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Introduction

This 4th International Symposium "“Geodesy and Physics of the Earth" was arranged
jointly by the Central Earth Physics Institute Potsdam and the National Committee of
Geodssy and Geophysics of the G.D.R. and co-sponsored by the International Association
of Geodesy of the I.U.G.G. As to its tenor it contiiued the series of the symposia of
1970, 1973 and 1976 dealing with the same basic topic. Accordingly it was mainly
devoted to the close links between geodetic and geophysical research studying the
geodynamical behaviour of tre Larth.

Taking place only short time atter the XVII. General Assembly of I.U.G.G., Canberra
1979, the symposium also reflected the relevant highlights as well in papers as in a
special evening session under the chair of the President of the I.A.G., Prof. H. Moritz.
Reports were given by the Csneral Secretary of the I.U.G.G., Prof. P. Melchior, and
the Secretaries of the I.A.G. Secticns IV {Theory) an V (Physical Interpretaticn),
Prof. E. Grafarend and Prof. H. Keutzlebsn respectively.

The scientific programme prepared by members of the Scientific Committze -
4. Kautzleben (G.D.R.), J.D. Boulanger {U.S.S.R.), E. Buschmann {(G.D.R.), H. Moritz
{(Austria), R. Rapp (U.S.A.), Ya. Yatskiv (U.S.S.R.) - included contributions to the
following items '
- Global and Planetary Dynamics of the Earth,
- Figure and Gravity Field of the Earth,
~ Geodynamical Frocesses,

which are kept in the structure of the Proceedings.

The Helmert commemcrative lecture "Earth Ro%ation and Nutations in Regard to
Liquid Core-Mantle and Ocean-Lithosphere Tidal Interactions' given by P. Melchior
(Belgium) within the series of the annual Helmert-lectures of the Central Earth
Physics Institute is also included in these Proceedings but will be distributed
additionally together with the preceding ones in a special issue.

The symposium was attended by about 160 scientists from 17 countries. 59 papers
were read and further ‘12 only distributed for want of time. All are included in
these three volumes of the Proceedings.

It's a pleasent task to thank again very heartily all authors for their
contributions and to thank also my colleagues engaged in the editorial and technical

completion of this publication.

Potsdam, May 1981

H. Kautzleben
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4th International Symposium
Geodesy and Physics of the Earth
Karl Marx Stadt - 13 May-16 May 1980

"Helmert Lecture"

EARTH ROTATION AND NUTATIONS IN REGARO TO
LIQUID CORE - MANTLE AND OCEAN - LITHOSPHERE
TIDAL INTERACTIONS

by
PAUL MELCHIOR

Observatoire royal de Belgique
Université catholique de Louvain

1. INTRODUCTION

When, in 1884, F.R. Helmert, at that time Professor at the Technischen
Hochschule in Aachen, published the second part of his monumental treatise
"Die mathematischen und Physikalischen theorieen der Htheren Geod&sie, he gave
to it a sub title as follows

"Die Physikaiischen theorieen mit untersuchungen itlber die

mathematische Erdgestalt auf Grund der Beobachtungen'.

which shows that the great master fully realized how important for the develop-
ment of advanced Geodesy were the physical aspects of the earth's internal

constitution as well as the observations of related phenomena.

As a matter of fact 120 pages over 610 of the second part of the
Helmert treatise were devoted to a discussion about earth tides, precession and

nutations, the free Chandler motion and the internal distribution of densities.

To day Geodesy is at a turning point in its History. With experimental
measurements reaching the centimeter level new interests - scientific, economic
and, most important, humanitarian - appear with the possibility to control slow
or sudden small surface motions resulting from internal thermodyramical processes

which are dominated by dissipation effects.

Associated with a tectonic model such measurements seem to offer a
way for predicting earthquakes, a difficult objective indeed, but so important
for the safeguard of so many human lives that it justifies the efforts presently
done in this direction.
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To correctly refer the time varying positions of their network points,
Geodesists and Astronomers are presently in search for a well defined frame of
reference, an extremely complicate task as, at this level of precision, every

point fixed with respect to the Earth’'s crust is moving.

As long as we consider the Earth as made of a perfectly elastic mantle
containing a perfect fluid core we have no serious difficulty to provide correc-
tions for tidal movements and precession - nutations despite the existence of
some paradox in the liquid core equations. The problem for this model may be
considered as theoretically solved and sufficiently verified in view of the

present still low experimental performances.

But such a crude model does not help to treat the new questions of
major interest which are the plate tectonics motions, creep in the mantle, con-
vection in the mantle and in the core, dissipation in the mantle and in the core,
formation of the inner core by precipitation and crystallisation, all phenomena

which influence the Earth's rotation characteristics.

All these movements are controlled by the viscosity internal distri-

bution which unfortunately is still the less well know rheological parameter.

As a matter of fact we have to consider the planet Earth as composed
with very high viscosity material like the lower mantle, low viscosity layers
like the asthenosphere and extremely low viscosity mediums, the liquid outer

core and the oceans.

The perturbations in the Earth’s rotation - and consequently the
deflections of our basic system of reference - are controlled by the interactions
between these media. This raises formidable problems of elasticity and magneto-

hydrodynamics.

The internal friction can be characterised either by the classical
coefficient of kinematic viscosity v expressed - as a diffusion - in cm2 3—1
(stokes) or, more often in the recent litterature, by the quality factor Q which
is defined as the ratio between the peak elastic potential energy W stored
during one cycle and the power dissipated, dE/dt, by hysteresis into heat during

this same cycle (fig. 1)
Q pr s —-—dt = = sine = /27 (1)

T 1is the Kelvin temperature

AS is the density of entropy generated in an irreversible way during one cycle
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e 1is the phase angle of the deformation or loss angle

f 4dis the internal friction.

Relation (1) is valid for viscoelastic bodies with small positive € only.
The linear relation between stress and strain rate which characterizes newtonian
viscnsity is valid if the deformation is produced by creep by diffusion of ions

(oxygen ions) or vacancies through a crystal lattice.

There is of course a rapid variation of diffusion D with temperature
as

D = D, exp (-H/KT) (2)

k being the Boltzmann constant and H the activation enthalpy for creep,

HS = ¢ + PV*, where =4 is the activation energy which is the energy required
for a local rearrangement of atoms or vacancies to break the attractive bonds
and pass through the barrier of repulsior. The dependence of creep on pressure

; . : : *
is represented in terms of the activation volume V' .

However an increase of density caused by crystallographic phase changes
as it occurs at about 650 km depth - increases the activation energy (from 4
electron volts in the upper mantle to 6 electron volts in the lower mantle) and
hence decreases the diffusion. This explains why the viscosity is about five

orders of magnitude more in the lower mantle than ir the upper mantle.

The quality factor then depends from temperature as

0 = 0, exp (H/KT) (3)

which shows that ideal elastic behavior is approached only at very low tempera-
ture. At temperatures approaching half the melting point or more, the creep

plays a more and more important role.

As in viscous solids v is inversely proportional to D, one can show,
on thermodynamical grounds that VQ-1 is a constant. This of course does not

apply to a perfect fluid (v=0) which has a Q equal to infinite.

One has indeed
1022 stokes

1023 stokes

100 for v
1000 fRon v

o
"

As shown in the Table I there are many geophysical events which allow in prin-
ciple to determine the quality factor which seems to be frequency dependent.
However all these observable geophysical events do not penetrate the Earth’s

body to the same depth.
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Fig.4

W: the elastic potential energy stored during

one cycle

AE: the energy dissipated during one cycle
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Fig.2 @ Model SL8 for the whole earth.

(after Anderson and Hart, 1878 ).
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TABLE I

pertods from about 1 to 20s
body waves : P, S, PnKP and PcP, SnKS and ScS

periods up to 54 min
surface waves and free oscillations :

Love waves and Toroldal oscillations
Rayleigh waves and Spherofdal oscillations

periods from several hours to some months
body tides and tidal loading

a pertod of 432 days

Chandler free nutation

secular effects

isostasy
non hydrostatic equatorial bulge.

For example ScS and Toroidal oscillations sample the entire mantle
and not the core while isostatic effects correspond to a loading effect which

penetrates to a depth equal to about the radius of the applied load.

The values of Q for compressional waves are consistently higher than
for shear waves. It appears therefore that attenuation is due virtually entirely

to the shear component of strain, even in compressional waves.

Thus values of Q for fluids, ircluding sea water, are exceedingly high,
reflecting the fact that the stresses associated with wave motion in fluids are

purely compressional.

Fig. 2 represents an estimation of @ in the Earth's Mantle.

2. PHYSICO-CHEMICAL STRUCTURE OF THE CORE

As the coupling mechanism between core and mantle is the key of the
problem of many Earth rotation perturbations, the rheological behaviour of the

core appears to be the most important topic for our purposes.

This behaviour can be described by three basic parameters : the modulus
of rigidity u, the coefficient of kinematic viscosity v and the squared Brunt
Vdisd1l8 frequency N2.
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Diffracted waves require that the rigidity will be in any case less
than 108 dynes cm-z. A value p=0 would be equally satisfactory, however there is
a small systematic disagreement which could mean that y is not strictly zero

(Sacks 1966) but in any case extremely small.
On atomic grounds Gans has proposed a viscosity

v 10_2 stokes (4)
(which, by the way, corresponds to the water's viscosity).
Seismic results based upon a comparison of amplitudes of P7KP and P4KP
rays indicates
5000 < Q < 10 000 (5)

while a Q % 3.106 can be calculated for the fundamental spheroidal moda of the
Earth model DG579.

Analysis of PKIKP waves indicate that in the inner core Q raises from
200 at the surface to 600 at 400 km to remain lower than 2000 in the deepest
part (Oocornbos 1974).

The Brunt-V8is&l8 squared local frequency which is a well known para-
meter in Oceanography and in Meteorology gives direct information about the

stability of the density stratification in the core.

Let us consider an infinitesimal element of mass in a fluid and let us
displace it from the level r to the level r + §, the difference of hydrostatic
pressure is dp = -p g £ from which results, by adiabatic dilatation, a change
of density inside the element

s o a4 b 2
(dp]int = p dp/k = P B E/K (8)
while the density of the surrounding fiuid has changed by

(dpJext = E dp/dr (7)

the element is thus sollicitated by a restoring force

j: 1 de 2ogle 2
& [de]ext [dp]int] Rude [E; s E] A (8)

Equating this restoring force to the inertial reaction of the element gives the

equation of movement :

p=—s = -pEN (9)
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where

Mir) = -g (1) p7r) LI - g Zry p (r) kT () (10)

is the square of the frequency called Brunt-V&isdld frequency. The equation of

movement (9) shows that

- o _..-_{ Lo R

if Nz(r]
if N2[r] <0 the core is dynamically unstable
and if N2[r]

v

the core is dynamically stable

[}
o

Adams Williamson equation being satisfied, the core
is in neutral equilibrium and in that case the resto-
ring forces are only Coriolis and lLorentz forces.

The local Brunt V&is&la frequency is obvicusly a dominant factor in
the spheroidal gravitational modes of the liquid core. Some profiles of Nz(r]
for different models of the Earth's interior presented by M.L. Smith (18978) and
by Crossley and Rochester (1880) are reproduced on Fig. 3. Irregularities are

:_ due to the problems in evaluating dp/dr.

To have a clear idea upon the limitations of the present investigations
% on the core-mantle interactions and their relations with astrogeodetical obser-

' vations, it seems appropriate to summarize in a few words the present current
status of speculations upon the outer core and inner core constitution and

L behaviour.

It is unanimously agreed that the outer core is made of a electrically

;; conducting liquid binary allcy composed of a heavy metal (Fe) and a light non

4t metal (S or Si). Density considerations show that this alloy is not far from its
eutectic composition (fig. 4) but one can consider that it is slightly more
metallic than the eutectic. In such a situation the core may be ccoling, some

= part of the heavy metal crystallises tm continually accrete the slightly more
IF: cense solid inner core. The mixture is enriched into ite light non metal going

ﬁ slowly towards is eutectic composition while temperature decreases. This process
i requires rearrangement of the matter's distribution by buoyancy, which releases
gravitational energy and leads directly to fluid motions which provide an effi-

t cient driving process for the geodynamo.

The gravitational energy is transformed into magnetic energy by dynamo

action and then into internal heating by ohmic dissipation.

:‘ We should observe a slow growth of the inner core and we should have

C;_ an unstably stratified outer core.

In this model the jump in density at the inner core-outer core boun-

dary is an extremely important parameter as it determines the conditions of

DOI: https://doi.org/10.2312/zipe.1981.063.01
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Fig.3 The local squared Brunt V&is&dla frequency for
six different mocdels of the core according to
Crossley and Rochaster (1880) (upper five models)
and M.L. Smith (1376) (lower graph).
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12

crystallisation. If there was no density jump we should have to consider that
the composition of the alloy is eutectic and the same in the liquid outer core
and in the solid inner core. In such a situation crystallisation do not make
gravitational energy available for driving the geodynamo. However latent heat

of crystallisation concentrated at the inner core - outer core boundary could
perhaps still provide the necessary energy for a thermal convection. In this
respect there is an alternate mechanism which can not be discarded. Geochemical
arguments make it well possible that Potassium is associated to Sulfur in the
outer core, if Sulfur is the light element associated to iron and not Silicium.
There is now a marked tendency to believe it is so. In that case the radioactive
K40 could provide the necessary energy to drive the geodynamo but this mechanism

is less efficient than the gravitational one.

3. ELEMENTARY MODELS USED FOR THE CORE IN THE 19567-61 TREATEMENT OF THE TIDAL
AND NUTATION PROBLEMS.

. The first approximation of the figure of & fluid planet is obtained by
assuming hydrostatic equilibrium with respect to its gravitational self-attrac-
tion and the centrifugal force. When the speed of rotation is not too fast, the
equipotential surfaces may be considered to an excellent approximation as ellip-
soids of revolution. It is easy to show that these hydrostatic equipotential

surfaces are surfacas of equal density (p).

Clairaut obtained under these conditions a differential equation of
the second order describing the flattening (e) of the equipotential surfaces as
a function of their radial distance (r) from the center of mass. In the last
century, when no information was available from seismology, great efforts were
made to investigate the internal constitution of the Earth on the basis of the
Clairaut equation. In particular, Roche showed that the equation was integrable

if one chose & polynomial law for the distribution of density of the form
Pay B0 (1 - a r2) [po : density at the centre) 11D
which evidently has no experimental basis.

Radau introduced a new parameter |n = (r/e) (de/dr)l which proved to

be useful in the analytical development of the Clairaut equation. One has indeed

the relation
“H
e 1 sl q
1+n C e (12)

-
t
N

with g = w2 aB/GM.
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This parameter varies between two limits :

n=20 for a perfectly homogeneous fluid

n=3 for an envelope with a dimensionless heavy particle
at its centre.

As examples, at the surface of the Earth n = 0.576, while for Saturn

n = 1.711 (at the surface).

At the time when Jeffreys and Vicente (1957a,b) and Molodensky (1961)
published their work on the dynamic effects of the earth's liquid core, very
little information was available concerning the density of the core. Thus they
had no other alternative than to use the ellipticities derived from the Clairaut

equation and adopt different cores made of a perfeet fluid which was either

(1) homogeneous,
(2) with a central particle,

(3) with a Roche law of density.

With some justification, they felt that if these crude but totally
different models provided similar numerical values for the Love numbers there
was a good probability thst any more realistic and sophisticated model should
not give a much different result. Very recent results based upon much more
realistic models (Shen and Mansinha, 1976; Wahr, 1979) seem to prove that this

assumption was not too bad.

There was another limiting characteristic in the models used for the
liquid core related to their stratification as described by the Brunt-V&isala
frequency. It has been noted that when the equations of elastic equilibrium
where reduced to the case of a perfect liquid body (by putting the rigidity u
equal to zero as well as the viscosity v), a relation between pressure changes

and density was implied for the zero frequency case (wi = 0)

dp gzo
RS ARy St | T (13)

© |

(A=k is incompressibility modulus when u=0).

This relation, which had been assumed by Adams and Williamson in 1923,
states that the change in density inside the core only depends upon the change
of pressure with radial distance. It implies adiabaticity and chemical homoge-
neity inside the core and it expresses that the squared Brunt-V&is&la frequency

(10) is zero everywhere in the core which has thus to be in neutral equilibrium.
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This artificial iimjtation with respect to all possibly more realistic
core stratifications is an nydrodynamical paradox resulting from the fact that
one has taken a zero viscosity which makes the boundary layer at the top of the

core disappearing (see § 5).

The first distribution of density in the Earth constructed by Bullen
in 1936 was based upon the fulfillment of the Adams-Williamson condition in the

different regions of the mantle and a Roche law.

The cores in the Jeffreys-Vicente and Molodensky models are "Adams

Williamson” cores.

4. MODELS FOR THE MANTLE - THE CHOICE OF VARIABLES.

Jeffreys and Vicente adopted for the mantle a solution obtained by
Takeuchi in 1950. This was calculated with a spherical, non rotating, elastic
isotropic ({SNRE1) model consisting of numerical values of the density (p) and
the elastic moduli (A,u) given for 12 points in the mantle, the last nine being
separated by 300 km in radial distance. For computing the displacements, Takeuchi
had to calculate the first derivatives of the quantities p, A and u with respect
to the radial distance, which was obviously a critical operation. A more suitable
choice of variables (Molodensky, 1953; Alterman, Jarosch and Pekeris, 4850) made
it possible to avoid this operation. but the Jeffreys and Vicente developments
have not been recalculated with this new formulation. Molodensky, however, did
use this approach. Note that the difference is wholly one of formulation; the

two approaches are mathematically identical.

However because of the ellipticity, there is application of additional
stresses at the bottom of the mantle and consequently the solution in the mantle

should be changed in function of this coupling effect.

6. INERTIAL CORE-MANTLE COUPLING.

The coupling mechanism between core and mantle is the key of the
problem of some Earth rotation anomalies which depend from internal processes.
Three mechanisms of coupling are proposed : inertial and topographic, viscous,
electromagnetic. The only informations we presently have to investigate the

inertial and topographic couplings are from geodetic origin.

It is clear that if the core mantle boundary was perfectly spherical

and the core material inviscid, no movement could be transmitted from the mantle

J DOI: https://doi.org/10.2312/zipe.1981.063.01
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to the core and vice versa. The two media could rotate independently. However

the Clairaut-Radau theory allows us to calculate, by numerical integration the

ellipticities of the equipotential surfaces inside the earth on the condition |
that the outside surface flattening as well as the density distribution are |
known. One finds in this way a flattening 1/392.15 (Denis (1979) for the core- ‘
mantle interface.a determination which rests on the hypothesis that the Earth

is in hydrostatic equilibrium - which is not strictly true. .

Such a flattening corresponds to a difference of 9 kilometers between
the equatorial and polar radius of the core, a difference which the seismolo- ‘

gical technique has not yet allowed to measure. Evidently if & fluid is contai-
ned inside an elliptical cavity the motion of the mantle may be transmitted to
it by pressure effects and resonarnce may happen when the oscillations of the

boundery have a period veryclose to the period of free oscillations of the fluid

in its container. However, and fortunately, there exists no perfect fluid :

the mixture which constitutes the liquid core exhibits some viscosity which even
if extremely low cannot be put equal to zero. We thus have to consider the
existence of a boundary layer in the fluid at the core-mantle interface. Inside
this layer there is a strong velocity gradient which allows the adjustment of
the internal fluid flow to the movement of the lower mantle elastic boundary.
Dissipation takes place inside this boundary layer, the tnickness of which is
proportional to the square root of the viscosity. For v n 10_2 stoke, this
bourdary layer should be only 10 cm thick but this is comparable with the tidal
deformations of the boundary. However if there is turbulence in the core the
thickness of the boundary layer will increase and energy will be dissipated

internally as well as in the boundary layer.

This possibility of a resonance has been suspected indeed since the
time of the discovery of the polar motion and a number of beautiful mathematical
analyses were constructed by Hough, Sludsky and Poincaré. The liquid core effects
are therefore often called Poincaré effect. There is a narrow range of frequencies
in which core-mantle pressure coupling efficiently connects the core rotation
to the mantle rotation by the nearly resonant excitation of the fluid core's
tilt-over mode. This range of frequencies falls inside the diurnal part of the

earth tide spectrum.

This problem was considered again under the impulse given by Jeffreys
and numerous papers by many distinguished authors have been published since the
Geophysical Year which lead to the conclusion that such a resonance effect is
indeed observable in the form of perturbations of the amplitudes of some earth
tide waves having their period close to the resonance period (23 hours 56 minutes)

and of the amplitudes of the associated astronomical nutations.
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The value of the resonance period is of course essentially determined
by the geometrical flattening of the core boundary which thus appears as one of
the fundamental geodynamical parameters. On the other hand the dissipation of

energy at the resonance frequency will produce a classical reduction of the peak

amplitude as showr an the figure S.

One obvious aim of tidal and nutation experimental determinations should |

be to estimate this reduction to derive direct informations upon the cores visco-

sity. |

6. THE NUTATIONS AS DERIVED FROM THE TIDAL POTENTIAL.

The relation between earth tides and nutations seems to have been

pointed out for the first time by Jeffreys (18438) with only one short sentence :

"Precession nutation arise from diurnal components of the tidal potential”.
Later on Jeffreys and Vicente (1357) again stated "The forced nutations corres-
pond to diurnal tidee" (page 171) and gave a short numerical table indicating
the correspondance of four tidal waves 001, K1, P1 and 01 with precession and
several nutations. But they did not made explicit this correspondence. On the
other hand the numerical results obtained for the Love numbers in this paper

are in rather strong conflict with the observed values.

Similarly Molodensky (1961) presented as a result of his theoretical
investigations a numerical table where some of the principal diurnal tides were
associated to some well known nutations but again without any detailed formu-

lation of this correspondence.

In 1868 Melchior and Georis developed explicitly this relation from

the expressions of the torques exerted by tidal forces deriving from the

potential
o 2
_ ARy m
W(A) = E E wgm r P2 (sin §) Pl (sin ¢) cos m.H(A) (14)
2=2 m=0
where
2 (2-m) ! GM
- T (15)
(2+m) ! d

In these expressions d, § and o are very complicate functions of time.
To obtain a purely harmonic development Doodson chose a set of variables which

can be considered as linear functions of time during a sufficiently short
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interval (compatible with the duration of the observations).

The total torque exerted on the planet is

N =J:U. (x A grad W) p dv. (18)
v

This integral, extended to the entire volume of the planet, is trans-

rl}l} = -J‘J‘ rot (p w;;] dv -j:‘vj. [,I\: A grad p} W dv (17)
v v

and, using the Ostrogradsky theorem :

= -% [,Q A }3] pW ds -j.jj. [E A grad p) W dv, (18)
s v

where R is the vectorial radius at the external surface and n is the external

formed to

normal. The first term is zero in the case of a spherical Earth (Q’ E parallel)
(geometrical ellipticity) while the second term is zero for a density distribu-
tion with spherical symmetry (g parallel to grad o) (dynamical ellipticity). A

surface integral term exists for every surface of discontinuity of p.

The tidal potential has to be introduced into the expression for the
torque. Choosing as system of axes the direction of the vernal equinox (Oxol.
the direction of the North pole of the Earth (DZD) and the axis perpendicular to
the plane X5 OzO (UyOJ. Melchior and Georis demonstrated that the projections of

this torque are

1
- (]
Nxo + E,q,' J!. wll1 PJL (sin 8) sin a ,
(19)
. 4
Nch - Eg Jz wM P!, (sin 6) cos a ,
where
' = 1 L .
Jk 5 (2+1) a Jz (20)

The torgue is zero if m#1 and the Jz are the zonal coefficients in the
Earth’s gravity field. In particular

3, = 32’3, = 3a° (C-A) / Ma (21)
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Introducing the variations of distance, declination and right ascen-
sion of the external body with time, we develop the perturbing potential in the

form of a sum of simple periodic terms
1
JiE - = (%- ! (22
wlm PL (sin 6) cos mH K2 }E: Azmi cos [éit t 3 (2-m) n] )

with
k, = owze’ . (23)
The tesseral tidal frequency spectrum is symmetric with respect to the

central sidereal frequency w : there are n lines on the left and n lines on the
right of w. Thus we may put

= - = - = o °0 059 (24
ami Aw_i W, w =W 15°041 )

This leads to the very simple expressions (for & = 2, m = 1)

i=+n

N =-ZKJ'A.COS(Awt]
X0 il at
i=-n
(25)
i=+n
Nyo = + Z K J Ai sin [Amit]
i=-n

A first important remark can be made now : precession and nutations
are movements of the axis of figure of the Earth described in an inertial sys-
tem of fixed axes, while tides are observed at points fixed with respect to

the Earth, rotating with the angular velocity

CRE e - 152041 0B9 per hour . (28)

Thus, the frequency of a nutation (Awi) can be directly deduced from
the frequency of the corresponding tide by simple subtraction of the "sidereal

frequency” (15°041 per hour of universal time) : w;-w = Aw, as 18 obvious in
formulas (25).

But these formulas permit a second statement : Two waves of symmetric
frequency with respect to the sidereal frequency form only one and the same wave

of nutation; the sum of their amplitudes (major axis) appears in N oo and their
difference (minor axis) in Nyo'
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f=reme
= = '
LR e E KJ' (A +A_,) cos (Aw,;t)
i=0
(27)
i=+n

+ E KJ'" (A, - A ) sin (Aw,t) .
yo al =4t at
i=0

N

Conversely we may consider an elliptic nutation as equivalent to two
ctrcular nutations of equal and opposite velocity corresponding to the two

symmetrical tidal waves.

The rotations of the system of axes are given by

N N
Lt fEMO) = X0
C] Yoo * (sin 8) . ¥ i (28)

and using (27) we obtain the nutations in terms of the development in tidal

waves :
g o o
6 Zi EEJ [Ai A_iJ sin [Ami 15 2 LI
(29)
[l K ’
sin@ . ¢p = -21 T 17 (hy e A_;) cos (Aw; . t)
Let us introduce a dimensionless constant :
3 6GM C-A S
E = -2" —3 —~‘§ - -—2* . (30]
o] Cw Cw
Its value, expressed in seconds of arc, is for the Moon
E = 07016 442 7 (31)
Then
0 = +E(w ; [Ai - A—i] sin (Awit] a
(32)

¥ sin 8 = —E( w ; (Ai = A_i] cos (Awit)

The X, tidul field of force is distributed according to the cos(t +s)
function, i.e., the cosine of the sidereal time or hour angle of the vernal

equinox. It therefore permanently points towards the vernal equinox (6 axis),
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and the torques produced have no resultant component along the 8 axis. Obliquity
remains constant. Instead, they act along the direction 90° away; i.e., ¥ sin 6.
The equations for K1 give
wA[K1] 3 !
=INES ATTHEeAE = 6 = 0 2 (33
v E( sin 6
and from g f
E = 07016 4427 LYt SISl 282 e @R g7 e,
sin’! 8 = 2.512 , A = D0.530 5 3
we obtain |
@ = -50"38 per year, the luni-solar precession constant. |
The nutations are obtained by integration of equations (32)
iy w
80 - -Eg 2 o (A, - A;) cos (But)
i al
(34)
i = - _w_ i i) o
sin 8 Ay EI zl: A“’i (Ai + I-\_i] sin [Awit,

The presence of Awi in the denominator shows that the waves give rise
to nutations of an amplitude which becomes lower as their frequency diverges
from that of the sidereal day (wave K1], even when the amplitude of the tide is

comparable to that of K, (this is the case with 0, versus P1J.

1

We observe that tidal waves symmetrical with respect to K1 and of
equal amplitude (Ai = A_i] do not cause nutations in obliquity (A6=0) but only
nutations in longitude. This is the case for waves generated by the ellipticity

of the orbits :

ND1 and J1 for the Moon,

81 and w1 for the Sun.
The periods of the nutations associated with the ellipticity of the
orbits are evidently a month and a year. In the sense of mechanics it seems
unsuitable to classify these components among the "short-period nutations”, as
they do not practically alter the angle 6 and show only a variation of Y, that
is a precession. The two components produced by the ellipticity of the orbits |

should logically have been named "short-period precessions”.
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The forced diurral nutations described inside the Earth and associated
with the precession-nutations in space (often called Oppolzer terms) may be
deduced as a function of the tidal components by introducing the expressions (32)
in the Euler kinematic relations. It is found that they have the same frequencies
as the corresponding tidal waves and amplitudes equal to those of these tidal

waves multiplied by the factor [m2 aB/GM] / [[C-A]/C], which is nearly unity.

7. THE NEW NUTATION TABLES.

Formula (34) shows in a very simple way how the magnitudes of the
axis of every elliptic nutation are directly related to the magnitude of one

pair of diurnal tidal waves having their frequencies symetric with respect to w.

On the basis of these formulas, Melchior (1971) constructed a detailed
table of nutations (see Table II) taking into account the experimental results

he had derived from very precise earth tide measurements.

This table published in Celestial Mechanics, was used at the Jet
Propulsion Laboratory for the reduction of Lunar Laser Ranging by Williams (1976),
Harris and Williams (1976) King, Counselman and Shapiro (1978) as well as for
the reduction of VLBI measurements at the NASA by Chopo Ma (1878).

Chopo Ma gives some details about the improvement of the VLBI results
he states that when using this table for the recent observations (since 1973)
the root of weighted mean square delay residual always decrease, the improvement

in the most recent data (1976-77) being "quite startling, 37 %".

Simultaneously "the diurnal polar motion scale factor is reduced in
every data set when the nutation corrections are applied ... the phase angle is

also changed by nutation corrections and the scatter in phase is reduced.

But even the classical technigques of Astrometry clearly indicate that
the IAU nutation tables are not satisfactory. McCarthy, Seidelmann and Van
Flandern (1977) have shown that "discrepancies with observations can accwnulate
to 0"1 in right ascension and significantly affect the determination of UT1 and
materially influence the derivation of the new fundamental catalogue of star

positions and proper motions FK5".

These authors suggested that in the absence of a non-rigid-Earth model
which can satisfy all requirements, the coefficients found from the investiga-

tion of solid-Earth-tides should be adopted as a working standard and they

DOI: https://doi.org/10.2312/zipe.1981.063.01




e —

23

concluded : "Statistically, there is no significant difference in the fit of
Melchior's coefficients, Molodensky I, Jeffreys Vicente I or Pedersen models
to the astronomical observatiomal results, although the Melchior coefficients

are the best overall”.

One has been therefore very disturbed by the fact that in august 1979
IAU choose the Molodensky model II (1861), a model with inner core, but against
which the following theoretical criticism has been raised by Jeffreys and
Vicente : "For the diwrmal waves, the differential equations are hyperbolic.
With an inner core there are new boundary conditions and the complementary func-
tions needed are of a totally different form. For this reason, Molodensky solu-
tion for Model II may not be so reliable".

More critical even is the fact pointed out by Pariiskii (1878) that
the Model II of Molodensky has been calculated with an earth flattening equal
to 1/297 which makes it particularly unsuitable for nutation problems. Model I
was calculated with 1/298.3 flattening.

For these reasons the International Centre for Earth Tides (ICET) had
chosen since several years the Molodensky model I as a provisional standard of
comparison for earth tide analysis. This model I slightly better fits the earth
tide measurements, typically for the fundamental wave 01 (model I : § = 1.160;
model II : § = 1.164).

It also appears that Molodensky model II nutations diverge from the
more recent theories by up to 0”002 at six months period and 18.6 years period.
Such differences will be significant with the new astrometric techniques (VLBI,

Lunar laser).

Therefore IAU would have been wise to consult IUGG or simply care-
fully look at more recent models as those presented by Po Yu-Shen and Mansinha
(1976), Sasao Okamoto and Sakai (1877) and principally those of Wahr (1979).

Po Yu-Shen and Mansinha, Sasao et al have considered other structural models of
the core than the Adams Williamson one but still use a spherical non-rotating

mantle.

Wahr considers for the first time a rotating slightly elliptical
mantle.

Rotation and deformation are computed simultaneously. Elliptical and
rotational effects are considered throughout both the core and mantle and at

each internal boundary.
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TABLE II
Nutation coefficients (units are arcseconds)
Rigid Earth h
Astronomical Melchior Wahr
ith N=9.2050
Term Woolard Observations % (1) 1871 (6) 1978
PrinciEal
: 9.2050 + 0.0017 (1)
Obliquity 9.2100 9.1990 + 0.0035 (2) 9.2050 9.2014 9.2035
6.8409 * 0.0025 (1)
Longitude 6.8584 6.8360 + 0.0035 (2) 6.8547 6.8386 6.8430
Annual
Obliquity 0.0000 _ 0.0000 0.0056 0.0055
Longitude -0.0502 —_— -0.0503 -0.0580 ~-0.0567
Semi-Annual
Obliquity 0.5522 U eS74E0 32500 002 (1) ORS5528 0.5724 0.5708
Longitude 0.5066 (AE5331" S+ HOFED 02 (1) 0} =50} 7/ 7 (6} (51725 0.5215
Sami-Monthlx
0.0925 + 0.0014 (1)
0.0897 + 0.0007 (3)
Obliquity 0.0884 0.0893 + 0.0022 (4) 0.0844 0.0910 0.0810
0.0898 + 0.0016 (5)
‘ 0.0853 + 0.0010 (1)
Longitude 0.0811 0.0818 + 0.0022 (4) (0) s (0Xaf419) (BJ5(0)(a )8 0.0834
0.0824 + 0.0016 (5)

(1) Mc Carthy, Seidelmann, Van Flandern (1877)

(2) Yumi, Yokoyama, Ishii (1878)

(3) Gubanov, Yagudin, (13978)

(4) Iijima, Fujii, Niimi, (1978)

(5) Mc Carthy (1976) : results of Washington and Herstmonceux PZTs

(6) four models were given in my 1971 paper. I should have selected this one in 1978.
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The Coriolis term ard the boundary conditions on an elliptical inter-
face have as a consequence a coupling between the toroidal (T:] and spheroidal
(S:) modes of deformation of different degree n but same order m which involves

an infinite system to be solved. Thus truncature is unavoidable to obtain a

numerical solution.

In the Wahr model the solution is truncated to

1 1 1
T1 + 82 + T3

in the mantle as well as in the core. (x).

Wahr has used five different recent (1875) models of the Earth's inte-
rior of course with liquid outer core and solid inner core. The first three

models have squared Brunt-V&isdlé frequency fluctuating rapidly around a zero

mean (because of the 8p/9r which is not well determined - see fig. 3). He has
also slightly modified one of the original models to produce a neutral core and

a stably stratified core.

The numerical results for these five models are so similar that it

leaves unfortunately nc hope to improve our knowledge of the core u, v, N2 para-
meters with the commonly available instruments. As an exemple we should point
out here that M.L. Smith found a difference of 1.4 sidereal day in the Chandler

period predicted from a neutral core or a stable core.

It is thus clear that only completely new techniques (VLBI, Laser,
Cryoscopic gravimeter) could allow us to infer these properties from nutations

and tides.

One can also conclude with Wahr that with such coherent results from
the models, one can remove almost perfectly the body tide from the observations
and study with more confidence the other geophysical phenomena affecting tilt,

strain and gravity.

(x) T1 mode is a rigid rotation of the whole core. Its associated centrifugal

1

potential produces a deformation which results in a displacement field of
S; form. On the other hand, in an elliptical body S; torques produce a Tl

mode.
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8. EARTH TIDE EXPERIMENTAL RESULTS.

The first decisive experimental proof of the existence of the Poincaré
effect was obtained around 1865 with four quartz VM pendulums installed in two
mines in Belgium (Melchior, 1966) from the following amplitude factors of the

three main tesseral diurnal waves measured in the East West horizontal component *

TABLE TII

Theoretical models
First experimental result (1965)

Mol. I Mol. II Wahr
7[01] = 0.666 + 0.005 0.687 0.686 0.689
Y[P1] = 0.712 + 0.005 0.700 0.697 0.700
y(K1] = 0.745 + 0.004 0.733 0.7zc 0.730

In the vertical component, it has long been difficult indeed to obtain good
results for the P1 wave because the at that time widely used Askania GS11 gravi-
meters were seriously disturbed by barometric effects in the diurnal band fre-

guencies.

Since 1966 the number of experimental results has considerably

increased, all of them only reconfirming this first dermination.

We will therefore refer here only to some series of high quality which
allow to determine the more critical wave w1 which is the nearest to the reso-

nance frequency but which, very unfortunately, has a very small amplitude.

These series are those for which the spurious component S1 has a very
low amplitude. These are the series obtained by Abours and Lecolazet (1877)
(gravity), Levine (1977) (strain), Melchior (1977) (gravity, strain, tilt),
Warburton and Goodkind (1878) (gravity).

One of the most important points in tidal observations is the cali-
bration of the instruments. What we are doing indeed is to compare amplitudes and
phases measured by dynamometers (pendulums and gravimeters) with a model of tidal

forces which basically depends upon the value given to the mass of the Moon.

The calibration of the Verbaandert-Melchior quartz horizontal pendu-
lums is preéently achieved to 0.5 % by the use of the special device which

allows to tie the instrument's sensitivity to a well known spectral line.

When calibrating the gravimeters it is more difficult to avoid syste-

matic errors and they may be more important than the accidental errors.
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Nevertheless we compared in Bruxelles some 35 instruments from different makers
(Geodynamics, LaCoste Romberg and Askania) calibrated in different ways and we
defined for each instrument a frequency dependent rheological model which is

then used for all the reduction operations. (Ducarme 1975)

Another important point for the separation of the critical diurnal
tidal waves is that the instrument must be made independent of the barometric
effects. The gravimeters are more or less free from that effect because there is
a compensating capsul fixed on the beam (opposite to the mass with respect to

the rotating point). Of ccurse they must always remain sealed.

The pendulums however are very sensitive to deformations of their
support. To avoid the spurious tilts due to the effect of pressure changes on
their base, the instrument’s box should not be sealecd which is erroneously often
the case. The VM pendulums are constructed in such a way that this barometric

-effect is completely avoided which appears indeed in their very small S, compo-

1
nent.

Moreover experience shows that pendulums must be installed at a
minimum depth of 50 meters. Unsatisfactory installations are obvious when the
results of analysis exhibit a large spurious atmospheric component (called wave
81). When this is the case all diurnal components are spoiled and can not be
used for our purpose. Topography &and cavity effects may also spoil the measured
tilts but this does not appear for the diurnal components observed in our sta-
tions Dourbes and Walferdange equipped with VM quartz pendulums where very long
series are availaple. Anyway cavity and topography must affect in the same way

01, P1, K1. ¢1 and the other diurnal waves.

Finally, it is clear that to separate very narrow tidal frequencies,

longer and longer series of observations are needed.

We present in the Table IV the results of the analysis of the longest
series obtained with tiltmeters and gravimeters. They fit very well the theore-
tical models but the error bars are far too large to allow us to make precise
quantitative evaluation of the dissipation effects which should be the most
interesting feature to try to observe and measure : phase lags, damping of the
core free nutation and reduction of the resonance effect mainly on the w1 wave,

the nearest to the resonance frequency.

We have presently no real possibility to measure phase lags with suf-
ficient precision but the amplitude factors observed, particularly y(¢q1, show

no reduction with respect to the models.
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This should mean that the viscosity of the core is very low and that
there should be no observable deviations of the nutation amplitudes from the

dissipationless values.

The damping factor introduced by Sasao Okamoto and Sakail (1877) is
-1 =1
probably much less than what they propose (0.2 year instead of 1 year ).

But, as said before only completely new technigues could allow us to

measure these effects with the needed precision.

TABLE IV

Conclusion from experimental results according to ICET

$ Y
9, 1.1532 + 0.0112 0.6182 = 0.0153
0, 1.1570 + 0.0063 0.6603 = 0.0088
NO, 0.7210 % 0.0238
P, 1.1600 + 0.0091 0. 7227 % D .0413
e oo bt A ksl Bmacily'
v, 1.2606 + 0.1570 0.5515 + 0.0324
¢, 1.1888 *+ 0.1188 0.6346 *+ 0.0643
3, 1.1682 + 0.0325 0.6792 + 0.0330
0o, 1.1587 + 0.0473 0.6086 * 0.0748
10 SERIES 3 SERIES
201.972 READINGS 242.256 READINGS

(x) position of the resonance line
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9. Ocean-Lithosphere tidal interactions

The main obstacle encountered in our search for the liquid core effects
in the observed tidal amplitudes and phases comes from the interaction between

oceanic tides and body tides.

It was known since Hecker's work that the oceanic tides were producing
the so called "indirect effects” (attraction, load, change of potential) which
the instruments were measuring simultaneously with the pure body tide. Much
more recently it was realized (Hendershott 1972) that the oceanic tides also
can not be correctly calculated if the tidal vertical displacements of the
bottom of the sea are not introduced as a second member in the Laplace tidal

equations.

At about the same time J.T. Kuo expressed the idea that tidal gravity
measurements on the continents provide efficient constraints for the construc-
tion of improved oceanic cotidal maps. With this objective in mind Kuo has
installed a number of Geodynamics gravimeters along profiles in the USA and

Canada, in Europe and more recently in South America.

Since 1973 the International Centre for Earth Tides (ICET) has initiated
Trans World Tidal Gravity Profiles to fullfil the gaps in the observations
of earth tides.

There is indeed no problem actually to produce the correction for the
global solid earth tide to a precision better than one microgal by using a
sufficiently good earth-tide model and taking into account the hydrodynamical
effects of the ligquid core. However, we are less sure by far about the interac-
tion effect of the oceanic tides upon the earth tide, which are acting by
their direct attraction on the instrument itself and by their loading effect
upon the crust which is additionally deformed by it. A procedure allowing the
calculation of these effects has been developed by Farrell (1872) by using
Green functions but it evidently rests upon the precise knowledge of the

distribution of the tides in the open oceans and seas all around the world.

Something like eight world maps describing the tidal escillations of the
water masses in the oceans have recently been constructed by different authors
by numerical integration of the famous Laplace tidal equations but their
solutions diverge considerably from each other because of the introduction
of different boundary conditions, friction laws or simply grid interval (1°, 4°
or even 6°). One of the objectives of the Trans World tidal gravity profiles
is to check if one of these cotidal charts permits adequate correction of the
observed data (Ducarme and Melchior, 1978). Such a chart could then be used

as a working standard for every kind of tidal correction (Laser, VLBI, ...).
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It is already clear that amongst the existing maps two (the Schwiderski and
Parke maps) are satisfactory for the European gravity net while another one
(Hendershott map) 1is more satisfactory for Australia and the South Pacific.

What is surely remarkable is that all the obtained loading vectors (defined as
the difference between the observed tide and the computed solid earth tide -see
figure 6) are of the same order of magnitude over very large areas and that
this magnitude fits very well with the loading computed from the oceanic tidal

maps. The discrepancies with oceanic maps is in general in the phases.

The world cotidal maps do not give a sufficiently detailed description
of the tides in the nearby sea or ocean for the stations which are very near
to a coast. These stations therefore need additional corrections but unfor-
tunately detailed tidal maps are not yet available in most of the concerned

areas.

To-day ICET has completed the measurements in 48 stations for a duration
of about six months at each place, using seven different equipments (three
Geodynamics and four LaCoste Romberg, each one being associated toc a guartz
clock). The structure of this network is shown on figure 7. It may appear
as not optimum but it is not difficult to imagine the nature of the practical
problems to overcome and that in the tropical countries there are few places

where such equipments can be properly installed.

In the Tables VI and VII, we give two examples of our results obtained

for the main tidal wave MZ (period 12 hours 23 minutes) which concern two
very widely separated areas: Western Europe where the amplitudes are around
3 microgals and East Australia - New Zealand - South Pacific where the ampli-

tudes reach 10 microgals.

The coherency of the phases for such small vectors give an impressive
idea of the performances of the gravimeters used (Geodynamics and LaCoste-
Romberg). This demonstrates that these instruments, which have not a suffi-
cient precision for making new progresses in the investigations about the-
Earth's deep interior, can still make an useful contribution if they are
installed at places where the oceanic interaction has an amplitude larger

than one microgal.

Fig.7 The ICET Trans World Tidal Gravity Profiles 1973 - 1980.
(can not be printed)
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Fig. 6 ﬁ is the theoretical elastic body tide of frequency wi

R is the observed corresponding tide
then

Bi cos(wit + Bi] = Ai cos(mit + ai] = Ri cos wit

t is the calculated oceanic load and attraction

; is the unexplained part and € the estimated error of measurements.

In the Tables VI and VII we compare E to f.
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Table V-M2 tidal load vector

observed calculated

station B B L A

Carobridge 245 68 293 60
Brugge 2.65 70 2.14 (2]
Bruxelles 2.01 64 2.09 63
Witteveen 1.90 41 1.48 57
Walferdange 1.84 56 1.95 61
Strasbourg 1.37 50 1.78 60
Paris 2.73 60 2.83 66
Clermont F. 3.22 58 2.72 !
Grasse 2.02 58 1.97 66
Bordeaux 5.79 74 4.08 80
Porto 5.10 110 7.26 110
Bonn 1.52 57 1.74 59
Hannover 1.28 51 1.31 57
Frankfurt 1.09 52 1.63 8
Chur 1.83 52 1.64 58
Torino 1.60 37 1.87 64
Graz 1.98 25 1.20 47
Pecny 1.06 32 1.16 48
Obninsk 0.95 -7 0.43 -3
Bergen 1.61 —133 130 -—134
Trondheim 5.00 206 3.24 206
Bodoe 3.69 179 2.92 179
Helsinki 0.41 30 0.45 55
Sodankyla 0.47 105 0.65 106

Table VI - M2 tidal load vector

observed calculated

station B B L A
Java Bandung 6.63 —17 5.51 -3
Celebes Ujung Pandang 4.69 —26 3.12 10
Manado 6.47 -2 5.63 8
N. Guinea Jaya Pura 5857, -17 5.82 -15
Papua * Port Moresby 493 -6 3.35 — 8
Australia Darwin 3.55 24 3.03 3
Charters T. 4.02 —57 3.27 -1
Armidale 3.62 -51 5.85 —43
Canberra 3.42 —43 5.54 —43
Tasmania Hobart 3.96 —65 3.12 —42
N. Zealand (S) Lauder 1.68 —62 2.29 —88
N. Zealand (N) Hamilton 8.28 —42 9.63 —59
N. Caledonia Noumea 13.06 —36 891 =27
Fiji Suva 11.66 -5 11.03 -22
Samoa Apia 14.42 -27 7.80 —-22

The “observed vector” (B, amplitude; §, phase) is obtained by subtracting from the observed tidal compo-
nent a ‘‘theoretical” component calculated for a model earth composed by an elastic mantle and a liquid
core (Molodensky model).

The *“calculated vector” (L: amplitude; A: phase) is obtained by the Farrell method on the basis of the
Parke cotidal map for the European stations but on the basis of the Hendershott map for the Pacific area.

In these tables B and L are given in microgals, § and / in dzgrees, the minus sign corresponding to a lag.

Reference: P. MELCHIOR, M. MOENs, B. DUCARME, M. VAN RuYMBEKE- Tidal loading along a profile
Europe - South Asia ~ Australia - South Pacific. In: Physics of the Earth and Planetary Interiors, 1979
(in press).
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Variations of the Geographical Latitude at Jézefostaw -

Observatory and their Comparisen with Gravimetrical
Determinations

%
/
Marcin Barlik, Roman Galas, Jerzy B. Rogowski L

Abstract

Permament astronomical determinations of the geographical
latitude have been made by Horrebov-Talcott method at Jézefo-
szaw since 1959 using ViT. Periodical gravity measurements
have been made since June 1976 along the observatory meridian.
Our gravimetrical base-line contains 7 gravity points. Central
one is situated at Jézefostaw. The others are situated symme-
trically from observatory to the North and the South, separated
about 3,6 and 12 kms. Between gravibty stations, good stabilized,
the gravity differences using some quartz gravity meters have
been measured. We used Worden, Sharpe CG-2 and Scintrex
instruments. Every time they a.i¢ calibrated by laboratory
apparatus using method of inclination to determine the coef-
ficient of gravity meters. Results of gravity observations
point out that the plumb line direction has periodical and
secular variations. The comparison between the results obtained
by astronomical and gravimetrical way will be presented in our

paper.

17
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1. Introduction

The permanent observations of the latitude variations have
been executed at the Jézefostaw - Observatory since 1959. The
12=-th group programme of Horrebov-Talcott pairs [1] is the
background of the latitude determinations at Jézefoszaw. The.
observations are carried out by means of Vizual Zenith Telescope
/VZT/. The results of the observations are used by BIH and IPMS,
System of declination corrections had been determined by the
use of the chain method of observations adjustment from the
period of 1961-1969 consisting 1010 H-T pairs [3] . Ia 1972
about 30 H-T pair were substitute by new ones because of
precession effect.

That way the new 12-th group programme, foreseen foroperation
from 1972 up to 1984 has been formed [4] . The declination
corrections of star - pairs of the new programme have been
determined using observations of 44 H-T pairs common for both
programme in the period 1972-76 [5] .

For geophysical interpretion of the latitude variations
starting from 1976 the gravimetric measurements along meridian

vase - line have been done,

2+ Gravimetrical works

Variations of the plumb line direction coanected with
the mass dislocations inside the Earth's crust can be
estimated by permament gravimetric observations. Such
determinations have been performed since June 1976. Variations
of the horizontal gravity gradient at Jézefoszaw - Observatory
have been determined. The total length of our gravimetric
base line is of 30 kms. It consists of six pointé&hree
points to the North and three points to the South along the

meridian of Jézefostaw. Gravity stations are located on
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r3 = 2,8 kms, r, = 6,3 kms, ol = 13,2 kms from the observatorye
Each pair of points situated at the same distance allows to
estimate some mass displacements occuring at different depths.
Utilising Vening lleinesz formula for meridional component of the

absolute deflection we can put as follows

JT gy dup Solam
A‘P: (1 + k - l) a\? e ZeT = Y >9 (1)

where k, 1 are the Love's numbers. Valuel = 1 + k = 1 = 1,13
we can take first as constant,

For the gravity changes one can obtain

5.5 ol ar 3T
Ag = (1 +h—-2-k) -a";-—G'o -'a—;-—1,20 v (2)

Next relation between Ag and 4% can be found. This way ths
periodical gravimetric measurements can be used for the latitude
changes determination.

Takding into account our meridian base-line we could utilize

Gauss - Czebyszew formula to calculate the Vening Meinesz integral
value up to 15 kas for meridional component. Radii of rings in
that zone are equal to the distances of gravimetrical stations

from astronomical observatory. In that case the common formula

has a shape
1 Sag dag §ag
_ Q- _8 15kms ry as ry ) A
a§=a9= —o% —3 (13,2kms+ 63kms T Dgkms/ G (3)

where <&Agrimeen the gravity differences ch3iges during the

time interval between two stations separated of r, from Jézefosktaw.

a
Introtucing the Love's numbers value we can obtain at last the
formula
il
A= -0,247 (0,0758 Sag. + 0,161 84ag, + 0,357 Sag, ) (4)

1 2 3
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The mean error of the local latitude changes obtained by that

method from gravimetric measurements up to 15 kms from observatory

1/2

L 2 2 2
M= 0,247 (0,0051 m §4g,+0,028 u°54g,+0,111 m 5Ag3) (5)

we can et from formula

Both in (4) and (5) formula 523gi must be expressed in miliGals.
The gravity changes determinations have been already done
several times and the precise Worden, Sharpe and Scintrex gravity
meters were used. Each serie of our measurements was preceded
by an examination of gravity meters in the laboratory. Using
the inclination method of calibration the coefficients of their
equations were determined with an error of the order t1-10-4.
Each result of Ag measurement consists of three independent
rides and it is characterised by mean error of the arithmetical
mean about t10/4Gls. The obtained results of measurements and
calcutions are presented on the graph /Fig.1/ showing Aﬁ? changes.
To get actual situition in the regional gravity field we have
calculated average value of the gravity gradient and its changes
/D8 g/. Those values we can transform to the changes of meridional

component of vertical deflection /D g / using formula

DE = 0,0525 “2- DSg = 0,0494 D 8¢g (6)
G

Figure 1 shows both A'Y and D % graphs.

3. Comparison of the latitude variations with the gravimetrical

results

On the basis of the observational material, normal points

of a latitude were determined under following assumptions:

a/ desirable numbér‘of star poirs for one normal point - 45
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b/ time interval between two successive normal points should
be not longer than 35 days,

¢/ tine interva between the last and last but one star pairs
in normal point should be not greater than 15 days,

d/ the greatest number of groups in one noruwal point should be

less than 10.

These normal points were smoothed in behalf of determination
of mean latitude variation. e took adventage of the Vondrak
algorithm [7] with vptimum value of the smoothing coefficient

= 0.2 . This coefficient was chowsen according to assumption
that mean error , estimated from differences between smoothed
and observed values of latitude, should be equal to unity RS
error of normal point, which amounts about 0203. Next values
of latitude for equal intervals of 071 were interpolated using
the third order Lagrange polynomal. Cbtained this way Orlov's
mean latitude curve is plstted on Fig. 2.
In an earlier author's paper [6] some disadvantages of the
Orlov's filter were discussed and a new approach of the deter-
mination of mean latitude was suggested. In present paper we
give another third way of the evaluation of filtered latitude
so that comparison between variations of the plumb line obtained
by latitude observations and gravimetrical ones will be succesful.
This simple method it is filtering by use of the Vondrak smo-
othing procedure /see [8] /. For this purpose, a value of the
coefficient € = 10-'8 was addopted in accordance to the frequency
charactertstics presented on Fig. 1 in [8] « On the base of that
figure we can expect that all short periodical terms doesn't
appear in the filtered latitude curve obtained in such a way.
¥e hope, this filtered latitude curve can be also interpreted
as variation of the plumb line direction at the station.
It can be easily noticed from Fig. 2 that two collapses occured.
The first appeared in the moment of 1965¥5, and another one,
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something smaller, in 19757 Therefore, we have expected that these
collapses could bring a deformational effect to filtered latitude
obtained by use of Vondrak's algorithme. To avoid this our observa-
tions only from time interval 1975305 - 1980?3 have been accepted
for determination of filtered latitude., In the same interval our
gravimetrical measurement have been done, The past of mean
latitude curve, filtered latitude as well as the curves of plumb

line variations are presented on Fig. 1.

4, Conclusion

Cbtained results of gravimetrical measurements and calculations
give clearly one conclusion that the plunb line Jirection .deviates
towards th. equator, which is in accordance to the astronomically
obtained results., Gravimetrical determinations don't explain
the 1978 - collapse, unfortunatly. 7e don't exclude a possibility
to the coincideiice with the earthquaces. To find the sources of
other variations we need to take into account geological and
hydrological ccnditious around the actronomical observatory.

It was given by J.3yl [2] that the mostly iafluence have the
ground water level changes, the air pressure and other metgorolo-

gical conditioans /rain, snow,/.

deferences

[1] B.Xozaczek - Wyznaczenie i analiza zmian szerokosci
geograficzaych w okresach 1959-1960 i 1961-1964. Biuletyn
informacyjany, No 1 /40/ RKI.:G, 1965,

[2] J.Byl - Uber den Eiafluss geologischer und hydrologischer

ffekte auf die Lotrichtung in rotsdam, Zentralinstitut

1t Physik
furYder krde,Heft 3, Potsdam 1979.

[3] BeKotaczek, JeB.R0gowski, Be.Chmielewska - Latitude varia-

tions at Jézefostaw according to two programmes of observa-

DOI: https://doi.org/10.2312/zipe.1981.063.01

D ———




42

tions in te period of 1961-1969, Prace Naukowe PV,

Geodezja No 12, 1973.

[4] BeKotaczek, M.Dukwicz-fatka - Latitude Circular HNo 48,

warsaw Tech. Univ.

[5] M.Dukwicz-iatka, L.Pieczyiski - Latitude Circular o 61,

Jarsaw Tech. Univ.

[6] R.Galas - Geofizyczne interpretacje zmian $redniej
szeroko$ci geograficznej astroncmicznej. Geodezja

i Kartografia, tom XXVIII, nr 3, Warszawa 1979, p.:163-178.

[7] J.Vondrak - A contribution to the problem of smoothing
obserwational data. Bulletin of the Astronomical Institu-

tes of Czechoslovakia, vol. 20, no 6, 1969, p.349-355.

[8] J.Vondrak - Problem of smoothiah Cbservational bata II,
Ibidem, VOl. 28, no 2’ 1977’ p. 84"890

DOI: https://doi.org/10.2312/zipe.1981.063.01

e




002 |- 4 002
000 | - "000
2002 -1-1002

B 004
T —~-006
6.05 |- =h

I <008

n —2010
6.00 |- --1012

- -

s oo
_Ete 'wr 5.96
595 |- =

n — 5794

N - 5.92
590 - 530

[ P _l Il I I ]_ 5

1976.0 1978.0 1980.0

Pig. 1 Chaages of the plumb line

~ derived by the gravimetrical method using formuls /4/,
- derived by the gravimetrical method using forwula /6/,
- mean latitude obtained by the use of OR2 filter,

- filtered latitude

QW >

DOI: https://doi.org/10.2312/zipe.1981.063.01

—

e




6.05 |-

6.00}

595 L
1962.0 595
: 1970.0 19800

Pig. 2 Orlov's mean latitude at Jégefostaw

DOI: https://doi.org/10.2312/zipe.1981.063.01



45

Beobachtungsmethoden der photographischen
Astrometrie flr Zwecke des fundamentalen
Referenzsystems = EinfluBl des Kassettentyps
auf die Genauigkeit der Resultate

von

D.BOHME 2

Genauigkeitsanalysen von Testprogrammen der photographischen
Astrometrie mit Schmidt-Teleskopen verschiedener Observatorien
zeigen genauere Positionen bel Verwendung einer Kassette mit
ringformiger Andruckmaske als bei einer mit quadratischer. Zur
Bestimmung des &influsses des Kassettentyps auf die Genauigkeit
der erhaltenen Positionen wurden uUberlappende Platten des Feldes
um Alpha Persei mit dem Tautenburger Schmidtspiegelteleskop
unter Verwendung beider Kassettentypen aufgenommen. Die Aus=-
gleichungen der Positionen von 137 Sternen, die auf 12 Platten
mit je 2 Zxpositionen gemessen wurden, zeigten Katalogfehler,
die in einer Koordinate im Mittel bei O?2 liegen und in einigen
Fédllen Maximalwerte bis 025 erreichen, Nach einer von DIECKVOSS
und DE VEGT vorgeschlagenen iterativen lethode zur Verbesserung
der Positionen und Eigenbewegungen von Anhaltsternen in einem
mehrfach liberdeckten Feld (Astron. Nachr. 290. 125, 1967)
konnten die auf die Beobachtungsepoche ibertragenen Katalogdrter
mit einer Genauigkeit von O?OS verbessert werden., Diese Methode
wurde auf beide Kassettentypen angewandt. Eine erste Analyse
zeigte keine signifikanten Unterschiede zwischen den mit beiden
Kassettentypen erhaltenen Resultaten. Eine detailliertere
Analyse wird gegenwartig durchgefuhrt.

17Kurzfassung. Der Originalbeitrag erscheint zusammen mit den
Resultaten der SchluBanalyse in den "Astronomischen Nachrichten",
Akademie-Verlag Berlin, Ende 1980,

2)LOHRMAHN-Observatorium, Sektion Geoddsie und Kartographie der
Technischen Universitdt Dresden, DDR-8027 Dresden, Mommsenstr.13
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Spectral Analysis of Modeled Latitude

Variations

L ¢ 1/
Aleksander Brzeziriski, Barbara Kotaczek

Summary
In the paper application of the MAXIMUM ENTROFY spectral

analysis to investigation of latitude variations is tested on
the base of model functions. Fumctioms -including main periodical
terms of latitude variations together with chamges of parameters

of these terms, it means periods, amplitudes and phases were used.

Parameters of periodical terms in the polar motion /Chandler
and annual mainly/ change in time /Jeffreys 1970 [3], Iijima 1971
[4], Rochester 1975 [7)/. Besides, secular and irregular variations
occur. In this connexion both polar coordinates and variations
of a station latitude do not fulfil the assumptions of spectral
analysis. Many tests of theoretical models approximating latitude
variations have been done in order to establish the best conditions
of the use of the Maximum Entropy spectral analysis /McDonough 1974
[2], Andersen 1974 [1], Emec and Jackiv 1976 [8]/ for studies of
the above-mentioned processes as well as the influence of changes
of an amplitude, phase and period of some terms on results. Two
modeled functions have been used in investigations /Table 1/,
model II containing periodical terms of variations of the Jézefostaw
latitude determined with the use of the harmonic analysis method
/Kotaczek et al. 1977 [5]/. Data have been generated in 5-day

intervals.

1/ Polish Academy of Sciences, Space Research Centre, Bartycka 18,
00-716 Warszawa
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Vs Testigg Number of Data

The number of data necessary for the analysis depends on a period
of a harmonic in demand as well as on the spectrum image, and on
an occurence of harmonics with a nearing frequency and similar
energy especially and on an accuracy in demand. For the model of
Jézefostaw latitude variations at 450 observations 8 asmong from
14 given periodical terms at most were determinable, whereas at
900 observatioms /13.85 years/ it is impossible to determine only
one low-energy term with a period approaching the annual /T=1.05
year, A=0.016/. Numbers ot" data cannot increase freely because
effects occur connected with variation of parameters of particular
harmonics.

If we want to obtain good results of MESA analysis for latitude
variations or similar time functioms, data including at least

12 years should be investigated /see Iijima 1971 [4], too/.

2o Testing Filter Length

The best filter length depends on many factors, namely on a num-
ber of harmonics occuring in the model, emergy amd proximity of
periods of these harmonics as well as on a noise level. The filter
has been tested on modeled variatioms of the Jbzetoszaw latitude
/Fige 1/.

The filters of length 33% and 50% have not allowed to detected
low-energy frequencies. Only the ftilter of the length 66% enabled
determination of ail modeied periodical terms excert one /T=1.05/
of a small energy and a period approaching one year. A further
enlargement of the tilter length does not improve resultse. From
these investigations it results that tor the analysis of real
observational data a filter shouwld be used of a iength not less
than 60%. A length K=4‘4§1 proposed by Emec ané Jackiv /1976 [8]/,
where K denotes a number of iterations and N a nmumber of data,

is lowered significantly.
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3a Testing Accuracy of Determinations with IMESA Method.

The accuracy of deterwination of particular periods depends
mainly on what multiple of them is comprised by data, and next
on their amplitude and proximity of other periods. A number of
data being properly great, even periodical terms below the noise
can be determined /Fig. 1, T=0.309 A=0.010/. In the model containing
three basic periodical terms with a noise on the level of 0.025
/50% of the amplitude of the semiannual term/ having 300 data
/4.61 years/ the maximal accuracy of 0.5 a day for the semiannual
term and about 10 days for the annual and Chandler terms was
obtained. Having 450 observations /6.92 years/ these values were
0.5 a day and 2 days respectively. For the model of J¢zefoslaw
latitude variations at 900 data /13.85 years/ the accuracy of
determinations of particular periods was 0-2.2 days for T<£1,.2
a year, 3 days for the Chandler period /1.2 a year/ and to 10 days
for periods 1.2-2.5 years. The J6zeios?aw model is the closest
to a real situmatiom wich we have analysing observational data, thus
similar accuracies can be expected when using MESA method in inves-

tigations of latitude variations.

4. Testing cffects of Thase Changes

Abrupt changes of a phase of the Chandler term by 150, 30° and
45° have been investigated as well as a linear change by 45° during
0.5 a year for the model containing terms with the period 183, 366,
440 and 660 days at 900 data, and for the model of Jézefostaw
latitude variations with the same numdber of data. This disturbance
has not influenced very much the accuracy of determinations of
particular periods. In the first case a low-energy term with a
period approaching the Chandler term has beenr created /Fig. 2/.

In the second model a similar phenomen has not been observed. Only
if a phase changes by 30° and 45° a term with T=0.951 and A=0.031

carnot be determined, that is with a period approaching the assumed
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Chandler period what results from a peak broadeninge.

5. Testing Period Changes

An effect of a linear change of the Chandler period by 10 and
20 days /in the range 1.193-1.221 a year and 1.193-1.,248 a year/
during 13.83 years /900 data/ was investigated basing on the model
of J6zefostaw latitude variations. A strong spectrum broadening
occured and a number of determined periods decreased from 13 to 12
and 11 respectively. The determined Chandler period is the result

of averaging its changes /Fig. 3/.

€. Amplitude Moculation

4 change of the amplitude causes elfects like a change of the
period. 5till stronger spectrum broadening and decrease of a number
of determined periods is observed. At the abrupt change of the
amplitude of the Chandler term frdm Ce131 to 0,231, 10 emong Irom
14 assumed periods were obtained in the model of JdézelosXaw latitule
variations. The spectrum image in this disturbance is presentad

in Figure 3.
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TABLE 1, Iodels of latitude variations.

Noise
T'eriod-Amplitude | Mean-Standard Considered
value dev. perturbations| N K
183D - 0%03 0.0 - 0.025 - 450 150
366D - 0%10 0.0 ~ 0.025 - 900 300-500
440D - 0%15 0.0 = 0.LZ> Changes of phase|900 500
and ampiitude
660D - 0%025
1.193Y - 02131 0.0 - 0.025 Changes of phase |90 | 500-700
period and
1.005Y - 0%162 amplitude

0.609Y -~ 02029
0.42TY - 02013
0.473Y - 02013

.568Y - 02011
0.692Y - 0%015
0.76T7Y - 02016
0.909Y - 0%010
0.951Y - 02031
1.050Y - 0%016
1.312Y - 08027
1.939Y - 02014
2.444Y - 03009
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A new determination of the tidal coefficient A from latitude
observations with the Paris astrolabe
N.CAPITAINE, F. CHOLLET, S.DEBARBAT
Observatoire de Paris
France
Suamary
A new determination of the combination A = 1+ k = 1 of the love number k and the

Shida number 1 have been made using latitude observations of the Paris astrolabe. The

data extend over a longer period than for the preceding determination and have been re-
reduced taking into account the variation in the zenith distance of the observations.
Moreover corrections have been applied to these data in order to refer them to the new

IAU nutational coefficients. A Vondrak's smoothing of these data have furnished latitude
residuals among which a least-square adjustment of the lunar semi-diurnal term of the the-

oretical tidal latitude variation gives:\ =1.05 + 0.15.

Résumé

Une nouvelle détermination du coefficientp= 1 + k - 1, combinaison du nombre de love
k et du nombre de Shida 1, a été faite 3 partir des observations de latitude effectuées 3
1'astrolabe de Paris. Ces données s'étendent sur une plus longue durée que celle utilisée
pour la précédente détermination, et on été re-réduites en tenant compte de la variation
de la distance zénithale d'observation. De plus, des corrections ont &té appliquées afin
de se rapporter aux nouveaux coefficients UAI de nutation. Un lissage de Vondrak des don-
nées a fourni des résidus de latitude 3 partir desquels un ajustement par moindres carrés
du terme lunaire semi-diurne de la variation théorique de la latitude, due aux marées ter-
restres, a donné la valeur: A = 1.05 + 0.15.
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The combination l+k-1 of the love number k and the Shida number 1 appears as a
multiplying factor, denoted A , in the deviation of the vertical due to the global
body tide measured with astrono~ical instruments (Melchior 1978).

A previous determination o. this coefficient given at the 8th International Sym-
posium on Earth Tides (Capitaine and al. 1979), from the Paris latitude observations,
from 1956.6 to 1976.5, obtained by the usual method and using 1964-IAU nutational coef-
ficients was: A= 1.24 + 0.21.

Such astronomical determination of the coefficient A , in spite of its weak preci-
sion, seems to be useful because of its wholly independence of the classical earth-tides
analyses and because of its indirect access to the number 1.

The Paris latitude observations have been re-reduced taking into account the varia-
tions in the zenith distance of the observations (Chollet 1979). Moreover, new nutational
coefficients, especially two ones with fortnightly periods,have been adopted at the IAU
General Assembly in August 1979.

Therefore it was interesting to recompute the A coefficient with those re-reduced
data that extend over a longer period (1956.6 - 1979.1), and taking into account the
amelioration of the nutational coefficients, which lessens the noise-level.

The homogeneous serie of latitude observations used comprises 6770 groups of stars.
Each value of latitude given by the observation of a group has been corected by the cor-
responding group correction.

In order to remove the variations of periods greater than 60 days, we have computed
latitude residuals with respegt to smoothed values obtained by the Vondrak's method using-
a smoothing factor of ¢ = 10 (Vondrak 1977).

The 6770 equations considered were such that their first members are the theoretical
lunar tidal latitude variations (Melchior 1978) at the date of the observation with one
unknown multiplying factor for each term (the long period one, the diurnal one, the semi-
diurnal one), and the second members are the corresponding latitude residuals.

The least-squares method was then applied to these equations and the value of A ,
derived from the multiplying factor of the semi-diurnal term, was: A = 1.05 + 0.15, the
phase-lag being of 5°.

This value of A is consistent with other computed and theoretical values, the compu-
ted ones being included between 0.40 and 1.70, and the theoretical ones between 1.20 and
1.22 (Melchior 1978).

The slightly too low value so otained can be due to the diminution of the observed
effect of the semi-diurnal earth-tide, due to the non-negligeable indirect oceanic effect
at the Paris station.
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INFLUENCE OF SOME INSTRUMENT ERRORS ON TIME OBSBRVATIONS
WITH TRANSIT INSTRUMENTS AND THEIR DETERMINATICN
Eng, Tzvetan Darakehiev
CENTRAL LABORATORY FOR GEODESY «~ BULGARIAN ACADEMY OF SCIENCES
( Abstract )

Two instrument errors are subjeet of the study -~ ellipticity
and inequality of tramsit instrument horizontal axis bearing working

sections.
The influence of ellipticity and inequality of bearing working

sections on time observations with transit instruments is defined,
and it is also shown that their finding out means to determine the
value of one parameter N* which may be done by astroenomical observa-
tions specially carried out for this purpose, i.e., observations of
star passing over a meridian., Parameter N*' thus determined is free
from random errors or star right ascensions and, to a grest extent,
from systematical catalogue errors of the type ;xo<§ and Ao<;< .

The problem related to selection of stars and to N*' determina-
tion is studied, and some indications related to carrying out and
treatment of the observations are given,

RIJHUE HEKOTOPHX WHCTPYMEHTAJIBHHX OUMBOK ITPA OIIPEIETEHVM
BPEMEH) TACCAXHEN VHCTPYMEHTOM B MEPUIVIAHE U KX OIIPEIEEHUE
Mux. liBeTaH JlapakuueB
[[EHTPAJIRHA JIABOPATOPUA BHCIIE/ TEOMESMN
BOJITAPCKOI AKAITEMVM HAYK
/Pesrmme/
OGBEKTOM HCCJENOBaHUA SABIANTCH IBE UHCTPYMEHTAJNBHHE OUMOKU ~

SJIUTMOTHYHOCTE ¥ HEPABEHCTBO PadouMX CevYeHMil Lal®d IOPU3OHTANBRHON OCcH

NIacCa¥HOI'0 MHCTDYyMeHTa.
OnperesseTcs BMAHNE, KOTOpOE BSJUMITUYHOCTE M HEPaBEHCTBO pa~
0ouMX cedeHuil Iand OKa3HBAKNT HA HAWIOIEHMA I BPEMEHU IIACCaXHHM HH-
CTPyMEHTOM B MepumuaHe. IlokazaHO, YTO BHBON SJUMNTUYHOCTH M HepaBEH=
CTBa padowIxX CedeHMl CBOIHTCA K OIpeNeJIeHMD 3HAYeHUd HHCTPYyMEHTANH-
HOT'O IIapameTpa N'. 3To MoxHO cHesaTh TIOCPeICTBOM CIEIMAJbHO IPOBEREH~

HHX aCTPOHOMMYECKMX HaAGWIEeHM# ~ HadGawnmeHuil 3Be3f uYepe3 MepUIuaH,
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1
OmpeneJieHHHIT TaKMM OOpasoM IapaMeTp /V cBOCOIEH OT CJy4afHHX OmIOOK
IpAMHX BOCXOXNEHMI 3Be3]l N B 3HAUMTEJBHOH Mepe CBOGOIEH OT CHCTeMa=-

THYECKIX KATAJOKHHX OUMOOK BHIA Aols B Ac< (. /
PaspadoTaH Takke BOIPOC O BHOOPE 3BE3M, CBABAHHHM C BHBOLOM ‘/V

I JAHW HEKOTOpDHE yKa3aHHmA B CBA3YU C IPOBENEHMEM H 06paloTKOil HaG o~
IeHMiA.

Ellipticity is the most frequent form of first approximation
of the working seotions of astraonomical instruments horizontal axis
bearing acquired during their manufacture (7). Purther, ellipticity
is the most dangerous rform of such sections, since its influence on
observation results has a marked systematical character (3, 8) as
opposed to working section corrugation whioch is fortuitous,

The influence of ellipticity and inequality on the working sec-
tion is expressed in a direct horizontal (azimutbal) deviatiom of
instrument horizontal axis, when moving its telescope in elevation
which will cause, if it is not taken into consideration, a deviation
from the results of the azimuthal astronomical observations, ie6e
the results of observation on a vertical line. In case of modern
portable transit instruments, the influence of ellipticity and inequa-
11ty of bearing working sections is of the order of the relative cor-
reotions of observations as a result of their treatment as per the
method of the least squares (4).

Equation (3) is drawm up for the influence of ellipticity on
bearing working sections of an astronomical instrument having 90°

V =-sheped bearing, when observing a vertical line

(1) AA =M. sim2z + N, cos 2%

where
‘Aﬂ is azimuthal rotation of instrument horizontal axis due

to working section ellipticity
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2 1is instrument zenith distance considered as positive
from one side of zenith and as negative from other side
of zenith

M and N are equal to

o2 (a-b)
il L,

sin 8 P. sin(8¥ -2¥)
(2)

N = iV‘Z—Z{“ _é) S AW, 64'5/45"-2‘/)

Here "a" and "b" are the large and small semi-axes of the wor~
king sections which are accepted in this case that they are ellipses
of equal dimensions, but of a random mutuwal position. The straight
line connecting the centres of these ellipses represent instrument
horizontal axis,

L. is the distance between the working sectioms, i.e.
ellipses

¥ is the angle between instrument aiming axis and ellipse

large semi~axis
AY 1is the angle between equal axes of both ellipses
g is second in an angle of 1 radian
The equations of M and /N may be written down in the fol-

lowing way too:
lsa
(3) L)z

po /2
W amate cofan-2y)

SindY. sen (4 -2 )7

where "e" is ellipse eccentricity.

M and N are parameters connected with bearing working
section eccentricity. They are maintained as instrument constant
values for a prolonged period of time, since the values participa~
ting in their equations are also maintained for a prolonged period

of time,
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The number of M and /V' are equal to the azimuthal devia-

tion 44 of the horizontal axis for given instrument zenith dis-

tance, namely

(4)

N =

AA and X are

spherical co-ordinate

+ for 2z = + 45°
+
-AA o
- for z = - 4%
+ for 2z = 00
+
-AL + (o)
- for z = -« 90

co~ordinates in the modified astronomical

system used by the author and connected with

the instrument itself. Celestial horizon is accepted as the basic

circle of this system, and the points of intersecticn of instrument

vertical withe celestial horizon are accepted to be the initial

points, In this case instrument vertical is connected with the line

connecting journal bearing top. Equation (1) represents actually

the equation of the line traced by instrument aiming axis on celes-

tial sphere, when moving the telescope in elevation in this co-~or-

dinate system.

On the basis of

(1) and tracing the mechanism of carrying

out observations, it is obtained, for ellipticity influence of wor-

king sections on time-~longitude observations by means of transit

instruments (4)

(5) ad, =N, cox2z

(6)  sup=N.sin(¥55). cos2(¥75). secd

where

- star u.c.

+ star 1.c.

aA, is the mean of both position of instrument azimuthal devi-

ation, i.e. horizontal axis deviation from perpendicular
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to the plane including instrument vertical
at which the star is observed

AU, 1is the correction to be added algebraically
to the average moment of star observation

> is star declination

Y is observation place latitude

Equetion (6) is valid for an observation place located in the
Northern hemisphere. Here, contrary to equation (1), star zenith
distance, i.e. instrument zenith distance, is always a positive
tigure.

Contrary to circular working sections, the inequality of the
elliptical ones is influencing the observations with a transit ins~
trument (5, 8). Moreover, ellipticty influence and inequality influ-
ence and the Joint influence of ellipticity and inequality of bea~
ring working sections on the observations are manifested in the sa~
me law and are expressed in a direct instrument horizontal axis de-~
viation horizontaly, when moving its telescope in elevation. In this
case, the deduction of inequality influence and of joint elliptici-
ty and inequality influence of working sections on observations means
a formal substitution to parameter & in (5) and (6) of parameter
AN and N' for whioh we have (&)

(1) AN = 5)2“?;&) sn2¥ or
& it

(8) AN 5’(“23},;’"’) smaY

(9) KN =Nl

where

AQ = a’ ‘az

BN

(10)
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Here, when considering the problem of working sections ine-
quality, it is accepted that such sections are ellipses of diffe-
rent dimensions and of a random mutual positiom, their semieaxes
and eccentricities being marked by 84y bﬂ, as b2, €15 ©€5e

Working section ellipticity and inequality are determined by
defined the values of parameters N ama aN which should be done
by special astronomical observations made for this purpose, Howe-
ver, by means of these observations, it is possible to find out on-
ly parameter JVI connected with the joint influence of working sec-
tion ellipticity and inequality, but not N and AN what is actua-
1ly necessary., The definition of N’ by observations of stars in a
meridian is oonneoted first of all with the selection of stars so
that it is possible to find out the most accurate possible 1 by
their observation,

We shall deal here with the problem of star selectian, when
determining ellipticity and inequality of bearing working sections
of transit instruments by observations in meridian, and we shall
give certain indications related to carrying out and treatment of
the observations. We shall determine star zenith and respectively
declinations that should be included in the star groups so that /Vv
of the highest accurary could be found out or in other words we
shall define the oomposition of the best star group.

Proceeding from the observation equations of the type

¢ 7
(1) su *Kiéa' *niﬂ/= /i FV ot A weight pizfscoszgi or p:[:cos‘gg:l

/
where 7qA/‘is the correction for bearing working sectiomn elliptioity
and inequality written down in this way
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- star u.c.

(12) A, = N sin[YFS;). cos2(¥ ¥8;) sec §;

+ star 1l.c.

su 1s chronometer correctiom

é; is instrument azimuth obtained from star group

bearing the number,J”
K; 1s the so-called star azimuthal coefficient of a ca-

talogue number / equal to

(13) ot A (70 ;"SA ).see5 « gtar in upper culmination
+ star in lower culmination
f; is the constant term of observation equation equal to
the difference between star right ascension and the
corrected average moment of star observation because
of different instrument errors and constant chronome=-
ter errors
V: is observation relative correction
The first weight is valid for observations with visual tran~
sit instrument, and the second one ~ with photoelectric transit

instrument,

Taking into consideration that /3ﬂ=

{
the weight faﬂ 9
/ 5L3
of parameter N ' 1is

(14) /"MTO][PX;] AT (H[f’“j@"””] b 2[/"1 D””][/’K”] e
[eAlp7A - A (o4 K] - [ pxA*)

where

Pl= 2 fess

K] = 2 fsin(v55). ca§
K] = 2, 5 (v75)

(15)
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(7] = g,{;.,w/% &) crs2(¥ 78) cos&y
[pren) = éﬁﬁ‘%% 7o) ca’2(¥ &)
[}okﬁﬂ ='é%}%fsﬁnﬁ6”$5964r2(p;Fé;)

"t» indicates the number of the star in the group, and "g"
is star quantity in the group.

It is difficult, even impossible to establish analytically
by mears of (14) for which values of & ata given Y the
weight Pye Wwill be the maximum one, and how the composition of the
best star group will be defined, Moreover, equation (34) does not
take into account the influence of systematical catalogue errors
of the type 4o(5 on the observations, therefore, the weight cal-
culated as per (14) becomes a fictitious one. Thus the composition
of the best star group may be establish only empirically by calcu-
ations, but this would be very diffiocult, if we had to use only
equation (14).

One of our assumptions could help, but we have to verify its
veracity experimentally, It consists in the following: first to de-
duct a value from the observations, it is necessary that this value
has an influene®e on them, and second, the greater its influence on
the observations, i.e, the greater correction expressed as a module
because of the influence of this value, the more acocurate this value,
In the pwactice, it means that parameter N' will be deducted most
accurately from the observations of stars for which the correctiom
for bearing working section ellipticity and inequality adopts ex-~
treme wvalues of a function which are not zero. This would be true,

if only one value had an influence on the observations, i.e, if anly

one correction participated in observation equations, and namely the
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correction for working section ellipticity and inequality. However,
two more corrections are included in them (11) -~ chronometer correc-
tion and instrument azimuth correction which represent another con-
dition, namely that when selecting star groups, stars for which there
is a proportionality between coefficients preceding N' and k on the
one hand, and N*' and Au on the other hand, should be avoided, and
in any case no groups should be formed of stars for which there is

a proportionality between such coefficients. This would be also true,
if star right ascensions had not been charged with systematical ca~
talogue errors heing a function of " 5 v i.e, errors of the type
Ao(g e S0 the assumption put forward by us is approximate in a sen-
se, and therefore it should be complied with approximately.

The problem of finding out the extreme values of the correc-
tion of bearing working section ellipticity and inequality with res-
pect to " 5 " ig actuvally the problem of finding out the extreme
value of the function
(16) i ag Sfin/&ﬂ ;S) ng[)’ i 5) - star in upper culmination

+ star in lower culminatiom
vhich 8y be made analytically or graphically. The results of the
graphical solution are shown on fige 1. They relate to '/ =+ 43°,
Fig, 1 shows that, in the area of star observation, F has four ex-
treme values - one maximum and three minimums located near z, = 25',
3, = 90°, Zy = 25° and Zy = 90% or near & = + 180, «47° and + 68°
for stars in upper culmination and ) = +47° for stars in lower cul-
mination.

To verify the veracity of our assumption and to determine the
composition of the best star group, we form different variants of

star groups including stars of declinations located near and far
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from the extreme values of F for which we calculate Pys 88 per (14)
accepting that f% = 1. The results are shown on table 1.

Taking into consideration arguments related to instrument azi-
muth constancy during observation of the star group, we accepted that
the group consists of 12 stars. Such a group is observed for one hour
during which it may be assumed that instrument azimuth is practica-~
1ly wnchanged,

For further understandable reasons connected with lateral ref-
raction, we limited our observations to stars of zenith distance
up to 80°,

The results shown in table 1 confirm completely our assumptions
and prove that the groups should consist of stars located approxima-
tely uniformly in the whole zenith interval (from 80° North to 80°
South of zenith) and at the same time grouped around extreme values
of Fe¢ Suoch a location of stars in the groups is to be preferred, and
it is easier to be realized in comparison with a concentrated loca~
tion of stars in extreme values of F. Only in this case, it is pos-
sible to consider that the parameter N' thus obtained will be of a
high accuracy and at the same time free to a great extent from the
systematical catalogue errors Aczg'. Variants Nos,11, 18, 23, 30
shown in table 1 turmed out to be the most suitable of the variants
studied. Their star group consists of stars of the following zenith
intervals and declinations:

No. 11 - zy = 80°% 70°%, 35°, 30° 25° 20° and =z, = 20°, 25°, 30°,

N
35°%, 70°, 80° or o = +57°, -+67° in lower culmination and & = +78°,
+73°, +68°, +63°, +23°, +18°, +13°, 4+8°, -27°, -37° in upper culmi-

nation; No. 18 - zp = 80°%, 35°, 30°, 25°, 20°, 10° amd z_ = 10°, 20°

3]
25°%, 30°% 35°, 80° or & =+57° in lower culmimatian and S = +78°,

+73°, +68°, +63% + 53°, +33°, +23°, +18°, +13°, +8°, ~37° in upper
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culmination; No.23 - zp = 80°% 70° 35° 30%, 25°% 15° and z_ =

150, 250, 300, 350, 70°, 80° or & =='+57°, +67° in lower culmination
and o =+78% +73° +68°, +58°, +28°, +18°, +13°, +8° , -27°,
~37° in upper culmination; No.30 = zy = 80°% 40°%, 30°, 25°, 20°,

10° and z2g = 10°, 20°, 2S°, 30°, 40°, 80° or ) = +57% in Jower oule
mination and © =+83%, +73° +68°, + 63°, +53°, +33°, 423°, 4 18°,
+13°,-+3°, «37° in upper culmination,

A special programme of observation (in groups) has been estabe
lished to obtain N', Every group consisted of about 12 stars located
at an interval of about 1 _ 18450 along right ascension, An
interval of about 10® - 15 has been left between the groups, Sew
veral groups have been observed every evening.

The treatment of the observations of all nights has been made
simultaneously by adjustment by the method of the least squares,

One observation equation of the type

/
(17} Aw + K,é +'n;ﬁ/-‘-‘ (f; # Lii of a weight pizfgcoszsi or pi=cosggi

where q =1, 2 ¢eo m 1is the number, and "m" is the number of nights
of observation, has been established for every night of observation.
To minimize the number of parasitic unkmowns and to improve
in this way parameter N' accuracy, first it is necessary to have
an accurate chronometer of a stable operation which will allow to
reduce the observations of the different nights to a given epoch
selected about the middle of the period of observation. As a result
thereof we shall have only one unknown value of chronometer correc-
tion, namely au for this epoch. In this way the number of umko
will be reduced by (m-1). Second, it is necessary to have at least
one stable mark placed at a sufficient distance from the instrument

which will allow to control instrument azimuth change during
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the night of observation and during the total periocd 9f observa-
tion, Therefore, hefore and after observatior of every star group,
the instrument should be directed to the mark, and the relevant mea-
surements should be made with the micrometer., The observations of
the stars of the whole group are corrected with the results obtai-
ned and reduced to a determined value of instrument azimuth, i.e,

of mark azimuth., It is this value "k*® of instrument azimuth that

is obtained from the treatment of the observations. Thus the number
of unknowns is reduced by (r-1) where "r" is the number of all ob-
servations expressed in groups or the number of th: so-called goups

of nights,

On the basis of (17) are drawn up 3 normal equations of 3 unk-
‘ﬁowns, where N' is looked for and Aw and "k" are parasitic values.

The parameter N' thus obtained will be free from random errors
of star right ascension and, to a great extent, from the systematical
catalogue errors of the type ao{g and aol, .

By determination of N* it is possible to eorrect the current
latitude~time observations carried out with transit instruments, when

the correction (12) is written down in figures in the mean moment

of star observation.
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Table 1

Variants

1 2 3 4

The group consists of star having zenith distances

809, 659, 509, 809, 807, 759, 809, 809, 803, 802, 809, 80%,
359, 209, 5%| 759, 609, 602 253, 25% 25%,| 809, 259, 259,
52, 202, 359, 602, 602, 752, 257, 259, 25%.f 252, 252, 802,
502, 659, 80,",1 750, 802, 802, 802, 802, 802, 805, 807, 807,

B,/ 1,41 0,46 A 1,64

Tariants

) 6 - 8

The group consists of star having zenith distances

159, 159, 102, 552, 509, 452,/ 909, 902, 355,| 80,, 80., 359,
109, 5% 5%| 402, 350, 300, 35%, 355, 352,| 35,, 35,, 352,
e e 15 10 5 5L - b 1l 53 1)
109, 159, 182, 459, 502, 559, 352, 90%; 902,| 350, 802, 807,

By 0,03 0,42 2,86 2,58

Variants

9 10 11 | 12

800, 805, 25%| 809, 702, 607, 809, 70Q, 350,/ 802, 250, 252,
2y 2l 200l B0%, 258, 200 802 25T ahl | 950 2B ek

A 9 /%) N A Ay /'4) A’y Ay Ay 4} A Ay
250, 255:A5 4 £0a, 25%: 805 4 @0 2553 =305 4 2PS,, “25lunesd .

(0]
25, 805, 807, 602, 703, 802, 359, 70§, 802, 259, 252, 802,

By 2,61 1,84 227 2,33
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Variants

13 14 15 16

259, 259, 259, 809, 809, 809,| 809, 800, 202, 807, 709, 602,
259, 259, 25%| 80% 25% 25%| 302, 3035 303, 35%s 25% 103,
25 280 2000 2505 280.° 280 S0 AT 30| 1028 2525 352,
255 2808 283 2502 2505 a5 302 e0gP ad ) 643 702, 802,

By 0,00 0,00 2,74 1,55

Variants

Iz 18 22 20

550, 500, 453 809, 355, 302, 702, 352, 302,| 459, 459, 452,
vt R bl 4 L 50t L o A 1 B Lyl R
08 5%u 408, 1025, 200, 258,1 108, 202, 252, 0%,. 0%, 452,
457, 502, 553, 307, 359, 802, 202, 350, 700, 452, 450, 452,

Py 0,15 2,05 1,53 0,00

Varients

21 & 23 24

700, 602, 353, 805, 702, 402,| 80S, 702, 352, 90, 4807,..500
303, 259, 155, 305, 203, 10%,| 302, 252, 158, 453, 350, 249,
155, 259, 302, 109, 207, 309,| 159, 250, 30°,[ 249, 0°, 24°,
5» 605, 707, 402, 702, 809,( 352, 700, 802,| 249, 452, 909,

B, 1,53 1,87 2,16 1,81
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Variants

25

26

P4

28

909, 50/
505, 249, 245,
90, % ¢
902, 907,

02, 802,
g5e. 58
T
%09, 907,

902,

o
350,
o
35%;

902,
352
/g)
359,
909,

85,5
350,
b

4g=t)

905,
359,
242,

24?2,

~A0 (o)
s 35
355,363
24}:’, 2452,
902, 907,

B/

2,86

4,00

Varia

nts

30

3%

3}
D)

807, 40/?,,7130%,
250, 200, 105,
105207, 25
303, 403, 802,

602,

705, 6034
25
o
702,

807,

(0]

242,

o (0]
802, 24,
240, 247,
garads,
802, 802,

Qv/

SPRAE

1,96

1,68

2,55

Varia

33

34

36

909, 242,

(0} (0}
DAk Tpio
282, 242,
909, 909,

252,
252,
2igs

(o]
902,

902,
259,

250

909,
25%,
B8,

903,

90%,

[0}
249,
249,
909,

S s

0 0o
3025 302,
309, 30%,
907, 907,

PR Tl

2,84
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Investigations on the Effect of the Resonance of the Liguid Outer Core
of the Earth in Gravimetric Tidal Variations
1)
DITTFELD, He-Jd.
Summa ry

Analysis results from GS-15 Earth tide registrations during 1974 - 1979 (1686 re-
gistrations days) at Potsdam represent generally the effect of the resonance of the
liquid outer core in correspondence to the Earth model MOLODENSKY II.

Existing deviations agree with those determined at other European stations.

The results are reported and discussed especially with respect to the observed
temporal variations of the diurnal Earth tide parameters inside the resonance range.

Introduction

Assuming the validity of the Earth models given by iOLCDENSKY, one can expect a
significant frequency dependence of the amplitude in the diurnal range of the tidal
potential. Analysis results of long time Earth tide records with modern gravimeters
are showing mostly a general agreement with the predicted fine structure of the
diurnal part of the tidal spectrum.

But only a very few measured series have a quality, sufficient for an interpretation
in this direction. To get a resolution of all the waves near the frequency of re-
sonance (LOR = 15.073°/h), there are needed series longer than one year, and their
inner accuracy must be better than characterized by the mean square error of 0.1 %
for the d-factors of the main tidal waves, corresponding to m, San g 10-8 m°s-2
for standard CHOJNICKI-analysises. To exclude the calibration problems, the results
of different instruments installed at the same or at different stations shall be
normalized for comparison with one another.

Results recieved at the Gravimetrical Observatory Potsdam

The digital Earth tide registration with the gravimeter GS 15 No. 222, performed
between March 1974 and June 1979 may be charakterized by the results

do1
Ju2

1.1511 + 0.0002 ; c;K1 = 1.1400 + 0.0001 ;

1.1839 + 0.0001 ; m_ =+ 0,58 ¢ 1070 meg™2 |

I+

o

obtained by the aid of CHOJNICKIs programme employing a data volume of 40 464 hourly
readings. This data set and its residuals after the analysis are the basis for a number

1jAcademy of Sciences of the G.D.R., Central Institute for Farth Physics,
G.D.R.~-1500 Potsdam, Telegrafenberg A 17
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of investigations, reported also in other contributions during the symposium. The full
analysis result, printed in the standardisized form, is represented in table I.

Por the discussion of the resonance of the liquid core of the BEarth a very interesting
paremeter is d"y1, because the frequency of the /¥1-wave is Ege neggeat to the re-
gonance frequency. But its amplitude is very amall - 0.34 ¢« 10 mes at Potsdam -
and therefore the mean square error remains greater than for the most other consti-
tuents.

As estimated by WENZEL (1976) there are needed 27 years of registration for a 1 % -
gecurity. At Potsdam we found:

duration of series Or 3em( Cf’)‘-1) 2%;3;1@11
years |evaluated hrs. 7% + + %

1.0 T 990 1.3042 0.,0877 6.72
1.4 12 454 1.2627 0.0747 5092

S 18 543 1.1920 0.0576 4,83

4 26 533 1.2227 0.,0485 3.96
4 31 130 1.2315 0.0447 3.63
5 39 914 1.2241 0.,0376 3.07

The stability as well as the confidence interval of three times the error given by
CHOJNICKI-analysises are showing distinctly the difficulties of a experimental esti-
mation of the f)l«1-parameter.

While in the last years the similarity of the results of the measurements with
the theory of MOLODENSKY essentially was shown, now we have reached in the results
a level of accuracy, sufficient for the first steps in the direction of quantitative
decisions.

Comparison with other results

In spite of the sufficient inner accuracy of the measurements and of the similarity
of the shape of the diurnal spectrum to the theoretical predictions, there are sig-
nificant differences between theory and experiment as shown at fig. 1. To check our
result for regional speciglities, it was compared with those of 12 series from other
Buropean stations containing more than 10 000 readings: Sevres, Bruxelles (2 series),
Walferdange, Frankfurt/M. (3 series), Hannover given by DUCARKE and WELCHIOR/1977;
Strasbourg (ABOURS, LECOLAZET 1977/79); Pecny (§IMON 1979) and Ziirich (GERSTENECKER
1979).

According to the mean square error of the normalized factors weighted mean values
were calculated. For a better comparableness with the results, which were computed

at the ICET by the aid of DUCARKEs programme, the errors of the results of CHOJNICKIs
standard analysis were multiplied by three for Strasbourg and Potsdam,
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At fig. 1 these European mean values were compared with the result at Potsdam and
therse are only very small differences between the single results but some characteri-
stical deviations against the curve calculated for the model. These deviations are
obtained for the majority of the stations in Western and Central Europe.

Comparison with theoretical predictions

At table II the most important parameters for investigations of the resonance are
compared with the corresponding values calculated by the formulas of MOLODENSKY.
There are only very small differences between both the models. On the other hand
results at Potsdam are much more close to the Furopean mean than to the values of
the models. The measursed results for d‘,‘”/ db1 are about four pereent higher than
expected by the theory and the most significant parameter (Cr01 - ¢/K1) amounts to
less than 60 % of the calculated value.

Symbol (i) d‘i/ do1 - Theory d;_/ (fO1 -~ Analysis result
Mo. II Mo. I Potsdam Buropean mean
P1 0.9953 0.9951 1.0019 1.0015
+ .0009 + .0009
K1 0.9822 0.9813 0.9903 0.9897
+ 0006 + .0003
/)L 1 1.0706 1.0704 1.0634 1.0524
+ 0327 + .0284
?71 1.0126 1.0129 1.0484 1.0513
+ 0177 + .0142
d‘\01 - ch1 0.0207 0.,0217 0.0111 0,0120
+ .0006 +* 00004

Table II: Comparison between normalized analysis results and
model predictions

Using the d -factors without normalisation, the differences between the models

are enlarged by a factor of about ten. So we can better compare the single results
with the predictions (table III).
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Symbol d- theoretically o - analysis result
Mo, II Mo. I Potsdam European mean
01 1.1640 1.1593 1.1511 11517
P1 1.1585 141537 1.1533 1.1534
K1 141433 1.1376 1.1400 1.1398
tY—1 1.2461 1.2409 12241 1.2121
P 1.1786 141743 1.206% 1.2108
dor/dx1| 1.0181 1.0190 |  1.0098 1.0104

Table III: Not normalized analysis results and model predictions

Also table III shows that tha agreement between Potsdam and the mean result of the
other stations is muech better than between the measured values and the models. There-
fore the deviation against the theory is not local or a peculiarity of a single mea-
surement, but it is valid for the West European region.

At first we have to assume that the irdirect effect of the oceans is the reason
for the deviations. At our digpogal are corrections calculated by PERTZEV for two of
the upper mentioned stationz {Pecny -~ S1von 1979; Potsdam - DITTFELD 1980). After
the corrections towards the ellipsoide, the inertial correction and the correction
because of the indirect effect we get the values listed at table IV but there remain
again deviations to the theory.

Symbol Ilos II Lo. I Potsdam Pecny
Jo1 1.1640 141593 1.1573 141566
JK1 1.1433 1.1376 1.1419 he 10 40
Jd 2 1.1647 141601 141579 1.1542
do1 - dx1 | o0.0207 0.0217 0.0153 0.0189
dr2 - do1 | 0.0007 0.0008 0.0006 - 0.0024
dor /dk1 | 1.0181 1.0190 1.0134 1.0166

Table IV: Comparison between model predictions and fully corrected
results at Pecny and Potsdam

¥ith these results it is also not possible to decide between the models. The
iifference JO1 ~ OK1 is clearly nearer to the theoretical value, but to small
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again. The same can be said for JO1 and JMZ. The normalized factor for K1 after
correction

dx1 / o1

0.,9868 (Potsdam)

0.9837 (Pecny),

is situated nearer to the curve of resonance (see fig. 1) but yet greater than expected
for both the models (0.9822 and 0.9813 respectively). But because cf01 equals cJMZ
practically PERTZEVs correction of the indirect effect seems to fit the conditions of
the model better than the corrections offered by other authors.

Temporal variations of the characteristical parameters

In general there are temporal variations not expected by the model. Using a re-
gistration of more than five years under nearly constant conditions, we have the
possibility to check the time stability of the analysis results. Fig. 2 shows the
results of overlapping shifted periods each lasting about one and a half year
(6400 ... 12 900 hourly readings; my = 4% 0.50 ... 0.63 -« 10-8 m~s-2). In each analy-
sis we used a resolution of 19 wave groups, so K1 is fully separated. The temporal
variation of (cf01 - ch1) seems to be significant. Analysing disjunct monthly re-
gistration periods with the VENEDIKOV programme .65 we found a periodical variation
of db1 - d}P1 S1 K1) with an amplitude of 0.0056 + 0.0015, corresponding to
about 37 % of the mean difference do1 - dk1. The period of these fluctuation is
365.0 d, as represented at fig. 3. The nature of these variations, mostly caused perhaps
by S1-type disturbances, is discussed by ELSTNER/SCHWAHN 1980. For our aim the
conclusion is important that the results, charakterizing the resonance of the
liquid outer core, at a given station are variing also with time - seasonal as well
as with a long-term temporal trend. These variations very exceed the differences
between the models. - So we also can not expect the desired decision, because we
will get different results for different registration periods at the same station.

Conclusion

Pictures like fig. 1 were often discussed as a experimental confirmation of
MOLODENSKYs theory. It should be remarked, that already the visibility of the
effect of resonance in the diurnal spectrum is a sign for very accurate and small
disturbed measurements. But looking carefully at the results of the European
stations one can find any contradictions which shall be summed up in the following.

1. In general the dlfactors are less than expected by the model. The clearest
expeption is 9”1 with about plus three percent.

2. Also by introduction of the at present known corrections, one can not avoid
gignificant deviations against the theory of NOLODENSKY.

3. The usual representation of the results (normalized d—factors Cfi/ ch1 or
differences db1 = ch1) leads to a more optimistic view than the direct
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comparison of the theoretical and the measured J-factors.

4, From the configuration of the measured points at fig. 1 may be concluded also,
that the resonance is not so sharp as expected by the model and possibly other
effects influencing the diurnal spectrum are acting in Western and Central
Burope. Looking at the painting without the curve of resonance - extremely -
one may be tempted to fit the datas with a curve like the frequency depen=-=
dence of forced vibrations or with curves having more than one singularity.

5. Por a final discussion corrections of the indirect effect of the oceans are
needed for all the waves around the frequency of resonance. For a global
comparison these corrections are to calculate in a similar way for all the

stations having series of sufficient quality.

6. Time variations of the tidal parameters inside the resomance range must be
checked carefully in the next future.
Bspecially is to clear, whether these effects are regional or instrumental
or of global character. In the latter case the whole theory must be improved.

At present it seems to be improbable that the results concerning the resonance of the
liquid outer core will come closer to the model values only by prolonging the measu-
rements with instruments of the same generation. On the other hand one may expect a
better fitting with the experiment by a more detailed theory, which perhaps will

be worked out in the future. At present we are not able to explain whether the rea-
son for the distinctions between model and experiment is founded in the uncomple-
teness of the measurements, in the insecure corrections or in the model itself.
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WYROW'ANTY KOyCOWE = CcOMPEZNSATyOM gINALE
KONCOWE WYyp¥y 08 yC25y - mEsy TATS pynALS pES CALCULS
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FPig. 3: Gravimeter Gs 15 No. 222 - Potsdam, Nov. 1973 / junct monthly registration periods calculated by the
December 1979 programme VM65 and adjusted for 59 monthly results
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Examination of some componente of the aetrolabe temperature field at Potsdam and
their relations to the geodetic-astronomical observatione — - —— —

by

J. Dittrichl)

Zusammenfassung

Thermische Anomalien, bedingt durch die lokale Topographie, verursachen eine Nei-
gung der Ieopykenen und damit eine Storung der Normalrefraktion. Es wird Gber die Er-
fassung des thermischen Feldes in unmittelbarer Néhe des Astrolabs DANJON im geoda-
tisch-astronomischen Observatorium Potsdam berichtet. Ein graphisch hergeleitetes Tem-
peraturmodell dient der Ermittlung horizontaler Temperaturgradienten im Azimut der be-
obachteten Sterne als Indizien der wirksamen Stérungen. Sie sind je nach Intensitéat
der thermischen Asymmetrie mehr oder weniger stark mit den geodédtisch-astronomischen
Beobachtungsergebnissen korreliert.

Summary

The local topography brings about thermal anomalies and thus it is the cause of
the inclination of isopycenics and refraction disturbances. The measuring equipment is
described for the temperature registration near the astrolabe DANJON at the
observatory Potsdam. It is reportet on quelity and treatment of messuring dates and
on design of the graphic temperature-model. Some components of the thermal field are
analys®d. The correlation between the horizontal temperature gradients in the 6-meter-
plane and the geodetic-astronomical observations are detected. The corrections produced
on the baeie of the regreesions equation are computed for significant correlations
(about 30 percent). An improvement and extension of the temperature recorder is
discussed with a view to a higher effect of this method.

1. Introductory remarks

The influence of the microclimate on geodetic-astronomical observations is an un-
conteeted fact. It resulte in density inhomogeneities in the lowermost layer of the
atmosphere. The laws, according to which density inhomogeneities in the atmospheric
layer adjacent to the earth influence the results were discovered by means of in-
vestigations carried out at different observatories using classical instruments for
the determination of meridian time and latitude from zenith distances.

The sstrolabe - a modern instrument for the simultaneous time and latitude determina-
tion - operates according to the method of almucsntarate passage measurement. As
regards the construction and the method of observation, it has substantial advantages
over claseical instruments. Thus several error components are completely eliminated,
while other componente - even external ones - are partially compenssted. However, the
h*gg that _now microclimatic effects could be completely neglected did not come true.

Academy of Sciences of the G.D.R., Central Institute for Earth Physics,

G.D.R.-1500 Potsdam, Telegrafenberg A 17
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A disturbed density field with its inherent heterogeneous optics may produce refrac=-
tion disturbances also in astrolabe observations, not to mention that the thermal
ssymmetry may cause thermally induced instrumental errors at the same time,

Many geodetic-astronomical observatories use the DANJON astrolabe, and their long-
term series of observations are an important data basis for geodynamic investigations
(polar motion, earth rotetion, recent crustal movements); therefore attempts to
improve their quality in order to incresse their scientific information content are

of great importance,

2. Establishing a temperature measuring field

The “simple"” case of uniformly inclined air layers of equal density as described
in the literature now and then occurs at greater altitudes, above all in cases where
air masses of different temperatures and humidities slide one upon another. It is
also found for typical slope locations, e.g. in high mountains. It is however rarely
that this type of etratification occurs in the lowermost layer of the atmosphere at
observatories. The isolines (isotherms, isopycenic lines) describing the temperature
and density field, respectively, generally are highly structured at the observatory
and in its neighbourhood, reflecting in a generalized form the different thermal
capacities of its essential parts. Sesides they are determined by the vegetation, the
wind end the daily amount of solar irradiation. Thus the algorithm for taking into
account the influence of layer inclinations on tha results of observation are
applicable only in & differentizl sense., This indicates the difficulties occurring in
an adequate detection of the temperature field, from which relevant parameters for the
influence upon the observation of a certsin star passage have to be derived. It is
obvious that such quantities - mostly being gradients of the temperature - can be
derived with an adequate reliability only on the basis of comorehensive studies and a
great experience, the more so as economic and technological conditions limit the
number of measuring points to be installed for the detection of the temperature
field.

At the Potsdam geodetic-astronomical observatory, they led to the installation of
a temperature measuring equipment having 12 sensors at 2 levels, 5 of them being
located immediately above the astrolabe in the observation house, and five others, at
an altitude of 6 m above ground level, each group of sensors being arranged in the
form of a diagonal quadrangle (Fig. 1). Two other sensors serve for detecting the
temperatures outside of the observation house and for the fitting to the thermo-
dynamic temperature scale.

The data were recorded by means of a motor compensator indicating each of 12
measured values point by point by different colours and measurement marks as a func=-
tion of time.

Together with 2 older meridian houses, the observation house for the DANJON
astrolabe at the Potsdam geodetic-astronomical observatory is located on a small
plateau, which is bounded in the east by the registration house and the measuring
laboratory, in the south and west by bushes, in the north by the Helmert tower
located in the north-east, and by bushes. The Helmert tower has a height of 19 m,
being excelled in height by several trees which stand near the amall plateau. In the
west the timber gets denser on a rising terrain in the immediate neighbourhood. The
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Fig. 1: Position of the thermal aensors

terrain slightly slopes towarde the south and east. At night an intensive radiation of
the heat-accumulating west walls of the registration house and the measuring
laboratory - which in the daytime are irradiated by the sun - must be expected. The
hight broadleaf trees likewise influence the microclimate of the small clearing.
Meteorological effects on the observations must by all means be expected.

3. Influence of the slope of the layers of equal density

Although the lowermost 10 m of the earth's atmosphere yield only 1.3 %o of the
normal refraction, layer inclinations in this zone may reach considerable values, thus
also inducing considerable disturbances. They have to be considered like a shift of
the refraction zenith, i.e. the zenith point will have to be reduced because of
refraction, while the piercing point of the normal to the inclined layers will be
free of the influence of refraction. According to ZVEREV (1946) and KUNTZ (1975),
respectively, one has

)y WEEEE A € cos (a - 1),

where £ denotes the apparent zenith distance of the celestial body for a layer
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tnclination as referred to the refraction zenith 2'; z* denotee the apparent zenith
ance without the layer inclination, £ the angular distance of the refraction
from the zenith Z, a the azimuth of the observed star and 1 that of the

dist
zenith 2°
refraction zenith (Fig. 2).

A Pol

Fig., 2: Spherical triangle: zenith, refraction zenith, apparent place
The influence of the layer inclination (refraction difference) is given by
(2)"R {g‘ - z'} =m cos (a ~ i),

where oo = 601 and m = «o € sec2 Z.

The thermally induced portion of the correction due to a layer inclination can be
calculated for a known compensation altitude from the horizontal temperature gradient,
According to ZVEREV (1946) one may start from the fact that temperature differences
measured in an optimum way indicate density differences and that refraction disturbanc-
es determined through the former ones élmost compensate the effects of the air layer
near the ground.

All attempts to determine the slope and the azimuth of the disturbed air layers
from the geodetic-astronomical observational data have a practical chance of success
only for the “simple® case.

For being able to take into account the room refraction, local refraction
disturbances and the influence of the temperature difference between the instrument
and the compensation altitude in the normal refraction, the compensation altitude
together with its temperature must be known. While for the compensation altitude
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plausible assumptions can be made on the basis of empirical values and theoretical
studies, in most cases its ‘amperature is unknown unless it lies within the range of

direct temperature measurem.nt.

4, Preparation and processing of the data material

For stable large-scale weather conditions, a temperature field hardly changes its
character (typical stratification) during the period of observation, so that it will
not be detrimental to dispense with the association of temperature measurements being
as synchronous as possible to each star observed. Nevertheless the temperaturé
conditions as a function of different daily climatic conditions may highly differ in
their character from one evening to another. These regularities were confirmed a
posteriori by the available data material,

Two schedules of star measurements were executed every evening when the sky was
clear. For each star schedule (about 2.5 hrs) it is entirely sufficient to determine
a mean temperature model. For that purpose the temperatures were taken from the
recordings every 20 minutes, and corresponding values were averaged. The character of
the temperature field is displayed not comprehensively, but representatively for the
given possibilities by the configuration of the graphically determined isotherms in
the 6-metre plane, if necessary alsc in selected vertical planes between the &-metre
level and the level immediately above the lens of the astrolabe.

In the 6-metre plane, horizontal temperature gradients were determined in the
azimuth of all stars observed. They yield direct information about the thermalily
caused inclination of the layers of equsl density in the differentially small region
which is passed by the beam of light coming from the star,

For about 50 % of the observations these temperature gradierts exhibit correlations
to the results of measurement. For 30 % of the observation schedules it wes possible
to derive significant and even highly significant correlation coefficients, while for
20 % the coefficients are close to the limit of significance.

For observations with significant correlation coefficients, corrections were
determined by the method of regression analysis, the values of which reach 072 for
the latitude and 20 ms for the clock correction.

The application of ZVEREV's method of calculation fails due to uncertainties in
the determination of the compensation altitude. Computations were carried out with
different plausible compensation altitudes, but in all cases the corrections obtain-
ed were too small,

The values obtained by the regression analysis can be explained only by inversions
which at least temporarily extend to higher altitudes. Thus there is reason to suppose
that the temperature gradients in the 6-metre plane are not always representative of
the dependence of the results of observation on the temperature field. Above all that
is true when the correlation coefficients are close to the limit of significance end
their magnitudes are already markedly influenced by one or two inaccurate star
observations for only 20 - 25 degrees of freedom.
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5, Evaluation of the investigations and conclusions

Significant correlation coefficients between astronomical results of observation
and temperature gradients are the only criterion for their correction, which cen be
carried out by the method of regression analysis. This work meets the objective
requirements for improving the quality of the series of observations. However, it
cannot satisfy to correct only those observations whose correlations to the tempereture
coefficients are significant, if it cannot be ensured thet in the other ceses the
observations are not influenced by an asymmetrical thermal or density field. This
situation is determinative for the present investigetions. The number of values
detected by means of the given temperature meesuring equipment is not great enough to
detect possible effects which are not represented et the 6-metre level. Theié#
existence must however be taken into account. Since in this way, for the time being,
there will be an increase in the inhomogeneities in the seriee of observations, a
decision on the quality of the corrected results of observation is made more
difficult.

To get a satisfactory solution, the existing temperature measuring equipment showld
be extended on the basis of the existing knowledge to include et least 25 to 30
measuring points, so that for the evaluation the thermal conditions of a second,
possibly also a third, level (12 m/18 m) can be uniquely detected in addition to
those of the 6-metre level. Finally, a digital data acquisition end a suitable pre-
liminary data reduction should enable the evaluation to be combined with that of the

geodetic-astronomical routine measurement,
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On t he State of t he Inner Core

by

S. Pranck 1) and U. Schmit 1)

Summary

We explain theoretically the distribution of the seismic
wave attenuation coefficient in the Earth's core which was
found with help of seismic data. It is shown that slow

rela %Xation processes near to the melting transition at the
inner core boundary may explain high values of anelasticity
very well.

The inner core material should be very close to its melting
point. In the deep inner core also other mechanisms of
seismic wave attenuation, suggesting a quasi-polycristalline
structure of the material, may be important.

Zusammenfassung

Wir erkl&dren theoretisch die mit Hilfe von seismischen Daten
gefundene Verteilung des Dadmpfungskoeffizienten seismischer
Wellen im Erdkern. Es wird gezeigt, wie die starke Anelasti-
zitdt auf langsame Relaxationsprozesse am Schmelziibergang an
der Grenze des Innenkerns zuriickgefiihrt werden kann.

Das Material im Innenkern sollte sich sehr nahe am Schmelz-
punkt befinden. Im tiefen Innenkern kdnnen auch andere
Démpfungsmechanismen, die von einer quasi-polykristallinen
Struktur des Materials herriihren, von Bedeutung sein.

1) Central Earth Physics Institute of the Acad. of Sciences of
the GDR. DDR - 15 Potsdam, Telegrafenberg, GDR
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1 Introduction

According to our general view the Earth's core may be divided
into a liquid outer core and a solid inner core. This fact
results from the observation that transverse seismic waves
vanish in the outer core but not in the inner one.

Besides such basic knowledge derived from the distribution

of seismic velocities also data of seismic wave attenuation
may provide us information on the state of matter in the

core of the Earth.

The seismic wave attenuation coefficient Q
dissipating part of mechanical wave energy per wave length.

~1  gescribes the

From seismological observations Doornbos /1/ found the
distribution of the seismic P - wave attenuation coefficient
in the Earth's core.

His results are shown in figure 1, curve 1.

It is interesting that there is an appreciable asymmetric
peak at the inner core boundary (ICB) and that the attenuation
is higher in the solid inner core than in the liquid outer
core. In this paper we look for explanations of such a
behaviour.

2e Attenuation mechanisms in the inner core

We use the common idea that at the ICB an isochemical melting
transition from the solid inner core to the liquid outer core
takes place. Up to now the microscopic mechanism of the melting
transition is not completely understood. Therefore we apply
phenomenological Landau theory of phase transitions /2a/.

In this model short-range order and long-range order are

taken into account simultaneously. Melting is then
characterized by the vanishing of the long range order para-
meter 77 .
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For illustration we recall that in the framework of Born's
theory of melting the order parameter 72 could be identified
with the shear modulus that goes to zero at the melting
point. In the melting theory of Frenkel 7 is related to

a certain critical concentration of defects.

For the explanation of elastic wave attenuation we use the
phenomenon of order parameter relaxation :

A P - wave, running through the inner core, leads to periodic
compressions and dilatations. So the order parameter comes
from its equilibrium value to non-equilibrium statee and
relaxes back. Usually the processes of relaxation are so
quickly that the thermodynamical equilibrium turns up
immediately and the effect is without any significanee.

As follows from extension of Landau theory /3/,near tc the
phase transition point the order parameter relaxes very
slowly. The relaxation time 7 is proportional to (T - )1,
where Tm is the melting point.

Every relaxation process to the thermodynamical equilibrium
is an irreversible process with increase of entropy and
consequently energy dissipation. In this way mechanical wave
energy, needed for bringing the order parameter into the
non-equilibrium state, dissipates.

A quantitative analysis with help cf the relaxation model
of attenuation was given in a paper of Stiller et.al. /4/.
In such calculations you need a certain distribution of

temperature and melting temperature within the inner core.

Curve 2 of figure 1 was computed with help of the Higgins-
Kennedy /5/ temperature distribution while curve 3 refers

to the thermal model of Stacey /6/. According to Higgins and
Kennedy the temperature in the centre of the Earth is only
about 15 deg below the corresponding melting temperature.

%Ke see that the corresponding curve 2 approximates the data
of Doornbos very well.
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In the outer core the mechnaism of order parameter relaxation
does not work because in the liquid state 7 is identical

to zero (no long-range order, vanishing shear modulus).

In this way we many also account for the low Q-1-va1ues in
the outer core.

In the paper of Stiller et al. /4/ also a further mechanism
of wave attenuation has been discussed. The effect is based
on energy loss due to thermal conduction when elastic waves
propagate in inhomogeneous matter (quasi-polycristalline,
grained, impurities etc.). A detailed analysis gives highest
values of Q-1 (‘810-3) when the inhomogeneous matter has a
characteristic size of about 10"3 m. This effect of wave
attenuation can never explain the peak-structure at the ICB
but may be important in the deep inner core.

34 Concluding remarks

From our investigations we may conclude that the whole inner
core is in a thermodynamical state very near to its melting
point. The inner core is so to say already "soft" and therefore
seismic wave attenuation is so high.

Another mechanism of wave attenuation may play an important
role in the deep inner core far away from the ICB. This effect
hints to an inhomogeneous structure of the inner core.

We want to recall that such a state is the usual state of
planetary matter. Especially "dirty" matter, like the matter
in the Earth's interior, is expected to have such a struture.
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figure 1

Attenuation coefficient of seismic P - waves in the
Earth's core.
1 = data of Doornbos

2 = present model with temperature distribution of
Higgins and Kennedy

3 - present model with temperature distribution of
Stacey
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JOINT USE OF COSMIC AND ASTROGEODETIC METHODS FOR
GEODYNAMICAL INVESTIGATIONS

N.Georgiev, Cv.Gergov

CENTRAL TLABORATORY FOR GEODESY
BULGARIAN ACADEMY OF SCIENCES

( Abstract )

A proposal for jJoint treatement by least squares ad-
justement of astrogeodetic and cosmic measurements for deter-

mination of the pole movement and Earth's rotation is made.

COBMECTHOE HCIOJIB30BAHME KOCMMYECHKIX U ACTPOHOMO~TEOIESMMECKIX
METOIOB ITPY TEOVHAMYMECKMX MWCCJEIOBAHMAX
H.T'eoprues, I[.I'epros

[ileHTpasmpHaa JladopaTopusa BHCHEH Ieofes3um
Poarapckoii akanemay Hayk-Codmsa
( Pesmme )

Jlana MeTomuMKa COBMECTHOM OOpaGOTKM IO METOJNY HaMMEHBIX
KBaAIpaTOB a4CTPOHOMO~TeOle3MYEeCKUX M KOCMHYECKNX WM3MepeHmil Iia
onpelneJieHWs IOBREEHNS IOJIDCA M BpalieHMs 3emm.
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1, Introduction

A new branch of science of the Earth has appeared recently
as an interdisciplinary science between geodesy, geophysics, astre-
nomy and oceanology. This is the geodynamics.

The subject of geodynamics is to study the changes in time
and space of the location of points on earth surface, elememnts of
earth gravitational field, Earth rotation and pole motion, and their
respective mathematical and physical interpretation.

Taking into consideration the large range of the abovemen-
tioned geodynamical phenomena ~ global, continental, regional and
local - we would peint out that we shall discuss here prcblems re-
lated to the Earth as a whole, namely Earth rotation and pole mo-
tion by using classical, astrogeodetic and modern methods. It should
be also noted that these are the only methods offering quantitative
characteristics of geodynamical research work having one or another
degree of accuracy. At present the accuracy of the astrogeodetic ob-
sexrvations is of the order of 0."01, when determining the latitude,
and 05001 (0,"015) during time observation cbtained after averaging
5=-day observations, This accuracy depends mainly on the equipment
used in observatiom which will not be capable to provide for better
results in the near future.

Using modern methods and equipment in satellite geodesy is an
innovation in studying the global gecdynamical phenomena. The re=-
sults obtained represent a ground that allows to believe that the
cosmic methods will increase the accuracy of the values determined
by one order and will allow to study some special influences and

influences of short periods, as well as their modifications.
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Specific systematic exrrors, the sources of whioh are not yet
completely studied and defined, are inherent not only of the astro-
geodetical methods, but of the cosmic methods too, This circumstance
and the requirement for an increase of the accuracy of the elements
to be determined impose to proceed to the study of the possibility

to use jointly astrogeodetic and cosmic observations.

2, Joint use of latitude and time observations to determine

pole co~ordinates

As it is well known, since 1967 the International Pime Ser-
vice (BIH) has started )Joint treatment of latitude and time measure-
rents to determine pole co-ordinates (x, y) and wmeven Earth rota-
tion T = UT1 - UTC, by using the set of observation equations for
the epoch T [1] .

X (T)eos Ay; +3(T’] Sindg +Z2(T)=Y(T) - ¥a
[ (T) sindai =y (T) cos dai] by i +£(T)=[UTO; ~UTC],

P

where
-lo",ﬁ’oi - are the geographical co-ordinates of the obser-
vation station for the adopted initial epoch To

?(T) is the latitude obtained from observation during
the epoch T
Z (T) and 'HT) are terms including the systematical influ-
ences and are equal for all stations
The solutiom of the set of observation equatioms (1) is made

by respecting the conditiom.

Ne Na .
(2) Z (i ~¥oi )" + Z (Qi = Aei) cos® Yoi = min .

izl i=4

Paking into consideration the method of treatment of latitude
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and time astrogeodetic observations adopted by BIH, we have mrde mo=-
del investigations to determine pole co-ordinates by separate and
joint application of the relevant latitude and time observatioms.,

The observation equations of type (1) in which the materials of the
five stations determining pole motion ~ Mitzuzawa, Kitab, Carlofarve,
Geitersberg and Yukia - were used for this purpose. Table 1 shows

the mean square errors m,, my of pole co-ordinates x, y determined

bty adjustment using the method of the least suqares and the mean

square errors m,, m of the additional unknown values = and t.

Table 1
-2 s -3
Mean square errors n/ m/ |m ", 10 . 10
observations ny/ my/ 4 i
Iatitude 0,22 | 0,18 | 0,45 »
(Jointly)

Taking into consideration the well<known circumstance that
it is not suitable to use only time observations, when determining
pole co-ordinates, the common treatment of latitude and time obser-
vations leads to a slightly noticeable increase of pole co-ordinate
accuracy and to a reduction of the influence of the systematical
errors cn the values determined, as illustrated by the meam square

errors obtained and shown in Table 1.

3. Study of pole motion and Earth rotatiom by artificial satellites

of the Barth

It is not possible to improve at present the astrogeodetic

observatiom acocuracy as mentioned above because of the systematical
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and probable errors of observation, errors in star catalogues, ano-
malies in atmospheric refraction, etc, This is am obstacle to the
study of important geodynamical phenomena such as modifications in
short periods of Earth rotation velocity, diurnal nutation provoked
by Earth's liquid oore, establiashment of a relationship between seis-
mic activity and pole Chandler's motion, drift of the continents,etc.

The results obtained by means of the new technical equipment
and methods such as laser and Doppler observations by artificial sa-
tellites of the Earth, optical laser location of the Moon, very long
base line interferometry represent a ground to consider that much
more accurate and detailed data mmy be obtained in the near future
for the above geodynamical thenomena. This is confirmed also by the
accnracies of + 0.02 m in distance determination by means of laser
range finders and by Doppler measurements of the order of * 0.20 m
published in some papers.

It should be taken into consideration further that, whea de-
termining the characteristics of global geodynamical phenomena by
obgervation by artificial satellites of the Earth, it is neoessary
to predict matellite co-ordinates at any moment with an accuracy
corresponding to the acouracy of the measuring apparatus., It is po-
ssible to ensure the use with good results of the artificial satelli-
tes of the Barth, when studying geodynamical phenomena, only by es-
tablishing a correspondence between observation accuracy and predic-
tion.

When using laser messurements of the distance to the artifi-
clal satellites of the Barth and of pole motion, equations of type

[2] are used usually

fye =4t
Do D(’.—D

c

{[(X’ cos¥ +Ss smYy )ZP 7 Zs xp]m ol

(3)
-[(XS Siny-Ys COSW)ZP'l' ZS \ar]ld "[(:(.? th\a?‘js)sin\? +*
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H‘jPXS b A4 ‘Js)cosw] By
where
Dc - measured distance from the station to the satellite
D¢ - distance calculated on the basis of ephemerides
Xs, 9,25 - co-ordinates of the artificial satellite of
the Earth at the moment t in inertial system
of co-ordinates
xP:‘éP»ZP - co~ordinates of stations in the Earth's co-
ordinate system
&3\& - pole cc-ordinates
w - angular rotation velocity of the Earth
v - angle between axes of true star system of axes
and inertial system
When Doppler observations of the artificial satellites of the
Earth to be used also for determination of pole co~ordinates are
available, it will be possible to use different methods and mathema-
tical models. Here, we shall use the equation [3]

g = {05 - 010"+ - (-2 -

(4)
(8- X+ {i-y) - 9P+ -Z)z]%}*’ bfab

where
N', ) - ias a Doppler integral number
Afzf"fo -~ is the difference between received and emitted
frequencies
At - is the time interval in which . Doppler shifting
integration is made
5, ’1 s f, - are satellite co~ordinates at different moments
} and(}
X ’ \j 'z - are co-ordinates of Earth's station
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In this case we have connected pole co-~crdinates X , u
with satellite co~ordiuates, accepting that, when determining sate-

llite orbit, pole motion influence has not been taken into account,

4. Joint use of astrogeodetic and cosmic measurements in pole

metion and Earth rotation determination

Here, we shall discuss the possibility of a joint treatment,
on the basis of the least suqares, of results obtained by using dif-
ferent methods of measurement, We think that this method is most
suitable for use for the time being, since we have a heterogeneous
information available an which some unkmown and not completely stu-
died systematical factors have a certain influence. It should be
expected that such a joint treatment will reduce the influence of
the systematical errors on the geodynamical values determined,

By using equations (1), (3) and (4) and after the relevant
linearization, we obtain the observation equations of every station

Ll , and of K or L satellite observations recorded in a matrix:

a) equations for latitude

dx
) Ay; ol.\j - +J\;; =Vy, , Py;
¥i dw

b) equations for time
dx
© Ay (MYt f =V,
3 dw '

c) equations for laser measurements to a satellite

dax
L & i‘é +x§9" d5‘+£9‘ dsﬂ"“*fsa =Vo , Pou
w k.4 K. K.k

Ky
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d) equations for Doppler measurements to a satellite
dx

(8) AA? i\é +tP;A9' ;k,+c°9‘ S+I¢\l +}A9 —Vag. i f{sq;
K :

In the equations (5) - (8) are used the following signifi~
cations:

A - is the matrix of the coefficients preceding the correc-
tions dX, dg ’ dw of pole co-ordinates and Barth rotation which
are looked for ; Z , t s W,V - are unknown values inclu-
ding systematical influences; B o igs the matrix of the coeffi-
cients preceding the corrections dR (d.x 5 dy J dZ ) of the
co-ordinates of Earth's stations that are looked for;

C - is the matrix of the coefficients preceding the unknown cor-
rections dSJ of satellite orbit elements; f - is constant terms;
V . is the corrections of the relevant measurements; p - is

their weights.

The observation equations (5) - (8) will be written down in

short as follows:

(9) A;A il G ‘

where we have as to the matrix of the coefficients preceding the

unknowns
A‘_f; 0 0 1
il 13
(10} LM = Ul G e
T.5 1y ’
ég; K%?i KC‘?i Ix
Aaoi  Bag C I
stq (ngu A t,qt'
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where T =K +1 +2 > O =N NS, N - number of
stations on the Earth

Vector of constant terms

(11) FT:‘I}‘! ) )(J\ ’)‘f ,fA9| ’

Vector of corrections

(12) Vr=|V~g,Va,vg,vA9|,
Matrix of weights
(13) Pi={P9,P)‘,P,PA9},
Vector of unkmowns
(14) A*=|clp,olR,ol5,C| .

As to the symbols in (14) we have

dp*=|d.x.d.\3 ¢ g,

(15) dR*=|dR,,dR., ... dRul,
ds'=ldu,da,di, dax , day,dnl |
E= "2, U0 v

From (9) we obtain the normal equations by means of which

we define the unknowns A

(16) Na + W =0

where B s e
N2 APoAL

(17) ‘:‘ P
W=S A PF

i=1
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The system (16) may be solved by different methods depen-
ding on which group of unknowns in (14) should be determined., Since
in this case it is the unknowns dp (dx, d‘j . dw ), characte=
rizing pole motion and Earth rotatiom that are essential, they may
be written down in the last place in the system (16), and during
the solution it is possible to obtain only these values together

with the relevant estimates of their average errors,
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Problems in Defining a Standard Tidal Correction Model

by

Markku Heikkinen |’

Zusammenfassung

Die Definition eines einfachen Standardmodells zur Gezeiten-
korrektion enthdlt Probleme, von denen einige erortert werden.

Die Genauigkeit der LONGMANschen Formeln wird diskutiert,

Abstract

The paper summarizes a number of problems which have to be
dealt with when creating a simple standard tidal correction

model. The accuracy of Longman's formulas is discussed.

1. General

A standard tidal correction model is a set of formulas and rules
which are accurate enough to cover most of the applications and
which, at the same time, are relatively simple to implement. An
inaccurate model has little use, and if the formulas and rules are
exceedingly complicated, hard to use or too subjectively chosen,

people will simply not use them.

The tidal correction can be thought to consist of two separate
parts. First, we have the direct tidal effect, which can easily be
defined in simple mathematical terms. The direct effect is all we
would have if the earth were totally rigid. Second, we have the
indirect effect of the yielding of the earth and the displaced

water masses.

1)

Finnish Geodetic Institute
Ilmalankatu 1 A

SF-00240 Helsinki 24
Finland
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Principally, the direct effect is straightforward to calculate,
If we have the coordinates of the Sun and the Moon, the rest is
simple mathematics. Nevertheless, the computational procedures
have to be well chosen to make a fit standard. For our purposes
the coordinates of the Moon and the Sun cannot be obtained by
observational procedures, They have to be computed or taken from
a list of precomputed values. The most logical choice for the
ephemeris (a set of coordinates for the Moon and the Sun) is to
use the coordinates published in the current edition of the
Almanac. At present these coordinates are based on Brown's and

Newcomb's well-known theories,

The real problem with the direct tidal effect is the amount
of approximation that can be allowed., The coordinates in the
Almanac are printed only at regular time intervals and their
computation for an exact epoch involves interpolation. This kind
of manual reading is also laborious and it is often preferable to
calculate the coordinates independently. However, the formulas in
Brown's and Newcomb's theories are complicated, and simplified
computational procedures have definite advantages. Both the inter-
polation and the simplification of the formulas introduce approximation
into the computed tidal correction. An upper limit for this
approximation is essential for a standard tidal correction model;
the specification of an actual interpolation formula or a certain
type of computational method is of lesser importance. In Chapter 2
we summarize a number of factors which affect the accuracy of the
tidal model. It is shown that an accuracy of 0,05 - 0.01 uGal

(10-8m/52) can be achieved relatively easily.

The indirect tidal effect is a great deal more difficult to
standardize. About all that can be done is to give factors (e.g.
1,16 for the vertical component) by which the direct tidal force
is multiplied in order to get the correction. The actual indirect
effect depends largely on local geophysical features and the
proximity of the oceans. The use of a single multiplying factor,
on the other hand, seems to leave residuals of several microgals
(eeges Ducarme, Poitevin, Loodts, 1978&) when compared with actual
observations. Even the inertial effect which is felt by the

gravimeter when the earth's crust moves up and down can reach
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0.5 uGal if we assume that a tidal force of 100 uGal causes a
displacement of 20 cm. The accuracy of the indirect part in the
tidal model cannot reach the high precision to which the tidal
force is computed for a rigid earth, A standard tidal correction
model can include a certain multiplying factor. On the other hand,
the standard may allow the separation of the indirect part from
the direct one; i.e, observers would use #he direct standard tidal
model and, if necessary, formulate the indirect effect as they see
fEktl,

2. Smaller effects in the direct tidal force

2.1, How accurate should the astronomical data be in order to

achieve an accuracy of 0,10 or«6.01 uGal

Let us use the simple approximate formula

iy

F = G M ;;; (55 cos2z - 1) : G0

for the vertical component F of the tidal force.

Here
G MB is the gravitational constant of the celestial body,

0.0'1230002><3.986005><’IO“+ ms/s2 for the Moon,
1.32712438x1020 ms/s2 for the Sun,

T is the radius of the earth, approximately 6370 km,

R is the distance between the center of the earth and

the celestial body, and

z is the zenith anglé of the celestial body.

Differentiating formula (1) with respect to 2z we have

dF

6 sinz cosz dz

-G M,
-G M

3 sin 2z dz

oo) o]
\4 e \4 5

This has a maximum value at 2z = 45° of

dFmax =-3GMB— dz
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By taking R = 3.565xﬁ08m for the minimum distance of the Moon
and R = 1.47x1011m for that of the Sun we have

dF
max

- 210 uGal dz for the Moon, and

dF

- 80 uGal dz for the Sun,
max

This means that an error of 10" (= 4.848x10-5rad) in the angular
position of the Moon causes a discrepancy of 0,01 uGal in the
vertical component of the tidal force., For the Sun the discrepancy
would be 0,004 uGal,

We next keep the angle 2 constant and differentiate
with reapect to the distance R .

We have i
2
dF = - 3 G (3 cos™2 = 1) 4R
"5 2T
F
=-3—"dR °
R
r
Using the approximate formula R = T between the parallax II

of the Moon and the distance R , we get

dR dll
— T = e— and
RIS I1
F
dF = 3 =— dII .
i1
We have
daF = 23000 puGal 4l for the Moon, and
max
dF = -160 uGal/AU 4R for the Sun.
max

An accuracy of 0,01 uGal thus requires that II (for the Moon)
be known to within + OY1 and R (for the Sun) be known to within

+ 6.3%1077 AU (Astronomical Units, 1.49597870x%10" 'm).

It follows from the linearity of the differential formulas that

the limits for an accuracy of 0,10 uGal are ten times larger,
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2.2, The effect of the planets

Venus causes a maximum effect of 0,007 uGal, and Jupiter an

effect of 0,0008 uGal (Heikkinen, 1978, p. 11).

2.3+ The effect of the ellipsoidal shape of the earth

This effect is detailed in Heikkinen, 1978 (pp. 12-20).

The linear acceleration of the center of mass of the earth is
affected by the ellipsoidal shape of the earth to the extent of
0.002 uGal. ’

Considerably greater, however, is the effect of the angular
acceleration. The attraction of a celestial body on the equatorial
bulge of the earth gives the earth angular acceleration, gives
rise to precession and nutation, and causes a plumbline to tilt,

as seen in Fig. 1.

THE MOON
OR
THE SUN
PLUMBL INE
IS TILTED

Fig. 1. The attraction of a celestial body gives the earth

an angular acceleration in the direction of the arrow.
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This can affect the horizontal components of the tidal force by

0.3 uGal and the vertical component by 0,001 uGal,

The ellipsoidal effect cannot be calculated from tidal potential

expressions, which are all based on a spherical earth model, and its

inclusion into a standard tidal model requires special attention,

2.4, The effect of a change in IAU constants

A standard tidal model will preferably use the latest IAU approved
astronomical constants. Among the changed constants from the system
of 1964 to that of 1976 are (e.g. Groten, 1979, Appendix E) (SI units)

1964 1976 (1976-1964) /1964
G M, 3.98603x1o14/81.30 3.986005x1o14x - 1.46x1o'5
05 0.01230002
G Mg 1.32718x10°° 1.32712438x102° - 4,19x10"°
Unit 1.496x10 1] 1.49597870x10 11 - 1,42x1072
Distance

Based on the considerations of 2,1 these three changes can have

a maximum effect of 0,002 uGal each.

2,5, Geometrical or apparent coordinates

Apparent coordinates are published in the Almanac., They are thus
corrected for aberration, which is approximately 20%¥5 for the Sun
and OY7 for the Moon, The Sun's aberration causes a maximum
difference of 0,008 uGal, using the formulas of 2.1,

This question arises in connection with the theories stating

that the gravitational attraction advances at the speed of light.

2.6, Nutation
The coefficient of the largest nutational term (which affects

longitude) has the value 17" , The possible omission of this

term causes an effect of 0,017 uGal in the tidal force.
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2.7. Ephemeris Time, Universal Time

Ephemeris Time is the argument of Newcomb's Tables of the Sun,
It i8 the time that has to be given as starting data for
the Tables in order to get correct solar coordinates. The difference
between Ephemeris Time and Universal Time is about 50 seconds for
1980, and as the Moon travels a maximum of 159# in 24 hours, this
difference has an effect of 32" in the longitude of the Moon. This
again (formulas of 2.1) causes a difference of 0,03 uGal in the
vertical component of the tidal force. As the Sun moves only about

one degree a day, its effect is smaller.

2.8, How many tgrms should be taken from Brown's series

The current lunar ephemeris is based on Brown's series, which
have over 2500 terms. They are not all necessary when computing
tidal forces. Table 1 shows the number of terms which have
coefficients larger (in absolute terms) than OY01, O¥1, 1",

10" or 100",

We have also truncated the series at these points and then
computed the lunar coordinates once every 24 hours for five years.
The maximum discrepancies between these results and the 'true’
coordinates given by the complete series are also given in Table 1.
It can be seen (referring to the results of 2.,1) that in order to
obtain an even and equal truncation effect from all three series,
it is advisable to include an approximately equal number of terms
in each series. For example, taking the 60 largest terms in
longitude, 45 in latitude and 56 in sine parallax gives us a total
of 161 terms and maximum errors of 0,011 uGal, 0,009 uGal and
0,010 uGal , respectively.

2.9, Longman's formulas

Longman's formulas (Longman, 1959) have long served as the basis
for the tidal correction used in practice all over the world., These
formulas have a very small number of terms and the error caused by

the approximations can exceed + 3 uGal.,

Fig. 2 shows for 24 hours the difference between Longman's
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LONGITUDE LATITUDE SINE PARALLAX
s b P
2 2 2
g 1970 1972 1974 1976 1978 g 1970 1972 1974 1976 1978 § 1970 1972 1974 1976 1978
100" 13 240 330 300 200 270 ? 170 220 190 190 200 2 77 .81, 8q. 76 76
10" 27 52 82 274 6P 258 W E 61 T 90 828 71 64 5 94 @ 9.d- 11 7,5
A 60 748 w1l 9.5, 783 7.9 45 5.8 941 7.1 6.9 5.1 9 kb b4 4,3 5.2 5.3
0.1" 143 1,3 1,6 1.9 1.3 1.3 oy F1,27 506 1:2%1.0. 0.8 28 0,46 0,56 0.51 0.61 O Lk
0,01" 386 0,22 0.23 0,21 0.19 0,20 221 0,18 0,18 0.19 0,18 0,21 56 0.09 0,09 0,07 0,08 0,07
All 1113 839 643
Table 1. The table shows the number of terms in Brown's series, when the series

are truncated at 100", 10", 1",

0%1 or O¥01 . For instance, the latitude

series has 45 terms with a coefficient larger than 1". The table also

shows the maximum truncation errors which occurred in the years indicated.

The truncation errors are expressed in seconds of arc,
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difference

MICROGALS

w

[)V)

total vertical
component \

Fig 2. The approximation error of Longman's vertical component
for latitude = 0°, longitude = 0°, from April 11, 1980
at 11 o'clock GMT to April 12, 1980 at 11.
The total vertical component and the zenith angle of the
Moon are also shown in the figure. The one microgal line
corresponds to 100 microgals in the total component and
to 180° in the zenith angle. The maximum error shown

is 3.6 microgals.

vertical tidal component and the component given by the ephemerides
of the Almanac. The computation place is 0° longitude, af latitude;
the whole of 1980 was examined for maximum discrepancy (using an
interval of 2.4 hours); the limit of 3 uGal was exceeded several

times, and Fig. 2 shows the discrepancy for a day in April 1980.
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3, Conclusions

It has been seen that the theoretical tidal force includes a
number of small effects within the range 0,001 to 0,03 uGal,
and while the accuracy of 0.01 uGal can easily be achieved,
the limit of 0,05 uGal might give an opportunity for a few
significant simplifications. Among them is the possibility to

ignore the difference between Ephemeris Time and Universal Time.
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Variation of the CHANDLER period derived from latitudes observed at Pctsdam Observatory

Joachim Hﬁpfneri)

Summary

Previously the latitudes observed at the Potsdam Geodetic-Astronomical Observatory
had been investigated by the harmonic analysis with respect to the temporal varia-
tions of the mean latitude as well es of the amplitude and phase of the CHANDLER,
annual and semiannual wobbles, the CHANDLER period taking constantly as 1,200 years,
On the base of the significantly obtained variation of the phase of the CHANDLER
wobble, further studies were to be made with consideration being given to a variable
CHANDLER period, - Using the simple and the modified harmonic analyses, the results
were derived for periods of treatment of six years at intervals of three months,
According to this, the CHANDLER period varies between 1,185 and 1.193 years from
1957.8 to 1978.0.

Peswome

IlpexHEe HCCJeNOBAHEMA HHPOT, HaCMUIaeMHX B IeOle3EIeCKO-aCTPOHOMAYECKOR olcepBaTOpBM
loTcmanve, B OTHOMEHHMH BpeMEeHHHX HSMeHeHMA cpenHell WHPOTH, & TakKEe AMIUIMATYIH H dasH
YaHIJEPOBCKXO#, romoBof H NOJyTromoBo¥ BOJIH CHJIE ODOHMSBENEHH 1O CHOCOGYy I'a&pMOHEYECKOIO
aHAESA C OPHEHATHM 4YariepoBCcKEM nepmogoM B 1,200 roma. Ha OCHOBAGHHE SHAYATeEJLHOM
BapramEM fasH YaHIIepOBCKOE BOJIHH LajbHefle HCCJENOBaHWE ITOJXAH OHTh CHEJIAHH, ODHEHEMAS
BO BHEMEHHE NepeMeHHHM 4aHIIepOBCKEH# mepmom. — OmpejmedeHH pe3yJbTaTH AIA HEPHOINOB oppa—
GoTKE B 6 JeT OpE EHTepBalax B YeTBEPTH I'0Xa C NOMOMED OPOCTOrO H MONMDAITADOBAHHOIO
TapMOHMYECKOI'0 8HAMSOB. COOTBETCTBEHHO STOMYy YaRMIEPOBCKHAR NepHOx HSMEHAETCA MexIy
1,185 = I,I93 romayvm ¢ I957.8 mo I978.0 rr.

1. Introduction

Several papers [E - 57 have been published on the studies of the latitudes
observed at the Potsdam Geodetic-Astronomical Observatory, which refer to temporal
variations of the mean latitude and the amplitude and phase of the CHANDLER, annual,
and semiannual wobbles. The results were deterrined by harmonic analysis and a fixed
CHANDLER period of 1.200 years. Aa far ae the phase of the CHANDLER wobble is
concerned, its temporal variation was found to be significant (see Fig. 4 in £§;7
and Fig. 2b in L;;7). This means that tha actual CHANDLER period deviates somewhat
from the sssumed value and shculd be variable to a limited extent. It was thought
desirable therefore to conduct further studies including temporal variation of the
CHANDLER period.

1TAkademm der wissenschaften der DDR,
Zentralinstitut fur Physik der Erde,
DDR-1500 Potsdam, Telegrafenbarg A 17
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2. Further improvement of letitude values

Previous investigations /2 - 47 were based on the latitude valuee from 1957.8 to
1977.0 homogenized and improved by group corrections. It had been shown that the
DANJON astrolabe employed for astronomical time and latitude determination was not an
impersonal instrument., Aiming at further improving the latitude values, corrections
for personal equations in latitude were derived and applied. These corrections turned
out to vary temporally, between -0,.,092" and +0.102". From then the studies were based
on homogenized latitude values improved by group corrections and for personal
equations, particularly for the period from 1957.8 to 1978.0.

3k S;ggle and modified harmonic analyses

With the aim of obtaining also the length of the CHANDLER period it was proposed
to use a modified harmonic analysis method. In the case of simple harmonic analysis
the functional model for adjustment with the mean latitude and the pairs of
coefficients for the CHANDLER, annual, and semi-annual wobbles has 7 unknowns. If
modified harmonic analysis is used the CHANDLER period becomes the 8th unknown. This
means that there is no longer a2 linear connection between tha unknowns., Approximate
values for the unknowns are therefore required in order to solve the equation systems
ahich have been linearized with the aid of a TAYLOR series. Thesa must be sufficient-
ly close to the actual values to avoid any pronounced inaccuracy which might be
caused by the neglected terms of second and higher order of the TAYLOR series.

4, Derivation of results

4.1, General procedure

The variability of the CHANDLER period was investigated as described in /2_7, i.e.
treatments covered a period of six years with time displacements of three months., The
zero point for time metering is the epoch 1958.0, The 58 treatments have the median
epochs from September/October 1960 to December 1974/January 1975 at three-month
intervals., They were based on latitude values which varied in number between 1,329
and 705. Their results were derived by simple and modified harmonic analyses.

4.2, gspecial procedure

S8imple harmonic analysis was ueed to determine the approximate values of the
unknowns for modified harmonic analysis, with adjuetments performed using a fixed
CHANDLER period between 1,200 and 1.182 yeara and an interval of 0,002 years., The
criterion for the adjustment results that give the best approximate values together
with the CHANDLER period introduced into the specific calculation, should be that the

mean square error ie minimal, 1i.e.

L min. within the treatmente,

Decisions, however, were possible only in the case of nine treatments, and the
latitude values were either unfavourably distributed or ineufficient in number in the

other cases.
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It can be assumed that the phase of the CHANDLER wobble changes at shorter
intervals than its period. The treatments for six-year periods give amoothed results,
and a direct phase change in the CHANDLER wobble is therefore unreal, but what is
indicated is a change in period. The second criterion therefore was that the phase
of the CHANDLER wobble must be constant with time,

Opy = conat, between the treatments.,

Modified harmonic analysis was carried out uaing the approximate valuea found by
applying the two criteria. The calculations were repeated with the results obtained,
the purpose being confirmation. It turned out that the results were in agreement with
the approximate values only in those treatments where m, = min, Only the results of
four treatments were eventually assumed to be definitive. In one case the result was
implausible, and in four others better results were obtained using the criterin
ocy = conet. This indicates that modified harmonic analysis requires very good data
material as far as quantity and distribution are concerned.

Then the question arose what agreement there was between the final results
obtained from modified harmonic analysis and those from simple harmonic analysis
using a fixed definitive CHANDLER period. As a first step, therefore, those treat-
ments that were suitable were checked to see whether the adjustment results were
available for the definitive value of the CHANDLER period rounded to three decimals,
Where this was not the csse, a supplementary calculation was made using that value.
The results from the two analysis methods were then compared, and it was found that
they were in agreement and thus confirmed one another.

Concerning the final resulta from the other treatments, the only way to determine
them was according to the criterion ooy = const., from the adjustment results
obtained from simple harmonic analysis. In order to define these results, the four
phase angles of the CHANDLER wobble which were already definitive, served as
reference values. In this connection it was necessary, mostly as a supplement to the
adjustments with a CHANDLER period interval of 0.002 yeara, to determine one or two
intermediate values for the latter.

Of the definitive results derived for the eight quantities - the mean latitude of
Potsdam, the amplitude, phase and period of the CHANDLER wobble and the amplitude and
phase of the annual and semi-annual wobbles - only those relating to the CHANDLER
period will be discuesed here.

S. Results relating to the CHANDLER period

The latitudes observed at the Potsdam Observatory between 1957.8 and 1978.0 gave
values of the CHANDLER period from 1.185 to 1,193 years. Fig. 1 ahows its temporal
variation. The mean square errors related to the results obtained by adjustment are
also indicated and amount to +0.002 years.

According to theae investigations, the actual average value of the CHANDLER period
is 1,189 years. More studies must be made to find out in how far the associated
temporal variation is real. CHOLLET and DEBARBAT [1;7 determined a CHANDLER period of
1.192 years from the amplitude spectrum of latitudes observed at Paris from 1956.5 to
1970.8. Aa can be seen from Fig. 1 the comparable own values, or their average which
is 1.191 years, are in good agreement witn that result.
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Fig. 1. Temporal variation of the CHANDLER period;
¢ Adjustment result from modified harmonic analysis,
e Result from simple harmonic analysis
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On variations of the period of CHANDLER-wobble

1)

H . Jochmann

Summary
The period of CHANDLER-wobble, calculated by suitable modified harmonic analysis,

seems to variate in short periods of time with remarkable amounts (0.04 a). These
variations cannot be proved by the theory of polar-motion. From an input-output-
analysis of the system of polar-motion it was found that nonsecular-variations of the
period do not amount to the value obtained by harmonic analyses.

Zusammenfassung

Die mit Hilfe der harmonischen Analyse berechnete CHANDLER-Periode variiert in re-
lativ kurzen Zeitrdumen um bemerkenswerte Betrédge (0,04 a). Diese Variationen sind auf
Grund der Theorie der Polbewegung nicht erklérbar. Durch eine Eingangs-Ausgangs-Analy-
se des Systems der Polbewegung wurde festgestellt, dafl nichtsdkulare Variationen die-
ser Periode die mittels harmonischer Analyse berechneten Betrdge nicht erreichen k&n-

nen,

1. Phanomenon and possibility of a variation of the period of CHANDLER-wobble

Several publications concerned with the harmonic analysis of polar-motion express
a variation with time of the period of CHANDLER-wobble. This variation can be accepted
being real only if we can state a natural cause for it. The model of polar-motion is
given by the differential-equation

(1) U +Au =1/ (u-y)

referring to a plane pole-coordinate-system., The origin of this system is the mean
position of the pole of inertia. In (1) are

u the vector of the pole of rotation
L3 the vector of the excitation-function
A= 0.05 the damping parameter,
and
() f -2
o

ie the circular frequency of CHANDLER-wobble.
According to LOVE and LARMOR (1909) the CHANDLER-period is releted to the EULERian-

period

(3) Tr 'c—f‘x

{1+

by the equation

ITAkademie der wissenschaften der DDR,
Zentralinstitut fir Physik der Erde,
DDR-1500 Potsdam, Telegrafenberg A 17
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1
(4) T =T > .
o r w a k

295-(028

variations of the CHANDLER-period could depend on variations of the parameters of
equation (4). A variation of T. means a variation of the mass-distribution, and a
variation of the LOVE-number k a variation of the elastic properties of the Earth, In
the perind from 1930 to 1960 the CHANDLER-period variates from 1.16 to 1.20 a
according to a harmonic analysis (Fig. 1). It is evident that this variation cannot
be explained by variations of the parameters of formula (4). Further, variations of
core-mantle-coupling could be mentioned as a source of variations of To' but already
an approximate estimation of these effects shows that we cannot expect an influence
on variations of To which explains an amount of 0,04 a,

We must consider that harmonic analysis is not suited to determine T, on certain
circumstances. Especially it is not suited to determine a variation of T, since it
is impossible to differ period-variations from phase-variations. Therefore a
mathematical model to determine T, must be choosen which is in closer connection to

the mechanics of polar-motion.

2, 4An input-output-analysis of the system of polar-motion,

Polar-motion is represented by equation (1). The input of this equation is the
excitation-function %. Since the circular-frequency of the CHANDLER-wobble is a
parameter of differential-equation (1) its value can be determined if an excitation-
function and its corresponding part of polar-motion is known.

We used the annual period of polar-motion and its excitation-function which is
caused by meteorological events. In our case it comprises seasonal air-mass-mations
and variations of ground-water-storage. The excitation-function was calculated by the
following relation:

(5) Y (t) = - T f A/l; (?‘2" t) sin 2 ¢ exp (1d) ds.
S

By this equation mass-motion is represented as density-variation of a layer at the
Earth's surface. D (¥, A, t) involves the local density-variations and parameters
depending on the Earth's shape. From monthly mean values of 2 (t) the mean values of
the annual periods for 1930.0 - 1939.9, 1940.0 - 1949,9, 1950.0 - 1959.9 were derived.
Introducing this excitation-function in (1) a particular solution is obtained,
expressing the polar-motion with annual period

(6) Uy = Uy (t. To)’

(6) has to be in accordance with the annual period calculated by pole-coordinates of
the IPMS (uA) provided that the circular-frequency of CHANDLER-wobble is correct.

Supposing that the differences u,, - ua depend on an error of T,+ @ correction of its

M
value can be calculated by minimizing the functional
2y
(7) _/ (uy (. To) = u, (t))2 dt.
(0]
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From (7) the following values of the CHANDLER-period were obtained:

Period T° Accuracy Precision Té

1930 - 39.9 1,197 a 0.002 a 0.017 a 1.163 a
1940 - 49.9 1.203 0.002 0.013 1.203
1950 - 59.9 1.187 0.002 0.039 1.187
1930 - 59.9 1.190 0.001 0,013 1.190

Ta are the values, obtained from harmonic analyses. The accuracy represents the
errors of pole-coordinates and air-pressure-values. The precision is a measure for
the knowledge of natural excitation-functions with annual period.

The values T, must be considered as better approximations to the real value of the
CHANDLER-period, since the mathematical model, used for its calculation, is in closer
connection to the physical model of polar-motion., It is proved by the obtained
results that determinable nonsecular-variations of T° do not exist,

The variations obtained from harmonic analyses are induced by variations of the
phase-angle of CHANDLER-wobble. The values T, and T obtained for the period
1930 - 59.9 agree very well, From this ensues that the mean of the phases vanishes
for long time-series.
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OTHOCHUTEeNbHHE [IEepEMENmEHUA Hauall CUCTEM, MPUMEHAEMHX DU

BHUMCJIEHNX KOODOMHAT IIoJIoca 3eMu

A.A.HopcyHs, A.HU.Ewmen
/CCCP, KueB, l|JaBHasg acTpoHomuueckas oGcepBarTopua AH YCCP/

1. HoopmunaTtu mnoJmoca 3eMiyd OOHUHO BHUUCJHMOTCA B "3eMHOi" cucreme
KOOpOMHAT, YCJOBHEM 06pa3oM CBA3aHHOH# C OTBECHRMM JIMHUAMU B IYHKTax
Ha6monenut. C I9€2 r. Ghula BBeleHa CHUCTeMa KOOPIUHAT, ¥ KOTOpO#l oChb

OZ [pOXOOUT uepe3 YCJOBHOE MeEXIyHapoIHOe Haualo CI0 . B sroit
CUCTEME BeNyTCA BHUUCJIEHUA KOOpDAMHAT IOJIoCa 10 HaOMoAeHUAM HOATA MEXRLY -
HapoIHux cTaHuuit / cayx6a [LZS /, a Takke 10 BCeM HaGMOAEHUAM CIyXG
BPEMeHM ¥ WUPOTH Mupa / ciyx6a IPMS /. Cucrema CZ7O GHJIa TIPUHA-
Ta 3a OCHOBy IIpM BHBOJE CUCTeMH MexIyHaponHoro Oopo BpemeHu “1968
8IH Systém ", TonoxeHve momoca /2 B BTO/ CUCTEMe GHIO BHGDPAHO
TaK, UTO ero cpenHee ykjaoHeHue ot £ZO 3a Bpema ¢ 1864.0 mo 1967.0
PaBHAJNOCh HyJmo, a CpelHAA o6cepBaTOpUA HaxoLui1ach BOJIU3U IlepeCeueHUs
|'PMHBMUCKOI'O MepyfvaHa C BKBATOPOM [OJmoca ) .

K cucreMe "I96G BIH SysZesn " Guna NpUBA3aHa CHUCTEMA KOOpIMHAT,

B KOTOpOi#f BeLeTCA ONpelesleHUe IBVMXEHUA [0Jmoca MO0 OAaHHHM HOIIJIEPOBCKUX
HaGmomeHuit UC3 / cayxb6a DMA /.

YcioBHaA cUcTeMa KOODOMHAT II0JIoca M3-3a CHCTEMATUMUECKUX OmMUOOK
HaOJMoOoeHUt He ABNAeTCA cTabuiabHO#. Ilockosbky €IZ/ ecTh TOUKa
YCJIOBHHEM 00pa3oM CBA3aHHasg C 3eHUTaMy BCel'O MATU MeXIyHapOoOHHX CTaH-
Lyit, TO WX HEKOppeJaUpoBaHHHE " COOGCTBEHHHE" mNepeMemeHUA BJIUANT Ha
peayabrath ZLS , ¥ BO3MOKHO, NPUBOAAT K IOABJEHMO B 3TUX DPe3YJb-
TaTax TOro sjdexrTa, KOTODHI OOHUHO Ha3HBAWT "BEKOBHM IBUMXEHUEM IoJjmoca'.
Hauano orcuera cucremn "IS68 BIH Sgs7e» v cpgsano ¢ sennraym
3HAUUTEJBHO OOJblIEro uuciaa obcepBaropuit. CienyeT oxuzaTh, UTO MX

HEKODpEJAMPOBaHHHE IepeMeleH!sa GyAyT NP BHBOJAE KOOPAMHAT IOJIocCa B
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3HQUUTENbHOIt CTEleHM B3aMMHO YHUUTOXATHCA, TaK UTO yKa3aHHHM 5¢PexT
6ymeT saMeTHo ciabee. KoopmmeaTu mosmoca B cucreme DVA , xora
[epBOHAUAJIbHO OHUIM MPUBA3aHH K CHUCTEME BIH , Jajiee BHUUCJIINACH
nesasucimo ot OIH M 1I03TOMy MNpelCTaBJIADT OOJbLO# MHTEpeC IpU
CPaBHEHUM CTAOMJIbHOCTK DA3JIUUHHX CUCTEM.

Benu paccMOTpeHH OTHOCHUTEJIbHHE NepeMElleHUs CpeNHero I[0JICa 3MOXU
HaOnoleHUsa ¥ HauaJl yKasaHHWX BHIGe cucTeM. [lo onpenesieHun A.f.OpsoBa
CperHMM MOJIOCOM BIIOXM HaOMwIEeHU)! Ha3HBAeTCA TaKOe ero IOJIOKEHHE,

KaKoe OH 3aHUMa OH B BTy SIOXY, €Cld OH He OBJIO ero I[1epUOIAYECKUX
xone6anuit., OTHOCUTEJIbHHE ll€peMelleHUA CpelHEero [ooca M Hauajl yCJOBHHX
CHCTEM JIEI'KO OIPEeNeJUTh MyTeM [PUMEHEHWUA K KOOpIMHATaM B ¢ -TO# ycJo-
BHOi1 cucreme /2y, ;4‘ / HUBKOUacTOTHOTO QuibTpa A.d.OproBa - JuHelt-
HOTO 11peo0pasoBaHya C KO3((UIKEeHTaMK t;‘ ﬁj £

A%y« 25, Ay ZLS
AJIS aHanu3a Guild B3ATH pesdyabrath  L4S ¢ 1962 r. mo 1976 r. [27
BIH ¢ 1962 r. mo 197 r. [3],DMA c 1¥6¢ r. mo I1$78 r [3] .
[IpoBermeHHEI ananiu3 MOATBEPMI NPEJNOoNoKeHNe 00 YMEHbUIEHUM BIUAHUSA
COGCTBEHHHX HEKODPPEJMPOBAHHHX IepeMelleHuii 3eHUTOB o6CcepBaTOpHit npH
YBEJMUEHUM uucia 00CEepBaTOPHit, MPYHUMAKUUX YUacTHe B OMNpeleJeHUN
KOOpAMHAT Toywca Semiu / puc.i /. XO0TA KOBY MIMEHTH KOPPEJAIMY COOTBE-
TCTBYIOUUX KPUBHX NOBOJbHO BEHCOKM /0k0JO 0.7/ , OIlEHKM JIMHEAHHX TPeHIOB
OTHOCUTEJIbHHX TepeMelleHn? cucTeM oTauualTcs / Tabén.l/. CmemyeT oTMe-
TUTb, UTO BTU OLIEHKM 3aBUCAT OT U30OPaHHOI'O UHTEpBaJa OCPENHEHWUA, UTO

CBULETENbCTBYET O HECTaGMJIBHOM XapaKTepe JMHEHHHX U3MEHEHMIt .
lpencrasne maree AX, AY é berge

a v é;(?“zét) # Z?uﬂk'cu&S['%g:(?-fb)'*alg],
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MH OLIEHWIU 72 METOIIOM CIEeKTPaJbHOT'0 aHaiIu3a C MaKCUMaJbHO) BSHTPO-
nueit / mpu uMcie oTCenuBawuux kKosddunuemroB A= 77 [y u o, dp
10 MeTONy HauMeHbmMX KBampaToB / Ta6i.l /. O6muUx IoJromnepuoauuecKuUx
KoJieO6aHuit B MHTepBaje BpeMeHM Io0 10 JieT He oGHapyXeHO.

2. C I979 r. BIH  BuuMcifeT KOODHMHATH IIOJIOCA B HOBOH YCJIOBHOM

cucreme "1979 BIH Systersn ", KoTopad OTJHUaeTCA OT CUCTeMH "I968 874

System " CleAyomuMM MONpPaBKAMM:
o 2 Ger 00028 sin 20 (¥-0.058) 401007 s5m ¥ /-0 2],
y . C‘y-

UPL & Cp= 050007550 2F(¥-0.%%) 10700075/ L, - [F- @347,

OJTU IONpaBKM OLUIM TOJYUEHH Ha OCHOBAHUM CpaBHEHUA KOOPIOUHAT I10JI0-
Ba cucrem B4 u pmA . [lpoBeneHHHT HaMK CHEKTpPaJbHHIT aHAJINU3
pasHocrelt [, BIH Xp,u,‘) Yary~Yoma  3a Bpema c 1969 mo 1978 rr.
NoKasajl, UTO [OMMMO YKA3aHHHX BHIIE CHUCTEMATUUECKUX DaCXOXIEHUl 10
koopauHaTe L , MMEnTCA NEepUOANUECKMe Bapualuy pasHocTeil sy, —
- 4 pruA c nepuonaMM 2.0 U 7.0 JeT U aMIIUTyIaMi, COOTBETCTBEHHO,
paBHEMU: O. OT8 n 0. OI4
OmHo#t U3 BOSMOXHHX IPUUMH CUCTEMATUUECKUX PaACXOXKOEHUit KoopauHaT
roJmoca IO HaHHHM B8IH u DOMA C TOIOBHM M MOJYTOLOBHM IEPHOOAMMU
MOXET OHTb HECOBEpINEHTCBO METOIMKM BHUMCJIEHMA, NpuMeHsemoit B4/,
dTa MeTOoIMKa BHKJNOUAET KaK aJTI'OPUTM BHUKCJIEHUS KOODOMHAT I0Jmoca Tak M
reoOMETPU CETH CJIYRO BpEMEHM Y WUPOTH, 10 HaOMoLeHUsM KOTODHX BeNyTCA
BHUMCJIEHUS .
BIH onpegnenser L, % z2, Zé U3 peleHNUs CUCTEM YCJOBHEX
YpaBHeHuit Buaa
Z cosd » ySiak 2 = £~ Ko Lekich
’.IS/ﬂJ@;”fé/M/@/#Z’ Jre-Jre

Cy,H,HTb O KOPPEKTHOM DEWEeHVN CHUCTEMH, a CJIeLOBaTeJIbHO, O XopomeM

pasjeneHn Heu3BEeCTHHX I, y 2 b Z MOXHO NO KODPPEeJALMOHHO) MaTpu-

e, SJEeMEHTH KOTODO# DaBHH
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Ele e BJIEMEHTH OOpaTHO! MATpMI[H CUCTEMH HOPMAaJIbHHX YpPaBHEHU.
KoppensuonHaa MaTpuiia OJd CUCTEMH BULA [ I) , KOTOpaf pemaercs
B B[4 npuseneHa B Tab6n.2. (leBa ¥ BHU3Y OT IJIaBHOH NUATOHAIM
NPUBELEHH Z, IJA ciaydad, KOIIa YCJOBHHM ypaBHEHHUAM [PUIMCHBAIOT=-
c Beca, COTJIaCHO OIpelesleHNaM BIH , CIIpaBa U BBEPXy - C
€IVHWYHEM BECOM, COOTBETCTBEHHO. /3 Tabi.?2 BUOHO, UTO M3 BCEX HeU3Be-
CTHHX HauMEHee II0JIHO paslelioTCA HEeM3BECTHHe X ¥ Z  ; BBELEHUE
BecOB (OpPMaJIbHO yJIyullaeT 3TO pasiesieHue, ONHaKO, I[IOBUIMMOMY, He
NMOJHOCTBI OCBOGOKIAET ONpeleliieMHe KOOPOUHATH L OT BJMAHUA
06ero HemnoJAPHOTO Z  -ujeHa.
[lpoBeneHHH}I aHaju3 obmero Z -ujeHa 3a Bpema ¢ 1968 r. 1o

1976 r. nosBsosseT NpencTaBUTL €I'0 B BULE:
Z = 0/004-00005 (¢ 2,) « 0,027 cos [27 /¢ -85 ) 007 +

* 01003 co1 [ 47 (¢ bo) 4165 » O 003 cas| 2L (#-tp)r 302°] »

*0'004 cor[20/30 (#-70) + 193] £y AT73O
o SR

O6pamaeT Ha ce6sa BHMMaHME TOT (aKT, UTO OLIEHKM AMILUIUTYH TONOBOH M
TMOJIyT'OLOBO# BOJIH Z — uleHa GJIM3KM K COOTBETCTBYWOI[UM OLIEHKaM
nonpaBkn  C . [lpucyTcTBHE 06mETo 2 -WieHa B ypaBHEHUIX
Bn,ua[fl) CBUIETEJIbCTByeT O TOM, UTO BKBATOP MTHOBEHHOTO mHojwca A
CMeljeH Ha BEJNUUMHY - Z , TIEPUONNUECKM M3MEHSWIyCA BO BPEMEHH,
OTHOCHTEJBHO YCIOBHOTO SKBaTOpa moimca /[o 1 fABIAETCA MaJHM
KPyI'OM. PelleHMe CHUCTEMH BUIa ( 1) He IO3BOJAET NOJHOCTHO MCKJIIOUATH
9TOT BQPEKT, ¥ MPOMCXONUT STO M3-3a HEPABHOMEDHOTO DaCHpeleseHUs
CIYRG BPEMEHM M WHMPOTH [0 3eMHOMy mapy / MpeuMymecTBEeHHOe pacrnpeme-
JeHVe uX B EBpomeiickoit uacTu/.

llp cpasHeHnu xoopmuHar B cuctremax BIH y DMA  cuemerne
9KBATOpa MIHOBEHHOT'O MOJICA OTHOCHUTEJBHO YCJIOBHOT'O MPOSABIAETCA B
OCHOBHOM Kak cMemeHve mo ocu OX , T.e. cmemeHue cpegHeit o6cepBa-

TOpHM WIM HauaJia oTcueTa HoJIIoT.
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LONGITUDE VARIATIONS OF BOROWIEC SYSTEM

Marek Lehmann 1/

Summary.
The results of analysis of longitude variations detrmined by
means of transit instrument (Zeiss 14564) in the period 1972
April till 1978 March are presented in the paper. Right ascen-
sion corrections of FK4 stars of the Borowiec observational
programme have been computed. The accuracy of determined cor-
rections amounts about x5 ms. Spectral analysis of raw obser—
vational data corrected for determined AX and smoothed by
Kabelac?s method was made. The amplitudes and phases of detec-
ted periodical components were computed by least square method.
The same procedure was applied for observational data correc-
ted for 4X of Billaud’s Catalogue (1977) as well as for obser-
vational raw data without catalogue corrections. The results
show the slight influence of catalogue errors on periodical
components other than annual and semiannual ones. The influen-
ce of annual periodical component in determined longitude va-
riations is comparatively great.

1. Introduction.
Longitude system of Borowiec is defined by determination of

UTO - UI'C ochanges by means of transit instrumment observations of

FK4 stars. The variations of longitude determined in the years
before (Moczko 1968, Schillak 1980) required further reseesrches
and additional observations. In the first place determimation ef
the right ascension corrections of the observational programme
stars 1is necessary. Determined corrections to right ascension of
FK4 catalogue are big and amount for some stars 25 ms.

For the present analysis 715 observations of detexrmination UTO-UTC

from period Apr. 01, 1972 till Mar. 31, 1978 have been used.

1/ Space Research Center of P.A.S., Astronomical Latitude Observatory

Borowlec near Poznan , Poland .
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90 % of these data consists of observations of complete star
groups. Differences UTO-UTC were used to compute longitude
corrections in the ¢ BIH - 1968 System ® by the following formula:

A% = RT = UTO-UTC -(UT1-UTC) + x tg¥sind - y tgf cosA
Using these values of UT0-UTC, the own catalogue of right ascen-
sion corrections A ocBor—FK4 has been worked out.

2. The catalogue.
The determination of A oC Bor-FK4 8%® based on classical method

(Podobed 1975, Eichhorn 1974) of the chain method. The standard
error of determination of AQ¢ Bor—FK4 amounted on the average

& 5 ms. On the Fig.1 the values of corrections AXC Bor—FK4 88
well as A GCA-FK4 (Billaud et al 1977) are shown. The correc-:

tions of FK4 Supp stars appearing in the Borowiec observational
programme are framed.

3e The determination of longitude variations.

At first determined right ascension corrections were introduced
to observational values of UT0-UTC. Then values RT have been
calculated. For the comparison of the influence of different ca-
talogues, the corrections ACC GCA-FK4 have been used too. In

this solution we have 3 different sets of data:
1) kr= R4 S) - without catalogue corrections,
= ‘ -
2) RT¢V? with corrections Ao( Bor-FK4’

3) - RT‘A? - with corrections A GCA-FK4°®

In order to get equidistant and smoothed data, the Kabelac’s

method (Kabelac 1977) has been applied. In accordance with Kabe-
lac’s recommendation the smoothing degree has been adopted as
follows: for RT¢S® : =-2.,55; for RT‘V* : =2.10; for RT¢A’ : -2.05.
The smoothed data of the mentioned above sets in 5 days’ spans

are shown on the Fig.2. In the turn of 1977/78 a big jump in A
was observed. In order of its interpretation, the analogical values
for this period, resulting from longitude observations by the astro-
labe in Potsdam - RT‘PTA’ - have been computed. The similarity of
this longitude jump in Borowiec and Potsdam shows that causes of
this event are not local.
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4. The analysis of longitude variations.

In order to determine the periodical components in observations
of longitude, the spectral analysis by the use of MESA (Maximum
Bntropy Spectral Analysis) - method (Smylie et al 1973, Jaks,
Lehmann 1980) has been applied. A 25°% and 50 % point prediction-
filters were used in the estimate. Received spectra from sequencies
RT¢S?, RT¢V’, RT‘A’ are presented on the Figures 3 , 4 , 5.
Computations of values P maximum entropy spectral power density
has been carried out for frequencies from 0.1 to 10.0 CPY. The
mentioned above Figures shows clear decrease of the value of spec-
tral density function P begining from the argument of about 3.2
CPY. Periods shorter than 100 days cannot be analysed due to
following causes:

1) described above decreasing of function P,

2) existing of gaps of observations of order of 30 days and more,

3) low accuracy of TI observations.

In the purpose of finding of amplitudes and phases of periodical
components by the MESA-method, the method of least squares has been
applied. The results are given in the tab. 1. Taking into account
the existence of the annual and semiannual components in these
variations, the annual and semiannual periods were added to the

set of periods of RT‘A’ data determined by MESA. They are denoted
by parantheses. The differences of amplitudes of annual and semi-
annual components of different sets is clearly seen. It is worth to
note that introduction of Aocﬂnr—FK4 the annual wave in variations

of Borowiec longitude increased. In the order to determine reality
and appreciation of influence of catalogue errors as well as accep-
ted periodicity, the statisical tests have been applied. Statisti-
cal analysis were used for every of sequencies RT¢S*, RT‘A’, RT‘V’
before and after removing from these sequencies respective perio-
dical components given in the tab.1 « The Fig.6 and 7 presents

30 - class distributive series of mentioned above sequencies.
Compendium of descriptive characters of these sequencies from per-
formed tests of randomness on the significance level 5% as well
as Pearson’s he 2 is given in the tab.2 .
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5. Conclusions.

A. Right ascension corrections of the Borowiec Catalogue are
in accordance with the corrections of the astrolabe catalogue.

B. Introduction of catalogue corrections has not explained the
longitude variations.

C. Differnces of amplitudes and phases of annual waves between
RT*V’ and RT¢A’ indicate that own right ascension catalogue
are closly connected with local source influences having
annual period. Separation of them is wery complicated and
should require special geophysical examinations.
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Period |in days| Amplitude |in ms| Phase |in degrees|
RT*S" RT‘V®  |RT¢A’ RT*S*| RT*V* | RT¢A® RT*S® RT¢V? RT¢A?
1353 1405 1353 6.2 5.9 6.1 232.4 & 3.1 235.2 & 4.0 | 225.5 & 4.1
435 425 425 4.1 | 4.7 | 4.8 | 246.8 4.6| 250.4 5.0 | 244.9 5.3
(345) (362)
| [365.24]| [365.24]|[365.24]| 6.2 | 8.5 | 2.7 | 230.6 3.1| 125.5 2.8 | 257.4 9.5
| 252 254 254 3.5 | 2.7 | 3.1 | 327.5 s5.5| 339.1 8.3 | 339.8 8.1
L 230 225 227 3.7 3.9 3.6 334.5 5.1 299.9 5.8 | 337.3 7.0
| (183) | (181)
[182.6] | [182.6] |[182.6] 4.4 3.9 1.9 289.2 4.3| 327.0 5.8 | 291.4 13.2
123 119 118 2. % |B #2155 2.3 77.2  8.5| 25.0 10.5 | 21.3 108.7
noise for amplitudes: &3 ko4 o4

Table 1.

Amplitudes and phases from MESA-method detected periodicitics.

[ ] - received period; ( ) - detected period.
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R B? RT¢V? RT¢A? RT*¢S?® RT¢V? RT¢A®
before removal after removal
test of randomness
median =13.9 -14.0 =141 .0 o1 -.1 [ms]
let. A 12 17 22 18 28 31
let. B 12 17 22 18 28 31
series 24 34 44 36 56 62
statiste -2.14 -2.03 -1.93 -2.01 -1.80 =1.73
test limit: 1496 1,96
randomnity - 2 + 3 + 3
Pearson’s X 2 test

max.vale 15.8 22.5 15.7 14.5 14.8 18.4 [ms]
min.vale. =433 -40.5 -38.6 -14.2 =-15.5 -16.6 [ms]
max-min 59.1 63.0 54.3 28.7 30.3 35.0 [ms]
lenght 2.0 2.2 1.9 1.0 101 1.2 [ms]
mean -13.3 =134 -13.0 .0 .0 «0 [ms]
sigma 1041 1048 9.5 4.7 5.7 6.2 [ms]
statist. 75.20 48.88 90.46 26.91 39.60 30.28
test limit: 37.67 37.67
normality - - - + - +

Table 2.
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Fig. 3. Maximum entropy spectrum before removal of the periodicitics.

: 50%one.

t 25% prediction filter
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Fig. 4. Maximum entropy spectrum before removal of the periodicitics.
t 25 % prediction filter 3
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O HEXOTOPHX OIMBKAX
ACTPOHOMYMECKOI'O OMPEIEIEHISI BPEMEHM ¥ I'EOT'PASWYECKOA KOJTOTH

fin Mexuxep, fAx Pb¢vul)

Pesome

AHaJyms onpenexeHul BpeMeHM NacCaXHHM KHCTpyMeHTOM O6cep-
Baropuu CAOBANKOro MOJUTEXHUUYECKOro MHCTHTYTa NOKaSHBEET BINA-
H¥e XMYHHX OmMOOK ¥ OUMMGOK MCXOLHOrO KaTraJxora Ha MONPaBKM JAOX-
rorH. lcnpamreHne 9THX OMMOOK BHAUUTEALHO MSMEHSET OLEHKY JAH-
HEADHOTO TpEeHA& M NEePHOAHMUECKUX COCTABASKIMX KOXeOSaHUS MECT-
Bo#t orpecHok auHHME,

Summary

The analysis of time observations with transit instrument
made on the Observatory of Slovak Technical University in Bra=-
tislava shows the influence of personal errors and the errors
in the star positions on the instantaneous geographical longit=-
ude. Applying corrections of this phenomena has essentialy
changed the estimate both of linear variation and periodic
structure of the local plumh line fluctuations.

PesysbTaTH peryaspHOro onpeneneHus BCEMUPHOrO BpPEMEHM KAACCH-
YeCKMMM METONaMM MCNOJAbS8yeM NIJA PasSHOOGPASHHX MCCJIEeINOBAHMN.
O6LenvAeHuEe aCTPOHOMMYECKMX OOCCEpBaATODMH B Mexnyrapoxryn caxyx-
Oy BpeMeéHM RBTH NpPeAOCTaBAAET BOSMOXHOCTH MBYUEHHS BONPOCOB
HEPOBHOMEDHOCTYM BpameHHd 3JeMJAx BOXDYT OCH. CpaBHEHME MsMepe-—
HUJA OTAENBHHX Cay®6 BpeMeHM OTHOCHTEXbHO cmcTemu BIH paspe-

O6cepBaTopus CAOBANKOTO MOXMTEXHMUECKOTO MHC THTYTA
Bparucaasa, YCCP 1
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maeT CHENATH OLEeHKY XOK&JAbHHX aHoManuli CBA3AHHHX C MECTOM Ha-
6xopeHuss, MHCTDYMEH: 9M, HaGJXDRaTeXAMM M NporpaMmolhr HabxoaeHui.
MHOrue aHaNMU3H 3TUX AHOMEAMNA [OKASHBADT CymeCTBOBAHME Pa8HOC-
Telf MexKy anpMopHO# POUHOCTD onpenereHHON! BHYTpPeHHe# cxoau-
MOCTD Pe3yJAbTATOB U aNOCTEPHOPHON onpeleseHHON! PeaJsbHHM XCIOJAb-
soBaHueM pesyxpraroB B BIH.

[IpyunnaMyu SBAIDTCS
- M3MEHEeHMS OTBeCHO# JuHuuM o6CepBaATOPUM CBSIBaHHHE C I'OPM3OH-
TaAbHHM IBUXeHueM (JOKaJBHHM M NPOUCXOLAMMM M8 CMemeHu# ma-
TepukKa) ¥ M3MEHEeHUs HAaKJIOHA YPOBSHHO# MOBepXHOCTH,

- cCUCTeMaTHuyeCKue OUMGKM Ma3MepeHui.

IJxs MCNOAB3OBAHUSA ONperexeHuit BpeMeHM B I[eNsIX UCCAenO-
BaHNS TeOAMHAMNUYECKMX SBJAEHM) XeJaTeJbHO B BO3MOXHO Goabmeit
Mepe MCKJIDYUTH CUCTeMaTuMyecKue omumOKM MJAM XOTA OH 3HATH MX
BEeJIMUMHY M XapaKTepD.

/Ia aToit TOUukKM 3pEeHMA MH CIeJaJu aHaaus HabapaeHuit naccax-
HHM MHCTpyMeHTOM lle¥icca 100/1000 OGcepBaTopuu CaroBankoro moau-
TeXHuYeCcKoro MHcTuryra B Bparucxase ( BR),

JicxonuMm ua ompelnexeHus nonpaBku uacoe (UTO - UTC)BR
u3 OnHO# rpynnu comepxamume#t B cpexnHemM 10 aBe3x. Ilocae ucnpes-
JEeHuS M3-38 NBUXEHUS MOJNCA MH BHUMCIMJAM DPA3HOCTH

AA=(UT 2 - UTC)pyy = (UT 1 - UIC) gy

MaTemaTuueckoe CrJaxeHuMe pes3yJAbTATOB MH BHMNOJHMAM MeTonom Ha-
Geaaqafs]. Taxkum o6pasoM u3 nouru 1400 sHaueHui M B rogzax
1971 - 1978 Mu noayuMam CrJaxeHHHE Bx OTIHEJbHO AJA KaxIOTOo
Hafapnareas. )3 MHOr'MX BOSMOXHHX MCTOYHMKOB CUCTEMATUEECKUX
Oom 60K MH OOpaTUJM BHUMAHME HA BJIUSHUE JNUYHO-UHCTpPYMEHTAJIbHHEX
om 60K U OomuMOOK NPAMHX BOCXOXNEeHu#t 3aBeas MCXOXHOr'O KaTajaora.

JuuHHe OmMOKM NPUCYTCTBYyDIME BO BCSKOM BUSYAALHOM M3Me-
PeHuu, B cJayuae onpefeleHMs BpPeMEHM NMAaCCAXHHM MHCTPYMEHTOM
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ABASDTCA ONHMMM M3 I'J8BHHX MCTOYHMKOB HEHANEeXHOCTM pes3yJabTa-
r0B., OneHka 3Tux ommOOK BO3MOXHa JAuOO CpaBHEHMEM OonpeleJeBus
BPeMeHM HeCKOJXbKUMM HabappaTeasiMu, JAUO60 HemOoCpPeACTBEHHHM Hu3-
MepeHMeM NpM NOMOMM CHenMaibHRX ycTpoicTeB. Jaf MCHNOJAb3OBaHuSA
aCTPOHOMMUYECKMX M3MepeHM# ¢ neam OGHADYXMUTH NOJAr OBpEeMeHHHE KO-
Xe6aHUd OTBECHOX AMHMM sABaAfeTCH 6oXee LNeXeCOOGPA3HHM BHIOJHSATH
He3aBUCMMHUE M3MEepeHuf, Hampumep NpuGOpoM C MCCKYCTBEHHO# 3Bes-—
no#, Bo BpeMf aHaAM3UPYyeMOrOo MHTepBaJa KaxAHit HabapaaTeab pe-
CYASDHO M3MEpMJ CBOD JMYHYD OmnbKy. Ilocae criaaxeHuss BHUMCIAEHH
INYHHE NONpaBKu nasd Bcex onpexexeHui ( UTO - UTC )BR‘

O6pa6orka HabaADAEeHUA MPOM3BBOAMUTCH B CHMCTeMe Karaxora FK4.
JXs OuEHKM ero CHCTeMaTHYeCKux omubOoK anna‘Aaa MH IPUMEHBMJAM
rpynoBoi#t cnoco6 ypaBHeHMS NONPaBOK uacon[i]. P'padux arux
omu6OK mpuBeneH Ha puc. l. fABHHI mepuonx 12 yacoB ¢ aMmauTyxoik
npuMepHo 0,007 ¢ TpaHchopMupyeTcs B NoayronoBoe kaxebaHue
n3BecTHoe Jaa O6cepBaropur BR raxme ua 6pxerunnos BIH,

Add
Cc
+0.014
o.
-00%4
0"‘""Q'H"tr'_iu
ol

Puc. 1: Onenxa cucremarTuueckux ommSOKk BuIa Aga
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Jxs uccrenoBaHNMAs AMHOMMNYECKHMX SBXeHmS HyxHH unEpopManNME O Bpe-
MEeHHEHX MB8MEHEeHMSX reorpapmueckoit ZOArorH naHHOK Toukm. [lokaxem
BANAHME AMYHHNX OmMGOK M OmMOOK 3BEe3JHOrO KaTaJora Ha OLEeHKY
JAMHEapHOro TpeHJa ¥ NepuoIMUYEeCKMX COCTABAANIMX Npolecca omnpe-
ZexeHuUs AN, [lysxTrpoM Ha pHCYHKe 2 mnpexcraBireH rpadpux AA

6e3 yueTa ONMCAHHX CHCTeMaTHdeckux omubox., OuleHxa roxoro Jam-
HeapHoro TpeHxa npexacraBager +0.0049 c 2 0.0004 c. B CIeKTpalb=
Hou amazmse DA (moxyuyeHHOM METOZOM MaKCHMAaXbHOHR auwponnul:ZJ)

A
0089
a ¥
L s 52
- 2% g . a0 1
] - :. = ;‘"-?.‘. -'-
004~
04 ¢ (o]

Puc. 2: a - AN Ges yuera cHCTeMATNUECKHX OmEGOK
6 - ON nocxe mcnpaBiaeHus OommGOK KaTaxora
M JUYHHX OmMOOK

nocse BHYMTAHNA JMHEADHO# cocTaBaspmeit npeofiafapT NMUKM mMepHO-
noB 0.5, 1.0 u 2.0 roga (puc. 3a). McnpaBrenue OmMGOK MCXOJEO-
ro xarajiora HeOKA3HBAET BJAMSHME HA JMHEADHH! TpeHA HO HMSMeHAer
OneHKy CHeKTpaxbHO# nmaorHocTu (puc. 36). Ocraxcs " OAbKO ORMH
S8aMeTHH} NHMK a8 NMepuoxa IOBYX JAeT. HCNpaBieHMEeM AMUYHHX OmmOOK
(cnaomnas AuHMSA DHC. 2) M NMOJXYYMM OLEHKy TpeHIma ~ 0.0005 ¢

*
= 0.0004 B ron. llepuonumueckyme COCTABASIIME B ITOM CAyase HEgHO—
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YUTEAbHO MSMEHMJAMCDHe.

1 Ml

1" 0sf v 2

Puc. 3: CnexrpaxpHui# eamaxus AA meTomoMm MaxcumaxbHOMK
SHTDONUN NMOCJe BHYMTAHMS IMHEADHOTO TpEHIa
a - G6ea yuera CHCTEMATHUECKUX OmMGOK
6 - mocJe MCNpaBJeHNMs OmMGOK KaTaxora

B - NOCJe ydYeTa JMYHHX OmMGOK M OmMGOK NPSMHX
BOCXOXIeHU#k sBesn

Jia mpexHIyuux KMCCAeNOBaHMIl SBCTByeT, UTO MSMEPEHME JAUU=-
HHX omMOOK HEeOOXORMMO IJs GOJBMMX MHTEPBA&AOB, XOTS AUCNEPSUED
ormeabHHXx A\ JXMuUHHe MONpaBKY YBEANUMBEDT./cnpaBieHMe CHUCTe-
MaTHYeCKMX OmMOOK LEeAMKOM MSMEeHSeT OLEeHKYy IBUXEHUS OTBECHOi
AMHUM oO6CepBaTODUM,

PeayabTaTH BU3Y&JAbHHX MSMEpDEeHU) BCEMMPHOTO BpEMEHM UECTO
MCNOABSYDTCH IJAA TAOCaXbHHX TEeKTOHMYEBKMX uMccaexmoBaHuit. Ho or-
JeJbHHe O6CEepBATOPMM HEYRMTHEBADT BAMSHME ONMCAHENX OmMUGOK
5 sHavuenusx ( UTO -UTC ) npemocraBaseMux B BIH. 3TOo uckaxzaer
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npexpe BCero NpeAcPaBJIeHUA O AOJATOBPEeMEHHHX sSBJeHuAX. Hpome
TOro, CHEJaHKH HaMyu aHaJAuU3 MOTBepXLaeT HeoOGXOAXMOCTh SOJABbMErOo
yycsra o6CepBATOPHMA yuacTBYDMMUX B MCCJIENOB2HUAX HAREXHOrO ompe-
IeJeHUs BpameHus 3eMiu.
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GEODYNAKIC FEFFECTS IN PHYSICAL GECDZSY

Helmut kioritz

Technical University, Graz, Austria

Abstract:

The usual theories of physical geodesy are based on the
following idealized situation: the earth is a rigid body and ro-
tates with constant angular velocity around an axis which is
fixed with respect to the earth and passes through the earth's
center of mass. This center of mass is taken as the origin of
of a reactangular coordinate system, and the rotation axis is
used as its z-axis. In this way, neither the earth's figure nor
its gravity field nor the coordinate system to which the earth
is referred, vary in time.,
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7

This simple model is in general accurate to about 10~ For higher

accuracies, geodynamic effects such as earth tides must be taken into account
and temporal variations of reference frames must be examined more closely.
The present paper reviews the effect of earth tides on the figure of
the earth and on coordinates of points on the earth's surface, the precise
definition of the celestial pole which is required for nutation and polar motion,

and various possibilities for a global terrestrial cartesian coordinate system:

Tisserand axes, principal axes of inertia, systems based on the instantaneous
rotation axis or on the celestial pole, geographical axes, and conventional

reference systems.
The text of the paper is Section 55 of the author's book "Advanced

Physical Geodesy", Herbert Wichmann Verlag, Karlsruhe and Abacus Press, Tun-

bridge Wells, Kent, 1980.

Zusammenfassung:

Die Ublichen Theorien der physikalischen Geoddsie beruhen auf folgen-
der idealisierten Situation: die Erde ist ein starrer Korper und rotiert mit
konstanter Winkelgeschwindigkeit um eine Achse, die mit der Erde starr verbunden
ist und durch ihren Schwerpunkt geht. Dieser Schwerpunkt wird als Ursprung eines
rechtwinkeligen Koordinatensystems betrachtet; die Rotationsachse dient als z-
Achse. Auf diese Weise unterliegt weder die Erdgestalt noch das Bezugssystem

zeitlichen Verdanderungen.
Dieses einfache Modell hat i.a., eine Genauigkeit von rund 1077 . Fir

hohere Genauigkeiten muf3 man geodynamische Effekte wie Erdgezeiten betrachten,
und zeitlichen Verdariderungen der Bezugssysteme muB genauere Aufmerksamkeit ge-

widmet werden.

Das vorliegende Referat gibt einen Uberblick iliber den EinfluB der Ge-
zeiten auf Erdfigur und Punktkoordinaten, liber die genaue Definition eines ge-
eigneten Himmelspols, die fiir Nutation und Polbewegung erforderlich ist, und
iber verschiedene Moglichkeiten fiir die Definition eines globalen Koordinaten-
systems: Tisserand-Achsen, Haupttrdgheitsachsen, Systeme, die auf der augen-
blicklichen Drehachse cder auf dem Himmelspol beruhen, sowie geographische
Achsen und konventionelle Bezugssysteme.

Den Text des Referats bildet Abschnitt 55 des Buches "Advanced Physical
Geodesy", Herbert Wichmann Verlag, Karlsruhe und Abacus Press, Tunbridge Wells,

Kent, 1980.
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FLUCTUATIONS IN THE SEASONAL VARIATIONS OF THE LENGHT OF THE DAY

AND THE EARTH'S WOBBLE

by
1)

Angelo Poma and Edoardo Proverbio

Abstract

Evidence of fluctuations in the amplitude of seasonal components in the
rate of rotation of the Earth has been recently emphasized by Okasaki and
Lambeck & Cazenave and attributed in large part to changes in the zonal wind
circulation. The effect of zonal winds on wobble should be small and other
possible causes cannot be neglected. The analysis of the Earth's rotation for
the period 1962-1978 shows the existence of 4 year and to a lower extent of
7 year fluctuations in the annual variations of the l.o.d.. These fluctuations

T

-1 2 s q
are associated to variation of the energy function 2T f S dt. Oscillations

o
in the angular moment or in the moment of inertia of the atmosphere could be re
sponsable of observed fluctuations. The latter could explain also fluctuations
of about 7 years in the annual component of polar motion emphasized by some

authors.

Résumé

L'existence de fluctuations de 1l'amplitude des composantes saisonniers
dans la rotation de la Terra a été récemment mise en évidence par Okasaki et
Lambeck et Cazenave at attribuée en gran part a la circulation de vents zo
nals, tandis que sur le mouvement du pole cette action est presque négligea
ble et d'autres causes ne pouvant pas étre négligées. En analisant la rotation
de la Terre pendant la période 1962-1978 nous montrons l'existence de fluctug
tions dans la variation annuelle avec périodes de quatre années et probablement
de 7 années. Cettes fluctuations sont associées a des variations de la fun
ction de 1l'energie 2T-1 [ A S2 dt que pourraient étre attribuées a des varia
tions du moment angulaire ou du moment d'inertie de l'atmosfere de la Terre.
Ce dernier pourrait expliquer les fluctuations d'environ 7 années dans la com

posante annuelle du mouvement du pole mise en evidence par quelque auteur.

Stazione Astronomica Internazionale, Cagliari, Italy

2)

Istituto di Astronomia dell'Universita, Cagliari, Italy
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1. Introduction
In the last forty years the analysis of series of latitude and time obser

vations carried out with more and more precise instruments has shown up the
existence of periodic and semi-periodic fluctuations in the motion of the in
stantaneous rotation axis of the Earth and in the rotation of the Earth. If
we disregard annual, semi-annual and quasi-biennal oscillations the causes of
these fluctuations depending on astronomical and geophysical events are not
entirely clear. Analogously the variations in amplitude of the annual and semi-
annual terms emphasized by some authors are difficult to interpret (Okasaki,
Lambeck & Cazenave, 1977). The problem become even more complicated when one
wishes to point up a possible relation between these two movements. In a re
cent paper the authors have show that there esist an apparent relationship be
tween changes in the rate of the Earth's rotation and variations in polar mo
tion (Poma & Proverbio, 1980). The cause of these common fluctuations could
be attributed to non-axially symmetrical forces acting upon the Earth. In any
case, this conclusion seem to be in contrast with some results reported by o
ther authors.

The theoretical bases of the motion of the solid Earth are the well known
equations of Liouville which, with the notation given by Munk and Mac Donald

(1960) and neglecting second order terms, are represented by the scalar equa

tions
(1) 0,0 b, 0, =-8 - Bt
ZQ (!)2 (01‘“‘ 1 02— C-A)
-1 .
(2l Pl 1 O BB By Tty wis T
-1 -1
- = Q = =
(3) (ws Q) Q A\ ® 4 m, ¢3
in which the geophysical functions ¢1 =S50 ey ¢2 = -0 and ¢3 are related
to the astronomical observed quantities
W ey P wy = (1 +m3)9

where (x, y) are the coordinates of the instantaneous rotation pole referred
to the reference frame fixed with the Earth, the origin of which in the so-cai
led Conventional International Origin (CIO), and ( § , 7" ) the coordinates of
the polar axis of inertia with respect to the same reference frame; Q is the
mean nominal angular velocity of the Earth and a)3 the instantaneous angular
velocity about the rotation axis. As the instantaneous rate of rotation is re
lated to the angular momentum of the Earthlﬂ3 and to the mean polar moment of

inertia C = I33 by the relation m3 = H3C_ ’
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we can easily obtain the relevant equation of the motion
Q'l o (/,ﬂ)“lés P c_l /A C=m
(4) Ao, E 3 3
or, with the notation
/A H, = 5 bagddtu=4/Nph
3 o 3 3
where L_ is an exterior torque component along the axis of rotation acting on

the solid Earth and A\ h3 a relative angular momentum about the same axis,

e
-1 -1
w, ="C A C+ (QcC) (]OLSdt—/_\ha)

Given the formal equivalence of the torque and relative angular momentum
approaches it is possible to use in the preceding formula either quantity ac
cording to circumstances, while Z& Ea= N\ I33 (t) is the time dependent varia

tion in the mean moment of inertia C.

2. Effects of torque and relative angular momentum on the Earth's motion

The different mechanism by which the excitation functions ¢i influence
polar motion and the Earth's rotation and the difficulty in singling out,case by
case,the astronomical and geophysical causes of these excitations makes the
study of the Earth's motion quite complex. In Table 1 beside the different
types of excitation functions are listed some possible causes capable of influen
cing the Earth's motion. Today it appears ascertained that the seasonal varia-
tions in the Earth's rotation are mostly caused by fluctuations in the angular
momentum of the atmosphere and only partially can be attributed to a tidal cau
ses. As regards polar motion on the other hand, annual variations seem to be
attributable to oscillations of the Earth's polar inertia momentum (Table 2).

In Table 3 are summarized the theoretical data calculated by Okasaki (1979)

and Lambeck & Cazenave (1973) as regards the know periodical terms in the Earth's
motion. The lack of reliable data relating to the influence that variations of
the inertia momenta or the existence of stresses or torques acting upon the
Earth crust may have on the Earth's motion is significant. In reality geophisi
cal phenomena contributing to £>I33(t) such as solid earth tides and annual
fluctuations in groundwater could also explain the discrepancies between the
calculated exitation functions due to the action of the wind and astronomical

observations.
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Table 1. Different excitation functions and geophysical & astronomical phe

nomena influencing the astronomically observed motion of the Earth.

Atmospheric, ocean & terrestrial tides

Torgques:
Crust-atmosphere mechanical torque
Core-mantle electromagnetic coupling
Electromagnetic interation with interplanetary plasma
Inertia: Melting and storage of ice and snow

Storage of water in the ocean

Mass transfer in the atmosphere
Mantle convection

Meteoric dust

Continental drift (not significant)

Variaticn of the gravitational constant

Angular Momentum: Variations in the total angular momentum of the atmosphere

Difference in the two hemispheric angular momenta
Oceanic circulation
Mantle convection

Passive core-mantle coupling (changing the mantle's rate)

This has almost inevitably led to the indication of the cause of the long-
term fluctuations in the Earth's rotation as due to the action of the winds on
ly. In recent works Sidorenkov (1979a) (1979b) showed in fact that also long
term fluctuations in the Earths rotaticn could be due to mechanical action of
the atmosphere on the Earth's surface. Without detracting anything from the im
portance of these results, it seems to us, however, that the problem of the stu
dy of short and long term fluctuations in the Earth rotation and in polar motion
must be investigated further with the search for more significant correlations
between observed astronomical data and the geophysical phenomena which present
analogous characteristics of periodicity as well as has been done in the study

of seasonal variations in the Earth's motion.

Table 2. Observed periodical components in the polar motion and speed of the

Earth's rotation

x y m
(0%001) (0%001) (10”9

Semi-annual (c) (Cc) 3.8
Annual 103 91 4.1
Biennal (?) (?) 10300
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Table 3. Summarized evidence of the influence of different excitation fun

ctions on the seasonal motion of the Earth

Angular momentum Torque Moment of Inertia
8./0 8,/0 8, p./0 8,/2 ¥, 8./2 B,/0 9,

(0%001) (0%001) (10" Y) (07001) (0%001) (10™°) (0%001)(0%001)(10™>)
Semi-annual (c) (c) 2.4 (?) (?) ey (?) g (?)
Annual (c) (c) . 5.2 (?) (?) (?) 27 8 (?)
Biennal (c) S R (?) (?) (?) (?) (?) (?)

(c ) no significant values

For this reason we have tried in this work, to show up the existence of pos
sible periodic fluctuations in short-term variations: of. the Earth rotation ags

sociated to known geophysical phenomena.

3. Evidence for the existence of periodical fluctuations exceeding two years.

Values of the angular velocity of the Earth about its axis or, what is the
same, of the opposite quantity, the lenght of day (l.o0.d.), are deduced by com
paring the astronomical scale of Universal Time (UT) based on the rotation of
the Earth with an assumed uniform time scale. For the last 25 years the refe
rence time scale has been established by the Bureau International de 1'Heure
(BIH) on the basis of data derived from atomic clocks. At present it is deno
minated International Atomic Time (IAT). Data of the differences UT1 - IAT are
published by the BIH from which one can derive the variation in the rate of ro

tation

g, =m, = A\ (UT1 - IAT) / At

From 1955 July to December 1961 the data were provided by BIH for every ten
days while from 1962.0 to the present for every five days. A small dishomo
geneity exists between the two data sets; the latter is based on the 1968 BIH

system (Guinot et al., 1970) and only this will be used for our analysis.

The generic trend of the changes in the rate of rotation is shown in
Fig. 1 where the annual means of m3 expressed in ms/day are plotted for the
period 1956-1978.
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ms/day
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Fig. 1. Annual means values of changes in the rotation rate of the Earth.

Apart from a secular deceleration which is estimated to be about —1.5x10'_2
ms/day per year attributed almost entirely to the action of tidal forces, the
re appears to be a common accordance in almost all the papers on how to consi
der the two types of variations: seasonal variations, fairly regular and of
chiefly meteorological origin, and irregular and long-term variations,less well
explained and suspected to be associated with interaction of the core with the
mantle. This paper is mainly concerned with seasonal variation; but it is not
possible, in our opinion, to make estimates of seasonal without discussing the
other variations. Firstly, and most simply, because analysis over short inter
vals may be seriously affected by not well removed terms; secondly, we cannot
exclude a priori, as noted before, that all there variations may be of the sa

me nature.

ms/May

04

0.3 4

02 /"-—\‘\\

i T
0.1 - | L_ i / N /,/-/ $
/ k-w\ f\_/fﬂ\“/ﬂ\" \\\_//
0l =4 ! o - : : - , .
185 385 125 1085 145 1805 2465 2525 2885 3245 days

Fig. 2. Harmonic analysis of the Earth's rotation variations

The harmonic analysis of m3 suggests that, apart from annual.semi-annual
and biennal terms, several periodic changes are present in rotation speed; as

shown in Fig. 2 there is evidence of a period near to 4 and 7 years and, less
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delineated, periods between 2 and 3 years. The same and other pericds have al

so been recently reported by some authors. Djurovic (1979), analysing the data

of UT2-1AT for the interval 1967.0-1978.0, found the existence of significant

periods of 7.4, 3.5 and 2.3 years; periods of 2.8, 3.7, 7.0 and 10.5 years are

also obtained by Emetz and Korsun (1979).
On the other hand Markowitz (1970) has suggested that non-periodic but sud
den changes occur in acceleration (and not in speed) with an average interval

of about 4 years. In a previous work Brouwer (1952) arrived at the same conclu

sion but his estimate of the average interval between ''turning points' was about

7 years.

In a recent investigation, however, McCarthy and Percival (1979) shows that

there is no statistical evidence for discrete values of acceleration over periods

on the order of five years, but that only random changes occur more frequently

than once per year.
We have computed the values of the rotational acceleration of the Earth for

the interval 1956-1978 by means of the first difference
= Al S AL

with a 0.5 year step for /\t equal to one year.

The result expressed in ms/day per year are shown in Fig. 3 and suggest the

existence of an apparent oscillation of about a 4 and 7 year period. After fil

tering by means of 7 year running means the residuals are plotted in Fig. 4 on

a larger scale.
msAlay/yr

02-
1
/

1955 "60" ST At 15"

Fig. 3. Mean rotational accelerations derived from annual differences of the ra
te of rotation.

In order to interpret the shape of this long term a comparison has been ma

de with a curve obtained by combining 12 long (greater than 7 year) period terms

found by Lou Shi-fang et al. (1977) as results from spectral analysis of the dif

ferences between Universal and Ephemeris Time for the interval 1820-1970.
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Fig. 4. 7-year running means of the acceleration (+) compared with a sum (+)

of 12 long (greater than 7 year) period terms found by Lou Shi-fang et al.

The fair agreement between the observed and calculated curve suggests that
probably numerous causes, completely or almost completely unknown, influence
the Earth's motion and that results from short-term analyses must be accepted
with caution.

It is interesting however, to note that, if the long term of Fig. 4 is re
moved by the values of 53, the residual plotted in Fig. 5 exhibits rather

clearly a periodicity of about 7 years.
ms/day/yr
-,‘
a2 - / \ /.\' / .
koo o ; ! / /
00 X.i/l / .'\ Z \ ri‘ :
1960 U/ \ /\[gs/ A7 0 / B35,

i j

-02 1

Fig. 5. Values of the acceleration after removed the long (greater than 7 year)

period terms.

4. Periodical fluctuations in the seasonal variations

With these considerations in mind we took up the study of the annual and
semi-annual variations in the rate of rotation.

As earlier discussed it is generally accepted that these are caused by glo
bal wind circulation and, partly, as regards semi-annual variations, by tidal
terms (Lambeck & 6azenave, 1973). On the other hand the same authors pointed

out that year to year fluctuations, apparently irregular, occur in the amplitu
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de of the sesonal terms. Okazaki (1975) who has already investigated in grea
ter detail these fluctuations, found that the amplitude of the annual term
varies, even though irregularly, with the repeating period of 6 years. He, in
agreement with Lambeck and Cazenave, attributes these variations as well to
the effect of zonal winds.

More recently, a different mechanism has been introduced by Sidorenkov
(1975) to explain the seasonal term: he suggests the existence of an "inter-
hemisphere engine'" caused by temperature differences in the northern and sou
thern hemispheres and having the effect of reducing the angular momentum of the
atmosphere. As consequence of this hypothesis he also found that the seasonal
variation can be expressed by the formula
(5) m3='A+Bcos(#—ﬂ)|
where # is the longitude of the Sun and the coefficients A, B and the phase

f are constants.

This result is very interesting and ever more intersting could be the stu
dy of seasonal fluctuations by means of the function ( 5), but, unfortunately,
we have not read the main original paper on this argument (Sidorenkov, 1975)
but only a brief summary (Sidorenkov, 1979) and we cannot discuss it in any

great depth.
We shall 1limit ourselves to note that, although, as one can easily prove,

with a proper choice of coefficients the shape of Sidorenkov's function is
in good agreement with the shape of the observed seasonal variation (Fig. 6),
its derivative describes less well the acceleration values.
ms/day

8, S

06 -

0.4

0.2 4

"y 50 100 290 : 3(111 35")0 t in days

~-02
-0.4

-0.6 -

-08

Fig. 6. Seasonal variation in the Earth's rotation rate averaged for the inter

val 1962-1978.
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More in general we suppose here that the rate of the Earth's rotation can

be written in the form
= f S
(6) m3 +

where f contains all the non seasonal long term variations and S ''seasonal

function" is a quite general function having an annual period and mean value
= =i T
(7) St= T sdt = O
o

in the interval (0,T) equal to a year.

So S can be represented by a trigonometric series
(8) S=a1cos 2nt + blsin 2at + aacos 4nt + basin 4nt

where t is a fraction of a year and, as observational evidence shows, the Fou
rier coefficients of the other harmonics can be considered small.
As a consequence of Parseval's equation the '"morm" p of the function S is

given by
2

(9) E:z'r"l (Tszdt 5 (a2 + b2)

Jo i k k
We have computed both terms of the equation ( 9) for every year from 1962 to
1978; the integral on the left side has been evaluated numerically by using
Simpson's classical formula and the coefficients ak and bk on the right side
by the least squares method starting from equation (8). In order to reduce, as
well as possible, the influence of long term variations values of the '"'seasonal
function' S are obtained from the observed values of m3 after removing for eve

ry year interval Tk the mean value of f = f namely

ok’

S bEd = My (L) 2

From (g)and (7) it follows

<1 el
fok =T f m. (t)dt
o

Moreover we have corrected the values of p considering that the function
f should be approximated by a second degree polynominal. It is found that, in
general, these corrections are small. No source of error should arise from the

approximation used.
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Table 4. Cosine (ak) and sine (bk) Fourier coefficients (in ms/day) and

'norm'" p of the seasonal functions S in (ms/day)

a, b1 a, bé 2:(ai + bi) P
1962 -0.376 -0.116 0.284 0.283 0.315 0.327
1963 -0.318 +0.099 0.302 0.427 0.384 0.365
1964 -0.393 -0.120 0.250 0.279 0.310 0.344
1965 -0.262 -0.068 0.294 0.244 0.219 0.236
1966 -0.255 -0.067 0.356 0.241 0.254 0.275
1967 -0.321 -0.199 0.267 0.273 0.289 0.291
1968 -0.271 -0.072 0.199 0.139 0.138 0.186
1969 -0.283 -0.173 0.307 0.232 0.257 0.283
1970 -0.383 -0.276 0.282 0.235 0.357 0.373
1971 -0.169 +0.058 0.316 0.405 0.295 0.324
1972 -0.244 -0.241 0.216 0.207 0.207 0.241
1973 -0.263 -0.256 0.276 0.181 0.244 0.242
1974 -0.231 -0.183 0.320 0.318 0.290 0.331
1975 -0.352 -0.147 0.248 0.268 =279 0.295
1976 -0.211 -0.106 0.344 0.287 0.280 0.300
1977 -0.383 -0.122 0.311 0.363 0.389 0.415

The definitive values of p are summarized in Table 4 and in Fig. 7. We no
te that p is proportional tO amean seasonal kinetic energy. At first sight it
seems to vary rythmically with period of about four and, with less evidence,
seven years.

It is interesting to note that (if the curve represented in Fig. 5 is cor
rect and there are no step functions) the maxima and minima values of p are
reached in the epochs in which mean acceleration vanishes, i.e. in the epochs
in which mean annual speed reaches maxima and minima values. It is also inte
resting to note that year to year differences of p , which are a measure of
the dissipated energy, noted here as dp/dt and plotted in Fig. 8, clearly

show a 4 year cyclic period.
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Fig. 7. p = -1 [T s2 dt is proportlonal to a mean seasonal kinetic energy;
p+ is the same quantity computed fronlz: a + bi) according to Parseval's
equation.
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Fig. 8. Annual differences of p, namely the measure of the dissipation of the

seasonal kinetic energy.

Conclusions

The analysis of the Earth's annual motion has shown up periodic fluctuations
in rate with a period of about 4, and to a lower extent, of 7 years. As regards
acceleration the evidence for quasi-periodic fluctuations can be documented by
the connection found between maxima and minima variations in rate and the .=zros
of acceleration itself. The changes of angular acceleration seems due neither
to impulsive torque as held by De Sitter (1927) and Brown (1926) nor to abrupt
change in the amplitude of torque acting on the Earth.

The amplitude variations associated with energy variations evidenced may be
interpreted as the effect of "tlermal engines', as suggested by Sidorenkov (1979),
or as variations in total angular momentum or in momenta of inertia of the Earth.
The mean variations in the rotation speed from one year to another that we found
on the order of 5)(10_9 correspond to energy variation of about 3x1019 erg and
to variations in the Earth's angular momentum of about 3.2x1025 kg m2 sec-l.

If such a variations are to be attributed to variations in the moment of
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inertia of the atmosphere which is about 1.7x10w6 times that of the Earth we

-3
see that the former should be vary by about 3x10 , which is well within the

limits of possibility, if we consider the large long term variations of pres

sure over continental masses or fluctuations in groundwater.

Furthermore we consider interesting to point out that variations in the

annual components of polar motion of about 7 years were found by Jady (1970)

and Moczko (1979). If these variations were in phase with the variations we

found, this could be attributed to existence of a common cause, that is would

confirm the existence of variations in the momenta of inertia of the Earth. We

are engaged in a study of this question.
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State of Material Inside the Barth and Some Implications for Geodymamics

by

H, STILLER, H. VOLLSTADT end S. FPRANCK ')

Zusammenfassung

Die Arbeit enthélt einen Uberblick iiber die Bedeutung von Hochdruckuntersuchungen
an geophysikalisch relevanten Materialien fiir das Verstiéindnis der immeren Struktur
des Erdkdrpers und seiner Dynamik. Es werden sowohl experimentelle als auch theore~
tische Untersuchungen vorgestellt. Schwerpunkte sind unter anderem Zustandsglei=-
chungen und Phaseniiberginge. Im SchluBteil wird die Einbindung dieser Problematik
in planetologische Fragen diskutiert.

Pe3nme

dacToAmaa padoTa COIEpPXUT 0063Cp O 3HAUYEHMM MCCIelOoBaHUA reodM3UUECKHUX BemecTh
MpM B{COKUX LABIEHUAX INA TMOHMMAHMA BHYTPEHHO! CTDYKTYDs 3EMHOIO Teja ¥ ero
IMHaMuKE, [IpellcTaBiADTCA IKCIEDUMEHTANBHHE M TEOpEeTHUECKUe MccaeloBaHMA. BaxHue
TOYKM - 3TO ypaBHEHMA COCTOAHUA M $A30BHE NMepexXolH. B 3axIwUeHMM 0GCyEIaeTcd CBA3D
9TUX MpoOieM C IIaHeTOJOr#YeCKUMU BOMNPOCAMM.

1. Introduction

This paper is concermned with investigations on the physics and chemistry of
matter relevant for the earth's interior. But there are various possibilities to
get informetion about the interior of a planet. Some of these investigations are
often called classical investigations. The most important of them are studies of
the earth's interior with help of seismic waves. Using the results of seismology
(including normal vibrations) and taking into account also results of gravimetry
one is able to comstruct so=called mechanical earth models. In doing this one has
to try to solve the so=called inverse problem. That means we have certain physical
quantities measured at the earth surface and try to find their distribution from

17 Central Barth Physics Institute of the Acad. of Sniances of the GDR,
DDR - 1500 Potsdem, Telegrafenberg
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the surface down to the eartn's center with temperatures of about 4000°K and
pressures of about 350 GPa (3.5 Mbar). Similar problems arise in the field of heat
flow measurements and in interpreting magnetic investigations.

Laboratory high pressure investigations are one impartant way to relate mecha=-
nical earth models to the physical properties within the planet to certain chemi-
cal substances in their various physical modifications (phases). So it is very
important to measure acouctic waves (velocities, anisotropy and attenuation, see
e.g. VOLAROVICH, 1979), electrical conductivity (MAO & BELL, 1977) and thermal
conductivity (STILLER et al., 1978; BECK, 1978, SCHARMELT, 1979) at high pressure
and temperatures. X-ray studies are valuable for detecting structural changes
caused by pressure (e.g. YAGI, 1977). Up to now shock waves (see e.g. AHRENS, 1972;
KEELER, 1978) are the only experimental method that enables to reach very high
pressures relevant for the earth's deep interior and also for the interior of other
planets.

Investigations on the state of planetary matter at high pressures and tempe-
ratures may also provide important contributions to the fundamental problems of the
evolution of our solar system. This is connected with the so=-called actualistic
principle (see ALFVEN & ARRHENIUS, 1976). According to this general principle, the
improvement of our kmowledge on the present state in planetary interiors is a key
to discover the history of our planetary system. As discussed by STILLER & FRANCK,
1980, the change of thermodynamic conditions during evolution from the protcplane-
tary nebula to the present state influences not all kinds of plametary matter in
the same way. Therefore the application of this principle is limited.

2. Theoretical and experimental methods

Equations of state are the most important theoretical methods for the study of
the state of materials inside the earth. We know many methods and approximations
for the equations of state (see e.g. ZHARKOV & KALINIWN, 1971), but we think that
they all may be classified according to the schema shown in figure 1. If an
expression for the free energy F (T, V) is found with help of continuum mechanics
the corresponding derivative of the free energy to volume is called phenomenolo-
gical equation of state. So-called empirical equations of state (see e.g. 0.L.
ANDERSON, 1966) and the new structure of the equation of state found by ULIMANN &
PANKOV, 1976, also belong to this group of equations. Phenomenological equations
of state may be used for the description of the compressional behaviour of many
different materials if various free parameters are fitted. A disadvantage of such
equations consists in the fact that those equations allow no insight into the
microscopic processes which cause the corresponding compressional behaviour.

Therefore it is favourable to use microscopic equations of state which may be

derived if one has computed the partition function 2 (V, T) within a microscopic
model. There exist good approximations for the partition function of gases and of
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equations of state p=p(T,V)

ﬁhenomenological semiemprical microscopic

thermodynamical potential
e.g. free energy F=F(TV)

pressure p=- ('g—s )T

bulk modulus K=-V ( GP)T

v

Fig. 1. Scheme and classification for equations of state

lattices (see e.g. LANDAU & LIFSHITZ, 1966). Another microscopic equation of state
may be derived from the statistical theory of the atom developed by THOMAS, FERMI &
DIRAC (see GCMBAS, 1949). But such approximations neglect all structural effects
and also the shell structure of the electron distribution. Therefore they may be
used only in the very high pressure region from about 10 TPa (100 Mbar).

Semiempirical equations of state may be used for various typs of solids (ionic
crystals, metals, valence and molecular crystals). This method (DAVIDOV, 1956)
employs empirical expressions (n-m-pot ntials, exponential form) between the lattice
particles.

An important task for the theory of equation on state consists in finding rela-
tionships between certain types. Another important problem is to find equations
which describe the behaviour of matter in its various phases. To simulate the
chemicel and physical behaviour of different regions inside the earth there is a
system of high pressure - high temperature laboratory equipments (see table 1).
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Table 1. High pressure laboratory equipments

High pressure equipments

pressure teohniques parameters
(GPa) (°¢)
hydrostatio liquid medium 3 600
gaseous medium 3 1000
special technique 10 room temp.
static piston cylinder 5 1500
opposed anvil 30 600/2000
diam. squeezer 30 300/2000
belt 15 2000
split sphere 250 room temp.
dynamic € 10 000

They can be used for measurements of certain physical and physico=chemical para-
meters under extreme thermodynamic conditions. For the investigation of the beha-
viour of the lithosphere and the upper mantle hydrostatic measurements are mainly
used. Very important is to imvolve the parameter time to investigate the rheolo-
glcal behaviour. On the other hand petrophysical investigations need more petro-
logical experiments to understand the genesis and the chemical state of the 1itho-

sphere.

For the investigations of materials which are relevant for the lower mantle
solid state high pressure chambers are used. With help of belt=type=chambers and
chambers after BRIDGMAN (ooposed anvil type) phase changes are investigated. The
problem for these measurements is to increase both the temperature and the pressure
up to for the earth's mantle relevant values. A special opposed anvil type, the
squeezer, is the best present way to determine structural changes at polyorystals.
Using diemond anvils the ohamber allows opti al and X-ray measurements in situ.

Pinally the state of the material until now oan be investigated by a split-
sphere-apparatus, which arises pressures up to 200 GPa. Experiments on melting
under high pressure need a speoial chamber of a belt=type.

DOI: https://doi.org/10.2312/zipe.1981.063.01




165

3. Lithosphere and upper mantle

The structure and the phase behaviour of the lithosphere and the upper mantle
(asthenosphere) is very complicated and many groups in the world are investigating
in detail regional parts of this important layer. Our knowledge about the global
structure, the composition, and the different physical fields of the lithosphere is
derived from the combination of different sources, e.g. from the comparison of labo-
ratory measurements of elastic velocities, density, electrical and thermal conduc=
tivity with data of seismology, gravimetry, magnetic and heat flow investigations.
Besides the geological observation good results of petrologicgl investigations and
high pressure experiments about the phase behaviour of typical mineral systems have
been contributed to the present state of our knowledge about the lithosphere.

Some problems concerning the upper regions of the lithosphere seem to be more
clear because of the systematic experimental investigations and the exact observa-
tions: There exists a good fundus of petrophysical data on different rocks under
normal and extreme p,T~conditions; there are reliable results about the phase equi=
librium of mineral systems, especially of silicates and sufficient ideas about their
occurrence in the lithosphere. Our present kmowledge about the pressure distribution
in the crust and the upper mantle is quite good.

But there are a lot of unsolved questions concerning the origin, evolution, and
dyranics of the lithosphere, including the role of processes in the underlying
asthenosphere and the deeper parts of the earth. In the table 2 only some open pro-
blems are listed.

Table 2. Open problems in studying the lithosphere (selection)

satisfactory explanation for the causes and mechanics of
the plate motions

- intraplate volcanism, deformations and earthquakes
- mechanism of subduction processes

- exact properties of the major discontinuities (e.g. micro-
structure, phase boundaries)

- complex interpretation of low velocity zones, anisotropy,
attenuation, and phase changes to formulate a complex
model of the lithosphere

- mechanism and history of differentiation (esp. formation of
the continental 1ithosphere)

- thermal models of the ancient and recent lithosphere

-~ differences between continental and oceanic lithosphere
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A special problem is +%ie dependence of temperature from the depth. In present
time the temperature = de;'th functions of different authors vary considerable,
considering the regional differences. There is one field for laboratory measure-
ments to improve the results and the models. Figure 2 shows the large range of the
geotherms and the possibilities for the formation of rock melts in the lithosphere.

region of “metamorphosis” f
T initial formation of granitic | 5,_'_
€ 20} melts twith HO? __§
= \ ~
= \ Moho 10
@
S 40+
initial fusion 4
of basalt 5
60 (dry)
—20
80
—25
initial fusion —\
100# of basalt in \ 5
presence of Hy0 \\
= \l
120 500 1000 1500
T/OC ——

Fig. 2. Range of geotherms in the lithosphere
(after R. SCHWAB, 1974)

Another dificile problem represents the complicated stability field of the
large numer of multiphase systems of silicate minerals (see fig. 3). It is
obvious that the genesis and the metamorphism of rocks is imfluenced by the
amount of fluid compounds, especially water.

Concerning the state of the upper mantle we have some good ideas owing to the
fundamental experiments of RINGWOOD and co-workers. The consequent use of high
pressure laboratory experiments led to interesting results about the phase dia-
grams op upper mantle relevant systems.
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Fig. 3. Metamorphic facies in pressure - temperature projection
(after GREENWOOD, 19768

Therefore we need in future - and this is also one of the aims of the new Inter~
national Programme = in the same way more systematic high pressure experiments under
conditions and at substances relevant for the lithosphere. Tabie 3 gives a selec~
tion of important problems which can be more clarified with help of laboratory

investigations under extreme p,T-conditions.

Table 3. Petrological investigations and high pressure laboratory
experiments for the lithosphere (selection)

~ gtrengthening of high pressure/high temperature experiments
in closed systems with volatiles (esp. H,0, 002)

~ experimental investigations of migration mechanism (radioactive
ones, metals)
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= investigation of the melting behaviour of the 1lithosphere
relevant mineral systems

- gpecial petrophysical investigations (esp. thermal, elec-
trical, elastic) at extreme p,T=conditions and its complexe
interpretation (viscosity, deformation, ect.) with other
geophysical branches

4. Iower mantle and core

Besides the so=called 400 km = discontimmuity which is caused by the olivine-
spinel-transition there are also seismic discontinuities at about 650 km and
1050 km depth. The transformation at about 650 km is believed to be connected with
a transformation from tetrahedrally bonded Si to the octahedral coordination. This
transformation may be considered as an example for the transition of a configuration
with strong non-central forces to a configuration where only central forces are
important (nearly isotropic conditions within an octahedron).

The influence of non-central forces on the Griineisen parameter has been dis-
cussed e.g. by STILLER & FRANCK, 1979. They find that non-central forces are much
more important than f.i. temperature and that they may cause a considerable lowering
of the Grilineisen parameter. So one can make plausible why « =quartz has a rather
low value (1- 0.75) but the high pressure form stishovite has a greater one
(:}Pao 1.52).

The nature of the core-mantle boundary (CBM) is one of the most important pro-
blems in geo- and planetary physics. The hypothesis of a chemical boundary at the
CMB and an iron core is supported for instance by the occurrence of iron in meteo-
rites. But there are certain difficulties in explaining the formation of mantle
and core by using the iron-hypothesis (see e.g. VITYAZEV et al., 1977). Therefore
some scientists favour the so=-called LODOCHNIKOV=-RAMSAY hypothesis (LODOCHNIKOV,
1939; RAMSEY, 1948). They proposed that the high density of the core could be due
to pressure-induced transformation of magnesium-iron silicate into a high=dense
phase. Against this hypothesis it has been considered unlikely that such a density
change of about 70 % could take place during the phase transition of the CMB.

This shortcoming is removed e.g. within a modified hLypothesis proposed by
ARTJUSHKOV, 1970. According to ARTJUSHKOV the lower mantle near the CMB consists
of two materials which are called metallogen and nonmetallogen. Metallogen 1i#
assumed to have a much higher density than nonmetallogen and only metallogen
makes the phase tramsition to the liquid metallic state of the outer core. So the
density change during the phase transition of metallogen needs to be omly about

20 %. The inner core boundary (ICB) is usually assumed to be the solid-liquid
boundary of the core material. DOORNBOS, 1974, has published a distribution of the
attenuation coefficient of seismic P=-waves within the earth's core. He finds a
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sharp peak at the ICB and rather high values within the immer core. STILLER et al.,
1979, showed that the data of DOORNBOS may be explained very well (that means a&also
quantitatively) with help of the temperature distribution of HIGGINS & KENNEDY,

1971 (see fig. 4). The results lead to the conclusion that the whole inmer core is

very near to its melting point (Tm - T«15 deg within the center of the earth) and

therefore the attemuation of seismic waves is so high.

2l &

A

1200 1000 800 600 400 200 0
L icB )8

Fig. 4. Attenuation coefficient of seismic P-waves in
the earth's core. 1: data of DOORNBOS, 1974,
2: calculated model with temperature distribu-
tion of HIGGINS and KENNEDY, 1971, 3: calcu=
lated model with temperature distribution of
STACEY, 1977, 4: contribution from attenuation

in i:;homogeneous matter (see STILLER et al.,
1979

Using the different equipment for generation of very high static pressure or
shock waves a lot of different substances have been investigated which are rele-
vant for the lower mantle (e.g. AHRENS, 1972). With that have been found the
transition of spinel into oxides and a correlation with inhomogeneitis in the mantle.
Some laboratories in present time are strengthening the experiments to reach the
metallic state of such compounds to be able to support the ideas of RAMSEY and
IODOCHNIKOV. There are also a number of interesting calculations to support and
interprete the experimental results for the lower mantle state (KOPYSTYNSKI &
BAKUR=-CZUBAROY, 1978). In figure 5 are shown the calculations of phase equilibrium
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Fig. 5. Calculation of the phase equilibrium curves for the spinel decomposition
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curves for the spinel-stishcovite + periclase decomposition. 12b considers com=-
pressibility and thermal expansion, 13b neglects this influence, 14b neglects the
compressibility and thermal expansion too, assuming that entropy of transformation

is constant.

On the other hand there is a group of scinetists investigating the Fe=Ni=S
system which can be relevani for the state of the core (KEELER, 1978; VOLLSTADT et
al.,, 1978). There by the solid solution of the monosulfides in the Fe-Ni-S gystem
seems to be suitable to explain some peculiarities in the behaviour of the outer
core. Figure 6 shows the transition from a semiconductive to a metallic state of

a MSS sample (29,8 wt% Fe, 33,8 wt% Ni).

| @/1074SRem
40 0.19 GPa

,.«-""’Ww
ks L Sl » 1:906/Pa
et 3.3 GPa
R T e 3 8.6 P

) S i I

i | B 14 !
300750 206 150 W00 50 20 7Teps,

Fig. 6. Transition from semiconductive to the metallic
state at high pressure for a member of the solid
solution system of Fe=Ni-S

Experimental investigations of melting behaviour und high pressure condition are
very rare. The effect of pressure on melting temperature has been investigated
above all on metals (BOYD & ENGLAND, 1963; LIU, 1975; BOSCHI et ale., 1979). The
problem is to find ways for extrapolating the melting curves up to pressures much
higher than those at which the experimental data are available (at about 20 GPa).
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Very important is the knowledge of different parameters as a function of melting
pressure, e.ge the relative change of volume V/VB, the entropy of melting. Finaly
we need for the discussion of the state of core material values about the conducti-
vity at the melting temperature under high pressure conditions.

5. Phase transformations and mantle convection

The lithospheric plates of plate tectonics are created from hot mantle rock at
ocean ridges and descend into mantle at ocean trenches. The plates are by defini-
tion, part of mantle convection alls.

The influence of phase transformations on mantle convection enters in the
following problem: Extends mantle convection only to depth of about 700 km (spinel -+
post-spinel boundery) or takes place whole mantle convection?

If the influence of changes on mantle convection is considered in somewhat
greater detail (cf. SCHUBERT et al., 1975) you may find both stabilizing aend desta-
bilizing effects. Phase boundary distortion , absorption of latent heat of transfor-
mation and thermal contraction may be destabilizing (positive buoyancy forces).
Release of latent heat and thermal expansion may stabilize mantle convection.

So we arrive at a problem that should be solved in high pressure physics. Up to
now the thermodynamic conditions during the spinel -» post-spinel transformations are
not clear enough to make ultimate assertions.

The predominance of compressional focal mechenisms in deep earthquakes between
500 and 700 km and the absence of earthquakes at depths greater tham 700 km support
the view that the spinel » post=spinel phase boundary is a barrier to convection
and that there is no whole mantle convection.

6. Concluding remarks

Considering the state of matter inside the earth it is also important to con-
sider the earth as a planetary body and to discuss certain problems not only in
relation to the earth but also to other planets. On principle our remarks concer-
ning the inverse problem are also valid for the other plamnets of the solar system,
although there are available much less observational data for the other planets.

An interesting phenomenon occuring not only on the earth but also at other

planets is the magnetic field. It is generally accepted that planetary and stellar
magnetic fields are generated by a certain kind of dynamo action. This dynamo
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action is based on the rotation of the plamet or star and on the convection of
fluid material with high electrical conductivity (see e.g. STIX, 1977). Such con-
ditions may be re lized on various ways. For example in the earth there is convec-
tion of fluid iron compounds or fluid metallized silicates while in Jupiter me=
tallic hydrogen and also semiconducting molecular hydrogen (SMOLUCHOWSKI, 1979)
convect. In the sun only the convection of metallic hydrogen is relevant.

In our opinion such comparative studies on the state of matter inside the earth
and the planets will become very important in the following years when space probes
will provide a lot of new information on the subject.
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The d_
into_the_Ondfejov_PZT_Resul

Introduction of the Improved Stellar Catslogue
t

by

JAN VONDREK')

The observations obtained with PZT Zeiss at Ond#¥ejov observatory
in the yeare 1973 -~ 1978 were used to improve the mean places and
proper motions of 304 starse In order to obtain the proper motions
with higher accuracy, the PZT observations were combined with
the positions of the stars in AGK2 and AGK3 cataloguese All the PZT
observations from the years 1973 - 1979 were uniformly re-reduced
in the system of the new cataloguee It is shown that the results
are in better agreement with the BIH 79 system than with the old
BIH 68 systeme The stability of the new results with respect to BIH
both in time and latitude is substantially higher as compared with
the stability of the results in the system of the 0ld star cataloguee.

Peapme

-

HabarneHus uwa P2T B Onmpxeliose 3a 1973 - 1978 rr. 6HAM MCNOJALIOBAHH
IAf YTOYHEHMS CPEIOHMX MeCT U COOCTBEeHHHX aBuxeHuit 304 amesn. HabapaeHus
ra $3T KOMOMHUDPOBAAMCHL C NOJOXEeHMAMM 3Be3n u3 Karaaoros A'KZ u AK3
YTOGH NOJAYYMTL GOJbUWYD TOYHOCTb COOCTBEHHHX IBuUXeHul. Bce HaGapmeHus
¢ 1973 no 1979r., Owau 3aTeM BHOBb OOpalOTa&HH B CUCTEMEe IMIOJYYeHRHOro kara-
zora. [lokasaHo, uUTO pe3yJbTaTH cOoraacymprcsd Jyuwme c cucremoin MBB 79 uem
co crapoli cucremoit MBB 68, CTaGuUIbHOCTH HOBHX pPe3yJbTaTOB IO OTHOWEHMD
k MEB no BpeMeHu ¥ WMPOTE CYMECTBEHHO BHIle 4YeM CTabWIbHOCTDH pe3yJabTaToB

B cucreme CTaporo 3Be3nHOro KaraJiora.

1) Astronomical Institute of the Czechoslovak Academy of Sciences,
Bude&skéd 6, 120 23 Prague 2, Czechoslovakia
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The regular observations with PZT Zeiss begen at Ondrejo
observatory in 1973. The observations obtained during the first tw
years were used by Webrové end Weber [4] to determine the mean posi-
tions of 192 stars, their proper motions being taken over from SA0
catalogue without change. The resulting catalogue will be further
referred to as PZT75. In 1977 the new reduction method [2] was adopted
and in 1978 the observing progremme was enlarged by adding 113 fainter
stars (up to eleventh magnitude)e At the same time 8 stars had to be
excludede The mean positions of these stars were determined relatively
with respect to the stars contained in the same group during the 1978
campaign, their proper motions were taken over from AGK2/AGK3.
The corresponding catalogue was given the name PZTT75a.

Since the beginning of 1979 the new observing programme is used.
It consists of 16 groups each of which contains 14 starse. With the
exception of only one star, all these stars were selected from the stars
observed within the preceeding six yearse During 1979, the positions
and proper motions from the tentative catalogue PZT75a were used. Since
the positions and proper motions of PZT75a were not homogenous,
it was decided to use all the observations obtained during the years
1973 = 1978 to improve both mean positions and proper motionse The time
span of six years, covered by our own observations, being too short
to give the proper motions with sufficient accuracy, the PZT observe-
tions were combined with the positions of the respective stars in AGK2
and AGK3 catalogues. The procedure used has recently been published
in detail in [3) , thus only a short outline will be given here.

All the observations ( more than 15 thousands transits of stars)
were reduced by the method [2] « As a by-product, the velues of lati-
tude and time correction for each individual star were calculated.
The whole interval of six years was divided into four subintervals
(1973/74, 1975/76, 1977 and 1978), in each of which the corrections
to declinations and right ascensions of individual stars were found
together with the adjusted values of latitude and time correction for
each night by the method of least squares. In order to avoid the singu-
larity of normal equations, the constraint that the sum of corrections
to declinations and right ascensions be 2zero for all the stars from
the original PZT75 catalogue was imposede The average rmms errors in
declination and right ascension of a single observation of a star
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(calculated from the residuals after adjustment) are 0.14" and 02013,
respectivelye
Then for each star six observational equations (for the four PZT
subintervals, AGK2 and AGK3) were formed with the following unkmowns:
i) for each star the correction to its mean position and proper
motion (for the epoch 1950.0),

ii) for each of the four subintervals of PZT observation a constant
shift of all the positions. If the equinox, equator and the sys-
tem of proper motions of the initial catalogue PZT75 were iden-
tical with those of AGK2/AGK3, these unknowns should be zeroe

The weights of the PZT observations were put equal to the number of
plates from which the corrections to coordinates in the corresponding
subinterval were derived, the weights 2 and 1 were assigned to the posi=-
tions taken from AGK2 and AGK3, respectively. Then the system of normal
equations was formed and solvede The results showed that there existed
large discrepancy both in equinox and equator between P2T75 and AGK2/
AGK3 with a slow drift (+030631+0%00026(t=1950) and +0.064+0.0019(t~1950)
respectively), reflecting the fact that the system of PZT75 positions
and proper motions was based on only one group of SAO starse On the
other hand, the difference between the new catalogue and AGK2/AGK3
both in position and proper motion averaged over all the 304 stars
is zero. The average rms errors of the new catalogue (called PZT78) are
less for the stars that were observed during the whole interval of six
years than for those observed in 1978 only. In general, the rms error
of the position at epoch t can be expressed as

300 1 R e
mg = mg + oo (t to) ]

The constents m,, fi; end t; for both coordinates and both groups
of stars are given in Tab. 1.

Table 1.
Stars
observed declination right ascension
! o, Pb to oy Fb to
1973 = 1978 | 0.026 0:0033 1974.6| 050024 0500030 1974. 6
1978 0.054 0.0033 1971.3] 0.0050 0.00031 1971.3
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The PZT78 catalogue is in current use since January 1980« In order
to xeep the new system of the instrument close to the hpr::vi?us one,
the conventional 1longitude has been changed from =0 59 08. 621 to
-d‘5§”083550 and we ceased to subtract 0.1" from 8ll our latitude re-
sults (the practice which was used since the very beginning in order
to keep the results in accordance with the originally reported mean
latitude of the instrument)e.

All the existing PZT observations were re-reduced with the new PZT78
catalogue and the results of individual groups compared with both BIH68
and BIH79 system (BIH Annual Reports, Tabe 6A for the years 1973 - 1978,
BIH Circular D for the year 1979)e. It should be noted that, using the
new reduction method, we succeeded in reducing several tens of plates
the results from which were not originally sent to BIH oir IPMS. This
holds especially for the first two years of observations. Harmonic
analysis of the individual residusals for each year seperately was ful-
filled end, following the practice of BIH, the residuals expressed by
means of the formulae

R= a+Dbsin 2xt + c cos 2xt + d sin 45ttt + e cos 4xt

S= a’+ b’sin 2wt + c’cos 2xt + d’sin 4 Xt + e’cos 4 Xt

The coefficients a, b, c, see are displayed, together with the coeffi-
cients calculated by BIH in the system of our 0ld catalogue PZT75 and
BIH68 (BIH Annual Reports, Table 3), in Tabe 2 In the column headed
"diffe" the following notation is wused: I for PZT75-BIH68, II for
PZT78 - BIH68 and III for PZ2T78-BIH79. In the lowest three rows of
the table, the arithmetic means of the coecficients are givene.

The agreement of the PZT results with either BIH68 or BIH79
system can be considered if the values of coefficients in the 1lowest
two rows of the table are comparede Adopting for the "measure of
fitness" the sum of squares A= b2 + c2 + d2 + e2, we obtain for the
ratios ABIHGBZABIH79 the values 1.83 and 1.07 in case of latitude
and time, respectivelye. This means that the PZT results are in better
agreement with BIH79 than with BIH68, especially in case of latitude.

The ctability of the results can be, according to Feissel [1] ,
congsidered in terms of the expression
& 2 RS 2 2 2
Qus Z(ai- an) + 12[(bi- bn)‘l + (ci- cn) + (di- dn) + (ei- en)] g
where a  through e are the arithmetic meens of the individual coef-
ficients over the period of n succesive years. In the present study,
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Table 2.
. &
| yeer | diff. R (in 0.001%) s ( in 0%0001)
a b c d e a’ o gt of e’

1973 I +18 +24 =49 + 3 =11 | =155 =34 =241 =116 =69
II +65 + 2 =54 +20 =55 =35 + 8 =109 =24 =37

I1I #:65 o 1 L5335 01" 26,4 758 =35 412 =104 =25 <44
1974 d +30 +29 <15 =8 +14 | =20 +64 +16 +21 =14
II +56 =7 =38 =8 + 4| =15 +15 +23 +38 =5
III +56 =20 =19 -2 + 1 =15 L ARGy KATT = 2
1975 I +74 426 =29 =15 +23 O T SNiSgIES =25
II +89 =22 =62 -8 + 8 +14 +18 -9 =21 =16 |
III +89 =35 =43 -2 +5 14 422 = 4 =22 -23 |
1976 I +62 +41 =47 =22 =35 7T 442 =21 =19 +31
II +78 0 -74 =26 =47 32 + 5 =12 =10 +25
III *79 =13 =55 =20 =50 +32 +9 =7 =11 +18

1977 I +1 11 _psails L =0i9ine=23 « = 8 +10 423 =37 432 =13 |
1T +138 + 2 =34 =25 =3 =15 =3 ~23° ST =7 |
III +138 =11 =15 =19 - 6 15 + 1 =18 +40 =28

1978 i +141 +48 =10 =3 =19 | =24 +14 =102 =26 =16 !
II +125 + 8 -47 =11 =20 | =30 =18 =119 =21 =42
ITI 125 =5 =28 =5 =23 | =30 =14 =114 =22 =49

1979 | II +80 =15 -8 =53 +19 =11 "Fp =gyt Py 0
III +80 =28 411 =47 +16 =11 410 =88 436 -7

§ 713/718 1 +73 432 =32 -11 = 6| =28 +26 =66 =23 -18
13/79] 11 90 =5 =45 <16 =13 +1 + 4 =49 +6 =14
13/79| 111 +90 =18 =26 =10 =16{ +1 + 8 =44 +5 =21

the comparison of Q¢ (for the years 1973/1978) in the system of P2T75
and PZT78 catalogues is taken into consideratione. The ratio

QPZTTS/QPZT78>'1 shows the increase in stability of the results.
The values calculated from the data in Tabe 2 are 1.50 and 3.38

in case of latitude and time, respectively.

DOI: https://doi.org/10.2312/zipe.1981.063.01

e




180

The positions and proper motione of the stars in the catalogue PZT78
were derived combining PZT observations with AGK2 and AGK3 catalogues.
The equinox and equator as well as the system of proper motions of the
new catalogue are very close to those of AGK2/AGK3 and hence of FX4,
The average rms errors of the derived positions will not excead
the limit of +0.08" within the next decades The new catalogue ensures
higher stability of the results with respect to BIH. Besides,
the results based on the catalogue PZT78 are in better asgreement with
the newly adopted BIH79 system than with the elder system BIHG68.
All the results were submitted both to BIH and IPMS. We hope that
the new catalogue will form a good basis for our cooperation in the
coming MERIT cempaignse

[1] FEISSEL, M.: BIH Rapport Annuel pour 1971, pe E1 - E33

(2] VONDREK, J.: A New Method of Reducing PZT Observations. Bull.
Astrone Inst. Czechosle 29 (1978), pe 97 = 103

[3] VONDRAK, J.: The Determination of Mean Positions and Proper Motions
of 304 Stars from PZT Observations at Ondiejove Bull.
Astrone Inst. Czechosl. 31 (1980), pe 89 - 101

(4] WEBROV, L., WEBER, Re: Der Sternkatalog des photographischen
Zenitteleskops in Ond¥ejove Wisse Ze. Techne Universe.

Dresden 25 (1976), pe 919
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OB OCHOBHHX KOOPIVMHATHHX CHCTEMAX, IFVMEHAEMHX
B IEO[VHAMAKE

d.C.HAuxus

[nmaBHag acTpoHomMueckasa obcepsaropusa AH YCCP

PeswowMe

figH 0630p COBPEMEHHOTO COCTOAHUA MPOGTEeMH yCTAHOBNIEHUA OCHOB-=
HHX KOOPAMHATHHX CHUCTEM, NPUMEHAEMHX B T'€OLMHAMUKE. PaccMoTpeHu
NepCreKTUBH MCTIONb30BaHUA HOBHX METOMOB ¥ CPELCTB HaGJoneHu# 1
pemeHns BTo# MpPoGJIemH .

Abstract
Ya.S.Yatskiv "On the basic reference coordinate systems for Earth

Dynamics"

Current state of establishing the basic coordinate systems for
Barth Dynamics is reviewed. The possibilities of new observing
methods and techiques are considered for solving this problem.

I. Beepenue

lipy nmpoBefeHMM BEHCOKOTOUHHX T'€0JMHEMUUECKUX MCCIeNOBaHMit Baw-
HOe MeCTO 3aHMMaeT BHOOD, 3ajaHMe U MPaKTHUECKOe IMOCTPOEHMEe OCHOB-—
HHX KOODIOMHATHBX CUCTEM, K UMUCIYy KOTOPHX OTHOCHAT:
I) HeBpamawuywcA B MPOCTPaHCTBE CUCTeMy HeGecHrX koopguHaT (HCHK);
2) 3eMHyD I'eOLileHTpUYecKyw cucTeMy koopmmHaT (3CK).

TpeGoBaHusl, NpenBABIAEMHE K ONMpPENEeNeHMO ¥ NMPaKTUUECKOd peasmaalun
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YKa3aHHHX CHUCTEM KOOTIMHAT, mMPOokKo o6cyxpanauch Ha Hosmoksuyme MAC
¥ 26 n06 omopHuX cucTemax koopouMHaT A reomuHamuku" (Topyub,I1974)
[15] » paccMoTpeHn B paborax E.[I.PemopoBa [7] n d.C.HukuBa n
B.C.['y6anoBa [8] , OIyOGIMKOBASHHHX B CIIEIIMAJBHOM COOpDHUKE cTaTel,
noceameHHoM 100-neTmo co mHA poxuenns A.fH.OproBa, M Lpyrux myGan-
Kaluuax [2,6] . B HacToamee Bpemsa BeneTcA NOAIOTOBKa BToporo koia-
JokBuyma MAC ¥ 36 mo paccmaTpuBaemoit mpoGieme, KOTODHFA COCTOUTCA
B [lorpme B ceHTAGpe 3TOro roja.

[loaToMy 3mech M OamMM TOJBKO KDPATKYy®D XapaKTEPUCTHUKY COCTOSAHMUA
paéoT Nno 3aUaHM® M NOCTPOEHMI0 OCHOBHHX KOODOMHATHHX CHUCTEM, NpU-
MEHfleMiX B I'€OJMHaMuMKe, ¥ OCTAHOBMMCH Ha TEHIEHIMM Das3BUTHA HC-
clenoBaHMit no 3Toik mpo6iemMe B CBA3M C NPMMEHEHMEM HOBHX METOJOB

¥ CpencTB HaOJDIEHUI.

2. [lpMHIMIH 335aHMA M MOCTPOEHUS OCHOBHHX CHCTEM
KOOpOMHaT

OCHOBHHE CHUCTEMH KOODAVHAT HMUEM He OTMeUeHH HM Ha HeOeCHO
chepe (mepsas cucreMa), HM Ha NMOBEPXHOCTM 3eMiu (BTopasg cucrema),
a MaTepuaiusyeTcs B BUOE CIMCKOB HEKOTOPOT'O uucia Oo6BEKTOB Bce-
JIEHHO! WIM COOTBETCTBEHHO NYHKTOB 3€MHO/ NMOBEPXHOCTHU, KOODOMHATH
KOTOPEX 3a0aHh B BTUX cucremax. Hak M3BeCTHO, B acTpOMETPUM HEMO-
CPELCTBEHHO M3MEPANTCH TOJbKO yIVIH, & HE PacCTOAHUA, OO0 YIaJEHHRX
0o0rekTOB BceneHHOi. AcCTpoMeTpus He pacnojaraeT BO3MOXHOCTLD CBf-
3aTh Haualxo KOODAMHAT C OTHMM OOBLEKTaMH M HalTu TaxuM o6pasoM ero
ABuxeHMe. [IpHXOOMTCA MCNONb30BaATH OIS 33NaHUA Hauala nepBo#k cHuc-
TeMH KoopauHaT Tesna CojHewHo#t cUCTeMu, a Iid 3a0aHUS HanpaBlIeHHHR
ee oceit - BHeraJaxTHUeCKUE MCTOUHMEM (OO HenaBHEro BpeMEHM 3Be3fH).

B To xe BpemMa maA pemeHMA MHOI'MX 3&[au MEeOJMHAMWKM MOXHO Ol'DaHWqM -
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ThCA CHCTEMO# KoOopAMHaT, B KOTOPO# 38JAHH TOJbKO HampaBiIeHHA oceit
M BCE MOCTPOEHMA BHIOJHAWNTCA B NPOCTPAHCTBE M300paxeHuit - Ha Io-
BEPXHOCTM BCIIOMOraTeNbHO# chepH [1,5,6] . Takoit cucreMoit KoOpIMHAT
apafeTca fyHIaMeHTallbHag CUCTEMa, IO CYmecTBy peaju3ypomas HeBpa-
ManIynCA CUCTEMy HEGECHEX KOOpOMHAT, & He MHEpPUMalbHyD, Kak 9TO

YyacToO OTMEUanT B PYKOBOICTBaX IO aCTPOMETPHH.

B orauume oT mepsoii, ocHoBHO# cucTemn (HCHK) koopmumar, semHas
reoueHTpuueckasa cucrema koopauHaT (3CH) cBAsHBaeTcA TOJBKO C TEJIOM
3emIN, a MMEHHO, HalpaBlieHUe ee oceil 3ajaeTcd MO OTHOMEHMO K COBO-
xynuoggﬁgﬁggﬁﬁ B PasHHX TOUKaX 3€MHO}t NOBEPXHOCTM MIM MO OTHOMEHMI
COBOKYTIHOCTM ONOpHHX 6as Ha 3emne. Hauvamo 3CH coBmemaercA c ILeHT-
pPOM MaccH 3eMiH.

ilpy 3a0aHUM U MTOCTPOEHMM OCHOBHEX CHUCTEM KOODOMHAT MCINOJb3YKNT-

Cad reoMeTpuueCkKue U oUHeMHUueCKHhe IMNPUHITATNH, ONMCaHue KOTOPhX O8HO B
!-
k?,b] .

3. CoBpeMeHHas TOUHOCTDb MOCTPOEHMA OCHOBHHEX
KOODAMHATHHX CUCTEM

3.1. Heppamawmasacsa cucrema HeGecHhx koopmuHaTt (HCHK).

B HacTrosmee Bpema B KauecTBe HCHH ucnoabsyoT cpepwwom 3KBaTO-
pUaJlbHyl CHUCTEMy KOODPAMHAT ONpefeseHHO# ®MoXu, KOoTopad MaTepuailn-
syeTcsa B Buje (yHAaMEHTAJbHOI'0 KaTajora MOoJOXeHU# U COOCTBEHHHX
IB/REHUI 3Be3JN. B KauecTBe MERIYHAPONHOr'O CTaHUapTa MNPUHAT Kara-
nor FK4, B npuiune [OCTATOUHO 3HATH MOJNOREHUS OBYX 3Be3j, B
KaTajore FK4 , UTOOH 3anaTh HanpaBileHue oceit HCHK. OmHako ms-3za
omu60K COOCTBEHHHX OBWREHMIA BTUX 3Be3] OCH TakKoi CUCTEeMH KOOpHMHAT
O0yAyT MEHATb CBOE HalpaBleHUe 0 OTHOUWEHUI0 K OCAM WHepUUaJbHOM
CUCTEMH OTcueTa. bosee Toro, cucremMa, CBA3AHHAA TOJbBKO C LByMA

3Be3fiaMu, He MOXeT GHTb NpUMEHeHa B MMPOKMX MacmTaéax Ha MpaKTHKeE.

DOI: https://doi.org/10.2312/zipe.1981.063.01

Pr——



184

Npuxomurca nna 3anaHuMA HanpabeneHuit oceit HCHH ucnonpsoBaTh KaTanox-

HHE TOJIOKEHUA MHOI'MX 3Be3L. B 3TOM clyuae IOBOPAT O CUCTEME KOOp-
OMHAT, 3anaBaeMoit KarajoroM. Ee oTiuume OT MIEabHO! MORET OHTH
OMUCaHO MaTpuileit BpameHus R ¥ cucTeMaTMueCKMMM YKIOHEHUAMU Aol
¥ AY , KOTOpHE MOKABHBANT, UTO KATaJOT, MCHOJb3yeMuil OIA 3a]aHusA
HCHK, He saBnfeTcA BHYTpPEHHe coryacoBaHHhM, (UOHUHO CHCTeMaTHuecKre
YKIOHEHMA Aot ¥ 48  ONMCHBAOT HEKOTODHMM (YHKLIMAMU, 3aBUCHLV-
MM OT TOJIOREHMA 3Be3l, Ha Heb6ecCHO#t cdepe, 3BE3OHON BENVUMHH U OD.,
a oTIMuMe HampaBleHuit oceit (HeguaroHaJbHHE ajemeHTH R ) cunranT
HesHaumMeM. CHCTeMaTMUecKMe YKIOHeHMs Aot y A8 |, B cTporoM
CMHICJIE 3TOT'O CJ0OBa, ONpENEelUTb HEBO3MOXHO. Ilo®TOMy HaxomAT MX OLEH-
K4 1O pe3yiabTaTaM CpaBHEHHA KaTajJoros. Hpome Toro, TOUWHOCTH MOJO-
KEHU{t 3Be3 B KaTajorax B3aBMCHT OT CIyyaiHHX OMMOOK HaOJDLeHWi,
O0CyCNOBJIEHHEX BJIMAHMEM Ha NpollecC U3MepeHuit, HalamwgaTend U MHCTPY-
MEHT LeJIOT'0 DAfa HEKOHTPOJIUpyeMmuX (aKTopoB. CywecTBywWT pasiuuHHe
NoGXOOH K TCUHOCTM MOJOXEHMII 3Be3] B KaTaJjorax. [3 jaJibHeilleM Ml
O6yLeM NpuiepxuBaThLCA KJIACCHUECKOr'o Molxona K 5Toil nmpo6ireMe U npu-
BeleM CpelHMe KBaJpaTUUeCKUe OunOKY [10JIOKEHU 3Be3n B KaTajore
(no oueHkam Jlenepne [13] ) OTOENbHO [OJf CEBEPHOT'O M KHOIO MOIYy-
wapuit He6a. Hanpapnenne oceit HCHK, sanaBaemoit karajorom FK4 ,
6NM3KO K HamlpaBJEeHV OCeil OMHaMUuyecKOi CHUCTeMel KOOpAMHAT, 3ajaBa-
€MOMy OpOMTANbHHM ¥ BpamaTeNbHEM IBUkeHusMM 3emnn. [lo oueHkam,mno-
ayueHHeM B ['AO AH YCCP [.Il.Jlymoit ¥ ero coTpymHMKamu, DacXOxigeHUE
HyJb-TIYyHKTOB KaTajiora FK#4 y guHamMuMueckoil cuCTeMH KOODOMHAT COC-
TapneT Adolgy = +0.20" £ 0.08" 1 a8, = +0.02" ¥ 0.02". Kpome
TOro, TOuHOCTb nocrpoeHua HCHK saBucuT OT OUMOOUHOCTM MOCTOAHHOM
npeueccun, NpUHATOR B KauecTBE OCHOBHOM, QyHIaMeHTaJbHO@ MOCTOAH-
HO# acTpoHOMMM. B HOBO## cCUCTEMe aCTPOHOMAUECKHMX MOCTOAHHWX - MAC,

1976 ommGka cToNETHErO 3HAUEHMA ofmei Mpeleccuu B OOAIOTE Ha BMOXY
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J2000 ouenmpaerca 6auskoit T0VI. Taxum o6pasom, CyMMapHas OmMOKa
nocrpoenus HCHH pna coBpeMeHHHX ®mnox cocrapifgeT okoxo 0Y2, uro

Ha [Ba MNopAfKa MpeBHmaeT TpelyeMmyw.
Ta6auua 1

CpenHue KBanpaTUueckue OWMOKM TOJOXEHU! 3Besq
B KaTajore FK4& [mjaa pasiuuHHEX SMOX

onoxa E Bocx% E Cx.nox-xe:-rma
T G A A coar] . R
1925.0 0704 *oros 10.04 +0.05
1920.0 6 9 5 9
1975.0 II I8 & 15

L1 pemeHUsa HayuHHX ¥ MPaKTUUECKUX 33]a4 aCTPOHOMIM, KOCMHUE-
CKO#l reonesuy ¥ IEONVHAMMKA HYRHO 3HATh KOODPAMHATH BO3MOXHO 060Jb-
wero uuciia He6EeCHHX OOBEKTOB B CUCTeMe (yHAaMEHTAJIbHOI'O kKaTajuora,

B YaCTHOCTM paCIpPOCTPaHWUTb BTy CUCTeMy Ha cjabhe 3Be3iH. OTOil lLie-
¥ CIyRaT CBOAHHE KaTajoru 3Be3]. VHPopMalMd O HEKOTODHX W3 HUX
npuBeneHa B Tabn.Z2, B KOTOpPO#l A CpaBHEHUA NaHH CBeLEeHUs O GyH-
IaMEeHTaJIbHHX KaTajorax FK4 u N30, a TaKke O CBOJHHX KaTajorax
SRS ¥ KSZ, paboTa no COCTaBJEHMO KOTOPHX B HAcTOAmee BpeMA Be-
mercA. Hax BuOHO M3 Taln.2, CiayuajiHad OMMGKa TaKHX PACHPOCTPAHEHHHX
KaTajoros kak SAO, He IOBOpPA O PacXOXIEHMHM CHCTEMH DTOMO KaTa-
mora U FK&4, cocraBiager okomo 20.5". Takum 06pa30M, HECMOTps Ha
Or'POMHHIt TPYA, 3aTPAu€HHH# MHOT'MMH MOKOJEHUAMM aCTPOMETDPUCTOB,
AOCTUT'HYyTaA TOUHOCTb MOCTPOEHMA MNEePBOii OCHOBHOW CHCTEMH KOODAMHAT
He YROBJIETBOPAET COBPEMEHHHM 3anpocaM HayKHM M NpaKTHKM. Md 3mechk
Hé KacaiuChk CIOXHHX BOMPOCOB ONpeneJleHUs Hauajla OTCYeTa 3Toli cucTe-

Mil KOOPAMHAT ¥ mKaJk DacCTOAHMA B aCTPOHOMUM, KOTOPHE OGCYROAJIUCH
B [7] v
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Ta6aua 2

CpenHue KBanpaTHyeckde OmMAOGKM IOJNOMEHMM 3BE3N B
Karajorax (B CIyuaifHOM OTHOMEHMUH)

Karanor E gggﬂgﬂgadnn— E gmgggﬂgggan ; £B-1 R OUACHS
| ReHME T | Tm | 1975

FK4 1916 I.5 *0"04 ST
N30 1932 5.0 9 22
AGK3R 1958 21.5 II 16
AGKD 1960 180.0 20 25
SA0 1963 259.0 50 51
SRS 1970 20.0 10 10
KSZ 1967 41.0 10 10

3.2. n3eMHaa" cucremMa KOOpAMHAT.

Ecau 6n 3emna Owia aGCONOTHO TBEpHOA, TO [IOCTPOEHME BHCOKOTOU-
HOJ »3eMHO/" CUCTEeMH KOOpOMHAT, B KOTOPO# IIOJOXEHMUA IYHKTOB 3eMJM
He U3MEHANTCA BO BPEMEHM, HE BH3HBAJO OH 3aTpyJHeHuii. B ciyuae
pealbHO#t 3eMnu HEOOXOOMMO YUMUTHBATHL TaKue fABJIEHUA KaK ynpyrue ne-
dopmauuM ee Ma8HTUM, OTHOCHUTEJBbHhe NepemeleHUs OJOKOB 3€EMHOi mno-
BEPXHOCTH, OBWKEHHMA B fAnpe 3emiu ¥ gp. n3eMHad" cucTemMa KoopmuMHAT
B HacCTofllee BpeMa pealM3yeTcs B BULE COUCKa CPEOHMX MPAMOYIOJbHEX
KOOD/IMHAT CTaHLMii Ha ONpefeleHHyD BMnoXy. BpeMeHHHe M3MEHEHHUS DTUX
KOOpOMHAT, 3a HCKJINUEHHEM HEKOTOPHX XOPOWO M3BECTHEX IeofuHaMuue-—
ckux 3¢PeKToB, MPUHMMAKTCA paBHHMKM Hyiw. OChb OZ ¥ IUIOCKOCTb Hy-
neporo MepupuaHa 3CK BHOMpaTCA TaKWMU, KaK B M3BECTHBIX CHUCTEMaX
MexnyxsapogHoro ycimoBHOro Hauasa - CIO u MexayHapomHoro O6opo Bpe-
meun BIHIO68. B Ta6ia.3 npuBeneHH CBENEHMS O UMCIEe CTaHIMil,uncie
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MHCTDYMEHTOB M INepuojax HaGJoLeHMH, MCIONb30BABMUXCA [pU CO3NAHUU

A INIOCTPOEHUN ISTUX CUCTEM,

Ta6auna 3
Cucremnt oTcyera CIO u BIH I968
Haume- }qmcno } UYpcno MHCTPYMEHTOB 1, [lepuox
Sgga— }38§§§Ba§ ilupoTa : Bpems : HACNDLeHUHA
CIQEED 5 - 1900.0 - I906.0
BIHI98 Ol 39 48 1964.0 - I967.0

PaccMoTpuM BO3MO®HHE MCTOUHMKM omu60K nocrpoenusa 3CH. OpueH-
TalMd CUCTEMH B Tejle 3eMIM 3aBUCUT OT TOUHOCTM IOCTPOEHUA X COX-
paHeHusl cTabuiIbHOCTM cucTeM CIO u BIH 968, ocymecTBIAeMHX MeER-—
OyHapoAHEMM Cilyx6aMy OBMKEHMUS MOJoca U OlpeleleHUd BpeMeHu. M3
ucciaeroeaxuit, eunonHeHHsx B ['AO AH YCCP, caepmyer, uTo ykasaHHue
cucTeMH He obJamalT peuMMyumecTBaMy Iepef, CUCTeMoit, y KOTOpoil och

OZ NPOXCAKT uepe3 CpefHMi MOADC SMNoXu HaONn;eHU, T.H. NOJNC
Opuiosa [5] . Sra cucrema Gura npuHATA B [IQ} 3a CTaHJapTHyWL, MO
OTHOWEHMK K Heil GHIIM ONpejeseHH XapaKTepuCTUKKU HecTadulbHOCTH
cucreM CIO u BIHI968 (cm. rabn.4). Kak BugHo, cucrema CIO ua-sa
He6ONBIIOr0 uucyia CTaHLui HaGMWAEeHMit NoJBepKeHa 3HAUNTEJbHLM JM-—
HEeiHHM ¥ NEepUoUMUEeCKUM WU3MEHEeHUSM HalpaBJIEeHUil ee ocCeil MO0 OTHOWMEHUN

K OPYyT'MM CHCTEMaM.

Ta6auna 4
Hecra6unpHocTb cucrem orcuera CIOI903 u BIH I968
CocraBnsanmas i CIO 1903 i BIH IO68
JMHEHH TPeHS, I0 cM/rog -
llepuomuueckue uaMenenns ( ~ 24 roga) *I08 cm o
KopoTkonepuonuueckaa u ciyuaitHas
COCTaBIAKLME 27 em t 30 cMm
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CoBMmemenre Hauala 3CH ¢ IeoLleHTPOM ocymecTBIAETCA OMHAMUUE-

CKMMM METOJeMM MO JaHHEM Habappenuit VC3, JlyHs u gp. B HacTosmee
BpeMA TOYHOCTb TaKoOif [IPDUBA3KM COCTaBIAET LJA JyulMX peau3aluii
3CK HecKoJbKO JecATKOB caHTuMeTpoB [15] .

TouHocTp mocrpoenusa 3CH ¢ kaxmnM romoM NoBHmaeTcA. Ecau Ha
nepBoM 3Tale pa6oT N0 CO3NaHUD OOMLE3EMHHX CUCTEM OTHOCUMOCTH MO
HabungeHuaM MC3 roopouHaTH CTaHIMi ONpEenesANuch C MeHbmell TOUHO-
CTbl, UEM HalpaBleHHWA KOOPOMHATHHX OCeit B Tele 3eMiu, TO B Jajib-
HejlmeM cuTyalus uaMeHwlacb. OmUOKM omnpefesleHUs KOODAMHAT CTaHIuit
cTajX CpaBHUMHMM C omMOKamu opueHTauuu oceit 3CK. BosHukia 3sapjaua
COBMECTHOT'O yJyumeHuss KoopnuHat M opueHTaumu 3CH. [Ipm aTom cucre-
M CIO win BRIHI96E mcnonbaywTcAd KaKk MCXOAHHE CUCTEMH Ha NEPBOM
arane pa6oTh no nocrpoenuw 3CK. Tarum o6pas3oM, ObJIO COCTaBIEHO
HECKOJIbKO CBOJOK KOODIOMHAT CTaHUMit, 3aa0luX pasluuHbie peajnsaluy
3CK, Hanpumep, CraHpmapTHaa 3emus ll, MWi-9 u np. CpenHee sHaueHue
OmMOKM OTIpeleJieHUsI KOODOMHAT CTaHUMii, XapakTepuayomee BHYTPEHHOD
COTJIACOBBHHOCTb TAKUX CUCTEM, NPUGIM3UTENBbHO paBHO = I M. OmHaKo
MERLY OTHEJbHHMM CUCTEMaMU MMENTCH 6OJbliMe CUCTEMaTHUeCKue pasin-—
unf. AHaJMU3 TOUHOCTM ONpENeJEeHUs NapaMeTpOB OPUEHTPOBEHUA OTHeNb-
Hex peasnmnsauuit 3CH nosBonsieT cpenaTb BHBOL, UTO B HaCTOAmee BpeMA
MOXHO TMOCTDOMTH CBOAHHII KaTajor' KOODAMHAT IYHKTOB 3eMIM, 3a[abnmuit
3CK ¢ TouHOCTBD JO HECKOJbKMX NECATKOB CAHTHMETPOB. OTO Ha OJMH

NOPAJOK HMXEe TOYHOCTH, Tpelfyemoit LA IMeoJMHaMy¥YECKUX MCCIEen0BaHMHA.
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4, [lepcreKTMBH NOBHMEHWA TOUHOCTM Dpeayu3alpy
OCHOBHHX CHCTEM KOODPAMHAT

4.1, Hespamawmasca cucreMa KOOpOMHAT (ONTHUeCKas acTpOMETPHUA).

[lo pemenmio MexnyHapomHOI'O acTpoHOMMUeckoro comsa c¢ 1973 r. B
l'ennennv6epre (QPI') non pykoBoxcTBoM mpod. B.QPpuke Bepgerca paGora
110 COCTaBJIEHMI0 HOBOTI'O (yHHaMEHTaJNbHOr'O Karajora FKS , KOTODHH
6yneT npvHAT ¢ [984 r. B KaueCTBe MERAYHApOOHOI'O CTaHOApTa. JTOT
KaTajor 6yLeT COofepxaTb OKOJO 4 THC. 3Be3] OO0 9 3BEe3[HO! BeJUUMHH
(10] . lipu ero cocraBneHuu OyneT MUCIONb30BaHa HOBaf CUCTEMa acTpo-
HOMUUECKUX MOCTOAHHHX, & TaKXe INPUHATH MEPH M0 YTOUHEHMN HYJIb-NyHK-
TOB Y YMEHbIIEHMI0 CHUCTEMAaTUUECKMX OWMOOK. [I0 MPOrHO3HHIM OLEHKaM
TOUHOCTb KaTamora FKS Ha 8MoXy HaGNoOLeHUA COCTABMT ckono 0705,
B TCM uMCle B ClyuaitHoM oTHomeHuu ~0"0I - ¥0Y02. Bo3MOKHOCTb Haib-
Hejmero ynyumeHusa ¢yHIaMEHTaJbHOJ CHUCTEMh KOODAMHAT MO Ha3EMHEM
HaOInIEHUAM B ONTHUECKOM OMAarNas3OHE CIMEeKTpa M3JNyueHuil nmpobjeMaThuHa.
W3 pesepBoB Ha3eMHO! aCTpOMETpUM ClefyeT OTMETUTb Opraxusauuio Hab-
JTOLEHUA B NMyHKTax C XOPOLMMM aCTPOKIMMATMUECKMMM YCIOBUAMM, CO3na-
HUE BHICOKONDPOM3BOLUTENbHEX aBTOMATUUECKMX MHCTPYMEHTOB, TOUHHIA
yueT MHCTPYMEHTANbHHX NOI'pEeNHOCTed ¥ BIMAHMA aTMochepe, M, HaKoOHell,
pa3paboTKy METOINMKM CO3[LaHMA OLHOPOIHO¥ Ha Bceit HebecHOi cdepe
cucTems koopmuHaTt. OT Toro, B Kakoil Mepe ynmacTcd B OyAyuweM KCIIOJNb-
30BaThb BTV [Ee3epBH, 3aBUCUT DOJIb Ha3EMHOM ONTUUECKO} acTpOMETpHM

B U3YUEHUM TI'eOMETDUUECKUX M KMHEMaTHUUECKUX XapPaKTEpPUCTHUK BceneHHoik.

4.2. HeBpamanuyasaca cucrema KoopouHaT (pamuoacTpOMETDHA) .

B mociaenHue rogH HaMeTMJCA Nepexojf K MCMNOJb30BaHMK HOBHX METO-
noB nocrpoeuna HCHK, Befymee MecTo cpemu KOTODHX 38HHMAET METOf,

IJAMHHOGasucHol panuouHTepdepoMerpun (PCLB) . O6mexkTaMu HaGanIEHUM
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merogoM PCLE B nepByw ouepenb ABAANTCA KOMIIAKTHHE BHelaJlaKTUue-
CKMe DaIMOMCTOUHMKM (KBasaph, fnpa rajJlaKTUMK), COGCTBEHHHE OBUKE-
HUA KOTOPHX OUEHb MaJH. [lo3TOMy TakuMe OOBEKTH ABNANTCA UL ealbHb-
MM periepaMy IIA 3ajaHuMA Hanpabiaenusa oceit HCHH, nocrpoenme korTo-
pbIX B PanuMoacTpOMETPUM BO3MOKHO IBYMSA IIPUHLMIIMANIBHO Da3HEMU METO-
Jamu:
a) WCIMHTaHHHM B ONTHYECKO! acTpOMETDUM METOLOM abGCONINTHHX Olperne-
JIEHUA KoopIuHAaT,

6) cneuuayibHHM METOJOM M3MEPEHMI INYyT MEXNY MCTOUHMKaMU [3,12] .

[ipy npumeHeHuu MepBOr0 MeTOla HEOOXOOUMO TmATeNbHOE H3yueHHue
BpameHusa 3eMId U onpepeneHue KodhdUUMEeHTOB B DPalJOXEHHAX ee Npe-
[IECCHOHHO—-HY TaIlMOHHOT'O JBIkEeHuA. HpoMe Toro, omnpenesieHHe METOLOM
PCLE Hauana orcueTa IpAMEX BOCXOXIEHU! BCTpeuaeTCs C PALOM TPyL-
Hocreit [R] . [loaToMy B CO3[aHHHX HENABHO KaTajlorax MONOKEHHI paguo-
MCTOUHMKOB HayaJl0o OTCUeTa NPAMBIX BOCXOXIEHMU!l COBMEMEHO C HauasoM
NpsAMEX BOCXOXIEHMIt B Kartasore kK& myrem gorTorpaguueckoit npuBA3-
KM OTIEeNbHHX KBas3apoB K 3Besnam FK4 [16] . BHyTpeHHIA TOUHOCTH
TaKMX KaTaJOroB COCTaBIAET B JyumeMm ciyuyae okomo ~0Y0I, B To Bpe-
MA KaK pasiuurMf MEXLYy OTLENbHbMM KaTayoramit JOCTWIainT CEKYHO OYyTH.

llapameTpu NpeLieCCUOHHO~HYTalMOHHOI'O ABMKEHUA 3eMiu B Oyayumem
MOryT OHTb omnpeneyieHH MeTonom PCLE c BHCOKOIf TOUHOCTBD, B UaCT-
HOCTM 1O abCOJIOTHHM HaOJNOEHUAM CKJIOHEHU#. OCHOBHHM OI'DaHMUEHMEM
paccmaTpuBaeMoro Meroga nocrpoeHusa HCHH aBnsercs Heo6XomgyMocCThb
TOYHOI'O yueTa BIMAHUA MHCTPYMEHTaJbHHX ¥ METeOopOJOTMUecKux ¢aKTO-
POB Ha pPe3ynbTaTH HaOJDLEHW .

Bo BTOpOM ciyuae, ecau LOMYyCTUTb BO3MOXHOCTb peasuM3alid TaKoro
MeToja M3MepeHMit, Npo6aemul nOCTp%FHnﬂ HCHK u m3yueHMs CJAOKHOI'O [OC—
TynaTeabHO-BpamaTelbHOro ABMKGHMH$%g:HOBHTCH He3aBUCHMaMU. M3MepeH-

HHe OYyr'M MexXLy PaguOMCTOUHMKamy, pacrioJOoxeHHHMU 6osee Win MeHee
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PaBHOMEPHO N0 Bceil He6ecHoit cdepe, MOTYT OHTH ypaBHEHH B €JUHON
aBTOHOMHO#l CHUCTEMe KOOpAMHAT, HamnpaBleHUd oceil KOTOpPOit MOKHO Bbl-
6paTh NMPOM3BONBHO. B3Ce %€ fpeprojaraerc, YTO Ha NEpBOM 3Tane
CO3JaHiA TaKoil CUCTEeMH KOODAMHAT ee HyJb=-IyHKTH OyOyT COBMEmEeHH
IL1A yno6cTBa C Hylb-TyHKTamu kaTaxora FKS | jlanbHeiimee yiyume-
Hue paguoactpoHomuueckoit HCHE He 6ynmeT 3aBuceTb OT (yHpaMeHTalb-
HO#t CHCTeMH KOOpHMHAT.

MomenbHHE pacueThl, a Takxe BHIOJHEHHHE B IoclefHue IogH BK-
CNEpPYMEHTH CBUIOETENbCTBYOT O TOM, uTO C noMompd Meroma PCIB Moxer
6uTb mocTpoeHa HCHH ¢ TouHocTsw, Gamskoit k T0T00I {3,II,I2} . U3
npyrux meromoB peanusaimy HCHK cienyer oTMETHTE oueHb NepcneKTHB-
Huil mpoekT HIPPARCOS, npennoxenHuid EBponefickimM kocMmuueckym
8I'eHTCBOM LIl OnpejieleHus BEICOKOTOUHHX OTHOCHUTEJNBHHX [0JOKEHUM

3Bes] ¥ uX napemnaxcos [I6] .

4.3. w3emHaf" cnmcreMa KOOpPAMHAT (HOBhHE METOMH) .

B [I5] pekomeHnyeTca mMarepuasin3oBaTh 3CH B BUOE cnucka cpen-
HUX TPAMOYTOJIBHHX KOODZMHAT HEKOTOPOI'0 uucja CTaHUMi, 3aJaHHHX Ha
OnpefieNieHHyn 3N0Xy o , C yKasaHueM UX U3MEHEeHu#t BO BpeMeHHM. Ilpu
9TOM Mpejnojaraerca, UTo NpenckKkasyemsie Nnepuojuueckue U3MeHeHus no-
JIOREHU! CTaHUMil, HalNpUMep MPLUJIMBHOT'O MPOMCXOKIEHUA, HOJKHH MOLEIU-
pPOBaTbCA M YUUTHBATBCA C TOUHOCTbI Okono I cwM.

JJIfl MpaKTUUEeCKOT'0 KCIOJb30BAHUA MOCTPOEHHO! TakuM 06pas3oM
3CK Heo6xonMMO MMETb MOCTOAHHO NEWCTBYbUY CiyxCy BDAalleHUA 3eMIH,
KOTOpedA OnpefeiseT KOODPOMHATH MNoJica U BCceMupHoe BpeMA. B Tabx.d
NPUBENEHH JaHHHEe O TOUHOCTU OMNpefeJsieHUA NapaMeTpoB BpameHUd J3eM-
¥ CywecTBYOUMMM Y TUIAHUDYWUMMUCE K COSHAHMIO CIIywO6amu:
IPMS - llexayHaponHas ciyx6a OBUXEHMA NOJ0Ca, acTPOHOMAUECKUe

HabJpAEeHUA.

BIH - MexpyHapognHoe GopO BpEMeHY, aCTPOHOMUUECKME HaGIofeHUd,
Jonmreposckue Habmopenua LC3.
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DMATC .- Cnys6a psuxenus nomoca Tomorpaduueckoro ueHTpa BoedHo-

ronorpaduuecroro ynpasieuus CliA, ponniepoBckue Habamae-

Husa UC3.
SLR - Jlasepnas mokauus UC3.
LLR - Jlagepuaa jorauus JyH.

VLBI - JiauHHOGasucHafd panuouHTepdepoMeTpUs.
Tabauue 6

TouHocTs onpereneHus LBWKEHUA IONOCA U
HepaBHOMEPHOCTM BpaileHUs 3eMin /no BHYTpEHHel cxommmocTy/

~ ! !

LJIy)KGa g 113 1 (" rr

Bpalenns ; BpeMeHHoe : Cp. XB. OnuMOKU
eMy : PR A ! {oopmmiaT nonnca y UT1/ B Mc.

! ! B_ M.

IPMS 0.05 roge 1y s -

B 5 cyTok z0.2 -
ilporHo3HLle O1eRKK

SLR I cyrkn £0.02 - 20.05 -
Lo R - $0.05+ #0130 a3 i
VBl -"- z0.05 0.1

Hax BMOHO, TpeOOBaHMAM, MpPeOBABIAEMBM K TOUHOCTU NOCTPOEHUS
3C{ ypnoBneTBOPAKNT CJYXOH, Sasupywuuecsa HA J&3epHHX HabJoIeHUAX
JyHo ¥ Habmoperusax ¢ PCLB. B HacToAuee BpeMsA NpenfpPUHMMAIOTCA MO-
MBHTKY JOCTIKEHUA YKa3aHHOI TOUHOCTV B DKCINEpPUMEHTaJIbHOM [OpAIKE,
HanpuMep, B npoektax PO LARiS[&)] s JasocrabwibHoro uHrephepo-
merpa NRAO {IIju B nporpamve EROLD CIQ . Uto KacaeTcd
JagepHux HabaiogeHuit UC3, To sgech ocobne Hememmr BO3JAMalOTCA Ha
HabJwneHud CryTHuka Tuna Jlareoc, llepBHe pesynbTaTH HabMofeHud 3TO-

I'0 CHyTHMKa, KOTOphe Beauchb ['0f1apaCKuMM I]€HTPOM KOCMMUECKHX MoJie-
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TOB Ha & CTAHUMAX C TOUHOCTHI OKOJIO +10 CM, MOSBOJMIM OMPELETUTDH
KOOpOMHATS CTaHLIMA C TOYHOCTBI OT 120 no 50 cM u 5-Tu CYTOUHHE
KOOpOMHATH NOJMCa C TOYHOCTbI, CPaBHUMOW C TOUHOCTbI Pe3yJbTaTOB
bIrl:17: . UnpepneneHne BCEMUPHOI'O BPEMEHM IO naaepﬂmﬁ Habuofe-
HuaM UC3 3aTpyLeHeHO K3-3a BIUAHUA OWUOOK IPaBUTALMOHHOIO MOJA U
HETOUHOCTM yueTa MpPUIUBOB.

B mepcnexkTuBe mpennojaraercd, uTo HaOJIMIEeHUA C IIOMOmb CTaLMO-
HapHEX YCTaHOBOK [IJifl JasepHex HabmwpeHu# Jywn u UC3, a Taxke komi-
JleKca MHOI'O3JEMEHTHOT'0 uHTephepoMeTpa OyIyT CAYXRUTb JJIS U3yUEHUA
MIOGAJIBHHX [eOJMHaMUUECKNX fIBIEHMIl U 3alaHUA 3EMHOJ I'eOLeHTPUUECKOi !
CUCTEMH KOOpAMHAT. JlasepHHe M PafgUMOMHTEephepOMeTpuUuecKue YCTaxOBKU
NepeBIKHOTO TUMa, & Takxe pasiMuHOro poja IOMIIEPOBCKUE U Apyrue
CHCTEMH KM3MepeHuit 6YLyT KUCIOJIb30BAThCA B MpOorpamMax U3yueHUs [BU-

K¥eHus OJIOKOB 3EMHOM KODhl, JIOK&JIbHEX I'€OOWHaMUUYECKHUX AIBIIEHU1, a TaK-

ke IJIA CT'YUWEHUA OTNOPHO# PeolMHaMUUYeCKONW CeTH CTaHLUi.
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