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HARMONIC ANALYSIS OF EARTH TIDES MEASUREMENTS

»

. Introduction.

I'nls report contains the results of the harmonic analysis of obser-
vations made 1in order to measurse the tidal effects on the gravity, by
means of gravimeters placed 1in a lar.z number of stations all around
the earth.

When not mentioned otherwise the mecasurements started at May 9

1949 at oo™

or 15 consecutive days. The effect to be measured is extremely small,

th

.
>

., G.M.T. and were repeated each quarter of an hour for 7L

and 1s, moreover, in many cases obscuret by a systematic drift and
lrregular jumps ol the readin,.s.

I'ne large amount of data necessitated a carefull planning of the

analysis. The method used is a refinement of a method used by the
British Admiralty and worked ocut by W.L. Scheen. Confer:

A.T.Doodson and H.D.Warburg, "Admiralty Manual of Tides'", Hydro-
zrapiiic Department Admiralty, London.
1941 .
"The Admiralty Tide Tables, Part III.
1bidem, 1941,

W.L. Scheen, "Harmonic Analysis of Tidal Phenomena'', Report B.P.M.
(Manuscript 1951).

I'he calculations were performed on behalf of the Geophysical
Department of the B.P.M., The Hague, Holland.

2. Harmonic tidal constituents .

AR Table of harmonic tidal constituents can be found in Doodson and
Warburg  Chapter VII. The speed-number of a constituent is defined to
be The increment 1n phase, expressed 1n degrees per mean solar hour.
I'he so-called relative coefficient 1s a measure of the amplitude of

a Zlven constituent under certain idealised conditions.

I'ne most important constituents are.

Symbol : Spead-numpber: Relatlve coefflcient:
K. 15.04171 0 .531
0. 15.9430 0.577
P 14,9589 0.176
M 28 .9841 0.908
82 50 . 0000 0.423
N, 28 . 4397 0.1T74
K 30,0821 0.115
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From TtThis 113T 1t 1is scen that the difference in speed-numbers
Detween K1 and ]E’,l and &l1so betweaen K, and S2 is equal to .0821. This
means that when Kﬁ Bﬂd.fH cnrlgpzmmj 82 nave at a certain Time the
same phase 1t 1is only after 182.7 days that They have the same phase

again. In order To distingulsh reliably between there constituents 1n

obsgservatlions showlng measurements-errors of the same order as the
elf'fects to be measured, data of at least a half year should be
avallable. It 1s, therefore, 1mpossible to distin%uish'between K,l and
]F’,l Or between K2 and 82 1N The underlying data taken over a fortnight
only. This difficult, 1s overcome in this way that K1 and P1 are

combined 1nto one pseudoconstituent S Co which a speed-number

] b
15.000 18 attributed, wvhereas K2 1s simply identifilied with 82 (i.e.
the speed-number of K, 1s Taken to be 30.0000)

I'hne constTituents to be determined are, therefore, Sq} Oqﬁ SgﬁLM2

and Ng; the speed-numbers of which are roughly equal to 15, 14, 30,

29 and 23.4 respectively.

5. Harmonic analysis of the constituents.

I'he harmonic analysis of a time-series T into periodic constituent.
with given frequencies (or speed-numbers) is best performed by ope —
rating on the serles T by means of a certain linear operator Lm that
18 chosen in such a way that the result LmT 1s exactly or practically
only affected by the amplitude of the k-th periodic constituents Ckﬂ
In the ordinary Fourier-analysis this 1s casy cenough because of the
ortnogonalility of all constituents in the interval. In the case that,
as here., the frequencies are (practically) relatively irrational an
eXtremely large tTime-interval ought to be given in order that the same
methods might be used. Moreover, there are always a large number of
less 1mportant constituents left out of consideration that would,

anyhow, spoil the result.
Be The given time series T to be analysed

K
—
L

| . C
Kk =" - ="

. cos £t + R (3.1)

where K 1s some finite number (here K = 5), and the fregquencies fk:
are glven gquantities, and, moreover, R 1s a remainderterm containing
the less important neglected constituents as well as the measurement -

errors. Data are avallable for an equidistant finite set of values of
t That by sultable interpretation of f’K may be ldentified with the
integers n = 0,1,2,...,N-1 (here N = 14 x 96 or 15 x 96). Then the



opcration deflned by Lm is

N-1 K N ="
- N LS n
.LmT= f Am(n) f(l’l): ’:_,/ i‘_‘)k o \m(n)sn’l I fk -
I’l:o LLE'] nmo
z N-1
i \_,.... Ck 2_._,._,% Am(n) COS n fl{ + Rl’;l (32)
L{::] 11 =0

where R 1s again some unpredictable remaindesrterm. Now the functions

m N
,Am(n) are to be chosen in such a way that one of the terms z::hm(n)ﬂnn%

N n=71
or SW.Am(n) cCOsS n fk 1s relatively very large with respect to the
n=1
Others. Then by neglecting R& 1T 18 seen that if 2 XK operators Lm are
defined 1in such a way that they each favour a different one of the
constituents the set of equations (3.2) form a system with (after sui-
table arrangement) preponderating principal diagonal of the matrix.

I'nis matrix can be inverted once for all so that for each given Time
series (i.2. for the measurements of each station) the vector LmT has
only to be multiplied by a known matrix in order to yield the amplil-
tudes of the constituents. Of course. the functions;lm(n) can be chosen

Co be the constituents themselves, i.e. sin n fk or CcoOs n fk“ This

nowever, impliles that a large number of multiplications has to be
performed. This difficulty 1s overcome by taking instead functions

that are either +1 or -1 according to whether sin n f,. or cos n f. is

Kk K
posltive or negative as suggested by Doodson and Warburg. Only summa-

tions have then to be performed whereas the loss in accuracy is not
very large as long as one of the frequencies is not a small odd
multiple of one of the others what is not the case in this particular
application. Scheen has pointed out that 1t is better to use instead
functlions that take the values +1. 0, -1 only in order to minimise the

cl'f'ect of measurement errors. This does not complicate the computation.,

On The contrary, the sums extend over fewer terms. The best choice 1is
ffound by him to be:

Am(n) = -1. when -1< sin n fk & - sin T /8,
COS
ﬂ . S1n PR
Am(n) = 0 , when - Sln'w/Bd&COS Il fk<; sin /8, (503)
n ~ 81n .
lm(n) = 1 , when sin T /8 < 7 £, 1.
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LKven with this great simplification one should still have to
de termine ,\m(n) I'or all the possible cases of m and n. Hence, a second

simplification is introduced by performing the opsrations Lm in two

steps ., each chosen in a suitable way .

4. Details of the analysis.

I'he first step consists of applying to the measurements of each

day separately, to 96 consecutive vaiues, therefore, a set of four
operators ng L~ . L3 and L4 that are s0 designed as to pick out preci-
[

sely The sine- and cosine constitusnts of specd-numbers 15 and 30. They
are defined by the followln. table. The unity of € 1s a quarter of an

nour .

£ AL () A (t) Ay () Ay (t)
0 - 2 0 1 O |
5 - 5 0 1 1 1
O - QO | 1 l |
10 - 14 | 1 ) 0
15 - 18 1 1 1 -]
19 - 27 1 0 | -
22 - 20 l O 0 -1
27 - 29 | 0 - -
20 - 33 | -~ ~ 1 -1
34 - 38 | - - 0
30 - 4o | - - 1
4z - 45 O -1 -~ 1
46 - 50 0 . 0 |
51 - B3 0 - ] y
5% - 57 -1 -1 1 1
58 - 62 -1 - 1 0
63 - 66 ~ - 1 -
67 - 69 -] O 1 ~ ]
70 - T4 - 0 O -]
5 - 77 - 0 ~ ~ 1
78 - 871 ~ ] ~ -
32 - 86 - 1 - 0
37 - 90 -7 1 -1 1
91 - 93 0 1 -] 1
% - 95 0 1 0 1
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These seguences are very regular. They have 1ndeed; a kind ol a
period of 24, In fact, one has only to distinguish the operators for
t — O - 25:: FOPE

Ao (2h-47)= A (0-23), A (24-47)= - A (0-23),

A”] (48“71 )= - kq (0“25) 5 f\g(‘!"l”B“T'] )= - ﬂ (O—"QB) ,
| l‘ (72-95)= - AE(O-QB) J (\2(7;_9_,......95)m (\“l (0-23)

I
v

The result of these computations 1s a set
day., denoted for the n-th day by LJ(H)* Ly(n), LB(n)j Li(n)n

Onz can compute (ci. Appendix I) the resu
applied to the harmonic constituents Swy Owy ng Szﬁ N2 wilth
unit-amplitude  all starting at the beginning of the day elther as a
sine or as a cogilne-wave. Such a wave has, 1n general, another phase
on the next and followin: days, due to the fact that the spesd-number
is not exactly =qual to 15 or 30. Hence, tables can be constructed
that show the result of applying the oparators LW* Lgﬁ L3 or L4 To
the basic constituents, on various days, a basic constlituent being a
constituent oi the Type Sﬂj Oqj and 30 on that start at €t = 0 el1tTher

as a sine-wave or a cosine-wave. The results are glven 1n tTabel 1
through 3.

The second step is to apply certain other operators to the L{(n)l
Lé(n)J Lé(M) and Li(n)u Therefore again operators of the same kind are
used chosen in such a*way as to filter out the various components as

purely as possible. They are defilned by

n o (n) 4 (n) H(n) A (n) |k (n) Ag(n) 4 (n) 4(n) )

1 | | i l l | [

z 1 | | i [ l l 1

4 L 1 L ] | I |

il 1 1 0 L T 1 l

5 il L - -~ : " ’ -l

6 | 1 = - I O -

7 1 O - ""'""Hl ’ | O """1

3 1 0 ~1 O -' - O -

O | O - | ’ - O |
10 { - - | 1 — ~ ]
11 7 - O | ’ -~ ~ 1
12 L - O ~ ] 1 -] ~ -l
15 [ - ] -] [ -7 ~ -
14 1 - 1 - ” - ~ -
15 ‘1 -~ i -
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In most cases observations during 15 consecutive days were avallable

in some cases only during 14 days wvhercas 1in one case only data of 153
days were wiven. The follcowin. tablz shows the combinations of operators

used in these three cazes ordened with respect to the basic constituent

that This combination tries to extractU.

Basilc Number Combination ¢f operators 1 data are avar lable
constituent Aurling
13 days 14 days 15 days
S,l COS1INe 1 M9L2 M5L2 M5L2
] 3 » ,,
S,| 3ina 2 I"I{})L!l M5L1 M5L,l
O,l cosine s, ZM10L2 M6L1 M6L1
01 ol 4 M,] OL'] M6L2 MBL,]
( ~ | [
52 CoS1lhNe D, M9L)+ MSL)‘L M,l Lbr
I 1 A
82 sine O M9L5 M5L3 M1L3
sine f M- L 2
M2 COS 1N [ M,] iLB 117Lj Mng
N2 cosine e M12L5 MSL# M4L4
N2 sine 10 M12L4 MSLB M4L3

So far, the computations are ol a very simple character, only some
additions and subtractions of the cmpilirical data and of the first

derived guantities being neecded. The first part of these computatlions,

i.e. The application of the operators qu Lg, L5 and L4 on the cempil-

rical data can be performed on a National-machine in a very sultable

way. The data have td be set only once and the machine forms tThe

required combinations automatically. The second part of tThe computations

handles so few numbers only that the required combinations can easlly
pe made by using an orulnary deskmachine.

The result of the whole computation 1s a vector, the components of
which are closely related to the amplitude of one basic constituent
only. The effects of the other compponents are not neglected however.
It 1i: first calculated how each basic constituent behaves under tThe

application of the different combination of operators. The Daslc
constituents may be numbered from 1 to 10 as given in The table above.
Moreover, the amplitude of the components may be denoted Dby

AWJ Azjauu)Aqoa At last the appropriate combinatioisof operators for
a certaln number of days be given Dby Zqﬁ Zgjgga,zqo,




Than, one has
Z. T = >k m. \
o= e !

and for the cases 13, 14 and 15 days the matrices (mik) are Llven 1in
Cables 9, 10 and 11. B, 1nverting, 1t follows that

_ -] |
Ak:”'(mik) Z, T

and the inverted matrices (1’11?.”{)m1 in the three cases are given 1n
tables 12, 13 and 14. The principal diagonal is seen to be very large
1n comparison to the other ¢lements. Hence, 1t 1s To be expected tThat
the influence of neglected constituents and measuremant—-errors 1S

reduced To a minimum.

5. Correction for Jjumps and drifts.

The measurements show a lot of irregularities that are not caused

by the gravity-cffeccet to be measured but by other circumstances such

as slow or sudden changes 1n the characteristics of The measuring
apparatus. Calculations have been corrected for these effects. The
B.P.M. furnished b.sildes the original data tables of the varlations,
called drift (slow) and jumps (sudden) at hourly intervals. The
correction was performed in this way that these data were subjected
to a completely analo.ouis process as the actual measurements wlth

this difference that all the operators were replaced by correspondlng

ones, relating to hourly data instead of quarter-hourly data. In Thls

way these irregularities are also analysed in The basilc constituents
and these pseudocomponents serve to correct the originally calculated
C

components. For certain stations these corrections were Very essentilal.

65 Performed calculations.

In the way described 1in tThe preceding sections the data of all 29

stations were analysed. If measurements covering 15 days were avallable
the calculations were performed for the 'lrst 14 days as well as for
the first 15 days. The results of the amplitudines and phases o1 tThe

5 basic constituents o, 015 823 M2 and N2 are given in Table A and

B. If only one row 18 ;1venj the measurements covered only 13 or 14
days. If two rows are given, the first is the result of a 14-days
analysis, wherecas the second one 13 the result of a 15-days analysis.
In one case (TOIH Houston no.10), three rows are given, for 13, 14 and

il

15 days respectively.
The phases are .,iven with respect to the astronomical tlde.



Appendix T -

One can derive the folloving formulae :

. 4D Q0
! 1 at .7 1
n=~6t n=54

%cos6am09554a)+i(sin6a— sS1n54a
1

TR L
+ 21nT 5 a
+1(sina+sin56a~sin37azg
18 47 O 95
', lat — N RA 72 i
Lp(e™™ )= (2 - > - 37 4 57 ) etet
n =0 =30 =48 n=73
—~ (W-COSa+isina)(1~c0548amisin48a1(1-cos1gamc0550a+c0848a ~
4 sin® & a
~i(sln19a+sin303~sln48aZr
r ) il
', iat <] o2 09, 93 .+
Lg(@ )=() _ - 2_ + pan - S )e =
n=5 n=27 n=51  n=75
?_j(ggméichSQZQjCQSBTamcog75a t1(sin3a-sin27a+sin5ia-sin75a){
“
4 31n° 4 a
: (1~603a+00518aw00819a+1aina+sin18a+sin19a
1, iat é% 22 22 AT =y [ 31 95 iat
L)_’_(e )m(é N 2 - 4“> ~ T ’ + c‘? o \) o > + \b )e
. e L *...,4 .:':.m ..... - N A Lo '{r"\)
N=0 n=15 n=>2 1=3Q n=48 N=073 =72 N=a7
_ eb-+cd
.2
4 sin® %a
with
e = (1~00824a+cw848a~005723)+i(—sln24a+sin48awsin72a)
b = (1woosa+0059amcosﬂOa)+i(sina+51n9a~sin70a)
c = (1~cos15a+coa§9amcoa63a+00587a)+i(~sin1Sa+sln59awsin65a+srn87a)
d = (1JHN%%COSSa~CQS9a)+1(sina+sin8awsin9a)

Def'ining now

u =-k . 360° + 06. a° for k = 1.2,

"

such that lulis minimal, one finds for Lk(n) appllcated on ths

constltuent,which starts as a:
! v, 1at
cos a t: L (n)= Re L. (e Jcos n u - Im L
: S, 1at
sin a t: Li(n)= Im L/ (e Jcos n u + Re L

Sin n u.
sin n u.

f(eiat)
iat
(e™77)
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TABLE I

Lj(n) when the constituents start as a sine wave.

Il S,] O,l ﬁ)g I\i,:) Nd

1 57 .91 350 57 . 54362 O ~ 2n5u1178 - 3,720010
2 57 .91350 40 . 447383 0 - 1.939999 - 2.1800674
5 57 .91 350 20, 39374 0 - 1.172789 0.247948
Ly 57 .91 350 1.25005 0 - U .196390 2 ,580372
5 57.91350 - 2413470 0 0.815038 3. 849240
5 57.91350 - 44 86508 ® 1.631090 3.531558
{ 57.91350 - 55.94%19 o 2.247290 1.7582607
3 57.91350 - 58.03973 0 2. 412047 - 0.739732
9 57.91350 - 47.94336 O 2. 147006 - 2.93%2534
10 57.91350 - 28.60105 0 1.499611 - 3.917105
1 57.91350 - 3.74298 0 0.584075 - 3.2306355
12 57.91350 21 .83090 O - 0.435642 - 1.301854
15 >7 .91 550 43.20552 O - 1.577053 1.219735
14 57.91550 50.24195 O - 2.073937 3.238582
15 57 .91 350 58 . 43207 O - 2.4002483 3.0922576

TABLE ITI.

’ b b
Lq(n) when the constitusnts start as a cosine wave.

> 0. S0 Mo No
1 0 12,94860 0 - 0.510159 -~ 1.260947
2 0 30, 35347 O - 1.439384 ~ %.262962
3 0 52uf4755 O - 2.111869 -~ 3.920075
il 0 58 .90024 O - 2.4076606 - 2.901443
5 O 5%.318068 0 - 2.2740173 - 0.782187
S 0 323.23915 ® ~ 1 .734757 1.710464
7 O 15, 37554 O - 0.386065 %3.5124071
3 0 - 10.503%25 0 0.120605 3.857623
Q O - 54a%5ouo O fﬂwoj875 2 ,0123842
10 O -~ 571.,58406 0 1,893329 0.291121
11 O - 58,8636 C 2 . 343988 - 2.150593%
12 O - 54 79128 O 2.,376056 -~ 3.705892
13 O - 40.15242 O 1.984312 - 3.733727
1Y 0 - 17.77015 0 1¢258632 - 2.222027%
15 O 8.03911 0 0.272020 0.20458%
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TABLE 111

(¥
!

[ Z
75380 O
UDTOH5 O
55491 0
49904 0
33299 0
550073 O
427395 0
19184 0
57633 0
57130 9
39212 g
=559 C
2750“ 0
03537 O
21235 O
TABLE IV

cornstltuents

L] "
.
!
i
i
T, 1

D).
=y

ol 597
¢37as

O A\ U0 = 10

Jm = OW GOV LIS — ) —
o) £ L o « N &

\JTAUTIAAN —

234D
0654
59135

Y

COCOOOOCOoOCOCOoODOOO o™

start as a sine

sTart as

l

TN — =\ HUTUTUT =N O N U

O N FEUTUT N0 O — =UTUTUTD —

wave .,

M., N,
455733 3.,270009
SISLY 7.853791
274205 9.2004€0
913209 0 .754957
Lg7439 1.525250
101190 - 4.333123
G73383 ~- 8.405503
506417 - 9.013370
83058883 - 5.906179
768828 - 0.364626
791104 5.327215
700545 8.823328
733865 3.082712
8519206 4.,0633%25
4156295 - 0.301806
& Ccoslne wave,

M, N,

L T37597 - 3.647080
024953 - 4.387077H
, 087368 0.903601
270443 O.511539
194719 9.1138036

206415 3.166334
580755 3 .848697
397088 - 2.055263
162055 - 7.112103
S00775 - 9.25(>5¢
22559( - 7.255209
274557 - 2.759317
SUT7159 3.1 74138
1 87070 7.799%02
Q01TTT 9 .209889
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TABLE V

when the constituents start as a sine wave .

0, S, M., N,

5. 162041 27 .91 3550 o7 .29195 55 .52499
4.10T7450 D7 .91350 47.07239 32 .03855
2.,303153 57 .91350 23 . 45667 - 3.,70091
0.112162 57.91350 4.76521 - 33.5T475

- 2.165450 57 .91350 - 10.77621 - 57 .45390
- 4 025470 57.91350 - 40,79020 - 52.71215
- 5.1091067 57 .91350 - 54.52855 - 26.24392
- 5.207558 57 .91350 - 53.54078 11 .04130
- 4.3010068 57 .91350 - 52.11124 43 . 77562
- 2.566200 57 .91350 - 35 .38674 538 . 46685
- 0.335838 57 .91 350 - 14.17205 49.05969
1.959291 57.91350 10.57049 19 . 43148
%.870568 57 .91350 33, 42759 - 18.20582
5.04624 57.91350 50 . 322246 - 43.33920
5.242756 57.91350 583.24114 - 58.54852

TABLE VI

whern The constilituents start as a cosine wave .,

0. S, M, N,
1.161797 0 12.37859 18.82093
5.201775 9 34, 92542 48.70310
L .732717 0 51 .24268 583.51117
5.290953 O 53.41992 44 .,20257
L, 828825 0 55.17695 11.67491
3. 435450 0 42 .09221 - °5 66482
1.379550 O 21.49959 - Chzo24
- 0.942391 O - 2.92766 - 57 57902
- 3.0825938 o - 20 .83308 - 38.99935
- 4 628324 0 - 45.95214 - 4 _ 34503
- 5.281475 0 - 56 .37484 32 .09936
- 4.910090 0 - 57.565292 55.31429
- 3w602b53 O - 43 . 14760 55¢/2372
- 1.594410 D - 30.05431 33,7 2

o 721299 o - 6.5003%1 -~  3.05366
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TABLE VII

) !
~, e N vim Ly o o~ — 1 e R O A -~ P cn 4 e e e
LLL (i’l) Jhen the constitusnita 3 Cart as & sSings wave .

7 | "\v*l

=
i_..-l
(U
U/
N

."i ] ; {2
! 0 ~ 0. 3040 O - i1 .705] .
c 0 - 1.2019 0 - 5%, 438 -
5 0 - 2.0720 N - 4o 20067 -
%' J ““:3ﬂ3C?2 U - Eﬂuﬁggﬁ —
> 0 - 2.24306 O - 53,1004 -
& 0 - 1 .5993 C - 40,0510
( O - 0.8272 9 - 20.3849
3 0 0L 2043 0 2 .6065
9 0 .10 ) 25 . 5329
10 O 1.9579 0 G o872
11 0 2. 3497 C 54 .6779 -
12 0 2. 2739 0 55.5158 -
13 0 L7070 0 Lo 4514 -~
< U U.9205 O 29.1017 -
d‘ 5 O - U }O“'r__. O Jabbi ’i

TABLE VIIL

! ; i - 3
iLu Ahern The constituents start az & cosilne wave .,

Il 81 OW u2 M2

: 0 2.3510 57 .91350 55.1749

£ O . 9941 57 .91550 45, 4222

3 0 | . 2526 57 .91 350 27 .5070 -
+ 0 0.2695 57 .91 350 4.7959 -
5 0 - 0.7655 57.91350 - 18.8312 -
6 O - 1.0529 57.91350 - 39.0995 -
7 O - 2.2210 57.91350 ~ 52.3937 -
8 0 - 2.3018 57.91350 - 56,3420

o 0 - 2.0405 57.91350 - 50.2413
10 O - 1.3306 57.91350 =~ 35.1794

| 0 - 0.30689 57.9135C -~ 13.84%23
12 0 0.0099 7.91350 9 .9639
13 O 1.5790 57 .91550 51 .9929 -
14 O 2.1 845 57 .91 350 48.3153 -
5 0 2. 3683 57 .91 350 56.0199 -
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No.

117
12

15

15

17

18
19

20

Station
A lbuque rque

Reaumont

Bogota
Puert.Cal.

Columbia
BOgOta

Cosoleacaque

gecorrigeerde
waarnemingen

Edmont()n no . 29
AlDb.

Edmonton no.49
Alb.

Den Haag

Houston no.10
TeX'aS

Houston no,.20
Texas

Ottawa
Ontario

Pla‘drjOe
Salt Lake City

SOI‘Ong no ‘60
TOrOn tO

Trinidad
Talasa

ton

Eﬂ%@&mé

Amplitudines.

01

0,042
0.023
0.029
0.032
0.032
0.024

0.282
0.014

0.018

0,055
0.027

0.039

0.0%5
0.048

0.028
0.027

0.029G
0.031
0.030
0.029
0.014
0.030

0.025
0.03%0
0.012
0.020
0.009
0.055
0,032
0.017

52

0.03%7
0.038
0.027
0.032
0.03%2
0.037

0.453

0,02k

0.035
01017
0,017
0.017

0.016
0.022
0,021

0.037

0.035
0.036
0.029
0.029
0.042
0.0253

M,

0.053
0.046

0.068

0,075
0.066

0.070
0.141
0.0T4

0.072
00029
0.026
0.03%0
0.029

0.029

0,029
0.069

0.066
0..066

0.067
0.083
0.054

0.133 . 0.110

0.020
0.018
0.037
0.039
0.020
0.022
0.050
0.037
0.036
0.025
0.022

0.059
0. 065
0.092
0.096
0.046
0.048
0.091
0.070

N2

0.013
0.010
0.007
0.01k4
0.016
0.023

0.120
0.021

0.026
0,006
0.005
0.00%

0.005
0,009
0.009
0,024

0.024
0.026
0.012
0.011
0,028
0,012

0.012
0.012
0.016
0.020
0,023
0.019
0.017
0.017
0.017
0.012
0.010

0.016



No.

21
22

22

24

26
27

28

Station

Balikpapan

Hellwan
BEgyvpte

Fort Morgan
Colorado

gecorrigeerde
waarnemingen

Honolulu
Hawaill

Muna
Owerrl
Pasadena

Panuco
1% dagen

TABEL A (Vervolg)

Amplitudines.

S 0,
0.014% 0.017
0.058 0.030
0.050  0.042
0.058  0.050
0.052 0.039
0.052 0.039
0.042  0.030
0.042  0.021
0.067 0.024
0.014 0.012
0.102 0.079
0.102 0.065
0.087 0.029

2

0.039
0.030

. 020
. 022
.018
0.019
0.034
0.035
0.052
0,042

o O O

0,051

0.050
0.036

2

0.087
0.070

0.047
0.0473
0.057
0.049
0.089
0.093
0.098
0.091
0.114
0.112
0,08

0.007
0.018

0.00k4
0.009
0.009
0.008
0.024
0.023%
0.034
0.021
0.037

0.0359
0.024



10

10II

11
12

15
14

15
16

17

18
19

20

TABEL B
Fasehoeken.

Station S1
Albuguerque U714
34036
Austin - 179755
Beaumont - 12?59
- 12954
Bogota - 21945
Puert.Col.
Bogota ~-191980
Columbia
Cosoleacaque 66975
gecorrigeerde 349 1
waarnemingen
Edmonton no .29 - 0970
Alb. _ 0950
Edmonton no.49 - 8%16
Alb. _ 7?85
Den Haag = 10935
- 10210
Houston no.10 1913
Texas 1?85
1985
Houston no.20 -~ 5?19
Texas - 5?19
Maracalbo - 40%99
Ot tawa - 0707
Ontarilo
Plad joe 21715
Salt Lake City 3355
%81
Sorong No,56 96 41
Sorong no .60 ~230?20
Toronto - 5718
- 5204
Trinidad - 37968
Tulsa -189%62
~189966
Washington - 4509

- 4703

0,

51912
4896
37935
14506

11995
Z4712

170748

18970
1908

18758

- 5930

21776
4916
25763
0533
19728
17939
23738
20987
17952
_ 12928
21971

99922
49753
8291
103708
- 37736
27500
1797
152973

- 64952
- 71939
12917
12903

101061
13209

20911



No,

2
22

2

24

25
20

a2

28

Statlon

Ballikpapan

Hel lwan
Egypte

Fort Morgan
Colorado

gecorrigeerde
waarnemingen

Honolulu
Hawaill
Muna
Owerrl
Pasadena

Panuco
13 dagen:

TABEL B
Fasehoeken.,

S

66939

- 3918

- 7910
- 7936
- 6958

04

65968
41918

13530
27940
9736
9915
16974
11984
1730

- 16996
22507
221922
22730

Mo N5
- 1924 12952
- 3923 0916



