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1. Introduction

Very Long Baseline Interferometry (VLBI) is one of the new techniques
which will probably dominate geodesy and geophysics in the near future. Its main
advantage lies in the fact that it brings the accuracy of direction measurements to
a level previously possible only for range measurements. This closes the gap
between powerful range determination techniques such as laser ranging and the
much less accurate dete rmination of directions through photographic tracking of
artificial earth satellites.

The technique is geometric in the sense that the observations ar e independent
of the gravity field of the earth, However, the "orbits" of the observed extragalactic
radio sources with respect to an earth-fixed system are dominated and perturbed by
the rotation of the earth with respect to inertial frame. This allows the determination
of polaxr motion, precession-nutation and length-of-the-day variations, and the
technique becomes also "dynamic' in this respect.

The capability of determining the geometry of a network of stations within
a short time interval and with a centimeter level accuracy also allows the, study
of the variation of nefwork geometry with time caused by earth tides and other
periodic or secular station drifts.

The obvious importance of VLBI for both geodetic and geophysical applications
is only limited by the effect of atmospheric refraction and-unwanted noise associated
with instrumentation [Shapiro and Knight, 1970, Section 3]. At present the develop-
ment of the technique is at the stage of establishing its capabilities by direct com-
parison with classical surveys in relatively short baselines where geophysical
effects are negligible, and of making the system more transportable.

In the present work the effect of nonwhite instrumentation noise, atmospheric
refraction and earth tides are ignored, and the emphasis is on the possibility of
recovering earth rotation and network geometry (baseline) parameters. It is

assumed that nonwhite instrumentation noise is either eliminated or separately

determined through calibration except for a linear effect which cannot be
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distinguished from clock errors included in the adjustment parameters. Errors
in the determination of atmospheric refraction are assumed io be either absent

or uncorrelated in which case their effect is incorporated in the variance of the
considered instrumentation .whiie noise. The effect of earth tides on the variation
of station coordinates is assumed to be calculated from separate information and
subtracted from the actual observations.

The numerical simulated experiments performed here are set up in an
environment where station coordinates vary with respect to inertial space according
to a simulated earth rotation model similar to the actual but unknown rotation of
the earth.

In. Chapter 2 the basic technique of VLBI and its mathematical model are
presented. The parametrzation of earth rotation chosenis described in Chapter 3,
and the resulting model is linearized in Chapter 4. Cartesian station coordinates
are not estimable quantities in the analysis of VLBI observations, It is possible to
use a model where only estimable quantities are considered (see, for example,
[Arnold, 1874]). However, the choice of Cartesian coordinates leads to a simpler
model, and the problem of coordinate system definition is resolved in Chapter 5
with the use of inner constraints. A simple analysis of the geometry of the observa-
tions in Chapier 6 leads to some useful hints on achieving maximum sensitivity of
the observations with respect fo the parameters considered. The basic philosophy
for the simulation of data and their analysis through standard least squares
adjustment techniques is presented in Chapter 7,

The main objective of the present work is the exploration of the capabilities
of VLBI for the recovery of earth rotation and baseline parameters, For this
purpose, a number of characteristic network designs based on present and candidate
station locations is chosen in Chapter 8. The resulis of the simulations for each

design are presented in Chapter 9 together with a summary of the conclusions.



2. VLBI—RBasic Technique and Mathematical Model

Very Long Baseline Interferometry (VLBI) is a technique for observing
time intervals and/or their derivatives at two widely separated antennas between
the two instants of reception of the same wavefront emitted from extragalactic
radio sources. The fur‘ldamental difference with respect to classical radio (short
baseline) interferometry is in the fact that the antennas are not directly connected
by cables for the comparison of the received signals. Sufficiently stable atomic
frequency standards at each site make it possible to record the signals as fimctions
of time. The recorded signals are then crosscorrelated afterwards m a computer.
The fact that maximum correlation oceurs when the two recordings are shifted in
time by an amount equal to the wave travel time between the two instances of
reception, makes it possible in principle to determine this time interval as well
ag its time derivative. Extragalactic radio sources are sufficiently far away for the
wavefront to be considered as a plane and thus from the known velocity of the wave
(velocity of light) the geometric distance corresponding to the observed time delay
can be calculated.

The crosscorrelation procedure is described in detail in a series of
articles by Thomas (1972a, 1972b and 1973), and we shall be concerned here only
with the geometry of the observations. In Fig. 1, XYZ is a geocentric Carfesian
reference frame fixed with respect to the radio sources (assumed to be an inertial
frame). A certain wavefront arrives at station i at epoch t;, when the position
vector of the station is Xy (t1), and at the station j at a slightly different epoch tz
when the position vector of this station is Xyt3. The true time delay tz- t1is the
travel time corresponding to the projection D1, of the retarded baseline X;(tg - Xi(ta)
on the direction of the radio source, If e is the wnit vector in the radio source

direction and ¢ the velocity of light,

Dy = e (ty - ta) = [X)(t) - Xe(t)] * © (2-1)
° GRS
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Tig. 2.1 The geometry of VLBI observations.



Since (fz - t) is a very short time interval, the time variation of the position vector
X3(t) may be assumed to be solely due to the earth's rotation., Therefore
tz
Xi(te) = Xy(t) +] Q) x Xy) dt (2-2)
ty

where £3(t) is the rotational velocity vector of the earth. £ () is practically constant
over the short time interval (t; - o), and thus, by setting Q) = Q(ta)

Xylte) = Xy(ta) + (t2 - ta) [Q(t) X Xy(h)] (2~3)

Setting Byy(t) Xy(t) - Xi(t) and Vit) = Q) X X,(t), one obtains

1
Diyy = By(hy) * e - S Dy V() = e (2-4)

If approximate values of £ (), X () and e are known with sufficient accuracy such

that the corresponding uncertainty in the retardation effect

5D“ = % Dy Vy* e (2-5)

is negligible, one obtaing, by setting di; = Dy; + 8Dy; and switching to matrix
{column vector) notation, for an observation from the ij baseline to the radio source

p at epoch 1, the much simpler model
dsgme = Bls (b ep (2-6)

Assume that dsjx has been corrected for effects giving rise to discrepancies between
modeled and true distance, e.g., atmospheric errors, relativistic effects, aberration,
except for clock errors. Assuming that the two local oscillators at stations i and j
differ only by a constant offset C.iy (at some epoch f) and a linear drift Ci;, the

model becomes

diym = Bij(h) ep + c[Coty + Cislte - to)] (2-7)

Since the inner product of two vectors is invariant with respect to the choice of

relerence frame, the model may be rewritten

dym = by ep(t) + c[Coty + Cuy (& - to)] (2-8)
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with
by = [K5-Xt, ¥y -V 2 - %] (2-9)

where by; and e} are the baseline and the radio source direction unit vector,

respectively, with respect to an earth-fixed reference frame X,y, z. One also has
e (&) = M(h) ep (2-10)

where M(t) is the earth rotation matrix of transformation from fhe inertial to the
earth-fixed frame. The model with respect to the earth-fixed reference frame

becomes
dyme = biy M(te) ep + c[Coty + Cyy (t = to)] (2-11)

Further development of the model depends on the particular parametrization chosen

for the rotation of the earth.

3. Earth Rotation Parametrization

The most straightforward way of parametrizing earth rotation is that of
expressing the inertial to earth-fixed system transformation matrix M(t) in terms
of three rotation angles at every epoch t. The most logical choice seems to be that

of the Eulerian angles ¢, 6, ¥, defined as
M(t) = Ralo(t)] R [6(t)] Rs [P(B)] (3-1)

where R;, Rz, Rs denote conventional rotation matrices about the %, y,z axes,
respectively. The rotating earth can be viewed as a dynamical system whose
state evolves in time according to a second-order differential equation of the

form

E _
E - &b (3-2)

where E = [0, 8, ¥]'. If such equations of motion could be exactly known and solved,

their solution

Et) = FE(to), Eto), 1) ( E = dE/db) (3-3)



would provide a parametrization of the transformation mairix
M(t) = M(%, 60: {bo, Bo, 905 l\bO: tos t) (3—4)

in terms of the six initial values (integration constants):

Go = Pto) 6 = 8(to) Yo = P(to)

_ & L . 4y
Tl P T dtlte Y7 datlt

%

However, such an approach is not practical because of uncertainties surrounding
the current knowledge of the earth's rotation. The alternative is the representation
of the functions ¢ (t), O(t), P(t) in terms of a finite number of parameters to be
estimated from the observations. Such representations as polynomials, trigonometric
series, ete, can sufficiently approximate a wide class of functions, provided that
appropriate number of terms is included The efficiency of the approximation can
be judged only when the function to be approximated is known over some time interval,
while in our case an unknown function is to be approximated. The unknown approxima-
tion error (representation error, modeling error) may well be significant compared
to the observational errors, thus affecting the validity of the final parameter error
estimates based upon real data analysis.

Among various finite parameter representations, the simplest perhaps is
that of representing a continuous bounded function over an interval by a step function,
which has a constant value over each subinterval, mto which the original time
interval has been partitioned.

To formally represent a step function, we introduce the characteristic or
indicator function ¥, of a set A, defined as follows:

1 if xEA
Xa(x) = { (3-5)
0 if x&A

Let [a,b] be the original interval and

a=t0<t1<tg< ...<tn—1<tn = b



If X : denotes the characteristic function of the set [t.4, t4] (i=1,2, ..., n-1) and
Xn that of [ty.a, t], 2 step function with respect to the above partition of [a,b] can

be written in the form

n
YO =) @ X () (3-6)
=1
A continuous bounded function f{t) can be approximated arbitrarily well by a step
function y(t) with an appropriate choice and increase in the number of subintervals.
In the case of this investigation, the functions fo be approximated are the Eulerian
angles ©(t), O(t), ¥(t), and the effectiveness of step function approximation may be
increased if the known parts of @, 0, ¥ are filtered out., Let ¢ (), 6°(t), $°(t) be the
"reference' Eulerian angles as computable from classical astronomy. Then the

earth rotation transformation matrix may be represented as

M(t) Ra[@ +60] Ral6”+66] Ra¥°+ 891 (3-7)

where 00 (), 6 O(t) and Y (t) are step functions, An alternative parametrization

may be of the form

M(t) = MO(t) SM(t) = Rafp”) Rr(6%) Ra@) Ra(6¢) Ru(56) Ra(id) (3-8)

Traditionally, earth rotfation representations are separated into three parts
with the help of the instantaneous rotation vector w(t) related to the Eulerian angles

through Euler's geometric equations

tw, = sin0sing w + cosQ 5
wy, = sin 6 cosp z,b + sino 8 (3-9)
w, = cosB b+ + @

where @, Wy, W, are the rotation vector components with respect to the earth-
fixed system. The variation inthe direction of the vector @ with respect to the
inertial system constitutes precession and nutation, while polar moticn is the
corrésponding variation with respect to the earth-fixed system, The third part of
earth rotatic;n is the variation in the length of the vector w, i.e., the variation of

the rotational velocity (length of the day) = |w] .

8

18
ORIGINAL PAGE
OF POOR QUALITY



To obiain a parametrization of earth rotation wh;are precession-nutation,
polar motion and rotational velocity are separated, we introduce an intermediate
moving geocentric Cartesian reference frame X', v, z’. The z"axis direction
coincides at any epoch with the direction of the instantaneous rotation axis, while
the x-axis direction is arbitrary. The transformation from the X,Y,Z {inertial)

to the %', y', z’ frame may be expressed in terms of three rotations:
Ra (©2) Rz () R (H)

and the transformation from x’, y', z'to the x,v, z (earth-fixed) frame can be

similarly expressed as

Ri1 (-1) Rz (- £) Ra(©n)

Setting ® = ©; + O, the total transformation from the inertial to the earth-fixed

frame becomes
M = Ry(-7) Re(-£) Ra(®) Re(E) Ra(H) IR 1)

wheren, &, ©, =, H are all functions of time. (Note‘that the ©@; and.®, components

of ©@ cannot be separated, and this justifies the arbitrariness of the x"-axis direction.)
In order to introduce the instantaneous rotational velocity £ in the model, noting that

the Ra (©) rotation is about the instantaneous rotation axis (diurnal rotation), one

may set
t
O = B +f Q) ar Oy = Ofto) (3-11)
to

-

The three angles =, H, ©; represent the traditional precession-nutation, and the
angles N and £ the polar motion. The angle (€ - @) is similar to GAST (Greenwich
Apparent Sidereal Time). The functions 1, £, £, =, H can now be approximated by- -
step functions. To improve the approximation, we shall include in the transformation

M the traditional precession-nutation based on current knowledge, as follows:
M - Ri(-7) Re(-§) Ra®) Rz (E) R(l) R (3-12)

where the known part of precession and nuiation may be computed from [Mucller,

1969, Ch, 4].

ORIGINAL PAGE IS
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R® = Ri(~€ - 5€) Rs (-A¥) Ru(€) Ra(-2) Re(8) Ra(-Lo) (3 13)

In the above expression, z, 8, {o are the Newcomb components of precession, and
O and Ae¢ the nutations in longitude and obliquity by Woolard. The transformation
R° defines the traditional "true' frame of reference, an intermediate, noninertial,
moving reference frame X', Y, Z’ of known orientation, such that the Z'-axis is
at any epoch near the instantaneous rotation axis. The angles =, H, ©¢ are thus
small corrections to th;a reference preqession-nui:ation parameters used in (3-13),
and as such they may be considered as the {ransformation parameters between the
"traditional (Newcomb/Woolard) true" frame and the "actual true frame,

There are two alternatives in the step function representation of the angle ® .
One may represent £ as a step 'function with constant value {34 over the ith time

interval (step), in which case

. . A=y .
O = O +; Qk’(tk -te-1) + 8y(t - tea) (3-14)
i tiy <t Sty
A second choice is to approximate . © over each step by a function of the form
@1(‘[’.) = B, + Qg {t - ti-1) tia St ty (3-15)

This is a weaker representation from the adjustment point of view because of the
larger number of parameters (@, i=1, 2, ..., Nvs, ©), but it leads to estimates
of variances of the estimates of the step function constants i, £, ©Qot, 4, =4, Hi,
which are uniform (equal) over all steps (t1-1, t1). On the contrary, the first
representation leads to variances which are smaller for steps in the middle and
larger for steps at the ends of the original time span of the available,observations.

Over each step the model for the VLBI observations becomes
digw = biy Ra(-N) Re(-£) Ra[@o+ Q(k - t)] R (X) R (H) Rep +
+ ¢ [Coty + Cuytx ~ to)] (3-16)

where 7, &, ©o, £, =, H are constants over the considered step (the subscripts
identifying the steps have been dropped for simplicity), iy is t}ie.epoch of observation,
and & is the beginning of the step containing .

10



4. Linearization of Observation Equations

For the time span of available observations considered in this study
(maximum of one month), the effect of precession-nutation on the experimental
design (relative radio sources - stations configuration) is negligible. One can
therefore drop the kmown transformation matrix R° from the model without any
significant change on the simulation results. This simplifies somewhat the equations
following, but it must be understood that appropriate modifications must be made
when analyzing real data by including the effect of R°,

The angles £, 1, =, H are very small since both the z and Z axes (actually
the noninertial Z-axis on account of ignoring R°) are or can be chosen to be near
the rotation axis. The usual approximations, cos & = 1, sin& =a, o = 0, fora

small angle & may be used, leading to

1.0 ¢
Ri(-m) Rz (-f) = 0 1 =
£ n 1
and
1 0 -E
Ro(E) Ry (H) = o 1 H
= -H 1 o

The model now becomes

Aigpe = (T3 ~11)" ST(E,N) R (Qo+ ) 7o) S(E, H) e, +
+ ¢[Ceyy + Cy Tl (4-1)

where Ty = tx -~ to; ep = [cos O, cos 0, cos 8, sin@, sin 6], &, and §,are

th

the right-ascension and declination of the p*!! radio source with respect to the

X,Y,Z inertial frame; vy = [Xi1, yi, 21]', X1, Vi, 21 are the coordinates of the

ith station with respect to the x,v,z earth-fixed frame; and

1 0 -a
Sa, b) = [ o© 1 b (4-2)
a ~h 1
15
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The available observations dy;y form a vector of observations Ly, corresponding to
a vector of observables I, = F(X.), where X, is a vector of unknown parameters. The
unknowns are the station coordinates x4, y1, 23, i=1, 2, ..., N;, the earth rotation
parameters &, 1, ©, £, E, H (one set of six per each step), radio source coordinates
0y 05, D=1, 2, ..., Ny and clock synchronization parameters Cos, Ciy, 1,j =1, 2,
.» N,

The dimc components of the vector 1, are linear with respect to most of the
parameters with the exception of ®,, 2, &, and §,. A completely linearized model
can be obtained by means of approximate values X° of the parameters X,. Expansion

in Taylor series and neglect of second- and higher-order terms leads to

0. aF a

L. = F + Xa -X 4:"'3)
&)+ g o &%) (
The actual observations I differ from the observables I, because of the presence of
unknown observations errors V, according to L, = L + V. Setting A = (aF/aX")IXO’
1° = F(X0 )y X=X~ XO, and L=1° - Ly, the linearized observation equations are
obtained:

V = AX + L (4-4)

A and L are known, while X and V are unknown. The vector V is assumed to be an
outcome of a random vector with E[V] = 0 and known covariance matrix E[V VT] =8.
Application of standard least squares techniques leads to a solution X,
minimizing the quadratic form V'PV where P = S'l, which satisfies the '"normal

equations, ™

@APAYX = -ATP L or NX = U - (4-5)

To compute the elements of the desing matrix A, the partial derivatives of d, yx with
respect to the parameters are required. Introducing the notation, ¥, = Oo + Q Ty,

£
Xkp = P - Ay, fiu =X3-Xt, YY=Y3 -V, %y = Z; - Z4, and dropping subscripts where

confusion is not likely to arise, the partial derivatives are as follows:
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d . _d | cos 8 cos) + sind (- ZcosPp + Hsind + £)

aXJ a'Xi

d _ ~cosHsiny + smO(Esindp +Hcecosd - )

3y 3y1

3d ad . — .

— = ~7—— = sinb - cos G (fcos X +NsinX - = cos® + H sin &)

aZj Bzi

g% = Xy [sind + cos 6§ (2 cos @ - Hsine - § cos X)] +
+ yy[ncos 6cos X] +
+ zy[-cosfcosX - sind (- = cosd + Hsind + §)]

g—i = yy[-sind+cosd (Ecosx +nsinX - E cos + Hsina)] +
+ zZyy[-cos dsinyx + sind (Esind + Heos ¥ - M)

gi@ = Xyy[-cosbsiny + sind (Esind + Hcos )] +

o

+ yyf[-cosdcosx + sinb(=cosyp - Hsind)] +
+ zyy[cos O (£ sin X - 71 cos X)]

ad _ a s _

3 T Fad,? 9C o1y ’ oCiy ¢

é{-i,; = Xu{—coszbcosé + cos Of[Ecos + cosP (- E cos O + Hsina)]} +
+ yij{sinzb sin® + cosd [-7fcos® + sinyd (= cosC - Hsina)]} +
+ 7y fcosdcos + sind (cosd + MsinY - X))

%% = Xy[sindsinyd + cosOsino (Ecosd - Hsmmp -&) ] +
+ yyy [sinbcosd + cosSsine (- = sinp - HeosPp +m) ] +
+ 2y [FcosOsine + sind (-&sinyd + neosP - H)]

%g = xyy[ cos O sinx}] + yi fcos b cosx] +

+ zZyycos 6 (-Esm X ¥+ Nnecosx - = sina - Hceos Q)
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ad Xu[-sinﬁcoéx + cosﬁ(_E COSIP + HSiIll,b + g)] +

” + yyy [sindsinX + cos6 (Esind + Hecosp -n) ] +
+ 245 [cos & + sin-ﬁ (Ecosx + nsinX -Ecos + Hsina)}
(4-6)
A second type of possible observations is the time derivative of dyyp
fien = g%m = Q (ry~ 7)) 8,7 Ps Re(@c + 2Ti) S(=,H)e; + ¢ Cyy
(4-7)
where
0o 1 0
P = |-1 0 0 4-8)
0 0 0

The related partial derivatives of iy, with respect to the parameters are as follows:

1 9

o -é% = Xy [£ cos 0 sin X] - yi3[n cos b sin X]
+ ziyfcosbsiny - sind (Esiny) + Heos P) ]

1 o

o) gnf = yiy[cosd (-Esinx + necosX)]
+ zyy[-cosbcosx + sind (E cosp - Hsind) ]

1 of . . . — .

G 3= - Xulsindsind - cosbsingd (-Ecosa + Hsina)]
+ yyy[sinbcosd - cos bcosh (- E cost + Hsina) ]
+ zyy[sin & (- £ sin®h + 7 cos )

1 af - . p— -

T @ - X fcosP sind - cos b sine@ (= siny + H cos ) |

+ yyl-sindPsind + cos Osine (- = cos P + H sin ) ]

+ sy fsm b (-fcosP - NsinY)]

14



Q=

D= Lol o1

|~

D)

af
G4

= Xy[-cosOcosX + sind (2 cos¥d - Hsiny)]

+ yyyfecos 8 sinX - sind (- E sinydp - HceosP) ]
+ zZgy [cos & (Ecosx + MsinX)]
= - L 2f . -cos Osiny + sind (= sinyd + Hcos P
Qu aX;[
= . L2t . -cos Bcosy + sind (= cosdp - H sind)
Q ayi
- L of _ : -
= a o cos 6 (€ sin ¥ 7 cos X)
= Xy [cos 8 cos X] + yu [- cos O sin X]
+ zyy[cosd (-&cosx - nsinX) ]
= Xy [sin8sinx + cosd (2 sind + H cosP)]
+ yyy[smdeos X + cosd (= cosP - Hsmnd)]
+ zy [sin b8 (- Esmx + MNcosx)]
3f df 9f .
Tx 3By’ 30013 =0 a‘CU - C (4_9)
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5. Coordinate System Definition and Inner Constraints

The combination of all ocbservations leads to the linearized observation

equations
aVi = pAuXy t 4l (5-1)
Minimization of VPV leads to a solution satisfying the normal equations [Uotila, 1967]

NX = U ‘ (5-2)
where

N = A'PA and U = -A"P1L.

Because of the lack of coordinate system definition, N is singular with rank
(N) = r< u, where u is the number of parameters and s =u - r is the rank deficiency
of N.

Originally s = 9, corresponding fo the six degrees of freedom in the definition
of the earth-fixed coordinate system (three for origin position and three for orientation)
plus the three degrees of freedom in the inertial system definition (orientation only)

Since a radio source catalogue of a certain accuracy is assumed to be available,
radio source coordinates are treated as observations (weighted unknowns) rather than
as unknown parameters, The inertial frame is therefore defined through the catalogued
radio source coordinates and the remaining rank deficiency of N becomes s = 6. A
unique solution to the normal equations may be obtained if in addition a set of minimal

linear constraints are imposed on the parameters, of the form
C'X =0 (5-3)

where C is a u X s matrix and rank (C) = s,

Among the various possible solutions to the normal equations, the unique one
given by X = N* U, where N7 ig the pseudoinverse of N, has the following properties
[-Blaha, 1971]: X'X = min. and trace N' = min. In view of the mterpretation of Nt
as the variance-covariance matrix of the parameters, the second property makes
the solution optimal in the sense that smaller variances of the parameters provide a

better representation of parameter related estimable quantities in terms of the
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nonestimable parameters. To avoid the use of pseudoinverse computation algorithm,

one may resort o a particular set of minimal constraints called inner constraints

[Blaha, 1971],
E'X = 0 ) (5-4)

which leads fo the same solution for X as the one obtained with the use of the
pseudomverse N+. It can be shown that such a set of inner consiraints can be

obtained with the help of 2 u X g matrix E (rank (E) = s) satisfying
NE = 0 (5-5)

An algebraic type of proof can be found in [Pope, 1971] which settles the truth of the
matter but throws little light on the interrelation between inner constraints and
pseudoinverse, A different type of proof is givén in Appendix A of this work, based
on the geometry of the operator represented by the matrix N,

In view of the factthat AE =0 => NE = A'PAE =0, a set of inner constraints

has been analytically constructed using six independent solutions to the set of eguations

Aly = 0 j=1,92, ..., u (5-6)

where A’ denoctes the jth

row of A. We assume that the approximate values of
7, £, =, H are zero in the computation of partials of ocbservations with respect to
the unknowns, thus obtaming simpler analytical expressions for the elements of A.

Letting the order of the unknowns in X to be the following
XT = [dn9 dgs d®0’ dQ, d-X19 d.Vl’ dZ]_, DI | dXN’ d.YN’ dZN]

one may set

1
'y = [w, W2, Wa, Wy, O, Bls Yi, ..., Oy, B!; Y4 ... Ony BNs Yal

For a row of A corresponding to a dyy, observation, one has

ég + w .@g + W _ad_ + a_d + o E‘_ + ﬁ _ag. + ¥ é—q_. 4+
an T YRR T e, T a0 T Ttaxy T Moy T o
ad ad ’d
+ 05.1 aXJ + 3" ayj + '}"j a_z':j" - 0 (5"7)
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With the analytical expressions of the partials and after a considerable algebraic
effort, one arrives at six independent solutions yy, i=1, 2, ..., 6, and the inner

constraint matrix E is formulated by setting

E = [y:1 y2 ... ¥l

The final result is

dn dn d®e d2 dx; dy, dz . e dxy dyy dzy

o 0 0 0 1 0 0 1 0 0
0 0 0 0 0 1 0 0 1 0
0 0 0 0 0 0 1 0 0 1
1 0 0 0 0 -zz vy 0  -z¢  Va
0 1 0 0 B 0 -x% zZn 0 x5
0 0 -1 0 -® xm 0 -3 om0
(5-8)

where x?, yci’, z? are the approximate values of station coordinates used in the
conp utation of the design matrix A More explicitly there are two sets of constraints.

The first one

dxy
Zﬂ} dy: = 0 (5-9)
dz
"defines' the origin of the earth-fixed system, while the second one
-dn 0 -z ycf dxg
-d& = ? 75 0 X3 dyy (5-10)
de, "'Y? %3 0 dz,

"defines' its orientation.
In the discussion above, the problem of epoch and time secale definition for the
sel of station clocks has been ignored The parameters Coiy and Cyy refer only to

relative offsets and drifts between the clocks at stations i and j.
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Usually epoch and time scale are provided by the readings of one of the
clocks (master clock), and they are transformed to other station clocks through the
parameters Conj, Cy; where the master clock is at the mth station.

Another way to provide epoch and time scale is the use of inner constraints
defining a fictitious master clock. We may shift to a new set of parameters by
setting )

Cots = Cay - Copt Cy = Cp - Cn (5-11)

The new parameters are offsets Copy and drifts Cpwith respect to the fictitious

master clock, and the additional immer constraints are

> o = 0 and D dCw = 0 (5-12)
{ i

6. Remarks Related to Design of Experiment Concepts

Since thé usual objective of a geodetic experiment is the estimation of
certain parameters, an experimental design may be considered optimal when the
errors in parameter estimates are minimized in some certain sense. Within the
linear least squares model, the a posteriori variance-covariance matrix of parameter

estimates is given in general by
sy = of (ATpAa) = ofqt (6-1)

where Q+ denotes the pseudoinverse of a square matrix Q, P is the weight matrix
and 05 the a posteriori estimate of the variance of unit weight. The “errors' in
parameter estimates therefore depend on the observational accuracy and on the
design matrix A. The design matrix A = A{Xo) itself depends on the approximate
values of parameters X°. The determination of optimal X° values minimizing some
risk function (e g., trace Sy is usually referred to as the "configuration problem, "
or the "first-order optimal design' [Grafarend, 1974] On the assumption that the
risk function chosen is insensitive to small changes of XO, the approximate values

of parameters may be identified with the true ones. In a similar way the small
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angles 7, £, =, H in our model may be considered to be zero. Of the remaining
parameters @ depends on the choice of reference frames, £ is approximated by

the fixed average rotational velocity of the earth, while in the case of transcontinental
baselines the choice of radio source coordinates ¢4, 0p.i8 strongly restricted by
observability conditions. Therefore, the first-order optimal design is practically
limited to the determination of the optimal configuration of the network of observing
stations.

The order of magnitude of elements in a row of the design matrix A determines
the sensitivity of the corresponding observation with respect to each of the parameters.
Next a short geometric interpretation of these partials is given to provide possible
"hints' towards the determination of the optimal design.

The partial derivatives with respect ton, £, @, £, =, H (earth rotation
parameters) and &, 0, are proportional to the baseline length, Indeed, they all
contain linear terms in =iy =ry, x?j s Vi3 =Tyy y?‘, and zy; = ry Z?J, where ri; is the
length of the ij baseline and x?d, y‘fj, z?.., are the components of the unit vector I‘?J
in the direction of the baseline. It is therefore possible to define "sensitivity per
unit of baseline length" by means of ri g—g where B stands for any of the'earth

1)
rotation or radio source coordinates parameters. It can be shown that

1 od

1 ad _ o7 (6-2)
Ty aB (ri.'l) S8

i.e,, that the sensitivity per unit of baseline length is the projection of some
vector Sp (called the parameter B sensitivity vector) on the direction of the baseline.

It can be easily verified that the parameter sensitivity vectors are given by-

S, = -R(/2) Pr Ra(X) e

S¢ = - R2(1/2) Px. Ra(X)es

S@, = T« Sq = Pw Ba (X +7/2) e

Sz = Ra@) Ra(1/2) Px Ra(-0) e

Sy = Ra(d) Ru(1/2) Py Re(-0) e

Sy = ~Ra(X +7/2) Py ep

S = Ra(X) Ra(n/2) es (6-3)
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where

es = [cos 8, 0, sin 6], es = Ra (- @) e5, and

1 0 0 0 0 0 i 0 o
Px,=(01 0), P,z=(010), sz=(o 00)

0 0 0 0 0 1 ¢ 0 1
are projection matrices on the xy, yz and xz planes, respectively. The.position
of the sensitivity vectors varies with time, and their loci, all contained within the
unit sphere, are depicted in Fig. 6,1, Maximum sensitivity occurs when the baseline
is parallel to the corresponding parameter sensitivity vector, while an observation
is insensitive to a parameter when the baseline and parameter sensitivity vector
are perpendicular. With this in mind and with the help of Fig. 6.1, Table 6.1 is

constructed, summarizing the sensttivity to various parameters for extreme cases

of baseline and radio source directions.

Table 6.1

Sengitivity of Baseline - Radio Source Extreme Configurations
with Respect to Various Parameters

Baseline Parallel to Baseline Parallel to Rota-
Equator (zi5 = 0) tion Axis (xi5 = yi; = 0)
Parameters
Equatorial Polar Equatorial Polar
Radio Sources| Radio Sources Radio Sources | Radio Sources

6 =07 (8 = 90°) 6 =10° (6 =90°)
£ N no yes yes no
=, H no yes yes no
B0 §, o yes no no no
0 no yes yes no
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Note that observations in the fourth column are impossible due to observability
conditions (2 baseline parallel {o the rotation axis must be located near the
equator and observe equatorial radio sources only).

The sensitivity with respect to £ as well as to Ci; is proportional to the time
span Ty of the available observations while that to C;; and C,.1y is independent of the
baseline - radio source configuration.

Sensitivity with respect to station coordinates is independent of baseline
length. If ey, ey, €; denote unit vectors in the directions of the x, y, z axes,

respectively, the relevant partial derivatives under the same approximations are

d
= e; Sc’ a;:rd = e; sc,

aa
an

ad

T
= @a S
aZJ 2z c

where S = Ra (-X) es. The gengitivity of observations with respect to station coordinates
is determined by the projection of the coordinate sensitivity vector S. on the coordinate
axes. The locus of S. is depicted in Fig. 6.1. It can readily be seen that cbservations
to equatorial radio sources are insensitive to the z station coordinates, while observa-
tions to polar radio sources are insensitive to x and y station coordinates.

All the above remarks are of a rather general nature and simply provide
""hints" towards the design of an optimal station configuration for the VLBI experiment,

which also depends on which of the parameters in particular is to be determined.
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7. Simulation and Adjustment Philosophy

The objective of this simulation is the determination of standard deviations of
parameter estimates relevant to VLBI observations for a number of characteristic
network designs, In addition to this design (relative configuration of station - radio
sources and arrangement of observations in time), the a posteriori standard devia-
tions of parameters also depend on a number of other factors, These include the
accuracy of observations, their total time span, and the modeling of earth rotation
and velative station motions in the adjustment. Since step function models are used
here, the time interval over which earth rotation parameters are considered to be
constant ("earth step') and the time interval over which station coordinates are con-
sidered constants ("station step') become also variables. Ifhas also been assumed
that a radio source coordinate catalogue is available, and its accuracy is one addi-
tional variable affecting final results. Summarizing, the problem is fo examine the
variation of standard deviations of the following parameters:

i, station coordinates
ii. earth rotation parameters
with respect to the following independent variables:

a. observational noise

b. time span of observations

c. earth step

d. station step

e. accuracy of radio source catalogue

f. station - radio source configuration, arrangement of

observations in time.

With respect to the last item above, three different variables appear in the same
group. This is justified in view of the fact that once a transcontinental network

design has been decided upon, observability conditions impose strong limitations

on both the choice of radio sources to be observed and the arrangement of observations

in time.
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The fact that observations are not instantaneous, but averages over some
time interval (integration time of 7-10 minutes), imposes also limitations on the
maximum density of observations in time.

The choice of earth and station step in real data analysis depends on the
frequency content of the corresponding time functions. In view of the aliasing
effect [Koopmans, 1974], the smaller the step size, the higher the speciral resolution
of the corresponding functions. On the other hand, larger step size leads to a
smaller number of parameters to be estimated and a "stronger™ adjustment with
more degrees of freedom. The choice of optimal step size in the analysis of real
data constitutes a very interesting problem worthy of a separate study.

In the present simulation study, step size has been considered as a variable,
while the corresponding functions generated in the simulation of observations are
continuous rather than step functions. However, precautions have been faken so
that the total variation V £ 1 of the function f(t) in question over each step time

interval 1 is insignificant compared to observational noise, In fact,

Ve, = max [f®H] - min [f(t)] < &/N i=1,2, ...,n

tely tely -
where Oy is the standard deviation of the observations, and N is a large-integer
(specifically here N = 10).

In view of a 7-10-minute integration time, and allowing for antenna motion,
observations (time delays and their time derivatives) are uniformly spaced at
15-minute intervals over the total time span considered. Their corresponding
standard deviations oy, and o, are taken to be of a constant ratio ov/on,’ = 1/2, where
O is in nsec and ¢, innsec/hr. This value is typical, but the ratio may be somewhat
different depending on antenna and observed signal characteristics. - The choice of a
fixed ratio reduces the number of considered parameters by one with a corresponding
significant reduction in computational effort,

Once a certain observational patiern has been decided upon, a simulation
program (VLBI SIMULATOR) produces perfect observations using the simplified
model (Eq. 4-1). This program requires as input station and radio source true

coordinates and the pattern of the observations (baseline - radio source - epoch of
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observation). The station coordinates are taken to be constants, while the values
of earth rotation parameters at the epoch of observation are provided by a sub-
routine (SUBROUTINE EARTH)., € is fixed to a realistic value for the beginning
of the observations t5. The effect of traditional precession-nutation is absent from
the simulation as well as from the adjustment model for computational simpliecity.
The inertial frame thus is taken to be the true equatorial system of the epoch t s0
that its Z-axis is near the rotational axis. For the same reason, the earth-fixed
frame is taken to be the CIO/BIH zero-meridian terrestrial system.

The perfect observations are processed through a program which adds
"Observational errors' drawn from a Gaussian population with zero mean and
desired variance.

For the adjustment of the observations, two separate programs are used.
The first one (PROGO1) processes observations of total time span equal to both
earth and station step (one day). An option is available for processing any desired
number of different radio source catalogue accuracies in the same run.

The second program {PROGO02) processes observations of time span equal
to the station step only, which in turn is taken to be an integer multiple of the
earth step. It -is, however, possible to process observations using unequal earth
steps within the total span of available observations. Within each earth step the

linearized observations equations are of the form
Vy = A4X + AKXy + Ly
where X refers fo parameters common to all earth steps (station and radio source
coordinates) and X, refers to parameters particular to each earth step (earth
rotation parameters).
The total set of such individual observation equations is combined in a unified
solution through a "second-order partitioned linear regression' scheme, extended

to incorporate inner constraints. The detailed algorithm is presented in Appendix

B. The related programs and subpoutiries are in Appendix C.
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8. Arrangement of Experiments

To obtain more realistic results, station locations considered here are
not completely arbitrary, but limited to present and prospective locations of
VLBI stations, Such candidate station locations are presented in Table 8.1. In
the same table the stations actually used in this study are indicated by asterisks.
Two criteria have been considered in the selection. First, stations close to plate
boundaries, i.e., in geophysically active areas, have been excluded to avoid possible
comparatively large station drifts deviating from those considered in our simula-
tions. Secondly, from groups of stations close to each other, only one station has
been included on the assumption that final results would be similar for a nearby
station. I is recognized that these criteria probably exclude the most active stations
currently in operation, but this should not influence the general conclusions sought.

An experiment consists of a group of stations simultaneously participating
in the observations. In Table 8. 3 the station groups for the experiments considered
in this study are presented. After a certain station group has been selected, the
arrangement of observations is one observations every 15 minutes, which interval
and choice of the radio sources are limited by observability conditions., The
observability condition naturally imposed is that the observed radio source must be
above the horizon at both ends of the observing baseline, To avoid large atmospheric
refraction errors, the zenith distance of the radio source is limited, in general, fo
be less than Z.., = 45°, with some exceptional cases where Zp, = 60°,

Such observability conditions limit the observable part of the sky to within the
intersection of two cones with the local station verticals as axes and z, . as the
vertex angle. For transcontinental baselines, the region of observability is small
and the choice is between observing a certain quasar or a neighboring one without
significant effect on the experimental design,

In setting out a certain sequence of observations, the choice between
possible alternatives has been guided by the hints obtained in Chapter 6, with

emphasis on sensitivity with respect to earth motion and station coordinate parameters.
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Table 8.1

Present and Prospective VLBI Station Locations and
Their Approximate Coordinates

Laocation Longitude Lafitude
Kashima, Japan 137° 35°
Canberra, Australia x 149 -35
Kauai, Hawaii % 200 22
Fairbanks, Alaska * 212 65
Goldstone, California 243 35
Algonquin, Canada 277 51
Greenbank, Virginia 282 38
Haystack, Massachusetts * 288 41
Santiago, Chile 289 -34
Arecibo, Puerto Rico 294 18
Sao Paulo, Brazil * 313 -24
Madrid, Spain * 356 40
Bonn, Germany 7 51
Onsala, Sweden * 17 59
Johannesburg, So. Africa * 28 -26
Crimea, USSR 34 45

* indicates stations considered in this study
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Table 8.2

Fictitious Stations Used.in Experiments 6-and 9

No, Location Longiiude Latitude
9 equatorial 0° 0°
10 " 60 0
11 " 120 0
12 " 180 v
13 " 24.0 0
14 n 300 0
15 meridian 0 0
16 " 0 60
17 " 180 60
18 " 180 0
19 " 180 -60
20 " 0 -60
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Table 8.3

Experiments and Participating Baselines
(Station Nos. Refer to Numbering in Table 8.1 or 8.2)

EXp?;Tnent Participating Baselines

1 2-3, 2-4, 3-4

2 3-4, 3-7, 4-7

3 4-5, 4-6, 5-6

4 5-6, 5-8, 6-8

5 1-2, 2-3, 2-4, 3-4, 3-7, 4-5, 4-6, 4-7, 5-6, 5-8,
6-7, 6-8

6 ¢-10, 10-11, 11-12, 13-14, 14-9

7 2-4, 4-5

8 2-4, 4-6

9 15-16, 16-17, 17-18, 18-19, 19-20, 20-15

10 3-4, 4-7

31




An effort has also been made to observe radio sources of a variety of
declinations to avoid the critical configuration appearing when, for example, all
radio sources are of the same declination. From a larger set of available radio
sources, only a rather uniformly distributed set has been.considered. The
criterion for inclusion has been the use of the radio source in previous experi-
ments so that its appropriateness for VLBI observations is assured.

Since a radio source catalogue of a certain accuracy is assumed fo be avail-
able, no effort has been made to optimize radio source coordinate recovery. As a
result, this study is of no "astrometric" value, and no significant improvement of
radio source coordinate accuracy can be found in the results of the adjustment
performed.

One gidereal day can be taken as the "unit" for an observational pattern since
a sequence of observations performed over one day can be repeated over the next
days. For observations of a {otal time span of a number of days, the same daily
pattern is repeated in the simulation. Various experimental designs are compared
to each other on the basis of one day of cbservations where earth rotation and baseline
parameters are considered as constants over the whole day.

The choice of experiments performed has been primarily directed towards
the possibility of recovering earth rotation parameters from a minimum number of
observing stations. The minimum number is the three stations necessary for the
definition of an earth-fixed system through minimal or inner constraints. Experi-
ments 1, 2, 3 and 4 are cases of such minimal "riangle networks' where all the sides
of the triangle are observing baselines.

A weaker desing (Experiments 7, 8, 10) is a three station configuration where
only two of the triangle sides are observing baselines. In particular, Experiment 10
is a counterpart of Experiment 2, such that the effect of removing one baseline (other
design parametex:s remaining the same) can be studied, The opposite to such minimal
three-station designs is provided in Experiment 5 where all eight stations participate

in the observations.
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In addition to these ''realistic' station locations, two "fictitious" designs
are also considered, their common characteristic being the closure of a network
of stations on a great circle around the earth. Experiment 6 is such a network
of uniformly spaced stations al ong the equator, while Experiment 9 isof a
similar design along a meridian, The coordinates of stations involved in these
experiments are listed in Table 8.2.

Fig. 9.1 depicts the geographic locations of the networks in the above-

mentioned experiments.
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Geographic locations of stations and baselines in

Experiments 1 through 10.

Fig. 9.1
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9. Results and Conclusions

The results of the simulations are presented in three parts. The first part
(Figs. 9.2 - 9. 3) deals with the comparison of the ten designs described in the
previous chapter, on the basis of one day of observations. Fig. 9.2 depicis the
recovery (standard deviations) of earth rotation parameters (£, 1, =, ©®o, ),
while Fig. 9-3 shows the recovery of network geometry in terms of baseline lengths
and angles (estimable quantities).

Standard deviations ¢ for each parameter are given as a function of the
standard deviation ¢, of radio source coordinates and for various values of cbser-
vational precision 0,. Values used in the simulation are &, g =1, 5, 10, 20, 50 cm,
To achieve uniformity, 0q is expressed as arc length on a reference sphere with a
radius of 6371 km (1= 30 m).

The second part (Figs.9.4 - 9 5) is a study of the improvement of the standard
deviations of the parameters with the total time interval T of available observations,
Station coordinates are assumed to be constant over T while earth rotation parameters
are constant only over the subintervals of duration At (earth step). The ratio p =0/,
is given for each parameter as a function of T for various values of At, In the simu-
lations, the following values have been used: T =1, 2, 3, 4, 5, 10, 30 days; At =8,
12, 24 hours. Experiment 2 has been chosen for this study. Radio source coordinate
standard deviations are assumed to be 0q =0, for all cases. However, the variation
of the results with 0'q is insignificant for T = 5 days.

The third part (Figs. 9.6 and 9. 7) is a study of the variation of p = 0 /0y,
with At (earth step) based on one day of observations (T =1 day) for some of the other
designs (Experiments 1, 3, 4, 6, 9, 10) is shown.

Since the rosults of the simulations arc fully presenied here, one may draw
his own conclusions. Ilowever, the tollowing general remarks arc made in an attempt
to summarize the results:

(1) Earth Rotation Parameters from One-Day Observations

For one day of observations and the recovery of earth rotation parameters,
the following are noted:

() Three-baselinc ”trlaugI'e” designs (Experiments 1, 2, 3, 1 in Fig. 9.2)
arc capable of recovering polar motion (§, 1) with a precision of the same order of

magmtude as that of the obser vations, even (or low radio source accuracies (0p =50 cm).
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For two-baseline designs (Experiments 7, 8, 10 in Fig. 9.2), polar motion recovery
is of the same quality as for the "triangle" station configurations. However, the
removal of one baseline in Experiment 10 results in an increase of polar motion
standard deviations by a factor of 1.5 compared to Experiment 2. The more complex
design of Experiment 5 offers no dramatic improvement in polar motion recovery.
An essential improvement can be seen in the eguatorial design of Experiment 6 and
even more in Experiment 9 which is the "best," but admittedly not very practical

design for polar motion recovery.

(b) The standard deviations of the (precession-nutation) parameters ¥ and
H are practically the same for all two- or three-baseline designs (Experiments 1, 2,
3, 4, 7, 8, 10). Inparticular, the removal of one baseline in Experiment 10 with
respect to Experiment 2 has no effect on the recovery of = and H. The best
recovery of =, H can be seen in Experiments 5 and 9. Although the station con-
figuration in Experiment 6 ig of the same shape as in Experiment 9, the change in
their position (equatorial vs. merldlan) has a great effect on =, H standard dematmns .

Experiment 6 has the weakestrecovery, Wh ile Experiment 9 providesthe strongest one,

{¢} The standard deviation of ®¢ varies with the station configurations. I is
highest for Experiments 4, 8, 7; medium for Experiments 10, 3, 5; and smallest
for Experiments 1, 2, 9, and especially 6 (best).

(d) Recovery of £} varies strongly even for designs of the same type. It is
generally weak for two-baseline désig;ns (Experiments 7, 8, 10) and somewhat better
for three-baseline designs writh the exception of the extremely weak recovery in
Experiment 4, Many-station designs (Experiments 5, 6, 9) improve the recovery

especially in the equatorial configuration of Experiment 6.

(¢} § and ©p are the only parameters favored by the artificial equatorial
design of Experiment 6 vs. the meridian one of Experiment 9. Recovery of the two
components £ and 7 of polar motion is not equal but depends on the position of the
stations in each experiment with the exception of Experiment 6. On the contrary,
both the = and H parameters of precession-nutation are recovered with practically

the same precision for every design.
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The recovery of earth rotation parameters varies with the accuracy (og)
of radio source coordinates. However, this dependence is much stronger for
=, H; milder for the rest of the parameters; and even disappearing for £, £, 7 in

the strongest designs of Experiments 6 and 9.

(f) The results of the idealized designs of Experiments 6 and 9 can be used
to verify some of the results of Chapter 6. Recovery of §, 1, =, H is better for
Experiment 9 than 6, while recovery of ®@,, £ is better for Experiment 6. This is
explained by the fact that Experiment 9 involves baselines parallel to the equator
(16-17, 19-20) observing polar radio sources, a design sensitive to £, 1, &, H.
Experiment 6 involves equatorial baselines observing equatorial radio sources, the

design most sensitive to ®q, { (see Table 6. 1).

(g8) The recovery of baselines varies with station configuration. However,
larger number of baselines does not in general improve the individual recovery as
in the case of earth rotation parameters. For example, recovery in the three~
baseline design of Experiment 2 is much better than in any of the many-station designs
(Experiments 5, 6, 9). The relative recovery of angles in the same experiment is
inversely proportional to the recovery of the opposite baselines. Dependence on
radio source accuracy varies and disappears in the case of the equatorial configura-
tion of Experiment 8, especially in comparison to the meridian configuration of

Experiment 9,

(2) Earth Rotation and Baseline Parameters As a Function of the L.ength

of Observations and Earth Step

For' the variation of the recovery of earth rotation and baseline parameters
with respect to the total time interval of obse rvations T, it is noted that the standard
deviations o of the parameters are dirvectly proportional to the standard deviations o,
of the observations, (Note that 0y=.) For this reason only the ratio p= o/oy is
depicted in Figs. 9.4 and 9.5.

The dependence of p on the earth step At is very strong for earth rotation

parameters, especially for { (see Fig. 9.4), while not significant for baseline
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parameters (see Fig, 9.5). In general, the recovery improves as At increases
gince the corresponding number of unknown parameters in the adjustment decreases,
For earth rotation parameters (Fig. 9.4), standard deviation decreases strongly as
T increases from 110 5 days. An.additional increase of T from 5 to 10 days offers
a small improvement, while no significant additional improvement is gained from
the extension of T from 10 to 30 days. The samé is true for baseline parameters
(lengths and angles, see Fig. 9.5) with the exception of an additional small improve-

ment with the increase of T from 10 to 30 days.

{3) Earth Rotation and Baseline Parametfers As a Function of Earth Step

As mentioned, the recovery of earth rotation and network geometry parameters
improves with larger earth step At (Figs. 9.6 and 9.7), The only exceptions are with
respect to the €, parameters in Experiments 1, 2, 4, 10 and with respect to @¢ in
Experiment 4 where At = 24 hours results in worse recovery than At = 12 hours or
even At = 6 hours in some cases. This "inversion" is correlated to the weak recovery
of polar motion in Experiments 1, 2, 4, 10 (see Fig, 9.2) and to the weak recovery of
® in Experiment 4, On the contrary, for Experiments 6 and 9, where £, 77 and ©p
recovery is better, variation of p with respect to At is "normal.!' Such variation is
negligible for ©, in Experiment 6 and also for network geometry parameters in
Experiments 6 and 9, Naturally an increase in the length of the earth step is a dis-

advantage when short periodic variations in the earth rotation parameters are sought.
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Fig. 9.2 Recovery of earth rotation parameters, Experiments 1 - 10.

Total time span of observations: T =1 day
Earth step: At =1day

o = a posteriori standard deviation of earth rotation parameters
0y = a priori standard deviation of radio source coordinates
o, = standard deviation of observational errors

Note: Angular guantifies when expressed in length units are
arc lengths on a sphere of radius R =6 371 000 m
(1" ~ 30 m).
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Fig. 9.3 Recovery of baseline lengths and angles, Experiments 1 - 10

Total time span of ocbservations: T =1 day

Earth step: At =1day

For explanation of other symbols, see Fig. 9.2, p. 40,
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APPENDIX A

Inmer Constraints and Their Relation to the "Geometry!' of the

Pseudoinverse of an Operator

Suppose that a system of linear equations

N X = y
uxu uxil uxl
is given (N, y known; x unknown) which is consistent {i.e., it has at least one solution),
and furthermore it has more than one solution., The objective is to show that there

exists a set of linear constraints
E'x = 0
called inner constraints, such that the solution to the simultaneous system of
equations Nx =y and E' x = 0 is unique and identical to the solution x5 = N+ ¥
where N is the pseudoinverse of the matrix N,
The matrix N is a representation of an operator N: X 2> Y, whereX and Y

are both u-dimensional inner product spaces with elements u X 1 vectors and the

usual Euclidean inner product
<f,g> = gf f,geX or f,gEY

Two subspaces can be introduced with respect to the operator N, the range R(N) = R
of N defined as
’ R = [y; YEY and y=Nx for some x€X], RCY

and the kernel or null space K(N) = KCX of N,
K = [x; x€X and Nx = 0]

The consistency of the linear equations Nx = y refers to the fact that yER, while
the non-uniqueness of solution to the fact that K N {0}%is non-empty, i.e., K has
other elements in addition to 0. If x’ is a solution to Nx =y, then x =x’ + X is also

a solution where X is any element of K. We can therefore identify the solution
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space Sy C X, defined as
Sy = [x; x€X and Nx=y, ¥y €R fixed]
with a linear variety
S = [x; x=%x+%, XEK, x fixedwith Nx' =y]
If K" 1s the orthogonal complement of K with respect to X, the projection xo = WK.L (x)
of any element x& S, on K* is unigue, and furthermore [Dermanis, 1977, §3.5]

I %l = min | x|
xE8,

We can now define the pseudoinverse N* of the operator N as.an operator

N+: R~ X where

Ny = %0 = P.0 (%) foranyy € R and X € 8,

N© is therefore the ordinary inverse of the restriction of the operator N to K+ (see
[Desoer and Whalen, 1963, p. 444] for a more rigorous definitionj. The domain of

definition of N+ can be extended to the whole space Y (N+: Y 2 X) by setting
N = N
where y' = EOR {y) is the projection of yEY on R.
The range of N is K*, while its kernel (hull) space is R*. For yER we have

Xg = N+y and X, can be alternatively defined as the unigue element in the intersection

Sy N K*. This means that % is uniquely defined by its two properties:
X € 8y and X € K+

The first property is expressed by the original equations Nx =y, while a similar
expression must be established for the second property. Let r = rank (N) < u and

s = u - r be the rank deficiency of N. The dimension of the linear subspace K C X

is then s, and suppose that {ei}, i=1, 2, ..., sisa basis in K, Since % C KJ',
we havexg L ey fori=1,2, ..., s, i e.,
<Xg, G113 = e}xc,:(} fori=1, 2, ..., 8
'ORIGINAL
P
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Fig. A.1 The geometry of the pseudoinverse operator.
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Setting

E =1le e ... e
uXxs

the above equations can be written in the compact matrix form
E'x% = 0

Therefore, Xo is uniquely determined as the vector satisfying both equations
Nx = y and E'x =0

where the columns of E constitute a basis in K, the kernel (null space) of N. The
constraints E'x = 0 are referred to as the "inner" constraints,
The problem has now been reduced to that of finding a basis inK, i.e., of

finding a set of s linearly independent u X 1 vectors {es} satisfying
Ney = 0 fori=1, 2, ..., 8

The equations above can be written again in matrix form
NE = 0 where E = le e ... &4

We therefore only need to find a u X s matrix E with rank (E) = s = u ~ rank (N)
(to secure linear independence of its columns e;) satisfying NE = 0,— Summarizing,

we have the following theorem

Given the system of linear equations

Nx = ¥ (N, y known; x unknown)
uiuxl uxl

where rank (N =r < u, s=u-~7r, and au Xs matrix E
with rank (E) = s satisfying N E = 0, the vector x satis~
fying simultaneously Nx = y and E'x = 0 is unique and
identical to x = Ny, where N is the pseudoinverse of N,
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APPENDIX B

Algorithm for First-Order Partitioned.Linear Regression

Including Inner Constraints

The problem in question is the construction of an algorithm for the least

squares adjustment of a group of linearized observation equations of the form
Ve = AXi+ AyX + Iy i=1,2, ..., m A 1)

with E {V.} = 0 and E{v; V]} = P,. X refers to parameters common to all sets
of observations, while X, refers to those appearing only in the i® set of chservations.
Each set of observation equations gives rise to a contribution to the normal equations

of the form

1.\'& Ni X3 U:
; . + . = 0 A 2)
-N—f Ny X Ui
where
l.\.T; = AI P A; f]i = A;T P; 1,4
1\-& = Az Py Ay Us = A:T P;L,
and

Ny = A;T P: A

The combination of such individual sets of normal equations leads to the final set of

normal equations incorporating all observations

N N [x U
. . + . = 0 (A 3)
. N X U
where
ﬁl 0 0 ﬁl EI’.L )El
N = 0 N2 ’ N = -1-\7-3 ’ {T = ﬁg s X = }“{2
0 ﬂ'm Nm f]m }“{m
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Imcase N = [ .N NJ is nonsingular (det N # 0), the normal equations above can
N N

be solved through a First-Order Partitioned Linear Regression scheme as explained

in [Brown and Trotter, 1969; and Uotila, 1973]. We give here an extension of this

scheme for the case when N is singular and a unique solution is ascertained only

after the introduction of a set of inner constraints

EX+EX = 0 A 4)
with

T .t

E' = [El EL ... Ei] = [Ed Eb ... EJ]

The normal equations can now be augmented as follows [Uotila, 1967]:

N ® E| |X U
N N Xt + U]l = o (A 5)
E E' 0 K, 0
The new augmented coefficient matrix isnonsingular and inversion with the
introduction of seme new notation leads to
- - 1 . _ .- —
NoOWOE w o ®|* |a af |& ¢ F
N N E = = . l=18d & F| A8
. . =T Y =1 ; . ]
E' E' MM Q Q F F F
With the help of this inverse, the solution of the normal equations becomes
X = GU + GU A7

X = GU + GU
If G1, Gi; denote submatrices of G and G, respectively, with dimensions equal to
those of N and 1.\.71 4 respectively, we have
—X = 2 F}} ﬁj + G u
3
A8

Xy = T GyUy + G T
3
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The inversion of Eq. (A 6) leads to

Q — [1‘:/'I I v o4 Ml 1\71]1
q@ = -M* M Q A9
& = o+ WG RO

Replacing 1\71, M, M from (A 6) n terms of submatrices of ﬁ, D-T, -ﬁ, and introducing

the following notation

Hy, = 1.\.Ti1 N Ry = Ni Hi
S: = Ni -~ R S =§S:
H = T H K = DN
L. = H U L = % T4
Ty = Ni U T = T Ty

we finally obtain after some algebraic manipulations

. S (E - H Ey

e = | . e (4 10)
(E" - EJH) (-E§ K Eo

X =GL + FET - GU (A 11)

Xe = Ty - N} [Bo F' (-U+1L) + (Bo F E) T] - Hi X (A 12)

Gy = 8y NI + Hi G H + Hy (F E}) N+ +

+ NP (Bo F) HY + N} (Bo F Eg) N} (A 13)

T4



The algorithm can now be summarized in the following steps:

1. Compute A;, Ai, Li; ]*i, ﬁo
2. Compute Nj, Ny, Ny, U, Uy
3. Compute H;, Ry, St Ty, Lu
4, Compuie H, S, 1\.1, fI, K, L, T

5. Obtain G, F", T by inversion

1
S E - H Eg G ¥

E - H Eo)) -E§ K & R
6. Compute X from (A.11), 5{1 from (A 12), and éij from (A 13)
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APPENDIX C

Computer Programs

The simulation of observations and their adjustment are carried out
with the help of three programs, VLBI SIMULATOR, PROGH1, and PROGH?2
as explained in Chapter 7., These programs are presented here in detail together

with their supporting subroutines.

1. Name of Program: VLBI SIMULATOR
Function: Simulates distance and distance rate VLBI observations corres-
ponding to time delays and their derivatives, according to a previously

decided observational pattern,

Input: Number of participating stations and radio sources, radio source
and station coordinates, initial and final epochs of observations, time interval
between successive obgervations, identifying numbers of stations and radio

source participating in each observation,

Qutput: Identification numbers for participating stations and radio source,

observed (perfect) distance and distance rate, epoch of observation,

Subroutines reguired:
GRESID: Calculates Greenwich sidereal time for a given epoch
JULIA: Converts Universal Time to Julian date
EARTH: Provides simulated earth rotation parameters for a given epoch
REDPI: Converts an angle in radians fo the (-, ) interval.

The following is a listing of VLBI SIMULATOR program and supporting

subroutines.
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oGl
002
0013
0014
0015
nole
0c17
0018
oci9
Quzo

o021
cGa22
0022
0G24
0025

anze
ce27
goza
aQzo
0wz
G311
an32
QGZ3
0034
o025

00z 6

no3y
on3s
Ou3lC

0040

[$1(L 51
0042
0043
oLl

0045
oL4s

GL4T

RELEASE 2.0 MAIN DATE = 76300 21/51/44

Cxdiedordcr CONVERT RA AND DEC TO RADIANS
RAR=RA(TI)*PI/180.DO
DECR=DEC(I}*PI/180.D0
O=DCOSIDECR}

SD=NSIN(DECR}
CA=NCOS(RADZ)
SASDSTIN(RARY)
EY1(I}=CD*CA
E2(TY=CD%*SA

F3(I)=5D
5 CONTINUE
c
c

Cragnmng READ STATION COORDINATES
Canpiamkw PHT (LATITUDE) AND LONG ARE IN DEGREESy R TS IN METERS
DO & I=141IN
READ(S 4 701) IDUMaTEI»IL2,LONG(T)+PHI(I) R{T}
TU) FORMAT(1XsT2y1XsA42A2,2F15.1)
WRITEUS,701) T.1L14IL2,LONGIT Y +PHICI),R(I)
1ng FORMATEAFIELE)
Caxekndnsx CONVERT PHI AND LONG TO RADIANS
PHIR=PHI(I)%PI/180.00
LONGR=LONG(TI)*PI/1RO.DO
CFR=NCOS{PHI}
SF=NSIN(PHIR)
CL=NCOS{LONCR)
SLENSTINILONGR)
¥({T¥=CF=(L
YLI)=CF =50
Z{1)=SF
CONTINUE

01 ¢=P1/12.00

AITTVOD 900d A0
gl FHVd TVNIDIEO

wxpikad REAT INYTTAL EPACH IN UT
RFADIS54201) IYEAR,IMN,IDAY »THOUR IMINGSEC
WRITE{&6420L) IYEARGIMO,TDAYLIHOURZIMIN,GSFC .
201 FOOGMAT (1X,144+415,.F15.1)

Cawxasnd EIND ARFENWITCH STDERTAL TIMF AT EPOCH TO
CALL GRESTID(IYEARSIMOIDAY »IHDURy THINSSSL ¢ THO)

C

c

Caawgdr PEAQY FINAL EPOCH TF AND TIMF INTTRVAL INHOURS
READIEZ+2011 JYERARy IMO L JMAY s JHOURS JMIN,SFCY
WEITF(&,201) JYEAR ¢ JMD s JPAYy JHOUR s JMIN, SECS
READ(5.101) DT
WhITEL64101) DT

OOy

IF{JYEARWMNF.IYEAR) GO TO ag

IF{JU0LNF,.IMNY GO TO g0
C#xdknss NOTILT THAT IF TO. TF APE CLOSE AUT TN NIFFFRENT MONTHS SECOND
LaRgmahd GATE TF MUST BE FXPRESSED AS 4 DAY AF PREVICUS MDNTH, F.G. AUG 33
T TE2DELOAT{IDAY =TDAY S 24, DO +CF LOAT { JHOUR-THOUR J+DFLAAT( JMIN-IMIN}


http:LO(GR=LDNO(I)*PI/IpO.DO
http:PHIR=PHIC(1)*PI/1E0.00
http:PECR=DEC(I)*PI/I80.DO
http:RAR=RAII)*PI/IPO.DO

0048
0049
ons0

ons}

0052
0053
0054
0055
00Le
0057

Q058
009
NOLO
oObl
Q062
0063
0064
0065
0064
Co6?
0048

0069
QoT0

6071

0072

0073

0074
0075
0078
0077

0o78
0079
0080
nogl
ocaz
00B3

RFLEASE 2.0 MATIN

<
c

33
c

DATE = 76300 21/57744
7/60.00+[SECI-SECY/3600.D0

T0=0.00

T=0.0H0

IF{T.GT.TF) GO TD 40

DE 8 I=1,1I4

Conmtctin TRANSFNRY QUASAR UNIT VECTOR TO EARTH FIXED SYSTEM AT EPOCH T

»

207

ANGLF=DMG®(T=TO0)+THO
CA=DCOS (ANGLE)
SA=DSIN{ANGLE)
Ql=CA®EL{II+SA%E2{I)
Q2=~SAXFI(T}+CA%E2(]I)
QW3=E2(I)

DO 8 J=l.IN
INT=DARCOS (X {J)*QL+Y (JI%xQ2+Z(J)=Q3}
ARBU=X(J)%Q1+Y (JV4Q2+Z{J I2Q3
IF(ARGU.LT.~1.D0) ARGU==1.N0
IF(ARGU.GT.1.D}) ARGU=1.DO
INT=NARCOS{ARGU)
ZNT=DARS(ZNT)*180,D0/PT
INTMAX=60.D0

IF{INT.GT.ZNTMAX) ZNT=10.D0O%**10
INDEXTT o S Y=4NT

CONTINUTY

WRITE(6,207) T

FORMATEY1'//710Xs"EPOCH = "4F15.5//720Xs 1" 92Xe"2%42Xs"3%,+2X,

AHHY 2K 5T 32X 6 e 2XKe T e 2Ky TR 92X, "9 1N, V100 41X, 11,1, P12 Y,

TNy Tl gl Xt AT 1P S s IX s 16" 1 X P 1T eI P28, 1K "19%,1X, 120", .

TIN 12103 2K 12275 1X, 7237y 1Ky 247 31Xy 257 41Xy 1267 41X P27 141X, 7287,
71X 1290 ,1X,"20°//)

DO 9 I=1,1M .

WRITE(64105) T4RA(I},OECIIN, (INDEXIT,d),J=1,IN)
FORMAT{1X,1252F7.041X,30(1X,12})

CONTINUE

INM=IN~-1

DO 555 Y=1,IM

D0 855 Jz=1,INM
TFUINDEX(I+J).6T,1000) GO 7O 555
JP=J41

DO 555 K=JP,IN ~


http:IF(INDEXCIJ).GT.00
http:ZNTMAX=60.10
http:ARGU1=.DO
http:IF(ARGU.GT.I.O0
http:ARGU=-I.DO
http:IF(ARGU.LT.-I.DO
http:IF(T.GT.TF
http:7/60.DO+CSECJ-SEC)/3600.DO

0084 IF{TNDEX(I,LVF).GT.1000} GN TO 555

O8RS WRITE(T7+7N5) JoKoI T
OGRS T05 FORMAT(3IS5,F15.2)
Coa7 5% CONT INUE
C
C
0088 g¢g T=T+DT
oogQ GO TO 23
0690 8R WRITE (€ ,500)
coel s00

FORMATL{ Y1V ////7/7/7710K, *WRONG INITIAL AND FINAL DATE'/

710X, "PROGRAM IATERRUPTED THROUGH STATEMSNT £8')
0092 40 sTCP
0093 ERD

go0d 40
O NIDIEO

XTIV

i
g movd TV



FORTRAN IV G1 RELEASE 2.0 MAIN DATE = 76300 21/57/12

Cxsknkd RA AND DEC ARE IN DEGREES

0008 [0 S5 I=1l,1IM

o009 READ(S4+321) IDM,IL1+TL2,IL3RA(I},DECIT)

0010 WRITE(S6:321) I,IL1,TL2,TIL3,RA(T),DECET)

o011 321 FORMATIIXsI3+TXy3AL4F1T.7:F20.9)
Cakfsorw CONVFRT RA AND DEC TO RADIANS

o012 RAR=RA{I1*PI /IR0 DO

013 DECR=DEC{II*PY/180.00

0014 CC=DCOS{DECR}

0015 SD=DSIN(DECR)

o0lée CA=DCOS (RAR)}

0017 SA=DSINIRAR)

ools EY(I)=CD*CA

ocle E2{1}=C0*SA

0020 EAalI)=sD

0021 5 CONT INUE
C

c
: Caskkiax READ STATION COCRDINATES
Caemkimsk PHY(LATITUDE) AND LONG ARE IN DEGREESy R IS IN METERS

0022 DO 6 I=1,IN
0023 READ(5,701) IDMyIL)L,IL2+,LONGIT),PHI(I),R{T}
0024 WRITE(64701} Ts3L1,IL2,LONG(I},PHIC(T)LR(T)
0025 701  FORMAT(1X,12,1XsA4,A2,3F15,.1)
Cokrmrmk CONVERT PHI AND LONG TO RADIANS
0026 PHIR=PHI (T)%PT /180 .00
0027 LONGR=LONG{1)%PI/180. 60
0028 CF=NCOS(PHIR)
0029 SF=DSIN(PHIR)
0030 CL=DCOS (LONGR)
0031 SL=DSIN(LONGR)
0022 X{I)=CFACL
0033 Y(I)=CF%SL
0034 Z01)=SF
0035 6 CONTINUE
c
C
Campnknk READ CORRECTION TO GREENWITCH SIDERTAL TIME DDTH IN ARC SEC
0026 REAG(5,101) DDTH
0027 WRITE16,101) DOTH
0038 101 FORMAT(3F15.5)
CHaxtin CONVERT TO RADIANS
0639 DDTH=0DTH#PT/ (180.D0#3600.00)
c
c
Croddtoid READ INITIAL EPOCH IN UT
0040 READ(5,201) IYEAR,IMA,IDAY,THOUR,IMIN,SEC
0041 WRITE(6+,201) IYEARIMO,IDAY,THOUR ;TMIN, SEC
0042 201  FORMAT(5I5,F15.5)
c
c .

; Codrnank FIND GREENWITCH SIDERIAL TIME AT EPOCH TO
0043 CALL GRESID{IYEAR,IMO,IDAY,IHOUR,IMIN,SEC,THO)
0044 COPY(1}=THO
0045 THO=THO4(180,D0/PT }

0046 WRITE(64+134) THO
Q047 136  FORMAT{///10X7'APPR, THO= ',F25.9//)

004g WRITE{(T7,101) THO


http:LONGK=LONG(I|*PI/180.DO
http:PHIR=PHIIt)*PI/180.DO
http:DECR=DEC(I)*PI/180.DO
http:RAR=RA(I)*PI/IEO.DO

FORTRAN IV G

ST IV TVNIOTHO

ALITVI0 9004 40

0001
0002

0003
0004

oaos
0G06
oGO7

RELEASE 2.0 MA IN DATE = 76300 21757712

(€ Aok e ok R AR AR S Sk ok o s et ook e el ok st Aol o o ok o e ok e oo ok otk

C s s Anae ek e ' Feolooeme o ook e ek
C St hork YLBI NETHORK s DBSERVATION SIMULATOR . Feredoinioiooek
C s ooy ook . e s e s o o e e
. eote ok R 3 o o e e e ook e o 3k e Aol o e s ol 3 e s ocode el o e et e ok ok s sk 3 A ok ke Y e e o sefe e ol e ke s ool e e e e ol ol ke ok e o ke
€ o defesds S g ek % sfesiefe e e e ek
C ke Aok CONTINUCUS VERSION : EARTH MNTION PARAMETERS Heodof o e e ok
€ e 3 Ao PROVIDED BY SUBROUTINE EARTH ' *AFRFAKE IR
(st o Ao e ook , % e 340 ke KRR AR
 eotodeaic e s 3 e o ofe e ook el e ok oo o e st o o ok oo o el ke ko il e e s s e o i A el et ke s e ek o S ok ok o o ol o s e
T hesteste e sheode o ke o el e s ol de ook
€ B 50 ke ook THE MODEL USED IS: s skdeole etk e
C fesiofes e oo kAo A ke
€ Aeseoe o sk T : ot e e e e
C oo e oo s e O{IsdpPyK)={XI=XT) *S{XPyHP ) ) e el o e s Aok
C e ool ok T e e ofe o Fek ook
C 3 e s e e ke #RI{OMGRTK +THO XS  { XX HH )3QP ! B s Aok oo ook
I TIEFEETTY ' s s o o sk ol o
€ %ot ok sz o ook { 1 O A} A ok ek
C oo e el A e S{A,8)=({ O 1 =B ) o e ok e Yoo oo
0 o s e 2 o {=-A B 1} R Rk oK
C bk ook el s sk e ok ek A
o e sl T o s Aol o e o e
ootk e koo ko QP = [COS(DECP)*COSIRAP), . o e e wale sfe e e ke
C ol de o %ok COSINECPI*SIN{RAP)y SINIDECP) ) Feod s kg ook koK
C ek ok e sk o e e o e e ok e
C et ek sk ok Xd+ X1 : POSITION VECTORS CF J AND I , ool e fe ol ek
C oo e o STATIONS IN FARTH FIXED SYSTEM Al st e
G seeriod ok ok A DECP,RAP = DECLINATION AND RIGHT ASCENSION e A A
(e e e e ke OF P QUASAR IN QUASAQR FIXFD SYSTEM e s e ske o ok ek
C mookapdol ok QP 3 UNIT VECTOR OF P QUASAR IN e seotee e ok
C et ook ookt QUASAR FIXED SYSTEM \ ook e ook ek
Camk ek oMG : ROTATIONAL VELOCITY NF EARTH ool o ok A
At e A XPy HP : POLAR MODTION SMALL ANGLES HAA A A A
C e o sl e ok XXy HH : PRECESSTION NUTATION SMaLL ANGLES B o A e o e o
ook ok Rk D(TsJePsK):s OBSERVED DISTANCE INVALVING IJ LS SR B
C skt ok ok 3 BASELINF AND P QUASAR AT TIMF TK ol o e A AR
C ok sk e AFTER INITIAL REFERENCE EPQOCH TO Heofeste e e ek e e
C ool s e ek THO t GRFENWITCH SIDERIAL TIMF AT FPOCH TO ook
€ e e stk ke THETA + UT1 ANGLE £ ool et v e
€ % ok e doh ' s detesicolede e
G, 875t e 7 3k 46 oo et ae Aok AR o R ok okt e e Aok ol e ool o ok TR ok o e e el oo o ok Rk R s o e
€ oo i ol e e et o e e Ao

IMPLICIT REAL*8{A~H,L-2)
DIMENSION X(4)4.¥{4}s2(4),E1({18),E2(18)},E3(18)},RA{28),DEC(18)
23 PHI{A) JLONGL4)+R{4),COPY(3)

C XOIN)gYC(INY s ZUINDSELCIM) 2 E2(IM I+ EBCIM) 2 INDEX{IMsINY yRALIM) 4DEC{IM),
c PHI (IN} LONGLUIN),R(IN}
c IN=NO OF STATIONS, IM=ND OF QUASARS, IN.LT.35
C
PI=4.CO%DATAN(1.DO)
REART=6371000.0D0
c

READ({5,100) IN,IM
WRITE(&,100) INyIM

100 FOKMATL215)

C

CH¥dattd RCAD QUASAR COORDINATES


http:REART=6371000.DO
http:PI=4.DO*DATAN(1.D0
http:IN.LT.35

FORYRAN IV G1 RELEASE 2.0 MATIN DATE = 756300 21/57/12

oDag THO=COPY {1 }+DDTH
c
C .
Cakedhoiok® READ FINAL EPOCH TE AND TIME INTERVAL INHOURS
D050 REAN{S4201) JYEAR+ MO, DAY ¢ JHOUR ¢ IMIN,SEC
noes1 WRITE(65+20%) JYEARJRO,JOAY» JHOUR : SJHIN,SECS
Do52 READ{5,101) DT
00653 WRITE(6,101} DT
c
c
0054 IF(JYEARLNELIYEAR]} GO TQ 88
DOsS IF{IMO.MNELINGY GO TQ &8

Ch#askrk: NOTICE THMAT IF T, TF ARE CLOSE BUT IN DIFFERENT MONTHS SECOND
Crrmkxr® DATE TE MUST BE EXPRESSED AS A DAY OF PREVINUYS MONTH, E.G. AUG 33
0056 19 TEDFLOAT{JUAY-IDAY )24 ,00+0FLOAT { JHOUR ~THOUR } #DFLOATI JHIN<TIMINY
?/60.,DO+ISECI-SECI/3600,D0

c ,
c
0057 T020,00
6058 1=0,00
0059 a3 IF{T.GT.TF) GO TO 40
c
0060 555  READIS55107) IsdeK
0061 IE(1.EQ.0) GO TO 99
Cawdckyrk Ta0 IS A CODE TO INDICATE END DF DBSERVATIONS £OR THMIS EPDCH
c
0062 CALL EARTH(TyXP 4HP 408G s THETA y XX JHK)
¢
c MODIFY BARTH PARAMETERS AND WRITE / PUNCH
00&3 XPN=XP*REART
D064 HPD=HP ®REFART
0085 XXD=XX*REART
0066 HHD=HH#*RFART
0067 OMGO=0MG#{12.DG/P1}
0068 THET=THETA
0069 THET=THET* (1800072 L1
6070 ITHI=THET
0071 TH2= (THET~DFLOAT(ITHL ) 1%60 DO
0072 ITH2=THZ
6072 THA=({TH2-DFLNAT(ITHZ) } #60.00
0074 WRITE(S+801) ToXPDHPD XXD ¢HHD,TTHL ,XTH2,THZ, OMGD
0075 801  FORMAT(3XyF74244F104% 91X 92 131X eFBabsF12.9)
c
0074 COPYI1)=  E1(K) ~XXHEZ(K )
0077 COPY(2)= +  E2(KYAHHEEZ(K)
DeTs © COPY(3)=XX¥E1{K)=HH*E2(K}+  E2(K)
c
D079 "ANGLE=THETA+THO
DOED CA=DCOS(ANGLE }
ooe1 SA=DSIN{ANGLE }
. c
Dosz Ql= CASCOPY(1)4+SA%COSY(2)
0083 02=~SAXCOPY (1) +CARCOPY (2 )
0084 Q3=COPY( 3)
c
0085 QFl=-SA*COPY(1 14CARCOPY (2)
0686 QF2=-CAXCOPY 1 1 -5 A%COPYL2)

o687 QF 3==XP4QF 1+HP 2QF2


http:TH3=(TH2-DFLnAT(ITH2))*60.0O
http:TH2=(THET-DFLOAT(ITHI3)*60.O0
http:IF{T.GT.TF

FORTRAN IV G1 RELEASE 2.0 MAIN DATE = 76300 21{57/12

c
o488 capyi(ll= o1 +XP*Q3 '
oneg CapY(2)= Q2--HP*Q3 :
0090 COPY{3)==XPnQl 4HPH QP+ Q3 ,
c
0091 DS={X{IYRRIII=A(II*RETII#COPY LI HIY ISR {J) =Y (T })*RIT )=COPY( 2)
? HLZLNVFRIN)=Z(TI*R{L ]} I%COPY{3)
c
o092 FRNG= (X JI#RUSI-XITIH*R (I I*QFLI+LY (JPRRLII-Y LI IR (Y} I*QF2
Z+(ZIJIHRUII-Z(TI*R (I} )=QF3
C FRM= DERIVATIVE OF DELAY DISTANCE DS (METERS/HOUR)
are3 FRME=FRNL*ONG
c
0094 WRITE(E+I0T) IsJsK+DSFRNG,T
0C95 : WRITF(T+107) IsJoKsDS,FRNG, T
0096 107 FOR/MAT{3I5,3F15.5)
QGe7 €O 70 555
c
ocoR 9% T=7+D7
0099 GO TOo 33
c1o00 8B WRITL{&,500)
0l0l 500 FORMAT(Y1///7//7/10Xs "WRONG INITIAL AND FINAL DATE'/
710X, "PROGRAMX INTERRUPTED THROUGH STATEMENT 88%)
0102 40 sTOP
01023 END



FORTRAN

0061

0C62
0003
Crog
oLns
CCo6
0607
oc08
arone
cClce
GGL1
GCl2
0013
0014
(018
[
Qcl7
41D ¥

1V Gl

RELEASE 2z .0 GRESID DATE = 76300 23/451/12
SUBRDUTINE GRESID{IYFARy IMD2IDAY s IHDUR,TMIN,SEC,THO)
Tk wpk ke . o ol e e stk e
ok *##**##**#**+***####*######***##**#*****##***###***#*#*#**##*#****##***i****
3w e sk deole Aok g kol e
{ malesiea 5ok ke aede CALCULATES THE GREENWITCH SIDERTAL TIME e sk ek e ok ok
G2 o3 e e el THO, FOR EPQCH WITH DATE IYEAR IMO IDAY oo el ok
s e oo e IHGUR IMIN SEC UT. kA dkok gk
€ eiesioe desdo e e . , Aok ok ko ek
C et R e e v e o oo st ol o ateate o ol oo o steafeae s el et st el el e ok o ok ok ek ek skl ol st o e e el sl oM el g ol e sk o oo ol o ook
€ esteate s e ok ko kb e i

TSPLICIT REAL¥E(A=H,L-2)
FI=4.D0*DATANE 1.00)
11=0
12=0
A=0,00
CALL JULTACIVEAR,IMDyIDAY,11,12,A,44D)
T={4JD~ 2415020 .DO) /36525 .00
T2=T Y
THO=99 65098320 0+36000.7689D0%T+0 ,0003B8TOBDOXT2
THO=THO®PI/150 .DO
. CALL REDPI(THO)
LT=DFLOAT{ THCUR ) %60.D0+DFLOAT {TMIN}+SEC/60.D0
DTEDT=4, 575269 D0/ (10, DOM%3)
THO=THO+DTAOTHDT
CALL REDPI(THO)
KFTURAN
ENG



FORTRAN IV Gl RELEASE 2.0 JULYA DATE = 76300 21751712

i
!

H
0061 SUBRDUTINE JULTA(IYFAR pTMpIDAY, THHH » TMMM S, M D)
[ 7% 3350 3 el 8 ik 35 2 3 6 2 s Qe e oot e ade o 9 3 3 o oK ol g e e e o 6 20 g fe ok 3ol 306t e ok o 0 e e o o o i ol a3 o e 8 ol o e e o o o e e o ook
C ity s i a0 ot oo o e
C etk S ! Aok ok
C Hesksf o A ko SUBROUTINE TO CONVERT UNIVERSAL TIME TO 1 Akl e nokok ok
C e e e e e JULTAN DATE : Fedokdk kKoK ok
€ Heder sl ok ek ! sk ek koK
€ e ook Aok , ! Aotk e e ek
€ el e e . e o ot obe e oot ok e ol et ade o e st e 2k el e e e o e it ke e e sheodcol e S o shefe s s e e e skl e sk el e e felolofofe ol
D02 TAFLICTT REAL*SE {A=H,L=Z) '
00G3 D;%ENSICN IMONTH(12) !
D004 CATA IMONTH /0+21459,50912091514181+212¢2439273+304,4334/ :
accs H=DFLOAT( IHMH) H
g M=DFLOAT{TMMM ) !
007 ICND=¢ '
0668 INIS=(IYEAR~1897)/4 '
DoOe IFITYFARGT.1900) IDTS=IDIS~1
a0lo ICH=4%{IYEAR/4) i
o011 IF{IYEARLEN.ICH.ANDLIMLGTL.2} ICOD=1
oGl IF{IYEARLEG.1900) 1COD=0 '
o103 8¢ MJD=2415020+(IYEAR—I?OO)*365.DO+IDIS+IMONTHlIM)+ICDD-O.EDQ+IDAY
K4H/24 . D04M /144 04D0+8/BE400 .00
NOl4 RETURM
0CGLE £
<
22
38
® B
&%
aa


http:M/1440.DO+S/86400.DO
http:X+H/24.DO
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FORTRAN IV 61

QG601

060?2
Qo063

0004

orops
o0ne
ougy
onog
onoY
0onln
CoLl
oul2
0013
a0l

aals
oGle
nol17
0OlE
oele

020
0021
Qozz
0023
0624
Gezs
D026
oG27
ouzs
Q29
nGz20
0031
noaz

0033
G034
0C3a5

.
RELEASE 2.0 EARTH DATE = 75300 21{57/12

sl eX¥aNeRaNal

SUBROUTINE EARTHIT ¢ XP o HP g OMG 4 THETAy XX oHH }

T : TIME INTERVAL AFYER INITIAL EPOCH (HOURS)
XP,HP: POLAR MOTION COORDINATES (RADIANS)
THETA:T UT1 ANGLE IN RADIANS v
OM3 @ ROTATIONAL VELOCITY OF EARTH (RADIANS PER HOUR }
XX HH: PRELESSION~NUTATION SMALL ANGLES (RADIANS) .
IMPLICIY RFALFR[A~H.L=Z)
DIMENSION P{1G),A{10},8010),PS{10),F (10}

DATS P/8760.00r4380.0092190.00p720o009360.00r
21EP00,424,00,12.00,1.00,0.500/,
AA/1.160040.63D040,2800+0.1200,0.0600,

40.0300,0.0020010.”0100,0.00060;0.00000/'

EH/0.°5DO70.7000'0.??D0o0.130010.0500'

ED.G1004 060400 ,0.00100,0.00000,0.000007,
TPSIB.ISDGyS.EBDOgI.B?DO'O.ISDOpO.CD0,0.9900,2.000;

BOLIANN 42,7500 44,1300/, .
9F/1.1300.2.95D0,6.1700:4.3590,0-05D0,5.1800,3.7500,1.24001
70 3500,1.67D0/

PI=& DOHLATANT 1,00}
FI2=2.002PT
REART=6371000,00
M1G=6.00

420=0.00
PC=429,N0%24,D0
C=DCASIPIZ%T/PC)
SSOSINIPIZ%T/EC)
MI=CEMID=S3MZ20
M2=52M10+Cxv 20"

B2 5 I=1,10

ARG=(PI2*T)I/P{T) .
M1=M1+A{1)%DLOSLARG+PS{I))
Mz=t'2+R (T)%OCOS{ARGH FII))
CONTIMUE

XP==~MZ/REART

HP=~M1/KEART L v
XX=0.0600+0.01F0*DC05(2-3400+T/24.001-0.003*DCDSf0-IDO+T/12.00)
HH=0.04DO+0.0ZDO*DCUS(3-1100+T/24-DO)-0.00SDO*DCDS{0.07001T/12-00}
AX=XX/REART

Hu=HH/REART

TO=2853 D0+ T/24 .00

ARGL=PIZRTD/ 265 .25D0~0,49900

ARGZZZ NO¥PI 2% TN/365, 25000, 86200 1
THETA=D.0017QDO*(T/24.DOl+25.1D0*DSIN{ARGI)-9.200*DSIN(ARGZ)
FACTOR=PIZ/R640000G.00

THETA=P I2% (T/24.D0 ) +THET A*FACTOR .
0MG=0.0017500/24.00+(25.IDO*DCOS(ARGI)“18.400*0CDS[ARG2)’,

2% {P12/8766 .00}

QFG=PI2/24.DO+FALTOR*QOMG

RETURN

END
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0001

0002
o603
o004
0005
0 G0k
Gon?
oons
[eZofel]
0010
0C11
G012
QCla
0nl4

RFLEAST 2.0 RECPI DATE = 76300 21/56/32

SUPRGUTINE REDPI (A} l
C*#**#ﬂ###ﬁ#**#**##*#&**#*###***#**#*##**#*##*####*****#*#*#***?*#*********#****

C spokedk ok % pok X sk o 3 e o ook oo
Colesekmmskkon < REDUCES AN ANGLE A IN RADIANS TO THE : Aok v ko Aok
€ b deskokok ke { =PI, +FT ) INTERVAL i ke Aok i
€ 0o e e 1 e ok e aleaiok ke
1, e et e ks e o ok koot ik ool e ol e o i e o e st e e ool e e s ol s sl el e o sk e ap ok ool el % o ko ke oo s ol oo b oo sl
C ko ek ! sk K kol ko

1
IMPLICIT REAL*E({A-H,L~Z})

PIz4.DO*DATAN(1.D0)

PIZ=PI%Z2.D0

COPY=A/PTIZ

1A=COPY

IF{A.GE.O.NQ) A=A-LFLOAT (YA)*PI2

TF(ALLTL0.00) A=A+DFLOAT{TAYXPI2
5 IF{A.GT.~PIl.AND.A.LF.PI) GO TOQ 8

IF{ALTL0.00) A=A+PI2

IF(A.GT.0.D0) A=A-PIZ2

GO TG 5

8 RETURN

END
o G2
22
@ B
%Pd
&

>
o
=
7

e



2. Name of Program: PROG#1

Function:
Adjustment of a set of observations with total time.span equal to both
earth and station step. Eaxrth rotation parameters and station coordinates
are treated as constants over the total time span of observations. A number
of weighting options for radio source coordinates are available.

Input:
Number of weighting options for radio source coordinates, standard
deviations of observations and radio source coordinates, approximate
values of parameters, identification numbers of participating stations and
radio source, distance and distance rate observations,

Cutput:
Standard deviations of adjusted parameters.

Subroutines required:
REDPI,
(Following is a listing of PROG#L,)
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0001
co02

TvAD Y00d J0

ALl

NIDIIO

g1 @OVd TV

leTaksRslsisizinintsiskaXslelsliaNalulNasRale

RELEASE 2.0 MAIN DATE = 76300 21/585/2?
(. e s e s ool sk oo St e sl efeofe o 3 oo e e e e e e oge sl ko s e o oot e el oo sl o et o ot o st e s oo Sk sk ol s kol
sk afeak s e e eoie ol e e e e sdeole
[ T-TT R T ET PROGOL s spevleate o ooy e kel
€ ¥egesnk Feaie ook sl ot 3 ok Bede sk
T o Ak YLBT  ADJUSTMENT PROGRAM e dRRE R
sl o dedokdox she et e e e e v o
€ e ot gk THIS VERSION PFREMOIRMS AN ADJUSTMENT OF ek A A AR
€ sesem ko ook ONE LAY OF OBSERVATIONS TREATING ALL s ol sk e oo e
C aean e e S PARAMETERS AS CONSTANTS OVER THE NE DAY oo ot Ak A ek
Gtk INTERVAL. S bk Rk ok
€ ek o ofe 25 s AN OPTION IS AVATLABLE FOR APPLYING A e e Hesde e e o
Lok e ek NUMBFR OF DIRFERENT WEIGHTS 0OMN RADIO Rl e e ok ook
€ ol denls e sk SNURCE CONORDINATES Aol oo o ek ook
[ BT 228 A el 3t 2% 2 o 0K o
C e A%t ion OBSERVATIONS: DELAY DISTANCES AND R ol g g
£ ke mast ek THE IR NERIVATIVES e sl ok S e
C ok ieie ook ki sk e e ok oo e e e
€ et ok oo UNKNOWNS: EARTH MOTION PARAMETERS Sesfe e desestedon ok
C sheesteale e el STATION £ QUASAR COORDINATES esheste e sk dsde e e
IVEL Lt S CLOCK OFFSETS AND DPRIETS Hoesie e ek o
C A aak K sftofocte ok e st v ek
[oE L5 £ L 02 2t SYSTEMS DEFINITION: Ao sk ek okokok
ot Ll bl QUASAR FIXED: WEIGHTED QUASAR CNORDINATES Ao de ookt o Ko
€ oot s ok EARTH FIXFD: BY MEANS OF IMNNFR CONSTRAINTS Fesnstek Aot e e o
€ ke o el et s e el
ko ack ok SUBROUTINES REQUIRED = REDPI Aok do ok Ao
(o T 220 2.5 00 o e dle 2k dootoox ok
C ook e deokok ool s e sk ok ok
2ot e Ao el o ool ofe el s s esiate s ol sjeste e el s e e 6 ok el 2k ool sfeslofe e e e st et ofe o o e e oo s sesfeote e s o el Feale Aeofe e ete e o
C ok etk ke fe ek i ek
£ 3ok e e ookt kvl e e ok o o o
A ROW OFf DESIGN MATRIX CDNTAINING PARTIALS nF DELAY
OBSERVATIONS WITH RESPECT TN PARAMETFRS
B ROW DF DESIGN MATRIX CONTAINING PARTIALS 0OF DELAY

DFRIVATIVE NBSERVATIONS WITH RESPECT TN PARAMFTERS

cC COEFFICTIENT MATRIX OF TNNEFR CONSTRAINTS

N COEFFICIENT HMATRIX 0OF NORMAL FQUATIONS

u CONSTANT VECTOR OF NNRMAL EQUATIONS

A% VECTOR OF UNKNOWNS {CORRECTIONS TO PARAMETERS)

THE ORDER OF THE PARAMEYERS I5:

XPy HP POLAR MOTION ANGLES KST AND ETA
Xy HN PRECESSION-NUTATION ANGLES (CAPITAL)Y KSI & ETA
TH THETA ZFRO ANGLE (GAST AT INITIAL EPDCH)
oNG ANGULAR VELOCITY 0OF EARTH ROTATION
XIT ) Y12 +201)
COORDINATES OF STATTION T
RA{J}y DI
ARIGHT ASCENSTON AND DECLINATION OF
RADIO SOURCE J (J=1s2v00es TM)
CLOCK OFFSET AND DRIFT AT STATION I (1=1921s.41IN)

(I=11210071N)

IHPLICIT REAL#*B{A~H4L~Z)

DIMENSION A{27),N(45,45),X{3},Y(3).20(3),RAL8),0{8),U(AT]
*2eXXU3TYAL1(A5),L2(45) ,CCLE+3T),00(3),0D(3)+R{37),NKEEP(45,45)
3,SNOUALLOY PRATIDILID)F(13)

a0

DIMENSION A{KK)sN{MB,KBY o XIN) oY {NYsZIN) s RAIM) yD{N) sUIKK} p X¥{KK}
ZoL1{K8)+L2(KE),

CCUB4KK)+DN{N),DDIN)
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c 3+ BAKK )} +NKEEP(KB4K8),SDQUA{10),PRATIO(10)

c WHERE: N=NO QF STATIONS: M=NO 0OF QUASARS, K=S6+3%N+2%M, KK=K+2%N, K8=KK+8
C
c READ EXPERIMENT IDENTIFICATION NO
0003 READ(S,100) IEXP
0004 WRITE{6,977) TLXP
oGos 277 FORMAT (2142777100 P"EXPERIMENT NO =?7,15/10X
24V ke Rk Nk Rk kR Yy £ S ST )
C
[ READ NUMBER OF WEIGHTING OPTIONS
0006 READ(S,100) IOFT
0007 WRITF[44+978) IGPT
00038 978 FORMAT (10X, *REQUESTED NO OF WEIGHTING OPTIONS =%,15////77)
o
G READ A PRIORI STANDARD DEVIATIONS:E
c SORD = OF DELAY DISTANCE IN CM
c SDBF : DF DELAY DISTANCE DERIVATIVE IN M/HOUR
c SDUUAS: OF QUASAR CODRDINATES IN CM
C
0609 READ(5,101) SDRD,SDBF
0Ql10 101 FORMATISFISH.E)
C
0011 DO 181 I=1,I0PTY
o012 REAN(5,101) SDGQUA(T)
agl3 PRATIQIT)=SDBD#%2/SDQUA( T ) %%x2
UGle 181 CONTINUE
Cc
C
0015 R=6371000.D0
o2le CLIGHT=3.DO%(10.DO%%R)
0017 CLIGHT=CLIGHT/R
[ R PI=4.D0%0ATAN{1.D0}
0019 R1G0=R*100 .00
Gozo RHKOMO=(12.D0/P1)1#(10.00%*9)
0021 RASMI=(180.D0/FI)*2600000.00
c
ao22 PF={SOBN/R100)}/{SDEF/RY}
0623 PF=PF*%2
C WEIGHTS :
C PF IS NOW IN {EARTH RADIT/HOUR}=%~2, PRATIO IN {(EARTH RADRII)#*-2
Cc
C JEAD IN= ND OF STATIONS & IM= NO OF QUASARS
0024 READ(5,100) IN, IM
0o0zs 100 FORMAT({ 515}
0026 WRITE(64920) IN,IM
0027 G20 FORMAT{5X, *NO OF STATIONS =',I5/5X, "NO OF QUASARS =*,I5)
0028 KO+ 2R IN+ 22T M
ocze KK=K+2%It
o030 KE=KK+8
[
C INITIALIZE POLAR MNTION (XP,HP} AND PRECESSTON-NUTATION (XNsHN)
c PARAMETFRS (APPROXIMATE VALUES}) TO ZERD
0031 XP=0.0D0
0632 WP=0,00
0033 XN=0.00
0C34 HN=0.D0
c

0035 b 51 I=1,IN


http:RCO=R*10r).DO
http:R=A37100.D0
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0038
0037
0038

0029
0040
o041
0042
0043

0044
0045

004G
Q047
0c48 '
0049
0G50
0651

Q0E2
CCE3
OG54

tlel-1
Q0L
Q057
0GES

acs59
0060

nhel
6le2
0063
0l64

0065
[41¢7-Y.9
0667

0Gs8
0c&o
0070
0071

RFLEASE 2.0 MAIN DATE = 76300 21/55722

DO{I)=0 .00
DotIN=0,.D0
51 CONTINUE

c .

€ Aok ool s oo ek o e skifeaoo oot Aok sk kAR ol ot s ot skt et st oot ege Aot el o st o et e ook el sl
c READ APPROXIMATE VALUES OF PARAMETERS THETA ZERO, UMG,

c X(Iy YIXT3, Z(I}y (I=24IN)y RA(J)y DCJ),y (J=1,IM)

c ANGLES ARE IN DEGREFS, DISTANCES IN METERS AND OMG IN RADIANS PER HOUR

(C, oo s sl e e i e s e o 2 sk o ool o e o o ofeteafe oo oo ot o ok st o s ok e sk el o s ot ot s ot e Ao e ok oo
C

READ(S,101) TH

HRITE(6,0L60) TH
840 FORMAT{//EXs *THETA ZERD = 8,F20.9/)

TH=TF*PI/180.D0

CA6=P1/12.00

WRITE {64450}

450 EORMAT (///7/+10Xs PSTATION & RADIO SOURCES APPROXIMATE COORDIMATES®
T/ /3N PSTATIONS 4 10X, *LONG
Sel2Xp TLATT 211X 'R/}

DO 5 I=1,4IN
READ(S 701} TDMyIL1,IL2,ALONG,APHTIAR
WRITE(G6+701) I1,IL1,IL2,ALONG,APHI AR

T01 FORMATLIXe E291Xe A4 A243F15,1)
APHI=APHI®PI/] 00.D0
ALUNG=ALONGXPI/1RC.00

C COMVIRT TO CARTESIAN
X(1)=AR*0COS(APHI)I¥DCOSTALONG)
Y{I)=ARKDCOS(APHII*DSIN{ALONG)
ZLI)=ARKDSINCAPHY )

c CONVERT TO EARTH RADIY UNITS

X(13=X(21)I/R

Y{I)=Y{Y)/R

ZEN)=Z{T1)/R

CONTINUE

S1 @HVd TVNIIIHO

AITTVAD JOOd HO0

WHITE(&4451)
FORMAT{//11X ¢ *KADIC SOURCE? 310Xy *RATSTTX4"DECY»//)

[ [a N a NV,
Y]
b

DO & J=1,IM
REAN(5,321) TDOMyIL1,1L2,1IL3,4RA(J},D ()
WRITE(44321) J+IL1+TIL2,TIL3,RA(J),D(S)
321 FORMAT(1Xy I3 37Xy3R44F17.T+F20.,9)
c CONVERT T RADIAN UNITS
RALJ)=2A(J)*PI/IE0.D0
DEJ) = DENYHPT/LEODO

& CORTINUE

c
C******#*##**#****#****#***#*****#*#**#*#*#****#*#*##**#**#**#***#**###*********
c INITIATE Hy Uy XXy CC  TO ZERD

ok e o o o o e ok o ok 4 o st o sk sl st s o e ok e ool e o skt s o el ol ol ook ekt o ol ele e ke
C

DO 7 I=1,4KK

XX{1}=0.D0

U{I1t=0.00

Do 7 4=1,8

81 3Hvd TVNIDIYO

ZITTVAD d00d Jd0


http:U(I)=O.D0
http:DIJ)*PI/1tO.DO
http:RA(J)=-QA(J*PI/leO.DD
http:GAG=PI/12.DO
http:TH=TP*PI/180.DO
http:DDtI)fO.DO
http:DOI0)=O.0O
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noGT2 CCtJy1)=0.D0
0073 7T CONTINUE
o
0074 DO 16 I=1,.KB
onTs D0 16 J=1,K8
0076 N{I,J)=0.D0
067? NKEEP{1,J}=0.D0
0678 16 CONTINUE
c
c FORMULATE CONSTRAINT MATRIX €C
c
0079 , CC(5,1)=1.D0
0GBO CC{4s2)=1.D0
081 CClhs5)==1.D0
c
oee2 B0 3 I=1.IN
0083 I61=643%T
onss IRZ=1R1+1
OGRS IR3=TIBZ+1
ongs CL(1,IB1)=1.D0
ocey WLC(2,TR2)=21.00
008 ¢ CC(3,IR3)=1.D0
0089 CCl4yIR2)=2(1)
coso CClerIR2I=YI(I)
0091 , CC(5,IEB1)=4(1)
0092 CCU5,TE3)==X(T)
0693 CChyIRLI)==Y(I)
0094 CC(6,TBZ)=XLT)
0695 IC1=K+1
0696 1C2=IC1+IN
6097 CLIT2IC1)=1.00
0698 CCESLIC2)I=1.D0
0099 3 CONTINUE
c
Ao ok o Aok Sxake o sl o oo sl o Aol o oo ek sl o ok oo e ok ol o o sk oo she ol ok e e st o et o oo ot o o ool o of ool ol ekl e
c
o READ GBSEAVATIONS AND IDENTIFIERS:
¢ DS= DISTANCE IN METERS OF IJ BASELINF NBSERVATION TO QUASAR 1P
c AT TIME TK (IN HOURS) AFTER SOME INITIAL EPOCH YO
¢
0 e et o ol o el o ol s o ol o oo ol sfeae oo oot e ok ook e foge oo e et e s ek e sleok e sl e s s st s sl ok o e e skt otk el ol ot ool e ok
c
C .
0100 ICOUNT=0
C I
0101 33 . READIS,104) I3JsIP+DS+FRNG,TK,ICHEK
o102 104  FORMAT{315.3F15.5,215) |
c
[ ICHEK IS A CODE INDICATING END OF DATA FOR ICHEK=1
0103 IF(ICHEK .EQ.1) GO TO 66
0104 ICGUNT=TCOUNT+1
0105 WRITE{R,100) 1,J,1P
c
0106 96 NS=NS/R
0107 FRNG=FRNG/R
0108 DX=X{J)<X{1)
0109 DY=Y(Jd}=Y(I)

6110 DZ=2(J)=2{1)
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011l
0112
0113
0114
011E
0116
0117
Clle
0119
0120

0121
Glzz2
0122
0124
01z5
Gl26
0127

0lzsa

0129
0130
0131
0132
0133
0134
0135
0126
0137
0138
G139
0140
014l

0142
0143
0la4
0145
0146
0147

0348
0149

0150
0151
0152
Q1532
01t4
0135
0156
G157
0158
0159

RELEASE 2.0 MAIN DATE = 76300

IaNaks)

CA=DCOS(RALIP})
SA=NSIN(RA(IP})
Ch=DCOS(L(IP)}
Sp=DSIN(D{IP))
Y1=0¥MGxTK+TH
Y2=Y1-Ra{IFr}
CK=DCOS{Y1}
SK=DSIN(YL1)
CKp=0LEs(Y2)
SKP=DSINIY2)

FORMULATE  PARTIALS

F1==CD*DZ2%CKP+DX*SD

F1=F1+ (~DXEXPC+TYRHP R ORCKP~DZ4XP *SD
FISFL4DX*CD¥ {ANKCA-HN*SAY 4D ZAEDR{ XNRCK-HN%SK)
F2==CR*NL¥SKF=-DY*SD

E2=F2 4D YRCD* (X PECKP+HPRSKP ) =D ZRHPHSD
F2=F2+DY*CO* [~ XN*CA+HN*SA) +DZ*SN% { XNRSK +HN#CK )
F3=DX# (COXCKH{ ~XNACA+HN*SA I =SDFCK+XPRCD%CA )

2 +DYH (=CPECK % (=X NEC A+HN® SA ) +S DR SK—HPHCD*CA)
3 FDZE L SDR{ XAPHCK ¢HPHSK—XN)+CL*LA)

Fa=DX* (CD*SA%{ XNXCK—-HN%*SK~XP) +SK*SD}

2 DY CDHSAR (=XN*SK~HNECK+HP}+CK*SD)

3 4N ZH(SNF{ =X PHSK+HPHCK-HN} ~CO%S A)
FE=~{DX:SKP+DY#CKP Y*CD
FE=FS5+DZ5CO% { X PHRSKP~HP*CKP )
FS=R5+DXHSNH { XNESK +HNFCK } +DY*SD% { XNHCK=HN*SK )
F&= TK*FS
FT=CH*CKP
ET=RT+XP#SD
F7=FT7+50% { —XN%CK+HN*SK)

Fo==CD%SKP

FA=FB~HP*SD

FB=FB8+SD# { XN*SK+HNXCK }

FG=SD

Fo=fFR+CDM{—XPHLKP~HPXSKP)
FS=F9+CO*{ XiN*C A~HN#SA}

FI10=CD* (DX*SKP+DY*CKP)

F10=Fl0+DZ%CN%* (=XP%SKP+HP%CKP )
F10=F1O+NZ#C 0% (~XN*SA~HN*CA)
FLlI={~DX%*CKP+DY%*SKP ) %SD+DI*CD
F11=FL14CD*[DX%XP~DY*HP) +DZ%SD* (XP*CKP+HPASKP)
FllsF11+DX#C0% (- NSCK+EN®SK ) +DYARCDR [ XNFSK+HN*CK )
2 ~NZASD% (XNACA~H%SA}

Fl2=1.00

F12=TK/24 .00

G1=DZ%CD*SKP
Gl=Gl+DX*XPCOFSKP-DY*HP*CDRSKP
G1=51~DZ*SD% (XNASK+HN*CK )

G1=0MG*C1l

G2=-NZLxCDHCKP
G?=G2+DYHCDH* (= XPRSKP+HPECKP)

02=G2 +DZ* S0k (X MACK-HN* K}

GZ=0%G*G2

G3=(BXXSK+NYXCK )*SD
GI=G3-{DXRSK+DYHCR I RCH» (=XNHCA+HN%SA )

21/55/22

o 004 0
NIDIEO0

RITIV
g1 @ovd TV
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0160 G3oG3+0Z %S0k (~XP*SK4HPHCK )
0161 G3=0MG*G3
0162 G4 =BX$CK*SD=DY*SK*SD
0163 GABA+DZHSIH {=XPACK~HP*SK) -
0164 Go=G4 +D XECTHE SARL —XiiH SK—HN*CK ) +D YRCDRS A% { =XNACK+HNH*SK)
0165 Ga=nMGEG4e
0166 G5==DX*COHCKP+DYHCNHSKP
0167 G5=G5 40 25C 0% { XPRLKP+HPXSKP )
0148 G5=G5+0X# S0 { XNHCK=HN# SK } =D Y*SD* [ XN#SK+HN*CK)
0149 G5=IMGHGS
0170 GH=TKHGE
0171 GT=~LNESKP
0172 GT=37+SD [ XM=SK+HN#*CK )
0173 G7=0MG*G?
0174 SR=-LO%CKP
0i7s GE=GL+SO* {XNSCK~HN%SK )
0176 GB=OMGRGE
0177 G9=0.D0 ‘
0178 696 +CNH({ XPHSKP-HP*CKP )
pl70 GO=OMG*G9
0160 GLO=LXHCDACKP-DYHCO%*SKP
c18l GlO=GLO~DZ*LD* (XPRCKP+HPESKP)
ole2 610=UMGAGL0
© 0183 Gl1=DX*SDHSKP+DY*SDRCKP
0184 Gl1=GlL+DZ#50% (=~ XPRSKP +HPACKP)
0185 G11=011 +DX#CD* ( XN%* SK+HNXCK ) +D YRCD* { XNKCK=HN*SK )
0186 G1l1=0MG%GYY
01&7 G1220.D0
0188 G1321.00/24.D0
c
c A» B ARE ROWS OF THE DESIGN MATRIX CORRESPONDING TO DELAY
C AND DELAY DERIVATIVE 0QBSERVATIONS RESPECTIVELY
c
c INITIATEZ A AND B TO ZERO
¢
0189 . DO 8 II=14KK
0190 A{1I}=0.D0
0191 BUID)=0.DO
0192 8 CONTINUE
C
¢ SET PARTIALS IN APPROPRIATE LOCATIONS OF A AND 8 ROWS
c
0193 Al1)=F1
0194 Al2)=F2
0195 Al3)=F3
0196 . Alal=Fa
0197 &(51=F5 o%
0198 Al&6}=Fa o 2
c vy Q3
0199 5(1)=61 8\2
0200 Biz21=62 5 F‘
0201 B{31=63
ozo2 Bl{4)=C4 2 v
0203 BL5)=65 C
0704 Bl61=G& [ep)
¢ =
02085 11=3% 44 %
0206 1227141 s



FORTRAN IV 61

0207
0208
GIno
G210

oz 11
0zlz
cz13
0214
0215
0216
0217

c21e
0219

cz20
0221
0222
0223
0224
0:z25

0:26
0:27
0228

029
0z30
0:31
0232

0223
0234

0z35
0238
0227
0238

0239
0240

0241
0z4a42
0243

RELEASE 2.0

(N eNaNel

OO OaOan

I3=T1+2

AlI1)==F7
A(I2)=~F8
A(I3)=~Fa

BfIl)==CG7
B{1?)=—Gg
B(13)=~G9
ICI=K+1
ICZ=IC1+IN

A{ICLy==~FI2
ALIC2)==F13

BICL)==Gl2
BE{IC2)=-613

J1=3%xJ+4
J2sJ1+1
J3=J1+2
A{J1Y= F7
AlJ?2)= F8
AlJA)= Fo

B{J1)=G7
B8{J2)=G8
BlJ3)=G2

JCI=K+J

JC2=JC1+4IN
AfJCl)=F12
AfJCZY=F13

B{JC1)=Gl2
BLIC2)=0613

IP1=3%IN+2%TP+5

IP2=IP1+1
ALIPL)=F10
ALIP2)=F11

B(1IP1)=G10
BlIrP2)=G1]

FORMULATIOM OF L VECTOR ENTRY

MAIN

DSG=DX*F 74D Y%F B4+DZ*F9
DEO=DSO+D0(J)=-DO(II+{OL(J)=D0(T) )%l TK/24 .00 )

L=030-DS

STORE PARTIALS / NON-ZERD ELEMENTS OF A £ B ROWS NN DISK 8 FOR
LATER USE IN COMPUTATION OF RESIDUALS AND VTPV
ADD CONTRIBUTIONS NOF CURRENT CRSERVATINNS TO NORMAL EQUATIONS

DATE

T6300

21/55/722

AR 0 o e e e o el oo e ofe st ol o ik ook ool oo o o s ol ot o e sdeofe e s et o s Al o o sk o ook o ko s ks o

oo e R ok e e AR st shol <Kot o sk s sk oo o sl o ook sl ot el i o et Sl ofe s o ok s s sl ok 5 et e ok o ek



FOQRTRAN 1V Gl

0244
0245

0246
0467
Q248
0249
0250

0251
0252
0253

RELEASE 2.0 MAIN DATE = 76300 21/55/22

351
c

WRITE(84+351) FlyF2,F3,F4¢FS+F6eFToF84FI3F10,F11,F12,F13,L
FORMATI1O0X+F40.15)

DO 12 IT=]1,KK

U{II)=0(TT)~A02T )L

DO 12 JJ=1.KK
NKEEP{IT+JJI=SNKEEP (IX 4 JJ I+ ALTTIRALII}
CONTINUE

FRNGO=DXRGT+DY¥GR+DI*GCG
FRNGO=FRNGO+(DD(J)-DD(1)}/24.00
L=FRMGO~FRNG

WHRITE{B+351) GI4G2+53 40446540095 T+GR9GO9G1l0:611+G12+G13410L
DO 65 TI=l4KK ,

ULITY=U(1T)-~B (L1 )*L*PF

00D 65 JJ=1.KK

NKEEP{IT+JJI=NKEEP (1Y JJ)+B{TIVIXB[JIJ)*PF

CONTIMUE

FORMAT (BOX y2F1 9.9}

GO To 33

C eskotcate ook ook s e e ok e ol e s ok Seoofeale ok o o ool o ool i ol sfeoie ol s sl s st s ok o s kol et oo st o oo ok oo e s ko e o ke

C
c
C

SOLVE NORMAL EQUATIONS, COMPUTE PARAMETER CNRRECTIONS

€ eesteot s kot oot o o ool ok i e e et e ool ok oot oo st o e ol o s e gt sk s sk e koo ok e ek b e sk okok S s ek o

c
C
66

(o N

187

DO 1 I=1,8

DG 1 J=1KK

IK=I+KK

NKEEP (TK,J)=CC(I4J}
NKEEP(Js IKI=NKEEP (XK od}
CAONTINUE

DO 182 IW=1,I0PT
DO 183 1=1,K@¢

D0 183 J=1,K8
N{I+JI=NKEEP(I,J)

+ CONTINUE

IN1=T+IN*3

DO 2 I=IN1,K
N{I,I)=N(I,I)4FRATIO(IW)
CONTINUE

CALL OMINV(N,KByDETyL1,L2)
00 187 I=1,KK

AXtI)=0.00
CONTINUE


http:XX(I)=0.DO
http:FRNGO=FRNGO+CDD(J)-DD(C1)/24.DO
http:FORMAT(IOX,F40.I5

FORTRAN IV Gl RELEASE 2.0 MAIN DATE = 76300 21/85/722

02El PO 14 T=1.KK
0282z 0O 14 J=1sKK
0283 XX (T ) =XX{TV+N{ I, J)*0{ J)
0284 14 CONTINUE
c
o WRITE %X
¢
0:z85 DO 9 I=1,5
0286 CALL REDPI(XX(I))
02687 9 CONTINUE
t
0288 ISTART=T7+3%IN
c
0289 D0 26 ISISTART,K
0290 CALL REDNPI(XX{I)) .
0291 26 CONTINUE
C
C
(G st e ole A ool 3t v s ok Dl e ol 23 e e a0e ok ol ok Bl e s sl ol e e e el ool el o st v e ol b o e e e vl ofe e ol e et e opale e ofe e ok e ek e e A sk o vk 9
c
c READ A AND B {ROWS OF DESIGN MATRIX) FROM DISK 8,
c FORMULATE RESIOUALS AND COMPUTE VARIANCE COVARIANGE MATRIX
c
(C sk 3h el s o o ook o oA o s ok ok ek s e kol e s ok e ok afe o e e ok ot el s ik ke e o ol oK o e e o o ke e ool e e e e o Zeate o e o e kool e o e e o
¢
opo2 85 REWIND 8
0293 VTPV=0.0D0
C
0294 VABS$1=0.00
0265 VARBS2:0 .D0
c
0296 GO 22 II=1,ICOUNT
0297 READ(A,100) L1,Js1IP %0
c a
0298 DO 27 I1DUM=1,2 g a2
0799 READ(E,351) (F(JJYJJ=1,13),L Egga
0300 V=0.00
c = ﬁ:
0301 00 23 JJ=l46
0302 VaV+E (S 2= XX 3] %g
G203 23 CONTINUE o
c <o}
0304 11=2%T+4 ta**
03105 I2=I1+1 . [« 2}
0206 I3=1142
0207 S1=3%J 44
0?0E J2=2J1+1
0.09 JA=J14P
610 VaVHE (T IR XX TSI I=XXET 1)) +F (B * (XX {J2)=XX(I2))
2 AF(9IR(XX[J3)}=XX(I3))
c
0311 IP 1=23% I N+2#LP+5
0312 IPZ=1P1+1
0513 VaV+F {10 )%XX {IP1)4F (11 )*XX(IP2)
¢
cal4 ICI=K+]
0+15 1C2=1C1+IN

0zls JCI=K+J



FORTRAN 1V G1

0317
0218

0319

0320
0221
0z22
0z23

0324
0325
0228

0327

0328
0329
0330
0331

0332
0333
0334
0335

0336
0337
0328
0339

0240
0341
0242

0343
0244
0345
0346
0247
0348
0349

0350
035]
0352

0353
0354
03655
4356
0357
0358

RELEASE ?.0 MAIN BATE = 76300

28
27

22

43

47

JC2=JC1+IN
VEV+F (12 (XX{ICL ) =XK{ICL) J4+F {13} (XX{JC2)~XX(1C2))

Y=yl

IF{IDUMLEG.2} GO TO 28
VABS1=VARS1+DABS(V)
VTPV=VTPVeyEs2

GO TO 27

VABS2=VABS2+DABS(V])
VTPVSVTPVHPF AV k2
CONTINUE

CONTINUE

VABS1=VARS1/ICOUNT
VABLS2=VARS2/ICOUNT
TTN=3#*IN+&
TINI=TIN+1

ALTERNATIVE FOR S0 COMPUTATION
SO=VTPV+DFLOAT(IM*2}%({SDBD /R100 1k%2
S0=50/DFLOAT (ICOUNTHZ=KK +2%IM)

DO 172 I=TIN1+K
VTIPV=VTPV+PRATIOLIWI*XX({I}**2
CONTINUE
SO=VTPV/DFLDAT {2*I COUNT=KK +2%IM}

DO 24 TI=1,KK

DO 24 J=1,%K
N{I+J)=NIT4J)*SO
CONTINUE -

Kl=K+1
KIN=K+IN '
KINI=KIN+1

DO 41 J=l.KK
N{1:J)}=RIOORN(1 )
N{2:J)Y=R100%N(24J)
N{3: JI=RIO0XN(3,J)
N4y JI=RIQORNT 440)
NCE5, JY=RASM3*N(S,J)
NC&y JI=RHRDMG*N (6 4J})

DO 42 1=7,1IN
N{I’J)=N‘IQJ)*R100
CORTINUE

DO 43 I=IIN1,4K
NiEXodi=NIYyJ)*RASM3

CONTINUE

DO 47 I=K1,KIN
N{IyJ)=IN(T,J)/CLIGHT }*1000.00
CONTINUE

21/755/22



FORTRAN IV Gl RELEASE 2.0 MAIN DATE = 76300 21/55/722

c
0359 DO 48 Y=KINL KK
0360 NC{IsJ)=(N(T+d) /CLIGHT } *1000.D0
0361 48 CONT INUE '
c
0362 41 CONTINUE
N
0z63 N 44 I=1,KK
0364 N(T,1)=R100%N(T,1)
0265 N{I,?)=RICOSN(I,2) o
0366 N{I;3)=R100+N{1y3} S5
0367 N{I,4)=R100+N(Iy4) =
0368 N{I,S)=RASM3*NII,5) ro
0369 NLI,6)=RHROMSEN(I,6) E%EZ
c
0370 DO 45 J=T,TIN = E:
0371 N{Y,JI=NLT,JV%R100 £ vd
0372 45 CONTINUE = %5
C
0373 DO 46 J=TINIK EE‘EQ
6274 NCToJ)=N(I,J)%RASM3 ﬁé;ﬁ
0215 L& CONTINUE
¢
0376 U0 49 J=K14KIN
0377 N(T+d)=INCTyJ) ZCLYGHT ) %1000 .00
0378 49  CONTINUE
¢
0379 DO 52 J=KINI KK
0380 NEToJ)=INCToJ) ZCLIGHT ) %1000,D0
0281 52 CONTINUE
c
0352 44 CONTINUE
c
0283 227  FORMAT (10K 93F20.4)
0324 229  FORMAT{10X,2F22.6)
0385 222  FORMAT{5X,F40.9%)
c
0386 o0 g6 T=1,KK
0387 NET¢1}=DSQRTEN(ILI)}
Dasn 86 COKT INUE
c
0389 ICNT2=ICOUNT %2
0390 IDF=ICNT2~KK+2%IM
0391 WRITE(65696) ICNTZ,IDF
0392 696  FORMAT (/////5X+'NO OF OBSERVATIONS =t,I5//5X
2, 'DEGREES CF FRFEDOM =t,15/)
c
0293 WRITE(6+R50) IEXP,SDBD,SDBF,SCQUA{IW)
0394 £50 FORMAT{®1%///15Xy'EXPERIMENT NO =%,715///10X
14'4 PRIDRI STANDARD DEVIATIONS®,//5X
2, 'DELAY DISTANCES (CM]*,10XsF15.5/5%
3, INISTANCF DERIVATIVES (M/HOUR)?®,1X,F15.5/5%
4y VOUASAK COCRDINATES (CM) ',7X,F15.5/)
c
03295 WRITE(6+356) (N(I,I),I=1,61}
6396 356 FORMAT (/7/20%, *STANPARD GEVIATIONS/20X

T g ¥ttt ot mk ek 8 £ /S )
2y *POLAR MOTION =?37XeFla.543X s ' CHY /26X sF14.543Xs YCMY/5X


http:FORMAT(SXF40.91
http:N(IJ)(tN(IJ)/CLIGHT)*100.DO
http:N(I,J)=(N(IJ)/CLIGHT)*1000.DO
http:NCI,J)=(N(I.J)/CLIGTO)*1000.DO

FORTRAN IV Gl RELEASE 2.0 MAIN DATE = 76300 21/55/22

Zy PPRECESSTION-NUTATION = ,F14.5,3X+'CMY 3 /26X F14o543XCHT 4 /5%
La P THETA ZERD =%30X,F14.543X, YARCSEC /1000 /5X

55 %MG =T,16XsF14.5,3Xy 'REV PER DAY/I04k9V//10X

Gy STATION COORDINATES (X:Y.Z) IN CMY/)

0397 WRITE{6,2357) (N{T,1)s127,1IN}
0398 a5y FORMAT( 10X +3F20.5)
pzo9 HRYTE (6,358
C 400 3:8 FORMAT ( /10X, YOUASAR COORDINATES (RALDEC) IN ARCSEC/1000%/)
0401 WRITE{643591 {N{TI+I)sI=TIN1,K)
0402 356 FORMAT{10X,2£20.5)
¢ .
D403 WRITE{O+361)
a4 361 FORMAT (/710X * STATION CLOCK OFFSETS IN MSECH/)
G405 WRITE(69262) (N{I,1),I=K1sKIN)
04Nk 3é2 FORMAT(2X:F20.9)
0407 WRITE{ 6,363}
0408 363 FORMﬁT(//IQK;'STATION CLOCK DRIFTS IN MSEC PER DAY'Y/)
0409 WRITE(65362) (N{YI,1)eI=KIN1,KK)
c _ .
c
G410 162 CONTINUE
¢
C41l 86" £TOP

0412 END



3. Name of Program: PROGH2

Function:
Adjustment of cbservations with a time span equal to the station step.
Station coordinates are considered constant over the whole set of observa-
tions, while earth rotation parameters are treated as constant but
different over a prearranged set of subintervals.

Input:
Standard deviations of observations and radio source coordinates, approximate .
values of parameters, station and radio source identification numbers,
distance and distance rate observations.

Output: .
Standard deviations of adjusted parameters.

Subroutines required:
MADD, MATPRO, TRAPRO, PROTRA for matrix operations and REDPI.

(Following is a listing of PROG#2 and supporting subroutines, except for
REDPI already included in VLBI SIMULATOR.)



FORTRAN IV

0601

0002

0GG3

AIIVAD 900d J0

g1 gHVd TVYNIDRIO

Gl

RELE

ASE 2.8

MAIN DATE = 746300

21756732

b*******************************************************************************

ot nbma Aok
C okt e et PROGOZ Sk Rk ok
C sevntnto ok Aok dokop ok koK
€ koo e shoe st VLRI ADJUSTMENT PROGRAM ARk
Coarseed- ok o e ek koK ok
C ot s o e TRIS VERSTON PERFORMS THE ADJUSTMENT OF e K
C s 3 b 2otk A SET OF OBSERVATTONS TREATING STATION ek Aok o Sk
C ko aoh e COORDINATES AS CONSTANTS, EARTH ROTATION AR A
C ek et PARAMFTERS ARE CONSTANT BUT DIFFERENT Fd kR kK
C ot Sk s OVER SUBINTERVALS OF THE ORIGINAL TOTAL Fdek Aok ok 2 ok
C e skmnsfobe Sk TIME INTERVAL OF YHE AVAILABLE OBSERVATIONS. Ak ook ak
C o doonomx AR etk R
C sl o OBSERVATIONS: DELAY DISTANCES AND oA ek WK
IS L TN THEIR DERIVATIVES e ek ek s ke
C eomatcals 7 3 Aok ok ok koK
C e o ek UNKNOWNS: EARTH MOTLIN PARAMETERS Aok ok ek
C 2w o sy STATION & QUASAR COORDINATES Fokcdok gk ok ok
C et dopk CLOCK OFFSETS AND DRIFTS Fedok ok ook
Co sk ksl Aok ook dok
L ool o e SYSTEMS DEFINMITION: ] RNk ok ok
CRmsed e y e QUASAR FIXED: WEIGHTED QUASAR COORDINATES Aeaeddo i ok
sk v s o ek FARTH FIXED: BY MEANS OF INNER CONSTRAINTS ke ok el
C o s oo ok ok sk Ao
C ok s ohde o deke AR kR kK
Commen oo #ok SUBROUTINES REQUIRED : ARk ok
€ e 3eciese oo e ek REDPT Rk Rk
C e f ok MADD ekt deofe ko ok
C % koo oy e oo MATPRO AR A A
C et o s TRAPRO Aol koKl ek
C Rk pacdton PROTRA R N ok
£ ookt ek e ke AR AR XAk

C*##*#**#****#***#****#*##*****##*#**#*******#****##**#*#*###*******************

c$»***#***

skt ek e el

alslaNeNokaRaNaNe el

MPLICIT RTAL®ELA-HyL~Z)
DIMENSIGN 00(3);DD(B),X(BIvY(B}vZ(‘):RA(Q}-UCQ’gED(BB’B)qUt39’
2yMKEEP{30,429),4(29)48(39),NB{6,33),UDI{33),HI(6,33),RI[33,23)
2y0E{4a1,41) 4 RLIL35) 4H{6433),RE(33),UDI33},HTEDO(33,8),LIKI4Y)
4L 2K (41 )2GE(BB43Z) 4FB{33,8)yGBLIIB)JFET(33),6U(33),FBEOTI(33,4)
5y GBRT(A3,6) s FETNI32,6) yXBI{6,20),5TD(153),XB(23)
62T TNL6.8Y,UDPDT (0], Nnnléoblole(b)vL26(6!9T1(6)'RK(616).RT(6‘
71RKE00(690)vETKE‘F'Rl'FF{BOS’!ETOT(E} FEDT(B),FBTL{8)+FBTU(R)
t:%nLlél-FDF(&vE),EFET(bvéi,GDD(é'b),HGHT(&qb}'HFEN(bvb)v:FEN(b;é'
FeNFFEN{E 46 )y hIXBI6) JNSOLI6)4F (13}
DIMENSION ﬂG(IN)yDB(IN}'X(IN)'Y!IFl.Z(IN)vRA(IMvD(IM),EDIK'B)
Sy UTKK) yNKETP (KK KK Y v A(KK )y BIKK I NB{ 6 KIUDTIK) s HI(6,K) 4RI (K 4K?
2QBIKE, KF}vRLI(K)vH(évKlsRL!KlvUD(K)vHTEDO(KrB),LIK(Kl'LZKIKI
49GP LK K} 2FEIKs8)+6BLIK)+FETIK) »GU{K)4FBED (Ky6Y s GBRTIK 461
EyFFTNIK+6) s XBI{6IDCNT) o STN{6*TDCNT #K ) XBEK )
bq antﬁyp’Q“ODI[6)!\05(&76)7L16(6)yLZé(é],TI(b}tRK'bvﬁ,'RT(6’
TyRKFOO{I698) 2 ETKE{B,B) FF(B48),ETOT{49),FEDT(8),FETL(8),FBTULA)
E.SQL16)QEDFlb‘C}gEFET{hvb)'GDD(éybi;HGHT(6,6).HFEN[6,6}'EEEN(6'6!
FeNEFEN (¢S THIXRIG) JNSOLIS) 4F13)
WHERE: K=5%IN42%IMaKKsK+6,KB=K+B,IN=NO DF STATIONS,IM=NO OF QUASARS
EQUIVALENCF (hTEDO,FB}4{UDIyL1KsGBL) y (RLISL2K+FET ), (RIGB)
2¢ (RKEDOyEDFyGBHT ) » [EDO4FETM) o (RToHIXB) y {L16+TI )4 (L26,NSOL)Y
Sy lRKGNEFENY y (HGHT o HFENEFENY 3 (ETKELFF ), ({ETOTFBTL,FBTU)



FORTRAN IV G1 RELEASE 2.0 MA IN DATE = 76300 21/56/32

c READ EXPIRIMENT IDENTIFICATION NO
o064 READLIS,100) IEXe
0cos WRITE(6,977) IEXP
0006 97T  FLRMAT{19////710%,YEXPFRIMENT NO =%,15/10%
24 VSRR RRRRORY R ARGk kRE Y LS}
c
C
c READ A PRIORY STANDARD DEVIATIONS:
o Sp8D ¢ BF CELAY DISTANCE IN CM
¢ SLBF 3 OF CELAY DISTANCE DERIVATIVE IN M/HOUR
o SDQUA: OF GUASAR COORDINATES IN CM
c
0007 RELD(5,101) SDRD,SDBF
GGo8 101 FORMAT(5F1%.5)
c
0C 09 WRITE(&,240}) SLBED.SLBF
0010 240 FORMAT(10X, 0BSERVATIONAL MOYSE'/15X,*DISTANCES
Z3E10.5/15X4 "CISTANCE RATES ' ,FL0.5//)
C
001t READ({5,101) SODQUA
0012 PRATIOSSCEO*%2 /SDOLAR®D
c
c READ EARTH STEP INTERVAL IN HOURS
C
0OL3 REAMM{S,101} FRETEP
0014 ARITE (6,243} ERSTEP
CuLs 243  FORMAT(//10X,'EARTH STEP INTERVAL (HRS) =',F10,2/)
C
0016 R=£371000.60
0uLLT CLIGHT=3.DO%{10.00%*8)
Ch18 CLIGHT=CLICHT /R )
on19 PI=4 DORLATAN{L.D0)
0620 RING=R#*100.,D0
0021 KHHDMY= (12.00/PY )% (10.D0%%9}
ap22 RASHA=(180.00/PI)%3500000.00
o
nG23 PES(SOBL/RIONY/(SDRF/R)
A BRE=PF k%2
¢ PR IS NOW IN (EARTH RADIY/HOUR}#%~2, PRATIO TN (EARTH RADII}®%-2
C
C REAP IN= ND OF STATIONS & IM= NO OF QUASARS
(st sfeate st o e ol e s e ol s o g e ol el o ek e o sk o o sl e s ool e e sl e e e e ool e sk e o sde ol e e ofe il sl ol e s ool o ¢ e el o e e ekl
onzs REAN(S5,100) IN, TM
[l1¥d- 1C0 FORMAT{1CIS}
0627 WRITE(&:920) INsIM
CcoCE 020  FOHMATISX, 'NO NF STATIONS =1,I5/5X,'NO OF QUASARS =',15)
G029 K=52 N+2%IM
0030 FR=K+6
0c31 KasK+8
.
C
0032 DO 51 T=1l.1N
o033 0O ) =0.00
004 NR{T1)=0.00
or3s 1 CONTINUE

5

c

L READ APPRUXIMATE VALUES OF PARAMETFRS THETA ZERO, OMGs

(€ e e e s e 00 e ool e e s e kol 0k o 3 3 o o st e el e o e s e e oS s ofe e e ookl i e o e 6ot e e e ofe ol o o e e e e sl e e e


http:0flhO.0O
http:C180.DO/PI)*360OOOO.DO
http:PI=4.D0*L'ATAN(I.DO
http:R=6371000.D0

FORTRAN IV G! RELEASE 2.0 MA TN DATE = 76300 21/56/32

c X{I1ly YUI)y Z(I)y {I=14IN)y RA(J)y DUlJ)y (J=1,IM) .
c ANGLES AR{ IN DFGREES, DISTANCES IN METERS AND (MG IN RADIANS PER HOUR
0626 REAN{S 41013 TH
06037 WRITE(A,B60) TH
0038 £&0 FORMAT(//5X, "THETA ZERO = ",F20.9/)
0C39 THET=TH*PY/180.D0
G040 OMG=PI/12.N0
c
0041 WRITF{&,4450)
0042 450 EORMAT(////+10%+*STATION & RADIO SOURCES APPROXIMATE CODRDINATES?

e/ /2K "STATIONSY 410Xy *LONG Y
21 12Xs *LATY 11 Xs "R /)

C
GC43 DN 8 I=1,IN
0044 RFEADIS 3y 701) IDM,IL)4ILZ2,ALONGAPHT AR
0045 WRITE{6,701) TeYL14TL2+ALONG,APHTI AR
0044 701 FORMATILX+T241X A% ¢A2,3F15,.1}
004T APHI=APHI#BY/1PC.DO
0048 ALONGSALONG*PI/180..D0
[ CONVERT TO CARTESIAN
0049 XII)=AR*DCOSTAPHI )#*DCOS(ALONG)
o050 YIY)=AR®DCOSCAPHI}*DSIN{ALONG }
0051 ZII)=AR¥DSIN(APHI)
c CONVERT TO EARTH RADII UNITS
ons2 X{I¥y=X(I}/K
0053 Y{I}=Y{I)/R
0054 Z{TY=ZLX)/R
0055 5 CONTINUE
C
C
cU56 WRITF{&,451)
cos7T 451 FOQRMAT(//11Xy 'RADID SOURCE Yo 10X, "RAY,1TX+"DECY,//}
c
0Gss nn & Jsl,Id
0059 READIS,321) IDMpTLL4IL2sTL34RA{J)LD(I)
0060 WRITE(&+321) J4IL1,TLZ,IL34RACIYD(JY
GOs1 321 FORMAT (1X3I3+7Xe32A44F17,.7,F20.9)
C CONVERT T RADIAN UNITS
CLs2 RA(SI=RA{JII®PI /LED..DO
Q03 DUJ} = DIJIM*PI/LIBO.0O
GG64s & CONTINUL
¢
(o
C FORMULATE CONSTRAINT MATRICES EDs EDO
0065 0o 11 Jd=1,§&
0066 DD 9 I=1,6
0067 ENO{I,+J3=0.00
0048 9 CNNT INUE
Clues Do 11 I=1,K
0070 ED(E.J1=0.00
0071 11 CAONT TNUC
C
0072 FDO{1,5)=1.D0
an7z END(24+4)=1.D0
0674 EDC{54,6)==1,00
c
0075s D 3 I=1,IN

0c7s6 IRl=0%1~2


http:EDC(5,6)=-I.D0
http:EO(?,4)=1.D0
http:FDO(1,5)=I.DO
http:ED(IJ)=O.O0
http:D(J)*PI/180.DO
http:RA(J)rRA(J)*PI/180.DO
http:ALONG=ALONG*PI/180.DO
http:APHI=APHI*PT/IPO.DO
http:OMG=Pr/12.DO
http:THET=T4*PT/180.DO

FORTRAMN 1V G1 RELFASE 2.0 MAIN DATE = 76300 21/56/32

0e77? 1E2=TR1+1
aeTs 182=1r2+1
0679 EC(I1,1)=1.00
QO8O ED(LIE?42)%1.D0
¢ngl EC{T52,3)=1.00
0082 EN(IE2,4)==Z(1}
0083 ED(IB3,4)=Y(T)
0084 EL(IAL.5)=2{1}
noes EE{IR3,5)=-X{1)
00es ECLIR1,61==Y (T}
0087 EQ{IB?,6)=X(1)
grnegc JCI=3%TN+28TM+T
O0EY 1€2=IC1+IN
0050 EN(ICY,7)51.D0
0691 EN(IC2+8)21.00
0092 3 COWTINUE
0C93 ICCKHT=0
0094 1CRUNT=0
c
¢ INITIATE H, RKs RLy RT, UD, 0B TO ZERO
e ok e b s s o ot o o o o e ke ol o o e e e o e e e ok e ool e ool sl ade o e ofe s o s ofe e e S o s o o e o e afnfe e i o ok o o e
c
0095 DO TL I=1:K
G6C96 RL(I}=0 .00
6087 LD LI1=0.00
OueE [0 71 J=146 OO0
ousS ®id,17=0.00 rx E
G100 71 CONTINUE o)
c
oo} DO 72 I=1,6 SE
o102 AT(I}=0.00 =5 ﬁ
0102 an 72 J=l,e o
610 RK (T, d)=0.0C o
L1053 72 COMT INUE ? %
6104 DG 72 T=1,Kk8 ok
0107 BN 73 J=1,KE
6168 Qu{T,J}=06.00 'j )
c109 75 CONTINUE
e
C
c INITTATE NKEEP .U TQ ZERD
C#***’r*’?*M*#*H—***$#$‘4—*=€-****#*#4‘**#**********#**#************************9‘*******
0LIO 55 DO 14 I=1.KK
0111 ULI1)=0.00
0112 L0 16 J=1,KK
0113 NKEEP[T40)=0.00
0114 1€ CONT INUE
c
G115 THSTHET+ (ERSTEP/12.00) *P T*DFLOAT{ IDCNT}

C
. e o e s e s oo e e 0k 36 o o ol e ot s e oo sl o ot s o ol e oo ok oo kol o s e o ol bkl sl ol e o ok e stk ok e ek Al

RCAD CBSTRVATIONS AND IDENTIFIERS:
NS= DISTANLE IN NETERS OF TJ BASELINE OBSERVATION TO QUASAR TP
AT TIME TK (IN HNURS) AFTER SOME INITIAL EPOCH TO
et s s s b o o e Sk e s o ol e o kol e s sl e e sl o e 4 e oo e ot e sl s e ok ol oo o ok s o o oo e ol el et

N0 o OO0



FORTRAN IV G1 RELEASE 2.0 MA TN DATE = 76300 21/56/32

C
ol1s 33 READ{S5+104) I,J,IP DSoFRNGyTKyICHEK
0117 104  FORMAT{315,3F15.5,215)

C

t ICHEK IS A CODE INDICATING END OF DATA FOR TCHEK=1
0118 IF(ICHEX .£EQ.1) GO TO 66
n119 IF{ICHEK.EQ.2) GN TO 66
0120 ICOUNT = ICNUNT+1
0121 TK=TK~FRSTEP*DFLOAT (IDENT)

c
0122 DS=bs/R
0123 FRNG=FHNG/R
0124 DX=X{JYI=X(1)

0125 DY=Y{J)-Y{I)
0126 DZ=I(J)-2(1)
0127 CA=DLOSERAIIP)Y)
o128 SASDSIN(RACIP))
0129 CO=NCOSIDIIF])
0120 SD=0SIN{D{IP))
0131 Y1=0M6ATK+TH
013z Y2=¥1-RA({IP)
0123 CK=DCOS (Y1)
0134 SK=DSTIN(Y1)
0135 CKP=DCOS(Y2)
0136 SKP=DSIN(Y2}

o

c FORMULATE PARTIALS

c
0137 Fle=CDRDZECKP+DX*SD
0128 S o F2=-CD&NZ#SKP~BEYRSD
0139 55 ’g F3==DX*SO%CK+D Y*SORSK +D 2 ECD*CA
0140 = F4=0X#SK*SO+DYHCKASD=DZRCOXSA
0141 .62 F5 == { D X*SKP+DYRCKP } %CD
0142 E?E? Fé= TK%ES
0143 =3 g: FT=CD%RCKP
0144k F{=-CO%SKP )
0145 %% o £9=5p
0146 o E10=CO%{DX*SKP +DY+CKP)

0147 Eﬁ’ﬁr“ F1l1=(~DX+CKP+DY*SKP ) #SD+DZ¥CD
0148 5| Fl12=1.00
0149 Egea FI1Z=TK/24.00

o
0150 Gl=pZ#CD*SKP
0151 G1=NGa6]

0152 Ga=-DIH*COHCKE

0153 G2 2MGHG2

0154 G3={DXHEK+DYRCK)%SD
0155 C3=0MG*G 3

0158 G4=DXRLKESD-BYRSK*SDH
0157 G4TOUG*G4

o1ta GS2=DXACDHCK B+DYRCDRSKP
0159 GYH=0MGHGS

0160 GH=TK*GS

0161 GT=~CD%RSKP

0162 GT=0MGHGT

0163 Ge==CN*CKP

0164 GR=NMG*GE

0165 G9=0.D0



FORTRAN IV G1 RELFASE 2.0 MAIN DATE = 76300 21/56/32

0166 G10=DXACO¥CKP=-DY*CD*SKP
0167 G10=0MGHG1 0
016AR G11=DX¥SORSKP+LYHSDRCKP
0169 611=0MG%G611
0170 612=0.D0
0171 613=1.D00/24.00
c
c INITIATE A AND B TO ZERD
£ steate 6 o dabeoie afeaie ok e e kel e o e ok Ok ot 3o on e e e o s o e e ke seaie ok e o e sl ek e e sbe o 0 o X 3ol el o e sl e bR e o At e ek p
'
0172 DO B II=1,KK
0173" ALTI1}=0D,00
0174 REII}=0.DO
0175 ] CONTINUE
o
C SET PARTIALS IN APPROPRYIATE LOCATIONS DF A ROW
 cnadeais Aok s e o o o ok **:}*#*** 3 o et o 00 o o o 3o 3426 e o Mg e ol el sl e o e ol e e oo s sk kel ol e e e
c
0176 A(1)=F1
0177 A(2)=F2
0178 AL2)=F3
06179 Als)=Fa
0180 A{5)=F5
0161 Al&}=Fa
c
0182 BL1Y=G1
0183 B(2)=G2
0184 R{3}=63
018s Blal=6a
olea R(8)=G5
D187 R{&6)=G6
c
o188 T1=3%1 +4
0189 12=11+1
0190 13=1142
0191 ALT1)==F7
01%2 AlI2)=~F¢g
0193 A{I3)=~F9
(o
0194 RLILY==GT
018 B{1I2)=~G8
0194 B{13)=~(%
w
0197 TCI=b+R3*THP* T M+]
o1en 1C2=1C)1 +IN
0199 ALICL)==-F12
0200 A(ICZ2)Y=~F13
o
0201 B(IC1)=-G12
pzn2 BIIC2)==G13
¢
0203 J1=3ki+s
0zZ04 J2=J41+1
0z05 JA=J1+2
0206 A(JdlY= FT
ozn7y AlJ21= FB
0208 A{J3)= FO



FORTRAN IV G1

0209
G210
071l

0212
0213
0214
0215

0216
0z17

0218
0219
0220
0221

02z2
0223

0224
0:25
0226

0227
0z28
0229
0236
0z31
0z352

0234

RELEASE 2%.0 MAIN DATE = 76300 21/56/32
8(J1)=G7
EtJz)=G8
B{J3)=69
C
JCI=6+3% IN+2% T M+
JC2=JC1 +IN
A{JC1)=F12
AtJC2}=F13
c
B{JC1)=G1l2
B{JC2)=G13
C
IPL=3%IN+2%IP+5
IPZzIP1+])
A{lP1)=F10
A{IP2)=F11
C
B(IP1)=%10
BLIPZ2)=G11
c
C FORMULATIOM OF L VECTOR ENTRY
C
17 DSG=0DX*FT+DY%#FB+DZ*F9
DSO=DS0+DO(JI=BO(Y I +{OD{JI~DD(T})*(TK/24.DO}
L=0S0=~DS
C LWl=L*R100
C
C .
ek e s o 3ol o e s R ke ool o o o oo s e o el il abeol ok ool dhe sl e 23k 2386 2 ko A e e o 3 o sk ok sl o e djeaf ool X afe afesie e e o ol ok oo of i
c STORF Ay By L AND OBSERVATION IDENTIFIERS ON DISK 8 FOR LATER
c USE IN COMPUTATION OF RESIDUALS AN COVARIANCES
C % Feafooe e e e s o e e dn adeole o o Aeleoli e e el o ke s o e e sl e e sl ojeale s o sfe e sk sl e ope o ool sl ke s ok obe e kol ale el i ol ol ek
c
WRIFE(8,10n) ICHEKI,JsIP
WRITE(84351) FleFZ F34Fa4FSoFbsFT+FRFO4FLOF11,F12,F13,1
351 FORMAT( 10X Fad . 15)
C
N 12 IT=1,4K
UCTII=U{IEI+ALIT )L
00 12 JJ=1¢KK
NKEEP{IT s JU)=NKEEP{II yJJI+A(IT)%A(JS)
12 CONTINUE
C
C
FRNGO=DXAGT+0LY %GR +0Z2+69
FANGOS FRNGO+(DO{J)I~DDITIY)/24.D0 77?7
L=FRNGO~-FRNG
C LWZ=L*R
C WRITE(6,350) LWl.LW2
C
WRITE(H,351) GI'GZpG3,54'55996vGT,GB!G9vGIO|GlI1G12'Gl31L'
MY 65 11=1,KK
GITI=UITI}+RLTII)%L*PF
DO 6% Jd=1,3KK
NKEEPTTT 2 JJ)=NKEEP(TT 4 JJ)+B(II}*B (JJI*PF
&5 CONTINVE
C
350 FORMAT(EDX+2F19.9)



~

FORTRAN IV GI RELEASE 2.0 MAIN DATE = 756300 21/56/32

¢
0245 GO TN 23
o
c
T o kol oo o o 36 5 ok ok o sbe sl oo ok el e ke et s ool s el i o e el e e s sl sl e o et ke o s e o sl e o
c
o
0246 66 WRITE(8,100) ICHEK
¢
0247 DO 20 I=l,6
G248 UDDI{IY=ULI}
DZHT DO 20 J=1:4%
0750 NDOT{T 3 J) =AKEEPT4d)
0251 20 CONTINUE
0z52 D0 21 I=1,6
6282 DO 21 J=1.K
0754 Jo=J+6
055 NB{Is M =hKEEPL TyJ6)
0256 21 CONTINUE
c
0257 DO 22 I=1,K
nzsg 16=1+6
0259 UCI{I)=U(I6) 5%%%
D260 22 CONTINUE rdfs :
c
0z61 CALL DMINVINCD ¢64DFTyL164L26) E%EZ
0ze2 CALL MATPROINDDGMNR HI36464K) =] ?\
0zes CALL TRAPRO{NB ,HY 4RI Ky6,K)
0264 DO 23 I=14K, 2
0265 BO 23 J=1,K %5
6766 16=1+6 o
0267 JE=J46
0263 QB(T,J)=0RET ¢ JI+NKEEP (16 4 J6)=RI(T ¢J) = @
0269 23 COATINUE
€
o27e CALL MATPROINDG UR0T,TI,6+641)
0zZ71 CALL TRAFRE(NBGTILRLIKebel)
0272 CALL MADD{H,HI 46,.K)
0272 CALL MADD(RK 4NDD 6,6}
c274 CALL MADG{RL,REIyK41)
075 CALL MADItRT+TIsé,1)
0276 CALL MADDIUD,UDI K,1)
o
- 3 e e e e e gt e 3 38 e o s ol aie 4t S ol oo e o el e o e s e e ae s X e e ge s e age Wi sl o e e ofe e e o S afie e e i s e sl e e el 3 e sl i ol e 3k et ek i
¢ STORE UODI,NDN,HI,TI ON RISK 9
1 ook e e o o e e s s o e e sl o e afe e e sfe v ade o ol Aol sl el sdeadi ol oot i ol A olealt s abesge ade el ol oo ol e ool e ool e ol e el e b ke ol o e e ool el ok
c .
0277 N 25 I=1,6
0278 DO 25 J=1,6
0279 WRITE(9+351) NDO(IJ)
0280 25 CONT INUE
C
Gzal DD 26 T=1,6
6282 DO 26 J=1,K
cze3 WKITE(9,351) HI(I,J)
0zf4 26 CONTINUE
L

QzRS DO 27 I=ls6



FORTRAN 1V Gl RELEASE 2.0 MAIN DATE = 76300 21/856/32

Q86 WRITF(S,251) TI(I)
0z87 27 CONTINUE
(e rg: 1 IDCNT=IDCNT+1
0z89 IF(ICHEK.EQ.2) GD TO 67
0zs0 60 7O S5
c
c
C*************#**#**************##***#*****#**#**h*************-r-—---:- e el e e
c
c
0291 67 CALL TRAPROIHyEDOJHTERO4K,64+8}
c
0292 DO 28 I=1,¥
0293 Do 28 J=i,8
G294 JK=te
0265 QB{I+JK)=ED{I,J)~HTEDOILY ,J)
g296 QRIJK+1)=QR{ T+ K}
0297 28 CONT INUFE
C
0298 CALL MATPRO{RK.EDO+RKEDO,4456+8)
QZ99 LALL TRAPROIEDOLRKEDNyETKEsBs648)
C
0300 00 29 I=1,8
0301 IK=T+K
0302 DO 29 J=1,8
0303 ) JK=d+K
Q204 CBIIK+JRIS~ETKE(I,J)
0z05 29 CONTINUE
c
0306 IPF=3%Ih+1
G307 IPL=3%IM+zZaIM
0308 DO 34 I=IPF,1PL
0309 QE(Y+1)=CB(Y 1 }+PRATIC
0210 34 CONTINUE
c
063511 CALL DMINVIOB,KS,DETsLIK,L2K)
c
0312 DO 30 I=1.K
0213 DO 30 J=1,K
0214 CR{T+J}=CB(1,4)
0315 30 CONTINUE
C
0%16 D0 31 I=1,K
0217 oo 31 J=1,8
nale JK=J+K
G219 FE(I-J)}=QB(T4+JK)}
0320 31 CONT INUE
C
0221 Lo 22 I=1,8
G322z IK=T+K
0323 0D 32 J=1,8
Qz24 JE=J+K
0225 FRIT2JI=QBEIK ¢ JK)
0326 32 CONTINUE
o
032z7 CALL MATPRO{GE yRLsGBL K Kys1)
0328 CALL TRAPRO(ECDO4RT +ETOT 8,641

0329 CALL MATPROIFB +ETOT+FETyK,841)



FORTRAN IV G1
¢330

0347
GzZ4R
0349
O:EC

0351
0cs2
0253
0354

0355
0256
0357

0258
G359
0z60
0261

0362
0262
0xé4
0365
0z66

03267
0568
0369
0370
0371
0372
0373

RFLEASF 2.0 MA IN DATE = 76300

aa O 0

3¢

CALL MATPROIGR ,UDyGUsK K y1)

DO 41 I=1,K
ABII)=GELIL}+FET(1}~GU(I)
COMTINUE

CALL MATPROUFF4ETOT,FEDT484R41)
CALL TRAPRO(FB,RLsFBTL89Kel}
CALL MADD(FEDT ¢FBTL3841)

CALL TRAFPRO(FE UDy FBTU484K 1)

NO 44 I=1.8
FERT{I)=FEDTII)~FBTUII}
CONTINUE

CALL MATPRO(EDDyFEDTySOL+64841)
CALL PROTRALFE ,EDO4FBEDT 3K +8,56)
CALL FATPRO(EDOEE4EDF 38648,48)

CALL PROTRA(EDF EDOLEFET90+84+6)

REWINEG 9

DO 60 IDAY=1,IDCNT

00 35 I=l,6

LO 35 d=1l.6
REANT94351) NDD{X,J}
CONTINUE

00 36 I=1,6

DL 36 Jd=1,K
RFAD(94351) RItILJ}
CONTINUE

DO 37 I=1l,6
“EAD{9,351) TI(I)
CONTINUF

DO 38 I=1,6

D0 38 J=1,6
GDC(I,d)=NDDIT 4J)
CONTINUE

SI HOVd TVNIDINO

RIFTVAD ¥00d J0

CALL PROTRA{GBHT +GBHT+KsK¢6)
CALL MATFRO(HI 4GBHTyHGHT 464K ,6)
CALL MADL(GDI HGHT 4646}

CALL MATCRIO(FBEOT yNDD S FETN4Kyb546)
CALL MATPRO{HI FRTN,HFEN,6,K4+6)

D0 29 I=1,6

DO 39 J=l,4

GOULI ¢+ )=GDD (I 4 JI+HFEN{ I yJI+HEEN{ Jy I}
CONTINUT

CALL MATPRO(EFETsNOD1EFENsS9646)

CALL MATPRO(NDD  EFEN,NEFEN 464646
CALL MABD(GDD,NEFEN+646)

21/56/732



FORTRAN IV Gl RELEASE 2.0 MAIN DATE = 74300 21756732

c
C
C
0274 BN 48 Is1,6
0375 IPF=a*IDAY=6+1
0376 STD{TPF)=GLD(X,I}
0377 48 CONTINUE
C
C
0378 CALL MATPRO{NDD.SOLyNSOL 62691}
0:79 CALL MATPRO(HI 4XB+HIXBs6+Kyl)
c
03F0 00 40 I=1,6
0381 XBI(T,I0AY )=~TI(I)~NSOL(T}-HIXB(I)
0382 40 CANTINUE
03g3 60 CONT INUE
c
C
£ Seamae o s b sae o ot s s e o e s ety o s ieod e oo e e e el sfeok o ok st ot afe ko e ool ol oo e o o ok e ok e ool s e o ook e el o el ke kol
¢
C
03R4 DO 49 I=1,K !
0z8s IPL=6*INCNT+T .
0386 STE{IPL)Y=GB(I,X)}
0587 49 CONTINUE
C
03aa REWIND 8
0359 IDAY=]
290 VIPY=0.0D0
C
0291 77 READ{84100) ICHEKsIsdsIP
0292 IF{ICHEK.FG.1) GO TO &8
0393 . IF(ICHEK.50.2) GO TO 89
0394 IS1=3%f-2
0395 152=151+1
0394 I832162+1
03297 JE1=3% -2
0298 J82=451+1
03299 JE3=052+1
0400 IP1=B%TIN+2%IP~1
0401 IP2=IP1+1
0402 ID1=3%IN+2%IM+T
0403 SE1=3FIN+2HIMe S
0404 ID2=101+IN
0465 JD2=JD1+IN .
0406 DO 45 JJ=1,2
0407 READ(8+351) (F(II).1I=1,13),L
o4ng V=L
0409 DO 42 IT=1,6
0410 VaV4F(IT 12XBI(ITIDAY)
0411 42 CONTINUF
c
0412 VEVHE [TYR(XB (JSLI=XB{IS1) }I+F{B)%(XB{JIS2}-XB(152))
2 +F19)H{XBLJS2)~XBLISA))
0413 VEVHE (10 )1%XBIIP1I+F{11 1% XB{IP2)
0414 VaY+E {12} (XB1JD1Y=-XB{IDL} I+F (13} %{ XB(JD2)~-XB(1D2))
gals . IF({JJ-EQ.2) GO TO 43

c VW=V*R 100



FORTRAN IV Gl

Nals
C4l7
04lsg

0419
0420
04621
04224
0423
0424
0425
0426
0427

0azse
CGaza
0430
0431
04322
0433
0434

0435

0436
0437
0438
G439
Q0440
044}
0442

C443
044s

RELEASE 2.0 MAIN DATE = 76300 21/56/32
c WRITE(A4453) VU
VTPV SVTPV+V2%2
GO TO 45
43 VIFV=VTP Ve PRAYSE2
c ViW=V*R o
C WRITE(64454) VW ﬁatﬂ
C454 EORMAT(S50X,F30.15) o]
C453 FORMATL20X,F30.15} g G —
45 CONT INUE E%EZ .
€0 TR 77 % B
8& IDAY=I0AY+1 [
co TO 77 2, vd
8¢ IPF=2%IN+1 & o
IPL=3%IN+2%IM oy’
D0 46  I=1PF,IPL =
VIPV=VTPV4+PRATIOSXB (L J#%2 731
46 CONTINUE

I1S2=2*%ICOUNT

J52=5%IN+6XINCNT

IS3=182-482

IDL={24.D0/ERSTEP+0.1D0)

IDC=IDCNT/IOC

WRITE(6,242) IDC,IS2,45824I83
242 FORMAT (//7/10X, *DAYS OF OBSERVATION=',15/10X,'N0O OF OBSERVATIONS =¢
9 IS/720X, "NO OF UNKNOWNS =4, 15/10X. *DEGREES OF FREEDOM =%,15//)
SG=VTIPV/LFLOAT(IS3)

IPL=K+5¥IDCNT

Bo 47 I=l,IPL

IF(STD(1).GT.0.00} GO TO 999

HRITE(&4998) T ,S5TD{1) !

996 FOARMAT (/ /777 "%k ERROR ko I=%,I5/10XSTO=Y ,FS0..30///77)

499 STOLII=DSARTLSTO(] }*S0)

«7 CONT INUE

C

 desdesie s e s e WRITE STANDARD DEVIATIOS

WRITE(6,588) !

888 FORMAT( ¥1'//10Xs "STANDARD DEVIATIONS /10X, *Sdakdokduiokhidokdor kakkn 1/ /
293Xy TOAYT,10Xy *POLAR MOTION' 13X, 'PRECESSION =~ NUTATION®,TX
Ze"THLTA ZERMY, TX VOMEGA? /12X *KST (CM)®,7Xs*ETA (CM)®,7X
4 KSI (Cri) "9 TXe®ETA (CM)I*y9Xs T (CM) Y 45Xy "(REV/DAY)R10%%97 /)

DO 85 TIDAY=1,IDCNT
IPL=6ATIDAY
IPF=IPL-5
DO 86 II=1,5
JI=IPF+TI~1
CALL REDPI(STOLS4))
STD(JJ)=8TH{JJI*R100
86 CONTINUE
STO{IPL)=STD(IPL)*RHRDMG
WRITE(64889) IDAY,(STD(J).J=IPF,IPL}
889 FORMAT(/1X+1446F15.5)
&85 CONTINUE
WRITE(&,221)
2z1 FORMAT('L'///10X,"STATION COCRDINATES® 3 // ¢ 17X X1, 9K, ?Y? 0K
2 2V/LI5X s V{CH) 46X s VICMY 16Xy FICMIV /)


http:I=o,I5/IOX#STD=,F9O.3O
http:IF(STD(I).GT.O.DO
http:FORMATt20X,FS0.15
http:FORMAT(SOX,F30.15

FORTRAN IV 61 RELEASE 2.0 MAIN DATE = 76300 21/56/32

Q459 IFF=a%IDCNT+}
G4ed IPL=6*TIDCNT+3RIN+2%IM
0461 TI=IPL-Z%IM+]
0462 00 91 I=TI,.IPL
0463 CALL RFDPT(STD(I))
0484 91 CONT INUE
c
D&es RO 75 I=IPF,IPL
Qbbb STO(II=STD(1I)*R100
Q4e7 15 CONTINUE
c
D&e8 IPL=IPL=-2%1IN
0469 WRITE(£4222) (STD{I)I=IPF,IPL)
Q476 222 FORMATE 10X 43F10.2)
c
0471 WRITL (4,223}
0472 223 FORMAT(////7 10X *NUASAR COCRDINATESY//16Xs *RA*4BX 4 *NDEC' /15X
ZetCMYT L BX 2 {CMIWZY
0473 IPF=IPL+] '
0474 IPL=TPL+Z2%IM
G475 WRITF(6,224) (STD(I)+1=IPF,.IPL)
Q476 22 FORMAT(10X,2F10.2}
c
G777 WRITE(&4225)
047R 225 FORMAT(/////10K+*STATION CLOCK OFFSETS AND DRIFTS'/13X
29 TIMSEC) ¥4 06X, " IMSEC/DAY) /)
C
0479 CO 76 I=1,IN
[VE% 4+] ICI=TPL+I
Q4f 1 IC2=IC1+TN
O4g2 STC(ICTII=(STO(ICL) Z/CLIGHT }*1000.D0
O4g3 STRUIC2)=(STL{IC2)/CLIGHT) *1000.00
0484 WRITE(6,226) STD(IC1},STD(IC2)
Q0«65 276 FORMAT(4X¢2F16.12}
1486 T6 CONTINUE
C
G487 sToP
Q4tE DEBUG SUBCHK

(atS END


http:FORMAT(4X,2FI6.12
http:STt{IC2)=(STt(IC2)/CLIGHT)*1000.DO
http:STD(ICI}=(STD(IC1)/CLIGHT)*1000.DO

FORTRAN 1V Gl

0001

ooz
2003
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RELEASE 2:0 MADD DATE = 76300

[sXeNeNaXnNy)

SUBROUTINE MADD(AyBsL M)

L*M LM L*M

IMPLICIT REALX%E (A=He0~Z)
DIMENSION A(L.+M)sB(LsM)
DN 5 I=sl,t

DO 5 J=1l¢M ,
A(T+J)=A(TI4J)+B(1+J)
COMNINUE

RETURN

END
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RFLFASE 2.0 MATPRO

acoNOOO

SUBROUTINE MATPRO{A¢BeColoeMyN)

C = A %3
L®N L¥H MEN

IMPLICIT REAL®8{A=H,0~Z)
DIMENSION A(LyMYsB{M;N}C(LyN}
0O 5 I=lyl

D0 5 J=i,N

CtI,J)=0.N0

DO 5 K=1,M
ClI+d1=CHlT4d)+A(ILKI¥B({Ksd)
LONTINUE

RETURN
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RELEASE 2.0 TRAPRO

alelaleNo e Na

SUBROUT INE TRAPRO(AyBsCal s MeN)

T
C = AX%XB
L*N L¥M NN

IMPLICIT REAL*E({A-H,0-2)
DIMENSION A(MsL}+B(MeN},C(LsN)
0o 5 I=1.L

DO 5 J=14N

CiI,J)=0.D0

D 5 K=l,M
ClIsI=CUTydI+AIK T IRB{K +J)
CONTINUE

RETURN

END
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FORTRAN 1V 51
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RELEASE

a0 O0

2.0 PROTRA DATE = 76300
SUEROUTINE PROTRA(A+B Lol eMeN)

T
C = A % B
LN LM MEN

IMPLICIT RFAL*8(A~-H,0-2)
DIMENSION ACLyM)4BUNgM),CULWN)
DO 5 I=l,L

DO 5§ J=14N

ClIyJ}=0.D0

N0 5 KelgM
CL{Ted)=CUlIed)+A I KI¥*B(J,K)
CONTINUE

RETURN

ENG
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