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1.0 INTRODUCTION

The ocean tides, with ~their principal semidiurnal and diurnal
periods and their varying geonmetric patterns, act as sources for de-
forming the earth's crust and mantle. Understanding these deformations
has importance for geodesy, geodynamics and oceanography. Moreover,
informsfion about the interior of the earth may be obtained through the
magnitude and frequency dependence of the response of the solid earth
to the tidal forces. The tide of the solid earth is composed of
two basic responses; (1) a body tide due to the yielding of the earth
to direct forces of the sun and moon and (2) a "load" tide produced by
surface forces from the time varying ocean tides. It is difficult to
distinguish between these two responses because their time dependence
is similar, being driven by the same ultimate force. However, the nat-
ure of the driving force of the "body tide" is well understood, while
the knowledge of the deep ocean tides through global numerical modeling
is a recent advancement (Perkins and Accad (1969), Hendershott (1972),
Zahel (1977), Estes (1977), Schwiderski (1978), Parke (1978)). The body
tide varies in a relatively smooth nature over the earth's surface, de-
pending principally on averaged overall elastic properties while the
load tide is complicated by discontinuities of the surface load at
coastal boundaries and by local ocean tide circulation (e.g. amphi-
dromes and anti-amphidromes). Moreover, the displacement of the load
tide is appreciable only in the crust and upper mantle, while the body
tide has relatively large amplitude through most of the earth's
interior. The load tide response then depends more on local crustal
properties so that variations in near surface earth structure will be
more reflected in the load tide. .

The response of the solid earth to ocean loading may be evaluated
by convolution of a model for the ocean tide over the global ocean
with appropriate Green's functions which are derived from models of
the earth's interjor. In the present study, ocean tide models are
used together with the Green's functions calculated by Farreil (1972)
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in terms of a layered spherically symmetric Gutenberg-Bullen earth
model to calculate global values of horizontal and vertical crustal
displacement, gravity perturbation and strain at the earth's surface.

Recent global ocean tide models differ in detail and the accuracy
with which the tides may be predicted from these models is uncertain.
However, a measure of a model's overall accuracy may be provided by
its agreement with recent astronomical calculations for the lunar

- acceleration and the rate of energy loss, which are simply related to .
the amplitude and phase of the (2,2) tesseral harmonic of the tidal IS
elevation. Goad and Douglas (1977) have analyzed perturbations in '
satellite orbits which are also proportional to the low order harmonics

o and obtained values which show very close agreement with the astronomical !

» j values and the values calculated from the M, models of Schwiderski ‘5

| : (1978) and Estes (1977). Although this provides some confidence in

A i these two numerical M, models, it must be pointed out that close

» } agreement with the (2,2) harmonic in a tidal model does not necessarily

| imply a correct model of the tides in specific regions. Tide solutions

computed from Laplace's Tidal Equations fall into two groups; those b
constrained to agree with coastal observations and those which employ -7 l
no data or constraints. The Estes (1977) tide models selected for b

the present study are of the second category and provide solutions

for ‘the Mys Sps Nos Ko s K1, 0, and P] constituents integrated at

3° spacial resolution. The effects of ocean loading and self-gravitation
have been ‘included in deriving the M2 model. These models are
reasonable candidates for the global calculations of earth response

for inland regions and open ocean areas, which are sensitive to the
large scale effects of mid ocean tides. However, for coastal areas
where the response is strongly influenced by Tocal water tides, a

model which provides a finer spacial resolution and incorporates coastal
data constraints, such as a regional empirical mode! or the global
Schwiderki (1978) model will provide greater accuracy to the convolution
computation.
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3
. The results of the global calculations for crustal displacements,

: gravity anomalies and strains caused by ocean loading are presented
J in the form of corange and cotidal charts. The phases described by .

the cotidal contours are relative to the Greenwich meridian, and are
l expressed in hours instead of angular measurement. Hour values are
obtained by dividing the phase expressed in degrees by 15 degrees
j ~ per solar hour. In addition, a2 softwire package has been developed
which will evaluate the vertical displacement due to loading by the
| principal tidal constituents and the solid earth tide as a function

} of geographic position and time as specified by user imput.
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2.0 EARTH RESPONSE TO OCEAN LOADING

The calculation of the earth deformation due to surface mass loads
closely follows the Green's function approacy /of Longman (1964) and
Farrall (1972). Farrell hds integrated the eguations of motion for a

~ self-gravitating elastic spherical earth using a Gutenberg-Bullen A

earth model and produced load Love numbers h' , 1n , and k' to
high order n . The elas% iﬂ earth re;ponse then reduces to a convolution
of the ocean tide with the Green's function over the global ocean, N

R(¢tkit) . I]RZ £(¢',X';t) pr(y)dﬂ’. (1)

where
cosy = singsing” + cosécosd’cos (A=)

and £(¢,A;t) denotes the ocean tide and R 1is the mean radius of
the earth. Here G.(y) represents the point load Green's function
transformed to an eartn-fixed coordinate system and R represents the
appropriate response. The total tide is approximated as a sum of con-
stituent tides

E(¢,2:t) = 7 g5 (4,23 t) | (2)

where

£5(enit) = 4,(¢,2) coslo,(t-t )=y, (4,4)+e,] (3)( |

and constituents i = My, Sy, No» Kos Ky 0], Py } are available
from giobal numerical models. Here t, is January 0, 1900 and the
phase function ¢ 1is relative to the 1unar passage at Greenwich of the }
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the ficticious moon for the particular constituent.
oy and constant phases ey are presented in Table I. The total

response is then

whare

and

P.
s
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QiG (¢DA) S IJRZPAi(¢’IA‘)3iﬂ[‘pi(¢‘)A')]Gf('¥)3’l:n¢’d¢‘d)\’ ‘

In terms of amplitude Ai and phase Ay » the response to thg it

f

R(gsrit) = [ R (4,2;t)
1

Ri(¢ol;t) = P‘G cae[oi(t-to)%ei]+QiG sin[oi(t-to)+51]

f

f

The frequencies

(¢41) = JJ Rszi(¢’,A')cos[wi(¢',A‘)]Gf(Y)sin¢‘d¢’dl‘

constituent s

where

N

Ri(¢023t) = A,(6.2) cos[o(t-t)) = 8, + €]

Ag(652) =/ P?G X

Ai(¢,x) = tanf‘
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The appropriate Green's functions for the augmented potential and
surface vertical and horizontal displacements at an angular distance
v (spherical earth) from a point load at the pole per unit of loading
mass are

8 (y) = %Q g kﬁ Pn(cosy)
e n=0 ,
19)

n ay

where Me is the mass of the earth, R is the mean earth radijus and

g is the acceleration of gravity at the surface. Here primes on the
Green's function denote that they are in a symmetric point load coordinate
system. The Green's function for the differential gravity acceleration

as given by Farrell (1972) is

o0

(1) = T (m2-(n)kg) Pylecey) (10)

Here G-(y) represents the difference between g , the acceleration of
gravity at the earth's surface, and the acceleration on the deformed
surface after application of the ocean load. Following Farrell, we
break the acceleration Green's function into direct, or Newtonian
acceleration

f“ = v
G- (y) = ﬂge—- nZO n Pn(cosy) (11)

and elastic acceleration g
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6-E(y) = 67(y)-6-N(y)

i n}:o [2h-(n#1)k2] P (cosy) . (12)

As pointed out by Pekeris (1978), equation (10) ap;lies to gravity
measurements made at a point below the tidal loading sheet. For points
above the sea, the increass in gravity caused by crossing the loading
sheet from below

-1 Gp g (13)

must be added to equation (iﬂ) which results in

) = e T Dheee) ()] (14)

The correction term of equation (13) may be written

-39k : (15)
. |

where p denotes the density of sea water and p the mean density
of the earth. For gravity measurements on the coast this correction
is important. However, for inland measurements where there is no
ocean tide the correction term is zero. Pekeris (1978) also points
out that in evaluating the Newtonian acceleration Green's function of
equation (11), Ferrell (1972) has omitted the delta function from the
expression

1

— + §(1-x)
2v2-2x

nZO n Pn(x) = -
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and thus a term

rEek

should be added to the gravity perturbation. Again, this term con-

©1jo

(16)

tributes only over ocean areas. 5imilarly, expressions may be obtained

at the earth's surface. As pointed.aut by Farrell ( 1972), these
Green's functions are slowly convergent series and must be summed to
large values of n .,

The summed values for the Green's functions as a function of
angle have been taken from tables given by Farreil (1972), where
values are available for U-, V*, G and S; , and. S” is the
strain tensor. The other diagonal components of the strain tensor
(off-diagonals are zero for the symmetric point load coordinate
system, with load at the pole, for which the Green's functions are
derived) are calculated from

LA
a

P A{a‘ .
srr - ola (Syy+skl)

U
§* = == %
o 3 cote

where A(a) and ofa) are the Lame parameters at the top layer of
the earth model. Here y 1s colatitude and A longitude in the
symmetric point load coordinates. To evaluate the convolutions for
the earth respense of equation (1), it must be realized that the
primed Green's functions described above are with respect to the
symmetric point load coordinate system, and to resolve components of
vector and tensor quantities appropriate transformations must be
applied. Let (4,)) be the latitude and longitude of the point of
evaluation for the convolution and (¢-,A°) be the latitude and

10

" for the Green's functions of the non-zero elements of the strain tensor

(17)




Yongitude of the water column being considered as the load. Moreover,
let £, 8, & denote the unit vectors in the direction of increasing
r, 8, A at the point of evaluation (where @ 1{s the co-latjtude).
Then the Green's functions for the horizontal displacement in the &
and { directions, respectively, are

Vo(¥) = V-(y)cosa

(18)
Y, (y) = ¥*(y)sina
where
= Sing “-sindecosy
cosa cos¢siny (19)
sira * eas@’sfﬁ(kakf)
siny
and as before
cogy = 8in¢sine’ + cos¢cosé’cos(r~1")
(20)

siny = Y1-cos?y

Similar expressions for the radial displacement and strain tensor components
are

N
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U(y) = u-(y)

re " Sers
(21)
. .

2 .
l S = cos aS” + sin
co8 & Svy

'Y oS3

wn
R

e = sinacosa (S;Y-SAA)

» y 2 ’ 2 ’ .
Sll 8in a STY + cos a SM

The computation for the response convelutions of equation (1) is
performed at each 3°x3° equal-angular grid point over the surface of
the globe using the Estes (1977) 3° resolution models. Cotidal and
corange charts for the principal constituents are presented in Figures
1-7. Humerically, the quadrature is evaluated as the sum of near zone
and far zone contributions. The far zone is defined as the collective
region of 3°x3° surface areas whose centers are greater than 3° from
the point of evaluation. Since the tide models define values only at
equal-angular 3°x3° grid points, the tide amplitude and phase are
considered constant within each 3°x3° surface area element. The far
zone contributions to equation (1) are then obtained by summing the
individual area elements with the Green's function evaluated at the
central angle between the center of the element and the point of
evaluation. In the near zone, the Green's functions change so rapidly
that the elements of surface area are evaluated on a graduated scale
from 7%5-° X 7%59 to {%9 X %5-° as the integration proceeds away
from the point of evaluation. Again, the tide amplitude and phase
are considered constant within each 3°x3° surface area.

The computation for the earth response is greatly influence: vy
the near zone contribution in most ocean and coastal areas. Ir ' e
open ocean areas the Fstes (1977) tide models and the assumptir o~
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constant tidal amplitude and phase within a 3°x3° surface aryk

are adequate. However, near coastal zones the calculations suffer

from the fact that the global numerical tide models used are theoretical
solutions of the Laplace Tidal Equations for the open ocean avreas of
depths greater than approximately 500 meters and the solutions contain
no data. Moreoveér, the 3° approximation to coastline geometry is

" course, Accurate near zone values for coastal regions should be ob-

resolution global models, such as the M, model developed by
Schwiderski (1978), that have incorporated coastal tide observations
into the solution to more precisely represent the real near shore
variation. Because of these considerations, the calculations pre-
sented in this study for regions within 1° to 3° of coastlines should
be viewed qualitatively in the transition from open ocean to inland
areas. Note also that the tide models used in the calculations pre-
dict only to 81° north latitude, and the tide is assumed to be zero
above this limit. The responses evaluated in the north polar regions
then are only the far zone contributions., Near zone contributions

)
Sy
N

should be computed from a special pole tide model. =

2.1 Crustal Displacements

The vertical response due to ocean loading by constituent "y
as given by equation (7) is

Ui(8:25t) = A (¢:d) soslog(t-ty) + e = a5(4s0)]

where the amplitudes and phases are calculated by convolution with the
Green's function from equation (9)

Ge(y) = U(y)

Corange and cotidal maps for constituents Mz , Sz. Nz, Kz. K1, 01 and
Py are presented in Figures 8 through 14, As indicated previously, the
phases are with respect to lunar passage of Greenwich. Horizontal

responses
13
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calcuiated from the Green's functions of equation (18) were evaluated
only for the M, tide and are presented in Figures 15 and 16.

The vertical response exhibits a spacial behavior over the oceans
which resembles the structure of the constituent tidal heights. The
greatest amplitudes are on the order of 5§ cm. in the region of the mid-
Pacific anti-amphidrome predicted by the My model, while over con-
tinental areas the calculated load response is generally less than 1 cm.
and decreases with distance from the coasts. Horizontal displacements
are an order of magnitude smaller than the vertical displacements and
exhibit a more complex structure, .

2.2 Gravity Perturbations

The measurement of gravitational acceleration is the resultant
of components

9= 9y*gyt+ gyt (22)

where gy represents the acceleration on a rigid earth, g, represents
the contribution from a symmetric, oceanless, elastic earth, 93
represents the contribution from oce>n tides, and 94 is the response
of regional anomalous geologic structure. The components 9 and 9o
are the larger terms and have essentially the same phase, while the
terms 93 and 9q May differ considerably from other terms with
respect to phase.

Modern gravimeters are cupable of detecting the g3 and gy con-
tributions with limited precision, and it is now clearly established
that earth tidal gravity parameters for both coastal and inland measure-
ments are sensitive to the regional and global ocean tides. A

14
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comparison of accurately measured patterns of tidal gravity spacidl
variation within continental regions with model calculations will
offer the ability to distinguish between tide models and establish
their levels of precision. In fact, Kuo, et al. (1970) attempt to
indirectly map the ocean tides by solving the inverse problem of the
response of tidal gravity to ocean tide loading. The accuracy of

. data will be greatly improved with the use of a new type of super-
conducting gravimeter (Warburton, it a1k(1975)}. Presently measure-
ments using this instrument are available only at La Jolla and Pinon
Flat, California.

Calculations of tidal gravity at specified stations using
available tide models and the comparison of results with observations
have been performed by several authors. In particular, Robinson (1974)
compared the observed relative gravimetric factors of M, and 0] at
several stations in the southeastern United States using five different
published global M, models. Wilson (1978) has extended the analysis
using additional ocean tide models and a model for the Gulf of Mexico,
Bretreger and Mather (1978) have analysed tidal gravity measurements
in Australia using a ten-parameter response model and global My tide
models. However, only Kagan and Polyakov (1977) using an Mz model
by Gordeyev, et al (1976) have performed calculations over the entire
earth to present a global picture of variation.

The amplitude of the gravimetric factor
s=1-3k+h

where k and h are Love numbers, is the ratio of tidal gravity at
a point on the earth to the theoretical amplitude on a rigid earth.
Tha local epoch of a measurement is the phase difference between the
observed gravity and theoretical gravity. In the absence of ocean
loading the value of the gravimetric factor would be approximatly 1.16.
The correction a8 1is defined by vectorial addition of the ocean

load gravity vector to the theoretical gravity

15




/Ocean 1oad gravity

//<g;ase of ocean tidal gravity

Oceanless Theoretical gravity

- where the 94 contribution is assumed negligible for gravity and

the theoretical gravity has zero phase lag. Note that the phase of the
ccean tidal gravity in this diagram is with respect to the phase of
the theovetical gravity. The relation between the local phase of .
thegretica] gravity and the Greenwich phase is g

Local Phase = Greenwich Phase + m)

where A is the east longitude of the measurement point and m 1is the
order of the tide (2 for semidiurnal and 1 for diurnal tides). The ampli-

- v tude of the ocean load gravity in pgal is obtained from the amplijtude
" |a8| multiplied by the amplitude of the theoretical gravity of the rigid

earth.

The ocean loading gravity perturbations for the M, and 0] tides
are calculated from the Green's function of equations (11) and (12)
for the Newtonian and elastic contributions and are presented in
figures 17 through 20. Here the calculation for the Newtonian term
neglects the delta function pointed out by Pekeris (1978). For coastal
and ocean areas the additional term given by equation (16) may be
evaluated from the ocean tide maps given in Figures 1 through 7.
Moreover, for measurements evaluated at coastal and ocean points
above the tide sheet, the correction term given by equation (15) must
be added to obtain the total gravity perturbations. The amplitude
and. phases of the gravity perturbations, as with the horizontal
crustal deviations, exhibits a spacial behavior which resembles the
tide structure. This supports the suggestion that the complexity of
the ocean tidal gravity is due to the complexity of the global tide
rather than the response of the earth to the ocean tidal loading.

16
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The responses are on the order of one ugal over continental regions
and decrease with distance from the coasts., Values measured by
Warburton, et. al. (1975) at Pinon Flat for the 0, and M, tidal
gravity components using the superconducting gravimeter are in
reasonable agreement with the calculations presented in Figures 17
through 20. However, their measurements on the coast at La Jolla

(on the order of 100 km. distance from Pinon Flat) are substantially
greater than the results shown in Figures 17 through 22. This is
most likely a consequence of the inadequate precision in modeling the
near zone ocean tide at the coasts as discussed in Section 2.0.

2.3 Strains

A comparison of precise tidal strain observations with model
predictions could provide insight into the nature of the earth and
its structure. However, obtaining accurate measurements of tidal
strains is considerably more complicated than for tidal gravity.
yhile g4 from equation (22) is considered negligible for tidal
gravity, tidal strain measurements are very sensitive to local topo-
graphic and geologic anomolous influences. A basic understanding of the
ocean tidal lToading strains and the local influences could have a great
impact on the field of techtonic geophysics. In particular, Young and
Zurn (1979) claim to have provided weak evidence that earthquakes in the
Swabian Jura are triggered by tidal shear stress. The concept that
ocean load tide strains could provide a mechanism for triggering is
feasible, as ocean loading can introduce appreciable horizontal shear
strains when loading is not laterally uniform, such as near a coastline.

The ocean loading tidal strain tensor have been evaluated for the M2
tide from convolution with the strain component Green's functions of
equation (21). The symmetric tensor is written

) eYY 0 0
S = 0 €50 ©g). . (23)
0 &5 &, :
17
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where each element varies with time os
e;5(4:25t) = Aeij(¢:k) cosFoMz(t-to)-Aeij(¢,A)+8M2] .

Note that the tensor has only three independent components at the free

EOW
€pp © o!a; (ego* 3,)

where A(a) and o(a) are Lame parameters at earth radius, a .
The horizontal surface strain tensor may be written in the form

earth surface, since

' r
€50 %o eyt AA) 0
€x Sa ‘ 0 *(eee A>>
o
Hegguey,) e W
+ _ _ (24)
| %ex *(eep &)
teggey,) &g,
= - gxaa e I+
€ax -#(egq-ey,)

as the sum of a pure areal strain and a pure shear strain. While it is
conventional to represent the three independent components of the surface
strain tensor by plotting the linear strain at a particular geographic
position as a function of azimuth on a polar diagram, we present more
detailed corange and cotidal plots of the elements € v € v 84

and €5 in Figures 21 through 28. Due to plotting difficulties the
tensor components are presented in separate figures over ocean areas

and land areas.

18
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The radial strain component shown in Figures 21 indicates
strains of the order cf 5x10"1° in the mid-oceans and 1x10'1° over
continents. The transitions over. coastal areas appear generally smooth.
This is in contrast to the eqp and e,,  components of Figures 22
through 25. Here the mid-ocean strains are on the order of 5>c10"'8 while
strains over continental regions are two orders of magnitude smaller.

" The steep gradients occur at the shorelines, where abrupt changes in phase

are also observed. Hote that the amplitudes of €, and e,, are nearly
equal while their phases are nearly 180° apart. This is consistent with e.. »
which is proportional to their sum, being two orders of magnitude smaller.
The eke’strains of Figures 26 and 27 show a comparable ‘magnitude to ‘
€50 and e,, over continental areas, while teing approximately an order -

of magnitude smaller over mid oceans. Figure 28 displays that the €0
strain generally shows a sharp increase in magnitude to the order of

5x10'8 near coastlines before rapidly falling to smaller values over

land areas. Abrupt changes in phase also occur near shorelines. By
equation (24), these values show that the ocean load strains are

dominated by pure shear, while the areal strains are small}

19
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3.0 COMPUTER SOFTWARE FOR BODY AND LUAD TIDE RADIAL DISPLACEMENT

A computer program has been developed to evaluate the radial dis-
placéments given in Section 2.1 due to ocean loading and the total
radial displacement due to the solid earth tides (body tides) at a
user specified position on the earth for a desired time interval. The

* algorithm evaluates the contributions from the ocean tidal constituents

and the body tide individually for a one day period at one hour incre-
ments. Required input are the Modified Julian Day and the geodetic
coordinates of the point of interest. ‘

The radial ocean loading displacements of Section 2.1 are represented
in the software in the form of spherical harmoni¢ expansions

Ui(sn5t) = A (4,1) coslog(t-t Mes=a;(4:2)]

= {ngm [anmcosmx-!-bnmsinm)\]an(sin¢')}cos(oi(t-to)'!'r-:i) 25

+ {ngm [cnmcosmk+dnmeinmA]an(sin¢)}sin(ai(t-t°)+ei)

where the coefficients a bnm’ o and dnm are obtained by a least
squares fit to degree and order twelve. These expansions provide an
accurate and compact method for evaluating the ocean loading tides.
The body tide elevation is given by
n+l
UB(qa,}\;t) = %MR—E- 3? hn[ —R-g-) Pn(GOSGMS) (26)
e n=2 d

where Md is ‘the mass of the disturbing body (Moon or Sun), Rd is the geo-
centric distance to the body and hn are Love numbers. The angie Ons
denotes the gencentric zenith angle of the moon (sun) from the point of eleva-
tion. The terms in the expansion fall off rapidly so only the first term

21
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fs of major significance. The radial body tide, U, , is then
evaluated as

M. R\3Rh, -
. d a2 .
UB (¢olit) ® Me (R:) %{2 [é(Rd'r) 'i] (27)

where r represents the unit radius vector at the point of interest on the
earth:

; = [cosocosx, cosésind, 8ing)
where geodetic latitude, ¢ , and longitude, A , are program inputs.

ﬁd represents the unit vector from the center of the carth in the
direction of the disturbing body:

Rd = [A‘.u"V’]
where A, u”, v° give the position in earth-fixed coordinates.

In calculating R for the moon, a true longitude and the latitude
(above the plane of the ecliptic) are derived from the Hil1-Brown theory
using the Modified Julian Day. Brown's tables express the coordinates of
the moon as sums of periodic terms whose arguments are algebraic sums of the
multiples of ¢, 27, F, D, T . See Tables Il and III.

-
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TABLE 11
Ecliptic Elements

MID = Modified Juljan Day

D = MJD-2415020.0

D1 = D*1.E-4

£ = 296,104608+13, 0649924465%0+0, ooosaag*(o1)2
L* = 358,475845+0,9856002670*D-0, 0000112*(01)
F = 11.250889+13,2293504490%D-0. 0002407*( D1 J2

D » 350.737486+12.1907491914*D-0.0001 076*(D1)2

.T = 281.220833+0.470684*D140,339E-4%(D1)2

e = 23.452294-0,0035626*D1-0.123E-6*(D1)%
oy = 99.6904833+360.98564733¥D-180.0




Table 111 Development of Lunar Position

Coeff of sine in L. Multiples of | :

(Seconds of arc) t 2 F D r B
22639.5 1 0 0 0 0
-4586.426 1 0 0 =-2. 0
2369.902 D 0 0 2 0
769.016 2 0 0 0 0
-668.111 . o1 0 0 0
~411,608 ! 00 2 o0 0
«211.656 2 0 0 -2 0
-205.962 11 0 -2 0
-125.154 0O 0 0 1 0
191.953 1. 0 0 2 0
~165.145 0 1 o -2 0
147.693 1 1 0 0 0
-109.667 1 0 0 0

Coeff in sine in Latitude, m 4

(Seconds of arc)

18461.48 o 0 0 0
1010.180 1 0 0 0 -
-999, 695 10 ) c 0
-623.658 0 0 1 -2 0 |
117.262 0 0 2 0 g
199.485 -1 0 2 0 ;
-166.577 1 0 1 -2 0 |
61.913 2 0 0 0 L
|
4
|
|
|
|
24 b ii
A ;




Tatle IV Development of ain A and cos A

Coef. x 105 of cosine in cos Mg Multiples of ?
and of sine in sin A Lo F D T
99972 0 1 0 0o 1

1674 0o 2 0 0 ) |

32 0o 3 0 0 1 |

1 0 4 0 0 1 ;

2 oY o0 1 1

~1675 o 0 0 0 1

-4 0 -1 0 0

-2 o1 0 -V 1 |

4 o0 1 -1 0 |

4 0 2 1 1 2 |

]

|

|

25
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The derived ecliptic Junar position (Qm,zm) is converted to inertial

" coordinates

i
A aosxmcaaom

’ = y - 81 ’
" cznlmcastcasc sanmatnc

 ux o X 3
v amn@mcoas + aonamcoa¢mstnc

where ¢ 1is the obliquity to the ecliptic and

Am * g+ D+0+ Glm

*

The conversion to earth-fixed coordinates is accomplished by a matrix
transformation

) Inertial (28)
where

cos0 81nd 0
9 9

M= -sineg caseg 0

0 0 ]
and eg is the Greenwich hour angle (Table I1),

The unit vector ﬁd in the direction of the sun is derjved from

Newcomb's theory in the same manner., The ecliptic elements, &, 2, F, D, T,

are the same as for the lunar development. The solar coordinates
(cosxs,sinxs) are expressed as algebraic sums as 1isted in Table v

The conversion to equatorial coordinates is

26
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Af = cosAs

e = sinlscasc

"

v’ sinxssine

and a final transformation to earth-fixed coordinates is applied, using
Equation (28).

A comparison of the radial body tide displacement computed by this
analytic procedure and the ephemeris calculation from GEODYN is displayed in
Figure 29,‘)
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4.0 NEW TECHNOLOGY

The effort under this contract consisted of the development and pro-
gramming of techniques to numerically calculate earth response to global
semidiurnal and diurnal ocean tide models. Globhal Vertical crustal defor-

mations have been evaluated for Mp» Sps Na» Kys Ky Oy, and Py ocean tide

loading, while horizontal deformations have been evaluated for the M2 tidal
load. Tidal gravity calculations were performed for M, and 01 tidal loads,
and strain tensor elements were evaluated for M, loads. The M2 solution used
for the ocean tide included the effects of self-gravitation and crustal
Toading.

Frequent reviews and a final survey for new technology were performed.
It is believed that the mathematical and programming techniques and
algorithms developed do not represent "reportable items," or patentable
items, within the meaning of the New Technology Clause. Our reviews and

- final survey found no other items which could be considered reportable

jtems under the New Technology Clause.

PRECEDING PAGE BLANK MNOT FILMEL

29




i S

TR T

- - R 3 P T Py T S
] RaEDG PAGE Lufilis HOT FiLMED
1% .

Wagenyd

s

5.0 REFERENCES

| 1.  Bretreger, k. and R. S. Mather, 1978, Mode11ing Ocean-Loading
Effects on Tidal Gravity in Australia, Geophys. J. R. Ast*. Soc,,
52, 241-257.

2. Cartwright, D. E., 1977. Oceanic Tides, Rep. Prog. Phys., 40,

: 665-708.

3. Estes, R. H., 1977. A Computer Software System for the Generation
of Global Ocean Tides Including Self-Gravitation and Crustal Load-
ing Effects, X-920-77-9, Goddard Space Flight Center.

, 4, Farrell, W. E., 1972, Deformation of the Earth by Surface Loads,

| Revs. of Geophys. and Space Phys., 10, 761-797.

5. Felsentreger, T.L., Marsh, J.G. and R. G. Williamson, 1978. My
Ocean Tide Parameters and the Deceleration of the Moon's Mean Longi-
tude from Satellite Orbit Cata, NASA TM-79571, Goddard Space Flight
Center, Greenbelt, Maryland.

6. Goad, Clyde C., 1977. Application of Digital Filtering to Satellite
Geodesy, NOAA T.R. NOS 77 NGS 6, U.S. Dept. of Commerce, National
Oceanic and Atmospheric Administration, National Ocean Survey.

g 7. Goad, Clyde C., and Bruce C. Douglas, 1977. Lunar Longitude

i Deceleration and Tidal Parameters Estimated from Satellite Orbital
Perturbations, Eighth International Symposium on Earth Tides, Bonn,
Federal Republic of Germany, September 19-24, 1977.

8. Hendershott, M. C., 1972. The Effects of Solid Earth Deformation

N on Global Ocean Tides, Geophys. J. R. Astr. Soc., 29, 389-402.

9. Kagan, B.A. and Y.V. Polyakov, 1977. The Effect of Ocean Tides
on the Tidal Variations of Gravity, Oceanology, Vol. 17, No. 6.

: 10. Klein, F. W., 1976. Earthquake swarms and the Semidiurnal Seolid

,_..iu_j
3

A Earth Tide, Geophys. J., 45, 245-295.

J 11.  Kuo, J. T., 1975. Earth Tides, Rev. Geophys. and Space Physics,
ne Vol. 13, No. 3.

l 12.  Kuo, J. T., R. C. Jachens, M. Ewing and G. White, 1970. Trans-

continental Tidal Gravity Profile Across the United States, Science,
168, pg. 968-971.

e “

| | 31 “ | |




13.

14,

15.

16.

17.

18.

19,

20.

21,

22.

23.

Longman, I. M., 1963, A Green's Function for Determination of the
Deformation of the Earth Under Surface Mass Loads, 2. Computations
and Numerical Results., J. Geophysical Research, 68, pg. 485-496.
Parke, M.E., 1978, Global Modeling of Tides on an Elastic Earth,
Symposium on Long Waves in the Ocean, Ottawa, June 6-8, 1978,
Published in Manuscript Report Series No, 53, 1979, Department of
Fisheries and the Environment, Marine Sciences Directorate, Ottawa,
Canada.

Pekeris, C. L., 1978. The Bodily Tide and the Yielding of the Earth
Due to the Tidal Loading, Geophys., J. R. Astronomical Society, 52,
471-478.

Pekeris, C. L. and Y. Accad, 1969. Solution of Laplaces' Equations
for the M, Tide in the World Oceans, Phil. Trans, Royal Soc.
London, A., 265, pg. 413-436.

Schwiderski, E. W., 1978. Global Ocean Tides, Part I: A Detailed
Hydrodynamical Interpolation Model, NSWC/DL TR-3866, Naval Surface |
Weapons Center, Dahlgren Laboratory, Dahlgren, Va. é
Slichter, L, B,, 1970, Earth Tides, in the Nature of the Solid u,ﬁ
Ear.h, E. C. Robertson, editor, McGraw-Hi11, 1972. Paper presented
at a symposium held at Harvard University, Cambridge, Massachusetts,
April 16-18, 1970.

Warburton, R. J., Beaumont, C., and J. M. Goodkind, 1975. The Effect
of Ocean Tide Loading on Tides of the Solid Earth Observed with the
Superconducting Gravimeter," Geophys, J.R. Astr. Soc., 43, 707-720.
Warburton, R. J. and J. M. Goodkind, 1978. Detailed Gravity-Tide
Spectrum Between One and Four Cycles Per Day, Geophysical Journal

of the Royal Astronomical Society, 52, 117-136.

Wilson, Deborah C., 1978. Ocean Tidal Loading in Southeastern

United States, M.S. Thesis. NOAA Grant No. 04-7-150-44116, Depart-
ment of Geological Sciences, Virginia Polytechnic Institute and

State University.

Young, D. and W. Zurn, 1979. Tidal Triggering of Earthquakes in the
Swabjan Jura, J. Geophys., 45, 171-182.

Zahel, W., 1977. A Global Hydrodynamic-Numerical 1° Model of the
Ocean Tides; the Oscillation System of the Mp-Tide and its Distri-
bution of Energy Dissipation, Ann. Geophys, 33, 31-40.

32 " 1




g3
xE
I
&
Sa
23] oSt W L
! 801 8 s C
= = s - 03- 7: 3
> a0l- N
4 T e e
Y , s
el S O I B A T i )
J - a M.N. e - s S > = 9 hUto S - -nu;. -~
B SN N AT T, e
AN a1l N TS i NN W ET S NN P
Fedr Y, 1t 4 P Wy 1, /] - =0 Y <1
SR ] v .61 RN & ; \ &l \ — A2 A v
BN RSSO NA ST S A
AN N P AN i i . w7 1. o IR ol
NN o /| £ NLI=NHGS ) m\ n@u\ =Y A.) ) J v N(J e
m o ,V./ﬂ.// A % "\ 4 , = — mu a\\ h\ ///m_ A ..n..T. 1 75 e
o % ] N VY A '/ b\ﬁ x|/ 9P el P RV
Lond R N /.M \/twu_, s r.-\ 7 ...L.- Q. 8 \K gy “ |O|vJ1.-f N~ ‘.L.\!Nm‘a.(lr._
N A N B i A 9/ gl 7 7//&# | O &4 77 ¢ g~ b
\J .\ ) A e 2 73 P/ 11 17 g rNJ f f / w. h QN \ ] \\.]’/
DR e e
== oY . ey s\ - o J.Jé. ~ o Z (
- SIS e PRl e 2 Jratts
w 1~ N J N s F =41 q_/ﬂrlﬂ.n\.).y eed. mm,// //...7.,\\
| s LS AESSAS JEANANN NG ) 22 B RO T I /A8y g e S > 8t
» ’ Oﬂ.-/.; 0 (li\\lul 4 ﬁ_«oon—h \ e O\_ 7 D N ||.m“vh.ﬁ.'/. Siog ] ! J
| Cq-"t Y . £\ 9P slew & eie b 17T
| A SIS VAR S S A =/ N e s N
, hegg -— . ., — b~
: % s Sar & \.\%\mmwlw\uumw@ s 1 =3 m./;/n‘ll, 2k
| _ -~ RS Wi
| N~ ” ‘ =l v\, ) N e e & F N d
| L e e ST S L NPT
| = B B L ROER nf/ﬂ. O =
Ww B v o e e s i I
I - lay... * I‘wll -~
" Jes/SuREpRL ZS0H1000" = s 8
| [ . . .
HRINIERI Uy (3pm) 1du) saup( wmwuuwu?htmmcm.”*ww . ®
- . .”.msos up (aseyd) saupi (epy3nd ~-- sauyy uoﬁaw N
.upu”_ _.“o_.m oEX,E ® U0 pajeabajuy 5339349 _.o_a-a?-.._m
pue Bujpeo) ue3d0 Sujpndu} |3poN pEL O pabudAucy 1 | 3
t L 3unol4 ‘
hoo




01 = S ro aot 140 o3 = =3 21 2= > 3- Y8~ 2 9] 2 cEl- xl- 03—
oG-
: - -@z-
L » i " [y - \Inlx\u.\ﬂ.‘l\”l\“l
P i \.l\l\ — e eed™"" Sy PR
WMA.M,} — | /L\.\!.\\fl\\l — n..M — IRy "“N}.\\n\‘v‘ P S - "u as- w
N e s T (TR AN RS T AT N I ST S N o
| & —afane= Prﬂ!?\nﬂ.nnm. p L) 0 {—1 g WSc . T -—— D=2 + > \ 0
5 ..W; / : = L _ Rhm.i = .-.ﬁ.?/ AN e
BRAL| % it B S S A g —d % &Y .\w A AT RE Aq T
NN I s N W I adb oo L B e et ,
[ —F 5 A g s S S AN ] L \; X T o ek 5
e [ DR \?\ e W T N vW/r\,J 5 | S ailef” LA (R (e N I
... .o ﬂ IS 24 /1\\ N x \ n.‘\ _\ /4 WY A o Y, \«.Mw. \.m'o , -
Xz f nb S I \:\v o bt :.\v.\ \R .S_.mwf H Valll .r.r.ku e 2 -
SR NN P WA N 7 A (4 ST
TN T e /e W74 NASBN\Lf o .,
b AN T D PRI ST 710 ™ b T
1 AN I ﬁ- - L) / [ o i Vnu ", / ! \ ] -
, = .l“-\.ﬂ o, \Lfywwﬁwmfln 22! Y/ == e B s ©
I 2] 4 SN TSR N S N ) N e N - ~N=
s \Q. T.® - nv.\w\wm, _ n\ ._.J.@ } | J/ﬁ....»\an/ :-ﬁ@lﬂ.fm. ”.IWIWK.\ St Jl//..wslf'\kh- S // : el
el o car S 2L N \ N S V IS N
!nMWW. FN. 7 \M — an ,_./ 3 o A o = ..J@M.%}l/zfll i -0e i
. Y 04 v W VA n ™G — /1 N . = S e !
3 1 v - o n, N ~ﬂ..jl 7/
B Aﬁmﬂv A ARG S HES & LA el J.:/ 3., M
1 1.- — f 2t S NTE .\k.\“,\\ rﬁw R w/.L b= !
: | A F o M- | S o Pa N | - . i
lw Jh Vi) 3 Hr 2 3.\ €9 ﬁJ/\J.rMJ, SN g V%7 o
= TS AR ST L P
y P! ‘ Iﬂi-s\.m o/llml.l”m.xi A hl\uﬁ -og
4 PCIAN J— ~ -z - >
i N P N 5 - = .(\u\ .\vﬂw i %! ﬂ//lnuf”d”v Unﬂﬂ].’lwu})l\\l}l.l\b
L —a = o a2 AR = e ]
= e S e o Bl it a
. ) =
J3s/SuRipRL 255ySHI000" = P
{4-30]000 (1*4)y = (3%1°4)3
$4339w13Udd ug {9pmyidae) saup| buedod seujl prios :¥
sancy up {Iswyd) saujl {ep1Icd --- SIULL payseq 4
*p3ab (#Qo16 EX,E ¥ UO PIIRIOIIUL $IDI)JI :
03w }Ava5-;135 pur Bujpro] urado Gup3datbau (apoy apiL %5 12 Jwmeld , T r.n

N — N . o L e e e D D o e o L L



-t ‘& “aat “v8 03 g S K4 “21- = =2 8- “yB- “801- el . "l

»
¢

L)
7

' S
3 U"‘} I
- .Il[ S il.\l\, = g - .m\ o AA\A .
cone fad —feae. . m— - - \J\‘l el kel
-1 R = ot J S A =L AT
. c == \\\\ A9 — -~ \\ w - ~ P -\ﬁ
A NP R SR et ———pmT llll Il \- \ ﬁ-\ b M
5] 47 CAt i € { —_——— H [} 3 H ‘
% Y Hl i et SRR . == hY m.. \\..\.ll. 1 N 5 . .
IOI)“\— A lﬂn ~\\ P 2 1== IOIAJII ~ fl} N . A J— .-
~ | — - P g - 'rllfo > - 3 b 4
I(/.\V?J ] ‘us A, IR S e A N .n.o
WOI b 1» ~ - ﬂr.lz\ / / / Q\ \ N o /
\ h2S S DR
X Hﬂvba M\l Ve andl’ .“\ \n N D - \\v AR \ ~}a INrmul 1“\ 2
AR { < . - T
X% Y J F-a |y ) \ ) ,u\ L]
N SN Y

\-—‘0‘

X
R

TR

35

!h!; m“V\ N po) \yif Jl AI/.. 2—< /A/L @il/
& {4 2 7, / xl. iy O 4% w a 1. b
e A\ Ih /ll.. ~~{~<g1=-=-"" 4 h S P | B L P §
P 2 N\w\ 4 &\ [~ All\\ py \.'Ik - \U:l = S
e &\ w. 3 m F\.\& v V ~ c .m)\r/'.brv =
| Ch < bl/, 7/,m,w,\|\ LI L \ L N ; ~c
R S P L e PR S T T ST
Epi— N e e i T SR S
— R N, IPn - o
: BEEE < 21w 2 02 W e
fcrtnaier] s ———
Cot—— L 5 ..7‘ I H ==z [~ Af. N m.r 4 Q7] =
s P B ity gl > IR A N =Y Y e
Av‘ — \h\‘khl Py
Jas/sueiped g/E1000° = O
[#-30]800 {Y*¢)y = (3:0°4)3
$JajayUed vy (Ipmyjdure) sIupl Wbuelsod s3ul PiLos ¥
sanoy up (Iswyd) SIULQ [RPLI0D --~- SAUR| pIyseq 4
“p1ab egoib £xX.£ ® uo pajeabajul 323339
uvorImataRab-313s pue Sutpeop ueado Bui3dodibau {Ipow IPpL Nz g 3unel4
T T R = Sl S T Fres ey gy crs 3 e 3 anﬁr 3 b L 4 V_H x




8' _—
| — “Br-
=3 lh P = o
N . L = P et P8 200 o B e 2 PO O e O
kI 52 N . oy o N - = £ T e IV A s e ks S R I B
NN o= e e S B B S | = M e e A ¥ et
!NWHI/&..V».\MJ//AHQ\W . ...-ct:»m..nl,.u.—. A / o“. - L, \V\\ aw M. .ﬂr \\r Ia. ... a
X IR P S Bl P Sy 3% v b H ) = w 7 . =T 3 e
- g | i - Y S 3 K -- r A * n ‘ k u .
S ,ﬂ ; \\; Ju‘/l.\l)w J.\u_\.\\ — - N.»«» \\\ ) \ AL \l\‘w ﬂ\H 9 5/ 2/ % L ..m & o
N l-l‘- 5 - \-._ - T ! - o B - i
DE N G YNk AR\ s
:loOv,M' . . 11\ md ] ~d . nmpws \ A . s KA. J\ " - /A I — .a\. —~<3 gle
/é; dl“. —— X BW Uf . : \ Q\I &,\ A i/\ w| ;b nrs- h\h . "I .- {.- ﬁ tVL
- ,ﬁbﬂr - iMM L-\\ ., "\ ~Nu.- ~~ \-r / K 7 > Vvo .w.
© <1 .n»\. = N 3p 1 L \ Hv/l\//.e.h..vl s Wry N 't 4 / ] \ .;@ 1o
Mh-w u.\i L 2Ty ﬁﬂﬁi wsr.r\fww.« 3 N ? o gy ~$ 3 2] ... .. o = ™
ol \Ww\ a\ S\ oim AN Nl bt i /1
S nluE S RUNEEAN e
i — . y. o § e D ae lvlwim
=TT 12 T ) 7l N e
5 = Ship | Q. _Tade [ Ar,m L i e
- = —| 2t S C L o RS i
5% e R : SR
L—12< LVK)U e e : N S Coal g
m— S gl B ~e= L S v =
—_ g 2. S
N e e RS o> I NGk g A e S S e N g B
m— " — e o I3 I et s 23 P
(8

JIeS/SuL}pers pe5YI000" = O
) [#-20]800 (x*4)¥ = (3tX°4)3
saaisaiiuas up {apn3}idoe) saup| IBuwa0d —— SIUEL PILOS ¥
sanoy up (aseydy SSul LRPLI0d --~ SBUL PISEQ ¢
*p1ab 10qo16 LEX,£ ® uc patwabajuy 533339
u0}3WajARLE-3(as put Sujpeol uwade 6uj3d3L5ou |Ipow IPLL SN 1y Jueld



_, o5~
<] - e ‘AL~
N‘WQN = i S A . Jr - b L\ly 1 .’ﬁmj
[~ gt R i 7 f ‘g3
= . B o P o e e e e —
s - =25 oo g - =res === ve-
2 — | I~ 11 I.H.ldd]t\y/ ) / \N 2—
AM« ) e " Py S L o =27 \ — — 1 2
| e s H P = -~ o e
B = e N 2 2 I N L, sl ol L I =N
/m. Sl JL‘“Q / 2 ~ el d e IA - g Al
< S A . N Vet s N N I S B g
A Y e M, -A [ e A P R A . -
L= .W \m\.n ‘Mbs z N E ur_vilrwnv,; __\ / »// Rt I \...? —_— !
L\t . - S Sl DO it Sl N ha S DI iy q-
) S e e S
~ue, { n\ d'll) K v/\/ » ~ -y B}
N .n ¥ £ N ™ //A/)h\j N R e g
X \..W. ” [N \D/A Jz e ,J/; /.// - 3 ™ “at
RN TR N N TR ) W1
- uINFD mwuu\z [~ e e Eadl B o VG s J/ .
] HO f J--1-cy4- \{~ 3 ! e
= Lol SRS, e
— -~ = = E=72 —y ~ S -4 2
] 7 S e
= i Bl BN 7 G
- === o] lﬂr ¢ ) T
— 0 o = N e P i NI e 20 e, P D
I M~ | I~ —] T - - . ] fn‘ == e Uﬁ =
sl i RN SSEEsEsT
vall —7 = drln\ﬂ\lh.tu 4E355 bl 24 o
[~ I
‘ ‘06

das/sueiped §1262{0000" = °
[4-30]s02 {X*#)Y = (3°0°¢)2
$433=83U3 u} (Ipn3}(due) saupj Buesod —— SV PRlOS Y
sanoy up (aseydj sdupl {ep}Ivd -~ SFULL PIYSRG 34
*p1ab (eqoyfi ex £ ® uo pajeabajup $323333
uojIeparab-3 125 pue Sujpeo) ueddo Buj3dabau [apow Spil _.u 6 M4




Sas/suriped £3657950000" = ©

[4-30]902 (x*4)y = (32043
13U uy (Ipmyidoe) saupf buried —— saupy prios iy
sinoy uj {9swud) saupp LepI3od --- Sauyl payseg 4

*P1ab 1vqo1b L£X,£ ® uo patwsSIuf $3ID3359
V0333 Java6-5135 pue Supro| ueado BupdaiSeu [Ipow apLr Lo g £t €

“agt ~act r-3] |t %] -] o 21 21— = ‘8- V- .00f- “Zi1- “aCl- ‘0al-
0G-
2 """ | b T
G- 4 o~ —_——1
—~—— > - . | " /DN/.V | PF IH;I..I I —ef==] -
] L ~ ~ v
W%V // ; "] 0} .M q.nu. Tes Sy T m:-.m nnnnnn Jq .
&S HNOJOAW& - <71 . - m..ll Py - _— “vr ~3- $ — peee— Eoe s Eoy s BT o] H.H“.l.mx “4C~
P dwx M " | TR <l i B Bt 20 S N A0 —c
f YA Yo ¥ f , ~ el =33 »n . [ \\/ 7 \\hn — —~{ P
i /l\\]J R PV e L aer e o sh.:u . e LA “19-., hh | B
17 , Y. L™ N o . / v —1 0e-
™~ mf \u ~1. ¢~ bh.m _ ; ~1 | \ —
N oAl S R < B A _ = -g1-
- ” ») . 1 w . w\ ——— ‘.\m ~ ot
NG RUr AN / N RS -
] IA-NJ.OJVI Ar./VMx v L i~ s~.~\ lﬁ»\h. \ N~ b= \A/ 3 = Al - MHMIH nloﬂ— noul.cltlt. “9-
! . i AT A 3 . .\_\ = : Jw Bl R 1 \ -9 \?.%.WV‘,\ ] &S
Jd\‘.).w} ? nf§ My \\C N. D S o N\ » \. & -ﬂl by / “q o3
o X -.l/.:ao L. A\/M, A\l/v AN JI < //!LA\VJ/ ST
N T S RN e <t — =]
r S 7 . . [ b
I \ML y / VoL v ~T) /awd// % N
S o aﬂ‘\wuwmu 1~ i \,h.w ..... 1= \ — Ly SNy} (14
— S 2 BRY Y Tl VY N A IS
g -l F L= I = B e S e G rt| "9 N S
\\ﬁ TR — K\.ﬂw w/. S i s S v
o — ] \ ‘K
| = 1 SN /\u\w.mﬁlmfmﬁwv. = | [
— o o— NP S L} § Sy Pl By s r . Se—— I .B
W . M I | zM.ls% ./J\.\ .b..tm.\ W/(un\w)fmhﬂu i.w/
| =5 = =i ‘ s e s e B ‘a
m me. lln.—“ BT e =
| o




'Y
]
Bt
4
g

\*’g /]
N
K3
z.
hf‘.

A

Mt

;

NHIKIE

23IS/SURIPRA 9ERSZLO000" =
[#-10]300 (x*d)y = (3:X¢)2
saajamp3ued Ul {apmyidue) sautl buedes saull PiIos ¥
sanoy up (Iseyd) saugl Lep3I0d ——— SIULL payseq ¢
P45 10QULS LEX,E ® O pasrabaul 532939
uolinjarab-31as pur Suppeciy ueddo Bup3datbau 19pow IptL _d

T3 wmnd

g Al ‘el “%E- ‘09~ *yB- *801- *2El- h=4 B ‘031~
06~
b - s Lol 8L
- PRERNE Sl
S ana I||\1\|\ o oy C. i
\TlN! = [y ] .D@;
—tof ——1 A g =
z - 1 Rt SO
W”III o - \ﬂ\ = ~ = o
' TP e P A & 1 | o=a====1
» A_l.l - ut \u ~ g PR
- -P T -~ PPNy U
- \\\:\J 8 \h
nlﬂ\ K ‘o/ y B
M.rl \u\ K
7 ﬁ o j
{
\ NJ . lllle ./V
N RN
A x a¢ u-@

»



e >4 “2l 21— - “08-

— ‘05~

=
- — N - -
s NNV o e e S = 0 Y P e
R --.-.m e P .W“\\Hl <. .~!1/ -~
=] /Wl\\ 3 V.n 2] .F\O v

NS

~)

AN IR

N X

IERNNGIN

)
f X

...
LRI Ry

A
X

NG AN
U] "/b‘&ﬂ 47&\‘

/|
A

\ 1 \ .h“ lllv'l = ‘Oy X ll"l -
nwmu ] L . St £ ) ) o
pron— I{l..l‘llln X . '@ VIl N\l ~— — — = y < m | ~~—aice
: ljw‘ Y S, -_Vf — ™ .Wh# - i - "
| 2S0YT000" = 0 @3>
- [3+ V- (02-1)0] 802 ((“¢)V = (2¢*4)n ﬁm
S193aurITI® Ul (Ipnifrduw) soryy 28uex0d S3UfT PFIOS :V M w.
sanoy uy (2seyd) s9ufT Tepriod> -—---- SIUF] payseq ¥ M m
. IudwadeTdsTQ TedF31i2A o of X m W
g 2an813 .n.nnw W

g8 € 6§ & ¢ R

40




05~
=
“MN y./ — =~ - — 7 e
s e A I T 0 i s P £ e e S O -
S g 4 T O AN L=
e Ve e
3 ~ i IV IR L ? B
S A AN NN
= =N h f N . st - o 24 M\-- ' s \ ~
NU»//AJ S \b\\_, /] N L AL oe-
S A R T =
L] ) % < .5 - : - -~ =
RS O RSN
= . 4 . .
Za %) T AW, B § Re ._// oy ¢ Z] bl
INZZANNARNBRX NS E AR
ANy NS T 3 FAzn 22 N
\ 1 »O\A {ﬂutthu%”h‘/ \ ‘h@l nvnW\ /// .Z’ w a1 m«
2 \ AT B4 wh N— T 2
-t 1, ‘W .K/ - : . mJlﬂ/’/vﬁnulifw\\l-.blw /l‘ﬁ IMM.//\MMOO .v/lxv.k!.l‘lnl - *
Wbt \I\INVA Y .. of oo Yo P s e o e -
Rd .“- ///Wm AN/TP WV\N\V\.. h 4 k“- : ,\ﬁ i S . <
ey - L 2 S ' .
% TH U st o S
kﬂ ey ‘ ..L\“ NV 3 - u— ] i b -
TS N R
— = Ny S 5[ .
20 L TS TS =
.u:...umﬁu-w- e

2%S%1000" = o
[3 + ¥~ (01-2)p] s0o (Y*P)V = (25¢*é)n
SINMWIITIR uF (apn3rrdae) saurr ISur10d S9upT PFIOS VY
uu:os, af (9a3eyd) svuyryr TEpPIIOD 93uT payseq :v
UaWadRTdITQ [eOTIAI, CS of X of .
¢ 2In3y3 Im,

. PN R . ., - o -
. o . P -
feenict. 1 ¢ sty e ot 3 Y immmmd P ssemamrer JOSe s = e W T et Loai AN » oo LT L 3 e N« N e




08 61 %1 *801 8 ‘09 - = 2 2l- g~ ‘03- 8- ‘@gl-  °2El- *Sel- "o8l-

OO T e oo o o a2 B e — ]
- P . e - B f """ - / -5 -t _\\.\“_.l ~L
»2 B .- > 1 | - K -
Pe - = A JUS »
] B Lo - e h Y 14 ..n‘\. r P
Y L —~ - ¥< 9 g === o . A
o R Lo 3 ~1. ~, o]
" T 2 SPE e : |} e ~ oy
va’ kb ! e~ = >, b T - [}
* ) I ., PRd u . s
.\th o & e, Nl.’ - / & s . 1 s ] « B
Y e} rW - e 1] &> N 4 gt -
NGl 1 S vt " AT Y N \\u .w/
- 1 » 4
A > ~O) VTRALE e
£ 7 B
; J \ \ . Y - \
h S (Y 2%
ﬂs N\ \\\ RSN CA A LA/ N
-

P
i
P
4
s
9
¥
]
4
/:
7 »
"
, .b /
/-/
[}
Y,
.
.
L
N
'\&,
Jo

L3 A
NS
il D . 8 X =
3 ﬂ/ u/ JQ. AN = A \
. [\ R Y 1 -
wr 4] R LI | 3/ H Y
= T . / o -
h v <A UNRANNEE
s P P == S =
P e e SN A S
i \\llorN s .ﬂﬁl U‘ﬁ-\ O . s

\)c {\,i XY r,.
. Bq :,
s
ol

iy
1%
fﬁ..
A
W AN
haa
]
{
\
N

1

N
-
coashseos .

0000000000

- b cachsacchbocme casepaceblaca ]l L oo

88L£TOCO" = O
[3+ v - (01-1)0] 800 (Y‘¢)V = ?.2.3.:
$1933aTITFS UF (9pn3pidue) saury adueiod SUTT PYIOS :V
sanoy uy (Iseyd) SSurl TePFIOodD -—-—— SIUY] payseq :V

JuawadeTdsTQ TedF3IIaA °R of ¥ of
OT 2an313

42

g B 6§ & ¢ R




S T T T R TR TR TR e R L ST A SR X4
S SEREE T T IT e e e e e e SIS N S 20 G e T T e T e S v S B SR e T s S SR PRt D LR B + it 2

- . < L) . iy L] L] IB—' lﬁﬂ' lﬂ~’ '8—'
*0at B4 ! 801 g ) ‘09 i 4 21 el- SE 03- 8- s

477
P ey Sy T TS it St st -, 1 , t-as-
P o el L L L ; R e e 0 S
Ar22l T . D D R sy == B e SR ¥ —" " SN S i Rl Py .
Qﬁl{ P hat bt -=="] = w il IR 5, ‘lNh a ..N(MW\ - 4= FIRN L
! g — . Pl N/ LR Y - ‘| o :
“ \P’\- P 1.‘ Illl' - p li\\ e comeil < o\ v P " N nQQ 1 s 3 o — nrn‘
»- i\\\ h\ n‘ hal T > - ' - < ;q \\" A - :V s ~d " n
A el TN ME
ll-\\j\ H“ S Seo /ﬁ\ * \\h?J \s\u L Pl e
‘ L | N Ao = NS /: \
< 3 R \ 5 SNY4 LS . -
7/ A \J s 1 - = C J/au.u:a \.”.\‘mlor
. G ) X
u,.f hl //n ﬁ\\ \\ \ iﬁ /r -o ﬁ . , \\n nIP.” -m.—'
v/ - \ \ ] \| /»Nv //l\ \\ n\\ -
S Ak e A TA
1 9 vt, / // -1 k ﬁ‘ N
XA / AN / L 7 b | -3
\W J /*-{- /ﬂ .V-M\\ - A)oo /I\
Jd DY I R T A . S “
g ] R SRR P 1 g V/ e | I8
’ /V N H 4 NW/( ‘‘‘‘‘ ] X Ml o€
p - : Ny e ey, O DT o
, =5 ../J\ I v S e A . ,./\\.v!#../“ 27 )
> o H'OOO llllv ’ ' m‘&. 1 “ ~ap g 2»
\“ ff. \a. @\ 1'”!\&@ mc - r
- “"I'\'uf m D o -’ H / A .E
kN A/\H.M....”V Ty /f/l AT
.kﬂk YLl Sty == S oS "0
R e T CA TN —r
— -5 N R Ovnm\mJ_@ 8L
“ | -
m csenh naades" = 08 !
] 1
W |
: »
j . i
W ¥8SYIG00" = o A Lo
w [3 + v - (01-2)0) s0d (x‘¢)V = (2:¢‘$)n |

831939 IF® Ul (Ipniyydme) souypy 28ue10d S9uL1 PFTOS 1V
sanoi] uy {3Iseyd) SIUFT TepI3I0d sauy] psysed

. = - 3JuamadeTdsTq TEITIIAA O € X €

v o 1T 2an81d1

a0
<

;
o e RO T
e -

. i . B - . . . .,
: , i by e e B
; e 3 R e o P [ Seetimon. | sunnn ¥ b - - i ST
L. 3 b pptecscims. 3 i o i

P




‘8L

762.0000° = O |
[3 + v~ (01-2)0] s03 (K‘¢)V = (2:¢‘¢$)n

$I932WFITTE uy (pniyydue) saufy 93ueiod

S9UTT PFIOS V¥
sanoy ufy (9¥swyd) SaUTT TEPFIOD w—wwem’ SBUTT] n3ayseq ¢
Juawadeydsyq .nmo.muum> Iy of X €
ZT 21n313 ’

ORIGINAL PAGE IS
OF POOR QUALITY

e

o




2 2l- - 8 ‘02 “yB- “HD M~ “cEl~ G- ‘Cat-

e oo = T !
L4 | gy -
. ] T B
p ”
-, -

[
)
‘
]
1
(]
1
1
]
]
1
ul
Pt
]
[}
-
¢
)
b
L
(Q
t
'
i
¥
ool ag
[
¢

/

/
iR

)

/

A\

TN
\
)
e
i
[}
‘\
Lol
N \
~—
:
1]
!
¢
K
i
;
]
M L)
A
-
"
[\Y)
3

‘I ~ »

BN
~ho. . P < P

.\\ fec - -8 ..

& t I3

! .

4

i

el
15
d//’

174

j—\/:’t
=

§
2
-
s

\ GQ
o
\
L)
Z MA//.

L riare]
N‘ - el
Y
yd
of
».\l,:._
x
\
Y
[
»%
i
27

L
R
45

0 &
,—‘
AT N
l%"?
NN
(a
o

~
i\

\ f{?f‘c\
ik
X
WX
[
W

Ky .|l\ll\0 e Y ﬂ- —— ——] o
- = A M, > g T Sl W«?MWN.[»“ —
e~ = LI~ s 'n.” — /. 2 e
S AW. S T My B = JR-) prompen > = nboding SR shadadin = = s =4 ac

R 1 B2 g i
- . colLoo|o-_ PR SO W S A B P -

09£90000° = o
[3+ 7 - (01-1)0] 805 (Y*$)V = (15¢*4)
S$IIIMWIIITM uy (Fpnigidaw) S3UYT @93ueiod S3UTT PFTIOS :V
$Inoy uy (9swyd) SIUIT [EPFI0D ——mm Sauyp payseq :¢

e N

Jusmaderds d Tedsr3aep NO £ x ¢
¥ o] [

€T @an3d1g . W J

L %

Y [ Doy Ly [ e [t g T , MR A -
S SR T s $ r , . 3
4 I o X LY Z 4 M iy
. «

3




‘eel g0t 8 ‘s - 2 2i- g 2 “08~ *vB- ‘801~ cEl- Kl ‘0Bl-
_ 5
b oo N I S ey = S N B S S e ) e ot S o
\I\\lb\lfq ™ \\U\iswv| ~ - v 5] e = p e — TR
llo = — —— uﬁ‘ \.\\l‘ ,\ AthlV -u .
LT 7 X ~ +
—/] .kl U : Syl .
==r= S — A e S Gt N 2%
< OJOF .~ e — ‘llvo L LT PO
ui Iln /Mr/ ) \v‘x.'\ru’ 3 3 s Mv\.\”’l . a- 4=~ IIN
SN g 17 | S e R I ST
\bu. I_~~T1 N A 1% ~ﬁ © s’ "y, V‘h > ‘0e-
i T TASEE LY 1 Tt =T
g r@../uNm“n / / - .\,\mw 4 &y - ] s N £ ‘g1-
A % EPRTY S . S P s
N A N8 e IR N N | V5 N N0 4 i i SN S oy e g AR e
.. s ifxff - 4 N R IR P > =T
R EERNI\NARZ ARG ES UK N Tk,
.r-/a ‘Y = . A } Vi JA. . Y < - S -
N VI / .r v, rv b N .... ﬁ ! \\\ w\. ~ S m M.J/,V . 23 { -g1 H
T T~ X - ) r ; §
SN Py VY RS N | RN .
et | N P~ T DON DA 1=
ARl ,.. A N JIN L\ AL e
...'MA. e q /\ —| 24P yw\/.r\ ../J 1 .W @ ﬁv / REaSA \
&\N.\\.u ] o ~ . - \ L.\.l o~ I X y e
N2 | ] N §-ee=d ek o Pl ¥ A. ] - 4
s N o) — ol e A vl
- = = — - = <= = — o mas
— < - =~ — N, P = —
o = A 2 M o A s SIS e o
. OIN ~'Ol! Cesd e ans = - \w \.“Vuv_
deee I Sauil e

TSTL0000° = 0
[3+ V- (02-2)2] 803 (Y‘¢)V = (25¢‘¢)n
SI9392WITTFu U (3pn3irydmwe) saury a3ueiod Sauyl PFIOS :V
S9Uf peyseq :V
juswadeTdsTQ TEeOF3Ixa) .am of X
T 2an313

sinoy uy (@seyd) SOUET TePFIOD

g




031 %Ll -4 | =201 g s s et cl- = > 8- T8 801 2El- “9gl 031
T l]_/ o g, ” = - - Bml
~ r&o{-] ~~. I~ 72, / Dol 3 =Y T

< I.lllla ~ ~—] ..nl\ \ \\D \\!“.n ~ h‘/
- //II.UKV /. H‘ - o . - U ﬂy\. ”‘\Lmum.nl\lal\no\!“v. _—= L \1‘\“&‘“\!%%\\, \IA.\.\\\C // 8-
Rnd s X ] Y = - g n lknh,-\{ —~ .U\q Pt - »
N e T DL N T o
. : A/ L CX il & - o~ ~ a- S v\AsJ - . 1\- 3 -
s 0 e N N Y N 972/ Al L LA T AT
I g =9 o &r o e ~ u\\k < i { - oy —f .
O Mt T LA UV B ) | T NN SN
o g T | m} / ol \{” 31—
[~ Ar/ _././ N 4 — | -5 r ~ ﬂ/.ﬂ. .‘.lxN T ] . -
N & i e ==
Ilwwoo NN R B i) \l\mr-. =7, J/.;M : Vw.abdm%\ S g
h!l. N- z ot Wv.wm’./] \/\._'\nv A N mﬁ‘\l\\»mﬁny.mg‘wﬁ.w/ L nvﬁ\ \K\ Fvn/.ls.n -
Wﬂﬂﬁ.hﬁﬁh.ﬁ.ﬂw\m o..lﬁ\w ,/” J \&&.Nm“\ /// _AJMP\JENWMH AR | 3 e
1 N ™ N PR 2 L4 o o= e N Y A B2 & Wlﬂ -9
SNASwi L S T NN RS ™ e
BRI EC-Y AN L R P U =sa2es PR e
’ ’ 4 b g 3 ‘I‘/v < b LY - R Y .
mmmwmmm L g \ v:wm// - Vumw/&rruiarﬂwmwummuw-mmm”mmmwmwwn\ ' n/ /,.mm T ~
=2 s N VA RS ST 25D . EaZhe2 — =
n\k.%ksow\u % =~} o e, = w.‘| > SR SONEAT B " ﬁ“ymd# e S
== gy W N AN sl X w.w ) bt UA.M/ M .rM ] (. L5 —1
LV [ Y C o] B
SN § P B P e ey Jé_,ﬂl o1 e 4L
el S f— | 5

o [3+v- (01-1)0] 802 (Y“O)VY = (2¢¢<d) mb
$IISWTITR Jo syjual ug onnuw.nma_wv S9UTT 93uerod S°uUT1 PFIOS :V

sanoy ur (eswyd) saurr YeprIoST —ene S9UTT payseq :¢

UOTIODITIQ @ uf jJuswederdsTq TeIUOZTIOH N €x ¢
g o o

ST 2an31y . B we

- _

\ | 1]
[ iy Ry [opeesr drmme : . - , , : w | |

- = S ] E et s e ] ST n‘ 1x.m »WL - »M M. . il : u




y

‘0at ‘%1 *2€1 *801 +a ‘03 3 -21 - = ‘05- o~  -g0l- F-  cwm-

" S N T LT

JM!V/ A e \ T ,N.WMHf e - 1\@“\ , .ﬂ-hVQWM«\J\ \\“,---.,A\\\J = g

Wﬁu I = b 1 ST e TN L ~F

i =018 & % . K] H ' P - e

wxm\\.mm\},% K W}nmr/w,\,. \ ‘ \.»..,.m\..,.j,&.\\l/ 7 \. N«M M\\N_\\\)J Nt //Vm} .

M MMV/M.:A%\N)AM.- %.\\u_\ \\\.0? /D.W _ x)w//..,_ﬂ.h. A ~ \ 4 .A\a\.m). mc\\ ;Mu \x \\IQ)7/ . / ce-

NN LI U e ? NI IS 262 (L (Tl AL W L
LR CE eI\ 1<\ / O s AN TG WS

A | /W,‘M N v o}

48

o g BRGNS A
/.\\G 5 WC LA N L %ﬂm N 71X /W\,, A,,,,// \ TN 3% 3
./I\\\... W -+ > 4 / \\\J/A : .v\\\%..v._,. x.., //v//f- R R W \L,V/./ /l\M :
/arﬁ.“\\ ww // 234 ’ ,-»» s > nd(v/~rb \\\\ xﬂ_ w.w. /VM@V\ J ° MAMMWM”W ./lv.\\-//
NP y ] . " ﬂ 1 "ll * . 5
\N\\.wwqwk Nv\ . - g HN.MV NS Zrm\%\.k ».J... M \b\\ \Mm.}umv &.V//w "
A = IS =i S e N
\k‘r n.&V {2} \ ...v\, Pll)f/ s.~ / h%\%\%/ \}\LalN Mpr sL IVI Amw/u fhrw - ﬁl\A
g S S A (\»\@M o2 l\»\,p%\WMfM ‘
o T~ — II\‘.UWMJ ::::: :.L:M\Mlﬂvrk\ﬁ.: nhvu.u”W To 15 Amwm(l ’Mr%ﬂd\) R
S j T~ a = - w— .
LT TR D] e e ] e T

[3 + v - (01-1)0] sod (Y*d)VY = C.u«.ev«b
S2339WITIFW JO Syauazx ufy (apniyydue) sauyy a8ueiod SO9UE] PFTOS
sanoy up (@seyd) saury [epylod —~--- SIBUFT payseq

v
v

UOFIJ31T(Q Y UT JuswmadeTdstq Te3uoziioy 5% of X E

9T 21n313



Dbkt et et b Seaariddat ekt

—

spebodoLw Jo Ssyjual uL sautf apnjljdue
s4noy ui saup| aseyd -

[2+ V - (o1-2)p] 802 (X‘d)V = (2i¢*$)3
S9up1 PFIOS :V
sauyp] payseq :V

. WOTIBIBTIIOV KITARIH URTUOIMIN °H of X of

LT @an3y3

=1 -2t 501 8 ‘08 o “21 2l- %- ‘03- 8- - =x1- <l BMW:
= =TT I 1 7 - ;
C ASNINE BN S =S T L i - Q\\J“H!m;. 8-
A\.‘/. r \\\\..\l UM,/ Wﬂ.ﬁllum XWL\M 2 e 3~ L -y
“ . = =~ —— o - l\n\i u\' nq < -l ;
= \Jzﬂ:.v).\.m\.noxwoﬁn~ --Alr | i ;,\ : ﬁm/; \L\\“H”M/% e
=7 S R — ﬁ RN : RSN G sl | S0
CASGASNE s S L EEENUHBE L NTAEENEEEN
- : o -4 " T~ . i _ -/ V .m -
: mMm.m\ VAM«/?\Al\\ A //_/W/ - M \mmv 5 a\h //,M. \ < \94\ ) 0e-
~ . = ¢ '~ 47 A yy Cy 78
n/.V./. sﬁ b v Aw\ /u bmw& ﬂ« \ Moot ﬂ\ Jad ,,\n//mw .._..r Q\\W\.Yd -g1-
\ r\ .\\ - . 5 * m \ ’ ;‘ ~
V f@z\_ 43 ,_V/....\\ \m\a \.ﬁ - S x f/ \/y /J ..Mv - 4= S
SRR e L e e L T TP I
- . =<1 e TN, . I.I\\ N Ak h J S
TS e RS | e Yeraea it U
P R B Wy e 78 N R B § A S DA N A g
= ) | 27 4 --.,N B Y P o AR N W--w\mu VAL/MPNIJV m,ﬁH.R
= ; o NS e )Y . I = i R
22 Y e | N e iw a2 (5 oo | e
d el P N \\v.\\ K & ﬁ& \ b;o
! \ / VA <+ T — A P P W o (e § -
——- N N 0 ol 225 = S B S K B =<
w\..\Waﬁ \ﬂ.\ \ MU, 1 - ,N.a,\n.“f,\ AW K /Uﬁ 7 s
T K\ - | A 5 > ahtr,lﬂI:M S vt :lhn..m?v w\~ ﬂf/(g.m 7 i
— - = — n , -5z -'--._M..hnnlhnmuw_.’u ~ — 3 * .
‘oS
s 3

49




]
8
L
o
T
!
B

o |,
4
|
\

llllllllllll

IIIIIIII

Ji ~p--21t
| o X == —— ..\ﬂ ] .c —— = =y |N\ (R \I_Uur..\.“.vnlbtﬁ:/:"u i
e : 1 | _ I —] = o e = -

— e — =11 S T T O T s e = x.uw..\n ZT //M\\Mm\l' mv/zuw:.mm.
AY T\\I.Vuﬂ .\WWH..O;w i — = S J/. ! ~ /q ' s | T8 /J;//o.% e
UESCOapENC S amRRmAD G \RAr =S Dok
BN SN Rz A S N R D

3 h /3 L L ) o N 119 [8e-Jl./ 3= b
NN AT B KN NN 8 2
- ’. % s ! g N e .‘. ) ST \r. =< -
D ELERTELE | Az N RANMRN =72
< "OF: /JM \ Jvml/l.ll\ J\~‘\ / / o AN ..D. /\w oA’ G-
gH\ ) > = e M m\\ wh”\\l/ W&/k ﬁi\d/ /e v\ { o
2R NN EN T N v NN
4 Faw b A N FamN P % e ST e el s = 0]
w..a\ \L 3 Lu\\\\\,. .N/l % AN d_ \\av./ <Pl 2 ol ;/U.f/%l = ,Vf.f..ﬁl\l.ﬂ .
/ !n\ ~ aco .. N Rl [~ = 4 ... ~ w4 ~NTC =< T Sy L
\\M\.\ Av\m,.\ N\.\» N om /..H\Mrm,ﬂ ﬂm&&\A ,,,,, Vw \M mW\\\ \mir. » oo,wlnluld.fwcur.\w.@ ...n..u.
. e ~ -~ - R T )
L g Y LR T NS R e (K T
P N Rl I € VT APl PO NS .
- = P 4 ST - I»Aaﬂamhufn.H\\wnvr.f.M%’lNUm d NMUMS R Ty s i e o s
\\\\1\“-{[ L - ! , N-Vm/r T ﬂ.m:. 1T e AVINP [
\\\ N X = k S B aL
E— 5
- - =3+ ﬂu%fmmvupubu 802 -Q..,34 = nwmx.ovw.
$1eB04oLw JO Syjua} ul sauL| apnitpdwe SOUTT PIIOS iV
sanoy ut saut} aseyd ---- sauyp] peyseq :V
UOTIRIATIIOY AIFAeiH OFISEIT °R of X of
8T 2an3yy
P ] ,um.




. . -2e1-
. 2el v8 , Sl
N e e )] tead Sl ted S o £ 2 i HO ﬂ‘ﬁ.‘\l!li Lo, R ST R s il
./lp. I)V\IOIW.,CI ta e S it By — e 4 r'4 e vml\ -aL-
po M K : 'll: \ \lv..\-‘. ~ - -~ 0
. N P
s B e - e o st e
> o~ T | 4+~ \d | i PTTree SN B . ]
= b : L Y . S~ v AW -{— .
PN ¥ S U \\ s - —— ———— / -
LN llfll - .. \\\ n; / N
¢ = : 1 4 L ™
o\\..W 12 A W 2 P v s 4 \ 2~
. * / L “ "]
] X ———-

. A\ yi PramW.] mon-\ ............. % <) J R A e~
- A RS 7 AN 1 - olll.ﬁh A ‘ \ ﬁ s
TR T T AN P
“ ! \! ~ \\~ & N~ \\- . = \llll\\l o PR hanll i
e e sompARONLNAENSUaNGrInASE =S
BV ANGA o AV RebedaV 1R s N e N,
& - T LT = N A4 R
NSRS AN N, RNE 2 ST AR
AR S 7 1 . 1 13- 204 Bl SN0 S \AF\A" i —
S 4. \\\ ; \,.(}J VMV, : oﬂxm otl--"7 A \ x €
. S—hAr e . 1 v \’)(\Irrhuu\\\HA%\,\ \u / \C/IA /
./W.v ~ MW“W;A —— \\c\ ‘ULT/ r  J- -~ : \ \! 2k
A R < I IS RN T i el ' \\o.\«. <= lwm.ﬁv wﬂ
3 B DS > i e o4 ot | . \\.,\1... d{m\.ﬁ?{w S i M/\J/IM..J %Mfsﬂ. = e
\% l\l\m'hl Vl = - e h l\.V . .\U\\ \(// %.U%UA .W,\\\ ||v T — .Wm. e
s gy P B g e .1 eSS ]
\ .’ll\qr e ll\‘lvl “.\’\\.V\ l%'lll t% ..UWD -y oL
05
L [347 - (01-2)0) 500 (X‘4)V = (Y93 ey
spebosotw JO Syjuaj uL Saui| 3pnii|dwe s9UYT PFIOS :V e %
sanoy uL saul| aseyd =~== soupq payseq :V €3
UOTIEISTIIIY AITARIY depuoameN 1o of ¥ of N.m m
61 210874 e
=
Lo . o ORISR S st

o

e e,

|




s = § 2E1 at 4] o = 1 21 21— L 0S- e a01-
- — tF SasdkaaxrF= 7 HP. = b i oo =
== m ., ] =
2d - = \x‘ N i
P\l‘i o ﬁl |\v Ly : -
= Y. s K
= - = —

. ~ L -+
- e < .
~ / vk \V noo K (NI NP lu—! et b
Y 34 / « 1 N
- / 1 —E N <]
-
-
-~ d

ALY/
TV

.-

52

V A7),
£

i\
bk_”'..'. -
{

i
&) - / Jv Iw\.v JFV \1 >
= = i = I R s St T
I ] —tr I\”Wo.vruf nonran = ./h.\m ~ = .nﬁanulwﬁMw
— o 1 £ - , ———

[3 + V- (01-1)0] 802 (Y‘¢)V = (2£Y“4)8
s{eboaotw Mm:w‘.,_,urmw :.~:mmﬁ,p spnyLidue 89UTT PFIOS :V
s4noy uL saui| aseyd ---- SIULT payseq :V
uoylvIaTadIY L3Taein OFISeId lo of X o€
0Z 2an313




“0at act -] -aot v 0 o€ -2 21— 96~ 09- vm. 801- 2T~ sg1- .ET o
7 i o s e . s S O 1
- = =i B e = — ==t
B ...Mw/a./f”";ym &T T a4 e ' = z %2 - \
, w..iill“mﬂ..\pl\ T = b - ot Q2 -ag-
\I\II}JIJJ ”ﬂl.ﬁ_’ "5 T g \Uf A”V\”l./A FDT A} !Y\ﬂl.hﬂv A @ v pM‘ @% :
v B | = \\o. A R > S =32 ~ N .m ..\.m.nl
22 /,/ @mf.lu//\//ﬁﬂunu“ 2 3 rm \“ ST nu-oHHHH...ﬂ.lAP. LW. mvv% .N V\ 521 -/..MvaJ. .
Y e D) ¥ i e P i e 7 T T
£l ...,.Mw‘&ﬂymhﬁg “ 2 7 O M > > 14 e "D
SRR ‘MNCNE\\\\ | healf m( okl A TR N[N N7 | 47—
g \ |~ | 7¢7 e e ~y N AN T -/ e - = 2t
- TN o | o r%h}fiumﬂ. r,m\\ mmmf fm ,,W%\NWM,A\W\\/ %A/MW/V //WWW.// / ﬁ.. \ ,.:.wf .
b : 3 - . , ¥ :
NN e =N C AN e Nl YN
BANS (s s SARR= v e 2RSS
a8 A J 3 ~\U N DY MEEN S < 56 MR TRV AN "6l
W%\\»RMD.\N — w\»v. — w% \.Jlufr, o \;wwMV \.mvw:.,urmw ..N“W vaf% 0 /J|\~ = 2
- 3 l!u‘\ : » - M - - N . _ S \4 ——
b T | - SV o e 2R i ey
ﬂmmu VY. — B 2F ST =gt = s NN Ve e
Con 1/ (Rl TAL 2 Nl SSRGS =
s 7T 7 y 7~ BT N =0 NN LN
v o’ \\ = Nnv't..-'tn';- & L -1 === .|/\NV 2] VW N (..ui/..B
| e o e i T =l = S i
| = = R Ty = P "8L
C “ ( nlll.(lll . 0000 -1 —= ]
M ;‘Hw+<Aop..$bumou (x*¢)y = ?m«.ovtw |
W Azaocs (spn3tidue) sauyry abuesod —— saurq prLios :y w
W< sanoy ut (aseyd) saut] |epL;00 --- sauLq payseq :V ;
jusuodwo) uteaas Letpey © Mo f x ¢
[z 4nbLy o
)
s 3 e oo s s e - - _— S— n peee pm— e - o o i




!
s ]
[ A.l.'..’ . 1
> pa .lg ; . T
Abm ™ A vl\‘ ldll —— L.\\l.l“ 11... . o
2P asHaE== I 1 o
2R r.m,\\ 5 —rE—y — p%\ ) B Tz —1 o T4 1] i 8L~
LESEEN D P S = G ol e i A AR
& S 7 - A SR T - SEDEES ) /J R ] <
-Alfcp.ﬁ .w. .\.\d’.\ “‘) T3 ~ / %n : 1 ~\\p“ J A \L'“m“Vf\‘ 4 /&\ -og-
N NSV e YT ICE MmN o
> ;waLcj/:.»,r P; = m Tr=x b\ A/ ¢ o ,\(V.'\ -u. < : .,». er: =
=3 NG -.a//h.wnWme. |\ S S\ S VARG
T TN 72\ SR NS }
3 .:«w v mmmmnnn T Aﬂ.Mv Y, = LI~ ) ~—" nnymw//r,.uvuuu\\ ‘ J// &=
|~ S Ty Y e 43 L = R S— /lr\u,,w /ll\l\ .wm. ,mPIK.
~r 4 537 \ ﬁl » q' s / \ g < j - "31-
) L~ | & A goIL .ﬂﬂlM& h. > .~.V w( - ,ﬂ , XSP.; i \IPMMII\U.
%\“ﬁp\w\mno \n- e’ (/V\y //Nn\l o \M\ A(-—“W!\DNlnl.l!t[~‘ -
> = \ S D N~ ] Eomma —
(50N mrmw A\ \V“HLHMMAvw TR |~\.wmu; T — ‘g
& R AN Ay P e e ¥ il
— e -
P%Jmu?l 4.\ D 2} N N .WW... - _mwaw» %\mmn.d- ./Cﬂﬂ- _Wl.m.! £ j
: nnﬂﬂ..%\/u'\ “..L_ b e Azwlmlln 2 e
— = e T N -~
[ r—r M -V\iu \v’f/ S ﬂ -~ bﬂ%@ﬂ DTNIIM -
e s = g == nmwmn“u”u/qJ, ) hﬂﬂ%WLu/(&unw i
“‘k\v\i! N s P, ) g 1/ﬂhl/| 3 ¢
m = SO =] I
% .ﬂﬂ/ MWM% — v cali - =
_ ./.‘lw .IL.MV!W l“lNi))\l.\” -
WSS Cr =T R 3
8L
06

_nvu+<cﬁop..$ o]s0 ‘¢\y = $)Y "8
Cal 503 (¢*¢)y = (2f¢° 68
01x) (spn3Lfdue) ssutr] abueapd — sa3ul] p omv Y
S4noy uiL (9 1__. .—_.m "4
t (9seyd) saur| [ep13od --- SAUL] payseq
uead( 3y} 43A0 _ . |
Juauodwo) ut
LR4}S dJRJUNG |BJUOZLUOH © %8, € X
o Om

22 aunbiry

53

(/i‘/



—————————rk
‘0. - . . .
act 2t aot ¥ 08 S€ 2 20~ - oS- ¥ *801- -2e1 . .
= L I =B 2ET- (- (s 18
ey —on % S .\\ I R ~ I = - 7 rocg B>
,umU.\m — s o N e By S e vt — o i R L3 S
s S = = = b= D [ =opuu1 I s S = Lo e
mﬂ < mwﬁm L n\lh.u.{
= =
Z4 -
1 . < -
/ %r ix WI\M\.J s v \mmmrrm
SRELD) ZEmY ﬁ =
LN . mxv Zlar- - ol
] H =" ~ -
anxwr W H ~ x\«a . _ el-

v v 4 h N A= 1m|\4 -
r L AN T Ku/v h s
phome” Y \ | e e D2 l e N
a [y ss%.,.’ » '_v\tl\ m L - 31
ot ANG %N N & A udy W%Wwﬂ. w
5= e “
=

‘ &
X
m

;.b;
N
R 8 & ¢

:j

=

v",

4 A ’V\
"'IG'--P.-

|,
\‘V —

s S ﬂ 13 2 T -
$5; i & fV.'.Jam!ﬁ
\L«nwﬂ.f/ S rb..\b. S .m,er ot~
. ] )

XA S
=
9
0

a ﬂ
J )
[N
b 7
\\
r
(;, AW
At
]
S
¢
%?DAV'
i
i
o
AN
,’—./

- T (ol THG / “~ R o ) — G \Hu..ﬂlk.ﬂrhvﬂulhm , .
e " \kw o u ONLIGI ~ 1.’ _ “\n«‘l\- 2 By
- . ~ JIB 9
0 £ 06
[349-("1-2)0]s00 (¥*é)y = (2:x¢)""0
ﬁo_,cc_.xv (3pn3tdue) saui} abueaod -— sauL| pLioS 37 mw(
hta)u. LNW
aq .,«s

sdnoy ul (3seyd) saul| |epL30d --- saul] payseq :v
pueq J3A0 Juauodwo] uLeal§ IJRYANG |RJUOZLJOH 88, of X ¢ OA&@‘ @,,,,x,

£2 d4nbi4




-got W3 ‘09 i 2 -21- %6~ 08— “48- -g0l-  -eEl-  "s\l- 038l

Lot

Y

d
3
05
\l\}%'
1k

e

¢ 1

Y
P N
]

=

: L \fb s

ly'\"\ ‘6( \>:IQ 1
B

D i)
il
(Nagiae
\?—?'231'\\‘% N\
|
1S

e
e
~ ]
=y
f{(q '
T T \NeW N 1R
9]
T
(5

a0

o
\
\\ b~
d.v:: A
N b e v — e N\ f~t—1_ 5
= eEC (AR AN ARRNAN =2 \Shy
=X ,ﬂ.,..v-\ S R4 =t S~k e 17y g 1T
Y 7 Pl o \—l”ﬂ\.“\\.- v - 77 ﬂilb!.aiﬂ?!\! 'Hl\l| S
(1 g JN.Ixj /.\h Nl ~ao Pl ./...d \. s P
o (SN A Naeabogs S5 e %
\\\.\N\ | AV .»%uh/.mwumw\\\ { )!hv .%m-c g “Wﬂw,.v}f H)H ® o
s WA Wil ol ° T "N gesde—_ " 0
i SRR | | e
B 21 IOy S IRt P “= QET -m.u
1 a4 el Sk dels) o] e e e
i V.‘l\.ﬁm!’”l\\ 2101 = Ar/ A»%IJLL — —
- i I\lw rﬂ Zm ) —— = o 3 ; -gr
)

mm+<oﬁop-pvoamou (v o)y = (25¢9) e

( maoprmu:u:neﬁ saut| abueaod —— s3ULL pLios :y

sanoy ulL (9seyd) saurfp LepL3od --- sS3ul] payseq :V
ue3adQ aYy3 43A0 Juducdwo) ulea3zs 3dejUnS |RIUOZLUIOH ¢ Yy £ % o

2 2anbiy




e T

o8t g -zl *g0t ¥3 ] S -2t AN "8g- ‘03- “¥3- .8mmm|
ll’%mth“‘lﬂA”l\NT AO/\K S ‘Il/l.hnl .M.ﬂ.“lltc.la.]. meu - ] 2 MH
A L [ AT == wM\ t VWV.\M — P I L\ 11 B
T —— A‘I\\lv“” L. /— 1 ~U [ g— — 3 o -—nann
— o -eg-
e
mM«k d £ RY\: W 2
g.frm/..\.\lﬂﬂ i : kU. Pt oo
o 7 ‘ el
L 7 iR LY Eald
£
r- "
T3 NE SBIASIY
ar— =4 _A 3 —F B\~
vmww/ =i ,\.\m L/ W, , 1 4
J. @J = \\u X A-// O, /v < 'IJ/\V./P g1
==43 ] = ha ey
o h PRl DT NN «
> } >0 H h ( R ) "4 ~N : I~
Fi%z™ /) A 2 SR 5 Pl /HWN/ - O
1 H .. ml‘u.w Il\.. ¥} a Z o5, I — ,/
A 43.@ < \\\ 3 \ Lo @.ﬂ ﬂ@.\v}w ON../.,MV/ -
[ YIv v | - - gt Iy ~ Y NN }
AT ] L3 | O o | D i -
=1 AYE ! T 1> R T e R W i <
|J-~I\V.K~|W.n\ s e R I T A O g \) P ey .nmv — M\wvwnvﬂ_nm.uumub i —— -aL
E \\»\t\ R ’ = F Swado - & <l = w—T g
- £ o - . -8 R 3 »,/....!,/ -
[247-(%2-2)0]500 (¥*0)y = (26¢#) o
( cT.o_.xw (spn3tdwe) saui| abueaod —— s3ulq pLLos :y
sanoy uL (3seyd) Saul| |epL3od --- s3ul] payseq vV
pueq #3A0 juduodwo) uleal§ aJejung |RIUOZLUOH ¢ Wy of X o
GZ a4nbly
B TR Eanas. oy iy mesT e = R =3 T = LTl mu..!.(, .m« W f— } i

.
2
i




LA A R Sl L

-1i51' ARy
oom s e e — e,
: - “
- SR st +8 -03 =  a e e me ae me | e b -
- X

. " — 8L~
et i e e e e e D B s A (=
7 S S W e 2N / mw\w ﬂ? mNﬁ/fww\\\nvu | e a»u &%\.\p- = u\s\ SN o

AR bt AT =814 D 3/ d— : 5
ST R AP HIEPREENA g N [ 13T
Ty S B NI L% 2 A A g 0 B S

\. : f.a,s \,»Nb 3 @wa vﬁ\.)\ . wo,ﬂ/({\mmwd = %h d\l////w.mmw b

.W “m\ufw WW% nuffﬂq =) ! =T J.ww .\W\M\ - : .W../L/J : 3 S <L -2
G e a— el VESBNES RN

- N = uo’.ﬂﬂ\&lv 4 m,k”r \} &« ﬁOc:.vmmma_ cN‘W\ czlf M/n'/f.m..tu\m\.mﬂuWMMJ /.. )
th,m»r.uu\s % ot Bk i A L K\lhw.“ ] :lm,/i. .m.mum.“ n.ma%\a wv/ ol ¢cmn./.,,//ﬁ\ H
S LD IR AT S L ] 1

B e 5 g o N e o B S D NG = = 5 S I

S — W = -— aL

- s

Hw.*.ﬂlﬁo.wlu.vbumou ﬁ&n 0v< - Ahodaev®<0

ﬁm-oﬁxvamvzpmrnsmv s3uty abued0d — sauL| prios :y

oy AR Y
PR T

sanoy uy (aseyd) saup| {epL3od --- Saul| payseq :a

- "\(7’;’""
TR

Uead) 3Y2 JIA0 JuBUOAWOY ULBUTS IDRJANS [RIUOZL4ON ¢ Ola of X of

ORITNAL PAGE €

w7

92 danbLy

58

P o . e < T SO



~DBt =<t 2E! BO1 ¥3 ‘09 3 -2t 21- %~ 03- ya- "8I~ 21~ .. "SGl- .8mmm.
EET T T A T L ST e e, Ve o 11|
A ’ a < A e it —IrI ~2t-
= nllh‘Unv = ~. r. v - v mi T‘\\\f b ‘ \\-Il\q \h|.41 LJH\)-\\I\I\
P v C == =" oot .\“u =8
' . v
L | A .
h.\‘ o 4 - 2
Dlu" - i At £ I
ﬂ/ M\O MWV.-\C mo ¢.m Nv\ W x\m\\m\w., ﬂ. el
1 A ~. I~ - s
//WW,. 1, mkka\ & /Mm./a Wmﬂ -
T 8 WY Muw
.M ¥ [Y) \mw la-wmv .wfbﬂ./i vJ 8
v AMNW‘ \m 5/«” : k J ) -
¢ AM’ﬂqtd .MWM 1JV// N rou ﬁvflm\\l /ﬂ. a1
G PSRN [\ ) Wy, -
art ANEER s PR .
hr ...nn/ y ¢1¢. o ....nu 24 JL:U\M.\\?/‘U \.‘V'L 'nlu““\ \Q\\M‘ (nV/\I./l.rr/ .
- ﬂ@? ﬁy 4 su.r i’ %MWW\U IWNI.&& .IVY ~\\ N X o “ve
P2 YR i l\I Q) / v y" ! LY S P o, L1 |
St N | ) 2 RS x> s N /»\rWMM.UAm\ — ..v/l,/\mm\ s -
RS 1 \ o P e e ] AN T N
G AT T FEmatLe s = e e
SINT A ST R A
o [ 3 [ 4 € m.&
[3+7-( 2-2)0]s00 (¥*9)y = (2°¢9)" 3
Aoﬁ.oprmv:u:nES saul| abueaod — saut] pLIOS Y
sanoy ut (@seyd) saul} [epL3od --- s3ul7 payseq :
pue 4aA0 Juauodwo) uLealS JeJUNS |RJUOZLUOH ¢ EASS of X o€
L2 34nb1L4
e T s B

»mm
*
1S




IR s .

08t =94 2EL ‘8g! ¥S 09 . *SE 2t -
e a 5 ! > ]
_ I A ' ﬁ/ | q.\\.\\\muuh \Uﬂm%u.mf
rhl@ > oo N ZiTINE = a@ﬁ b \l@ﬂ?ﬁ\_\\\
T Ry e s =S
1 SIS e ) 7 =L gl g Yt AJ B AP
= :
b L LT LT L LIY | Loy il L g/
& \J — " o
S0 Enenl | | ool gl || /Y g % &
o+ o ! . 5 V==
;//lﬁpuu Ym@\\w%x/.m.u / M ¢ : D) 4 az:m,r,t =& Wrﬁwmnﬂw. L o
— TR g : = X <L 9 X sl ] ‘
i e /| R e | AT | Ry i,
CEEPZT I ol |80 |\ Mehate] Toons, i | | @1 TR,
eS0T 15 ea 5 25 =S R S i e NNV
mEGHE = [0 o iR EEkS S SN R
ey PRI (0 i INUEED
i S s LN e E R —— e Y
. % g ksl mﬂ%vﬁj e C&E
- ! N, D 2 2EN 7. -4 \
= AN 7. S L L gt
¥o O 4 1 . < \ 2 4 £ ok .1.«..4».”4..\“:".\”..““%—“
e IR oD \,Wwwﬁmﬁqﬂﬁww%mmww % LSS
, 1 ! SN BT 2 == N
e | = T T et el T e ST NIy
- T = — = _ /K
: o5

Hu+<lnoplpvbumou (<)Y = Akmmaﬁv®<m

( c_.uc_'xv Awwzu:asmv saur] a5ued0dr — S3ULT] PLLOS Y
apnaL|duy ULRJIS 398JunS [EIUOZLIOH [BGOLY “°%8 of X of
g2 94nb14 N




14

12

10

Total

/'
v \*
\

Analytical
Earth Tide

Figure 29 Radial Body Tide Displacement
January 1, 1977
Longitude - 295.16334 Llatitude = 32.38627

Displacement (cm.)

Analytical
4 \ Earth Tidew—> )
Mﬂ from Moon ! |
g / \ ;.
7 /ﬂ/ 4 Analytical Earth %
Tide from Sun :
” mf V —y o~ —
A \ Pl 8 ~ ﬁ :
T \ /ﬂf o0 JU// ;
\ ’ :
1 \ //0/ s\s P M\ /G// 5
\ e Yo :
\ o/l .
N \ 4
] \ ! 1
/ (4 N\
<4 /« \ /
f/: \\\ //
-l »,. ‘\\ /
- \N ’ i
; .’
3 N 1 | 3 2 1 1 - 3 3 ¥ m { 1 $ P} } }
: * rw . m ‘ m .n - g m - 1213 R gm 17 1R




	1980016482.pdf
	0042A02.tif
	0042A03.tif
	0042A04.tif
	0042A05.tif
	0042A06.tif
	0042A07.tif
	0042A08.tif
	0042A09.tif
	0042A10.tif
	0042A11.tif
	0042A12.tif
	0042A13.tif
	0042A14.tif
	0042B01.tif
	0042B02.tif
	0042B03.tif
	0042B04.tif
	0042B05.tif
	0042B06.tif
	0042B07.tif
	0042B08.tif
	0042B09.tif
	0042B10.tif
	0042B11.tif
	0042B12.tif
	0042B13.tif
	0042B14.tif
	0042C01.tif
	0042C02.tif
	0042C03.tif
	0042C04.tif
	0042C05.jpg
	0042C05.tif
	0042C06.tif
	0042C07.tif
	0042C08.tif
	0042C09.tif
	0042C10.tif
	0042C11.tif
	0042C12.tif
	0042C13.tif
	0042C14.tif
	0042D01.tif
	0042D02.tif
	0042D03.tif
	0042D04.tif
	0042D05.tif
	0042D06.tif
	0042D07.tif
	0042D08.tif
	0042D09.tif
	0042D10.tif
	0042D11.tif
	0042D12.tif
	0042D13.tif
	0042D14.tif
	0042E01.tif
	0042E02.tif
	0042E03.tif
	0042E04.tif
	0042E05.tif




