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A STUDY OF THE VARIATION OF TIDAL NUMBERS WITH EARTH
STRUCTURE

Péter VARGA* and Carlo DENIS**

Studies in earlier works on the determination of Love numbers were based on specific Earth
models. This paper, however, aims at the systematic investigation of Love-number variations as a
function of varying certain elements of the Earth model. We also examine the possible regional
variations of Love numbers and their combinations in the case of a 3D Earth model based on
seismology. From these model investigations we concluded that the difference between observation
results and the gravity Love-number combination theoretically determined for the PREM cannot
be explained by lateral inhomogeneities of the 3D model.
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1. Brief historical outline and our present conception about the interior of the
Earth

In the course of the 4 years between the XVIIIth and XIXth congress of
the International Union of Geodesy and Geophysics (held in Hamburg and in
Vancouver, respectively), a fundamental change has taken place in our concep-
tion about the interior of the Earth.

In order to only approximately demonstrate this development it is worth-
while glancing at the improvement of the conception formed by science on the
interior of our planet. 1987 was the 300th anniversary of one of the greatest
scientific works ever published, Newton’s Philosophiae Naturalis Principia
Matematica. This was a turning point in the history of science. It is evident that
preceding this time—in ignorance of the law of gravity—one cannot speak
about any scientifically grounded idea relating to the interior of the Earth. After
Newton, one had to wait for more than 50 years till it could be stated, on the
basis of Bouguer’s Chimborazo experiment in 1738, that the surface rocks are
substantially less dense than the Earth generally i.e. density is increasing from
the surface towards the centre of our planet. This was actually the first step
towards the understanding of our planet. The real mean density values were
obtained only considerably later on the basis of the experiments carried out on
the Schiehallion hill and in its surroundings in Scotland in 1774 and of Caven-
dish’s laboratory measurements of 1798.
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Radial density distribution was given for the first time by the theories of
Legendre (1793) and Laplace (1825) based on Clairaut’s formula (1743) which
we now know was based on completely unrealistic assumptions. The core of the
Earth appears only in Radou’s (1855) and Wiechert’s (1897) models.

From the beginning of the XXth century the development and application
of seismology in the research of the structure of our planet enabled us to form
a detailed conception about the interior of the Earth. Applying Williamson’s
and Adam’s theory set up in 1923 and the seismic data accumulated so far,
Bullen created his first model—the A model—in 1936. In the same year Leh-
mann discovered the solid inner core. Oldham had already proved in 1906 that
the outer core was fluid. Bullen’s A model together with Gutenberg’s velocity
data, the so called GBA model, enabled the forming of a rather good overall
conception on the structure of the planet that acquited itself well until the early
60s, when the first successful and good quality records of free oscillations
afforded possibility of checking the model created earlier. On the basis of free
oscillations and the rapidly accumulating seismic data base, a great number of
new Earth models appeared in the late 60s, which in fact gave a similar picture
of the interior of the Earth as the Bullen model. This new wave of the radially
symmetric 1D models can be divided into two main groups:

— optimum models made by using all possible data e.g. model B 497 [Dzie-
wonski-G ilbert 1972] or model Bl of Jordan and Anderson [1974];

— reference models from which in addition to the expectations concerning
good approximation of the observations and minimum deviation from the
optimum models, primarily simple handling is required. Up to now there has
been no final generally accepted reference model, but Dziewonski and
Anderson’s [1981] Preliminary Reference Earth Model (PREM) is widely
used.

Thus we arrived—in our historical review—to 1983 and to the year of the
UGGI congress in Hamburg. In the course of the 296 years from the appearance
of Newton’s Principia, planetary geophysics had reached the stage of having a
reliable picture on the radial distribution of density and elastic parameters.
Naturally a model like this leaves several questions without answers. If the
internal features of our planet had only spherical symmetry, the Earth would
be completely lifeless from the viewpoint of tectonics. As it is not so, for the
investigation of tectonic and even shorter period effects, the lateral variations
of the physical parameters need to be known. Geophysicists have been seeking
after this for a long time but a real break-through could be achieved only.now,
when in the years following the Hamburg UGG conference an ever increasing
number of publications has appeared describing 3D planetary structures instead
of one-dimensional models supposing only radial inhomogeneity. The study of
lateral inhomogeneities in the interior of the Earth gathered a decisive impetus
from two sources, (i) seismic networks set up in the 70s, yielding digital data,
and (ii) the appearance of big computers in the early 80s that are able to handle
simultaneously the enormous data base. These two facts explain how, between
1983 and 1987, 3D Earth research became a central topic. Compared to the past
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we have today substantially improved picture about the inhomogeneities in both
the mantle and the core. The lateral inhomogeneities of the upper mantle were
investigated in detail by Woodhouse and D ziewonski [1984]. In the upper-most
50 km of the upper mantle, lateral inhomogeneities of +8% appear, whereas
from 250 km on only those of +2.5% and in the immediate vicinity of the
transition zone velocity anomalies detectable perpendicularly to the radious
amount to 2%. The detected inhomogeneities roughly correspond to the extent
of radial velocity changes. In the PREM model e.g. crossing the Mohorovicic
discontinuity, the velocity contrast is 15%whereas at depths of 200 and 670 km
it is 6 and 7%, respectively.

The velocity anomalies of the upper mantle are connected to the surface
elements of global tectonics. This is true primarily for the mantle up to a depth
of 250 km, where the most substantial heterogeneities can be found. The roots
of the continental shields can he characterized by positive velocity anomalies
of 4% and they penetrate down to a depth of 200 km. From here the extent of
the velocity anomaly gradually decreases and fully disappeares in the transition
zone between 400 and 670 km. The mid-oceanic ridges and the subduction zones
of the western part of the Pacific Ocean can be characterized by negative
velocity-anomalies traceable up to 350 km depth. On the basis of D ziewonski’s
model [1984], the 3D model of the lower mantle presents the following picture:
in the vicinity of the transition zone and in the D" layer covering the core-mantle
boundary, the lateral velocity anomalies reach 3%, but in the greater part of the
lower mantle these do not exceed 1% i.e. laterally the lower mantle is substan-
tially more homogeneous than the upper mantle. There appears to be no connec-
tion between velocity anomalies in the lower mantle and surface tectonics. For
understanding the processes within the mantle, it is rather important to inves-
tigate the nature of transition zone C. It is a question to be decided whether the
definite seismic discontinuity at 670 km is a mineralogical phase boundary
through which the material of the mantle can flow or if it is a boundary between
different materials not allowing such penetration. The question can be solved
by investigating the velocity anomalies at both sides of the 670 km discontinuity
as follows : If the anomalies on both sides are similar, then the first assumption
is more probable. Otherwise one should deduce that the composition of the
lower- and upper mantle differs. D ziewonski and Woodhouse [1987] compared
the lateral distribution of these velocity anomalies and found them, apart from
a few exceptions (N-Siberia and the middle part of the Pacific Ocean) to be
similar. Creager and Jordan [1986] also proved that there are anomalies
crossing the 670 km discontinuity, i.e. transition zone C separating the upper
and lower mantle is probably of a phase boundary character and as such it does
not hinder material flow. Lateral velocity variations throughout the Earth
mantle can be explained by temperature, rheological features and density distri-
bution. Studying the 3D model of the upper mantle shows that positive velocity
anomalies can be connected to low temperatures and vice versa (i.e. negative
anomalies relate to areas of higher temperatures) [Dziewonski-W oodhouse
1987].
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Interpreting the anomalies of the lower mantle seems to be a more difficult
task. There is an opinion that the reason for geoid undulations can be found
in the lower mantle [Hager et al. 1985], although several observations show that
horizontal variations of seismic velocities connected to the geoid anomalies can
be detected in the Earth’s crust and in the uppermost part of the mantle
[Masters et al. 1982, Stark et al. 1983].

In the interior of the Earth the most drastic changes of physical parameters
can be observed at the core-mantle boundary. The anomalies of this discon-
tinuity amount to £ 8 km, as compared to the regular hydrostatic surface [Crea-
ger-Jordan 1986, Morelti et al. 1986]. The topography of the core-mantle
boundary shows that the shape of the Earth’s core cannot be considered as a
hydrostatic surface in the strict sense of the word. Stevenson [1987] showed,
at the same time, that—with highly good approximation—the exterior liquid
part of the core is laterally homogeneous.

2. Dependence of the Love numbers and their combinations on the Earth’s
structure

The new 3D model on the Earth’s interior is based almost exclusively on
seismic results. Naturally it would be good if the conception formed on lateral
inhomogeneity could be supported by other, independent observations. The
distribution of Love numbers and their combinations obtained from Earth tide
observations is one method for such investigations. In this paper we wish first
of all to clarify the connection of Love numbers and their combinations with
the structure of our planet, and to what extent they contribute to the making
of our picture on lateral inhomogeneity more complete.

Theoretical Love numbers (h, kK and /) have already been studied for
different spherically symmetrical Earth models by many authors [Takeuchi
1950, Molodensky 1953, 1961, A 1termann-Jarosch-P ekeris 1959, Longman
1962, 1966, A1sop-K uo 1964, Kuo-E rwing 1966, Faren1 1972, 1973, Varga
1974, Denis 1974, 1979, Withelm 1978]. The most important result of these
calculations is that the Earth tide varies only to a small extent, provided that
the structure of the mantle in the radially symmetric Earth models is only varied
between realistic limits determined by seismology.

This paper aims—differently from earlier investigations—at the systematic
study of Love-number variations upon changing certain elements of the Earth
model. The method is to vary the physical parameters describing the PREM
model in the Earth mantle or in some of its spherical layers, and to study the
effects on Love numbers. Our calculations are based on Molodenskii’s inho-
mogeneous differential equation system [1953, 1961], which was solved by the
fourth order Runge-Kutta method, choosing an integration step of J/ir/a=0.001
(G= 6371 km, ris the distance from the Earth’s centre). On the basis of the latest
seismic data, we supposed the core-mantle boundary (CMB) to be at the relative
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depth of r/a=0.547, in spite of the fact that in the PREM (the basis of our
calculations) r/a= 0.546.

We have investigated not only the dependence of h, k and / on the Earth
structure, but we have also considered their combinations. The following com-
binations were determined :

— gravity tidal factor: 6§ = 1+A-3/2&
— tilt factor:y = | +k-h
— vertical extensometric factor: Lv = ah'+ 2A
— horizontal, 2-dimensional deformation factor: LH= 2h—61
— dilatation factor: 0 = Ev+LH
(where W is a derivative relative to the Earth’s radius)
As compared to the PREM, wave velocities a and B as well as the compressibility
modulus (k) and the shear modulus (ji) were changed :

a) Asa first step we performed the changes as compared to the PREM for
the whole mantle within the rather extreme limits of = 20%. Table 1/a shows
the effect of varying P-wave velocities (a) (with unvaried 8 and q, where g is the
density function). It can be seen that changing the value of a has negligible effect
on the values of k, h, 6 and y but substantially modifies the value of / and those
of the three deformation factors (Ev, EH and 0).

Varying the S-wave velocity (3)—also within the £20% extreme limits—
only affects the value of / to any significant extent (Table 1/b). Tables I/c and
I/d show the effect of varying the elastic constants k and //. The results of the
above calculations are illustrated by graphs in Figs, lia through h. It can be seen
that the variation of Love numbers and their combinations describing the
Earth’s reaction in the course of varying the extent of perturbation is on the one
hand not linear and on the other, not symmetrical compared to the original case
(e=0) i.e. to the PREM. Results show that while the dependence of the gravity
tidal factor—which can be most reliably recorded by traditional earth-tide
observation methods—on the mantle structure is not remarkable, the exten-
sometric components greatly depend on the mantle structure. Unfortunately
these can be observed with less accuracy—primarily due to calibration problems
—and thus the lateral earth tide variation cannot be effectively examined with
them.

b) How Love numbers and their combinations depend on the perturbation
of the wave velocities at different depths is an interesting question. The results
of an investigation into this can be seen in Table Il. For the investigation a
spherical layer of 0.05 relative thickness (~ 319 km) located in various depths
was assumed. Tables Il/a—d show the position of the upper boundary of the
spherical layer. Thus the first and uppermost layer can be found between the
depth limits of 1.00-0.95, whereas the lowest layer characterized by a relative
depth of 0.6, practically lies on the core-mantle boundary. The respective
average depths are as follows: 159, 478, 796, 1115, 1433, 1752, 2071, 2389 and
2708 km. The velocities (a and R) and the elastic constants (k and L) were
uniformly changed by 10%. Varying the P-wave velocity (Table WA/a), greater
effects were again obtained for the deformation factors than for Love numbers
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(A k and /) which reached maximal mean values when the anomaly was in the

third layer from the surface. There is a maximum change in 6 and y Love-num-

ber combinations for the second layer (at the average depth of 478 km).
Perturbating the shear-wave velocity the greatest changes for kK, A y and

I Hcan be observed when the layer is on the core-mantle boundary (Table 11/b).

The dilatation (0) and the vertical extensometric component (" k) are sensitive

primarily to the variations of the near-surface velocities. / is the most sensitive

to the varying of B when it is done in the 3rd and 4th layer from the surface.

The gravity factor is equally sensitive to such perturbations on the surface and

on the core-mantle boundary, but with the opposite sign. Perturbating the

elastic constants it can be stated that:

— varying the compressibility modulus (a) by 10% (Table Il/c) similar influence
is obtained when it is carried out in the 1st to the fourth layer. Perturbation
in the lower part of the mantle has practically no effect;

— varying the shear modulus (p) (Table Il/d)—similarly to varying 8—the
situation is more complicated. The k, Aand y values depend primarily on
the changes carried out in the lower mantle. / and the horizontal exten-
sometric component (27H are the most sensitive to the variations of k (and
R) in the 0.95-0.80 relative depth range. The other two extensometric com-
ponents (0, L v) depend primarily on surface perturbations. The gravity tidal
factor is the less dependent on p and £3.

Table I. Love number variations versus varying elastic parameters a, 8, k and y, within the limits
of +20%. Eis the extent of variation, e=0 corresponds to the PREM
a) Variations of P-wave velocity: a = a((l +¢)
b) Variations of S-wave velocity: 8 = BO(\ +e)
¢) Variations of compressibility modulus: k = x0(l +£)
d) Variations of shear modulus: g = g0 +e)

I. tAblazat. A Love szamok valtozasai az @, 3, k és g rugalmas paraméterek +20% hatarok
kozotti valtoztatasai fliggvényében, e a valtoztatds mértéke, e=0 a PREM esetének felel meg.
a) a longitudinalis hullamsebesség valtoztatasai: a = a0(l +£)
b) a transzverzalis hullamsebesség valtoztatasai: 3 = R0(1+ e€)
¢) az 6sszenyomhatosagi modulus értékének valtoztatasai: k = kO(1 +e)
d) a nyirasi modulus értékének valtoztatasai: g = gO(l+e€)

Ta6bmmua I. i3meHeHus uncen JlaBa B 3aBUCUMOCTY OT M3MEHEHWI YNpyrux napameTpos a, /2,
K u fi B npegenax +20%—cTeneHb U3mMeHeHnn; £= 0 cooTBETCTBYET cnyyato PREM
a) VisameHeHne cKopocTeil MpofoNbHbIX BOMH: a = a0(lxe)
b) VI3MeHeHMe CKOpOCTein MonepeyHbIX BOAH: B = /?,(1+e)
c) N3meHeHne moayns cxkumaemocTun: K = KO(1 +e)
d) W3meHeHne moayns ckanbiBaHus: g = A(1l +t)



270 Varga-Denis



...variation of tidal numbers with Earth structure 271

Fig. 1. Variations of the second order Love numbers on the surface caused by varying a, &3,
k and n in the Earth’s mantle, within the limits of £20%. £= 0 corresponds to the case of
PREM

a) Variation of Love number h

b) Variation of Love number k

c) Variation of Love number /

d) Variation of Love number combination 6 = 1+ A-3/2A

e) Variation of Love number combination y —\+k-h

f) Variation of Love number combination Ev = ah'+2h

g) Variation of Love number combination EH = 2/i —6/

h) Variations of Love number combination 8 = Ev+EH = ah'+ 4A- 61

1 abra. A masodfokl Love szamok valtozasai a felszinen a, B, K és 1 + 20% hatarok kozotti
véaltoztatasanak hatasara a foldkdpenyben. s=0 a PREM esetének felel meg
a) A h Love szam valtozasai
b) A k Love szam valtozasai
¢) Az / Love szam valtozasai
d) A6 - 1+h- 3/2k kombinéacié valtozasai
e) Ay = I+k —h kombinaci6 valtozasai
f) A Ev = ah'+2h kombinaci6 valtozasai
g) A EH = 2h- 61 kombinacié valtozasai
h) AB = Ey+EH = ah'+4h- 61 kombinacié valtozasai

Puc. 1. N3ameHeHus uuncen JlaBa BTOPOro mopsifika Ha NOBEPXHOCTU, 06YCNOB/EHHbIE
M3MEHEHMAMU @, B, K U [ B MaHTUK B npefenax +20%. =0 cooTBeTCTBYeT cnyyard PREM
a) MameHeHnsa uncna h NlaBa
b) M3ameHeHns yucna K JlaBa
¢) NameHeHus uucna / laBa
d) N3meHeHns kKombuHaumm 6 = 1+ A—3/2k
€) U3meHeHus komGuHaumm y = |+K
f) MiameHeHna kombuHauun Ev = ah'+ 2A
g) ViameHeHnsa kombuHauum EH = 2A- 6/
h) MameHeHns kombuHauum B = Ev+E,, = ah'+4h- 61
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C) Subsequently, we also investigated the relation between the Love-
number variations and the Earth core structure. This investigation was not
extended to the extensometric components | H, Ev and B, since these hardly
depend on the structural variations of the lower mantle either (see Table I1).
Concerning the core, we tried to clarify the following problems :

— dependence of the Love numbers on the density distribution in the core

— dependence of the Love numbers on the density contrast at the CMB

— to what extent Love numbers depend on the uncertainty of the CMB
position

— to what extent Love numbers depend on the outer core being a potentially

not-ideal fluid.

Table Il. Love number variations in relation to the PREM model versus increasing the elastic
parameters by 10% in spherical layers of 5% thickness of the Earth radius (a) and located at
different relative depth (ruga)

a) Increasing P-wave velocities (a) by 10%

b) Increasing .S-wave velocities () by 10%

¢) Increasing compressibility modulus (=) by 10%
d) Increasing shear modulus (g) by 10%.

értékének 10%-kal torténd novelésével a gombhéjak belsejében. A héjak a foldsurag 5%-at
kitevé vastagsaglak kulonboz6 relativ mélységeknél (ruya)
a) a longitudinalis hulldmsebesség 10%-kal torténd ndvelése
b) a transzverzalis hullamsebesség 10%-kal torténd noévelése
c) az 6sszenyomhat6sagi modulus értékének 10%-kal tortén6 novelése
d) a nyirasi modulus értékének 10%-kal térténé novelése

Tabnuua Il. iameHeHuns uucen JSlaBa No cpaBHEHUIO €O cnydaeM PREM npu yBennyeHum
3HAYeHWA ynpyrux napameTpoB Ha 10% BHYTPM ctepuyeckmx 060104eK, MOLLHOCTb KOTOPbIX
cocTtaBnseT 5% oT paguyca 3eMin Mpu pasfMYHbIX OTHOCUMTENbHbIX rNy6uHax (ruya)

a) YBennyeHme CKOpPOCTEN NMPOAONbHbIX BOMH Ha 10%
b) YBenuueHve CKOpocTel nonepeyHbIX BOAH Ha 10%
C) YBenuueHve Moaynsa cxvmmaemoctu Ha 10%

d) YBenunuyeHve mogyns ckanbiBaHusa Ha 10%
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-1.17

Al, %

0.59
0.70
0.70
0.59
0.47
0.23
0.12
0.00
0.00

Al, %

-0.46
-1.29
-1.64
-1.76
-1.64
-1.29
-1.06
-0.82
-0.59

A0, %

-0.42
-0.43
-0.39
-0.29
-0.19
-0.10
-0.04

0.00

0.00

Ab, %

0.33
0.30
0.24
0.12
0.01
-0.09
-0.18
-0.26
-0.37

AS, %

-0.14
-0.14
-0.12
-0.10
-0.06
-0.03
-0.02

0.00

0.00

AS, %

-0.15
-0.14
-0.10
-0.05

0.00
-0.04
-0.09
-0.13
-0.18

Ay, %

0.74
0.80
0.72
0.54
0.35
0.19
0.07
0.00
0.00

Ay, %

-0.54
-0.46
-0.30
-0.03
0.23
0.48
0.71
0.91
1.20

Ay, %

0.23
0.26
0.23
0.17
0.12
0.06
0.03
0.00
0.00

Ay, %

-0.23
-0.20
-0.13
0.00
0.13
0.23
0.35
0.43
0.58

A8, %

-6.30
-1.62
-1.59
-1.22
-0.80
-0.45
-0.17
-0.02

0.00

A8, %

7.07
1.07
0.86
0.31
-0.32
-0.95
-1.57
-2.16
-2.90

A8, %

-1.93
-0.53
-0.51
-0.39
-0.26
-0.15
-0.05

0.00

0.00

A8, %

3.30
0.47
0.37
0.11
-0.18
-0.47
-0.77
-1.05
-1.41

AZH%

-2.69
-3.11
-3.16
-2.45
-1.64
-0.93
-0.36
-0.06

0.00

AZH %

181
2.68
2.72
1.96
0.95
-0.15
-1.28
-2.87
-3.58

AZH %

-0.87
-1.02
- 101
-0.79
-0.54
-0.31
-0.12

0.00

0.00

Az, %

0.79
122
123
0.89
0.43
-0.09
-0.62
-1.14
-1.73

273

AZr, %

-8.89
-0.55
-0.47
-0.33
-0.20
-0.10
-0.03

0.00

0.00

AZr,%

10.85
-0.09
-0.48
-0.89
-1.24
-1.52
- 177
-2.00
-2.41

AZV, %

-2.69
-0.18
-0.15
-0.11
-0.07
-0.03
-0.01

0.00

0.00

AZy, %

511
-0.06
-0.25
-0.45
-0.61
-0.75
-0.87
-0.98
-1.18
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In Table I11 deviations of the Love number combinations (from the PREM
model) for two different core models with theoretically assumed, completely
invalid density distributions are presented. Although there is a considerable
difference between the homogeneous hydrostatic core and the real case, it is
hardly reflected in the 6 and y values (i.e. the density distribution in the core does
not remarkably affect Love-number combinations). On the contrary, the core
density at the core-mantle boundary affects the h, k, I, 6 and y values (Fig. 2).
In reality, however, this density may vary between rather narrow limits
9.9-10.2 g/cm3 [Press 1970]. Accordingly, the variations for the investigated
guantities may be as follows:

Nk = 0.67%, Ah = 0.40%, Al = 0.43%, AS = 0.22%, and Ay = 0.18%.

Since the variations given by Press relate to the maximum possible density
variation, it can be concluded that the effect of the core on the surface is not

remarkable in this respect.

Although the average position of the CMB is known rather precisely
undulations up to 10 km may be envisaged. The influence of relative depth of
the CMB on Love numbers can be seen in Fig. 3. The variations belonging to

a 10 km undulation are not very large:

Nk = 0.43%, Ah = 0.21%, Al = 0.10%, AS = 0.06% and Ay = 0.04%.

Core model NK(%) Ah(%) Al{%) A6(%)
Constant
core -3.01 -1.52 4.76 0.37 0.03
density
Hydrostatic
density -0.46 -0.40 -0.24 -0.02 0.13
distribution
Table Ill. Dependence of Love numbers (and their combinations) on the selected core model,

(in relation to the respective PREM values)

I1l. tablazat. A Love szamok és kombinacidik valtozasai a valasztott mag-modell fiiggvényében
(a megfelel6 PREM értékekhez viszonyitva)

Tabmmua Ill. N3meHeHns uucen JlaBa M MX KOMBUHALMIA Kak DyHKLMUS BbIGpaHHO Mogenu
3emnn (OTHECEHHbIe K COOTBETCTBYIOW MM 3HayYeHMsiM B ciyvyae PREM)
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Fig. 2. Effect of the core density at the core-mantle boundary on Love numbers and their
combinations in relation to the core density in the PREM (9.9037 g/cm3)

2. abra. A mag s(riiségének hatasa a Love-szamokra és kombinacidikra a mag-kdpeny hataron
a PREM mag s(r(iségének értékéhez viszonyitva (9,9037 g/cm3)

Puc. 2. BnusiHe M3MeHeHUi A NIOTHOCTM 3eMHOT0 sapa Mo CPaBHEHMIO C MIOTHOCTLIO fapa
B PREM (9,9037 r/cm3 Ha umucna JlaBa U nX KOMBUHALMM Ha rpaHnLe MaHTUK C SAPOM

Fig. 3. Effect of the relative depth of the core-mantle boundary on Love numbers and their
combinations in relation to the value (0.547) accepted in PREM

3. dbra. A mag-kdpeny hatar relativ mélységének hatasa a Love-szdmokra és kombinacidikra
a PREM-ben elfogadott értékhez (0,547) viszonyitva

Puc. 3. BansHue n3MeHeHWi A OTHOCUTENbHOWM rNy6UHbI 3aneraHnsa rpaHnLlbl MaHTUK C S4POM Mo
CpaBHEHMIO C NNOTHOCTLIO A4pa B PREM (0,547) Ha uncna flaBa 1 ux KombrHauum



276 Varga-Denis

The problem of the outer core being an ideal fluid or ngt has been an
interesting question for geophysics for a long time. Therefore such PREM
variations were calculated which assume a certain extent of rigidity in the outer
core (Fig. 4). Earlier it was assumed that the shear modulus of the outer can
even be as high as 109N/mM2 [Sato-E spinoza 1967, Ibrahim 1973]. Nowadays
Kuo, Zhang and chu [1986] showed that this value should be less than
108 N/m2. If this is so, then the possible deviation of the outer core from the
ideal fluid state does not influence Love numbers.

Summerizing what has been said concerning Love numbers and their
combinations, one can say that:

— the possible uncertainties of the core model do not influence the calculated
values of Love numbers to any great extent;

— the lateral variations of the 3D model in the upper mantle are considerable,
whereas in the lower mantle they are not. If this is so, then the regional
variations of the earth tide observations should reflect the lateral inhomo-
geneities of the upper mantle.2

Fig. 4. Effect of the rigidity of the outer core on the Love numbers and their combinations
compared to the ideal fluid state (4 =0)

4. dbra. A kilsé mag szilardsaganak hatasa a Love-szamokra és kombinacidikra. A valtozasok
viszonyitasi alapja az idealis cseppfolyds allapot (ji =0)

Puc. 4. BausHue n3mMeHeHUiA TBEPAOCTU BHELLUHETO sApa MO CPaBHEHWIO C UEIbHO XUAKUM
coctosHmem (//=0) Ha umcna SlaBa 1 NX KOMGMHaLUK
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3. Possible variations of Love numbers and their combinations on the Earth’s
surface

The applicability of earth tide research for the investigation of lateral
inhomogeneities primarily depends on whether or not these result in measurable
variations of Love numbers and their combinations on the Earth surface.
Molodenskii and Kramer [1980] studied different lateral inhomogeneity
models. The basic feature of their models is that the elastic wave velocities under
the oceans are 5% lower than under the continents in the whole mantle or in
certain depth ranges. The effects are determined in each case for the gravity tidal
factor O= 1+ h- 3/2k.

In the first model (Fig. 5/a) P-wave velocities (a) are 5% higher under the
continents up to 300 km frpm the surface whereas in the second case this 5%
increase in velocity characterises the 5-waves () (Fig. 5/b). In the third model
the lateral inhomogeneity of the P-wave penetrates the whole mantle (Fig. 51c).
For the first model the maximum change in 6 is 0.3% whereas for the second
it is 1.29% and for the third one it is 1.25%.

The common features of the results are as follows:

— the calculated 6 anomalies follow the boundaries of the lateral inhomogene-
ities;

— the amplitudes of the anomalies do not depend on the size of the source (e.g.
the amplitude of the anomaly for Australia equals that obtained for Eur-
asia).

Fr())m our investigations, in the course of which first the values of a and
then that of B were changed by 5% in the upper-most 300 km in relation to the
PREM, variations in 6 of 0.2% and 0.3% were obtained. Changing a by 5% in
the whole mantle resulted in a change of 1.0%. Comparing our results with
Molodenskii-K ramer’s data for laterally inhomogeneous models, it can be
stated that the magnitude of the regional Love-number variations caused by
lateral inhomogeneities can be estimated by means of two radial models: one
containing the modified value of the physical parameter as in a whole spherical
layer, the other is the PREM. Naturally, in this way the regional anomalies
cannot be described, however, the magnitudes of the possible anomalies will be
estimated. .

Starting from the above conclusions, the magnitude of Ovariations ex-
pected on the basis of the 3D model prepared by D ziewonski and Woodhouse
can be determined. For this, however, it should be assumed that the Lamé
constants are equal in the mantle, i.e. 4y =A and thus a = [/3[. As it is known,
this assumption is true in the mantle to a rather good approximation. This
assumption was necessary because the 3D model was based only on 5-waves
for the upper mantle whereas for the lower mantle only P-waves are used.
Considering the above facts we tried to estimate the possible magnitudes of the
regional variations of Love numbers and their combinations on the basis of the
studies of Woodhouse and D ziewonski [1984] as Well as D ziewonski [1984].
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For this purpose a model was studied in which, in the upper mantle
(1.00”r/a™0.90) a exceeds by 8% and B by 5% the PREM values (Table 1V),
whereas in transition zone C, a and [ exceed the PREM values by 3 and 2%
respectively. In the lower mantle the seismic velocities are only 1% higher than
those of the reference model, except in layer D" at the core-mantle boundary.
Here a exceeds by 3% and R by 2% the velocities accepted in the PREM. The
deviation from the reference model (Table IV) is the least in the case of gravity
tidal factor 6 (A6= —0.72%) that can be best observed, whereas the greatest
deviations were found in the extensometric components.

Definition of the model Deviation of Love numbers and their
combinations from PREM (in %)

Upper mantle

1.00 g r/a > 0.90 ik = - 180
A = 108 «50 m = -2.67
B = 105 RO m = 082
C layer
0.90 a r/a > 0.85 0 = -0.72
a = 1.03 a0 Ny = 159
B= 102 R0 ng = -4.99
Lower mantle
0.85 ~ r/a > 0.60 NEH= -5.26
A= 101 1q, NEy = -4.79
B= LOI *RO
D" layer
0.60 g r/a > 055
A = 1.03 «0
BR= 102-/0

Table IV. Variations of Love numbers and their combinations for the 3D model suggested by
Dziewonski and Woodhouse [1984] as well as Dziewonski [1984].
(Reference basis: d0 and RO velocities of PREM)

IV. tablazat. A Love-szamok és kombinacidik valtozasai a Dziewonski és Woodhouse [1984] és
Dziewonski [1984] altal javasolt 3D modellre. (Vonatkoztatasi alap: PREM sebességek)

Tabnuua IV. MameHeHUs uncen SlaBa v UX KOMGUHALMKN B TPEXMEPHOI MOAENW, NPeaoXXeHHO
[3eBOHCKUM 1 Bypaxay3om [Dziewonski and Woodhouse 1984] 1 [3eBOHCKUM
[Dziewonski 1984] (0cHOBa AN cpaBHeHWs - ckopocTn PREM)

Fig. 5. Effect of velocity inhomogeneity on gravity tidal factor &
a) a is greater by 5% under the continents than under the oceans up to 300 km depth
b) B is greater by 5% under the continents than under the oceans up to 300 km depth
c) 5 is greater by 5% under the continents than under the oceans in the whole mantle

5. abra.A sebesség inhomogenitasanak hatasa a foldarapaly paraméterre (<&

a) A értéke 5%-kal nagyobb a kontinensek alatt,mint az 6ceanok alatt, 300 km mélységig
b) B értéke 5%-kal nagyobb a kontinensek alatt,mint a 6ceanok alatt, 300 km mélységig
c) a értéke 5%-kal nagyobb a kontinensek alatt,mint az 6cean alatt, az egész kdpenyben

Puc. 5. BnnaHue Heof4HOPOCTEN CKOPOCTel Ha napaMeTp 3eMHbIX NPUANBOB (<)
a) 3HayeHve a Nof KOHTUHEHTamMu Ha 5% 6onblue, HeXenn nog okeaHamu, Ao ray6uH 300 km
b) 3HaueHve B Nofg KOHTUHEHTaMK Ha 5% 60nblle, HEXeNn nog okeaHamu, A0 ray6mH 300 Km
C) 3HaueHue a nof, KOHTUHeHTaMn Ha 5% 60/blle, HEXenn Nof OKeaHaMu, Ha BCHO MaHTUIO
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The gravity tidal factor obtained for the PREM model is O—1.1564. This
is in rather good agreement with the result of Dehant and Ducarme [1986]
(<5=1.1543), which they obtained starting from wanr's theory [1981]. Both
results considerably differ, however, from the planetary mean value of the
observation results 0— 1.161 [Meichior 1977]. The reasons for this deviation
need to be clarified both from the side of the theory and from that of observation
techniques. This is one of the most important tasks of today’s earth tide
research.
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A FOLDARAPALY PARAMETEREK FOLDSZERKEZET OKOZTA LEHETSEGES
VALTOZASAI

VARGA Péter és Carlo DENIS

A Love szamok meghatarozasaval foglalkoz6 korabbi munkak egyes konkrét foldmodellekre
alapozzak vizsgalataikat. Jelen dolgozat célja viszont : szisztematikusan vizsgalni, hogyan valtoznak
a Love szamok a Foldmodell egyes elemeinek megvaltoztatasa fliggvényében. Megvizsgaljuk azt is,
hogy a szeizmoldgiai alapokon nyugvo 3D foldmodell esetében a Love szamok és kombinacidinak
milyen regionalis valtozasai lehetségesek.
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BO3MO>XXHbIE USMEHEHNA MAPAMETPOB 3EMHbIX MPN/INBOB, CBA3AHHbIE
CO CTPYKTYPOW 3EMNN

Métep BAPIA n Kapno AEHWC

B npexHux pa6oTax Mo onpeeneHuio uncen JflaBa UccnefoBaH1s 6a3MpoBannch Ha Kakux-
NGO KOHKPETHbIX MoAensx 3eMnu. LLenb e HacTosLLel CTaTbi 3aKN04aeTcs B CUCTEMATUYECKOM
U3yUeHUN U3MEHEHWNIH Yncen J1aBa B 3aBUCUMOCTY OT U3MEHEHWIA TeX UM UHBIX 3N1EMEHTOB MOAENM
3eMAM, a TakXkKe PervoHabHbIX W3MeHeHWid uucen flaBa M UX KOMGWMHAUMIA ANs TpexmepHoi
MOZENM 3eMNK, OCHOBbIBAIOLLECA Ha CEACMONOTNYECKUX AaHHbIX.



