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PREFACE

The main goal of the annual working meetings of European VLBI for geodesy
and astrometry is to present and discuss status reports and scientific results
of the various groups in Europe in order to stimulate European coorperation
and activity. The meetings are one of the tasks of the European Working Group
for Geodetic and Astrometric VLBI, which are to
- combine and concentrate the interests of the different groups with an emphasis

on the European role in a concept of global and regional geophysical studies,
- coordinate the astro-geodetic VLBI activities, preventing unnecessary double
efforts,
- provide guidelines for equipment standardization in high precision geodetic
VLBI observations,
- provide suitable processing arrangements (for Mk-II BWS and Mk-III observations),
- provide endorsements for support of the different groups by their respective
funding agencies.

European geodetic and astrometric VLBI research is now well-established,
thanks to more than fifteen years of observations and technical development
at Onsala Space Observatory, the extensive observing program at the dedicated
Wettzell station and the post-processing possibility organized by the University
of Bonn group. Togather with the two planned facilities (radio telescopes,
Mark-III receiver systems and H-masers) in southern Europe (Italy and
Spain/France) - with the national laboratory of the Mediterranean region -
Europe will be well-equipped for successful global as well as regional VLBI
research.

We are therefore glad to see that new European groups are making efforts
in geodetic VLBI and that many exciting projects have been carried through
and important results been achieved since the third meeting in Delft in November
1983. The various plans and results were briefly reviewed at the meeting,
though the one day session was obviously too short to include all the ongoing
work.

We thank all those who contributed to the success of the meeting and
look forward with great optimism to the next meeting to be held in 1986 at
the Wettzell station.

Bernt RoOnning
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ROUTINE OPERATIONS AND STATUS OF THE RADIOTELESCOPE IN WETTZELL

Richard Kilger
Satellitenbeobachungsstation
Wettzell 8493 Kdtzting
West Germany

ABSTRACT

The Radiotelescope in Wettzell is a Cassegrain antenna with en alt—-azimuth
mount built in 1982/83. The diameter of the main dish is 20 m, the diameter
of the subreflector 2.7 m. The observation system consists of a HP-computer,
handling the field system, a DEC 11/23 computer arranging the pointing of
the antenna, a Mark III terminal, two hydrogen masers EF0S-1 and EF0S-3 from
Oscilloquartz in Switzerland for frequency control, an uncooled parametric
receiver and a dual frequency feedhorn for X+S-Band (JPL Design).

In July 1983 the hardware of the system had been completed and the phase of
system testing started. On July 15th we detected the first radiosource 3C84
and on July 20th we did our first successful VLBI-experiment in X-Band to-
gether with Onsala; the Wettzell crew is still grateful to Dr. ROnndng and
the personnel of the radiotelescope in Onsala for helping us in this early
state of proving all components of our measuring system. On October 7th we
did our first successful VLBI-observation in X&S-Band across the Atlantic
together with the POLARIS-stations Westford and Fort Davis. Finally on No-
vember 17th a successful 24P POLARIS session took place. Though there were
still some minor bugs detected later on, we feel, that with the session
POLARIS-142 Wettzell had become an operational geodetic VLBI observatory.

From this time it was reasonable to allow the radiotelescope in Wettzell to
take part in routine geodetic VLBI observations. Starting from January 9th,
1984, with POLARIS-148 Wettzell tried to participate in every POLARIS-IRIS
session in the normal 5~day interval. Since that date we missed only 3
observations in 1984:

- POLARIS-160, February 13-14, due to implementation of a better pointing

software,
- IRIS-192, July 22-23, due to a failure of our hydrogen maser
= IRIS-193, July 29-30, due to a failure of our hydrogen maser

At that time we had only one hydrogen maser EFOS-1. With our second maser
EF0S-3 we should have a good chance avoiding failures in this field.

-1 -



In order to report all our operational problems in year 1984 I should men-
tion, that Haystack could not correlate our tapes of session POLARIS-154,
January 13-14. The reason could not be determined. Probably explanations
are the extremely bad weather with severe snowfall on that day or the pos-
sibility, that our tapes had been controlled with magnetic devices at the
civil airport.

Simply due to the fact, that we did not get enough tapes we could partici-
pate in POLARIS-161, February 18-19, 1984 with only 8 tapes.

These are almost all major, negative aspects of our observing activity in

1984.

The major, positive aspects of our participation in POLARIS/IRIS-projects

during the first year of participation are:

- 67 successful correlated 24MN-POLARIS/IRIS-sessions in relation to 71
observations, totally scheduled;

- during MERIT-INTENSIVE-CAMPAIGN Wettzell did not miss a single POLARIS-
IRIS-session;

= thus we helped to supply the scientific, geodetic community with valuable
results referring to polar motion, delta (UT1 - UTIC) and plate motion;

-~ simply due to the fact of enlarging the POLARIS-IRIS-VLBI-net significantly,
the continuous participation of Wettzell improves the standard error of the
determined earth.orientation parameters X, ¥ and delta (UT1 - UTC) by a
factor of 2 to 3.

Of course, the same effect happens, whenever Onsala takes place in IRIS-
sessions; ’

- as documented in IRIS-Bulletin A and B series the radiotelescope in Wettzell
has proved to be a reliable partner of the radiotelescopesin Westford, Fort
Davis, Richmond and Onsala in the IRIS-project.

During the MERIT-INTENSIVE-CAMPAIGN in 1984 from April 1st until June 30th
the radiotelescopes in Westford and Wettzell made daily measurements to
determine delta (UT1 - UIC). Every day 8 observations were made with a re-
cording time of 400 seconds per source. The tapes were correlated at Haystack
and evaluated at NGS. The results of this session were published by NGS and
showed a lot of interesting details, encouraging to continue these series in
1985. )

To complete our observing activities in 1984 I should mention our first par-
ticipation in the CDP-project of GSFC, on August 30-31st with POLAR-1 and on
September 2-3rd with POLAR - 2, giving NASA the possibility to tie the radio-
telescope of Wettzell to the existing VLBI-net all over the world.

Only of episodic character seem some short observations to answer the ques—
tion, in what angular distance from the sun radiosources can be successfully
recorded and determining the relativistic deflection of radiowaves passing
the gravity field of the sun and thus confirming Einstein”s theory of gene-~
ral relativity. The observations were performed together with Onsala and
partly with Westford.

The year 1985 brought no major changes into our routine observations. The
performance of IRIS-sessions still has priority in Wettzell. In 1985 we did
not miss a single IRIS-session yet. We have already participated in 100
IRIS-sessions of totally 254 up till now.



Starting from April 1st Wettzell carries out daily measurements to determine
delta (UT1 - UTC) together with the radiotelescope in Westford. The obser-
ving schedule is similar to the described schedule in 1984.

The scope of the observations in the CDP-project will increase in 1985. We
participated already in:

- X-ATL, for 24N, in January 24+25th
- N.ATL-1, for 40R, in March 05+06+07th, .
- X-ATL, for 24h, in April 24+25th,

- N.ATL-2, for 40B, in May 09+10+11th,

and will participate in additional 7 CDP-sessions scheduled for 1985.

Another important field of our activities is maintenance, and wherever pos-
sible, upgrading of the performance of the antenna. The major items are:

- the installation of a cooled GaAsFET-S-X-Band receiver instead of the
uncooled parametric receiver about in December 1985. This new, cryogenic
cooled receiver has been or shall be installed in all IRIS-observatories
Westford, Fort Davis, Richmond, Onsala and Wettzell. With this more
powerful receiver the system temperatures will be decreased
from 175 K to about 75 K 'in X-band and
from 105 K to about 70 K in S-band
enabling the scheduler either to shorten the duration of observations
or to choose even weaker pointsources;

- the installation of a high density tape driver in early 1986.
High density technique will drop the consumption of tapes and decrease
the cost of tape shipments, not influence the accuracy of the measure-
ments;

- the installation of Mark II recording terminal; the fabrication of this
terminal is performed in Wettzell in close cooperation with MPIfR in
Bonn. The date, when Mark II will be operable depends also on MPIfR and
will be probably not before 1986.
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ONGOING GEODESY-VLBI RESEARCH AT 0SO

B. 0. Ronning
Onsala Space Observatory, Sweden

ABSTRACT

The research activity in the field of geodetic and astrometric VLBI is
maintained at the same level as last years, i.e. about 10% of the available
observing time at the 20 m and the 25 m Onsala telescopes is devoted to this
research area.

The group, consisting of B. Ronndng, G. Elgered, G. Tang, J. Johansson,

I. Ifantis and B. Nilsson (the Mark-III and HP computer technician), is involved

in

(a) the Crustal Dynamics Projects through observations about once every two
months (Projects: North-atlantic, X-atlantic, and Polar) with the goal to
measure global baselines;

(b) IRIS, with observations once per month for polar motion and earth rotation
measurements;

(c) technical development and evaluation of water vapour radiometry (also
thanks to an ESA/ESTEC study contract).

In addition, several special - both European and global - observational
projects are carried through every year.

In the near future there are two technical improvements of special

importance, i.e.

(a) a new cryogenic cooled S/X - band receiver for the 20m telescope. This
will increase the sensitivity by about a factor of 2 and make the measurements
independent of the 25m telescope. The new system will hopefully be
operational in early 1986; )

(b) a new compact and transportable H-maser, hopefully financed by the Research
Council. '

The block diagrams of the present system are shown on the next pages.
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ACTIVITY REPORT OF FRENCH GROUPS IN

THE FIELD OF GEODETIC VLBI

Claude Boucher
Institut G&ographique National

SGNM/DTIG 02, Avenue Pasteur
94160 Saint-Mandé, France

ABSTRACT

1. INSTRUMENTAL DEVELOPMENTS

Two Mark II BWS terminals has been built by the Observatory of Meudon.
 They havebeen tested at Nancay and Atibaia, Brasil at 18 cm (EVN and
VEGA sessions).

Two compact H masers will be available in fall 1985, built by the Labora-
toire de 1“Horloge Atomique, Orsay and the Observatory of Meudon. Stability
of 1.E-15 has been found on the first prototype.

A 18 cm receiver has been built for the Atibaia station (VEGA experiment)
by the Meudon Observatory. This group could built other receivers (S/X for
Atibaia, L and C for Cebreros...)

A technical proposal to realize Mark III terminal (s) has been done by a

group (G. Daigne, M. Kasser). A first equipment is planned for 1987 at
Cebreros.

2. DATA ANALYSIS

The JPL MASTERFIT software is implemented on a DEC VAX 11/780 of IGN. It is
used by a analysis group (IGN, BDL) for radio-star astrometry and geodesy
(MERIT...)

A new software is under design by the same group.

Two members of this group are presently at JPL (G. Petit) and NGS (P. Willis).

-7 -



3. FUTURE PLANS

A 18 cm VLBI experiment is planned in July with Madrid DSS-63, Omnsala,
Atibaia, Nancay, and Hartebeesthoek.

A Spanish-French cooperation has been established to equip and utilize the
Cebreros antenna for geodetic and astronomical work (S/X, Mark II and III,
L and C,H maser). This station would be a member of the IRIS network.

In a next step, we consider to build a mobile unit, in possible cooperation
with other European groups.

We intend to participate in European VLBI projects which are proposed for
discussion: :

—densification of the VLBI extragalactic reference frame, in coordination
with the groups already working on this field (JPL, NASA/GSFC)

~-Mark III VLBI observations of radio stars for astrometric and astro-
physical studies, J.F. Lestrade, BDL being presently working on this topic
at JPL in the frame of HIPPARCOS

-determination of Earth rotation parameters by establishing a second
network within the IRIS commission, eg Polaris-Europe (Wettzell, Onsala,
Matera, Cebreros..) or two transatlantic nets, or also including Harte-
beesthoek. The two 1 day-sessions could be done each 5 day shifted by
2.5 day.

-monitoring the baselines within Europe and connecting Europe to other
stations, especially to Hartebeesthoek and Atibaia, this being within the
Crustal Dynamics Project

-monitoring the baselines across the Mediterranean Sea with fixed
(Matera, Medicina, Noto, Madrid..) and mobile stations supplied by NGS or
some European source.
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Status report on gecdetic VYLBI in Spain
June 3, 1983
Presented by A. Rius

Introduction

Since 1978 some geodetic VLBI activities have taken place in Spain
using the Madrid Space Communications Complex of NASA by a small
research group headed by the Instituto Geografico Nacional of Spain.

The main results of these activities have been:

- Intercomparison between BWS MKII VLBI and conventional geodetic
tecniques in a local netwaork of three antennas.

- Participation in international geodetic VLBI campaigns (MKIl and
MKITI) (2),(3)

Other related activities have been developped by the Departamento de
Fisica de la Tierra y Cosmos from the Barcelona University with the
objective of obtaining information about the flux density and spectral
index of a selected set of radiostars(4).

All these activities have been performed as prdjects aproved by INTA
and NASA in the frame of the “Host Country® activities.

Present Instrumentation

The +following table describes the VLBI Instrumentation located in
Spain.

DSs-61 DSS-63 Cebreros
Agency ' NASA NASA INTA
Diameter - 34 ‘ 64 m 26w
Frequency Bands . S and X L,S and X (%) S
Recording Systen MKII MKII
Clock H- Maser H-.Maser Rubidium

(#) In the next few months it is expected a JPL decision about the
installation of a 22 GHz Receiver at DSS5-63.

All this instrumentation is normally committed to the tracking of
spacecrafts but it is accasionally available for other uses.



Plans

In order to increase the availability of the VLBI technique to the
interested groups in Spain, the Instituto Geografico Nacional and the
Instituto Nacional de Tecnica Aeroespacial (INTA) are conjontly
developping a plan with the objective of using the Cebreros Facility
as a dedicated geodetic and astrometric VLBI instrument.

The Spanish [IGN has obtained funds to improve the Cebreros
instrumentation and is very interested to reach a formal agreement
with the French institutions in order to arrive to the proposed
objective of upgrading Cebreros.

The legal and administrative problems are expected to be solved before
next QOctober.

References

(1) A. Rius, A, Calero E. : "Comparison of VLBI and Conventional
Surveying of the Madrid DSN
Antennas” in "Techniques

d'interferometrie a tres grande base”®
CNES,Toulouse 1982.

(2) Nothnagel A., et al "YLBI for Geodynamics Inveolving the
Hartebeesthoek Radio Observatory"”
presented at the 1984 AGU Spring

Meeting, Cincinnatti, GOhio.

(3) Petit G, et al

Proposal for "Geodetic VLBI
observations between DSS-63, Onsala,
Atibaia, Nancay and Hartebeesthoek®.

{4) Estalella, R., et al { "Flux density monitoring of radio
stars abservable by Hipparcos at. S-
Band and X-Band", Astron. Astrophys.
124, 309 (1983).
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THE ITALIAN INVOLVEMENT IN GEODETIC VLBL

B. PERNICE Dipartimento di Fisica - Bari

D. PICCA Dipartimento fi Fisica - Bari

G. VERRONE Dipartimento di Fisica - Bari

A. CAPORALI Istituto di Fisica Teorica - Padova
G. SYLOS-LABINI Piano Spaziale Nazionale-CNR - Roma
ABSTRACT

Introduction

The complex crustal structure and the evident seismic activity of the
Mediterranean region are of particular concern for Italian geophysicists.

The accuracy of VLBI technique, based on precise and reliable experimental
data, can approach problems of both global and regional geodesy.

The relations, if any, between Polar Motion and earthquakes is of special
interest for us. Moreover geodetic VLBI network will be usefully completed
by Italian stations, so that intracontinental and intercontinental tectonic
plates drifts could be monitored.

Instrumental facilities

Two fixed VLBI antennas will be soon operating in Italy; the first one

is located near Bologna (North of Italy) and primarily dedicated to astro-
physics; it is a 32 m diameter antenna equipped with a S-X feed in the
primary focus. The acquisition of the front-end hardware and amplifier is
now in progress.

The second antenna will be located in Matera (South of Italy) to be primarily
dedicated to geodesy. The design will be completed on July 1985; its construc-
tion is planned to be terminated on July 1986 and the validation tests are
planned at the end of the same year to make the antenna fully operational
during 1987.

- 11 -



It has been ent%rely designed and will be entirely constructed in Italy
with the following characteristics:

basis wheel and track
diameter 20 m

reflector system Cassegrain
mounting altazimuthal
feed dual frequency
rms on main dish surface 0.4 mm

max veloc, in elevation 29%/sec

max acceleration 19/sec?

It will be equipped with a MARK III system, an H-maser as frequency standard,
cooled electronics and four motor-driven wheel to overcome operative problems.
These characteristics have been adopted on the basis of some concurring con-
siderations: antenna high gain; good mechanical control; required high accu-
racy; thermal stability; possibility to control axis orthogonality and inter-—
section (to reduce axis-offset); working frequency up to 30 GHz (for mapping
of high frequency sources); costs.

The research group in Bari

Through grants of Piano Spaziale Nazionale (Italian Space Agency) one research
group started in 1982 a training program to be acquainted with the VLBI
phylosophy and technique to learn and master VLBI data analysis for geodesy

at Physics Dept. in Bari.

Prof. I.I. Shapiro and his collaborators in Cambridge (USA) gave all the
needed support during two stages at MIT and SAO respectively. Thanks to his
courtesy a copy of the VLBI3 program could be brought to Italy and installed
on a VAX/VMS. ’

The validation tests were performed with good results but the software has to
be continuously updated because of the refinements and changes in the
physical models adopted. Moreover the original batch-mode form of VLBI3 was
turned into interactive form to better exploit the VAX/VMS facilities and to
give it the capability to better support updatings; at the end a new graphical
package has been created to better analyze VLBI3 output.

Research program

Before starting to analyze geodetic VLBI data including Italian stations the
research program includes three main goals:

a) updating and extension of the VLBI3 software

b) development of physical and mathematical models of the solid earth
structure aiming to gain a deeper insight of the Polar Motion;
filtering methods

c) data analysis and Laser Ranging/VLBI results comparison
a) The VLBI3 software including the new nutation series (Wahr) is now
available in Italy on a VAX computer. The VAX/VMS operating system is known to

be particularly suited for executing programs in interactive. rather than batch
mode. '

- 12 -



In adapting VLBI3 to our VAX we considered convenient to introduce changes
in the program in order to give an interactive structure to it and add a new
graphical package to make the analysis of the results clearer.

One of the tasks has been to extend the compatibility with VLBI3 of da?a-
coming from different sources (NGS, JPL and so on). At the moment routines .
have been implemented to convert data from NGS—-format data files, with the aim
to generalize this to the other data format.

Interactivity permits to define control parameters in input, to introduce
last-moment changes or to abort the job while the program is "in rumn'". The
results analysis too is more interactive using the graphic program linked to
the Caltech plot package and displayed on any graphic device available to
the user.

b) Several evidences support the coupled shell model of the solid earth.
We are studying a particular version of the model based on the visco-elastic
coupling of the rotating shells. .

We are aware this version is not completely new but we hope to give proper
analytical insight.of the problem and not only numerical solutions. Analyti-
cal solutions, though approximated, are needed in order to start perturbing
refinements in the perspective of a Polar Motion deeper insight.

To improve geodetic VLBI parameters estimation, recently attention has been

turned to more objective filtering methods than the up to now generally used
weighted least squares.

We plan to implement a Kalman filter but we are interested also in the
formulation of filtering procedures based on Maximum Entropy Principle.

c) To be acquainted with the geodetic VLBI data analysis before data con-

taining Italian stations become available, we have some data sets to work
with.

In particular a NGS data set will be used to estimate Polar Motion and

to compare the results with the ones obtained by Laser Ranging technique,
A. Caporali in Padova is working on.

_13_
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Status Report of the Hartebeesthoek Radio Astronomy

Observatory

by

Axel Nothnagel

Hartebeesthoek Radio Astronomy
Observatory / NITR

PO Box 3718

Johannesburg 2000

South Africa

Important progress has been made at HartRAO since the last

report at the meeting in Delft in 1983.

An Oszilloquartz EFO0S H-Maser has arrived recently and is

beeing tested at the moment.
The receiver performance was improved for the 18 and 13 cm
wavelengths. Cooled GaAsFETs for 6 cm and 3.6 cm are to be

assembled. (Specifications see Table 1)

The JVC video tape recorder was replaced by a RCA VJT 250

cassette recorder.

A device similar to the JPL dicroic plate assembly is under

investigation for simultaneous S- and X~band recording.

A Mark III terminal is still under consideration but the

financial situation is very tough at the moment.

_14-
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MPIfR correlator expansion and related topics
J. Campbell

Summary:

Since November 1982 the Mk III correlator of the Max-
Planck-Institut filir Radiocastronomie has been operating
with 3 baselines at a maximum bandwidth of 56MHz, three
tape drives and cne control (and processing computer) HP
1000F. A fourth recorder has been installed and is
expected to be operational as of July this year. In this
configuration 4 stations with € baselines can be proces-
sed in modes B and C with a maximum bandwidth of
28MHz(14 channels). The postprocessing bottleneck will
be relieved by the end of this summer with an additional
HP AS00 computer, which will take care of the fringe
analysis.

The geodetic user group (Cerman Science Fcundation SFR
78) has purchased a fifth tape drive to be installed by
the end of this year. ;

In 1986 the new Haystack designed correlator boards
will replace the o0ld ones to increase the processing
speed by a factor of two and to accommodate future new
applications such as QUASAT-and mm-VLBI. The new boards
will provide a correlator expansion capability of up to
8 stations.

The incorporation of the new high density heads (quoted
at $25,000.- each) still poses some financial problems.
The german geodetic VLBI group will be able to secure
funds for one or tweo units while the remaining uni:s¢
will have to be procured via a cooperative effort of the
european VLBI consortium.

- 16 -
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On the Principles, Assumptions and Methods of Geodetic VLBI

Frits J.J. Brouwer
Dept. of Geodesy, Delft Univ. of Tech., The Netherlands

ABSTRACT of Ph.D. Thesis

The accurary of geodetic VLBI point positioning measurements is as-
sessed. The assessment is based on a software package developed for the
purpose which incorporates all possible computing models for geodetic
VLBI data analysis. Analysis of real and simulated data with this pack-
age shows that an accuracy of 10 cm in point positioning has been
achieved with the ERIDOC and MERIT Short Campaign observing campaigns.
This analysis has also led to the formulation of criteria for optimum
design of a geodetic VLBI observing campaign, and to a general approach
for evaluating experiments designed to compare VLBI with other geodetic
techniques, because the wultimate accuracy of world-wide geodetic meas-
urements for geodynamics and positioning can only be achieved by a.com-
bination of several techniques.

The DEGRIAS (DElft Geodetic Radio Interferometry Adjustment System)

software package and the background of its development are described in

the first three chapters of this publication. The package is the outcome,
of a desire to incorporate geodetic VLBI into the system for the design .
and computation of geodetic networks developed at the Delft Department

of Geodesy, commonly known as the Delft Approach. Chapters 2 and 3 pro-

vide descriptions of the general and specific features of DEGRIAS re-

spectively. Under general features is included a sketch of all physical

phenomena relevant to VLBI observations, and the basic equations for the

delay and delay rate observables in the commonly used computing model,

the kinematic model. An analysis is given of the achieved level of pre-

cision of DEGRIAS in modelling the phenomena that constitute the “real

world" of geodetic VLBI. The more detailed description in chapter 3 in-

cludes discussion of linearisation of the equations for delay and delay

rate and a discussion on the rank deficiences of the system of normal

equations in the Least Squares adjustment. Chapter 3 also presents the

results of applying DEGRIAS to the VLBI data of ERIDOC (European Radio

Interferometry and DOppler Campaign) and part of the MERIT (to Monitor

Earth Rotation and Intercompare the Techniques of observation and analy-

sis) Short Campaign.

The experience gained with this data analysis led to the consideration
in chapter 4 of an optimized design for geodetic VLBI experiments. The
SCHED-module of DEGRIAS generates a schedule of observations starting
from visibility considerations for the sources and optimizing for slew-
ing time. The design of an observing session also has to be optimized
with respect to precision and reliability. The literature is mainly con-
cerned with the precision of geodetic VLBI, hence in this study, much
attention has been paid to its reliability. Simulation studies and
analysis of real data has uncovered estimates of magnitudes of errors
that may be present in individual observations, or in groups of observa-
tions, and which cannot be detected by statistical testing. Based on
studies performed on the network designs for global networks from
(Dermanis,1977], for the MERIT Short Campaign and for a possible Euro-
pean Geodynamics Network, the following conclusions have been reached
concerning the design of an experiment:

_17-



l. The reliability is generally poor due to the large difference between
the number of scheduled observations and the number of weighted ob-
servations in the final Least Squares fit; small errors may therefore
have a relatively large impact on the final results for, for in-
stance, station coordinates.

2. Low elevation observations (below about 10 degrees) should be ex-
cluded from the VLBI schedule since the magnitude of the correction
for tropospheric refraction becomes less certain and since these ob-
servations are of poor reliability.

3. For accurate measurements, the operation of a network with more than
two baselines (so that closed triangles can be formed) has the advan-
tage of improved likelihood of error detection and is therefore to be
recommended.

4. Furthermore, it is concluded that much can be gained from a careful
design of the experiment with respect to precision and reliability,
in particular when the recommendation is followed to observe for 48
hours instead of 24.

In chapter 5, the main computing models for geodetic VLBI are investi-
gated. As discussed in chapter 2, modelling of nutation in the kinematic
model is a troublesome aspect, together with refraction due to the wet
component of the troposphere and to the dry component at low elevations,
and instrumental effects. Ways of minimizing the risks of these errors
have been sought by considering alternative computing models. The model
with the least number of possible hypotheses for the description of the
physical phenomena is the geometric model. This model makes use only of
the simultaneity of measurements of several co-observing baselines. The
ideosyncrasies of this model regarding precision and reliability are
discussed. On practical grounds, an intermediate model, called short-arc
computing model, 1is also presented, which models precession etc. only
during short intervals of time. Computing results with the three types
of models (geometric, short-arc, kinematic) are presented both for the
European Geodynamics Network and for the MERIT Short Campaign.

It is concluded that the geometric model - although very attractive from
a theoretical point of view - 1is hardly applicable in practice. The
short-arc model, however, can be considered as a promising alternative
to the common kinematic one.

In Part II, a general approach is studied to combine and compare two
sets of 3-dimensional Euclidean coordinates for a number of stations.
The differences in coordinates can, apart from their random character,
be the result of either a systematic bias between two applied measure-
ment techniques (intercomparison of techniques) or of a shift in posi-
tion of one or more of the stations (deformation analysis). It is con-
cluded that any comparison method should rest on a sound statistical ba-
sis. In chapter 6 an approach to intercomparison, based on the similar-
ity transformation, is discussed which combines all the required quali-
ties. The software developed for this approach (called FUSION) is also
described in this chapter. It has been applied to analyse the differ-
ences between the Doppler and VLBI coordinates determined in the ERIDOC
campaign, which were comparable at the 0.5 metre level. FUSION has also
been applied to the European Geodynamics Network to establish what pre-
cision of measurement is required to detect possible (tectonic) motions
of stations in the Mediterranean area reliably.
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The Influence cf Ocean Lcadinc ané Atrospheric Lcacing

cn VLBI - Observaticns

Harald Schuh
Gec@etic Institute

Univ. of BRonn

Wolfgana Fakbel
Instit. fcr Ceophysice

Univ. cof FKiel

In connecticrn with the rapic¢ increase cf VLEI-accuracy, cec-
prhysical effects cf second créer have ncw to e censidered in
the mocdel used for VLBI data analysis. Aronc these the lca-
ding effects cf the ocean tides as well as displacerents of
the VLEI-stations caused by eir precsure variaticns are cf
high importance.

The influences of ocean loading cn the mcst irportant VLBI-
stations have becen computed independently by several avthors.
All investigations were based on the fundamenrtal perer of
Farrell (1972) and have used the Schwicerski ocean maps. For
irlarnd stetions the tcotal effect with its rain ceomponent in
radial directicn will not exceed 2 cm, for islards hovever it
can reach 1C cm.

The ocean loadinc correction rodel Fad been entered@ intc tre
Bonn VLEBI Software System (RVSS), was tested out in cetail
and the influence con VLRI-results was investicatad. The ocean
lcading subroutines were then implemented into the pregram
CALC of the MarkIII Pata RAnalysis System andé have been offi-

cially accepted in its Jatest version CALC &.0.

The effect of air pressure variations on the fixed earth can
be split up into a lcng periodic (seascnal) terr and into
stort time variaticns of a few days caured by (anti-)cy-
clcnes. An explicit computation of the total displacerents
can ke dcne by cenvelving Creen's funticns with the locad
distributions. Air pressure values within a radius of 200C km
are neeced. For first approximaticn 2 tvo-coefficient cor-

rection equation can be useé (Rabhel and Zschauv, 10f5).
_19-



The atmospheric lcading modul was implemented in the Bonn
VLBI program (BVES) and several test computations using real
and simulated displacements were done (Rabbel and Schuh,
12€5). The wost important conclusions cf these investigations
are:

- The effects of short period atmospheric lcads on VLRI-
staticns can cause errors in the delay observations which
even in worst case are belcw the actual VLEI-precisicn of +-
3cm (£100psec). However, to reach the general scope cf the so
called "lcm-accurecy" thocy have to be consicdered in any case.
- These delay errors Tgy can affect the baseline compcnents
derived in a geodetic s=clution and therefore they‘can falsify
the taseline length within a few millimeters, in extreme

cases up to a few centimreters.

It is recommended to implement an atmospheric lcading cor-
recticon into the other VLRI-prcgrars as well. Then the {cl-
lcwing procedure could ke applied: short exarmination of the
air pressure valués measured on the VLBI-staticns during the
experiment. If the variations exceed a certein limit (15 or
20 mbar), regicnal air pressure maps have. to be used to
determine the station Gisplacements either by the approxira-
ticn formula or by the exact convcluticn metned.

In the future it will be inavoidable to refer the ccordinates
of every staticn to a meanair pressure value of fcr examnle

1C12 mbar.

Lit.: .

Farrell, W.E.: Deformation cf the Earth by Surface LcacCs,
Rev. of Geophys. and Space Fhys., Vel 10,
No.3, 1¢72

Rabbel, W. : The Effect of Atmosgheric Loadin¢ on VLEI-
Schuh, E. Experiments, (in prep.), 1¢€5

Rabbel, ¥. : Static ceformaticn and gravity chences
Zschau, J. at the earth's surface ¢ue to atrosrheric

loading, J Geophys 5€: €1-%%¢, 19€5
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MONITOR THE SOURCE STRUCTURE USING GEODESY VLBI DATA

Tang Guogiang, B.O, Ronnang, L.B. B&ath
Onsala Space Observatory, Sweden

and

P.J. Diamond
M.P.I. fur Radioastronomie

ABSTRACT

This 1is a report on an ongoing project designed to study the
variations of the spatial structure of the extragalactic radio sources
used as reference sources in geodesy and astrometry VLBI measurement.

One of the error sources for the geodetic VLBI measurement is the
radio source structure and its variations. Most of the compact radio
sources show structures on the milli-arc second scale and most of them
vary with time. The error due to the source structure for the
intermediate and intercontinental baseline measurements is estimated to
be small but in order to reach an accuracy of 3 cm or better, it is
interesting to study structure variations and take the source structure
effect into account.

At the moment, it is almost impossible to predict or to model the
source structure variations. One can study the source structure and its
variations only from the map of the source. The errors caused by source
variation can be explained and its magnitude can be estimated if the
map of the source at the same epoch and same frequency is produced.

For this purpose, we try to map the sources. from geodetic VLBI
data with AIPS (Astronomical Imagine Processing System). The procedures
of the data preprocessing are shown in Fig.1, and the mapping with AIPS
is shown in Fig.2.

Two examples of the preliminary results, i.e. the maps of 3C345
and 0212+735 are shown in Fig.3 and Fig.4 respectively. Both of the
maps are made from the Mark-III geodetic VLBI observations during June
18-20, 1982. The following stations are involved: Fort Davis (26m,
Texas); Haystack (37m, Massachusetts): Maryland Point -(26m, Maryland):
Owens Valley (40m, California); Westford (14m, Massachusetts) and
Onsala (20m, Sweden). .

Since the observations are not optimized for mapping purposes, the
source maps made from geodesy VLBI data have the following features,

1. low dynamical range:

2. a beam with sidelobes caused by holes in the U-V plane:

3. lack of good data for the amplitude calibration:

4. quite good resolution due to the intercontinental observations.
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Further work will be done to map the same sources at other epochs
in order to check whether there are source structure variations or not.
If there are, we shall study how this affects the baseline length
measurements.
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DATA PROCESSING

statistics of the individual
CHCKE sources in the database.

1.fetch data from database;

2.data preprocessing;
HPMOD 3*.visibility function plot.

1.write data tape compatible
HPTAP with AIPS utilities;

2x.u—v coverage plot.

l (TO AIPS)

* Optional.

Fig. 1
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MAPPING WITH AIPS
(FROM HP—1000)

GEOVI Read data into AIPS,
establish UV—file.

DBCON - Concatenate data frorh
various databases.

UVSRT Sort the data in TB order
VBCAL Calibrate the amplitude
>| of the visibility.

VSCAL Self—calibrate with closure

phase or both Am & Ph
UVSRT Sort the data in XY order.
UVMAP Mapping

r =MX

CLEAN Cleaning

Figure 2
-24_
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BEVIEW OF WATER VAPQUR RADIOMETRY
by

Gunnar Elgered
Onsala Space Observatory
Chalmers University of Technology
S - 439 00 Onsala, Sweden

This work was done under European Space Agency Contract.
The reference to the complete final report is:

Elgered, G., B.O. Ronning, E. Winberg, and J.I.H. Askne (1985),
nSatellite-Earth Range Measurements. I. Correction of the Excess Path
Length due to Atmospheric Water Vapour by Ground Based Microwave
Radiometry," ESTEC Contract No 5910/84/NL/MD Report, Research Report
147, Onsala Space Observatory, Chalmers University of Technology.

Summary

The excess propagation.path of radio waves propagating through the
neutral atmosphere of the earth can be expressed as one hydrostatic path
delay, ALh (m), and one wet path delay, ALW (m), as

P
0

AL, = ( 0.0022768 + 0.0000005 m mbar~') ==m—mm 1
n £ @, 0 )

where
f(#,H) = ( 1 - 0.00266 cos 2¢ - 0.00028H) (2)

and

ALw = (3.82 +0.04 ) 10”! j--ig- dh (3)

where Po is the total pressure at the ground (mbar), ¢ is station
latitude, h is the height (m), H is the station height above the geoid
(km), e is the partial pressure of water vapour (mbar), and T is the
temperature (K).
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The hydrostatic path delay can be estimated with high accuracy from
ground surface pressure measurement. The method of water vapour radiometry
for the determination of the wet path delay is the most promising for
the VLBI-application. In Table 1 seven different types of the Water
Vapour Radiometer (WVR) are listed. The costs have been given by the
developers.

TABLE 1.
WATER VAPOUR RADIOMETERS.

Instrument Cost (approximate) Remarks
1. USNO WVR 50 k$ US 1984 prices, hardware only.
2. NOAA WVR 250 k$ US to duplicate the unit incl. trailer

200 k$ US excluding trailer
80 k$ US assembled microwave package
(available from Hughes Aircraft Co.)

3. JPL R-series 120 k$ US 1981 prices
150 k$ US upgraded unit, 1984 prices

4, Onsala WVR 500 kSEK 1979 prices
120 k$ US estimated in 1984 prices

5. Kashima WVR 25 k$ US microwave components only
6. New JFL WVR 120 k$ US estimated for an additional unit

7. Bonn WVR 222 kDM 1984 prices, hardware only (excl.
proposed cold RF FET amplifiers)

The accuracy of the WVR method is of course a function of the
accuracy of the measured sky-brightness temperatures and the operating
freqﬁencies but it is also dependent on the weather situation. This is
shown in Fig. 1 and 2 for the two extreme climates of Barrow, Al aska,
and Singapore.
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Figure 1. Rms residuals of the wet path delay obtained from radiosonde
data at Barrow, Alaska, vs the frequency of the channel closest to the
water vapour line for different instrumental errors, 0.2 K (1 and 3) or

1.0 K (2 and 4), and the second fregquency band centred at either 31.5
GHz (1 and 2) or 18.0 GHz (3 and U4).
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Figure 2. Rms residuals of the wet path delay obtained from radiosonde
data at Singapore, vs the frequency of the channel closest to the water
vapour line for different instrumental errors, 0.2 K (1 and 3) or 1.0
K (2 and 4), and the second frequency band centred at either 31.5 GHz

(1 and 2) or 18.0 GHz (3 and 4).
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Finally, as an over all average the following accuracies could be
obtained by different types of WVR and existing atmospheric models.
The accuracies are averaged over the seven sites and taken from the
figures and tables in section V.3 of the complete final report. The
procurement costs were obtained by taking the minimum costs, from Table
VI.1 of the complete final report, times a factor of two.

Method Elevation Total wet rms Procurement
angle path delay accuracy cost
[degrees] [em] [(em] [MSEK]
WVR at 23.8 90 10 0.5 1.0
and 31.5 GHz,
instrumental 30 20 0.6

error 0.5 K.

WVR at 18.0 90 10 1.2 0.7
and 22.0 GHz ]
instrumental 30 20 1.4

error 1.0 K.

Model 90 10 2.6 0.05
30 20 5.2
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STATUS 0 F THE SFB 78

WATER VUAPOR RADIOMETER

Rundalf Reichart
Geodatic Institute of the University of Baonn

1) CONCEPT OF THE SFB 78 WUR
The SFB 78 WUR differs in some important topics from other concepts:

a) versatility: [->Fig.11 WUR may be used as
' Dicke radiometer (hot/cold load?
noise adding radiometer (signal, signaltncise)
null-balanced radiometer (signal = cold ref + noise)

b) high sensitivity; use of eryogenic front end LN FET's will
decrease systaem temperatures to some 120 K

) antenna configuration; [->Fig.2] usina 2 mechanically coupled
steerahle off axis paraholoid mirrors which are made
of reinforced epoxi. These mirrors make the system
system insaensitive against rain droplets on its sur-
face. The size of the mirrors produces high direc-
tivity (Beamwidth < 2°)

No tipping of the microwave/crycgenic part is naces-
sary, resulting in high thermal end electrical
stability.

d) high sophisticated computer control; [->Fig.3]
HP 9817 centreller comhined with modular hardware
concept (MPI digital monitor backend equipped with
MOTOROLA MC B8@0@, HP 3487A Data Acquisition Unit,
independent step motor contral unit).
Data and command transfer via HP-IB BUS EXTENDER and
coax-cahle between WUR and controller.

Interrupt capability (communication with HP 1020)
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2) ACTUAL SYSTEM PARAMETERS

Y-factor measurements of front end :

Tasys (20.68 GHz) = 310 (+-8) K without RF-FET's

Tsys (31.4 GHz) = 490 (+-5) K without RF-FET's ( mixer defect)
(should be 300 K after repair)

Frequency stability

spez. 20.6 GHz true: 20.67 6Hz at 42 °C
df/dv = -1 MHz/V

df/dT = - 8 MHz/°®

spez. 31.4 GHz; true: 31.37 GHz at 46 °C

df/du = =20 MHz/V (?)
df/dT = - § MHz/"®

BACKEND Parameters

channels 8

phases max. 16

contreol signals blane, sync

input attributes TTL, bipolar max. 20 MH=z

counter res./channel 32

wordwidth/channel 32

integration mem. 2 X 812 byte

blanking min. > 35 usec
max. < 268 sec.

phase min. > 1 usec
max. < 268 sec

integration time min: 200 usec
max: 1.2 h

integration cycles 1 - 65535

time base 16 MHz

puls generator:

hlanking 1 - 999 # 10 usec

phase 1 - 999 * 12 msec

time base 168 MHz

logic TTL, bipelar

data rate 500 kB/sec

40 bytes/phase
resulting in 88 usec/phase

System will be completed in summer 1986.
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System Controller

-~ HP 81330
rinter Floppy/Wincheste

~ HP9817
WVR Controller

[ wr-8
Extender

) Koox (~50m)
i

HP-1B
Extender

(S S—

|

HP 3497A Monitor Backend l Positioner ControllerJ
DAQ CPU: MC 68000 Orivers
EX R ERE
T
E(’g’ 25 USUDD CH123--8 CS.B.
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and
Jim Davis
Department of Earth, Atmospheric, and Planetary Sciences,
Massachusetts Institute of Technology
Cambridge, MA 02139, U.S. A.

Summary

A method recently applied in VLBI-post-processing is Kalman filtering
(Herring, personal communication 1985), which makes it possible to
estimate the residual tropospheric delay for each observing epoch during
a VLBI experiment. If the pressure variations at the ground are taken
into account the hydrostatic path delay will be determined and the
remaining residual will be an estimate of the wet path delay. The
disadvantage of solving for the wet path delay instead of using Water
Vapour Radiometer (WVR) measurements is larger formal errors of the
other unknowns determined in the solve process. The technique will,
however, give an independent estimate of the wet path delay which can
be compared with the results from WVR observations.

An example of the wet path delay estimated by the VLBI-post-processing
is shown in Fig. 1 for the Onsala site during a VLBI-experiment across
the North-Atlantic Ocean in May, 1984. An estimate of the wet path
delay is of course also done for the Haystack Observatory site at the
other end of the baseline. Fig. 2 shows the measured wet path delay
using the WVR at Onsala. Even though all estimates and observations
are made in the direction of the sources, all values are referred to
the zenith direction in the two figures.

It is clear from this example that most of the variations of the
wet path delay predicted by the post-processing are also detected by
the real WVR measurements. The difference has a mean of 7 mm and an
rms of 9 mm, ‘

It should be mentioned that it is important to have high absolute
accuracy of the measurements of the ground pressure (an error of 1 mbar
in the pressure corresponds-to an error of 2.3 mm in the zenith path
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delay) when the wet path delay are determined in the post-processing.
Since the hydrostatic term has approximately the same elevation dependence
as the wet term, the accuracy of the residual wet path delay will be
degraded by uncertainties of the ground pressure.

The developed method used to predict the wet path delay is of great
.importance in order to verify the result from WVR observations.

RESIDUAL TROPOSPHERIC DELAY AT THE ONSALA SPACE OBSERVATORY.
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Figure 1. Estimated equivalent zenith wet path delays at the Onsala
Space Observatory. '
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Jan Johansson
Onsala Space Observatory
Chalmers University of Technology
S-439 00 Onsala , Sweden

Summary

The accuracy of geodetic Very-Long-Baseline-Interferometry (VLBI)
experiments has reached a level where one of the main errors is the excess
propagation path caused by water vapour (wet path delay) through the
troposphere. A recently developed method is to use Water Vapour Radiametry
(WVR) to estimate the line-of-sight wet path delay. The WVR measures the
emission from the sky (called sky brightness temperature) at two frequencies
around the water vapour emission line centered at 22.235 GHz. The algorithm
used in this study is presented by Wu (1979):

N

1
b1, (1)

where AL is the wet path delay, T; £ is the linearized sky brightness
temperature measured at the f‘requencies f‘1 and f . Previously the two
coefficients, C0 and C1, have often been determ:.ned independent of site
and with no variations allowed over the year.

This study will result in optimized algorithm parameters to be used
at VLBI-stations where WVR data exist or are likely to be taken in the
near future. It will make use of simulated WVR measurements calculated
from radiosonde data in order to estimate the coefficients in the algorithm.
The radiosonde data will be obtained from a launching site as close as
possible to the VLBI-station. Noise-free instruments are also assumed in
order to examine the noise from the algorithm only. The coefficients are
determined by means of a least squares fit of the linearized sky brightress
temperatures and to the wet path delay. All quantities are calculated
from the radiosonde profiles. Since C0 is caused by the oxygen content
of the atmosphere and the cosmic background radiation its value can be
determined with high accuracy from ground pressure and temperature and
only C1 has to be solved for in the fitting process.
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All calculations will be done by using the frequencies of the existing
WVRs (20.7 and 31.4 GHz in the USA and 21.0 and 31.4 GHz in Sweden). 1In
order to obtain good meteorological statisties it is important to use
several years of radiosonde data from each site. It is also of great
importance to estimate possible differences in C1 for a certain month
between different years.

The results so far show that the difference between a seasonal
dependent coefficient vs. an average value is about + 5% in the worst
case. Since the coefficient C0 varies from -0.7 to -1.5 this is equivalent
to an error of approximatly 4.5 mm when the wet path delay is 9 cm (the
mean wet delay of the Landvetter data). The result presented in Fig. 1
was obtained using three years (1981-83) of radiosonde data from
Gothenburg-Landvetter Airport (37 km away from the Onsala Space
Observatory). The coefficient C1 shows a smooth seasonal variation. The
result from Portland, Maine (130 km away from the Haystack Observatory)
is presented in Fig. 2. In this case it is also possible to see a seasonal
dependence, although not as smooth as in Fig. 1 because the result is
based on data from only one year (1981). This shows, as mentioned above,
that it is of great importance to use more than one year of radiosonde
data.

Within the next month more radiosonde data will be studied, taken at

other sites and climates in order to obtain a specific wet path delay
algorithm for each VLBI-station.

Reference
Wu S.C. (1979) , "Optimum Frequencies of a Passive Microwave Radiometer

for Tropospheric Path-Length Correction," IEEE Trans. Antennas and
Propagation , Vol. AP-27 , pp. 233-238.
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Mapping the tropospheric delay and the influence
of horizontal variations

by

Ioannis Ifadis®

Summary

Presented are site dependent mapping functions derived using real
atmospheric data (radiosondes) from Gothenburg-Landvetter Airport, Sweden
(3 years of observations) and Portland, Maine, U.S.A. (1 year of observations).
The type of mapping function used is presented by Davis et al. (1985) and
gives the delay as a scaled zenith delay using the elevation angle.

First, ray-trace analysis has been made assuming only vertical
variations of the refractivity in the atmosphere. The empirical parameters
in the mapping function were obtained by the means of the method of least
squares using the results from the ray-traced radiosonde profiles.
Preliminary results show that we can predict the elevation dependence of
the atmospheric delay with subcentimeter accuracy down to an angle of 5°.
Note, however, that in practice the meteorological profiles are often
unknown.

Thereafter, horizontal variations of the refractivity were studied,
by analyzing 16 simultaneously recorded radiosonde launches at the Onsala
Space Observatory and the Gothenburg Landvetter airport. Differences and
their standard deviations between the delay obtained with and without
horizontal gradients are shown in Table 1. It is clear that variations
in the wet refractivity are more important than variations in the dry
refractivity. However, these results are based on a limited data base.
In another case the numbers could be quite different than those presented
here.

The studies will be continued using almost four years of data from
several stations.

¥Jniv. of Thessaloniki, Greece, now with a two year leave of absence
at the Onsala Space Observatory, Chalmers Univ. of Tech., Sweden.
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Table 1
DELAY CORRECTIONS CAUSED BY HORIZONTAL VARIATIONS.

elevation wet delay dry delay

angle mean abs. rms mean abs. rms
mean mean

(degrees) (m) (m) (m) (m) (m) (m)
50.0 .001 .001 .001 .000 .001 .002
20.0 .008 .009 .008 .001 .004 .006
10.0 .033 .035 .030 .001 .007 .010
7.5 .056 .059 .048 .001 .008 .010
5.0 110 .111 .088 -.001 .010 .013
2.5 247 .253 .207 -.013 .023 .025
2.0 .297 .306 .256 -.024 .036 .034
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Recent results of the IRIS and CDP VLBI observations

James Campbell

Geodetic Institut, University Bonn

SUMMARY

A large part of the recent VLBI observations with the highest achievable
geodetic accuracy has been performed within the IRIS (International
Radio Interferometric Surveying) program which combines the cooperative
efforts of groups in the US, Sweden and the Federal Republic of Germany
to quasi-continuously operate the 5 participating observatories (West-
ford/Massachusetts, Ft Davis/Texas, Richmond/Florida, Onsala/Sweden and
Wettzell/FRG). The full network has been completed in January 1984 and
performs the regular 24-hour observing sessions at 5 day intervals pro-
viding a steady series of Earth rotation parameters as well as baseline
lengths. The formal uncertainties are about * 1 mas for both components
of polar motion and about #* 0.2 ms of time for UT1l. The rms differences
between VLBI and LAGEOS Laser ERP-results are about twice these amounts.

During the MERIT intensive campaign daily VLBI observations on the base-
line Westford-Wettzell have been carried out. The results of these mea-
surements indicate that short term UTl-variations as large as 0.3 ms/day
may occur.

The accuracy of the baseline length determinations, which include the

global VLBI-experiments forming part of the NASA Crustal Dynamics Project,
can now be estimated quite reliably from the growing number of repeat mea-
surements. The error has been found to be slightly dependent on length (i.
e. * 1 cm at 1000 km, * 2.5 cm at 6000 km, * 5 cm at 8000 km). If observa-
tions can be continued at the present rate and level of accuracy it is ex-
pected that first reliable results of plate tectonic motion will be realized
in one or two years from now.
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Results of Mk II BWS experiments with South Africa

by

Axel Nothnagel

Hartebeesthoek Radio Astronomy
Observatory / NITR

PO Box 3718

Johannesburg 2000

South Africa

In the last two years the Hartebeesthoek Radio Astronomy
Observatory (HartRAO) and the INTA/NASA group at the Madrid
Deep Space Station have carried out 3 joint experiments with
the assistance of the VLBI group at the Bonn Geodetic
Institute.

The first two sessions were performed in April 1983, the third
one 1in April 1984. A switching scheme with a synthesized
bandwidth of 18.0 MHz was employed and the data was recorded

on a Mark II system with IVC tape recorders at all stations.

Starting with the third experiment, the Madrid DSS61 34m and
the HartRAO 26 m telescopes observed 8 hours in the X-band
frequency (8400 MHz). The noise temperature at HartRAO was
about 250K which degraded the sensitivity of the
interferometer considerably. Even with a noise temperature of
30K at DSS61, the sensitivity was not high enough for most of
the sources in the schedule. Only scans of 0J287 and 3C273B
could be correlated succesfully. With 15 observations of only

2 sources a baseline solution could not be calculated.
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Nevertheless, the phase plots froduced with the PHASOR fringe
analysis output show good coherence between the H-Maser used
in Madrid and the Rubidium standard used at HartRAO. Therefore
this experiment can be considered as partially successful. It
has proven the feasibility of X-band experiments even with a
stable Rubidium Standard but the noise temperature will have

to be reduced.

More succesful were the first two experiments of 10 and 6
hours respectively in 1983. The Madrid DSS63 64 m, the Madrid
DSS61 34 m and the HartRAO 26 m telescopes formed a 3 station
net and in the two sessions 41 and 26 scans respectively were
sampled in the S-band frequency (2300 MHz).

At HartRAO 1ionospheric total electron contents for the
observing periods were derived from routine hourly ionosonde
measurements which are made about 50 kms from the telescope.
From this data the electron content could be calculated up to
the true height of maximum electron density (F2 - 1layer).
Above this layer the electron profile had to be modeled with a
Chapman Alpha model. 7

For Madrid the ionospheric data was derived from Magnavox 1502
Doppler data recorded at Bonn during the time of the

experiments.

After the correlation of the scans at the JPL/Caltech Mk II
processor the baseline fits were performed with the single
baseline fitting software system developed by the Bonn VLBI
group. This software package is now also in use at HartRAO.
For each session and each baseline a separate baseline
solution were calculated. For ease of comparison the baselines
to DSS63 (64m) were transformed to DSS61 (34m) so that four
independently determined values for the baseline DSS61 -
HartRAO are available. (see Table 1)
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Gz

G;z psec b

Baseline Date [nsed] sec [m]
DSS 61 - HartRAO 83/04/24 1.84 1.33 7524066.78
83/04/30 1.73 0.60 7524066.00
DSS 63 - HartRAO  83/04/24 1.88 1.02 7524064.00
83/04/30 0.95 0.54 7524064.60
Average all 1.6 0.9 7524065.35

Table 1: Baseline determinations Madrid - HartRAO (S-band)

The four baseline lengths do not agree very well and the three-
dimensional positions of HartRAO derived from the different
baseline deterninations disagree linearly to a maximum of

6 meters. The reason for this is the small number of observations
but more important is the fact that these observations are clustered
in one area of the sky. ‘

A relatively easy way to visualize the baseline - source
geometry is by creating a hemisphere with an azimuth -

elevation grid above the midpoint of the baseline., The base -
line then lies in the equatorial plane of this hemisphere.

Now each source position can be recalculated in this azimuth -
elevation system for the time of observation and can be depicted
graphically.

The schedules for both days were produced with the Mark III
SKED procedure and were almost identical. The second session
had to be four hours shorter but in the first session more
Observations were unsuccessful, so the spatial distribution of
the observations was almost the same for both sessions.,
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Figure 1 shows the observations on day 120/1983 as an
example. The dashed line limits the area which is available to
observations owing to the horizon limits of the two
telescopes.

Immediately one can see the unfortunate distribution of the
observations. There are almost no observations between azimuth
120° and 240°. Half of the observations have an elevation
higher than 70° in this system, which gives them only a

minimal influence on the baseline length.

Another indicator for the quality of the configuration is the

correlation between the important parameters in the fit:

DBl = polar component of the baseline

DB2 = equatorial component of the baseline

DH = orientation of the baseline in the equatorial plane
DT0O = relative clock offset

DTl = relative clock rate.

DB1 DB2 DH DTO DT1

1.00 0.65 0.91 0.91 0.05 DB1
1.00 0.81 0.81 =-0.35 DB2

1.00 0.99 =-0.05 DH

1.00 =0.15 DTO

1.00 DT1

Table 2: Correlation Coefficients of DSS63 - HartRAO baseline

There are very high correlations between the clock offset and
the polar component as well as between <c¢lock offset and
orientation DH. This means that the baseline components could
not be <calculated 1independently from the relative clock
behaviour. Since the experiments were so badly conditioned,
the four baseline solutions are not consistent and therefore

vary considerably.
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For comparison, a 24 hour experiment was simulated with about
100 scans scattered uniformly in the azimuth = elevation
system of Fig. 1. It yielded a correlation matrix of the

following form:

DBl DB2 DH DTO DT1

1.00 =-0.64 0.64 0.02 DB2
1.00 =-0.91 0.05 DH

1.00 -0.38 DTO

1.00 DT1
Table 3: Correlation Coefficients of optimized schedule

Here the strong correlations are eliminated and consistent

results can be expected.

Simulations with a smaller number of observations but with a
uniform distribution of the scans give a similar correlation
matrix. The completeness of the 360° azimuth circle has a very

high impact on this and all elevation areas should be covered.

So, for future experiments with not much observing time
available, a scheduling procedure has been developed at
HartRAO which automatically takes care of an optimized uniform
distribution of the scans. This procedure has not yet been
tested in practice but we hope to do this soon. Simulations of
baseline solutions for schedules prepared with this scheduling

program look promising.
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TRANSATLANTIC BASELINE MEASUREMENT 1980-1985

B. 0. Ronniéng
Onsala Space (Observatory, Sweden

ABSTRACT

Transatlantic distance (plate motion) measurements between Onsala Space
Observatory and Haystack/Westford Observatory using the wide-band Mark-III
VLBI techniques have now gone on for five years (T). The measurement accuracy
has recently reached the sub-cm range ( 0} formal error). The uncertainty 0;
in the relative velocity between two points is thus equal to

Nl—

12T/at

g-ﬁ.{ }
v =

T (1+T/4¢)(2+T/At)

where t is the time span between equally spaced measurements and slowly

varying systematic errors are neglected.

In total there are about sixty successful distance measurements with
formal errors ranging from 5 cm to 1 cm, if we combine data from the Crustal
Dynamics Project (CDP) and the more regular POLARIS/IRIS experiments.

Assuming Ur =2.0cm T =5 years and 4t = 0.2 years (the 60 measurements
are not equally spanned), we obtain 0; = 0.26 cm/year.

So far three compilations of the 1980-84 Mark III-data are available,

i.e.

(1) G. Lundqvist: "Radio Interferometry as a Probe of Tectonic Plate Motion",
Ph.D. thesis, Chalmers Univ. of Technology, Sweden, 1984.
Combined CDP and POLARIS/IRIS - data are used, giving a rate of 1.1+0.3
cm/year.

(2) W.E. Carter et al: "Geodetic Radio Interferometric Surveying: Applications
and Results", J. Geophys. Res., 90, pp.4577-4587, 1985.
Only POLARIS/IRIS - data from Oct 81 - June 84 are included, resulting in
a change of length of 1.4+0.3 cm/year.

(3) T. Herring et al: "Geodesy by Radio Interfercmetry: Evidence for Contemporary
Plate Motion", to be published in J. Geophys. Res., 1985.
CDP-data from the period July 1980 - July 1984 are used, which together
with improvements of various algorithms give 1.7+0.2 cm/year.
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The data points (distance versus time) in (1) and (2) are not distributed
randomly about the regression line defining the velocity but display quasi-periodic
patterns on time scale of a few months, These variations, with an amplitude
of about 2 cm, are mainly caused by an inadequate atmospheric model. These
and other long term systematic errors are discussed and the measurements of
other baselines are summarized.
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In the Radio Fesearch Lakoratories Kashima, Jaren a hich

precision Very Lenc Faseline Intevfercoretry System, called II-
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3, had teen developed since 197¢, It consists ¢
anc scftwere and is cdesicrec to bte compatible with thas MRkIII-
syster. '

In Avqg./Sept. 1284 thre Kacshime staticn participated in tvo
clobal campaions uncer the KASA Crustal Ivramics Proijact.
Curin¢g these two 30 L experirents, called ECL2R! (Rue. 2Cth,
16€4) and PCLAR2 (Sept. 2né, 1S¢4} the radictelesceopes at
Haystack, Mojave, Fairbanks (USA) and Wettzell (FPCG) vere
observing besides Kashima. The experiments 2llowed & first
high-precice baseline cdeterminaticn between Eurcpe ané Japan.
The results cof an inderendent analveis of the two Gata-sets
at the Bonn Geocdetic Institute, are discussed as well as

future aspects ccncerning the ccoperaticn with Jeran.
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Joint GPS- and VLBI experiments, possibilities and plans

J. Campbell

Summary:

The main interest in bringing the VLBI- and GPS- tech-
nigues together resides in the necessity to establish a
direct relationship between the inertial, i.e. extraga-
lactic, and the dynamical, i.e. orbital reference
frames. The wide variety of anticipated uses of the GPS
system - especially in the high precision differential
mode - will impose stringent requirements on the stabi-
lity of the dynamical frame. This stability in turn can
only be guaranteed by regular observations of distant
radio sources to monitor the earth orientation parame-
ters (e.g. in project POLARIS/IRIS).

The combination of both techniques can be achieved in
two ways: first by operating GPS-receivers at the VLBI-
stations (colocation), and seccnd by observing directly
the GPS-satellites and the quasars with the same teles-
copes (& -VLBI). Both methods should be tried and tested
before more extensive projects are initiated. The base-
line Onsala -~ Wettzell with its moderate length of about
900 km would be a suitable test field.
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QUASAT - A POTENTIAL CONNECTION BETWEEN EGRS CIS AND DYNAMIC CIS
Tang Guogiang* and Bernt ROnnang
ONSALA SPACE OBSERVATORY

CHALMERS TECHNICAL UNIVERSITY
SWEDEN

ABSTRACT

The  QUASAT concept currently under study by NASA and ESA

(Schilizzi, R.T. et al, 1984] is a free-flying spacecraft carrying a
15m diameter radio telescope for space VLBI. The design goal of the
QUASAT mission is to provide images of compact radio sources with
higher angular resolution and better quality than attainable with
Earth-based VLBI networks alone.

If one can measure the position of QUASAT accurately in the extra

galactic radio source reference frame, it will be desirable to use
QUASAT for geodynamic purposes, especially to establish a connection
between the EGRS CIS and a geocentric dynamical CIS.

In principle there is no difference between space VLBI and ground-

based VLBI observations. It is possible to derive the precise position

and

velocity information directly from QUASAT VLBI observations. The

problem is that dedicated geodesy VLBI sessions with QUASAT are not
foreseen, '

There are, however, some possibilities to determine the QUASAT

orbit accurately in the EGRS reference system, i.e. by fringe tracking
[Tang,G.,1984] and differential VLBI [Hildebrand, C.E. et al, 1982].

1. FRINGE TRACKING. For VLBI mapping purpose, QUASAT together

with some ground based antennae will be pointed to the source for a
long time (several periods of orbit). By determining the interferometry
fringe phase and fringe rate during the period the a priori orbit
parameters can be improved if we assume the source position, the
positions of the ground stations, the earth rotation and polar motion,
the Earth tides etc. are known quite well.

Some a priori knowledge is required for fringe detection., The

satellite position approximate to a hundred meters and the velocity to
a few cm/sec will be known. This will be obtained by means of the
planed two-way Doppler measurement.

¥ On leave from Shanghai Observatory, Academia Sinica.
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The fringe tracking could achieve a decimeter accuracy depending
on the wavelength, the accuracy of the dynamical models used for the
spacecraft, the distribution of the observations, and the accuracies of
the station positions etc.

2. DIFFERENTIAL VLBI, Differential VLBI (AVLBI) has been applied
successfully, as a method for interplanetary navigation, for some space
missions since last decade [Brown, D.C. et al,b19801].

Suppose that two VLBI stations observe the spacecraft
simultaneously first, then both antennae shift to a nearby
extragalactic radio source and observe the source simultaneously. The
observable 1is the group delay. AVLBI is formed from the algebraic
difference of these two measurements., 1n the difference, errors common
to the spacecraft and EGRS are cancelled., Of course, the cancellation
of the errors achieved depends on the separation of the sources and the
time span between two observations. The results contain precise
information on the angular position and velocity of the spacecraft in
the EGRS reference frame.

This method is feasible only if QUASAT transmits a signal
observable by the ground-based VLBI network.

For a single baseline, one AVLBI observation f{from a single
baseline measures only one component of the relative position of QUASAT
to the radio sources. Therefore at least two haselines which {form a
nearly rectangular angle are needed to obtain the relative positions in
two dimensions.

The differential VLBI mentioned above is usually called wideband
AVLBI, because the observables are synthesized from a number of
channels separated hy several MHz. For wideband AVLBI, an accuracy of
better than 10°* arcseconds on angular pogition measurement could be
achieved.

Since QUASAT is still a project under Assessment study, it is
therefore too early to come to any conclusion about its scientilic
applications in geodesy and geodynamics.

It is worth mentioning that the high precision navigation of
QUASAT is not only significant for geodynamics, bhut also necessary for
some astronomy purposes, e.qg., the phase refercnce mapping and the
distance measurement using masers,

As an earth orbiting satellite, the orbit of QUASAT could be
determined by some other satellite tracking techniques. It has been
proposed, e.g., to use laser ranging [Fejes, [.,1985] to determine the
orbit of QUASAT. 1If so, QUASAT could help in connecting the geocentric
dynamical reference systems to the EGRS CIS. However, it should be
pointed out that 15m anterma is in no way optimized for geodetic and
agtrometric research,
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ABSTRACT

The proliferation of Mark III recording systems in the European and the US
VLBI Networks has overshadowed the Mark II usefulness. The Mark III is
distinguished in sensitivity by a factor of 5.29, due to its up to 28 times
wider bandwidth and rich inherent bandwidth synthesis capability, ensure it

a bright and prosperous future in VLBI. The high operating and tape shipping
cost of the Mark III leaves some living space to the Mark II. There is still
another not only economical argument for the Mark II, it is the low frequency
VLBI i.e. 1.66 and 1.42 GHz as well as the 0.610 and 0.327 GHz bands in
particular, there, where the man made interference limits drastically the
available frequency windows. This narrows down the Mark III to very nearly
the Mark II capabilities. These lower frequencies are not inferior for geo-
detic applications, because with the prevailingly increasing signals at longer
wavelengths, the sensitivity increases, perhaps not always as much as with
Mark III, yet the Mark II may begin to approach the Mark III performance so
vital at higher frequencies.

"Another not really negligible factor, is the existence of some VLBI stations,
that do not yet possess the Mark III and only own the Mark II. To begin with,
the potential newcomers to VLBI, are also likely to start with the Mark II.

This used to be a general case in the recent past, thus practically all existing
VLBI stations continue to be in possession of the Mark II. Being the most
widespread terminal, the Mark II, is still a potent tool, at low frequencies
difficult to oust out - and one should use them wherever possible also for
Geodesy and Astrometry.

As far as the sensitivity is important 1.42 GHz is probably optimal and 1.66
second best, yet 0.610 may still be quite satisfactory, at least for these
sources that have steep spectra and are superimposed upon sky regions of low
brightness temperature.

The lower frequencies are progressively less demanding in respect of atomic
standard stabilities, permitting the use of rubidium rather than the hydrogen
frequency standard. The last being vastly more expensive than rubidium, which
permits one to operate cheaply at low frequencies.
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In Europe we do have only two S/X band stations, which are more widespread in
US and used for Astrometric and Geodetic VLBI. We may adopt the S/X band
frequencies or try to use two widely available low frequencies as a substitute
for §/X. The 1.66 and 1.42 GHz seems to be a reasonable choice. The snag is
that very few if any stations do have feeds covering the required relatively
wide bandwidth. These frequencies are relatively well protected from terres—
trial man-made interferences as well as from tropospheric and ionospheric
disturbances interference as well as from tropospheric and ionospheric irregu-
larities, an important factor for high accuracy measurements. This justifies
the expenditure for the wide band feed and filters. It seems that all the odds
speak for the 1.42 and 1.66 GHz bandwidth synthesis of 240 MHz effective band.
It is also a relatively inexpensive solution compared with the S/X approach,
offering also some chance of eliminating of the ionospheric effects which is
one of the features of the S/X system. Many stations already have the 1.42
and 1.66 GHz front ends with the wide band GaAs FET amplifiers with their
excellent low noise temperatures along with the wide band gain. It thus seems
natural to take advantage of this more easily implementable yet potent system
than the 20 or 40 MHz BWS. It also seems to be a viable proposition even when
compared with the 5, 8 or 10.7 GHz using Mark III.

One should note that in the late 70-ties Mark I BWS reached accuracies
slightly in excess of 10 cm; while Mark III gets close to 2 cm the Mark II
BWS described above should go to values close to 5 cm or less.

This rather optimistic approach shows that we may still have some useful
future for the Mark II BWS and should this be proved by experiments it
clearly lets us see many profitable geodetic and astrometric VLBI experiments
in the future reaching the early 90-ties. It also favours the new VLBI
stations that shall provide hitherto unexplored baselines vital for the
geodetic VLBI. All this would be available at relatively low cost as compared
with the Mark III system.

It should be noted that the 240 MHz BWS is not fixed and may and should be
designed flexible enough for adaptation to varying interference. The 240 MHz
frequency spacing should be adjustable on short notice.

In conclusion: in some future to come one should make best possible use of

the Mark II especially in the bands that naturally limit the usefulness of

the Mark III i.e. in the low frequencies where of course 40 or 20 MHz BWS is the
only choice. It would be fine to design a flexible system covering all the

above mentioned and also intermediate and out of band frequencies.
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EUROPEAN VLBI FOR GEODESY AND ASTROMETRY SCIENTIFIC GOALS AND OBJECTIVES

A Scientific Memorandum
to be prepared by the

European Working Group on Geodetic and Astrometric VLBI

At the third Meeting on European VLBI for Geodesy and Astrometry in Delft

in November 1983 the participants agreed to form a Working Group whose

first task would be to prepare a document containing all relevant information
on the scientific background and the possible objectives and justifications
of a European effort in the fields of geodetic and astrometric applications
of the VLBI technique. The aspect of justification appears of particular
concern because of the comparatively large investment and operating costs
involved in the use of VLBI.

The intention of the document is

- provide a reference work collecting the full scope of scientific goals
that support the use of VLBI in geodesy, geophysics and astrometry and
to put these goals into systematic order and perspective,

- create a basis for soliciting moral and financial support for the
different European groups involved,

- define the particular aspects of a European role in VLBI related research
projects,

- describe the scientific relevance of special VLBI related projects involving
European Groups,

- open ways to coordinate the scientific and instrumental potential of
European VLBI groups. :

A division will be made between the geodetic and geophysical topics on the
one side and the astrometric topics on the other. In spite of this separation
it should however be stressed that the VLBI technique requires both aspects
to be treated with equal importance because each one is the prerequisite of
the other if any meaningful results are to be obtained from the VLBI data.

A draft of the document will be presented and discussed at the next meeting
on European VLBI for Geodesy and Astrometry.
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