd’

§ =64 J2p Codp 52 H S8’
M ST, -t

Ciear refraction tolerance chrch .
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Lo T T o B ]

COSZ = SUNDEL*SINPH] ¢ COSDELe(O3HPR®COSPHIE 513
SINZ = SQATIl. - COSIes2) 574
TANID = S)INI/COS52 5715
I = ATANITANZON 576

COMPUTE ATMOSPHERIC REFRACTION AT GIVEM ZENITH DISTANCE.

190 BETA = ATANINFSTARIO) 577
TANB = SIN(BETA/2.)/COS{BETA/2,} 378
ZETA = MCOIOPARLI2IISTANG ¢ OPARIZAISTANAS®] + OPAR(25)*TAND®ES o 519
1 OPAR{Z26)*TANB®sT) 580
20 = I - 1ETA 581

CHECK REFRACTION TOLERANCE.

TANIO = SINGLIC)/COSIIO) 582

DIR = ABS[IETA — ILAST) $83

IF{OZR-TOLZI192,192,19} 584
191 ILAST = IETA 585
IF YOULERAWCE HWOY MET GO TO RECOMPUTE REFRACTION WITH CORRECTED ZEWITH

DISTAMCE

GO TO 190 £y

ADD REFRACTIOQN CORRECTION TO RIGHT ASCENSLON AND DECL IRAT[ONW.

192 CD8Q = (SINPH] — SINDEL®COSZI}/ICOSDEL®S{NZI 587
SIMQ = SINHPR *COSPHI/SINZ 588
SIMOEL = SIRIDELPAJISCOSI{ZETA) + COSHDELPRI)I®SINLZETA)OCDIQ 389
COSDEL = SQRUIN,~SINDEL¥®2) 190
DELPRE = ATANISINDEL/COSDEL) 591
STNOLM = SINQASIMIZETA) /COSDEL 592
CALL ASIN{SINOLM,DELH) 593
HeAR = HWPAE - OELH 594
IFIPCYCLENL94, 194,197 398

198 [F(RCYCLENLI®5,195,197 596

195 IFITOLRMETPLOT, 19T, 19 397

LF PROBLEM 1FERATIDM TOLERANCE HAS BEEN MET, STORE COMPUTED DATA ON
DISK FDA LATER USE IN COMPUTING V¥S.

196 WRITEUZ) ELXGELY o UiPLIT4Jd)sd=2a2}b4l=0,2) NOPT,ELXSST(ELYSSTDTSING 598
1:0OTCOSP,HBAR,DELPRE ,DELRDL ,NPP4STIME $59

CONYERT AIGHT ASCEWSIOM AND CECLIMATION FO SFANDARD CODARO[MATES.

197 SIHHFR = SINIHBAR) &0t
COSHPR = COSUHAAR) 502
COSI0 = SIWDEL®SINPHE ¢ COSDEL®COSHPR*COSPH] 603
EVA = —COSDEL*SINHPR/LOSLID 404
XS0 = tCOSPHI®SINDEL — SIMPHI®COSDEL®CDSHPRI/JCOSLIOD sDS
ETAXS0{1) = x5t &08

Flgure 20.--Continued (page

coszr = Sind'sing »cosd'cos H'cosp
%
sing «(1-cos?z}?

ftanz » Sint fcos z

/an,d-{'r'/’/r) fan s

ST AW(T, Land e v 1, tan8/e 2T, tan 077
» 7, tan 82 )

z*=2-¢

o fas £ fol ¢ 7
bo = faur

cosg » (sinp - siné'cog 8}/ cos & sinx
sinq = (8in H'cosp)/sinx

3ind, * sind'cosg, v corb'aing, cosg
cosd, (/- n‘n'd’,)"

gin AH 2 (3ing sin fy ) feos &

He s M -DH
Check for PRE-RUN cycie.
Check for RCFRACTION computation cycle.

Check if problem tolerance has been met.

cos z, = 376 sinp + 03 6, Cos M, cosg
9 *(-cos 4, sinA.) /cosx,
A (cosg sind, - Jnp Cosd, cosh, } /cos 3,

t4 of S57)



C

ETAXSU(2) = EFA

ETAXSIE3) = 1.

C COMPUTE DISCREPANCY VECTOR.

c
198

1981

1982

1983

1984

199

20

o

202
2023
c

IF{RINSOL.EQ.L.OR.NPP.EQ.3) GO TO 1981

IF{nPP.EQ.2} GO TO 1982

It =t

J4J = 3

GO TO 1983

=1

$d =2 9

GO TQ (983

Il = 4

41 = 6

00 198¢ J=il,HJ

SMALLMLY) = 0.

00 1984 1=1,3

SMALLMIJ} = SMALLR(JI+ACE  JI®ETAXSILI)

XI = OPAR{L3VOSNALLAMLITI/SMALLM{ 5] +OPAR( L1 +DELRDICLELXSST=XS5)+DT
LCOSP—ELY®DPARLLD)

¥YI = OPAR{L4)OSHMALLMS FU+1)/SHALLMLJS) *DPARG12)+DELRDIS(ELYSST-YVS)+
10TSINP

DIFFERENCE BETWEEW MEASURED AND COMPUTED PLATE COOROINATES

DELLILY = ELX - X1

DELLt2) = ELY - ¥IT

Al ELEVY RESIDUAL CYCLE, GO TD AQDD UASERVATION TO PVY SUM,

TFEAERESI199,199,3LT

IN PRE-RYN CYCLE: GD TO NWRITE STATISVICAL DATA.

IFtACYCLEN 200,200,303

IN V-CYCLE, GO TO SUM PYY AND PRINT STATISTICAL OATA.

IFLVYCYCLE}202,202, 302

(F(PALPHA{IL,1012022,2022,2022

DELLSQ = DELLSU * DELLG1I##2 ¢ DELLL21I%%2

€ COMPUTE AUXILIARIES FOR CASERVATION EQUAT [ONS.

C
2022
[
[ 5]
C
4

CIRONE » (X1 - DPAR{LL)}I/OPARILY)
CIATWO = (Y] — OPARANLL)I/OPARLLA)
LIRTHR = CIRODNE®ALL,JJ1-AE1,I1)
CIRFOR = CIRONE®AL2,4Ji~al2,11)
CIRSIX = CIRTWO®ALL JJd-ALLE,L1+1)
CIRSEY = CIRTWORA{Z,dd)-AL2, 1141}

CIRNIN = CIRFWQ®A{Z, 1 1)-CIRONE®AL2,LL+1}

HPUTE COEFFICIEWYS FOR OBSERVATION EQUATION MATRIX FOR ALPHA THRU

cr.

60T
508

610

513
614
555
616

617

619
420
b2t
a2
623
624
&2%
b2
627
628
629
620

631

a3z

a3
634

435

437
&38
639

440

Figure 20,--Continued {page

If KINIKUM soclution, treat all stars
as PRE orientation,

612
PRE star

} EVENT star.

[2Y:)
POST star.

m g A en B oG

n f, A e 84

¢ <§0 kv F

& ffamsg)exp)f148R/&)]- 2, (aR8.)] » 4Ty
_4h‘[

% [lanrg) sy Jlr +ar /8 ]- [ (0R 10 )]+ %

afy - by -x
Ay By -

Check for AZIMUTH-~ELEYATIOR computation
cycle,

Check for PRE-RUR cycle.

Check for v-cycle.

If known star, add to sum of sguared residuals,

an rafyl - yar’

@ =l 20/
@ (o e
@ :Qo-4,
©®© - ©e-p
(:) : (:) o- 4,
@:@¢-8a
®:=@s- @5,

15 ot 57)

83



2021

203

204

1€

00 2021 I=1,2
00 2021 J=L.2&

B0(I+J) = O.
800114011 = —QPAR{LI)«{CIRONE®CIAMEIN + CIRSEV)
BOLL,1lel) = QPAR(13)V@({1.+CIRONE**2)05SINKA(APP}~CTRONEPCIRTNO®COS
LKAINPPIY

042,11+l ) = -OPARLLA)* (L, 4+C[RTWO#®2)}elOSKAINPP|~CI[RONE*CIRTWORS]

1MKALNPP I
BO{1l.441 = —OPAR{ID}OLIRTND
BO11¢10)} = —ELY

8041viL) = 1.
BOlI+13) = CIAONRE
BOL2, 111 = —OPAR{14F®{CIRTNO®CIRNTIN ~ CIAFDR}
80124401 = OPARIL&}SCIRONE
BO(2,12) = 1.
TF1IND( 1) 1204,203,204
BOM2,14) = CIATHWO

GO TO 205

B012513) = CIATwWO

[N AIIMUTH-ELEVATION LYCLE,

GO TO FORM OBSERVATION EQUATIONM MATRIX

205 IF{ACYCLE 207,207,206
206 N=H+2

RO 2081 I=1,26

00 2061 J=k.2
2061 B0AUXIT, ) « 0.

GO TO 217

COMPUTE COEFFILIENTS FDR OBSERVATION EQUATIDN MATRIX FOR DELTA X

201

2071

THRU PHI-T.

ELARS = ELXSST-XS

ELYYS = ELYSS§T-v3

0X = —OPARCEIN/SRMALLNIJJISCIRTHR
EX = —OPARS13)/SHMALLMIJSIECIRFOR
DY = —OPAR{LA|/SAALLM{JJIPCIRSEX
EY = -—QPAR(LA}/SMALLACJIIPLERSEY

IFININSOL}202,20TL,212

PARDT = 2.¢0PARI20)¢4& . *OPAR{21}eD2

PARDR = 2. 00PAR{LT)+4 ,POPAR(LAI®D2+H.20PARILIIa0A

BO[L+ 151 =-DELROL=ELXXS50820PARDR-EL XXSOPAADTOSCOSPHT ~4, SELXXS®(DPARE
L20) 042, SELNASOS2+ELYYS942 1 #0PART211)OCOSPHT-2 9 ELYYSOIOPART20)+ (EL
2XNSOR2+D, PELYYS#S2 ) e0PARI2L) V#SINPHT

BO(2e15) = —ELXRSH(ELYYSEPARDR+PAADY RS IMPHT -2 . ®ELYYS®{{OPAR(2D)+
1U3, ELEXSOS24ELYYS*92 J00PAR(Z1}ISCOSPHT + 2. *ELYYSSOPARL 211 #SINPRT)
BO{Led6) » —ELYYS®|ELKXSUPARORSPARDTOCOSPHRT -2 SELXKS®{ [OPARL20 1+
LOELNRSSn2 43 SELYVSON2 ) R0PARI2]) I 85 IMPHT+ 2. SEL XASSELYYSOOPARI 21} ®
2C03PHTI

BOL2,18) = —DELRDI-ELYYS#82ePARDR-ELYYSOPARDTESINPHT -2 #ELXXS?
1{OPAR{20) $(ELXXSOH293 ,SELYYS 902 ) e0PART 21 ) 1 *COSPHT -4 . SELYYSOIDPAR(2Z
20194 ELXNSOS2+2 SELYYS#92Z)P0PARIZ L) ) #SINPHT

BOCL,LL) = BOCL,0L)+BOIL,15)

BO{2,12) =~ BO(2,121¢R012,16)

444

6485

450
651
632
653

455
556
557

558

b0
561
bb2

LT
L1T-1)

665

&84
685
688
687
LY:1:)

589

Flgure 20.-~Continued (page

Clear array B, (@1£6)
-G (@@'@}
e f(1+@') sinu - (D@ cos x)

s-ggf(1@ Jeosxe - D@D x]

8o A, -
8, -

€ =-6d

Y -4y,

Hy » 7/

G Q@

4y -5(@Q®- @
& a@®@

Iy » 1

S o

Check if Cx equals Cy in solution
By & =@

If G set g: T, T G Pey ser 4:: p

¥

Check if AZTHMUTH-ELEVATION computation cycle

Add 2 to observation count

rIear array 55'8 26:7)

dy 'll: ~ds

L 'Iy: ]

By 0 (a/g)D vk

By & fasp) @ M

By By /)@ <

By, Ly +leg/P)D -k

Check for MINIMUM solution

0, « 2K, e 4K, 0"

O, » IK + i, 64,

Bop R =-(aR/L)- "D -0 by cosg, -4an]A,
fzal ¢ 4')}(,} cos g ~2dy [X, a(d:4Jd,'/l,JJin¢,

B+ ooyl 4 .u'nn)-lu,[{ﬁ’, + {,Jd,'od,']l,)
cosp. v 2dy My J'infr]

Ox =Gy lh D+ B cosp, ) 20x [(Ke» {05 + 304" ) )
g, *2drdy Ay :ug]

Toge

Bosy

O *-(eR/G)- &' 0, -dy Oy cos g, -2 ¥,
ol e 3oy W] g - d oy [K, o (o' 205 1K ) sin g,

Eb‘, Hy =/ v R
Boy, Ty /vy
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L

C

4
C
C

BOEL,12) = 0,160

BUd 2,111 = BD(2.15!

B0 L. 1TE = D2ZoppLXKS

BUEZ2,iT1) = O2SELYYS

HULLelB) = D&®ELXXS

BIL2418] = D4%ELYYS

BI11el9) = DOAELENS

BD(2¢19) = DhOELYYS

804120 = U2OLOSPHT+Z I ELXXS#428CUSPHFeELXXSUELYYSRSINPHT)

B0 (24203 = D2eSIMAHT &2, ¢ ELYYSEs 205 [NPAT+r LIXSOELYVYSSCOSPHT)

B 1,210 = DeSCUSPHT#2,%02% | EL1ASA@ 24 JSPHT#EL XXSH*ELYYSESINPHTY
ROL2321) = D&aoSINPHT #2.9D 7 ELYY SO 20 S INPHY+EL XXSCELYYSOCOSPHT}
BUEL,22)1==SINPHT&JUPAR({20)¥D2+IPAT( 211 8DG)+ |2, ¥DELTAT/D2)R¢ELXNSOE
JILYYSSCOSPHT-ELXXSS®235INPHT )

HO42¢22)1=2C0SPAT S [IPAR{2UD2+ IPARI211%D4 )+ [ 2. vJELTAT/DZ 18 LELYYSHE2
ISCIGPHT—ELXXS®ELYYSOSINPHT )

TFCERMETI212,212420R

204 TF(RCYCLENZ209,209,210
207 TFERCLCIZIZ24 2124210
2Ln LFAPALPHALL 1)) 202,212,211

FUK TYPE 2 PUINES IN REFHACTLION CYCLE AND IN V-CYCLE AFTER COMPUTING
CORPHECTI0ONS TU AEFRACTLON COEFFICIENTS, COMPUTE CDEFFICIENTS FOR

TADS IN NBSEAVATIDN EWUATLONS.

211 TANZD = SQKT(ETA®42 « xS51ww})

IN = ETARLL,/FANID + TANZD}
IE = XS1el1./TANLD « TANIO)
DAEX = —AWCOIDX®ZE ¢ EX®IN)
DYEY = -wWCoi0OYSI{ ¢ EYOIN)

BOC1,23) = OXELSTANA

BO12+23) = DYLYSTANS

HO{ 1,24} = DAEXC®TANRE®]

HUI2,24F = DYLY®TANHE®)
BGI1,25) = DXEXeTANA®SS
g012,25%% 2 DYEYHTAN]weS
RO(l428) = DXFXSTANB®#7

B012,28) = OYEYSTANBee?

CURPUYTE COEFFICIENTS FOR ALPHA AND DLLTA AND FORM RX MATRIX.

212 24 = SINOEL/CUSID

Be

COSPHI/ZLDSI0®s2 — NSleaa

(219 CUSHPR/LOSINve?

UD = SINPH]®SINHPR/LOSZOSS2
BXx01y1) = DXSETA®AA « EX®HA
BY{le2) = DROCC + EXS00
BX12.,1% = DYSETA®AA + [Y®AR

BX{242) = DYBCC & EYS0D

FURM AND ACCUMULATE NORMAL EQUATEONS.

LBO 2122 E=L.2

00 2121 »=1,26

700
101
T02
T0%
T0%
705

706

708
109

TiO

711
72
T3
T4
TiS
76
nr
118
T8
120
121
122

721

T24
25
128
127
128
729
30

7131

113

T34

85

ﬂo‘. L&

o, My: A

B, My :ha]

Loy, My tyd’

B, My ced)

B, My coyd]

&, O ~aa’

Boy, Oy vy’

Bo,, Ry =9 cosg s2(0) cosg echay smg)

Boy, Ry » ol sing, e2fdy'sing, + oy cosg)

Boy, S = & cosg 20l (o cosg o Or gy 3 @)

Boy, Sy = &’ sing, s2a’ (@) ung, + dedy cosg)

8o, T t-Smg M, a’s 54 )02 (K i ooy cosdh -
a4 sing, )

Boy Ty * 3R (Med’s k") 1 20Ky r Ko Notycos g -
&y sing, )

Check if Problem Tolerance has been met.

Check For PEFRACTION computation cycle.

Check if corrections to refraction coefficient

have been computed

Check for point type. If type 2, compute
Refraction correction coefficients,

fanz, 5 f35 9) &

Z: g {(//m T ptonz,)

& ot [t1rtenz)rtans,]
oxex = -THWILZ e K- 2y )
orey «-THwiy 7 v Ay Zy)

8o Vi x0ILX tond

A
B, Wy rOVEY-lan g
for, Wy +OYEX tan’s

)
Boy Wy OYEY fan Y

X s DxEX-ton
8y, Ay “DYEY-lan s
8oy, Yo TOREX-lan'8
By, Wy <OYEY-lan's

Ak =s5nd, /eose,

88 = fcasp Jeos s, ] - - Aa

¢ =fcos W'/ cos's, )

00 = sing sin i’ feos 'z,

Br., Jeo * Sop-AA + Kp- B8
By Hzy = J2-CC * Ke-0D
Byy e =y g AA + Ay -8B
By, My, vy LC e Ay-00

Fiqure 20.--Contlnued (page |7 of 57)



86

2121 BOAUXt S, 17 = 0.
DO 2172 s=1s2
2122 BXAUX[) 4} = 0.
D0 213 I=1.2
030 213 a=1.,2
DO 213 K=1.2
213 BRAUXI[+K} = AXKAUXIL,K]1 + BALJ, ] ePLLJ,K)
Do 2le 1=1,2
00 216 J=1.2
DO 2)1e K=1,2
2ta BXTPAXLL K1 = BATPBX{I,KI + BXAUX(T,J)eBX(J,K}

DO 219 L=1+28

215 THOCT.L) = TWOdL, L) & dxauxii.Jiea0ld.0)
2le EICHTIT L = EIGHTLE) » AXAuX{[,JVeDELLIJ}
217 DO 218 1=1,26

DO 218 J=1,2
00 21B K=l.2
21y BOAUKL 4k} = BOAUXIT.K] » BOCF.[3OPLIJS, K]
DO 220 [=1,26&
00 220 Jd=ls2
L0 219 K=]l.26
219 RN[J¢K) = RN(J,K} ¢ BOAUX{I,)¥®BO{J,K)
224 CMEI) = LN{E} + BOAUX{[,J)®DELLEJ)
[FIACYCLE}221,2214234%

221 MPTS = MPTS + 1

IF MOT {AST OBSERVATIDN OF STAR J, HETURN TO READ PLATE COORDIKATES

FOR NEXT OBSERVATION.

IFINPTS-MPTS1222.222,418%

WHEN ALL UBSERVATIDNS DF STAR J HAYE BFEN ACCUMULATED, ADD ALPHA

-DELTA WEIGHT MATRIX TD ACCUMULATED BXK MATRLX ANC INVERT.

222 DO 223 J=1.2
00 221 J=1.2
223 BXTPBXi1¢J) = BXTPBX([,d) * PALPHAILI,J)
DETHE » BXTPRX{L,1)*BXTPEX(2,2) — BRTPBX{1,21#BXTPBX{2Z,1)
IFLABS(DETE}I-1.E-30D)224,225,225
224 PRINT 110&,NQST
GO TO 384
225 ONEtl.1) = BXTPBKI2421/DETH
ONEtYl,2) = -BETPAX(1,2)/0ETB
ONE42,L] = —BXTPBX[2,1)/DETB
ONE{2.:21 = BXTPBX{l,1)/0ETB
NUSED = MNUSED + 1

EF{RCYCLEN226,226422T

IF PROBLEM TOLERANCE HAS BEEN MET | [Iw v-CYCLEJ, GO YO COMPUTE VS FNR

ALPHA AND OELTA.

226 [FUTOLMET)22T7.227+294

IF PROBLEM TULERANCE HAS WNOT BEEN RMET UK 1IN REFRACTION CYCLE.

REOUCE

135

TIT
738
739
740
741
T42

143

754
155
584

15

~

758

1ss

160

T62
Ted
Toq
165
T86
767
T48

769

T

iz

~

7

774

Figure 20,--Continued (page

Clear arrays ﬂ,,'e (2612), ﬂ,rg (Z2x2)

o 8],

[a’g 8] — [s875a, ]'

t:[a/88) —. [18/%8,)
(e} :[8, & af), — (18,7 ad]

r r
weelgel, - 18lga
.
2:(8/gaf], —. 58 par
Check for AZIMUTH-ELEVATION computatizrn cycle.

Add 1 to obessrvation count

Check for last cbservation of star.

[f 5;5 ’1]’ T

TE singular matrix, print error message.

ooz ), a

Add 1 to point count.

Check for REFRACTION computation cycle.

Check If problen telerance has been oer.
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[ NORMAL EWUATIDN SYSTEM BY ELIMINATING STAR J,

[
227 U0 22R 121,26 176
OV 228 J=i,2 T
DU 22R K=l,2 178
223 FUUR(§,K) = FOURIT.K] ¢ TWOIJ,[HODNE{J, K] 1R 4y - 2) ()
DO 230 121,24 780
00 230 J=i.2 781
BN 229 K=Ll426 TR?
229 AN{Tek) = ANLT oK) = FUOUR{[,J)*TwO(J,x) 83 (4)(2) - M
230 CNE1) 2 CHEDE - FOURELLJISETGHTIY) 78« {4)-(a) - £
MPTS = Q 785 Clear observartion counter,
REwIND 2 786 Rewind point dara storage tape or 1isk.
C
C IF NOT LAST STAR aND PROHLEM §5 A HAXEMUM SOLUTION, GO D READ JAT&
C ARO FIXST DYSERVATINN FUR NEXT STaz.
C
TF{LASTPT 233,231,233 787 Check for last star in problem.
[

£ IF %UT LAST STAR AND PRUBLEM [5 A MINEMUM SOLUTEON , CHECKX DEGREES OF

C FRECDOM FOR UNIQUE CASE. WHEM MET, L0 10 AQD PO TU HORMALS.
[ BY—PASS AZ[MUTH-FLEYATIOY CUMPUTATION,
c
231 IFtMINSUL)IB2,182,232 788 Check for MINIMUM solution.
222 IFINUSEL—ENULB D) EB2,2331,2331 789 Check if all points used,as set for protblem.
[

C CuMPUlE DEGREES OF FREEDCM FOR PRUBLEM,

C
2331 N = NUM ¢ WL + NX 9L A, ey e 0
KUz NUUPRE +NUX 192 Uy Yo, lUr
Lo TO 234 793
¢33 M = KWOMX ¢ NL + NX T A, rn e my
NU = NUD + NUX RS Y ru, ol
234 IFCN-NUIZ35,240,239 796 Check for unique case,
4
C  KNOT SUFFICIENT DATA, GO T CHECK FOR ADDITIONAL AZIMUTH ELEY. DATA.
c
235 (FLACYCLE)236,236,238 798 Check for AZTHUTH-ELEVATION computation cycle,
236 LFIMINSDL)Z37,237,238 1%% Check for MINIMUH soclution.
237 IFITINUL2) 246,238,246 800 Check if AZTHMUTH-ELEVATION data given.
238& PRINT 1105 801 Print heading for AZIMUTH-ELEVATION cata,
GU TD 3B4 802 Co to compute standard coordinates for
c ATTMUTH-ELEVATICN data,

C AUEQUATE AMOUNT OF OATA FOR SGLUTIOM,

c
239 DUF = A — NU 804 Compute degrees of freedom.
NDF = DOF + L.é-10 805 )

SUML = SQRFIGELLSQ/DLF) 808 )'_l=[5(41:v41;,}/r1‘u]4

[ VAP 23 807
c

€ UNIQUE SULUTION, SET DEGREES CF FREEODM EQUAL TO ONE.
c
. Mk
240 SUML = SORTIDELLSQS 808 52 - [Slak v o]
261 1FIACYCLE 12621242, 246 809 Check for AZTIMUTH-ELEVATION cycle.

Flgure 20.--Continued {page |9 of 57)



88

242 IFIMINSOL) 243,243,240
243 LFIINDI2)1244,24¢8,264
c
€ CAMERA AT IMUTH A%O ELEVATIQON GIYEN, START A& CYCLE.
[4
FATY ELX & FLX
ELY = FLY
ELXSST = ELX « ELYS*UPAR]|LO)
ELY¥SST = ELY
o 2e% t*l,2
DO 245 J=l.2
PLEY PLIT,JY = FRPLILW D)
DELHUL = 0.
DISINP = Q.
DICUSP = O,
ACTYCLE = L.
XSl = -CITE » COSA
ETA = -CUTE & SINA
NL x ML o+ 2
GC TO t9A

246 [FOITCHTIZB24240,4262

[4 LF FIAST | TERATION, GU TU SIHVE MORMALS.

247 NDF = & - MU

PRSURL = SuML

N
*
w

IFCMINSQL F249,259.2%0

249 PRINT 1040
PHENT 1041 ,MORK, WU, NX NUK ML g Ny NU ¢ NOF , SUML
GU TO 291

250 PRINT 039

PRINT 1041,M)M RUOPRE (NX,NUX,NL , NyNU,NDF , SUML

C AUD ORIENTATEAN WEIGHT MATR(X TC NOAMALS.

251 D0 2%4 L=l,26
0O 252 ssl.206
RNAGed) & ANLL,JY + PULT,J
252 RNINV(1¢d] = ANCL,J)
TFCHNAY, 110 2%4,253,254
253 ANINY(L.1) = [.E970
254 CONMTINUE
4
€ IMYERT NORMAL EQUATION Maluix.
c
DET = 1.0
DO 2548 K=l,248
ELMT = WNINV(K,K)
DET = OEVOELM!
TFLELMTI2542,2541,2542
254% PRINT 1100
GO O A4
2542 RNENVIN,RE = 1,

DO 2543 J=l,26

Ala

a1l

a13

4

1%

Ala

ni?

ale

419

LIl

921

4z

974

azs

LV

827

428

935

936

837

as1

A33

B54

Check if MINTHUM soclution,

Check If AZIMUTH-FLEVATION data piven.

Ly 4y
£,y
[:‘ Ty 1 dy, €

N
x

flear fistortion an set ATTMUTH-TLEYATICA
vyele indicarar,

;“ «-col & cosA

e * -Col £ JinA

Ald 2 to plate ohservation count.

Check for First iterstion.

Comprute degrees of fresdom.

Ly, 2o
(heck for MINTMUM solution

Print HAXTNUM SOLUTION.

Print number of observationa and unknowns
orientation parameters, stars, and plarte.
Print Jegrees ~f frecilom and level f
rraiduals.

Print MINIMUSM SCLUTICN.
Print number of alservations ani unbnowns
orientation parameters, stars, anl plate.

frint legrees of freedom and lewel
residuals.

g-w

thee ¥ for zere on iiagnnal.

If zer®, -hange t2 large number.

If matrix is singular. print error message
ant go to terminate pr.tlem.

Figure 20.--Continued (page 20 of 57)
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[4

€ ADJUST ODLSCREPANCY VECTCR FO4 OLFFERENCES BETWEEN

2563

2344

2543
2546

RNINVIKyJ b 3 RNINVIK, J)FELAT

DD 2546 [=1,26

IFSI=K)Z544&,2586,2544

ELMT = RNINVII, K}

RNINV(I K} = D.

0D 2545 J=1,26

RHINVIL,J) = RMINVID, JI-ELMTORNINVIN,J)

CONTINUE

€ WEIGHTED GIVEN PARAMETERS.

c

G

256

257

00 257 (=1,206
00 257 J=l,26

CHULY = CHLl) = POIT JIODELLDLJY

C COMPUTE CORRECTIOM VECTOR,

G

G

2570

238
2%9

2941

00 259 1=1,28
DO 2358 J=l.28
OELOS I} = DELO(L) ¢ RNINVIC:J)eCH(J}
DELLO(I) = DELLOLL) + DELDIID
00 2941 =126
SAVECNLL) = CNLI}
SAVEDLUI) = DELO(I]

Do 2591 1=1,22

C ADD CORAECTION VECTOR TD GIVEM DRIENTATION PARAMETERS.

c

[al

c

2591

2892
2593

260

26

[

=

282
263

OPAR({) = DPARCI) + DELO(1}
IFIOPARE22) .GTLI2.%CICHIOPARLIZ2) » OFARI22)-2.%CI10
{F{MINSOL,.EQ.O} GD YO 2593
00 2392 1-1.3

QPAR(1) o OPAR (1+6}

OFARII+3) = OPARILY}

ITCNT = ITCHNT + 1
[FUINDILY 260,201,250
OPARL14} = OPARILY)

REWIND 1

TO STARY MEXT ITERATION,

GO TO 1792

REFRACTION CYCLE, PRINT STATISTICS ANO GO TO START w-CYCLE.
IFIACYCLE ) 264,264,256

RCC = &,

PRINT 1041 ¢ NOMXoNUD NX,NUX, NL N, NU,MOF » SUML

PRINT 1050

LINCHT = |

G0 TD 251

C CHECK FOR ITERATION STODP.

Figure 20.--Contlnued

APPROXIMATICNS AND

855
858
857
Bs8
BS9
860
13

862

LLE]
864

aas

a6s
as?
[1.1:]
1.1
870
871
872
a73

874
ars
a%e
ary
8T8
ars
aso
8gl
682
883

R4

ass
as?
L1}
989
a90
891

{page

-gat, — 4

40:=N"2
40 — af,

L] L4
o -0+ 40
Restrict $totan

Check for MINIMUM sclution.

Add 1 to iteration count.

If gs¢y, 80t corrected & equal tody,

Rewind observation data tape.

Check for RLFRACTION computation cycle.

Set "Refraction coefficient corrections
computed”™ indicarer.

Print number of observations and unknowns for
orientation parameters, stars, and plate.
Print degrees of freedom and level of
residuals.

Print heading STAR AND PLATE COORDBINATE DATA.

Set line counter and go to start V-cycle.

2t of 57}
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90

C
264 PRINT 1045, 5UML 892 Print level of residuals for current iteration
OSUML = PRSUML — SUML 89y AXL = 1F, - Jt,.;
PASUML = SUML 894
IF(DSUMLI 265,271,271 896 Check for divergence.
265 NDIV = NDIY + 1 897 Add 1 to divergence count.
IFLNDIV-41 271,268,200 B98 rheck for 4 divergent steps.
266 PRINT 1047 899 Print FOUR DIVERGENT STEPS OCCURRED.
LF{MINSOL } 268,268,284 900 Check For MINIMUM solution.
268 IFCINDCS) 1269,206,269 90k Check for REFRACTION solution.
269 INDi{S) = 0O 902 (lear RETRACTION sclution indicator.
PRINT 1049 903 print REFRACTION SOLUTION ELIHMINATED FFR-iH
PROBLEN.
GO TO 286 904 —————
271 IF(ABS(DSUMLI-TOLPI2T72,272,274 905 Check if problem tolerance met.
212 PRIMT 1048 904 Print ITERATION RESULTS DIFFER HY LESS THAN
TOLERANCE SEITING.
IF(MIMSOL)2T2,279,284 907 Theck for BINTHUH sclution.
?T4 [FOMEINSOLIZ2TT (277,275 908 Check for MINIMUM sclution.
275 IFCITHIN-LTCNT 27642764251 909 Check number cf iterations against number set.
216 PRINT 10%6,1THIN 910 Print XX ITERATIONS COMPLETEC.
G0 TQ 284 Ll
277 (FLITHAX-IT(NT)27B,278,251 912 Check number of iterations against nimber set.
278 PRINT 1046, [THAX 913 Print XX ITERATIONS COMPLETED.
279 1F{IND{5)12B9,2B64289 %1% Check For PEFRACTION solution.
c

C IVERATIONS STOPPEDs MINLIHUM SOLUTION, STORE DET. AND RETURN TO START

[ MAX[MUM SOLUTJOM WITH NEW APPROXIMATIONS TD DRIENTATION PARAMETERS.
C
28% DETMIN = QET 916
IFCINDETI ) 2861 ,2085,2861 917 Check for PRE-RUN.
285 MIMSOL = O 918 Clear MINIHUM SOLUTION indicator.
ITCNT = D St9 Clear iteration counter.
NDi¥Y = 0 920 Clear divergence counter.
PRSUML = Q, 921 Clear residual level.
GQ YO 261 922 Go to start MAXTHUM SOLUTION.
<

C ITERATIONS STOPPED, MAXIMUM SOLUTION, MO REFRACTION COMPUTATION,

C RETYRN TO START v-CYCLE.
c
286 DETmAX = DET 923
2861l TOUMEY = 1. 924 Set tolerance met indicator.
PRINKT LD%0 925 Print heading STAR_AND PLATE COORDINATE IATA.
LINCNY = I 926 Set line counter.
GO 10 2931 927 Go to start V-cycle.
C

C REFRACTION CYCLE COMPLETE, ADD CORRECTLIONS TO TAUS AND GO T3 START

[ ¥-CYCLE-
C
287 DETMAX = QET 528
00 288 1=223,2s 929
208 DPARIL) = QPAR(L) + DELOLL} LI PR ARY'T /)
ACYCLE = O, 93l Clear RETRACTION cyecle indicator.
G0 TR 180 932 Go to start V-cycle.
C

9 IFTERATIONS STAOPPEDQ, MAXIMUM SOLUTION wilTH REFRACYIUN CCORRECTIOMS,

Figure 20.--Continued (page 22 of 57)



c €0 T0 STAAT AEFRACTION CYCLE.

289 TOLMET = 1.
PRINT 1112
290 RCYCLE = 1.
D0 2901 (=1.28
SAVECNI1) = CHlL»
2901 SAVEOLLL) » DELDRER
MUO = NUO ¢ &
D0 292 I=l:4
IEITPOLT 1002924292291
91 HOMX = NORK ¢ 1
292 CONT INUE
<
C MOVE AEFAACT IOM COEFFICIENTS WEILHTS TO PO MATAIX.

c
DO 293 I=l,*
00 293 J=1,4
293 PDIEe22,4+22) = TPOI1,4J.
2931 1FCInNDIAN32932,2932,2933
2932 RCOAP = )
RPCOMP = )
2933 TFLINDI3)I2934,29M4,261
2934 MCOMP = }
MComP = |
GO 7D 281
c

C STVARY COMPUTATION OF RESIDUALS {v=CYCLE).
<
294 VCYOLE = .
BpyS = 0
OELX{1) = Q.
OELXI2) = O,
DO 293 1=i,2
c
G COMPUTE DELTA-X VECTOR (CORRECTEIONS OR ¥5 FOR STARSH.
<
00 219% J=l.2
29% QELK{I) = OELREIZ) & DHELE.JIWEIGHT LS
REWIND 2
IFCLINCHT LY. 55.DR.SIGMAC.EQ. L.} &0 TO 2961
29b PRINT 1033
LEMCNT = 2
2961 [FINCOMP}Z9T,297,301
297 IFIPALPHALL,11)299,299,2Y8
298 KAST = DELXIL)/CD
RASA = DELXL1D/CO
OECSA = DELX{2)/CH
LF{NSCONP )2982,2981,2982
2962 ALPHME = (ERRPR/SQRTUIPALPHARL,131)/C6
DECME = {EMRPRA/SQRTIPALFHAL2,2)}1/Cs
c
C PRINY SVAR DATA.
c

96
935
L1

937

939
940
941
942

P43

943

LT ]

L1Y ]
49
950
951
952
9353

954

95
957
9358
%9

90

sl
62
263

964

69
70
971
872
9Ty

974

Flgure 20,--Contlinued (page

Set tolerance met Indicator.
Print RETRACTIQN SOLUTION.

Set REFRACTICN cycle indicator.

Add to observation ceunt for each refraction
coefficient with finite weight.

Set mean erro:r cycle indicator if plate
coordinates have individual weights.

Set mean error cycle indicator If star
coordinates have individual weighta.

Go to start REFRACTION cycle,

Set V-cycle indicator,
Clear observaticn counter.

Clear star residual array.

ax - (1)@}
Rewind plate data storage tape or disk.

If at botton of page, print new heading.

Check feor mean errer computation cycle.

Check iF star ccordinates are known or
unknown.

Right ascension residual, radians to seconds.
Right ascension residual, radians tc sec {arc).

Declination residual, radians to seconds (arc).

Check for individual weights on stars,
m, =m/A8 I
my cm (RN
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PRINY LIL3.NOST PALPHATL L1} sPALPHA(Z 2P oPALPHAL 1420 oALPHAE, DECHE,

L RAST.AASA,DECSA
LINCNT « LIMCHT ¢ 8

60 TO 300

2984 PRINT 1032, MOST ,PALPHAL L E) pPALPHAL2.2)PALPHALL,2) JMCAT JRASTRASA

1.DECSA
LINCHT = LINCNT + &
G0 TO 300
299 LFIRCC)2983,29%0,298)
2943 TANIOD = SOATIETA®s2 » ASjes2)
IN = EVASLL./VANIO * TaMID)
ZE = XELo11./TANIO » TANIOY
DXEX » -WCRIDX®IE ¢ EX®IN)
DYEY = —wWCo[(DY®IE + EYSIN)
B0(1,23) » DXEX*TANB
B0(2423) = DYEY*TaNE
BOL1,24) = DXEXOTANBS®]
BOiZy24) = OVEYOTANBOR)
B001,2%) = DNEXOTANBesS
80(2,23) = DYEYSTANBS®S
BO(1,2&) = DMEX®*TAMBO®T
B0{2,26) = DYEY*TANBeeT
00 298% lwl,2
DO 2984 J=23,28

D0 2984 X=1,2

2564 TR 1 od) = TulDll o} + BNAUNIPK)®BOIN,J)

<

€ CORRECT APPAOXINATIONS TO COOMDEINATES FOR UNKNOWN STAR.

c
2990 ALSTAR = ALSTAR & DELX{L}
DELTA = DELTA ¢ DELXID)
ALSiG » aLsTan
OESIGC = DELTA
00 299 leol,2
00 2991 Jel,.2é
0auR{iJal} = 0.
14
C COMPUTE CO-YAALANCE MATRIX FOR UMIKNOWN STaR.
<
00 29%L K=}y
2991 BOAUNIJo 1) = BOAUXLJ¢I) o DME(IK)ISTWOL{R I}
00 2993 =142
00 2992 J=].24
TENLI) = O
DO 2992 Kal,24
2992 TEREJ) = TER(IJI) o BOAUX{K, L JORNINVIE, S}
0D 2993 J=l,2
Sx&uUxil, 33 = 0.
00 2993 K=1,24
1993 BXAUREL4J) = BXAUXEL J) ¢ TEACKISTMI{J K}
0G0 2994 [el.2
00 2994 J»l,.?
[

C CONPUTE BEAN ERROAS AND ERBOR ELLIPSES FOR UMKNOWN STAR.

e
9Th
77

976

e
983
984
L)
986
987
88
<89
%0
L))
992
993
99
995
99
997
%98
999

1000

1001
1002
1003
1004
1005
1006

o7

1oe
1009
1010
1011
1012
1013
1014
1013
1018
117
1018
1019
\a29

Print star numbar, weight and mean error.

Add B toc line counter.

Print star number, weight, catalog number
and mean erTors.

Add B to line counter.

Check if corrections have been computed for
refractign coef icients

tanx, s ??: v f,‘)f

2yt g [(I/an,)v tm:,]

2y - ;,VI/IM z.) rlanz, l

orex T 42y +¥s 2y)
ortr--r"w(.g-z‘ Ky zy)

oy Vi e OXFK lang

Bog Wy :OYEY-lanp

By, WieOlEltan)
8y, Wy v OVEY-tan
By  dy < OIEX fan ‘s
Bog, Ny * OYEY-rten's
Ba,, Yo o OXLX-lan’d
Doy, Wy s OTEY: ltanls

{2} = 5:7 5,

[m] )

[r I)] %2)] u’

(] ) ]
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299~

23%0

3ole

a4

ot
3318
joya

1020

302y

W22

3021

3024

oz

3028

war

3028

3029

3030

2995%

299
3991
300t

2999

QALIELLE, 2} = O.
U 2934 Rile2
WAL IELTL,d) 2 QALDELC L.} ¢+ BEAUX(1,RIONELYS, )
TFISIGHACLFI. 1.0 G T3 29940
KEAD (4F ¥id
ERHYE = LRAPR
TECNPTS.GT.H) ERKA = SURTIVIS/EZ.8FLOATINATSI=2.0)
an 3nle lel,2
20 3le 4142

QAQToTAL(T,J) = QALUEL(1.3) ¢ ERRPRO®®2eTNEL T, JIPERRBSO®?
TOTALP & (SURT{JTOTALCL,L1)I/CO®COSINELTAY
TOTUEC = (SLRTIQTOTAL 12,2)1F/CH
SAMZe0.
QTITALLE, MisdTOTAL(L, 1M *COSCOELTAYOOZ
JTUTALL L+ 212QTOFALLY,2)#COS{DELTAY
LEULGTUTALEL .1 }=aTOTaLd2,230300%,3019,3017
TFEQTOTALS 1,2 13026,3024, 3028
TFHQIOTALCL,2813020,2023,3021
[FILTLTALEL21F3027,3024,3027
HOTAT+~,074953581633574%
Ge~2, 0T0TALEL 2}
GO To 1030
ROFAT=,78539A16339745
Qe?.0QTaTAL L, 2)
Gu 10 3030
5aM2=],
G 10 3025
ADT&aYsD,
Q=0.
GO TL 3030
TANZTHE 2. 0QTOTALLE,Z/1QTOTALL L. 211-2TDTAL(2,21]
RUT &Y= (AT ANITANZTHE+6,28918530717951/2,
Gi} Y0 3029
TANZEHe2 ®QTLTAL11,2) 78QTUTALIT,L)1-QTOTALL2,21)
ROTAT=1ATANLTANZTH) +3.14199265158981 /2,
GO 10 3029
TaN2THa2 agTUTAL (L «2) FLQTUTAL ML, L)-QTOTALL2,21 )
ROTAT=AtANITAN2THIZ2.
22 eQTNTALTI L, 2)/ISINIROTATE2 ) )
A4 2 LONRTITIQTOVAL{L 1 }+QTOTAL(2,20¢3)0/2.00/C8
BAX = (SURT{(ITUVAL L, LI+QTCTALIZ,29-2}F/2,007CH
RUTAT2ROTAT/CA
ALPHME & (EMRPH & SORTIJALIFLIL,10F0/Ca ¢ COSIDELTA)
DECME = (ERRPA & SURT(QALDEL(2,2H1)/C6
SAM » 0.
QALCEL (1, 10eQALCELLL, L) PLUSEOELTA)®E2
QALDEL L) ¢2)=QALDEL{L,2)8COSINELTAD
I‘(QllﬂllllylI-QlLUEl!Z.Z))3007.2167.2V¢b
T1FCQALOELE142113009,31004,3005
JFIQALDEL (L (23 029%98,3011,2999
TFCQALOELT{1.2013010,300443C10
ROVATE=-.785398156339745%

Qa~2.¢QALOELLL, 21

(S|
1022
1223
1024
Lazs
1n248
1927
1028
1029
1030
103}
1032
1033
1034
1035
1036
1037
1038
1039
1040
1041
1042
1063
1944
L04S
1046
tosT
1048
049
1050
1051
L0s2
15
1054
1053
1058
1657
1048
1059
L1080
toel
1062
1063
106s
toes
1064
1067
1068
1069
10790
1371
1017

o7}

Fiqure 20.--Continued (page

93

] [ ][] - 03

1f in sigma ayzle, return to c-ntinue
compuTing space angles.

mhQl m' G e m] 1)
v r %
me (g )
v P
e (m a'(‘,;)"

& -n/2

Qs ~Zﬁn'€; )

22}

-7/

Z(m'a‘,ﬂ.n)

QU ™

fedo

Q: 00

tar 36« Hﬂlgn '))/(m'a,("', ' () )
@+ (tan"28 e 2m ) /2

0 (ter28.m)r2

#= tan'®/2

p-z/n'g:‘” /5 28

a’ =[("axrn,u"’" :u) ! 0)/3

o i, om0l "
Yz

m;_ B M(Q;u.n)
My 7 (Q;rrn)h

Fe-nr
.
e 24,
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2999

300 s
a1

3004

012

3q0%

aonw

3005

30049

pIs{i).]

QL)
301~
<
C Px
<

3049

3041

3082

GO T8 1008 1074
HOTATE= , TB53OA1 6339745 1075 8 ¢ n/Z

V=2 SUALDELEL, 2} Wwre g2 0}..,.,

U TO 3008 1077

Shde|, 1078

Gu TD 3012 joTe

ROTATE=O. 1he g oo

Qs @, 100t Q=00

GU O 300b 1182

TANZTH=2. 0 JALJEL 11421 /1 JALOELCL, L I-GALUELEZ, 1)) WORY  fanif = 2 ?;.m A, - o)
ROTATE = {AVANLTANZTHY®5,2831R53071796172, 10Rs @ = {tan"28 » 211) 12

G0 TO 1208 1085

TAN2THE2 (0 QAL DELE L 20 /CQALOELE T, L) -JALDELC 2, 2}) 1086

ROTATE = {ATANLVAMZ2THI® }, 1&1572653534991/7, 10RT @ = ({an 28 + n‘)/’l

60 TO 304 1044

TAN2TH=2, SQALDELE T, 2h JUDALDEL L, L1-2ALDELE242 1) [GLE

ROTATE=ATANLTANZTHI/Z, 1090 @ ¢ tan 28 /2
G=2.%QAL0ELI1,2) /(SIN(ROTATE®2 1) 191 ¢ 24"“” S 2é
AAXIS4 (ERAPRESJRTLLQGALDEL (L1, LI +QALDELL 2,20 +03/2.01/Ch 1092 a'tm[(q;“” . Q;“u . p)/z} n
BAXFS=LERRPUSSURTEILALDELIL 1) o 2ALUELEE,21-30/ 2200 4CH 1093 b’-m[(q;w v 0 /zJ »
ROTANG=MUTATE/CA 1794

ALOEG = ALSTAR/Ce 1095

FOEL « SLOEL » .1E-14 1098

ADEG = LALUEL-FLOATII0EGY ) %60, 109?

IAMIN = ADEG » - 1€-14 1059

ALDEG = {AUEG-FLOAT{IAMINI) @80, 1099

ALSTAR » ALSFAR/{C&®15.1 110g

NHOUR = ALSTAR + .LE-14 1101

ADEG = LALSTAR-FLOAT (NHOUR}}#40. 1102

NAYIN = BDEG ¢ LlE-14 1103

aL>Tad « (AUES-FLOAT | haY]IK)Ies0, 11n4

ELTA = VELTA/LG 1108

NUEG * OELTA ¢ .IE-l4 1108

ADEG * (OELTA-FLOAT(MOEG) heb0. 1107

NIIN = ADEGY.L1E-14 L10R

DELTA = (BUFG-FLIATINCHINEI®4G. 1109

STLUMA CYCLE, RTURN 10 PUINT DATA.

(FEStu™AC.Euals] CO YT 30000 L1l Che kh for sigma sy le.
TFLSAMN 3011, 3013, 3014 L

LE(SAMZ) 306240042 ,3043 [S ¥

[FILSAMZIYYG ], V41,3040 LELlS

INT STAW UATA FIIK UNKNOwN STAA.

PRINT 1129 NI T ALPHME ¢DECHE ¢ AAX S 04X S, NHOUR  MAMIN, ALSTAR, Tl1e

1 [OEG, TAMINGAL JEGuNOEG NOM I N, UELTA, VTALP, TOTOEC . AAX, BAX 111%

GU Tu 3015 1116

PRINT 1122 NMLST o ALPHME (NDECHE s ARKLS RN TS NHOUR  NAMIN, AL STAR, 1117

1 FUEGe [AMLN,QLDEGeNOFG, NDMEN, DEL A, TCTALP, TUTUEC ,AME,BAX,ROTAT 1118

GO TO 305 1A

PAINT 1059, RST, ALPHME y OECME s AAKTS ) JAR IS, RIITANG s YVAOUR y MAMIN ;AL STAK {120

14 TUEG, TAMINLALDEG, NDEG  NDMEN,UELTA, TOTALP, TOTDEC, ALK ,BAK,ROTAY 1121

Figure 20.--Continued {page 26 of 57)



3041

jols

Jon

ocL

3Qce

30002

C
C RE
C
ol
C
C
<
C
C
¢ ca
C
302
3031

GO0 TO 3014

PRINT LLIXONLST ALPHME OECHE, AAXT 5, UAXT S, ROTANG s NHOUR s NAMIN AL STAR
Le6EG, LAMIA ALUEGNUEG (NOMEN,DLLTA, TUTALP  TOTDEC, 48K 84K
LINCNVILINCKRT 1L

[F{mPCOYP I W2, 3002.3C01

PRINT LLLla
LINCHT = LLNCNT & 2
6J Tu 1

PHINT L0545
L14CNT = LEMINT » 3
wu TO 301

Al/sCa

MIEG =

LLEY ¢ .LE-14

AUEG = TELEV-FLUATIMUEG)1 %50 .
HMIN = ADEGe. LE-16
ASEC = {ADEG-FLUATIMMINT)®A{,

MMJEG = Al ¢ LIE-1%

ADEG = {AZ-FLOAF (MMDEGII®S2,

WMUMIN * ADEG ¢ L1E=14

AASECE (AUEG-FLOATAMMMIN] bonl.,
EFCNPPLEQLL) PRINT 1032 ,NHUUR,NAMI N ALSTAR (IDEG 1 [AMIN(ALUEGINDEG, ™
TUMINDELT A, MM IE G, MMM TN, AASEL MDE G MM1IN ) ASEC AL PHME s UECHE s AAXI S, AAX
2YS4RUTANG ¢ TOTALP s TDTOEC ) AAX fAAX ,RATAT

IFINPP_EQ.2) PRINT 1042 NHOUR, NAH M ALSTAR, TDEG  IAMIN,ALDEG NYEGN
LOMINGDELT A SMOB U ¢MHMIN AASEL (MDEG MMIN G ASEC, ALPHME ,DECME , AR [ S, 04K
2LS ¢ RUTANG TCTALP, TOTUEC, A&X, 34X, ROTAT

IF(HPPLEQ.I| PRINT 1063 NHOUR (NAM M AL STAR IDEG, lAMIN ALUEG 1 NOFO N
LOMIRDELTAHMOEG (MMM TN, ARSEL ¢ MOE 5 MRIn, ASEC, ALPHME (DECME A2 XS, RAX
21S¢RUFANGLTOTALP, TATUEC s AAX,BAX, RITAY

LINCNT = LINCNT + 2
AD STCRED DATA FOR ONE O3SEAVATION QF ST4AR,

RKEAD €20 ELXeELY  (CPLINJbudmle2 by imbe2Zb s NOPYLELKSST,ELYSST,OTSINP

L1 OTCDSP o HBAR DELPRI4UELRUT 4 NPP L STINE

CIRRECT APPROXIMATIORS TC STAR CUUROINATES &ND O YO COMPUTE

OLSCHEPANCY YELTOR,

HBAR = HBAR - OELKLL)

UELPRI = LELPI & QELX{21}
SENDEL = SINLOELPRLY
COSDEL = COAS(DELPRID

CO YO 97

MPOTE Pv¥Y SUM FOR ORSERVATION 1 AND AOD TO TOTAL SUM DF ALL PYV.

DELLPLILY = -2€ELLILI®*PLLIL, 1) = DELLIE21®PLLE2,1)

DELLPLIZY = -JELL{LI®PLIEL,2) - OELLI21®PLIZ,2)

1FtSIGAAC.ED L. ) GO 1O 17

[F{PALPHAI2,2)13037,303T, 3038
¥18 = NIB8-OELLPULIEISOELLYII-DELLPLIZICDELLEZ?
MPFS = MPTS » 1

GO To 303

1822
1123
1125
1125
112n
L2t
1178
129
L1130
111
1132
1133
L1 34
1113
1136
LI37
11134
n»
1140
1i4l
Lie2
1142
Llas
1145
(AR T)
The?
[RY:]
1149
k150

Lisy

Vs

1153

1154
115%
1158
1157

1158

1159
1160
Liel
L1682
tied
L1s8s

1ies

Flgure 20.--Continued (page

95

Aald 11 1t line ounter.
ald I to line - ounter.
Add 3 to line -ocunter.

Fer unknawn s¢ar, Frint computel -irlinates

and asscziatel statistics.
FRE Ctar.

PAST “tar.

EVENT Srtar.

k. line zouinter.

My o2 M - e

4 v & +dé

Check fuor sigma cycle.

Check for unknown star.

-
A gy vig

y, —

Add 1 to puint counter,
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3033 ¥l = ¥i - CELLPULLISOFLLAL) - JELLPLIZ2)®DFLLL?)
SUMYCLh = SUMYLL)} - nELLCL)
SUMYC(2) = SUMY(2) - DELLLZYE
SUAYSELY = SudwSiLl) & DFLLITII®SELLULY
SUMYSEZ2T a2 SUMYS(2) ¢ DELLIZI®IELLUL2Y
CTLLY = CT0LD + k.

3037 MPTS = MPTS + |
[FEOELLELE) 30444304k, 3045

3044 PUSYX=PUSYX-DELLAL}
GO 1O 30en

3045 ANEGYX=ANEGVA-DELL{L}

3046 [FCOELLL23)30e?,3047,3048

3047 PDSYWY=PUSVY-OELLC21
Gu T 303

3040 ARELYY=AMELYY-UELLYZ}

gL

-

DELLILY) = =DELLCN)
DELLL2) = -DELL¢2)
LF¢MCUMPI303L, 3031,3034
3031 ELXMM = ELX4.lbé4
ELYMM 1 pLYa, LEod
YIMIC = OQELLLT)I®.1Fe?
YYMIC = DELLI2I®.LE*T
STHRS = STIME/LCAOLS.)
HSTh = 5THKS ¢+ L1E-1%
STHIK & {STHRS-FLOAT{NSTHE) #40,
MSTM = STMINE, LF-14
STSEC » (STMIN-FLOAT(NSTM) ) ®A0.
1FIAPCOME }3032,3032,363)
Y034 JF(MPTS-NPTSIICL, N1, 301
C
C PRINT PLATE DBstdvaTiON CATA.

[

3032 PRINT LOSA, NPT, TYPINPP | (ELXMM ELYMM, PFLIL,1]1,PLLI2e2taPLiLa2)eM5TH,

INSTM, STSEC , ¥AMIL¥YYHIC
LIMONT = LIWCNT + |
Gd Tu 3035
3033 KME = (LRRPR/SURTIPLA L LINIw, 1E+T
YHE © (ERRPR/SIRTIPLIZ,20HI*.LEeT
PRINT LLLS,NOPT, FYPINPRY  NETH NSTH, STSECPLI e L1aPLIZe2Y4PLIYL, 2T,
1 ELEMM XHE, VEMIL (ELYMM, YHE vy
LINCNT = CLINCNT ¢ 3
3035 TFIPALPHACL,10.EJ.0.1G TO 304
1 =0
C
€ AJO JBSERYATION TO H[STOGHAM PLDT,
C
30359 1 = I+i
Xd = (NELL{T) - vMLLII/STVLDD
me o= [NOCLLD + 1D/2
00 30155 Kk=],MM
AA = Z0K-]
Ak = 3.ZURAAJANDCCLY
[FEXM.LEL Q) GO TO 30352

TFIaA+XH.GECe) GO TQ 23035)

Vee YRy —- v/
T
1168
1169
1ra
1n
e
173
1174
s
1178
1T
1TA
1119
180
1181
182
1183
1104
1185
1188
11ar
118A
1LR9
1en
1491
1192
1193

1194

1199
1198
1ier
1198
R %
1es my =m/R)
%
my = 71"
120 my < mAG )
12010
1202
1203
1208

120%

L2206
1zo7
1208
1209
1210
1211
1202

L2y

Figure 20,--Continued (paae 28 of 57)



3035

30352

30353

30354

10355

30356

Ipas?

10358

301339

30360

30381

30382

[

IFiR. LT .MN} GO T 30355
Ll = —KeMded
GU TO 30354
{F{AA-ZH.GELDe) GO TD 30353
TF(KLT.H44) GO TO 30355
Ll = KedM-]
CLASSTL4LLl) = CLASS(I(LL) + 1.
U0 YO 30358
COMT INUE
IFIL.EG.ED GO TU 303%0
00 30362 4= 1,2
AH = IDELLIJ) —"¥H[3) LSS0V
MM = (NOCERIeLY /2
DO 3061 K=1,Mm
AN = 2¢K-{
A8 = 3.25%4A74N0OC 13}
IF{XH.GE.Q.,) GD YO 3035A
IF{AR+XN.GE.O.} GT TO 30357
IFIK.LT. RN} GO TO 30361
UL o= ~KeMMe)
GO TD 3030
IFI8A<KH.GE.O-} GO YO 30359
TFIK. LY. .mM) GO TO 30361
LL o= Kemm-1
CLASSE3,Lk) = CLASSI3WLL) + 1.
G0 TO 301382
COWTINUE
COMTINUE

JFLINDILL)YI3036,304,3018

€ PUNCH PLATE RESIDUALS.

c
3036
304
Jos

306

307

3071

3072
30723

c

PUNCH 19, ELK ELY ,DELLI1),DELLL2),ROPT ,NAMESI L9}
IFLPLYCLE ) DO%,305,308
IF(MPTS=NPTS) d86,3060,3060
ELXBUMSELKSUM+ELN
ELYSUMSELYSUM+ELY
Y0LASUMTYLKSURSDELLIL)
YLYSUR=YLYSUN+DELLL2)
IFtLIMCNT-691 301,301,307
PRINT 1062

PRINT 10%3
IF(MCOmPL30T2,3072,3CT71
PAINT 1114

GO 7O 3073

PRINT 10335

LINCNY =« T

€ RETUARM TQ READ STORED DATA FOR NEXT OBSERVATION OF ST4R 4.

c

GO 70 301

JOB(MPTS » MPTS « |

josl

FF| MPTS-WPTSIA09,3081,308]

HPTS = O

1214
1219
L2156
1217
1218
1219
1220
1221
1222
1223
1224
1225
122¢
1227
1228
1229
1230
1zn
1232
1233
1224
1235
te3e
1237
1234
1239
1240
124)
1242

1283
1244
1249
1244
1247
1248
1249
1250
1258
1232
1253
12%4
1255
1256
1257

1298
L1259
1260

1261

Figure 20.--Contlnued (page

If indicator 11 is one, punch plate residuals

VA 7
b~ Ik
L Mia Tug
%~ Iy

If bottom of page, go to print pew heading.

Check for mean error computation cycle.

Set line counter to 7.

Add one to abservation count.

Check for last observation of star.
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309

iln

1l01

3102

3103

3080

30T

I0el

Jiel

usd

ESTP

30oY

3ba

3ue?

10643

FLLE

MUT L&ST STAR [N PRUHLEM GO TO Hrad 0ATA F IR NEXT STAR,

JFLLASTPT 320,309,320
ITFULINCHT =69 EALLIIC, 31D

PRINT 1ub2

PRINT 104}
LFLMCOMPE 3102, 5102,3101

PRINT 1114

GU TU 310

PAINT 1085

LENCNT & 7

G0 70 L8
JFINPYS-113074,30%4,3061

GO TO 31t

ENPTSanPTS
ELZSUM={ELXSUIMPELX)/ENPTS

ELY3UM= [ELYSUSeLLY)/LNPFS
VLXSUM={ VLR SUMsURLL L1 1Y 7ENPTS
VLYSUMS (YLYSUMeLELL {2 PI/ENPTS
TELELYSINIING T, INRZ, 3083
SINSUM=Q,
TF(ELRSURE3UB3, 3na?, 3069
IFCELXSURII0ED, DIba, 345
CussuN=0a,

GO D 304

CULSUM=ELRSUM/SUHT (ELXSUMONZeELYSUMRDZ)
SINSUM=ELYSLN/SQRT (ELASUMS®24ELY SUNPS2)
GL TC 3068

CUsSSUMsl,

GO Ti 31289
CUSSUMTELRSUMS 8BS TELYSUME
VLAAD2YLASUN®C IS SUMH¥LY SUMOSINSUH
VLTANaVLYSUMSL )SSURM-VLXSUMRS | NSUY
PRINT YL32¢NISTF, ELXSUM ELYSUMe VLXSUM, VLY SUM, VLRAU, VLT AN
LEINCHT = LIMCNT+S
IFTCCYCLELESL LY QU T 311s

EFCPALPHALL, L} . €. 0.0 GU TD 1115

C PLOT AVERAGE PLATE PUSIEIDON FOR STAR J ON SEaR PLOT.

1S

ille

C

CALL GRFU=.ly=sloulealyDerO0uaedleaOle2v2,t )b ELXSUN,ELTYSUM,
L Lels2r204=1. 1)

GO TO 3lls
CALL GRAFI-ali—alyalsole0es00rea0l,.08:222,1,01,ELXSUMGELYSUM,
1 lele2H12,-1,01}

ELYSU4=O.

ELASUM=O.

VLESUN=Q,

¥LYS5UuM=0,

C COMPUTE e¥y¥ SuMS FOR STARS AND DRIENTATION PARAMETERS.

4
it

QELLPLEI) = DELK{LIAPALPHA{ L 1) ¢ OELX(2)9PALPHAIZ 1

1262
1253
1264
1288
1266
1267
1268
1269
1770
1211
L272
1213
1274
1e1s
1216
1217
1218
121¢
1280
1281
1282
1283
1204
1285
1288
1287
12AR
1289
1290
L1291
17292
1293
1294
129%

129%

1297
1298
1299
1300
1301
1302
1303
1304

130%

130s
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y i, WS . 2 o34
Print star number, averapc plate _oo:

and average of residuals.
Increment line counter.

Check for type 2 star.
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OELLPLLZ2ZY = DELXILI*PALPHA{Ls2) * DELXI2)®PALPHA{2Z,2] 1307

3110 ¥2 = v2#DELLPLITIODEL X411 «DELLPL(21#DELRI2]) s (g Byny) — v P,
LF{MCOMPL.EQ.QF GO TO 3117 1309 !
TF{PALPHALL 1 }.NELDLY GO TO 31IT 1310 Check for type 2 star.
WRITE (&) V15 131
31T V18 = 0. 1312
QtWIND 2 1313 Rewind Zats stcrage tape.
¥CYCLE = 0. 1314 Clear V-cyale indicator.
HPTS = Q 1315 Clear peint ceunter,
[F{INDIT)) 312,313,312 13164 Check for PRE-RUN.
312 [FLINOT6I-NUSED) 3121,3121.313 1317 If PRE-RUM,check if residuals computed for
all pcints used in MINTHUM SOLUTION.
3121 IF(mCamP) Job,e 286,320 1314
313 [FILASTPTI3L&,181,31% 1319 <Check for last point in selution.
314 IFEMINSOL 315,315,320 1320 Check for HINIMUM SOLUTION.
315 1FUINDL2))318,3204310 1321 Check it AZIMUTH-ELEVATION data given.
314 AERES = 1. 1322 Set AZIMUTH-ELEVATION residual cyele
indicator.
G0 TC 244 1323
ILT LELLPLILY o DELLILI*PL(Ll,2} ¢ DELLIZ21®PLLZ,10 1324  Compute Pvv sum for azimuth-slevation
obgervation.
DELLPLI2) = DELLIL)*PL[1,2) ¢ DELLL2)%PL(2,2) L3235
V3 = v3 e DELLPLITIODELLEL} + DELLPLEZI®DELLEZ] 1326 ¥ B, ¥ — IV B,
IFIMCOMPI3L7h,31TE,320 1327 Check for mean error computation cycle.
3171 WORFT = 9 1328  Set point number equal to zero.
318 LFCLINCNT-4113191,3191,31¢9 1329 Check for bottom of page.
319 PRINT 1053 1330  Print new page heading.
3191 PRINT 1040 1331
OELLILY = —DELLIL) 1332
DELLLZ21 = -DELL(Z2} 131]
ELXMM = EtX®, |E¢dh 1334
ELYNM = ELYO_1E+4 1339
VENIC = DELLILN ®.LE*T 133é&
VYMIC = DELLU2D #.LE+T 13371
PRINT 1LT71eELXMM ELYSM PLE1 1) oPLI2¢214PLIL1,2),¥XMIC,¥YNIC 1338 Print azimuth-elevation plate cocrdinates,
weight matrix and residuals.
320 IF{SIGMAC.EQ.1.IGD TV 32291 1339  Check for Sigma-cycle.
00 31204 {=1,206 1340
3201 TEM{1) = Q. 1141
DO 322 I=1+2b 1342
Q0 321 J=1,26 1343
321 TEM{I] = VEM({I} # OELLO(JI®PO{J,.1] 1344
322 V3 = ¥ ¢ TEM {[}#DELLOCI} 1345 WEY, — Jv By
Ve = VL ¢ ¥2 ¢ V3 1368 IVPV <« Fo/Ry + Ty Byvi ¢ IV BY,
REAIND 4 1347
LFINDF)3221,322),3222 1348 If unique case, set degrees of freedom
3221 OF = 1, 13ag COuel te one
GO TO 3223 1350
3222 OF = NOF 135t
3223 ERHPAL = SQUT{V4/DF) 1252 m» s{‘!v'Pv/n-u)y'
IFCTYPRME) 3224,3224,3224 1353
3224 ERRPR = ERRPRI 1354
3224 IFINCOMP)3228,3220,2227 1355
3227 MCUMP = O 1358 Clear mean error computation indicator.
¥3 = 0. 135t Clear residual sums.
¥6 = 0, 1358
¥l = 0. 1359
N2 = 0, 13460
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1 ~0
Cre2y = CrTen)
3202 1 = (+)
€C = 31.
$5 = CULIFe(CTCNd=1. )
0N 3203 K = 1.32
3203 CLASSIL K} = 0.
VMDY = SUuMwilh/CTiT}
SOVIT) = SORTIICTIL)*SUNMVSITI-Sumv{ [ies2)is55)
3204 4A = 6, 59CTITICEXPI-.5%(3,25001.-1./CCe82)/CC/SQRTIZ.oC1C)
[Feaa.GT.14) Gk 7O 3209
LC = CC-2.
GO TU 3204
320% NOCEL) = LC
ANUCLE] = ~NOCLT)
iFLILEQ.Y) L0 TO 3206
IFLT.EC.1 GO TJ 3202
SUMVI3) = SUMV(119SUMY(2)
SUMYS(3) = SUMYS{INSUMVELZ)
CTU3) = 2.#C0(1}
0 YO 3202
3206 N1 3207 1=143
SUMVLLE = O,
SUMVS(LY = 1,
3207 CVtiY = O.

Gu YO 28l

C START SIGMA CYCLE. COMPUTE FICTITIUUS COUHDINATES WITH UNIT WETGHT

C FUR 10 POINT> AT | CM [NTERVALS ALONG OLAGONAL OF PLATE.

[ REPEAT FOR ALL JRIENTATIUONS {PAL, POST LR EVENT) SOLVED FOR IN

C PHOBLEM. IQENTIFY PUINTS AS TYPE EIGHY BY SETFING P-ALPHA EQUAL
C YO ZERU.

<

3228 LTI = CTLN)
CTI3r = CTil4e2.
[Tl = NOPRE*NIPOST#NOVENT 1
IF{MINSOL.EQ.1)} GD YO 38418
00 32327 (=L,}
51GMA(1)=0.
DO 32327 J=1l.b
3z2v ERBFUNIT J) = O,
Q0 32330 [=).6
00 32330 J=l,s
32330 SIGAI 1,4} = Ou
GD TO {32280,32281,322082,32283,32284,32285,32286,432326),111
32280 NPP =z 1
LLe = 5
G0 TO 3zzal
32281 NPP = 2
L = &
L2 =2
GO T0o 32288
32282 NPP = L

LeL = 3

1361
L1382
1363
1364
1365
13166
1367
1358
1369
1370
371
1372
1373
1374
1374
1376
vrT?
1378
1373
1380
13A1
13682
(383
11384
1385

13848

1389
1350
13191
1392
1393
1394
1395
1396
1397
1393
1199
1400
1491
1402
1403
1404
1405
1406
1407
1508

1509

If MINIMUM SOLUTICN, bypass sigma cycle.
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L = 3 1410

GO TO 32280 1411
32283 NFPP = 3 1412
G0 TO 32207 1413
32284 NPP = } 1814
uL =2 1415

L2 = } 1416

GO T0 32288 1417
32285 NFP = 2 1418
GD TO 32287 1419
32286 NPP = | 1420
32287 LLL = | (LT3}
32288 SIGMAC = ). L1422
ALPHA s 0. 1423
DELTA = 0. L4286
LASTPY = ] 1425

HPTIS = 0 1426
STIME = TIMES 1427

NPTS = | 1428
AERES = 0. 142%
VCYCLE = 0. 1430
PCYCLE = 0. 1431
ACYCLE = 0. 1432

0D 32289 | » 1.2 1433

00 32289 J=1,2 1434

32289 PALPRALI,J) = O, 1835
PLILs L) = ] 1824
PLIZs2) = 1, 1437
PLL241Y = D. 1438
PLIL42) = D, 1439
BLULLL L) 1440

LAFP = | 1841

ELX = O. 1442

£LY = 0. 1443

BOLET = —ICNTR 1444

NHOPT = [CWTR L445

MHUST = MOST L44d
ED1AG = ICNTR - |} 1447

PRINT LOO7 1448
PRINY LOS4sPLOLsL¥oPLE2,2boPLEL,2) 1449

[

C PRINT ODFAGDMAL DISTaMCE.

[
PRINT 1044 1DLAG,IDIAG 1450
PRINY 103D L45%
LimChT = 17 Ea52
G0 TD 1792 1453
32293 [OIAG = ICWTA ~ ) 1454
GO TO (3as1T,32795,32297,32297,322991,LLL 1435
32294 DO 30403 [=1,) 1458
<

€ AFPTER FIRST OIAGDMAL POINT, TESY FOR COMBIMING ORIENTATIONS.
c

SIGMAN{ §,1) = SEGRAMIF,E}OFACY 1437
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IFUICNTR.EQe1 AND.SIGHAMI T, 1} GT.SIGMALL}} LSIGC = LSIC ¢ 1 1458

3840% CONTINUE 1459
[FCICNTR.EQ.1 .ANO.SIGMAME3, 3} oGT  SIGMA{3)ILSIC=LSIG=1 1460
IFCICNTR.EQ.1 JAND.SIGMAM(2,2).GT.SIGRA(2)ILSIG=LSIGe2 1461

JB4LT ICNTR = ICHTR ¢ 1 1862
IDIAG = ICNTR - | 1463

ELX = ELX * .01 1464

ELY = ELY ¢ .01 1469

LaP = 1 1400
{FUICNTR.EQ.10) GO TO 32324 1467

NOST = -ICNTR 1468

NOPT = [CNTR 1469

NUST = NOST 1470
1FLLINCNT.LT.460) GO TQ 12331 1871
PRINT 1007 1472
LUNCNT « & 1473
32331 PRINT 1044, 101AG,EDIAG 1474
PRINT 1030 1475
LINCNT = LINCHT ¢ 9 1478

GO0 70 181 L1477

€ COMPUTE ANQ PRINT DIFFERENCE ImM DIRECTION BETWEEN PRE-POST-EVENT

4 ORTENTATIONS AT EACH CIAGONAL POINT,
<
32295 GO TO (32296,32292).LAP L1478
32296 NPP ® 2 1479
GO 10 32290 1480
32297 GO 10 (32298,32307),L4P 1481
32298 NPP = 3 1482
GO To 32300 1483
32299 GO ¥0 (32296,32291,32306),L4P 1486
32290 M=0 1485
Ga va 32328 1486
32300 [F(LLL.EQ.3) GO TO 32290 1487
a2 1488
32326 DO 3230% I=l,2 1889
DO 32304 J=1,2 1890
4= 1en 1491
e Fost Lvent
J2 = Jem 1492 , o
32304 SIGICJI1,J2} = ONE(T,J) 1493 (1) — (1)" = [6'56‘] [n.'ga‘]" g ,]
DO 32305 K=1,28 1494 e ¢ [B,I}B‘]
32303 SIGZ(JleK) = TWOLIK) 1495 Y B8, e
(2) = (2)'s | GRB,| Post
ELEVL = ELEY 1496 ’.’f’. P
Al = AL 1497
ASIGMA = ALSIG 1498
DSIGMA = QESIG 1499
SINDLL = SINIDESIG) 1500
€OSOLL = COSEDESIG) 1501
32301 LAP » LAP ¢ I 1502
G0 TO 181 1503
32291 L2 = 1 1504
32292 11 » 2 1505
GO t0 32302 1%08
32306 L2 = 3 1507
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32307
32¥2

Il = &

SINDL2 = SINIDESIG)H

COSOL2 = COSLDESIGE

SINDHR = SINLASIGMA-ALSIG)
COSDOHA = COSMASIGMA=ALSIG)

SHSQSG o (COSOLLSSINDHR)®224¢{SINDLL®COSDL2-COSOLI¢SINDOL20COSOHR Pe o

12

C

SINSIG = SORT{SNSQSG)
CALL ASIN(SINSIG.SIGM)
SINSIG = SIN(SIGA
SIGMALL2Z) SIGM/CH
DELAZILZ)s LAI~AI1)®35600,%5iN10
DELEL{LZ)~ (ELEV-ELEY1)3400.
DELAL(L2I= ((ALSIGASIGMAD/CETRCOSIL2
CELDE(L2)= (DESIG-DSIGMA}/CS
DO 32309 [|=i.2

04 32308 J=t,2

J1 = I+l1

C COMPUTE AND PRINT REAN EARDR OF DIHECTION DIFFEREMCES.

C

32308

32309

32310

32311

J2 = gell

S1GLE6J1,42F = ONELL,Jd8

DT 32309 K=1,28
SIG2(J1,kb = TWOET LK)
IF(SIGM.LT..5€-T) GO TD 32310
ERAFUMILZ «Me¢l)e [ COSOL2*COSOL1®S5INOMR ) /SINSIG
ERRFURILZ,M42)wi{-STHOL2#COSDLL¢COSDL29SIMNDLLOCDSDHA L /SINS |G
ERRFUNILZyLL41)" —ERAFUNILZ,Me))
ERRFUMILZ,11¢2)= (=SINDL1OCOSOLZ¢COSOLISSIMDLZSCOSDHRIFSINSIG
GO TQ 32311
ERRFUN(LZ,Mel)a COSDLL®S2
ERRFUMILZ  MoZbu—1
ERRFUMILZ,11¢l)= =ERAFUNLLZR*1)
ERRFUNILZ, L1+2)= 1.
NPP w i
TFELLLL.LT.5) GO TO 32313
IFILAP.EQ.2) GO TO 32112
Lz = 2
STMDMR = SIN{ALSIG3-ALSIG)
COSOHA = COS{ALSIGI-ALSIG)

SNSQSG = {COSOL3#SENDHR)®324{SFNDLISCOSOLZ-COSOLIeSINDL2OLOSOHR 108

12

STNSIG = SQAT{SNSQSE!

CALL ASINISINSIG,SIGN)

SINSIG = SENISIGM)

SIGMAILZ)= FIGM/CE

DELAZ(LZEI= {&Z3-AL)¢3600.*3INIO

DELELE{L2)= IELEVI-ELEV)®is00.

DELAL{L2)= P{ALSIG-ALSIG3I}/Co)=CDSOL2
DELDEILZI» {DESIG—DESIG3I) /L6
IFISIGA.LY,.5E-T) GO TO 32314

ERRFUNI2, 31 +COSDL29COSDLISSINDHR ) FSIMSIC

ERRFUMIZ,81m(-SINOL2¢COSOLY+COSDL2®S INOLIC®CDSONRI/SINSEG

Flqure 20,--Cont!nued

1508
1509
1310
1511
1512
1513
1314
151%
1316
1547
1518
1319
1520
121
1322
1523
1524

132%

1328
15271
1520
1529
1530
1831
1332
1533
1521
1535
L33
1937
1938
1539
1540
1541
1542
1543
1544
1945
1546
1547
1548
1549
L5500
1351

1552
1533
1554
1533
1356
1557

1558

(page

.rin’l"’. 2 feosd, sin aw)'s (3nd; cosd; - casé, sné, cosar}!

ey %
g} = un (ﬁnmﬂg;) *
leosd; cong sde) /sing
. ,,,f‘ -.vind"- o5y CDJA‘}/MB!"_‘

N o oy Ty ey

-(ndy coasd + cosb; sind; cos da)/Sing,
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104

323t4

32313

31315

32314

32317

32319

32319

32320

32321

32322
c
C PR
[

32324

ERRFUNI2,5) = —ERRFUN{2,3)

ERREUNE2,6) = (-STNDL3I®CDSDL2+COSDLISS TMDL2¢COSOMA)} /SINSIG

GO 1O 32313
ERRFUN(2,3) = CDSDL2942
EARFUNIZ,4&) = —1.
ERRFUN§2,5) = -ERRFUN{2,3)
ERRFUN{Z,6) = 1.
00 32315 [=1,6
DD 32315 J=1,26
BOAUXIJ,I) = D,
DD 32315 Ksil.&
BDAUXTJel) = BOAUXE oI} ¢ SIGLIT«KI®SIG2IK,JI}
DO 32317 T=1,&
DO 32318 J=l,26
TERLIJY = O,
DO 32316 K=l.26
TEM(J) = TEMIJ} + BOAUNIN, II®RNIRVIK,J)
00 32317 J= 1,8
BRAUX{],d} = 0.
DO 32317 K= 1,28
BXAUX(| 14d) = BXAUX{I¢J]1 ¢ TEMI{XI®SIG2{J,N)
DO 32316 {a2l.6
00 32318 =10
QSIGLT,d} = 0.
DD 32318 K=1,8
QASIGI1,d) = QSIGIIeJ) & BXKAUXIIK}I®SIGLIKsJIP
00 32320 (=1,3
DO 32319 Je), &
TEM{II=0,
DO 32319 K=l.6
TEM(J) = TENIJ) + ERRFUM{T K }eQSIGIN,J)
DA 32320 Jd=1,.3
SIGMAMII, A} = D.
DO 31320 K=l,b
SIGMAMi fod]) = SIGMAMCE,J) + TEM{NF®ERRFUNIJ,N)

00 32321 1=1,%

IFISIGNAMITI I ).GT.0 ) SIGRAMII 1 )= IERAPROISORTCSIGNARIT+ID I I/CE

CONT1MUE
GO TO (32322,32373,32326,32325%,3232%1,111

PRINT 10368

INT DIFFERENCES AND MEAM EARDAS.

PRINT 11S51oSIGMALLE,SIGMAREL, 1) DELALIN).DELDELY) ,OELAZIL)DELELL]

PRINT 1153,51GMA(3)SIGMAMI3,3),DELALE3) DELDE(3P,DELAZCI},DELELTD

PRINT 1152,SEGNAR2) (SICMAML2,2) ,DFLALL2),0ELDET2],DELALIZ) ,DELEL(Z

14
L1MCNMT = LINCHNT ¢ 7
GO TO 32294

PRINT 1054

PRINT EES53,SIGHAID) \SIGMANED,3),DELALIDYOELDELI) (DELAZI{ ), DELELID

8]
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1559
L1560
1561
L1562
1563
[§1.1)
1563
1566
1567
1568
1369
1570
1371
1372
1573
1574
1575
1376
LS77
1378
1579
1580
158
1582
158>
L58s
158%
1386
1587
1588
1589
1560
1594
1592
1593
L59%
1593
1594
L1597

1599

1599
1800
1401
1602
1403
1604
1408
1498
1607
1608

1609

[m "] [m’]

[AfeAn

[ [ ¥ '[rzf_'[T

[of) )W [er{[or] - e

My =



LINCNT = LINCHT ¢ §
GO 7O 32294

32323 PRINY 1056
PRINY 1132,S1GMA(2) +SIGHAM{2,2)DELALE 2} ,DELDEC2) s DELAZ{2HDELELTZ
1}
WPP = 2
LINCHY = LINCHT ¢ &
GD TO 32294

32325 PRINT 1058
PRINT 113L,SL6MALL) ¢SIGMAM{L1 ) OELALIL) yOELDECLD 4DELAZLILIDELELIL
1
LINCNY = LINCHT & 5
GO TO 32294

32312 SIMOLY = SINDL2
COS0L3 = CcOsOL2
ALSIGI = ALSIG
DESI6I = DESIG
ELEV3 = ELEVY
ALY = AL
NPP = 3
LAP = 3

G0 TO 18l

C COMPUTE RQTATION MATRICES, STATION TD EMSTANTAMEOUS POLE,
c INSTANTANEQUS POLE TO MEAN POLE. AND MEAN POLE TO MEFERENCE STAT[ON
(4 COMPUTE TRANSFORMED ORIENTATION ANGLES.
c
38418 ILI & &
32226 PRINT 1083
345 CSLON » CARSTACSINCA » CAMSTAISI®CS + CAMSTA{TI®CS
SINLON = SINTCSLONY
COSLON = COS{CSLON)
AUXL = ~COSLONSS[NPHI
AUK2 = COSLONGCOSPH]
AUNY = ~SINLONSSINPHI
AUXS = SENLON®COSPHI
GO TO 1326,3261,32862432863,3264,32065,3266,3287),111
328 L=)
3260 J=l
PRINT 1154
GO TO 3268
3261 K=)
Jus
iw}
PRINT 1149
3249 LL=1
GO TO 3264
3262 L=3
=1
k=3
LL=2
!PHINT 1148 ”
GO YO 32488

3263 J=7
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1810
1611
1812
1813

1615

1815
1818
1817
L1618
1839
1620
1621
1622
1823
1824
162%
1826
Lezt
1628
L1829

1830

1632
[ TED]
[TELY
1533
163¢
1637
L6230
L83%
1640
1se1
1642
1643
1644
L1645
1648
LoaT
1648
1649
163%0
1651
1852
1633
1634
1595
1854
1657
1438

105



106

3264

1245

31266
32487

1268

EL2 4

kLY ]

349

PRI NT
GD O

K=2

=2

PRENT
60 Yo
k=2

&0 TQ
PRINT
GO YO

Ji=ls

2

1154
3268

L1147
3269

1158

3268

3260
1157

IF11NDI9Y,EQ.0) GO TO 3516

PLL=AUKIOAL L+ J oS IHLONSAL R J b +AUXZ®A{3 4 d)

PLl2=AUKLI®A{ Ly J¥ 1) +STHLONSA[ 2, )¢ LT +AUXZOA(IJs 1)

PLI=AUNI®ATL, J#+2) +SIHLONOAL2, J+ 21 +AUX2%A(A U4 2)

PZLAUX3PAT L J)—COSLON®AL{ 2, JI+AUX4AL3,J)

P22uAUKINA{ 1, J#] 1-COSLONBAZ, 391 14AUXGOA( 3, U0 L)

P2I=AUXISALL,J2}-COSLONSALZ,J02) AUKLOA{D, J¢2)

P3L=COSPHI®AL)+J)¢5SINPHI®ALS, J}

PI2aCOSPHISACL, JA1)+SINPHI®AL D001}

P33=COSPHI®ALL,J#21+*S INPHI®AG,Jo2)

XRAD = XAMGLEWCS

YRAD
PTI1
PT12
PT13
PTZ21
PT22
PT23
PT3L
P132
PT33

REFLA

¥

TANGLESCS

P11 + XRAO®PII
P12 + XRAD®PIZ
Pl3 + XRAD*P33

P21

-

TRADOWP3]
P22 + YRAO®F32
P23 + YRAD®P3
~ARADHPLL - YRAD®PZL + P31
—XRADWPL2 - YRAQHP22 + P32
~XRAD®P13l - YRAQWP23 + P13

= ABSUREFSTALZ2119C4 + REFSTA[3)&C5 + REFSTAle) &C6

REFLON = REFSTA(5}0C& + REFSTA({&)eCS + REFSIA{T}eCe

[FIREFSTACL))I4D,349, 348

REFLA
SIMAL
COSAL,
SINRL!
COSRL
AUXS
AUKS
AuxT
Altx 8
PP11
PP12
PP113
pP2l

rPe2

T

a

b}

A =REFLAT
= SIN(REFLAT]
= COS(REFLAT}
= SINIREFLONY
= COS{REFLON)
—S INRLASCOSALO
~SINRLA®SENRLO
COSRLA®COSALD
COSRLA®SINRLOD
AUXS*PT Ll ¢+ AUXGSPT21 + COSRLA®PT3i
AUXS#PTLZ + AUXASPT2Z + COSRLACPTIZ
AUXS®PTL3 ¢ AUX6#PT23 + COSRLABPTR3
STNRLO®PTLL - COSRLO®PT21

SINRLO®PTLI2 —~ COSRLO®PTZ22
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1659
1660
1661
[YY}4
1663
1868
186%
1668
1667
1668
1669
1670
167k
1672
1673

16T

1675 Check for transformation of w, w, &,

167
1677

1678

1679 - COSA, Sing,

1680 Rpa 244 = |-3RA; Sing

168}
1482

1883

1684
1085
1688
1687 )
1688
1689
1690
189 rﬂzy H G5 o
1492 -

1693

1694
1695 J
1696
1897
1698
16599
1700
1T
1702
1703
1704
1705
1706
1107
1708
1709
1710
tT1L Rpd, =% =
1mz
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cosp;

-cosd, SR
3inA,
COSA, 03 @B

i A; COFR; COTF,
-cord; SInQ, cosgy;

[}

sing:

YA FnR  cosg
-oesd, [4
sl eosm  sng



PP22 =
FPIL =
PPIZ =
PPI3 =

3s

-

3310 cosomt
TOMEGA
SIMALT

COsaLY

S1ML0sPTLI - COSRLOOPT23
AYKTORTLY ¢ AUXBOPTZ1 + SINRLASPT3]
AUXTERTLZ o AUXOOPT2Z + SENALAGPTEZ

&UXTOPT13 + AUNBOPTZ3 » SIHALASRTID

IFIABS§PP23}-1.13510,3%11,3810

s 30aTiL.~PP23082)
a APAMIPPZI/CASONTI/CT
= PPFIIICOIONT

= PPII/COSOMT

CALL AMGLE (SINALT COSALT 2TALPHAY

TALPHA
S IMKAT

[4:}] #%

= VaLPHR/CT
= —FP21/COY0MT
s  PP22/COSOMY

CALL AMGLE {5IMKAT,COSKAT,TRAPPA)

TRAPPA
GO T0

3511 TRAPPA

o TRAPPA/CT

e

- 0.

IFLPP23)3513,3512,3512

3512 TOMEGA
SIHOAT

* 1370798324794 9

GD TO 331%

3513 TOMEGS
SINONT
3514 SINALT

COSALT

2 =L, 5T01903267949
5 =l.
w —0P|2/SENORT

= —-PPI2/SINONT

CALL AMGLE 15IMALV,COSALT,TALPHA}

TALPHA

= TALPHA/CY

3514 TALPHIJF = TALPHA

TALPH {Jé1) = TOMEGS

TALPH (Je2) = TKAPPA

PRINT GIVEM, CORRECTIONS TO AMD COMPUTED ORCEWTATION PARAMETVERS,

ERROAS,

RESIDUALS AMD METGHTS.

DO 3273 [=J4,yJ)

VF{POLL.01))23271,3271,3272

3271 ORESLRb=O.

OCORLEV=DELLO(TD/CT

ONE¢] | ={ERRPROSQRT(RNINYIE, L) I F/CT

%0 TO 3273

3272 DRES(EI=DELLDI1DS/CY

oCoril}l=0,

OME{] b= lEARPR/SQRTIPOIL, 1) )/CT

3273 oPaatll

= OPAR{EI/CT

IFIL.ED.3} GO TO 3274

Ji=Je2

PRIMT Y140, (AOPARET)oI=Jydl},

L (ORE5SUL),1=d,01), (OCOR{L11,0mded])y IOME[L)sl=diJ1d

IF{J.EQ.T.0R.L.EQ.2} GO TO 328)

Jmged

IF(J.EQ.4) PRINT 1193%

TFLJ.EQ.TIPRINT 1138

GO TO 3280

3274 GO TO $3275.3206,3278},0LL

10PARTED s )odedly

(POITebBoImdedl),

1713
1714
1718
171l
1717
1710
1739
1720
1721
1122
1723
1724
1723
1726
1727
1729
172%
1130
1731
1732
1733
1734
173%
1738
1737
1738
1739
1740
1741

1742

1703
1748
L7453
L1744
1747
1748
174%
1150
17591
1742
1793
1754
17493
17%
1757
17%8
1759
1760
1761

1762

107

st s (r-5)H
s = D°/casw®

cos=® ¢ £Ycasw*

sna® + -Bf feoso?

cosx’ = B Seosw?
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108

AZTS Jwaed L7163

GO Yo 3277 1784

IZ2T6 Jwied 1745

3277 LL=3

GO Ta 3268

3278 GO FO {3279,3280,3281%,K 1768

3279 PRINT 1150, (AOPAR(TE (I=bob}, (AOPARLL) oda? 9o (UPARLI 2 Inayb), L1769

L (OPAREThed=Ty9 ) et POLLE) It 61, POLIv1),127,9),(0RES(LDeI=aytl, 1770

2 1ORES{I1 4157490, {OCORIT) s Taky6 )y (OCORLTN»E=T 9t LONETLY , 1ma b, 117

3 1ORECT) 4 IeT,9) 1772

GO TO 3283 1773

3280 PRINT 1150, (ADPARGI) 4 121,3)yCAQPARTI )y fady 60, {0PARIT),(uly}), 1774

1 (OPARTI) s 1=8,6) o {POCLelVolmlo3bo{POlT i)y Imd,6)¢{0RES{L]al=1s31, L7

2 (ORESEEDaNma, 8]y {OCORITIaTnlo Ny 1OCOALTIN, 154,60, LONELNboIm1,30, 1778

3 OME{])cl=4,8) 1777

GO TO 3282 1778

3281 PRINT 1150, 1AOPARIIN s i=1s3) 4 (AOPARCSD, T07,9)  (OPARCI) ol=Ly3}, 1779

1 (OPRALED o EmT 0o tPOUT L) g0mlo3 )y UPOLLE) o l=Te9) o (ORESLT),1m1, 31, 1780

2 CORES(TI4I=T 490 o(OCORLIYoL=131,10CORI 14 F=T4F 1o (DOME{E) s Im1,:3), 17181

3 (OME(L),Tw7,9} 1182

3243 1~2 1783

323 |=]1+] 1784

00 3235 J=1,5 1765

RaS5%1+j-8 1786

IF(K.EQ.238 GO TO 330 17687

IFIK.GT.24) Ka5ele)-8 1788

[FIPOIR(K)I3231,3230,3232 1789

3231 DRES{JI=0. L7190

OCOR[ J)=DELLOIR] 1191

OME L 1) =ERRPASS GRT (RMINVIK, K} ) 1792

Gd 1o 32329 1793

3232 ORESU4)=0ELLOIK) L794

OCOR{J¥=D. 179%

OME [ J}=ERRPR/SURT (POCK, KD} 1796

32329 [FIK.EQ.10.0R.K.EQ.22) GO Td 3233 L797

GO Ta 3234 1798

3233 ORES(JI=0RES{JI/CT 1799

OCOAL2y=0CORIZI/CTY 1800

QHELS1a0MELJILCT 1801

OPAR I} =DPARINS/CT 1802

IFtK.EQ.1CIPRINTEOTD 1803

GO TO 3234 1804

330 PRINT 1072 1805

IFLPOSEL,11313362,3361,3382 1806

3361 [FEPOU15,151)33865,3388,336% 1807

33862 IFIPOALSs15)03364,3383,3384 Lape

3363 OME(4J=ERAPAS {SQRTIRNINY(I5,13)51,/P0C1L, 112 1) 1809

GO 10 3367 ta1o

3364 DOD«PO{LL,11I%POLLS 1SI-POL 1, L5)0e2 1811

OME {4 = ERAPROSQRT{POL L1, LLI-2.%POTLL,450¢PDL15,15) ) /SARTIDODY 1812

ORESH4)=X5-A0PAR[27) 1813

OCORt4130. 1BLs

PD27 = POLLL,LLI4POCLS, 15342, 2POCLL, 05} 1015

GO TO 3368 1818

Figure 20,--Continued (page 40 of 57)



3365

EET.T1.3

1387

1368
3369
3370

3171

3are

3373

3374

L1

234

3215

3452

3238

3236

3237

3239

OME (4 =(aRPRO|SQRTIRNINVI L] 1LE¢L /PO15,15)0)

GO TO 3367
OME{&)=ERMPRS{SGRI(ANTNVIEYL 11002 @R8NV ILLL 15T eRNINVELS,15)))
ORES(4)=0,

PO27¥=0.

OLORI&)I=xS-AUPAR (2T

IFEPDOI2402)13370,43469,3370

TFIPDI16,161333T13,3374,3373

TFEPO116, 161 F33T72,3371,31T72

DMELS ) v EURPRE(SIUT LRNINVILS, 16041, 700012,12}))

GO TO 3451

000=P0L12,12)%P0I16,141-F0L 12, L6100
OME(S51eERAPARSIRFIPOLE2,021-2.¢P0L12:1612P01YG,10))/SQRTIDODY
ORESISI=YS-AOPARL28)

OCOR(54=0,

PDZ8 = POLLZ2:12)9POI1G,16)+2,9P0L2, 1061}

G0 TO 3452

OME(5P=ERAPRO [SQRTIRNINVI L2, k2021 .7POY 16,161}

GD TO 3451
OME(SI=ERUPROISQRTIRNINY I £2,12) # 2. PRNINVE12, 16 I+RNTHYI LS, 180 1)
ORESIS)eD.

OCOKISk=¥5-ANPARI2BY

PU28=0,

GO TO 3452

[FER.EG. L3, ANDLINOLL).EQ.1) GO TO 323

[F{K.EQ.280 GO TO 3452

CONTINUE

Kz5e[-5

IFLI.EQ.4) PRINY 1071

IFUE.EQ.5) GO TO 3237

1FC1.EQ.6) GU TO 3239

PRENT 1ES8,ADPARIK ), ATPARIKY L} ANPARIK+2) ,ADPARIK+ D}, ADPARIK+ &)

PRINT 115G.0PAR(K] . OPAR(K*]1),0PARINS2 ) ,OPARIN+I},0PARIKS4}

PRINT L1602 PO{K Kb POIKEL Kbt POIK$Z,K42] (PO(RYTI Ke3) PUIKS&KO4)

PRINT 1161, IDRESIJ) g Jala5)

PRINT 1162, LOCOR(J),I=1,5)

PRINT 1163, 10ME(S) 1J=1,5)

IFLI.LT.51 GD TO 323

LF(1.EQ.5.AND. [NDC5 . EQ-1) CD TO 323

60 10 335

POT 1S (141 =PUT1 3413}

ADPAR (141 =ADPARLID )

ORES(5}=0RESL4

DCARISI=OCLALA)

DME(%) =0RE [}

GO O 3432

PRINT 1158, A0PARIK) s AOPAR (K+1 ), AOPARIK 2], ADPAR |27} ,ADPAR { 28)
PRINT 11$9,0PAR (X )4 OPAR(KSL ), OPARIKS2Z1, XS, ¥S

PRINT J16G,POIK,K),POEK+1,Ke1),POCKSZ,Ks2Y,P027,P028
S0 F0 3238

IF(MINSOL.€Q.11 GO 10 335

PRINT 1073

PRINT 1065, A0PARI2Y), 40PAR (241, AUPARL2S], AQPARIZ6]

PRINT 1045,0PARI23):0PARI24),0PARI25),0PAR(2E)

1817
1818
1AL9
EA20
1821
1922
1821
LA24
Lazs
[R:F40)
127
L8228
1829
1830
1341
1432
18y
1834
1835
1836
1837
L2338
1a3%
1840
184l
1842
1843
1844
1845
148
L1647
[1.0Y.]
1849
1850
1as1
1852
1853
1854
1855
1856
1857
1858
1859
1840
1861l
LBs2
1883
1A&64
1865
1868
L8aT
3:L.1:}
1889

18710

Che-x

for MIKIHLM

Figure 20.--Continued (page 4] of 57)
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110

PRLNT t046yPD023,231 yPOt24,24).P0L25,25),P0{26426)

PRINT 1067, {0RESLIY,J=)e4)
PRINT 1068, 40C0REI T 1d=144)

ARINT 106%, IDSELJNed= 144}

135 IFLINDUS),EQ.0) GO Fi 352

<

C  PARINT TRANSFURMED DRIENTATION ANGLES.

[

1515 (FINOPRE.EQ.01 PRINT k164, TALPHLLEy TALPHIZH,

<

IF{NGPOST _EQ.QF PRINT 1065, TALFHI&be TALPH(S5],

TALPHL 3}

TALPHLG)

[FIKOGVENTLEQ. D) PRANT 1095, FALPHIT)+TALPHIBE, TALPHIG)

C PRINT MEAN ERROR 0OF UNIT WEIGHT FOR THE PROBLEM

C

352 PRINT LOT6,¥1eW2,¥3,.¥4

3523

3521

3522

1523

ALLYS=POSYX#PUSVY+ANEGY X+ ANEGVY
PRINT 1123,POSWX,ANEGYX PUSYY JANELYY s ALLYS
[F{MPCONP }3520,3520,3521

XME = ER\PRISOHTLPLILILIN)

YHE = LAAPR/SIRTAPLIZ,21))

PEINT 1117, XME,YME
LF{MSCOMP ) 3522,3522,13523

ALPHYE = {ERMPR/SQRYLTPALIL.L) }Y/CE
UVECHME = (ERRPA/SQRT(IPAOL2,2)}1/CH
FRINT L118,ALPHHE,DECHE

PRINT LO79,ERRPR]

PRINT 1080

IFICCYCLELEN.1.)GD TO 356
CFL{INDIO)Y1353,1354,353

PRINY 081,DETHIN

[FUINDETI) 356,155,356

PHINT LGAZ,UETMAX

C PRINT INVERSE FUA REDUCED NORMAL EGUATION SYSVEM,

c

3156 ERINY |0B3

PRINT 10A4

Jo= 1

357 K A Jel

L= Je2
Mo Jged
k= Jey

tF{J.EQ. 21360 TD 359

[FCJ~-6)359,358,361

352 PRINT 108%

3%9 0O 340 [=1,4

350

L

1

PRINT 108850, J)RRIKVIT ) Jb g Lok ANINVI L oKD gJak RNINVIE (LD 1M,

ANINVEL oMY 4 Do Ny RRINVETLN)

PRINT 1089, KoKqRNLNVIK KE J K LeRNIAVIR L} KpMyRNLNYIK M) (Ko N,y

RNLNV K, NY

PRINT 10900 oL o RMNINVEL LD oL +MoRNINVIL o M) o Lo Ny RNINVIL NI

PATNT 1091 M, MsRNINVIMMI M, NsRKINVIMN)
PRINT 092 ¢NMsRNINVIN,N}

d=Jd 5

LR7Y
tavz
1873
1RT4

1876

L8rT
1878

1879

[L:1:3]
1882
1983
1884
1885
1686
1887
1988
L1489
1A90C
Legl
1892
1893
1894
1895
L1898
1897

[¥:54]

1900
1501
1302
1903
1904
1905
1908
1907
1904
1909
1910
1911
1912
1913
1914
1915
1916
7

1918

my s ,.,,//,z')’é
aab = nv/ﬁ’é;) *

My s my(E)%

my = mAB)"

Check for MINIMUM SDLUTION.

Check Ffor PRLC-RUN.

Figure 20.--Continued (page 42 of 57)



1F(J.EU, 281 G) TO 3662 1919

IFLS=16135T,35T,3868¢ 1220
361 IFLI-11b3as,367.304 1921
Jb2 PRINT (0B 1922
GG TL 399 023
3ua PRINF LNAT 1924
Git 10 399 Lezs
3461 PHINT 1083 197¢&
PRINY 1143 1927
LU TU 35T 1928
3662 PRINT 1l&s 1928
UD ib&D I =1,24 19230
3663 PRINT 1185, 0. d,RNINVLIT, ) 1931
J6o LF(PCYCLE) 38,347,363 1912 Chese fer FFE-FIN -yole.
367 IFLINUEY) F36H, 371,368 1933
3oy PCYCLE = 1. 1935 irdircater.
IFCLCINCNT =591 370,370,369 1916 Thect = -f pape.
b3 PRINT 1363 1937 Sing
LINCNT = 2 19138
$T7 PRINT 1061 1919
IFi{ M OMe13T02, 3702,370L 1940 Cheek for wear errar -omputati=n ~y=~le.
3701 PRINT 1114 194])
LU 1O A0} 1942
3T02 PRINT 1059 t943
3TO3 LINCHNT = LINCHT + 9 1944 fncrement line counter,
U TO 181 1945
ATL IFLINDIBY 372,383,372 1946 check if distortion curves to be printed.

CUMPUTE AND PRINT MEAN ERAUR OF {X AND (¥, BUOVTH TRANSFURMED AND A%

LLMALTED,
372 UR2 = [Ree2 19434
DK&g = [K20@2 1959
UK6 = DRZBOKG 1950
DRU = -JPARILTISOKZ - OPAR(LBI®DES - DPARI L9} *0Ke 1951 A, (K g ohya’ oK at)
D0 3722 121,7 1952
3722 GPNELI=0. 1953
IFAINSILEY 3721,373,3721 1954 ¢ = Oy
31721 CSTARSDPARLL3} 1955 €=l
DEN{L)=1,-0%0 195& FALNEY A
CUCFeUPARL L 3] 1957
Gu TG 374 1958 g A Gy
373 CSTAR=COPARILI)SOPARIL&H) /2, 1959 € ftergy)iz
GFNTLI=IL.—UKD) /2. 1980 £ - )2
UFN{ZIEOENLLY 1981 S L
COEF=CSTAR 1962
374 CSTAR=CSTAR®{ L .~OKO) 1963 e el K)
DFNIS 1 e—CJEFOOK2 196 % ol
OFNLB ) e-COEFOUKS 1965 £ecd!
UFNLTHe=CUEFSUKS 1986 4 =cat
DO 3742 [xl.7 1967
JFNN[ D=0, 1968
00 3762 s=1,7 1989
3742 UFNNEIISUF GNLL ) eBFNLJYSANINY(Jo12 406121 1270

Fiqure 20.--Continued (page 43 of 57}



112

QST=0.

DU 3743 [=1,7

3743 UCST=QCSToUFNNILI*DFNL ]

ERRST=FARPR&SQRT{QCSTI
Dag.
HM=0

FFIPOI13,13113744,3745, 3744

3744 ENNCX = ERRPR/SQRT(POI13,13})

3745
3T4s

GO TO 374
ERRCK = ERRPROSQAT(ANINY{I2,13])

IFEPOt14¢14))3T4A,3749,374A

3744 ERRCY = ERRPHFSQRTIPOL 14414}

1743

3152

GO 1O 3752
ERARCY = ERRPROSQUTIRNINVIL4,14})

[FIPUC22,22003753,3754,3753

3753 ERAPHT = ERRPR/SQRTIPOI22,220)/C7

3754

3755

GO TO 3755

ERRPHI = FRRPASSOQATIRNINVI22,2241/C7

PRINT quﬂpUPAK(lll,ERRCX.OFARIlﬁl-EERCV1UPAR(ZZI.ERRPHT.CS'ARv
LERHST .DK(DKO

ULNCNF 3 17

3741 PRINI loO%%

LINCHNT = LINCHT¢8

4
€ COMPUTE 4WD PRINT RAOLAL , TRANSFOAMED RADIAL, AND OECENTER ING
T DISTORTLQN FOR POINFS ALONG Thi DIAGOMAL DF THE PLATE &T INTERVALS
< ANO DYER FHE OLSTANCE SPECIF{EQ IN THE PHOSLEM OPTIUNS. COMPUTE
[ MEAN ERRORS FOR EACH OF THE PCINTS,
[
TFIMM) 382,375,382
315 = D » DINT
02 = pes?
04 = D2esz
D& = DZwDs
OR = D‘(DKG'UPAR‘!?I‘DZDDPAR(lﬂ}thOOPAR(lvl‘Dbl
DTR = [UR-D*OKO}¥,LE+7?
DR = DRE&,)Ee7
FTR{1) = Depz
FYRL2) = Dwps
FYRL3) = Dwps
FRI1) = D*tDZ - pR2Z)
FRIZ2) = D*(Ds - DK4)
FALY) = D®(Ds - DK&)
00 3751 I=1,3
TEWTIL) = O,
3751 TEM(I} = D.
00 376 I=l,3
00 376 Jai,)
TERTIJ) = TEMTIJ) + FTRULISRNENVIL+16,00101
378 TEMLUY = TEMLJ) » FRUTI®ANINYI [o16,d+16)

ERD = ERRPR*SQRTITEM(LIaFA{]}
ERDY = ERRPR‘SQRTITE&T(lI‘FTﬂ(lIofENT(Zi!FTRlZIQTEH'(II'FTRlli?
1o 1E+7

IFUINDIBY-1)3T7,377,378

+ TEMIZISFRI2) + TEMI3)®FR{3}Ie_LE¢T

1571
1972
1973
1974
ers
E9Ts
1ery
L1978
1919
leao
1941
1982
1943
19A4
1985
19R8
1987
Lagg
L9689
1990
1991
1992

1993

1994
1994
1998
L1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2018
2007

2018

Qe
ey
[~

Co = F

p g
My = mf?c,)“ alt

malric

mey - mflz )

R
mey = m/(8,)"
gy = m ()

g« m/(8)

My, m(@,,“j‘

AR, =K e K a7 s K" e Kyt

4R = 4R, - K,

E

for, = o
fon, =0t
fary = @’
Jir, = afd’-4')
r L4
lbg' = did -d )
Jag, = afat- a4t
[ “duit
9} - oqn' malra
Ol,x,

Mam * m (far, @, ﬁn,')'/‘

Tan = mifan Op Lag )
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L N A s B L I o

rr

378

Ir9

g0
3e

382

DT = Q.
ETD = Q,
&0 10 3380
DV = (DPAR[Z01®D? ¢ DPARLIZ1}®DA)%, LE+T
FTIl} = D2
FTi2t = 06
Teurl) = 0,
TEm{2} = 0.
v 379 I=1,2

00 379 Jzl,.2

TEM{S) » TEMIJD ¢ FTUIPOSANINVEL0lT, 44171

ETD = ERRPROSQAVITEMIII*FTIL) ¢ VEM{ZIOFTL2)}#.1E+T
[FILINCHT =694382,3081,381
PRINT 1102
PRINT LO87
PRINT 1051
CINCNT = 2
LI
GO t0 3tel
GMm = QO LE#s » LLE-Ob
PRIMT 1101,0M%,DIR,EROT4DR,ERD, DT ETD
LINCHT = LINCNT ¢ 2

IF{U-DMAXS, LE-06)3T75,363,383

IF REFRACTION SOLUVION, COMPUTE AND PRINT REFRACTION AT INTERVALS OF

Omt DEGREE OVER & RANGE OF LO DEGREES DN EITHER SIDE DF CAMEAA

CENTRAL RAY.

PRINT MEAN ERROR OF DETERMINATION FOR £ACH POINT.

38y JFUINOL5)D363E,3807,3831

3831 CALL ASINLALI,9],€LEV)

ILEN = 90.

- ELEV/Ce ¢+ ,5

PRINT LL1O0,IZEN

LIEN = LZEN - 10

00 38 I=1,21

LEN = [AHBSIIZEN]

LEN = LENSCH

TAM! = TamlZIEN}

BETA = ATAM{WFOTANI)

TANS = SINIBETAF2.)/COSIBETA/2.)

00 3832 J=i,s

3432 FE(J} = WCSTANB®® (20J-11/C6
LETA = 0,
1ETAC =
DO 3833 1,
3833 RNOAX I} = 0.
ERRLT = 0.
DD 3835 Jrl b
LETA = LETA ¢ FFUJFOAOPARLI*ZZ)
EETAC = ZETAC ¢ FE{JIOPDPAR(|J+22)
D0 3834 Kal,4
3834 AMORK(J) = AWDRK{J) + SEURIOKMENY{N€Z2,0022)
1815 EARIT = EARIT + RWORKEJISFF{I)

ERRIT = SQRVTIERRIT)PERRPR

PRINT LLL1eIZENZETA,ZEVAC,ERRZT

2019
2020
2021
2022
2023
2024
202%
2026
2027
2028
2029
2030
2031
2032
203
2034
2035
2038
2037
2038
2039
2040
2041

2042
2043
2044
2055
2046
2047
2048
2049
2050
2051
2052
2053
2054
2055
2056
2057
2058
2059
2060
2001
2062
2063
2004

2083
2068

2087

Figure 20.--Continued {page
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Ar = Ked' s a5’
.

4

LE T
malriz

P, *
%:= [ é:h]

Mgy * ’”(’dr o'f‘yr) G

Exam’'F

B tan” [(r sz} tan

ST A w(T ten e o £ Lan 6 < T] lan (872
' ﬂwl;ﬁﬁﬂ

s Thw(r lan diz ¢ z rM,’d/Z v T, lan ;1/2\'
T, lan J3/2)

t T Yy fandrlr fon iz fﬂ/r,f"/i' tan sz

fpen

ﬂnyuﬁl

v Jui/
malri

me e m(f @ £ )"
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114

1936 I1IEN » [ZEN + ) 2048
FRAT IFCINDETIE 384} ,36838,3B4] 2069
c

C PLOT HISTOGRAM OF RESIOUALS.

C
3838 CALL GRAPHICTANOC ,CLASS S0V, ¥ NICH 2070
3841 IF{CCYCLELEGQ. 4.} GO TN 38« 20TL
IFLESIG.ER.1) GO 10 38219 2072
38380 DO 18381 1=).,26 2073
FFULLT.LLI UPARELE = DPAR{TI®CT 2074
IFUL1.60.22) OPARI22) = OPAHIL22)eCT 2075
CHil) = SavECHiI) 2076
OP&R{I} = UPARIT) - SAVEDLID) 2077
3a3gl DELLOCY} = DELLOTN) —- SAYEOLIN) 2078
SIOMAL = O, 2119
CCYCLE = L. 20A0
DD 38382 [= L& 2081
ALOIFtLY = 0. 2082
00 36302 J=1.9 2783
3s3ez2 LUNDIT.J)=0, 2084
PRINT 1075 2085

<

C BASED OW TESTS MAQE IN S1GMA CVCLE, COMBINE URIENTATION ANGLES DF

4 PRE~POST-EVENT OR COMBINATIONS THEREDE,
[4
28413 PRINT 1095,FACT 2088
GO TU {38406,383AT,38343,18383,3638%,35385,38381,34383),L516 7087
38406 PRINT 1077 2088
GO TO 38 2089
38383 DD 3838s l=i,3 20907 [ ® ot
Erent Fra
ALOIFCI} = DPARII) - OPARLI[+6) 2091 W W
Event Fre
CONDCLelb = ks 9 . —x*
' 7092 l.' ‘[vfﬂf .Fr(
- . c?
18384 LUNDIT 461 = —t, 2093 e rent ot
. .
PRINT 1078 2094 et % o
F -x"
LFELSIG.LT. 0] GO TO 38399 2095 L™ evene " e |,
38385 DO JB3B6 I=l,3 2096 |
ALOTFLI+3) = OPARLI+31-0PARLL+6) 2097
fegooo o0
CONDUL#Y, [#3) = 1.
(I%3, 1433 2098 Llaoooo_,o
318388 CONOLL 43,1063 = -1, e | g, (20000000
ooevtoo0 0
PRINT 1094 2100 006010040
2 J -
GO TO 38389 2101 ¢o00i 00
316387 00 38384 Ixl.3 Z102
ALDIFIT) = DPARGII-UPAR(]+3) 2t03
COMDIteld=la 2104
38388 CONDARoL+3) = —1. 2105 |
PRINT 1091 2106 R
38189 DO 3831 l=l.b 2107
DO 38390 J=1,% z108
TEMPO[J) = O, 2109
00 38390 K=k,9 2110
o
38190 TEMPOLJ) = TEMPUGJIACONGEE KISRNINY (K, ]} 2t O
00 38391 J=leb 2112
COMDIT(I,J140, z13
DO 34391 Kel,9 2114

Figure 20.~-Continued (page 46 of 57)



38391

38392

383zl

ELELL)

3819%

38196

38297

38398

38399

38400

33401

38402

3840)

38604

CUNOITEE,Jb = CONDITIL,J24TEMPOIKIRLONDIJI,KY
DO 38392 [=ls5
LFACONOITUT#11.EQ.0u) CONDITLI (0] = 1.E¢20
CONT I NUE
0O 38398 x=l,56
ELMAT = COWDITIK,X]
[FCELMT ) 38394,38393,39394
PRINT 1057
G0 TO 3as
CONDITUR,K) = 1.
00 38395 J=1l,06
CONDET IRy Qb = CONDITIK,JI/ELMT
LO 8394 [=1,6
IFUT-R1 183495,38294,39396

ELMT = CONDITIN KD

CUNOTT{1,k}) = 0O,
00 38397 J= .6
CONDITUL,2) » CONNETELyJI-ELMTOCONCITIK, J)
CONT [ NUE
GO 3B40C [=1,78
Lo 353199 Jeih,6
TEMPOUJ1 = O.
DU 381399 K=1,9
VEMPOLJ) o TEMPO{LIeRNINYIT,K)OCONDI I R
00 18400 J=1,n
S5I02tJs11 » 0O,
a0 18400 K=l.6
SIG2UJell = SIGZUJ 2 IISTEMPOIRISCONDITIK, I}
00 38402 [=l,26
DU 3BaABL J3)l.9
TEMPDIN) = 0.
01 35401 K=1,&
TEMPUL JI =TEMPOL 1 #S1G24K, | ) *CONDIN, I}
DO 38402 Jek.26
RN(L,J1 = O,
00 18402 K=1.,9
RN1iE s J)I=RN(1,J)+TEMPOLK ) ®ANINVEK, )Y
PO 38«03 121,24
U0 38403 Jml,28
FHINVIL,J) = RANINYE1,J1-RNEL, )
D0 18404 [=[,28
CeLUutl) = o,
DO 38404 Jal,é
OELOI L1 = DELOLL) = SIG21J,1I®ALCIF( L)
PRINT 105D
¥l a Q.
¥2 = 0.
¥i = 0.
V& = 0,
¥l = Q.
RCOMP = 3
DO IFU00 [=l,13
SuMvilY 2 0.

SuMysi[) = 0O,

211%
2116
2017
2118
2119
2120
2hz2t
2122
2123
2124
212%
4126
2127
2128
2129
2130
21131
2132
2133
2134
2135
2138
2137
2138
2139
2140
FAL Y
2142
2143
PAR L)
2145
2148
2147
2148
2549
215D
2151
2152
2153
2156
2155
2146
2167
2158
2159
2180
216l
2182
2163
rA%-11
216%
2166
2187,

2168

Figure 20.--Continued (page
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39000 cHL = 0, 2169
40 10 2570 21710
C

C PUNCH DATA FOR DIRECTIDN AND TRIANGULATION PADGRAMS.

C

384 PUNCH 1024, INAMESTJ) o w15 b8 ) (NAMES{DN 4 Jn 28,290 (CANSTALL) oJ=1,8) 21
I sMAMESUL I, INARESES) s J019,25) ERRPRL,TOLD, TEMP, PRESS, Wi, WF 2172
GO TO L3B407,38408,38409,384D9,38409,3P409,30409,38409),L81G 2173
38407 GD TO (38409,30409,38409,38409,38408,38608,38610),111 211
38408 PUNCH i125,(0PARIK ) s =4k}, 0PAR{10N 2178
GO TO 3As4l) 2174
38409 PUNLCH 1125, 10PARIK) (Ku7,]10}) 2171
GO TO 3BALL 2178
38410 PUNMCH L1125, 10PARIR)sKul,3),0PARLLO)D 2479
IB4L) PUNCH HL12%, fUPAREK) 4M=11,206),A5,.,7Y5 2180
1PADG = 21 21A1
LFLINOES}.EQ.0) GO TD 38412 2182
IF{NOPRE.EJO) PUNCH L1314TALPHCLY 4TALPHIZ ) 4 TALPHIZ) (NAMESI 1), 2183
1 NAMES(15),7¥P{1),1PROG 2184
IFANOPOSTLEQ.O1 PUNCH L131.TALPHIA)TALPHEST, TALPHI b} +HARESI19), 2185
I MAMESL1S),T¥YP{2},1PROG 2186
TFINUVENT cEQ.CP PUNCH 11314 TALPHET) ,JALPHLB) , TALPH{S1 ,NARESIL9), 2187
L WAMES{15),1¥Pi3}, PROG 21688

PUNCH 107« (OPARINR) yXalf,1%)y)PROG,LASTPT
GO TO 3asls 2190
38402 4O TO (3841),30413,30413,38413,3B415,384014,38415),(1! 2i9l

38413 PUNCH L1131, (OPAR{K) K=&, 60 NAMESELIL NAMES{LS ) ) NAMESLIC), IPROG

PUNCH 1074 (0PARIKE K »11,14),iPROG,LASTPT

GO TO 3841 219
28414 PUNCH 1130, (OPAR{KE yK=4 o) o NAMEST EF) (NAMES LS ) (HANES{ IO}, I PROG

PUNCH 1074, lOPARINY} (K=ll,14)EPADGLASIPT

G0 TO 3deld 2197
38415 PUNCH L13L,(0PARIRY K=4,5) ¢MAMES {190 (HAMESTLS ) yNAMESTIOL, 1PROG

PUNCH 1074, [OPARIRIK=11,1604 IPROGSLASTPT

38416 IFILSIG.EQ.L) GO TD 38422 2200
GO TO {238420,38420:38420,38420,38421,38421,18423),111 2201

38420 |=3 2202
GD TO 38424 2203

421 I=2 2204
GO TO 2384824 2205

IN622 GO TO 130423,38421,38420,38420,33423,38421,308423),111 22086
38623 1=1 2207
38424 H=0 2208
00 3184246 4=1,1 2209

J2=3e] 2210

Ji=32-3sJ z211

00 38425 K=Jl,J42 2212

H=Nel 221y

38425 BIMI=ERHINVIJL K} 2214
DO 38426 X=10,28 221%

NaNe} 2218

FLLF{ BiNyeRNINYIJL,K) 2217
00 38427 R=(0,28 , 2218

D0 38427 L=K,28 2zZ19
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LILISY
18427 BIMI=RNIMY N, L)
PUNCH 1186, NAMES()) NAMESTI26} ,NAMES (15) {NAMES(J),Ju19,25),ERRPR
PUNCH L1170, INAMESIJ] s J226,29) 4 {CANSYA[J} 1,8}
PUNCH T+ XANGLE, YANGLE
PUNCH 116T,DPAR{J2-2) +DPARESZ—11¢DPARL J2) {OPAR(I] »JI=10,26) ¢ XS, TS
PUNCH 11668, EYPIL)  STALPH{J2=2)+TALFHE J2-11,TALPHIJ2}
PUNCH 1169, TOLD, TERP, PRESS s WC o WF
PUNCH IL72,1B{K}K=1,20T}
PUNCH 1173, ({BIK)4Ke208,2100,LASTPT
IFU1.EQ. 1. AND.II1.EQ.7) GO TO 34424
1F(1.EQ.2.AND.T111.EQ.5) GD TO 34428
IFI1.€Q.2. 44D (I[.EQ.&) GD TD 38428
IF{I.EQ.3F GO TO 38428
IFCT.EQ. L. aNO. [1[.EQ.T) Imf#)
E=lel
GO TO 38424
38428 REWIND 1
REW([NO 2

GO TO 100

-

FORMAT (A%, Z2X+2AB AL 58K ,L1)

~

FORMATI1048)

w

FORMATESTIN o) o L2933 0L odX0 o023 01L,203Ks[2)ubXoELbaB,L1,
1 LxeE1)
4 FORMAT (BEIO.BY
5 FORMATL A4 2Xo2ABeAL/AG, 2K, AB K2 AT 2K FLE.8e21:3(2F3.0,FB.41/A0,
1 2K,3A8,212Ks13)214K,F8.2)
b FORMAT AN 2X o3R8, 2K, Fla0,2X, 20F3. Dy EXsF2Z. 041X, FT.4:3K) ,Fli.4)
T FORMAT{AX 212X, FB. 4D}

FORMAT 129X, 200X F3.0y IXoF2.0y 1XeF4.1})

o

FORMAT(12X,5E12.8)
10 FORWMAT{1IX,El4.B¢1NsEL14.8,1X,E14.8)
1k FORMATIGEY2.8)
12 FORMATIS(2]12,E12.8))
13 FORMAY(2E)4aBy3EL0. 4, 2N 18,2X,13,1X 461
14 FORAMATAZEL4.0+32K,[6,2Xs[3,1X,48)
1S FORMAY{2FL2.10.3E10.%,216,FLl.0,2%,11)
L6 FORMAT LTIX, 10
17 FORMAT(34 INGEL4.BY,202Xea4) ,2KoAB 4 s 12/3C1K EL4.B)oiNs328,1R.12/
1 BULE,ELaaBE 202X RAY 32K A8 K T273CIKAELS.0) 282X 088D 32X cAB,4K,
2 T27300X, 614802020 A0 0 (2K A8 4K L2/ L0 EL4.8,32Ks 2104201 4A8,4%,
3 12/30LX,EL&. BB 2020, 440 2K AB AN, 12)
18 FORMATI&(IX.E14.BI?
19 FORMAT{A{1X,EL8¢B)o1Xs18, 10 441
1001 FORMAT{IH)/32%¢54H SINGLE CAMERA ORTENTATEION WITH CELESTIAL OBSERY
IATLONS/Z7/7)
§1002 FORMATI20X,20A8//77/7)
1003 FORMATE2SX, 134 STATION MAME 15X, 94 LATITUDEFX,104 LONGITUDE B X,
LIOH ELEVATION//20K 348, TX,20213:FR.4,5X)F1L.87/777)
100& FORMATI16H PROBLEM NUMBER ,A4,6X,1&H EVENT NUMBER »A4,8X,17n CAMEA
1A HUMBER ABy SN, 21H DATE OF COMPUTATLION ,24B,AL//16H STATION RUN
2BER (A4 46X, 1AH PLATE NUMBER A%, 6%,22H THACKING UNIT NURBER A3,
3 &X,21H DATE OF OBSEAVATION 248,41///717)

1005 FOANAT{50%,18H PRADBLEM CONSTANTS//33X,18H PAOBLEM TOLERANCE.21K,
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2220
2221
2222
2223
2224
222%
2226

2227

2229
2230
2e3L
2232
2233
2238
223%
2238
2211
2238
2239
2240
2241
2242

224

2246
2241
2248
2249
2250
22%1
2252
2293
2254
2253
2256
2257
22%0
2239
280
226)
2282
2263
2204
2265
2266
2247
2268
2269
2270

2272

1?
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1E14.87/33%¢31H REFRACTION TOLERANCE {SEC ARCI+BX,Ele.B/) 2273
1005 FORMAT{3I3X,21H DISTORVION TOLERAMCE,I19X,El4.8/) 2214
1007 FORMATILHL////40X93TH FICFITIOUS DIAGONAL POINT OIRECTIONS} 2275
1008 FORMATI33X,3TH STATICN TEMPERATURE {DEGREES KELWINI.2X(E18.8/} 2278
1009 FORRAT(33K,30H STATION PRESSURE {MM MERCURY),9X.ELl%.87]) 2217
1010 FORMAT(33X,34H DISTORTTON CURYE CROSSOVER DISTANCE.3X,El4.3/) 2278
LOLL FORMAT{I3X,26N DISTORTION CUAVE [MTERVAL,L3X,EL4.8/) 22719

1012 FOAMAT{33X,34H OISTORTION CURVE MAXIMUM DISTANCE.SX4E14.B7////71)

1013 FORMAT{33X,11H COMPARATOR/35X,7TH NUMBER.23X,17H NAME OF OPERAYOR// 2281

L3SK,A8,19%,3A8) 2282
1014 FORMAT{ 1ML/ 49%,20H PROBLEM DESCRIPTORS/////) 2281
LOLS FORMAT(3I9X,32H4 MNINIMUN SOLUTION COMPUTED WITH ,12+6H STARS///) 2284
ROi6 FORMATIAYR,29H NO MINIMURM SOLUTIOM COMPUTEDZ//) 2285
1017 FORMATES1N,I7H PRE-AUN CONPUTED/Z/} 2286

1018 FORMAT(34X,50H CORMON SCALAR COMPUTED FOR X AND Y 10X EQUALS CY)// 2287
(¥ 2288

LOL9 FORMAT(23K,73IH I[NOIVEDUAL SCALAR COMPONENTS COMPUTED FOR X AND Y ( 2289

ICX DOES NOT EQUAL CY)//2) 2290
k020 FODRMATL39%,41H COMMON WELGHT MATREX FOR ALL KNDWM STARS///) 2291
1021 FORMAT{3I8X,43H INDEVIDUAL WEIGHT MATRICES FOR KHOWK STARS///) 2292
1022 FORMAT{38X,42H CONMON WEIGHT MATRIX FOR ALL PLATE POINTS///} 22913
1023 FORMAT(3TX,44H INOIVIOUAL WEIGHT MATRLCES FOR PLATE POENTS//7) 229
1024 FORMATI{ITE,44H REFRACTIDN COEFFICIENT CORRECTIONS COMPUTED///} 229%
1025 FORMAT{36X,4TH WO REFRACTION COEFFICLENT CORRECTIDMS COMPUTED///) 2296

10256 FORMATIZ2M,%4H RADIAL AND TANGENTIAL LEWS DISTORTION CURVES CONPUT 2297

LERFZ27) 2298
1027 FORMAT{42X,35H NO LENS OISTORTION CURVES COMPUTED/Z/7) 2299
1028 FOAMATI4OK,32H RADIAL LENS DISTORTION COMPUTED/Z/} 2300

E029 FORMATI 23K, T2H CAMERA AZIMUTH AND 2EMITH QISTANCE USED TO CONMSTRAI 2301

LM ORUENTATION ANGLES/F3TXeleH DEG MIN SEC/4TX,1LH A2)NUTH 13 2302

L&, FO. L/eTH, LLH 2EN OIS v 13eT4sFo, L7700 2303
1030 FORMATI/054,12H MEAM ERRORS,8X, 151 ERROA ELLIPSES/ 2304
16K L RF ASCEWSION,LK,13H AT ASCENSION, 2305
2 ANeL2H DECLINAVION,IX,B8H AZIMUTH, 5%, 10H ELEVATION,7X,L2H RASC 2304

JOSUIOEC 22U, 5H DECL,5Ne2H A6Xo2H By IR 6H THETA/6X, 12+ HR REM SEC, 21q7
A2X, 2412 DEG WIN SEC,2K),2(112H DEG MIN SEC4LK) 49X, 218H SEC ARC, 2308
SUKD ;3N 8 SEC ARL, 4N W DEG/) 2309
LO3L FOARAT(22X,Tor FIMAL CAMERA ORIENTATION AMGLES TRANSFORMED IO A RE 2310
LFEREREMCE STAFIOM SYSVEM//4IN,BH STATION/L5X,23H REFERENCE STAVION 2311
2 MAME,SN, TH NUMBER,BN,9H LATITUDE, 9, LOH LONGITUDE 8%+ 10H ELEVAVIOQ 2312
BN// LSRN BAB 6, A o 2K 205K, 2134 F8, %3 SHoFLL.&/47) 2313
1032 FOAMATIAN PRE, U4 2E LN T21FT.3,20,013,1%,12, FB,21Ks2{1X:12),Fb. 23t4
12,2K:e03,kM, F2oFb.2,1Me201%20204Fb.2,14,TH ORIEMT22(2X(FT.3), 2101 2315
2RpF T3} 1N, FS.0/ T30 8M TOTAL, 242X FTadbe2(1KeFT 3D, LK,FS.0) 2318
1033 FORMAVI///28K,66M FINAL CAMERA ORIENTATION ANGLES TRANSFOAMED TD & 27T
1 MEAM POLE SYSTE®R//21M,20H X-CORRECT(OM ANGLE $SECY) = ,FA.4,5X,;28H 2318
2 Y-COMRECVIOM SMGLE (SECE = ,Fe.4) 2319
1034 FOAMAT{I9X,484 FINAL CAMERA ORIEMTATIOM SNGLES MOT TRANSFORMED} 2320
1035 FORMAYI///7//424,33H TATAL NUMBEA OF STARS [N PROBLER/ /38X, 12H KOl
IN START p05,5X o UMMNOMN STARS, (S///3TX eeH TOTAL NUMBER DF PLATE
2 OASEAVATIONS OF STAAS//36X,4TH ORLENTATION OF KH(MWN STARS OF U
INKNCRH STARS/ /80N 4H PRE,JUN; T4 03N, [4/74DK,5H POST, 10N, [, 13X, 14/
4 3TN oM EVENT L M0M, 145130, 14//74680,210H TOTAL,15,06X))

L036 FOAMATIIMA/S0K, 38M4 NURBER OF ITERATIONS wilL NOT EXCEED /) 2324
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1037 FORMAT{GRA, 2ur MINIMUN SOLUTICN - o124

L03d FORMATI&BE, 204 MAKIHUNM SULUTION — ,12)

1039 FURMATLZZZ51% 170 HINTMUM SOLUTEON)

1040 FIMMATE///51%, 178 MAXTNUM SULUTLON)

1041 FORMAT(//8U%s23H NUMBER OF NUMAEH DF/49%,23H TISERVAT[UNS  ONKN
1UmNS//3TH23M ORIENTATION PARAMETERS, 6K 02, 10%,12/37X 1™ STAR C0
ZURJINATES 203X, 843/37%, 148K PLATE CUURIINATES, 9%, L4//73T70,7H TITALS
3,125 2082, | wb /707X, 201 NEGREES JF FREFVQOM ,167//747%023H LEVEL OF
401 SCKEPANCTES/ /53X, EL4.97)

1062 FORMATUSH POSY (1% 20 LK, 121k T.3,2%403,1%,12, Fb.2,kX.201%:12},F8
LeZu2Rel3eine [2,Fo2sdNe248%, 021 Foo 2 0y TH DRIENT 202X, F7.3), 201
X F13), L0 FS. 0/ 15X 0H TOTAL 21 2XaF T30, 20 1XKeFT, 41, 1%,F5.0)

1043 FOAMATI6H EVENT, 2O U2 FT,3, 20,13, 1%, 12,  Fo,2:0%,2010,02),F
L1622 :2Xy 131Ky 12/F002, 1% 20 K 12)eFh. 21X TN ORIENT 24 2X,F 7. 31,2010
SR F T30 1N F3. 0/ TSN 6H TOTALL2(2KsF2,3), 201K, F7.31,1X,F5.01

LO44 FORWATG//6%,1TH DIACONAL POTNT E.01,0rdp 11513H) CENTINETERS)

1045 FORMATISINIEL4,.A

1044 FORMATIZ/743X,12,21H ITERATIUNS CONPLETEDY

1067 FOANATI// /650 ,30H FOUR DIVERGENT STEPS OCCURRED!

1048 FORMAT(/7/31X,56H ITEXATIUN RESVLTS DIFFER AY LESS THAN TOLERANCE
LSETTEING)

LOAY FOMMATI///ITH,44H REFAACTION SOLUTION ELIMINATEQ FROM PROBLEM)

1050 FOMRATY LML/ 44X, 31H STAR aNU PLATE COURCINATE DATAI

£051 FORMATIHIX, 120 (CONTINUECEH)

1052 FURMATI///190,24H NORMALIZED STAA WEIGHTS, t6X+ L 2H CATALDG M0, 41BN,
1154 STAR AcSIDUALS/Z8H  STAR/55M NUMBER RIGHT ASCENSION DECLINA
Mion CORRELATEON, 19X,47H R A (SEC TIME) R A ISEC ARLY DECL
VISEC SACH//INs 154 2K (3I2A4EL4.B) b, 86803 (2N, ELC.RAN)

1093 FONMAT{1HI/44%,31H STAR AKD PLATE CODRDINATE DATA/53X,12H ICOATINY
VEDI}

105% FORMATE/TIC, 4H PLX,9%,8H PLY BX,5H PLXY/15X,50H ALL DUIAGINAL PDINT
1S COMPUTED wITH PLATE WEIGHTS OF 2N, 31E0.4, 3K}/ }

1059 FOAMATY /8H POINT (24, AH OMIENT-,2X,23H PLATE COUDRDENATES (9M),T7x,

L 250 MORMALLZED PLATE WEIGHYS7XeL4M SIDEREAL TIRE,5X,20H PLATE RE
25 IMICRANS)/TH NUMSER  2X,6H ATION, 7%, 3H LX, 9K, 3H LY 10K, 4H PLX, 72,
3 AH PLY, TN, 5H PLEY,6%,12H4 HA MIN  SEC,9%,4H YL Z,9K.4H YLYI

1050 FIAMAT(/20M,26H SPACE ANGLE HMEAN ERAUR,ILX,¥6H CUMPONENYS OF SPAC
1€ ANGLE (AAC SECI/ZIM,2110H IARC SEC)H, 2X), M, 514 R4, #C0S OEC
2 DECLINATION AZ®(DS ELEY CLEVAVION/Y

1057 FORMATI////735%,49H NO INVEHSE FOR REOUCED CONDITLON EQUATION RMATR
180

OSSO FOMMATS AR 16, DU AS p 20 o F B2 5,F 12,5, 2N M 2R, E9. 1) adX, 241000 21,FT.4,
L2{FL3I.50)

KOS9 FORMATI///15K,82H PLATE COORDINMATE DATA AND COMPUTED STAR POSETION
I FOR UMMOWN STAR — STAN AUMBER 4 1&,/7/T2X4120 MEAN ERRORS, 18X, 1%H
2 EAROR ELLIPSES/E3R,15H RA ¢ COS{ODECL Fo2N, 12H DECLIMATEOM 6N 26 Ay
A7M,2H B, 2%, 6M THETA/2006H WEGHT ASCENSION,3KI,2K,12M DECL INATION,
SA0NIIEK, KON (SEC ARACIIoAKo&H (UEGD/IH MR, N oH MIN, 20 ,4HM SEC. LN,
S264My8H DEG. LN, 6H MIM b Xe4H SEC) B0, 7H CREENT/ 60X, 54 DNLY 4X,FT.T,
OBR  FT o oMy 24FT eI 2N oF A 0/UN 20T 2o 2K aFTodpdNg13,2X:12,204F8.2,
TAN 2002, 20040F0.2,6M,6H TUTAL AR FT 3,80, FT.3,6Ke20F7.3,2K),F5,0)

L1060 FORMAT§/ /736K, 486 AZIMUTH-ZENITH DISTANCE PLATE CODADIMATE OATA)

_1061 FOAMATA//#2BX,62H PLATE CNORDIMATE OATA FOR POINTS mOT USED W PRE

1-RUM SERUTION)
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2325
2326
2327
232m
2129
2330
2331
7332
2331
2334
23135

2336
2337
233A
119
2340
2341

2342
2341
23an
2345
2358
2147
2340
2149
2350
2353

23152
2353
2354
235%
2354
2357
2358
2359
2360
2381

2362
2163
2364
236%
2366
2367
2368
2369
2370
237

2372
2373
2370
237y
2376
2377

2378

119
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1062 FORMAT(/36X,4TH (PLAYE COORDINATE DATA CONTINUED ON MEXT PAGE}N 2379
1063 FORMAT{1HI/&2X,34H CAMERA DRIENTATION PARAMETER DATA) 2380
1D&% FORMAT{ 10X, 20H DRIGINAL PARAMEVERS ¢3X 4 I5X El&.8}) 2381
1065 FORMATLION,20H COMPUTED PARAMETERS,IX,&(5X,E14.8)) 2382
1066 FORMATILOX,20H WEIGHTS (DIAGONAL) 3% ,4(5%,EL4.8)) 2383
1067 FORMAT(LOX,10WH RESIDUALS, 13X &(5X,E14.81) 2384
1068 FORMAT(10X, 120 CORRECTIONS 11X, 4(5X+E14,8}} 238%
1069 FORMAT{ 10X, 12H MEAN ERROAS, 11X, 4{5X,E14.8)) 2388

1070 FORMAT(//29X,L6H EPSILON (GRADS) 49X¢3H XPoL6Xy3H YP,16X,3H CXsl6X, 2387
1 3H CY) 2188
1071 FORMATI/ /32X BH DELTA Xel1X,8H DELTA Yyl13Ky3H K1,18X:3H X2,16X,3H 2389
1K3] 2390
1072 FORMATI/ /35K, 3H Kb LN, 3H K5 hLKe15H PHI-F (GRADSF2I0Xs3IH KSyLlbX,e3 2391
IH ¥$S) 2392
LOT3 FORMATL/Z/742X,6H TAU=1503X,0H TAU-2,13%,6H TAU-3,13X,6H TaL-4&) 23193
LOT4 FORMATI&{LX,ELl&.8FellXe12,8%,11)
1075 FORNATLLIHL////7/50X, 184 COMBINED. SOLUTIOMN) 2395
1076 FORMATU{1HI/ 40X ,38H SUMS OF WEIGHTED SQUARES OF AESTDUALS////&5K+6M 2398
L PLATE,9X EL1&4.B/45K,6H STARS,9X,E14,8/45X,12H ORLENTATION,; 3X4EL4.8 2197
2//45K,12H GRAND TATAL AKX E14.87/7777) 2398
10TT FORMATIIHL//£7749X,21H ND COMBINED SOLUTIONG 2399
1078 FORMAT{//26Xs6TH ORIENTAYIONS FROM PRE AND EVEMNT STARS CONSTRAINED 2400
1 TO COWMMON YALUES) 2401

1079 FORMAT{32X,41H MEAN ERROR OF UMNIT WEIGHT FOR PRDBLEM vEVSBISS S 2402

IV A 2403
1080 FORMAYVI6X,46H DETERMINANT OF REQUCED WORMAL EQUATION SYSTEM//) 2404
1081 FORMATE43IX, E9H MIMIMUN SOLUTION .El%.8/71 2405
1082 FORMATI 43X, 194 MAKINUM SOLUTION 4El%.B) 2406
1083 FORMATI{IHL/38X:42H INVERSE DF REDUCED NDAMAL EQUATION SYSTEMW) 2407

L0B4 FORMATI/S5Xs12H ALPHA [PRE),12X¢12H OMEGA (PRE)412X, 12H KAPPA (PRE) 2402
L12%,1 31 ALPHA (POST),1iX,L3H OMEGA (POST)/} 240%

1085 FORMAT L/5X,13H KAPPA (POST},l0K,L4H ALPHA (EVENTE10X,14H ONEGA (§ 2410

LVENT ), 10X ¢ 1&H WAPPA (EVENT) ¢l4K,9H EPSILONM/I 2411
1086 FORMATI/10X,3H KP2LX¢3H ¥YP21X,3H CA21X, ¥ CYLI9X. BH OELTA X/) 2412
LOB7 FORANRATFL/TX,8H OELTA ¥Y,E9X.3H K1 ,218,3H K2, 21X,3H K3,22X43H K&/} 2413
1088 FORMATIZH | [2,1Hs J2¢0H]) ELl4.By 482,24 | [2.1H, [2,1H) El4.8]} 2414
LOBY FORMATIZ2Ma4U(ZXy2H § 22¢1Hy [2,1H) El4.08}) 2415
LU90 FORMATI46X,302X,2H  124LHy E24LH) El4.B)Y 2416
1091 FOAMATITON,212Ke2H { 124LHs J2,1H) El4.8)) 2417
1092 FORMAT{96K.2H | 1241Hy i241H) El4.8) 241¢e
1093 FORMATI//26K+66H ORJENTATEIONS FROM PRE ANO POST STARS CONSTRAINED 2619

170 COMMOM YALUES) 2420

1094 FOAMAT{//26%,68H DREENTATIONS FROM PDST AND EVEMT STARS CONSTRAINE 2421
LD TO CDMMON VALUES) 2422
1095 FORMATI/732%,%54H DECISION FOR COMBINING SEPARATE ORIERTATIONS BASE 24213
10 ON/33%X,11H FACTOR OF oFB.2.3%2H TIMES MEAW ERROR DF SPACE ANGLE) 2424
1096 FORMATI///7/7733X¢39H TRANSFDRMED CANERA ORIENTATION ANGLES FOR EVEN 2425
1T STARS OMLY//38X,L4H ALPHA [GRADS):3X¢14H OMEGA (GRADS) (S, L4H KA 2426
2PPA {GRADS)/33K,3{5X,ELl4.8)) 2427
1097 FORMAT{LHLI/48X,22H O1SVORTION CUKYE OATA) 2428
1098 FORMATIIMI/4TX,22H DISTUATIDN CURVE DATA//LTK,32H COMPUTED FOCAL L 2429
LENGTHS (METERS) 15X, 52N ORIENTAVION ANGLE FOR DECENTERED DISYORY 2430
210N IGRADSI//9X.3H CXTRy1LH MEAN ERROR,TX 38 CYeTXo1lH MEAM EARDR 2431

319X, 6H PHI-T, 12X, L1H MEAM ERAOR//IK,2{ 2K, FIO, ToZhsEL4.A)+6X¢2(TX, 2432
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SEl4.8F/ 71060, S6H FOLAL CENGTH FUA THANSFUSMLD RADIAL OLSTORYINM |
HAMETERSY/ T4a,17A DISTORT|ON CURVES20%,TH (-5STAR,12%,11H ™MEAN ERAQR
619K, 26H CROSS-OVER PUINT (METERS),ad, | 2H K-ZEAD TEUM/FIAXFYO0.T,
7106, Ele.8,20X F6.y16%, EL4,B)

1099 FORMAT( /750X, 14H RAOLAL CURVES.I&X, 17H NECENTERED CURWE//2X,16H &
TAD[AL DCISTANCE,IN,20H COMPUTED DISTORTION,12ZH WEAN ERRIR, 3X,23M
2TRANSFOCRMEU DESTORTICN,L2H  MeAl ERRCR,3X.1LH DYSTORIION, 12+ MEA
IN ERAOR/SY,5H (MM)  6X 52 (TXelOH JMICRONS ) }p2X,2(8X, 104 [RICRONSI),
42X+ 212%,10H (MICRONSHD)

LLOY FORMATL/LOX L3 ,BE 21BN FB, 32X 2010%,F2.33,2X.20604FB,1}1]

L1102 FORMATI/4BH,22H [CONTINUED NEXT PAGEL)

V10Y FURMATA 7/ /75%00,36H ERROR 1 - STAR NUMBERS DO NOT AGREE//MTX 13H §
LTAR NUMBER ,1%,5%,L4H POINT NUMAER ,[51

V104 FORMATIF/#//23%eb7H ERROR 2 - WO INVERSE FODR STAR CUDORDINATE SUB-M
LATRIX -~ SVAH NUMBER 4157

1105 FORMATI// /7776420, 34H EAROR 3 — NOT ENIUGH OBSERVATIONS)

LLO6 FURMAT(///7//31X,56H ERROR & - %) [WVERSE FDR AEDULED NORMAL EQUAT]
108 matRix)

V10T FURAMATE 7/ /83X ,3H XS5,016X,3H Y5)

1108 FORMATLLION, 20H ORIGIKAL PARAMETERS, YN, 2(5%X,E19.8))

1109 FORMAT(10X,20H COHPUTED PARAMEFERS,.3Xs2{5KEl4.8))

1110 FORMATIIH]/&BX 22H REFRACTICON CURVE O&KTA///732X,%lH ZEMITH OLSTANC
1€ OF CAMERA CENTRAL Ray 12,80 UEGREESA//7/20X,Lo6H ZEMITH DISTARCE
2 &% 17H GIVEN REFRACTLION,3X,20R (OMPUTED REFAALTION,S5X,11H MEAN ER
JRORFZIN,10H (DEGREES ) o 3X, 344X, A TH {SECONOS OF ARCI))

1611 FORMATI/728X,412,2Xe3113%,F0.3)}

E112 FORMAT(// /750X 20+ REFRACTIOM SOLUTIONY

LL1D FORMAT(// /12X :24H NORMALTIED STAR WEIGHTS,6X,30H MEAM ERRORS BEFOR
1€ ADJUSTMENT ([ TX 15H STAR RESIDUALS/oH  STAR/IZ0H NUMBER R A
2 DECE CORR R & {S5EL aRC} DELL {SEC ARCI R & (SEC
ITIME} R & §SEC ARC) OECL ISEC ARCH/FIN.IS+1K, 301X E1D.%),512K,
LEL4.BTE

1114 FORMAT(/6H POINT ,2X(8H ORIENT=, 3N 044 SIOEREAL TIME,YX,25H NOAMALI
TZEQ PLATE WEIGHTS, 15K,12H PLATE COORD, ANy 12H M.€. HEFORE 3N, L10H PL
2ATE RES/TM NUMBER 2K 6H ATIUN, 4K, 12H HR MIN SEC,BXahH PLX, TR é4H P
LY TEWSH PLAY,LTR,5H (AM) ,6X,16H ADJ {MICROKSI 2%, 104 [MILRONSI)

THLS FORMATEZLX ¢l e 3N eAS e o Xp 2610 02F FB, 4 2N 302K, ES 30, TX,3H LE,I(F 4.
150/ 75%, 3H LY 3IF14.5}1

1blt FORMAT(LON (74 MEAN ERRORS OF UNKMOWNS ¢4X,EL4,. 85X E14, 87/ 10K, 23H N
LEAN £REORS BEFORE ADJ, 245X, EL4,.BI/ 10K, 24H APPAOXIMATE MEAN ERRDRS.
24N Ele.8,%0,EL4,0)

BLIT FORMATILISH,%H COMRON MEAN ERROA OF PLATE REASUREMENTS BEFORE AD)
L LE LE14.8,5H LY +EN4.8/)

1118 FORMATEIS5X, 53H CUMMDN MEAM ERROR OF KNOWN STARS BEFDAE ADJ RA
t 4E14.8,8H DECL LEl4.8/)

LIL9 FORMATL///30K.65H ALL MEAN ERAROAS {OMPUTED USING PROBLEM MEAMN ERRD
1R OF UNIT WEIGHT)

1120 FORMATE// /723K, 65K ALL MEAM ERROAS CORPUTED USIMG INMPUT ME4N ERADR
10F uMIT WEIGHY =,EL4,.B¢

1121 FORMATC///7729% 664 THE FOLLOWING PLATE POINSS OR STARS HAYE BEEN R
LEJECTED 1M ADVARCE/)

1L22 FORMATI///715%,82H PLATE COORDINATE OATA ANO COMPUTED STaR POSITION
L FOR UNMKMOuM 5TAR - STAR MUMBER J6.//72%;12H MEAN ERROASe LEX, 1SH

2 ERROR ELLIPSES/6SX,15H @A © COSCDECLY,2Xe12H DECL IMATION,6X,2H &,
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2433
2438
2413%
243
2517
2418
2439
2440
2asl
7442
2443
24k4
2645
2448
2647
2648
2449
2450
2451
2452
24%3
2454
265%
2450
2457
2450
2459
2400
2461
2462
2481
24 b%
246%
24066
FAT-34
2480
2459
24170
2471
2472
2473
26T4
2475
2676
2477
2478
2419
24B0
2e81
2482
{68)
24P 4%
z4ns

2486
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ATXg2H Ba2X,6H THMEFA/2E16H RIGHT ASCENSIDN.IX) . 2X.12H DECL IMATVIGN, 2487
4108, 3t6K, 1IH (SEC ARCHE %X 6H (DEGI/IH MR, 1Y 4H MIN,2X,4H SEC, LK. 2484
S2LaXs4H DELLlX,oH MIN(LL, 44 SECH 3N, TH ORIENT/B0K.9H OMLY . 4%,FT7.3, 2489
GBK FTa3 6% 2IFTa3e2K)o4H ND 71Xe24 12,20 15F723,8X,00,2Xe02:2%,F 0.2, 24590
TOX 20012 200 F6.2,06X,80H TOTAL&X o F 7. 30AX,FT.3,8X 21F7.3,2%14F0.0} 2491
1123 FORMAT(/TX,ebH MEAN EAROR UF SELECTED FOCAL LEWGTHIMETERS) ELe.8} 2492
Th2% FOMMATEIN , &8, 3N 2A8, AL /3N A4 3AR, 11 2{F5.0,F0.0,F3.8]1,E18,871X,46, 2493
i IN A6 (AN By X AR SN AR A X IR 2R E LA /5K, 51X ELs.8)] 2494
1125 FORMAT(OX (EL6. 104 N E16.10,1%,E16,10,1%,E16.10} 2455
1126 FORMATE/36N,4TH TIME CORRECTIONS APPLIED TO PLAVE URSERYATIONS//5)
1k &M HAS MIN SELC, /46K 4H PRE AN,2(F).0,24),F8.,4780%,5%H P0OST, 3
284 2CF 3.0, 2K} FALA/AOX 8H EVENT, ZX4 26F3.0,2%) . Fa. 8077770
1127 FORMATI/35K,52H ERROR - DISTORTION ROF [(NNVERGING FUR POIMT MNUMBER 2497
1 +ib6/8B3,10H DELRDI = ,E14.8,1%H DELTAT = .F14.8/) 24980

1E28 FORMATY(34X,52H SURS OF PLATE RESIDUALS FDAR POINTS USED 1M SOLLTION 2499

V/725K,3M WA, 40X, 3H VY 25X, 141 ALGERRATC SUN/L2X,9 POSITIVE,LOX, 2500
29H MEGATIVE, 19X 9% POSITIVE  10K,9% MELCATIVE (LSX,10H VI AND ¥Y// 2501
3 24108, E18, 85K, E10.8} 10K, ELN.8/7/) 2%02

1129 FORMATI///15%,82H PLATE COORDIMATE DATA AmD (OQMPUTEOD STAR POSETION 2903
1 FOR UNeNOWM SFAR ~ STAR MUMBER ,16,//T7T2X,12H MEAN EMRORS ., 18X, 1%5H 2504
2 ERROA ELLIPSES/63N,15H RA & CDS{OECL ) 47%,12H DECLINATION,AX,2H &, 2505
ITK 2H B,24.8H THETA/ZIL6H RIGHT ASCENSION,3X),2X,124 DECLEMATLON, 2308
410X, 20X, YOH (SEL ARC I, 8K, 0H (OEGI/ I MR, U0 . 4H MIN2X, 4N SEC,1X, 2%07
L200X,4H OFG LA, 4H MIN IR 4H SEC) (8%, 76 DRJIENT/S0X, 96 DMLY, 6N ,FT.2, 2508
BBK,FT. 3, 8N, 20FTa3o2X) o4H NO FLIN, 2112220 FT.,0X, 13,28, 02,2K,F8.24 2809
TR 2002 (2P FB. 240X e0H TOTAL,AXLFT, 3, 0N FT.3,6K,2(FT, ), 28] ,44 AU ) 2910

V130 FORMATA /77150 .,082H PLATE COORDINATE OATA AMD COMPUTED STAR POSITIDN 2911

I FOR UMRMOWN STAR — SYAR MUMBER J6./7/7T2X, 12N MEAN ERRORS 18K, 15K 2912
2 ERAOA ELLIPSES/A5X, 194 MA & COSIDECLY,2%,324 DECLIMATION,6N,2H A, 2513
3TN, 2m B,2Re6H THETA/ZI10H RIGHT ASCENSION,3X)42X,124 OECL IMATION, 2914
ALON,ALAN, 100 [5EC ARCI) 44X, 6H (DEGI/3IH HA LN, 4H MIN 22X, 4H SEC, 21K, 2%19%
BZUAX, oM DEG, LK 4H RMIN, 1%, &4 SECI, AR, TH ORTENT/ 60X, 5H UNLY,4X,FT.3, 2518
AR FT. ) bR 2{F 7, 3e2% 0 oFALD/ING20E2,2K) oF To3, 80, 13,20, 12,2%,.Fb.2, 2517
TAK, 20020201 1 Fba2ebXotoH TUOTAL 8N FT 3, BN, FT.3,6K,20FT,3,2K),4H NO } 2518
FL3) FORMATUIULX ELO Bl o2X A%, 20 Ae 20 A%, 7,121 2519
1132 FORMATE/1N,5H STAR,LOX,23H MEAM PLATE CODROIMATES,37X,21H BEAN PLA PATIN
LTE AESIDUALS, /TH MUNBER,IDNy3H LU, 16X, 3 LY, 250,64 VLN, 12K,4H ¥iT, 2521
TN, A2H RADVAL COMP,2X,J08H TANGEMTIAL COMP//IX,T5:3N,213E,EL4.8),12 2522
IXe* (2K ELN.E)) 2323
I13Y FORMATE201e) 2924

1134 FORMATI6DH IMCORRECT STARIS) HAVE BEENM LPECIFIED FOR TeE MIN[AUM § 2%23

100UT 1D} 2526
1135 FORMATUI6, 73K, 11} 2%27
1136 FORRATI/34W VOO MaARY REJECTED STARS OR POINTS) 2528

LA37 FORRMATE/2TA,36H ALL PLAVE DBSEAVATIONS FOR STAR NO.1%,1aH {CATALOG
1 NQ. la,sM) HAYE/2TX,66H BEEN REJECTED, 50 THE STAW HAS DEEM ELINMY
ZNATED FROM TWIS SOLUTION)

L1308 FDAMAT {304,140 STAR MURBER ,Ib)

1139 FOAMAT{30X, L4 PLATE POINT ,la)

LAA0 FORMATI2MS2,30X,66M MEAM PLATE COORDINATES OF STARS USED M SIMGLE 2%

I CAMERA ORIENTATIOMI 2334
LL1A)l FORMAF(2HE ,23%,10A8}) 2533
1142 FOQRRUATIZHE ,46%,0H EVENT ,A4,10X,84 PLATE 43 293

1183 FORMATA/ZIQN3H K5,19X,8H PHI-TLAX  6M TAU-1,180,4H TAU-2,19R,84 TaU 2537
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1-3n

§la6 FIIMMATI/8X0H TAU-4)

Bles FLHMATI2H ( [2:1He 12,1H] ELA. M)

Llse FORMATL / 47X, 144 ALPHA {GRADSI,S5X,l6H OMEGA [GRADS),5X,L4H KAPPA
LILRAOST /1A%, 20H DREGINAL PARAMETERS ¢BY,A[EL6. H,5X) 719X,200 COMPUTE
210 PARAMETERS, AN, JLEL G, By5KP/19%, ) 9H WEIGHTS (DIAGUNAL) 9%, JLEI 4,8,
3B/ 19K, 10H RESIDUALS (1RAX,31EL4,. 3,5}/ 19, 12H CORRECT [ONS 14X, 3(EL
Ye.B.5XF /19X 24H NEAN EARORS OF UNKNOIWNS, &%, 3LEL&.H.5X})

1147 FUORMATI//25X,34H URIENTATION ANGLES FROM PRE STARS,L9X.3%H DRIENTA
ITLJON ANGLES FRUM POST STARSEH

1148 FORMAT//29K.34H URCENTATION ANGLES FRLOM PRE STARS (L1BX,36H JRIENTA
ITIUN ANGLES FROM EVENV 5TARS)

114 FORMAEL//24%Xs3%H URIENTATION ANGLES FROM POST STARS,Ll8X,36H ORIENT
LATION ANGLES FHOM EVENT STARSH

L1150 FORMAT(/L19X, L6H ALPHA {GRADSIIN,L6H OMEGA {GRADSY,3X,l4H X4PPL [GR
1ADS) , 5% 14A ALPHA (GRADS) 3N, |44 UMEGA [GRAOS)H, 3X, l4H XAPPA [GRADS
2P/LA13H DRIGINAL PAR (SAy 3{EL4. ALY 42X+ I{EL4. 3, 3R}/LX,13H [OMPUTE
30 PAR,SK,SIELS A 3NN 28, 3ENG, B, 3K3/1K, L3H WELGHIS-DIAG 5%, 3(E1 4.0
fp XY 2Ny 3UELGLBINI/1X10H RESIDUALS cBX43(EN4.8,0X)42X,3(E14.8,3K)
SFUAe12H CORRECTIUNS b A0 EL&,Bo3X)o2Ke I{EL4. B, 3KD/ LK, 124 MEAN £RRO
BRS OK IELI4aBy 30,2 MELS.B,3X0)

1151 FORMAT(LX,15H POST MINUS FRE. ON21FB.2, 4N} 14X, 2{FB.2+6K) 20FB.2
La3K1)

1152 FORMAT(LX,LTH EVENT MINUS POST. 4X, 2[F8.2,4Kl,4X.2(FB.246X}.2I{F8.2
1,30}

1153 FORMAT(1n.18H EVENT MINUS PRE,SRs ZIFB.2,8K},8K,2(FB.2+6K},21F0.2

1e301)

1154 FORMATU//S52.34H QRIENTATIOM ANGLES FADM PRE STAAS]

115% FORMAT(//55X, 354 DRUENTATION ANGLES FROM POSTY STARS)

1156 FORMAT(//S4R,36H URIENTATION ANGLES FROM EVENT STARS)

L1157 FURMATC21X Ten INSUFFECEENT TYPE 2 STARS TO COMPUFE INDIVIDUAL AN
1ERA DRIENTATEDN ANGLESY

L1568 FORMATIIK,20H DRIGINAL PARAMETERS ,9X,5(EL4,.8,5K1)

L1%9 FORMATCLX,20% COMPUTED PARAMETERS 9%, S{E14. 8,500}

ile0 FORMATI LX,L9H WEIGHTS (DIAGONAL |,10K,5{ELe,8,5X})

1160 FORMAT[ X 10H RESIDUALS 19X.SIEL14.B,50})

1162 FORMATILN,L2H CORRECTIDNS 1TX,SIEL%.B8,50))

1163 FORMAT{1X,24H MEAN ERRORS OF UNKKOWNS SX,5{El14.8,5x0)

Libe FORMATI//7/7/332,5TH TRANSFORMED [ AMERA ORIENTATION ANGLES FOR PRE
ISTARS DNLY//38%,14H ALPHA [GAADS)5X,1%H OMEGA (GRADS) (5%¢L4H RaPP
24 LGRADSI/33K,3{5K,E14.8))

LL16S FORMAT(/////33X,58H TRANSFORMED CAMERA ORIENTATION ANGLES FDR POSV
L STARS OWLY//3BX,14H ALPHA [GRADS) SK,14H OREGA {GRADS) (5K, LM KaP
2PA (GRAGSI/ 33N, 3USX4ELS. BT

1166 FORMAT{ 1N A4 20,848, LK A5, N A% AB, AT, 4{AB) ELS.8)

LibT? FORMATITR,4ELT.101

(led FURMAT{AS 2XJIELTL200)

LEDY FORMATIAX,SEELS.6}

RR70 FURRMATI2X A% 3AB 1L 2(F5.0,F%.0,FB8.4},ELs,.8)

ULTL FORMATI/ZLOK,23H PLATE COOROIMATES (MMJ,11X,25H MDAMNALIZED PLAYE WE
LIGHTS, 134,20 PLATE RES {MICRONSTI/ZN3X 3 LU X 3H LY 16%,4H PLE, 4K
2e6H PLY (6N 5H FLAY pL4X &H YLK, 9K R VLY X, ZIF12.50 98, 3L LL,E9.),
3 SR,21F13.5))

L1172 FORMATITX,3E20.14)
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1173 FORMATI7X, 3620, L0s12% 01}

9999 FORMATESIIT.EL4.8)) 2591
£ND 2592

Al SUBTYPE.FORTRAN, PUNCH 7391
SUBROUT THE ASIMISINX, X} 2594

S = -l 2%9%

T = SINXeeZ 2398

X s 0. 2997

2% = X » SINX 2998
5= 5§ » 2, 7999

SINT = SINKOTeS0@2/{{Sel,001S5e7,}) 2600
FF{ABS(SINX)-i E~[B)3,:2,2 2601

3 RETURN 2602
END 2603

r SUBTYPE,FORTRANPUNCH 2604
SUBRAUT INE ANGLEUY . Xg ANGY 760%
IF{%})30,20Q,10 2608

10 IFLY)L3,. 11,11 2607
11 ANG = ATAN (Y¥/X) 2508
G0 TOo #0 2609

13 ANG = 6.2B31R530TL796 + ATAN LY/X) 2510
GO TD «0 2611

20 1F{Y¥123,22,21 2612
21 ANG = L.5707963267949 2613
Gd o &0 2614

22 ANG = ©. 2618
GO Y0 A0 2616

23 ANG 2 6.T123899403847 2617
GO TO &0 2618

ID ANG = J.141592653509E8 « ATAN (Y71} 2519
&0 RETURN 28620
END 2821

T SUBTYPE ,FORTRAN, LMAP,PUNCH 2622
SUBROUT [NE GHAPH {CT.AMDC,CLASS,50V,vM NOC) 2623
OVHENSION CTU31 ,ANDCE ) pCLASST 3,320, 5DV 130, ¥AE3) s NAMESE 33N, 2624

1 TITLELS,2},0K{608),0Y{6S),NDCi3} 2625
COMMOK /AP/ NAMES 24626

CATA (TITLECS,1),0n1,51040H TYPE Z POINTS {KNOWN STARS) - X VALUES 2627

1 3o {TSTLEAR2) pi=1,391{40H TYPE 2 POINTS [KMOWAN STAASE - Y VALUES | 2628
2 oITEIFLECEIY, Eml, 500001 TYPE 2 POINTS (KMOWM STARS) XY VALUES 1} 2629
DATA P143.1415926535898} 2630
00 502 f=1,3 P12}
PRINT 1000, {NAMESILY.L=5,14) 2622
PAINT 1001 d{TITLEIL+I)sl=1 5} 2633
PRIMI 1002 NAMES{ 19k, MAMESILS) . SD¥EI F.CTHI LD 2634
SOVEi) = S5DVIID®].E+o 2618
YAil) = YRIT)2] Evp 2636
AK = =3.25e50¥ {0 0evNil) 2837
8K = H.305DVIN)/ANDCHT) 2638

K = NOCULE » L 2039
aril) = Q. 26460
00 %00 L = 1.€ 2eal
= L=} 2642
Oxi2eL~-1) s ARGCH®BX 1641

Figure 20.--Continued (page 56 of 57)



OXt2eL) = OK{2%eL-11}
DYL2eLY = CLASSHEWL)
500 OYi2eLal) = avi2eL)
YHAX = G 58CT{[N/ANCCINN/SQRTI2.997]
CONM = YHAX
N = k-1
00 501 L=1,N
FRIYMAX LT CLASSEI L) YMAKSCLASSUI, L}
501 CONT I NUE
LL = YMAX/20.+1,
oy = oL
Dx = 8K
KK & 28K
XMAK = DKIKK) + BE/2.
TFINOCI TN .GT15) DX = 2.80X
CALL GRF {OXUL),0Y{ 1), KMaX, YMAX,0X11),07(11,0X,07,2,0,0,KN,
1 OXULFeDY¥413ohela2MT5,.1,02
OK = 3.256850Vi1)/75.
DO 502 L=14151
CK = L=
XNC v AK & L[KWDK
YHC = COWPEXP(-,SOL(XNC-VMITIA/SOVILYi®ez)
CALL GRF IOK{L}oDY( 1D, XMAX  YMAX(OXEE)oOV{LI DR 0V e2¢0¢Leky
L XMC ¥MLa 1y 0y 2H3 3, -0, 0)
502 CONTIMUE
CaLy CRTID{4HSATR)

RETURM

1000 FORMATLI2HEZ,1048)
1001 FDARAT | 2HS ,54R8)
1002 FORMAT{ZME ,SHPLATF R X A%, SR SHEVENT ;1 X,84,5X, |OHMEAN EAROR, LK,
I Ela.B,5%,l5HNUMBER DF POINTS,1X, 14}
END

SUBTYPRE.BIN

Figure 20.--Concluded (page 57 of 57)

2644
2645
2645
2647
2848
2649
2650
2651
2852
2653
2654
2855
2656
2657
2658
2659
2660
2661
2662
2683
2664
2655
2668
2687
2668
2669

26070

2671
2672
2573
267
2675

2676

125



Figure 21.--Input formats (page 1 of 5)

9l



PROBLEM CARDS FOR SINGLE CAMERA ORIENTATION (STELLAR)

Froblam Lase ) Frodlem
Nuymber Date of Computation Inagrcator
-2 A8 Al A/ J['L!
susniisnsingnsssnansannl
AlAMES (1) fadays (2} NaAMES (3) (%) LASTPR

Froblem MNaeme

48 48 A8 Ag AZ A8 A8 A8 AS A8
E[lllllll[[[[ll EINNRGESEGEERERENNENNERENNEREEENEIANRERENIENEEE! llI]I[I[}[[TTIIIJJ
ot 405 (F) (a) (%4] It 2] (2} . (10} (21) {s2) (13} MAMES (14)

3
Az.-Zen. Comwon  Commar Ayfr Mroimem  Fw-  Drstorf. Trans/m. Trer Ttar Irput E‘t gx
Grsly Oistamce s 2 Solulion Sokrian  Fuw Cwrves at it A Pmetrs  Min. Max. Mear Error *_ b
77 rd I I/ I/ 2 I/ I I/ iz r Ir4 12 E/48 i 3
[ N A o N AU S 1 N 1 L S DU NS OO N RU N RN REDE
IND(1) (3) » («} (%) s} [t] & (9} (a2) {re} ITMtin IrMAY Ty oM IRES IRIST
Problem Relraction Jtartion Station Distorion Dssloriion curve  islortion curve Distoriion
Tokrance (m.) Tomrance (sec) Temge () Prass. (mmMy) Cross-over (m) Interval (=) Maximen () ToMerance (m)
£/0 8 £08 £/0.8 E/08 £r/o8 £/06 £F/0.6 £106
E[IIILIIHI'IHHIHTIFIIIHIIIILII]FIIIHI«WTHHHI”[M[I]]I[I‘IIll[lFTIII"THHl[]l]
rou » roLR ramp PRESS oa OINT ’ omar ro.o
Lvens
Numbder Date of Observalion
A A8 A Al
[T CITTITIITTI 11T
MAMES (15) (18) (+2) (®)

Figure 21.--Continued (page 2 of 5)
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rim ¢ Correct/o0ngs

Plare Camera nir Tywe 8 point pRE POST frEnT
Number Number Number Sidereal Time Nrg.  Min. Sec. Wrs. Min. Sec. MrS.  Min. Sec.

AL A8 A3 Fr.8 Yo FlO0 Fa.+4 rro FIo 8.4 Fyo FIlo a4
CIT) LIy T CT LT 0 I T T R T I LTI I T L] T T T LT RLT T
7 7 & [0 3 35 [7] ] v 12 o 7y
MASLS (19) (2] &) rmES TemPO(} ) )] 19) (s) %) [¢]] (a) {9}
Comparator Name af Soace Angle

Numbear Qoerator 7Sl Faclor

A8 A8 A8 A8 £8.8
CLITTTPLT [TTTITTTTITITTTITIITTITTITIT] 1L

NAMES (22) f23) (24} (25) ) - AT
Sraqrron Camera Lal/tuoe Long/tude Erevation
Number Seatron MName Sign ° . “ ° ’ “ (meiers)

Ad A8 Al A8 o 30 20 24 FI0 F20 74 Frs

[T IO T ey ) PO POV T ] PTTACT) PTETIT0L [TTT TR
’ I 7 0 L) M} » w 3 9 A3 Erd 4 &8 o a0
MARES (26) (27) (24) (29} CAMSTA(T} (2) 3} [£2) (s (6) (7} (&)

Station Reference Latrtude Longrtude &levalion
Numiber Statron  AMame Sign o . " o ; ” fmeters)

A4 A8 A8 48 Lo £3.0 2.0 24 3.0 F20 Frd A4
(T I T O I Ty [ T . l | [1] [TTITTTY  [TTTICLCETL]
7 T ¥ 0 ar » @ a ar 53 7 [ ] o #0
NAMES(B0) (22} 32} (ny) REFSTAL)  (E) ) ) %) 18} > s}

Mean  Fole Cooraginales (sec.)

x
~8.4 -2
7 " L d rz
XANSLE YANGLE
Plate ATty Zerith oislance
Number o ¢ " o . ”
-2 £330 2.0 o 4 Pt -] 20 ~7
’ - 34 < 3 4e 33 37 &0 (1]
cAmMAZ (1) (2] {3y (4} 4] (&)

Figure 21.--Continued (page 3 of 5)
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Plare Coorornates (Ag-2Zen)

Plate Waignt (Az- 2en.)
Number Ay

By e, Xy, ey,
Ad R E28 £/2.8 2.8 £/2.8 £2.8
[T O O T O T T T LTI T
ex FLy ~PL (1 1) R (x 2) oL (2 1)
Orsentaltornr Feramelers
Alphra =" Omega w® Nagpa L7
£14.8 £r4.8 £i4.8
J‘HIMLIllIEIIFll"I-llHULIJEJIHIl-lHlllJ[IfLU;l
AOPAR (1) “ AOPAR(2)} oo ACPAR (3)
Mon Perpendicularity €° x5 yp°
E/4.8 Ere4. 8 Er4.8
U-HHILUIEHlullfl-lllTFHI]EllU | i.llllllillflu_;
ACSAR (4) . AOPAR (5) " AOPAR (8)
Sca/er x Scaler y
Cx* Cy® ax”
£Er4. 8 £/4.8 flf 8
H-HIHHIE]II Il lllll[fllllrr LTI
: Acman (r) AgPAR (8) A0PAR (9) ”
Radgral Orstortion
ay*® x° o
£E/4.8 £r4.8 £/4.8
[ LT T I e TEICLIITT O Tl T LTI R T T I T
! AOFAR (r0) v AOPAR (t1) ¥ AQPAR (12) i
gt Du'tofr/on Decentered Drstorlon
£rac o £ras
I'I.lll[llllkl LD LT TTTETTT el T LLTTITTITTJelT L]
ACPAR (13) 7 ACPAR (14) o= AOPAR (15)

Decentered Drsiorison
Orientation Angle &,
£/4.8

LLTTITT T[] IefTL]

ACFAR(16)

Figure 21.--Continued (page 4 of 5)
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Orentation

I J owight sy I J wRIgHT I S i J WaiPhE, FEY S wIQHL,
2 I2 /2.8 Iz 1z r/2.8 Iz 1z Ie r2 E/2.8 re r2 £/2.8
IIIH]HITLUIIUIIIWMIH
wiy » g 52 a8 & » 5 &
r r ~0(x.J) r J ~(r ) r 7 F A LO(LS) pPolrJ)
Cammon Star weight
A wwight 2 Dec/ Weignt Py Correlalion Rug
£/2.8 £/8.8 /0.8
LII]JJPFUJHTIIIII[THII”IHIIIIIII l_l
s 17 ¥ t.
TPAL (1,4) TRPAD (L 2) TRAO (2 7)
Common Plate weight 4
Loy
£/2.8 £/2.8 E/2.8
INSESRENESINESEGREENENARTNNEANEENAED
i )
reL (1,1) ToL(2,2) TAL(24)
Star Coordinates Tndivigwar Star Star Ap of Catalog
R A, Dec/inal won 2 s M—.mocr anscrmtms A/umr
£/4.8 n«a [/04 £ md
ASENNREEERGRREINNEERRNNRGRRRERD TllfllJllIlF II_TLJ_D_U_LU_Q [T1 TILL H HH [1]
AL LA OELTA PALPNA (L 1) FRALPHALR ) ~NOST yprs ANCAT
Plate Coorumales Todividua/ Aoyt SZar Sidereal Last
L e, %’ Numbcr /Vumb I'rd Time Fbmt
£/2./0 £I2 /0 £/0.4 /18

LJIIH[HH]lIIlLII]ILlLLl[lL[IEI LLLL lEllIH [T TL]) [l IIIIIJZUWJ_L[HIH D

PL (it}

eLl2,r) AOPT NUST S TIME LASTPT

Fe
7 7 —D
LY Irasr
Fe

SIS AESEE RN IRNNEEEESENE iGNNI NUNININEENEINOEERENERNENABEA NN INARENRERESY

ﬁnll rAR (")

Figure 21.--Concluded (page 5 of 5)
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SINGLE CAMERA OHIGNTATIUN wlTH LELESTIAL UBSERVAT IGHNS

CHECK OF CENTRAL PERSPeCTIVE WITH RAULAL ANO DECENTZRcU-LENS LESTURTJUNS

STATIUMN MAME LATITLDE LUANG [ TUDE cLEVATLun
CHET 30 0 0.0000 80 0 0.0000 1376, 42td
AQBLEH NUMBER E} EVENT NUMBER 2 CAMERA NLMBER PCL1000/0 LATE Jb CLMPulAl AN 2¢ JULY 1967

TATIUN NUMBLR 4“6 PLATL NUMBCR 53 TRACKING UNJT NUMBER AUK LATe JF UBSERVATIAN o OclcMBen 143}

PRUBLEN Cuh>TANTS

PHJBLEM TULERANLE

KEFRACTION TULERAMCE (S&C aRC)
OISTORFION TOLERANCE

STATION TCMPERATURE {DEGREcS KcLViNl

STATIuN PRESSURE
DISTORTION CURVE
DISTOGRTIUN CURVE
DISTOATION CUAVE

LUMPAAATOR
NUMBER

MM MERCURY)
CRO550Yek DISTANCE
ENTERVAL

MAXIMUM G]1STaNCE

» 10000000E~-10
»10000000UE=-01
« 1000J000&-0¢
+29500000t+03
+ To0Q0000E+03
»65000300E-01
» 30900JU0E-02
»1000030uL-00

NAME UF OPERATUR

MANN 372 MYRUIN LARARCNCE

TIME COKKLCTIUN
¢, 0. . 30%0

PRUBLEM DESCRIFTORS

NU MINIMUM >OLUTJON CDMPUTED
INDIVIDUAL SCALAR CUMPOMENTS CUMPUTew Fur X AND ¥ {LX Ducd NOT bJuaL LY
CUMMLN WELGHT MATRIX FUK ALL KNUWM pTAKS
CuMMUN WEIGHT MATRIX FUk aLL PLATE PGINTS
NG REFRACTIUN COEFFICIENT CURRECTIONS CUMPUT:D

RAOIAL AND TANGENTIAL LENS JUiSTURTIGN CURYES LUMPUTcU

FlhAlL CAMERA URIENTATINN ANGLES TRANSFURMty TU A ReFrRcoRENUE STATILAN SYSToM

STATION
HeFEHENCE STAT IO NAME MUMBEKR LATITUlc LUNGITUULE ELLVATLON
CHIN CHILLER &8 32 0 J.0000 42 Q 0.0004 27.0763
FINAL CAAcHA URJeNTATIUN ANGLES THANSFORMED Tu A HMcAN PULE SYSTEM
K-CORKECTION ANGLE 15:EC) = 0.3260 Y-CORReLTLUN ANule (S5EC) = - 4Tl9

ALL MEAN ERRURS LJMPUTED DS IML INPUT MLah EkkilH UF UNIT wc {GHF = .30000000E-0C>

TUTAL NUMHLR JF STARS ANu PLATC PULNTS IN PRUSLEM

KhUNN STARS 74 UNKNOWN STAKS 0 PLATE PUINTS 175
NUMBER OF ITERATIUNS WiLL NOT EXCEEQ

MAKIMUM SULuTlun - 10

MANIMUM suLuT]1ON

NUMBER UF NUMJEX DF
UBSERVATIONS UNKNGsiNS
GRIEMTATIDN PARAMETERS 2 27
STAR CODRDINATES 150 150
PLATE COORDINATES 150
TOTALS 902 Lrr
OEGREES DF FREXDOH 725

LeVEL OF LISLREPANCIES
: ¢ 19467TTIE-C)

+S41B9533c-03
+4B6TLBI5E-04
253060397~ 08
«38796333E-06
»1511L0395E-0T7
eJB44L45LE-04
«38427052E-08

JTERATIGN RESULTS DIFFcR BY LESS THAN TOLERAMCE SETTING

Figure 22.--Sample output (page 1 of 6)
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STAR ANJ PLATE CDORDLMATE LATa

ST NURMALIZEU STAR WEIGHTS CATALUG NJ. STAR RESIUUALS
AR
MUMBEK HIGHT ASCENSION DECLINATION CURRELATIUN R A (SEL TI1ME) K A {5C ARC) DECL (5cl A&RC)
L . 10000000 E+04 » 10000000L +04 +£0000000E 00 ~.95056395E=07 -.1425815%c~05 «31230039t-06
POINT  URIENT-  PLATE COURDINATES {(MM) NOKMAL L ZEU PLATE WELGHTS SIDekEAL T1mMe PLAI: RES {MILRUNS)
NUMBER  ATION Y LK PLY Pbxr HE HIN  SEC LX vbv
501 PUST -89.00Q000 -80.90000 +100E+01 » 100L+0L »000L DO 1 54 35.697% -.00587 0.,00221
502 POST ~T2.79345% ~82,2%371 100E+01) «100L+D1 +DQ0E 00 2 2 3u.T621 ~«J05823 «00271
503 PGCST “b5.09435 -Hy,07d12 «10QE+01 . 100E+0QL +000c 00 ' 4. Voot =+00570 0.0031Y
504 PLST -58.6%4811 -57.27571 . 100E+01 . 100L +01 000 OU 2 1b 33,3312 -+00557 C.00387
505 PLST -51.7993¢ =90,0& 09 - 100E+01 1000 +01 »300k QU 2 26 %0.0357 ~.00548 0.00s14%
STAR MEAN PLATE CUURDINATES HLAN PLATE KESIDUALS
NUMBE R LX LY v X RAQ AL CUMP TANGENT 1AL ComP
1 ~.65797054c=01  =.84851309E~01 -+ 5&900i 16E-08 ,3185111&x~08 +269749d8E-09 —.b4463idct-08
STan NURMAL 1 ZLU STAR WEIGHTS CATALUG Nu. 5TaM RESEIDUALS
NUMBER RIGHT ASCENSIUN DELLINATILN CURRELATION R A {SEL TLME) R A (5S¢ AnC)  LELL 15eC &RC)
2 + 10000000t +04 « 1N000000E +04 .C0000Q00E 0O 290948l TTE=06 «374222065c~05 =-.1lo7110Dbt-0b
POINT URLENT-  PLATE CUDRDINATES (™M) NURMALLZLD PLATE WelunlS Slugkeal 1lMe PLATE RES IMICRUNS )
NUMBER AT[ON LX Ly PLX PLY PLXY HH MIN SEC YLX ¥y ¥
501 PCST -70,0000C 76< 30000 2100c+01 » 1000 +01 . 000t 0QQ 1 > 35.497% Q.01154 -.00417
502 PUST -59,96032 66.u31h9 + 100401 «100L ¢U1 »000¢ 0V & 2 35,7821 0.0112% -+0J3yl
503  kOST -50,07008 K] « 1QOE+01 . IGOE+OL «000E 0Q 2 10 33,000t 0+0113% -.03388
504 PUST ~40, 37047 .30165 +100c+0]) <100 #C1 =000k 00 2 18 39,3512 U.0l15% ~aRJ621
505  POST -30. 54393 sa.z~za~ «100E+01 «100E+01 =000t 0C 2 26 40.6357 0.01173 ~. 00«70
STAR MEAN PLATL COORDINATES MEAR PLATE AbSLDOALS
RUMBER LX LY vLX ¥LY RAOIAL CUMP  TANGENTIAL CuwP
2 ~.50246158E~0) +63205391k-01 #1149T122E-07 -4 l4889016~08 <=,10402281c~07 =~ ,.b541798541-08
STaR NOHMALLZeU STAR WEIGHTS CATALUWGL ND 5TAK RESEOUALS
MUMBER REGHT ASCENSIUN DECL INATION CORRELATIUN R A {SeC TIHED R A {SEL AKC) DLECL (5cl ARCH
3 . 100001000k +04 »10000000¢ +0a .C0000000L 00 <2 23B36353c-086 =-.35745550E-05 ~.>0368VT776-00
POLAT URJeNT—  PLATE CODRGINATES (MW} NURMALEZ2cD PLATE wWelGuPs SLUEREAL TiME PLATE FiS tllan\Sl
NUMBE R ATIDR LX Ly PLX PLY PLXY AR NEN_ SeC wL X VoY
501 PLST 60.00000 60.00000 #100E$01 «100c+01 +000L 00 b o4 35,4575 -.00951 0.03500
502 PLST 89452429 55,25757 o 100E+01 +100c 401 .000k 00 & 2 36,7821 ~.Q0571 .00408
503  PLST 79,0704l uCe 38980 < 1DDE+O] ,109%c Ul .000L 00 2 10 38.0066 -.0}014 Ca0Jn 28
50« PLST Al 650401 45,.310434 +100E+01] « 10CL #0} «0QUE 00 2 16 39.351¢ -.0108»8 0«0Q)379%
505  PGST 94.27318 0.22810 «10QE+01 #1001 +01 .000c 00 2 2o 4Q.03%7 -.01212 0.0031v
STAR MEAN PLATE (UJRUINATES MEAN PLATE RESDILUALS
NUMBLER Lx LY vLx VLY RADIAL CuMP  TANGeNTIAL CD)MP
3 +7910365%c~01 .50251%73E-01 -+104 7003 7c-07 4173371 T-08 <~.059u¥344c—08 Slal2yT2e=-08
STAR NCHMALLZEQO STAR WEIGHTS Calal LG Nu. STAR RE>LLUALS
NUMBER KIGHT ASLENSION DeLL INATION CURKELATIUN R A {9C Timp) R A ISEC ARC) DeCl (5EC AHC)
4 « 10000000k ¢C4 «10GN0J00 +04 . CCOO00QOE 0O +1840208dc-08 «276031351e~05 =,5290a8973E-07
POINT  DR1eNT- PLATE CUUFLINATES trM) NURMALIZLO PLATL wtlGHIS SIvEREAL T1mg PLATE REs tnlc«uus)
NURBER AT TON Lx LY PLX PLY PLXY HR ATH_ Sei VL X vLY
501 PUST >o 70000 =7G.00Q00 «100c+01 -100c+01 «000e 54 4575 U.0091¢
50¢  POST ST30BL8  -75,32242 +190E+01 «100E+01 000t 0O 2 2 3o.76¢1 0.00885
5013 POST a5.01951 -80.90928 « 1D0E+0YL «100c +01 »000E Q0 2 10 38,0600 0.00821
504 PUST 72. 128  -do.u&039 « 1 00E+OL «1U0c ¢0] .000c QU 2 1d 39,3512 0.00737
505  POST Ue 3102 92,0249 .100c401 . 100t 01 .Q0VE OV 2 6 40.03%7 0.00e38
STAR MEAN PLATE CODAOINATES MEAN PLATE RESIbua
NUMBER Lx Y VL X VLY RADlAL cuup TAKGENT AL CJMP
4 .65018182c-01 -.81092312e-01 «7G6b0621t-08 -,58022205%-VB «92226T41t-08 «20009211E-04
ST AR NURMALIZEOD STAk WEIGHTS CATALOG My, STAR Hz>l0UALS
NUMBER RIGHT ASCENSIIN OELL INATEUN CUKKELATIUN kA (SEL TImed R B ISEC 4HC) DELL SEC ARCY
- «10000000£+0% + 10000000k +04 .C0000000E 0O «63007107c-07 -95410750c~06 ~.417%4230E-06
POINY ORlceN PLATE LDUKDENATES (MM) NURMAL1ZED PLaTt wWelGHTs SI1UEREAL TIME PLATE RES (MICHONS)
MUMBER  ATIOD X Ly oL PLY PLXY HR MIN_ St VEL VLY
501 PLST -60.,00000  -50.Q0000Q =100c+0) « 100L +0L «000E 00 1 54 35,4975 0.00310 -.00332
502 PCST -52,38120 -52,71833 « JO0E+01 « 100c «Q1 2000k 00 2 "2 3o.78¢ 0.003 ¢4 -.03299
503 PUSY -44.83310 -55.00lpé <100E+G1 . 100&+01 »000E 00 2 10 de.0oss 0.0033¢6 -.00249
504  PUST -37.40664 -LB,65287 «100E 01 . 100% #0} »000E QU 2 13 39.3512 0.00327 -.D0238
505  PLST -30.0719% -s61.8752% . 100E+01 +100c+01 +000c 00 2 26 20,6357 J.00327 -.03221
ST AR M AN PLATL COORDINATES MEAN PLATE Acdluuat
NUMBER Lx Ly vLx VLY RADIALTCUMP  TanGEWTIaL Comp
5 ~.46934539E=01 -.557698631€-01 «326156a8TE-08 ~.271B8710€E-08 ~709001 $3E-10 «42455185E-00
sTa0 NORMALIZED STAR wk JUHTS CATALLG NO. STAR ReSIDUALS
NUMBER  RIGHY ASCENSICN DECL ENATIUN COKHELATION n oA {SeC Ting) R A ISEC ARC) DECL (ScC adcC)
[ » 10000000E+0% 410070000k +U4 .NO0CI00E 00 ~o 194793 12&~00 =4c9219039E=05 «57854009€-0s
POLNT ORJEMNT- YLATE CODKUINATES (MHW]) NoanAletD PLAlt IE]GHTS SEDEREAL TIME PLAre RES (MICHONS}
NUMBER AT[DN X PL HR AIN_SEC LX yLY
01 PUST =50, 00000 6. 0000 .lootoo .lOOLOOI .oou: oy 1 54 35,4975 .00912 G, 09558
$Q2 POST ~40.36704 26454597 « 1OQE+D «100L+01 «000c Q0 £ ¢ 3o.7821 -.Q00913 0.00532
§03 POST ~30, 89464 53.00793 » 100E+0L «100L +01 -000E 00 2 10 38.0686 -.00848 0.00504
S04 POSY =21.56400 «9.38040 «i90g+01 « 100k +ul +0Q00E DO 2 L8 3IV.A512 -+.00B0& &40
506 PUST =12.,35824 45.000640 + 10UC+01 . 100€ +01 «000E 00 2 26 40,0357 -.00715 0.00426
ST AR MEAN PLATE CUURQINATLS MEAN PLATe HESIOUALS
NUMBER LX LY L X LY MAOTAL CumMp TANGCNTLAL CUNWP
6 «.310385056-01 «52419147c-01 ~eBL3e94 37608  .490l5666E-08 .Bb4B2580E~08 -43333225c—08

Figure 22.--Continued {page 2 of 6)
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FICTITIOUS DIAGONAL POINT DIAECTIONS

PLX PLY PLXY
ALL CLAGONAL POINTS COMPUTED WITH PLATE wt lGHTS ULF »1000E+01 +1000E401 +0000c 00

OTAGUNAL PUINT (0,0} CENTIMETCRS

T ASCE £ Lpn T ALY ELeVATION aascas oEC )RR ghnOn ELLIPSER
RT ASCENSICH R N CLINA H H
REOATSENEIEN BLOASEEMIIEM BretAMTIRY  o2'MYRMsec orbENINTENC SEeURRE sPE“hac SEC ARC Bit
PRE 2L 25 29.407 321 22 22,03 29 52 25,17 108 15 31,78 32 37 31.53 URLENT 9312 0.248  0.309  0.2¢7 53,
Tu A# 2. 08 2.07 2.083 <072 39,
PDST 21 16 30.093 319 7 40.40 23 7 55.02 108 11 3.22 30 32 Lle4l URIEN 0.271 0.288 0.309 0.247 53,
Vo2 9 31 36 39,51 ORILNT 52978 6908 8985 897 i
1 0 $7.220 320 14 13,31 29 3 .82 104 la 4.4 ORIL . 229 . 24 .
EVENT 23 2 01 * ‘ TUTAL 2,019 22077 2.08%  2.072 40,
SPALE ANGLE MEAN ERRUR COMPINENTS OF SPACE ANGLE (ARC SEC)
LARC SEC)  (ARC SECH R.A.9C08 Dl DLCUINATION ~AZSCUS cLEV ELEVATIDN
POST MINUS PRE 7524.01 3.28 -7055.32 TR -231.31  -7v20.1c
EVENT HInUs pRe 3772.39 1226 ~3553.68 -1283235 T1ei31 -aTTied
VENT MINUS PDST 3751-71 0125 379,01 1387, 80 -154.43 =3748.50
GlaudAl PLikT (1,1) CENTIMETIRS
McAn ERRUNS ERRUR ELLIF3cS
KT ASLONSTLb AT ASLENSIIN DL laatlun ALIMUTH clEvaTLUN Ha®C0S{Del) beul A B THeTA
MR OMIAT Sel Zew MIN BLL OeG MIN SeC DG MEN SEC DG MIN 3eC SEC ARC SEC AKC SEC A4C Det
PRE 21 21 S.4)b 320 16 20.12 27 21 Z=et~ 105 SO 36415 30 57 3.d0  UNI1cNT 0.269 0.301  0.326  0.243 b6,
M TOTAL 2.077 2,05 2.043 2.0cd "5.‘
POST 21 12 17.339 318 & 20.06 20 36 9.0% 105 49 56.04 26 b #0.561 GRIENT 0-2es 0:301 0.32&4  0.240  51.
TUTAL 2570 2,075 2,083  2.0ce 42
EVENT 21 1o 3u.5>T 319 9 35.35 20 5% #8,82 105 51 5.67 29 %% 30.97 URIcnl 0.268 G+301 0,328  D.2¢0 57,
TUTAL 2:077 Z.075 2,083 2.306  4is
SPALE ANGLE MEAN EAROK COMPUNENTS UF SPACE ANGLLE (&KL SEC)
(AKC SECT 14x{ SeCi KeA.$COS LEC  JcCLENATEGN AZeCOS ELEV  ELEVATIUN
POST MINUS PR Tus3.26 9. 26 ~7082.48 -2715.94 -35.19  -7563.19
EVENT Wl Phe 31792.91 3 2h -3556.68 -1306.22 25,57 -3792.83
VEKT MINUS PUST 3770.35 a.25 3491239 409, 72 —60.41  ~3770.37
DIALISAL PUINT (2.2) CENTIMETCKS
. vATION ‘cusnOEN,tnnuas ERROR ELLIPSCS
BT ASCEaSION nl ASCENSION LELLINATIUN 4 L RA ¢ WE TA
REATRSQIOY ST MRGENE LM peftlRATIYE LRI oERENMIISY KC St ARC SEC ARC Det
PRE 21 16 S54.18¢ 319 13 32,75 26 50 35.06 103 31 33.71 29 5 49.47 ORIENT 0.259 0,301  ©.320 0.235 &0,
TuTaL 2.008 2i0e2  2:070 20855  3o0-
PDST 21 & Y%.,85 317 3 59.7a 2+ 4 37,24 1C3 3a G.84 20 59 17.05 URIENT 01238 0.302  0.320 0,235  &l.
TuTaL 2048 2.062 2.070 2.0%%  30.
EVENT 21 12 32,314 318 B 4.7l 24 28 27,47 103 33 #3.50 28 2 22.4B URLENT 9.255 0,302 9.320 0.233 o0-
TOTAL 2.064 2.062 2.070  2:053 30,
SPALE ANGLT McAN bre0 CuMPUNENTS UF SPALE ANGLE (ARC SE
tane SECH 1AWC SECH KoA.$COS DEC  DZCLINATIUN AZSCUS EL&V  ELEVATLUN
POST MIHUS PRE 759368 0.28 -7098.71 ~2757.79 13%, 13  =7552,42
EVLNT MINUS PHRc 1308 gy n.28 -3575.10 -1327.5% 11e.55  =3306.59
EVENT MINUS PUST 3745259 0.27 3299045 Ia30s 1y 23128 -3785.43
OlAuL ™AL PUINT 13,3) GENTIMETZAS
MEAN CHAURS ERALK ELLIPSES
AT ASCeNslin KT ASLiSIun DECLINGTIUN ALIMUTH eLc VATIUN RASCOS{DEC) _OELL & THETA
ik MINTTZEET DeeiIN SECT DeC MIN SEC  DEG MIN SEC  DEG MIN Set SEC ARC  S£f AKC SEC ARC bel
PRE 21 12 5%,0e3 318 13 #5.95 22 20 «2.62 101 19 30,28 27 17 35,84 OK[eNT 0.248 9-382  9:3ls  9:2% 1.
) TataL 2:054 2836 2:054  2:03% 1%e.
POST  ZL « 2£.900 3lo L 29,40 21 3+ 5.6% (0L 23 52,03 25 10 60.52 URIENT 01266 0i2e5 0.276 0D.236  ba.
TUTAL 22054 2:036  2.054 2.0% 170.
EVENT 21 © 37.789 311 9 26.84 21 58 15,06 101 2Z 4eb6 26 le 0,93 URIENT 8,248 0.255 0.276 0.23 8.
Tufag 2.054 2.036  2.05¢ 2.03% L7e.
SPACE ANGLLe MEAN ERKOK CUMP JNEHTS UF SPACE ANGLE [ARC SeC)
(acC SeC) tarc Sl K. A.9C0S DEC ~ DECLINATION AZSCOS ELEV ELEVATLUN
POST MINUS PKE To14.77 0. 24 =7101.85 -¢796.93 291.18  -T609.31
EVENT MIAUS PRE 3815170 0.29 -3574.64 -1347.59 192.32 —3K14.80
EVENT MIND, PUST 3795, 04 N2 3503,10 1449, 3¢ 96230 -37G4,41
OLAGINAL POINY (4,4} CeNTIMETERS
" EKAURS ERROR ELLIPSES
AT ASCENSICN KT ASCENSLJN  DECLINATIDN ALIMUTH oELENATION KA®COS(DEC)  OLEGL HETA
BRomiRoUZEEY BLGMRTAMIE™ SERNATVTLRY  oBINYNsec ofttATA'SN SEC SEC ARL Asec ard” be6
PRE 21 9 7.317 317 16 «9.76 19 52 28,70 9% L] 25.80 25 28 &T.9% URIENT 0.259 0.24%  0.260 D.247 20,
TUTAL 2:03¢ 2:006  2.040  2.004 163+
POST 21 0 46.586 315 L1 38.80 1y 5 15.07 99 19 4.4 23 21 52.5d URIENT 0-259 072646 0.261 0.248 20.
’ TUTAL 2,039 2:006  2.040 2,005 loa.
EVENT 21 & 54,279 316 13 3a.1% 19 29 «2.37 99 16 10.14 24 25 L0.50 UKIENT 01259 00245  0.261 Q.28 20,
TOTAL 2.039 2.006  2.0%0 2,005 lod.
SPACE ANGLE MEAN ERRUR COMPOGENTS GF SPACE ANGLE {ARL SEC)
(ARG SECS  (ARC SECS KeB.#00S DEC  JrCLINATIGN ~AZ9COS ELEV £CEVATIUN
PDST_MINUS PKL 7626479 0.31 -7098.01 -2833.63 21,06 -7615.36
EVENT MIKUS PRE 3824, 03 0.3l -3577.97 -13bo. 34 256260  -3n17.34
EVENT RINUS PUST 3801.30 aL3l 3502.39 1567.29 158.73 -3198.02
DEAGUNAL PUIMT Ub5,5] CENTIMETERS
MEAN ERKURS LRROR ELLIPSES
/T ASCENS| RT ASCENS[UN DECLINATIGN AZIMYTH JELEvalrON RACOS[DEC)  UECL HETA
HR MIN 3¢ DeG Mit SEC  OEGC MIN SEC  DEG MIN SEC 0.5 AIN SEC SEC ARG ScC ARe SEC ARC bec
PRE 20 5 30,189 3la 22 32.84 17 26 28.68 97 10 14.04 23 40 6.31 QRIENT 0.301 0,287 0.303  0.265 19,
TOTAL 2.0¢4 12976 2027  1.573 16es
POST 20 57 17,163 314 19 17.54 16 3d 40.55 67 19 43,17 21 33 14,29 URIENT 9-302 0.¢68  0.303 0.286 19.
TUTAL 2:024 i.976 2:G27 1.573 1s7.
EYENT 21 1 21.055 315 20 15,82 A7 3 24,72 97 15 S4.81 22 36 31.27 URIENT 02301 0.288  0-3u3  0O.286 _19.
: TuTaL 2.02a 1187 2:027 1.973 leé.
SPACE ANLLE MEAN ERRGR CONPINCHTS OF SPACE ANGCE. [ANC SEC)
(ARC SEC]  (ARC SEC) Koa.eCOS OF JECLINATION AZSCUS cle¥ cLevalldn
PO5T MINUS PRE 7630.11 0.3 ~7085,53 -2868.13 529.33 -7612.01
EVENT MINUS PRE 327,688 034 23572064 -1383.95 314.58 =3515,03
EVENT MINUS POST 31602, 86 0.3 3497240 1484017 210781 -3796.92

Figure 22.--Continued (page 3 of 6)



URTENIATIUN ANULLES HFRUM Pat STARS
ORIENTATLUN ANGLLES FRUM POST STAAS
LRTENTATILN AMGLES FRUM cVENT STARS

CAMERA DRIENTATIUN PAMAMETER DATA

- Oy () 11 - Ry (]

oMOCY.s G O Oy
O20000 DO MO - s ID D
_uN DO 1 [l ey 1 [
nOOILOO Wl Ul Aol WU Wt o add
Qe at O=O0~3 »>OOONDO o~ao~ 8
o LU OO ONN 200 F00 daal=d=Rakal

—_QQAO0 $O [sl=lnlolaled —_O000—=0C =F ek 2 g

onoQeT CODDC= HNODOOOD CmtC Omry
QO02Co D 0000 CD DOOCONOO QOO
IO00CY 3 S265=a O 3L53LA
OaDOO20N—~ e nm ma > e 98 a4y w0 s ouy

ALGEBRAIC SuM
vX ANU vY
«28307768k=10

«30000000k~05%
- k956T994dE-01

5
03
LY
WECL

tORADSY
«284159T74E -8

KAPPA (LRAD
«1260UndsEs
STARS JALY
®APPA
«t2Tallavk+d3

NEGAT YL
=296 50TevE-Ob
+3I0000000E—O Y

+1350794BE-01

CMEGAE (GRAGS)
~.53TEN03IVE+OL
24745008913
vy
Lx
RA
104634477 elY

POSITIVE
+253714477E-08

[LRADS]
GRANY TUTAL

«ZtlBoyiaLeDe

SuAs UF WelGHTED SWUARES OF ReSTOUALS
HMAXIMUM 30LUTIUN

Figure 22.--Continued {page 4 of 6)

ALPHA
VETERMINANT OF REDUCZD NLRMAL EQUATIUN SYSTEM

TrANSFUnMcU CAMEhA URIENTATEuY ANGLES FJUH PHE STARS UNLY
THANSFURMED CAMERA ORICNTATIGN ANGLES FUK c¥WENT STARS uhLY
SUMS OF PLATE RESIOUALS ruk PULNTY USED IN SULUTIUN

TraANSGFUR AR LAMERA CQRIENTATIUN ANGLES FOR PUSH

MEAN ERRJIR (F UNIT WEIGHT FOR PHOBLEM

NEGATIVE
-« 160T923E-05

¥X

134

CuRauk

PUSITIVE
«1L86583BE-05

CUMMON MEAN ¢RRJR DF PLATz MEASUREMEYTS BEFGRE ADJ

CUMRON MEAN ERRUR GF KNUWN STARS BEFURE ADJ



135

INVERSE UF REDUCED WLRMAL cQUATION SYSTEM

CHMLGA {POST)

ALPHA {POST}

K&APPa (HRE)

uMewA (PRE}

{PREI
»T01322069E+03

AL PHA

9]

1y

{

EP>ILON

KAPPA (EVENT)

TEVENT)

ALPHA {EYENT) CHMEGA

(PLST)

KAPPA

NN Pt TN O rn
f=lalallulalulolula)
A p b e d

4Ot O 4t O Nt F AN
NN AN AN N NN

= DA N D PN O

AN AL A R A et (O D () - D S
002000000000 IONNOOOD
P N I I
i A A L 0 M o U d A U
DO G D D= A=A DN T

YO P Py N = K JONOVTRFMNODNTPHO AR B DO D IR E PP Do =
M OO NOMUE —ire DDPNINAT LT PAD Pt DO ST DNOM N D AP 0 0
PO DAND=ALN € NatPOFNMNAIN—DFD ¢ MDD JNNARROT FOMNT
AMA DA S OEN — MOTINOMF OPMPONAD ¥ NOISCDOL B INAO DTGP
MANNSENAMNE o ND@NODaD 53 ~DPNO DVNDNFNNOR IRNLNN R~
A A N 4 Y et et A o P Y I DOm0 Do T =N J
suescesced O sstetuiedsetoeas s revenTarenetvbare oy
Lpt v I 1 Pov e lednd 11 1
A o o ——
000002000 WA A A AN iai A 00020002220024A0C000
ot et 4t e T I I T R NN NN N NN RN NN NN N N
PP asssesmanrmnane s e L R L R
=N P AD~DR O AU O DO D= - PN DR DN LN OB O
- e et 4 it et ol et ot
At N e ey et et O et b bt QDD s e D B D DP P D F w0
QACoQUuoan Q0000000000000 [=l=lalslslalalelelalealale bl
Teerrierrr P i-arir-grargrary FO-a-arr g e A
YRR VR RO Uhld L A o WUl AU AU W L U 4 AL add
O~DA0N TN QWP ADEMIND 3 VM DN =D FNBIN L DA @S NANROO
I L] P ARATD N &M O D Dhe A DGO FIND FTOMMFP D
PN O Py N0 L =N Lt AP O~ DrORNTO DT~ O
PO @B O W MM~ DDOm O F I LI O D DU Dt Dt Ay e
m o+ E~aDAR A (P A P A A G AN Bt N D D o B N WA
QPR O—e—n & > LQOMINT ONL DBOO L M Fere—in Oy @ P A N SN SO
@M F~ = QO P W PO amDNDR 8D X DN NG OGN YAMI AN ANQ O 3D
WD SN INT LML PAT = DN D NDOPNA=AN Dt N ottt ™ 7 =
Tastedaae R R P I A R I A
1 1 ¥ [ [ ! ] Pty [ 1
e o e . -
T e N LSS ETETE PPEFPOCRTFORRIRC IR
e AR et et 8 el i 8 g 4 e At
rcarranaa memeavasenmerwr arbmricarsanansmEmE
—-Ne FIA AR BN A - PN e $ U R TONO — M D= DO
ppe i 8 et b et b ot
MR ettt it bttt O bt D000 000 OONBNDONOIN
o00OQOO00D OpOCOODCO0000 2000002000000 0 ~—=0~
Yoebanad Trreeetes it trerebtrsrerrallas
PrCI IO o A W UL A U gl ) LU o LI LI e )1 s L
andra oo NN S 2R AT D DN MDDt b= O B
N NOTE- D $F DM FO VOIS — OO D FOMP = DR e AR L= O
NF-Ot - On @ oFINP P Oy F N O ADPOMD M et DTN N O
00O — oM~ DN AOF T R M= ONF=F- mp 0 $O 3O =
AR N A FADNN O~ NN ™ O OVRAM DU M A D =A@ N
Qo9mo>N D ® PO ADTFAaPO— NN O DR INm DA NP O
RS Il Clitd 1w D OMDNNAMIN S F ™ ® AaD DM p g ONMNQON SO
FAE A= ot N e Ry o P D 1y et L ot o U e e st e et P
IR R senssusnnsses s sbten ta bt Ebebue b
1 o ™ i (S | [ [ [N}
00D @ 0D 0D A A Mo T e DLDBTOD DD HAMDDDOTD
ottt o et et ot st g e ek d 2ttt it et o e bt e
ceamrerea cpatemate e e cmbtemersheranteran
—~NM SN DT MNE R O @ C =AM £ QP D O~ N OMD
Py ot ettt ot ot o
AR AN NI AN Ay TP L LFL LT TP
20000400 [=X=1=T alwlel-talrls 1] ORCDO00Q0V0C OO0 =~
PET e bt FEEE LT PO b CErbrb s ot gt ret | )+
W W A L o S A Lt L L I Wt L LAk 1) ) s
Fe et DO TN TNC rRQ AN ATIAmM WA D O DA BN DDA
BVt DD Ty T INBLANNMO AN NO =D SN DS
NOO@OC D DOwuP DD D=ty O O@= LD =N =™ Oy =iy
P FODL Mot DND F NG —~DEFMARINMD=Q MN— O
P DA O Ny O RBRO QO =ND AR I
DI A ~ PTLNANNE PR — M= 00 DL VNDNDNDI- D
—Om i e L Lo I T AT B Tl st ¥ N OIND FNDEmARM O D
F-tunP- D o HE e F =T O NN PN AR Y s T R P
casaasa teesansasateesdean
1 1 ' 1 1 ] [
T AN NN NN N e A L e e ] e et e
ettt 8 o et oy ot el e el et et
bk mme. [ IS
Ea ek 2o Lo N LN DT O iUy O T RO AR LN O
S o
L Tialamdatd NN NN A NO b b i et el et O N N
[=)=T-Y=T=Y-) [=1=1-1-T=]=T=1-1=F=Yo) PN P RN R AN N NN
et sererto el RN
L L b g Lt g Wb o a0t it L LI i ool L
P i3 VP = SNCRD RN D XD D TONDOADI P NAD
300 TN 0 P AN A o AP g P P R - O
e laln] QNP FNTM T DI~ LN & AT M Dtfe YD
P i Al — G PO A > =HOMANARO FOFON==aC
X PO et Pt = PN O RO R Py PP NTD NG
monooD & DD onMP— Ao PR u BTON MR P PO
O opMma o RAAN— NN DU — MO SO O PN D
D QLN AP L OTNDO F PN N e L
EREE] se st ansenaaa D ssesesresvaacasen
) I I t Yol =] } 1 1 [N

£o0003

Edat R 2 a Y-

—ry P DR D 0O =
—-——

e e o S

JLHRELO020L D000
o e e et = s e ot it e e
AR F RO T D A T O

it bt et et

INYERSE UF REDUCED KURMAL EJUATIUN SYSTEM

Tau- 3

Tau=¢

TAu-1

PHI-T

K2

0000000000000 00000000000 T
000000000000 0DODODO0C00~

1
LEE&&ttEEtEEtEE[LEEE PURYIG)
200 OO000DO0ZI0000R0QNO00ID

[alelwlolololalolololol=le olalogall=ole =l 1=
000000G00C000000000390R0 D
OCOo00O000IVO00NIOQCRLOTD
2C 00 I0000C00000A000ACDI0Q
2000000000000 00002CDCO0200
aRo0090 200000000000 D 0000
OQO0NLLONIVCRAD000Q00000C~
s Eeaesevetactioeras ooy
]

WIS AU AU A U A D W S VR
N AR N R NIV I R I RO A RN A Ry
ermrteabamEeRFeRssREeRE
,O PN G DEO~ N NGO O —re

ot e e et et e et i et U I Y Y

00000000000 CQ0000003000
OOOOOOOOOUDOODDOOODOOOOﬂ
L L L U o b g o1 L LA L g ) Ll L L

« 00
00
0
Q
]
Q

FETE LTI LETT L LT IS
L L L N L N N L L L L L LN T LN LN L LN L L I
Apmremrmsree e R T AR ar .
N PN DD RO= NN OB RO P

0t ettt et ot e T PN AN

00OoWo00OD000000N000Q00OM
S0DA0800300000800000&0~
FIRTIYRIV] du J Ji I !
000uCOO0I000000000300000
[el==l=Y-Telslololot=To To ot Lol o al = = =]
S0CCOCOoD0BCO0G0000a00D
S2CO000000NC0R0AATIQOA0D
LOOLOCOOZ00TCO00P0C00000
DOONHOOABNICO00CO0I0A00Q
0000080000000 0eI0000000
Q000000000000 T000C0o0~
beassastEas st ey
[N 1 1

Btk lali Lalaa Lalia bt el

L L N I T L L L L L L L L]

e

- F WO DO M N O D Oty m
el T ol b e et et N N N OV

PP B e DO O f F PP 0 - O
D00WOUOOUDOO0 O ==SD OO~
FEF I It e b bR b L b ek (SR b D

AN OM=CNMOE =R O DN P SMD
N [ i o S e D 20 et N O F e PN N
A b4 et g eBas e mnaraasurE e

1 1 l 1 L] 11

NI N NI AN N N 03PN NN N A NP
RO AR PN PN N N A NN A N A
D
A D DO MM F O @ R Ot

it et et e ettt g NN

h§k§5h‘54lhm318368057 [a]al=Yslalalel=lslatelolaelofolalalolel=lalelaloly
CO0000CCCOLDO0 ~—00 —aC O0CCOCOL000O000C00C0000000—
trrrberatdsretl i tirie i
ol ol 1t A b UM L ) i o L o b A ) L L MU i L LA L 1 b it W LD 4 W W
NG SO FONEI PN DM At et s 20000020 OR00TDCOCO0LPNIA0LD
ANOTFATFALC TN NO~MoT Q0000CRRO0ORCOAaQRIR0000000
FFO O N FODNNNG JODN DN SLCQOCO000000000000C02C000
O D F DN DNt~ T-A PO T [=F=]=YeTal=lelatulsYolalvlnlslatelalalelotofolelale]
NI O PTG N O 00 DT LRO0CROCO0ICCCOO00CICO0C00CT
SN0 00D P- O TN LT [R=1=1=1=l=]st=l=}=]sEaf=lof=loLal=Tw letrlolelagal=1s]
M@ = OO NN 8 QR ONAM O SOLO0OCORLLOOLOCO000DCOC0CC
SN MAEEN FR N o AR O ACO00OCOAOLOLLCLOUOO0ORA0C-~
se s aaanasreertunvs s —astem s asavEstsabaaurs o ny
[ 11 i1 1 [N 1 1 1 (%) L]

D0V VALDOLI0N000D00DVLLELID0
AU I O O P NP N NN AP NN N I PN ™ P B N 3 TN P PN O Ry TN S I P
saesampEAmetrrr et P L I R I R N
=N O DO O = NS L DOt N DN TR Ot N W P DO = M N O

vt st st ot £t g ] PN

Figure 22,--Continued (page 5 of 6)



136

ULSTORTION CUa¥c DATA

CUMPUTED FUCAL LENGTHS (METERS) ORIENTATIUN ANGLE FOR OECENTEREUD UISTURTION (GRAUSY
Cx HEAN tRRUR ce MEAN ERROR PHI=-T MEAN ERROUA
0,3000022 «%5624BT8E-0Y 0.3010000 «459296462E-05% =3003991l6E+02 «¥Boe9552E+01

FOCAL LENGTH FOR TRANSFORMED KACIAL DISTURTIOUN {McTERS)
DISTOKT IUN LUAYL

C=STAaR MEAN ERKOR CROSS-DVER PUINT (METEKS) k—ZERL TERM
G.3006912 »92961811E-05 0.065 -+63520300E-03
RAUIAL CURVES DECENTEREY CURYE
RADLAL CISTANCE COMPUTEQ UISTURTIUN MEAN £RADR TRANSFORMED DISTURTIUN MEAN ERRUR QISTORTIQON  HMcAN ERruR
(Hm} {MICRONS) {MICAONS} UMICRUNS) {MICRUNS) [MICHUNS b {MICKINS)
3 0,000 0.000 -1.903 0,048 =.DDs 0.201
[ Q0,044 0. 002 ~3.773 0,085 —aULEw 0.004
9 C.1%0 0.Q0% ~5.,574 0.140D -a032 0.009
12 0,354 0.0Q12 ~T,281 0.181 ~.0%8 0.01s
15 0.688 0.023 6,855 0.218 -.090 0.028
18 1,183 0.040 -10.26%9 0.250 ~. 129 0.0317
21 1,808 0.082 -11.492 0.271 -.176 0.050
24 2.76% 0. 091 -12.500 0.296 -.23D 0.00%
27 3.910 0.127 ~13.267 0.309 -.291 0.081
10 S5¢31% 0. 170 -13.772 0.315 -.359 0.099
33 ©.997 0.221 -13.998 0.31% —etde C.119
36 8,973 9,278 -13.930 0.306 -.517 O.lel
19 L1.24%9 0.343 ~13.582 0,291 -.0600 0.163
“2 13,829 PR -12.892 0.270 -.703 0.tB7
45 16.700 0,489 -11.923 0.244 - . 800 D.212
4y 19,667 D. 569 -10.671 0.213 -.917 0.238
51 23.209 G, 052 -9.157 0.178 -1.03% 0.265
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72 av.8491 l.21& 4,084 0.087 2,051 O.40%
75 52.983 1.275 5.167 0.125 -2.224 0.492
78 25,208 1.328 5.584 0.105 -2,403 0.519
bl Sh. 041 le373 5.1l08 0.208 ~2.589 d.5%06
86 56.92% l.410 3,479 0.257 -2.782 a.572
R? 55.7¢7 1. %380 0.397 0,312 ~2.981 0.597
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