
• • St1.cht1.ng 

r-1A T:;-f};;I.1A.TISCI1 CElJTRlJ1i.f 
- . 

2e Boe1"'1'1aavestraat 49 

J\..r11.s t erdam. 

,. 
t.J • 

R 79 

Earth Tides ~;1easureme11ts 
t ■ I I ill ·•1 I -,.11 JI :s•: fli 77:tS 5711'2 

Berghuis 

A. van \·Tijngaarden 

1952 



1 <· In trc.)d1J.c t ion< 

Tl1is repor·t contai11.s ·tr1e resu.l·ts of· the· harn·1onic anal::,,sis of' obser

vation·:) n1ade 1n order ·to rr1ea:30,re tr1e tidal effects on the gravitJ-";-~ by· 
• 

means of gravimeters placed in a lar6 2 number of stations all around 

the earth. 

v·Jhen 

or 15 cor1secutive da.y·s ~ 1rhe e1·rect to be rneas·ured is extremely small:

and is~ moreover> in many cases obsc!_1rec.~ by· a systematic drift and 

irre gL11. ar J .__11np s of t t1.e re ad in(.:)s .. 
1rhe large amount ofa data necessitated a carefull planning of the 

analysis., ·rhe method used is a refinement of a method used by the 

B1~1 tis h Admira 1 t :y· and 11,rorl,ced t:)t...1_ t by· 1.tJ O L., Sc heen.. Confer; 

A 1T DO od s,,..., -1 ana:1 1-.. r D 1 ,Ja rb 7 1 r C." O O u l J.. 0 0 ,I. • _.,_ Q :') ii Admiralty· f/lanual of Tides'' 
7 

Hydro

grapl1ic Department Admiralty 5 London:-

~! 9 4 ··1 " 

111rhe Admiralty· Tide 1rables:., Part III:, 

lb l de m ~ ·1 9 4 #1 0 

\·Jc.Lv Scheen;,, !iHarr111')DlC Anal}TSis of 1l'idal Pl1.enomena''J Report BoPoMo. 

Q 

·rhe calcu.lations ·.~Jere 1-;erforrr1ed on behalf' of' tl1e Geophy·sical 

De part 1ne 11 t of t he B ~ P " 1'1 ., :, 1I' he Hag u. e :, I-Io 11 and .. 

2c Harmonic tidal constituents~ 

A table of harmonic tidal constituents can be found in Doodson and 

WarbLirgJ Chapter VII. ·rhe speed-number of a constituent is defined to 

be the increment in phase~ expressed in degrees per mean solar hourQ 

'rhe so-called relative coefficient is a meas·ure of the amplitude of 

a given constituent under certain idealised conditions~ 

'rhe most important constituents are~ 

Relative coefficient~ 

1(1 1 5 , 0 4 ·1 -1 O Q 531 
1309430 00377 

p1 ll 4 ~ 9 589 001 76 

rv12 28 ~ 98~-1 00908 

s2 30 ., 0()00 0"423 

1'12 28~4397 00174 

K2 30.,0821 0 .. 1.,15 
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From this list it is seen that the d1ff'erence in speed-numbers 

me ans t l1a t 

same phase it is only after ~182~7 days that they have the same phase 
• 

againo In order to distinguish reliably between there constituents in 

observations showing measurements-errors of the same order as the 

effects to be m2asuredJ data of at least a half yea~ should be 
• availabl2, It and 

combined into one pseudoconstituent S~) to which a speed-number 
I 

1 5 oC:000 lS attributed;.; \There as K2 is simply identified \;Jith s2 i oe .. 

the speed-number of K2 is taken to be 3000000 

The constituents to be determined are~ therefore 3 

29 and 2804 respectivelya 

3c Harmonic analysis of the constituents~ 

rrhe harmonic analysis of a time-series Tinto periodic constitucn+_ 

with given frequencies or speed-r1un1bcrs is best performed by ope

rating on the series T by means of a certain linear operator L that 
rn 

is chosen in such a way that the result LmT is exactly or practically 

only affected by· the a111pl i tude of the k-th periodic cons ti t·L-1.ents Ck Q 

In the ordinary Fourier-analysis this is easy enough because of the 

orthogonality of all constituents in the intervalo In the case that~ 

as here~ the frequencies are practically relatively irrational an 

extremely large time-interval ought to be given in order that the same 

methods might be used~ Moreover~ there are always a large number of 

less important constituents 12ft out of consideration that wouldj 
• 

anyhow~ spoil tt1e resulto 

Be the given time series T to be analysed 

K 
. 

T 
\ -
I 

k==1 

• • • sin 

K 
' , 

k=1 

where K is some finite number here K 

3. 1 

are given quantitiesj and~ moreover 5 Risa remainderterm containing 

the less important neglected constituents as well as the measuremenJc•

errors~ Data are available for an equidistant finite set of values of 

t that by suitable interpretation of fk may be identified with the 

integers n = 0~1~2j cc•~N-1 here N = 14 x 96 or 15 x 96 o Then the 
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op2ration defined b:y· L "' lS rn 
N - ·1 K }J - ·1 

> ""' L T T 
..... 

C! 0 

fk 
/ r1 n // / n s 1.n n + -• ·' , • Uk ,t. __ -- J' .m - v---... m < ·- m • -

0 1-c 1 0 ll n 

K N-1 
~ 

\ + ) 
Ck n cos n 1~ + RI 3o2 • ,., 

L----- -<-... m k m k ·1 0 r1 

where R 1 is m again som2 unpredictable remaindertermo Now the 

to be chosen in such a way that one of the t2rms 
functions 

N / n are 
m N 

n=1 
respect to 

n sinnf m 

or /YYl n cos n fk is relatively v2ry large with the 
n=1 

others .. Then by neglecting 

defined in such a way- that 

R J > I ·' th t ml~ is s2en a 
they· each favour a 

if 2 K operators Lm are 

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~ 

This matrix can be inverted once for all so that for each given time 

series i .. e .. for the l'neasu.reme11ts of each station the vector Lmrr has 

only to be multiplied by a known matrix in order to yield the ampli-

tudes of the co11stituentso Of coursej the functions 
to be 

m n 
cos n 

can be chosen 

however> implies that a large number of multiplications has to be 

performed~ This difficulty is overcome by taking instead functions 

either is 

positive 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 lon~ as one of the frequencies is not a small odd 

multiple of one of· the others 1J·1hat is not the case in this particular 

applicationu Scheen has pointed out that it is better to use instead 

i"lunctions that take tl1e values +1. 0~ -1 only in order to minimise the 

effect oI' meas~rement errors~ This does not complicate the computationo 

On the contrary~ the sums extend over fewer terms. The best choice 

found by him to be: 

n m 

n m 

-1 vvhen -1 
.,, 

/ , 

\ sin 
cos 

" 

8 _.,. S ln 
O !) \rvhen - sin 1T "cos n 

1 5 when sin 11 8 
0 , .... sin 

< "'cos 

sin 11 8.9 

sin rr 8:, 

~ 

lS 
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Eve11 1.ti1itl1 tr-1is 2,reat simf)lii-..i.cation one should still have to 
" 

deterr11ine ,1 n for all the 1jossible ,::;ases 01· m and 11 .. Hence:. a second m .L ,, 

~3 irn1J 1 if ic ct t ion is int rod ucecl t)y pe r1·orn·1ir1 6 tl1e op2 rat ions Lm in two 

steps~ each chosen in a suitable wayo 

4. Details of the analysiso 

The first step consists of applying to the measurements of each 

day separately) to 96 consecutive values~ therefore, a set of four 

sely tl1e sine- and cosine constituents of spe2d-numbers 15 and 30D They 

are defined by the follo 11Jin~ tabl2Q The unity oft is a quarter of an 

hour. 
t 

0 - 2 

3 - 5 
-
b - 9 

·1 0 - 14 

·1 5 - 18 

19 - 21 

22 - 26 

2'7 - 29 

30 - 33 
34 - 38 

39 - 42 

43 - 45 

46 - 50 
5 ··1 - 53 
51~ - 57 
58 - 62 

63 - 66 
6 ·r· - 6q _, 

70 - 74 

75 - ·77 
78 - 81 
82 - 86 
8r7 - go 

91 - 93 
94 - 95 

0 

0 

•j 

-1 

1 

1 

1 

--i 

Jl 

;1 

-1 

0 

0 

0 

-1 

-1 

-1 

-1 

-1 

-1 

-1 

-1 

-1 

0 

0 

1 

1 

1 

-1 
' 

1 

0 

0 

0 

- "I 

-1 

- -i 

-1 

1 

-1 

-1 

-1 

- ~1 

0 

0 

0 

1 

1 

1 

1 

1 

., 0 

1 -1 

·1 -1 

0 -1 

-1 -1 

-1 -1 

-1 0 

-1 1 

-1 1 

0 ~1 

1 1 

1 -1 

1 0 

1 - --1 

1 -1 

0 -1 

-1 - .. , 

-1 - "I 

-1 0 

-1 1 

-1 • 1 

0 1 



These sequences are 

period of 24~ In fact~ 

t = 0 - 234) For: 

1 24-47 / 2 0-23 

48-71 -'] 

72-95 ✓1 -
-

24-47 0-23 
3 - 3 

/3 48-71 ( 3 0-23 

( 3 72-95 0-23 -
3 

- 5 -

They have ✓ indeed 5 a kind of a 

one has C)nl:i1 to distint~u1sr1 the operators for 

24-4rr 0-23 -:,,, 2 1 .'I 

,, 8 7 ~i r 2 0-23 r 2 '"1· - - :,, 

.) ( 2 72-95 ( ,I 0-23 J 

2 1t - .J+ 7 -- / 4 0-23 4 -!J .I 

5 48-71 0-23 J 

~ 
72-95 0-23 

The result of these computations is a set of four values for each 
t f I f 

One can compute cfo Appendix I the results if the op2rations are 

unit-amplitudeJ all starting at the beginning of ·the day either as a 

sine or as a cosine-waveo Such a wave has, in seneral, another phase 

on the next and followin~ days~ due to the fact that the speed-number 

is not exac·tly· (:::•qu_al to 15 or 30" Hence J tables can be constructed 

that show the result of L4 to 

the basic constituents> on various daysJ a basic constituent being a 

constituent of the type = 0 either 

as a sine-wave or a cosine-waveo The results are given in tabel 1 

through 8 .. 
t 

The second step is L 1 n ;) 
1 I 1 

to apply certain other operators to the 

n ~ Therefore again operators of the same kind are 

1.1sed chose11 in s,J.ch a' v-Jay·· as to f'ilter out the various compo11ents as 

purely as possibleo are def•ined by 

n ,1 i11 
/~ n n ,fl n on n n n n n n ·5 . 

.' 

.~·/ ' ..... I 
/1· 

' 
. ... 

' • f ,. 
• • . • I • 

I i I ' / • • 

1 1 1 ---i ~1 1 -1 • 1 1 0 1 -1 •• 

I 

2 1 1 1 1 1 ·1 1 #l 1 -1 1 -1 

3 1 1 1 1 1 1 1 1 1 -1 1 1 
4 ;l 1 0 1 1 1 1 1 1 -1 1 1 

5 1 1 -1 -1 ~1 ·1 1 -1 1 1 --1 1 
r 

1 1 -1 -1 1 ·1 0 -1 1 1 0 -1 b 

7 1 0 -1 - ·1 1 1 0 -1 1 1 0 - --1 

8 1 0 - ·1 0 1 -1 0 - Ji 1 1 0 -1 

9 1 0 -1 1 1 -1 0 1 1 1 -1 -1 
10 1 -1 -1 1 1 -1 -1 1 1 1 -1 1 
1 1 1 - --1 0 1 1 - ·1 -1 1 1 -1 -1 1 
12 1 -1 0 -1 ·1 -1 -1 -1 1 -1 -1 1 
1 3 1 -1 1 -1 1 -1 -1 -1 1 -1 -1 
14 1 -1 1 -1 1 -1 -1 -1 • 

15 1 -1 1 -1 



,,. 

- 0 -

In most cases observations during ·15 consec·utive days w2re available 

in some cases onlJr d 1_;tring 14 daJ,s .,·1her2as in one case onlJ;· data of 13 

days vvere ~iven~ ·r11.e follc1·~1ir1t..;. tal:)l(? sr10 1:·Js tht2 combinations of operators 

used in th~se thre2 cases ord2ned 1#lth resp2ct to th2 basic constituent 

that this combination tries to extracto 

Basic Numb2r 
cor1s tittlent 

.. 

COS l1'12 

o 1 cosine 

o 1 sine 

s2 cosine 

s2 sine 

,. 

cosine 

G cosine 
·, 

S ll1C 

1 

2 

3 
4 

5 
6 

7 
8 

Combination of operators if data are ava~lable 
d·uring 

1 3 ,jays ·1 5 days 

So far;, the computati·ons ar~-= of' a very simple character.:; only· some 

additions and subtractions of the empirical data and of the first 

derived quantities being needed6 The first part of these computations} 

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

way. The data have td b2 set only onc2 and the machine forms the 

r'eq·1.,1ired combinations a11toma·tically .. The second part of the computations 

handles so few numbers or1ly that the required combinations can easily 

·be made by usin~; an ordinary deskmachineo 

The result of the whole computation is a vector~ the components of 

w11ich are closely related to the amplitude of one basic constituent 

onlyu The effects of the other compponents are not neglected however~ 

It i3 first calculated ho~J each basic constituent behaves under the 

application of the different combination of operatorsc The basic 

constituents may be numbered from 1 to 10 as given in the table aboveo 

Moreover> the amplitude of the components may b2 denoted by 

the appropriate combinatia1s of operators for 

a certain number of days be 
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7 . 'ln 
LJ ... ---·· 

l 
k 

' and far tl1e cases 

tabli:jS 9) 10 and 

·1 3 ~, 1 4 and 15 cta:s th2 matrices m. 
l1( 

are 6 1ven ll1. 

11 ., B:) 

in the thre2 cases 
1 .. ,c 

are " 2iven in 
0 

tabl2s 12_. 13 and 14, The principal diagonal is seen 

in comparison to the other 2lem2ntsa Hence_. it is to 

tc) be very- lar[se 

be 2xp2cted that 

the influence of neglected constituents and measur2m2nt-errors is 

reduced to a minimum~ 

5e Correction f1 or jumps and driftso 

The rn2asurements show a lot of1 irregularities that are not caused 

by the gravity-effect to be m2asur2d but by other circumstances such 

as sJ.ow or sudden changes in th2 cl1aract2ristics of the measuring 

apparatuso Calculations have been corracted for these effectso 1rh2 

original 

sudden 

data tabl8s of the variations~ 
~ 

called clrift at hourly- intervalso The 

correction was perforn1ed in this way that these data were subJ2cted 

to a completcl-;r ar1alo·~o~1s i)rocess elf~ the actual measurements -"rJith 
- 1.::) ~ 

thi:3 dif'ferer1c,2 ·that aJ.l the operators -~"Jere replaced by co1->responding 

011es:1 rel_atir1fs to h,:J,"trl:y,- data instead of q1.,1arter-l-iourl~; data .. In this 

way these irregularities are also analysed in the basic constituents 

and tt1ese pse,.1(joc::;rr11;:,011.e11.ts serve to corr·ect the originall"Y· calc·L-tlated 

componentsc For certain stations these corrections were very essentialo 

6. Performed calc1_1lationsc 

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

stati,:)11s tvere anal;;,·secl" 11.., n1easure1~11ents coverin6 15 day·s 1tJere available 

the calculations were performed for the first 14 da~s as well as for 

the first 15 day·s., rrhe res·i_;tl ts of the amplitudines and. phases of· the 

are given and 

B
0 

If only one row is g1.ven} the measurements covered only 13 or 14 

days O If tvJo rov\TS are [:,lven_, the first is the result of a 14-days 

analysis> i~hereas the second one is the result of a 15-days analysiso 

In one case ~ Houston noo10 ) three rows are given~ for 13, 14 and 

15 days respectively. 
The phases are biven with respect to the astronomical tide. 
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L ... 4,.k, ..... ._~ - .... 
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48 63 rl --~0 n 1'1 1 --- _;; 

1-cos24a+cc)s48a-cos72a +i -sin24a+sin48a-sin72a 

31 95 .,..._ .. '··- ,--·• ····--> -i-- ':. I ,.:...,,,•··- .(':.. . . . . . . ·~ 

n 72 n 87 

C 

1 -co sa+c , __ 1 s9a-c ,:) ,31 Oa. +i s i11a+s in9a-s in..-! 0 a 

1-cos15a+cos39a-cos63a+cos87a +i -sin15a+s1n39a-sin63a+sin87a 

1-cosa:t-r:,,,...,.0s8a-cos9a +i sina+si118a-sin9a 

Defining now 

u ==-k o 360° + g6,: a 0 
- fork 

sucr1 that \ u l is 1ninimal;; one f 1 inds for Lk n applicated on the 

c c) 11 s t it u e n t ) -1,·J hi c 11. s tar·ts as a~ 
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11. C1 
1-..) 1 

1 57.91350 
2 57091350 
-:,, ;; 5,--(091350 
4 57.,91350 
5 57¥91350 -
6 57w91350 -
7 5'7 ° 91350 -
8 57091350 -
9 57°91350 -

1 <) 57091350 -
11 57091350 -
12 57¥91350 
13 57.,91350 
14 5'(. 91 350 
1 5 57091350 

1 

1 0 
2 0 
3 0 
4 0 
5 0 
r 
t') 0 
7 0 
8 0 -
9 0 -

10 0 -
1 1 0 -
12 0 -
13 0 -
14 0 -
~1 5 0 

- 9 -

1TABLE I .. 

when the constituents start as a 

57u54362 
46 0 44'738 
26039374 

1 .. 25005 
24~13470 
1~4 ~ 86508 
56~94319 
58005978 
47094336 
28.,60105 

3.,74298 
21083690 
43020552 
56~24195 
58 .. 43207 

12.94860 
36035347 
52 ~ '7' 4'(55 
58~96924 
53,81868 
38 .. 28915 
15°37554 
-1 0 ., 50 32 5 
3lt o 35649 
51 ., 581+06 
58 0 8(5361 
54 C 79~128 
40 .. 15242 
17c77015 

8 .. 0 39 -1 1 

• 

~-
'- ' 
1-..)0 

C. 

0 
0 
0 
0 
0 
0 
0 
0 
r, 
\_) 

0 
0 
0 
0 
0 
0 

s 2 

0 
0 
0 
0 
() 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

-
-
-
-

-
-
-
-

-
-
-
-
-
-
-

rvrr 1 
2 

2 0 36~11 78 -
1 ° 939999 -
1 ~172789 
u O ·196390 
00815038 
1 ,,681091J 
20247290 
20412647 -
2 0 1 4'7666 -
-1 c 49961 'I -
00584075 -
o,435642 -,...-
1 g 377053 
20073937 
20400298 

0 .. 510159 -
1 0 4 39384 -
2~111869 -
2 .. 407666 -
2.274013 -
-1 0 734 751 
0.886065 
O ., -1 20665 
1 .105873 
1 ~893829 
20343988 -
2.376056 -
1 .. 984312 -
1 0 238632 -
0~272020 

N2 

3 .. 720010 
20186674 
00247948 
20580372 
3~849240 
3.,531558 
1 C, 758267 
0°739732 
20932834 
3 ., 9 ·1 71 O 5 
30286855 
1~301854 
-1 4 219733 
30238582 
3<922576 

1.260947 
30262962 
3 .. 920075 
2.961443 
0.782187 
1 . 719464 
3 w 5 ·12401 
30857623 
2 .. 612842 
0.,291121 
2a150593 
3~705892 
3c733727 
20222623 
0 .. 204583 



TABLE III 

t 

~hen t1-1e constit1_ients start as a sine 

i1. 

1 0 ~I -·i ~ 7 5 3 8 6 ~. 
1 • 455~T33 3. 2·7ooc19 . ' - u 

2 0 33 ~ lt-2765 30694454 f -, 

7.853791 - l,.J 

3 48 g 6549~1 0 - 0 5 .. 274205 9.200460 
4 0 - 54~49904 0 5°913209 6.754957 
~ ~-9 ~ 83299 0 - 0 5.497489 1 . 525250 ., 

6 0 - 35055663 0 4~101196 4.333123 -
7 0 1 4 LL2·-z ,, 5 0 1 .9~r3383 8 ~· 405503 - I "' I ..J I -
8 9c 1~9'184 () 0 - 0.506417 - 9.0·13370 
9 0 3-1 °5rr•633 0 - 20895888 - 5.906179 

JI 0 0 4 "7 .. 57 Jl 30 0 - 4c768828 - Oc364626 
1 1 0 54 . 392 "i 2 0 - 5. 79116~- 5.327215 
12 0 50.72339 0 - 5 0 78051+5 8 .. 823328 
1 3 0 3•7 G 27262 0 - 4.738865 80682712 
~1 4 0 ~16,[53 381 0 - 20851926 4 .. 963325 
1 5 0 - '7.2-1285 0 - o.456295 - 0.801806 

I 
L 0 n) w·1en th~ co11stituents start as a cosin2 ~ave. 

C 

:r1 
• 

I 

1 5 7 C 91 35,,J 53.2342 5 0 '73'i 59 7 8 .. tS4 7080 r· 
I ', -' . -. . ·-

2 57°91350 4 J QrL::4. i'"°"'1 4.624953 4.876774 ·- " 0_.1 lj - -
--, 

57.91350 24 0 59 ~1 3 0 2.687368 
,,-

Oc903D01 .) -
4 57 C 9-1 350 .. 37 lt8 0. 2 .. (0 44 3 6 .. 31·1539 1 ----lJ -
5 57091350 

~ 

2 ~ 1 94 ·71 9 9 0 1 -·18036 ,....) 0 1 r) f-, 7 ·""'\ - u '- I - o \.. -..,' ( 
• 

6 57 .. 91350 - 4 ~i , 32 5 ✓1 r-, 4 ~ 268lt-15 8 .. -166334 .... , 

s·r ~ 9~1 35cJ 52,5738 0 5.,580765 3.848697 '7' -
8 5(~91350 5 -, ,,- 8 7- 7 0 5 O 89r7688 2.055263 - _) .. 0' :,)( -
9 sr-r .. 9 ·1 350 44. 1+406 ,-, 5 0 162655 7 .. 112103 - u -

26 . 6~~ •r-.2 3 0 5 0 6 Ir• r( 3 10 57 ° 9~1350 - (} - 90237532 
I 

1 1 57091350 -, l~- 7(1 r 0 ··1 .225397 '"7. 555509 - ;) .. 1:.) 0 0 -
·1 '-_) 57 C 91 35 1J ✓ ~ o79--· 0 1 ') 7 4 5r- ·1 2 .. 759317 I :_;1 .. _:.,, J - <> t.... :_:) I -,_ 
1 '"7. 57091350 3,9 .. 7842 0 - 3 .. 514- '7 ·1 5 9 3 0 1·741 88 - 5 .. ~l 87070 7 ° ·799382 1 4 57~91350 5 ~1 (:) 'l 6 8 0 -0 _, 

1 5 57°91350 5400370 0 - 5. 90 ~l 777 90209889 



n 

1 
2 
3 
4 
5 
r 
0 

7 
8 
9 

10 
1 1 
12 
13 
14 
15 

n 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1 
12 
13 
14 
~1 5 

1 

L, r1 
-

(; 

0 
0 
0 
0 
1J 
0 
,,...., 
L' 

0 
0 
0 
0 
0 
0 
0 

r 

5 . ~1 6 3 o 1+ ~i 
4 ~ 1 67450 
29368153 
o . ~11 21 Ei2 

• 

- 2.165459 
- 4_.025470 
- 5 ~ ~1 09 ·167 
- 5., 2 1J'(558 
- 4~301668 
- 2c5662QQ 
- {J, 335838 

·'1 9 959291 
o 6 r --3~o7 Soo 

5 ,, 046249 
5_242756 

' 1 .,.,, 

- l l -

rrABLR v· 

start ,::1..s a -sine 

57•c91350 57°29193 55052499 
57-91350 4~7 .07239 32063855 
57.,91350 28~45667 - 3u70091 
5'( 0 91350 4076521 38~51475 -
57~91350 - 19 0 77621 - 57 .. 45390 
5·7, 91 350 40079020 52071215 - -
57 <, 9 ✓1 350 - 54052855 - 26~24392 
5'-i~ 0 91 35r~) 58054078 11 0 04130 -
57091350 - 52(;11124 43077562 
5 7 lj 9 -1 350 - 36038674 58046685 
5·7 0 91 350 - ·14 .. 17205 49~05969 
5( y91350 10057049 -19G431 48 
57091350 33.42759 18 .. 20582 -
5'(7 091350 48 .. 33920 50~32229 -
s··r O 91 350 58.24114 - 58.54852 

TABLE VI 

L~ n when the const1tue11ts start as a cosine wave. 
:) 

0 
0 
0 
0 
0 
0 
0 
0 -
() -
0 -
0 -
0 -
r· u -
0 -
0 

(J .,, 
l 

1 Q 1 t) 1 79 7 
3 6 26 ✓1 ·775 
4 .. ·7 3 2 71 ',· 
5 ,, 290953 
4.,828825 
3 w 

14 3545c1 
~-

1 ~ 379550 
O ~ 94239-1 
3 ' 1J82598 
4~628324 
5~281475 
4c9-1609C} 

-- ,.-

3., 6()2b35 
·1 .. 59 4-4 ··1 0 
0 C •721299 

0 
0 
0 
0 
0 
0 
0 
0 
0 
--u 
0 
0 
,,...,_ 
u 
1J 
0 

12037859 18n82098 
34.92542 48~70310 
51 c24268 58 .. 511 -1 7 
58041992 ~-4 0 20257 
55017695 11 .. 67491 
42.09221 - 25.66482 
21 .49959 - 52. 4-2624 

- 2 V 92 '"786 - 57.,57902 
- 26~83308 - 38°99935 

45 ~ 952 ·1 4 4.34523 - -
- s6 ~ s·11~s4 32009986 -

55031429 - 5700529? 
48 ~ --14'r1 60 55.,72072 -
3 0 0 i- 1.L 3 ··J 33,17 92 - ) 0 :J I I 

- 6 060031 - 3oCJ5366 
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0 - 49u2067 - 55. 1 528 
0 - 5(, ,, •'i 98 15 - 4 ·1 .8611 
() - 5 3 ~ ·1664 - '"I ·1 .. 3154 
(J - 4() 0 6 51 fj 23~8942 
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(J 

. .-
54. 3·] 4~( 2 ,. 6Cib5 

•• 

36 0 987~1 ·, -~5 h320 ( J , __ L ._._. 7 
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I"'-." 

54~6·779 Li - 29. 9'('77 
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0 46. 45·1 4 - 52.61 14 
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,...., 
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.:) t:,;_ to L. 

5-7 ~ 91 350 45,,4222 3 ~'I I 

, 0204 
5'7 "91 -350 I - . 

.- ,-

2•r;, Q 5o7o - 3 ~ "'I 668 
5~109-'1 350 4°7959 - 36Qo488 

·1808312 54 0 0 ,·,;,2 4 5 ·7 Q 9-1 350 - -
5 7 w 9 ·1 35() 39.0995 49.,8090 - -
57~91350 - 52~3937 - 25 .0156 
57.,,9135(] - 5603426 ~1 o., 0884 
57 ° 9~1 350 - 50 ~ 2 4-·18 41 .. 0343 

35 ~ 1794 55°0670 57 ° 9·1 350 -
57 0 91 35C1 - -'j 3 u 8423 4604026 
57,91350 9 ,. 9639 ·1 8 p (l 1 2 4 
57.91350 31 9C)29 ·1 E, 8404--" _, I O / 

48 C 3·1 53 4 --~ 57.91350 - 5c)Ob3 
5 •1• V 91 350 56 VO ·1 99 55 ~ ·18~-5 -
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TABLE XI 
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- 1004897 - Oc4868 
0~4810 - 11 ~3510 
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4101266 548,7914 
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- 0.0472 - 005455 
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- 1 0 5392 3~9038 - 9.,7844 - 408979 
37 C 79()1 408296 7 ~ 5 30 4 - ·7 3 ~ ·1 40 o 

2 c 5 "I 99 /• r:: 7 417 3009460 402767 - I _; ., .) 

- 91 Q O 1 3 ·1 - 36 ~ 279-1 6906850 -137~2088 
37~3469 - 94c7215 146co419 7-y ,ors 

) Q ·1 \_) 

44706041 176c4819 82~·1·134 -164.0340 
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No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 1 

12 

13 
14 

15 
16 

17 

18 
19 

20 

Station 

Albuquerque 

Austin 

Beaumont 

Bogota 
Puert.Cal. 
Columbia 
Bogota 

Cosoleacaqu~ 

gecorrigeerde 
waarnemingen 

Edmonton no.29 
Alb. 

Edmonton no.49 
Alb, 

Den Haag 

Houston no.10 
Texas 

Houston no.20 
Texas 

Maracaibo 
Ottawa 
Ontario 
Plad,joe 

Salt Lake City 

Sorong no.56 
Sarong no.60 
Toronto 

Trinidad 
Tul8a 

Washington 

TABEL A 

Amplitudines. 

s 1 

0.038 

0.039 

0.049 

0.052 

0.052 

0.013 

0.762 

0.046 

0.014 

0.054 

0.054 

0.050 

0.050 

0.062 

0.062 

0.053 

0.054 

0.054 

0.051 

0.051 

0.033 

0.057 

0.046 
0.085 

0.085 

0.009 

0.016 

0.051 

0.051 

0.062 
" 

o. , 

o. 1 
0.056 
o.o. 

0.042 

0.023 

0.029 

0.032 

0.032 
0.024 

0.282 

0.018 

0.033 

0.027 

0.039 

0 .. 033 
0.048 

0.028 

0.027 

0.029 

0.031 
0.0 

0.029 
0.014 

0.039 

0.023 

0.03.0 

0.012 

0 .. 020 

0.009 

0.033 
0.032 
0.017 

0.019 

0.025 

0.036 
o.o 

" 

0.037 

0.038 

0.027 

0.032 

0.032 
• 

0.037 

o.453 

0.024 

0.035 
• 

0.017 

0.017 
0.017 

0.016 

0.022 

0.021 

0.037 

0.035 
0.036 

0.029 
0.029 
0.042 

0.023 

0.133 ~ 

0.020 

0.018 

0.037 
0.039 
0 .·020 

0.022 
0.050 
0.037 
o.o 
0.025 

0.022 

0.053 
0.046 

0.068 

0.073 
0.066 

0.070 

0 .141 

0.072 

0.029 

0.026 
• 

0.030 

0.029 

·0.029 

0.029 
0.069 

0.066 

0-.066 
Q .• 066 

0.067 
0.083 
0.054 

0 .110 

0.059 
o •. · 3 

0.092 
0.096 
0.046 
0.048 

0.091 

0.070 
0.068 
o.o ' 
0.057 

0.013 

0.010 

0.007 

0.014 

0.016 

0.023 

0 .120 

0.021 

0.026 

0.006 

0.005 

0.004 

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 

23 

24 

25 
26 

27 

28 

Station 

Bal il-cpapan 

Hellwan 
Egypte 

Fort Morgan 
Colorado 

gecorrigeerde 
waarnemingen 

Honolulu 
Hawaii 

Muna 

Owerri 

Pasadena 

Panuco 
13 dagen 

TABEL A Vervolg 
Amplitudines. 

M 
2 

0.014 0.017 0.039 0.087 0.007 

0.058 0.030 0.030 0.070 0.018 

0.050 0.042 0.020 0.047 0.004 

0.058 0.050 0.022 0.043 0.009 
0.052 0.039 0.018 0 .051 0.009 

0.052 0.039 0.019 0.049 0 .. 008 

0.042 0.030 0.034 0.089 0.024 

0.042 0.021 0.035 0.093 0.023 
0.067 0.024 0.052 0.098 0.034 

0.014 0.012 0.042 0.091 0.021 

0 .102 0.079 . O.051 0 .114 0.037 
0 .102 0.065 0.050 0 .112 0.039 

0.047 0.029 0.036 0.08 1 0.024 



No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

11 

12 

13 
14 

15 
16 

17 

18 

19 

20 

Station 

Albuquerque 

Austin 

Beaumont 

Bogota 
Puert.Col. 
Bogota 
Columbia 

Co so J.e ac aque 

gecorrigeerde 
waarnemingen 

TABEL B 

Fasehoeken. 

34?14 61?12 

34~36 48~61 

- 17~55 
- 14?06 

- 12~54 

- 21~45 34~12 

-191~80 170~48 

Edmonton no;49 - 8?16 

18~58 
- 5?30 

21~76 

4?16 

25~63 
0~33 

Den Haag - 10<?35' 

Houston 
Texas 

no .10 

Houston no.20 
Texas 

Maracaibo 

Ottawa 
Ontario 

Pladjoe 

Salt Lake City 

Sorong No.56 

Sarong no.60 

Toronto 

Trinidad 

'rulsa 

Washington 

- 10<?10 

1?13 
1~85 
1~85 

- 5~19 
-
-
- 0~07 

21:'15 

3?55 
3~81 

96<;:41 
-230~20 
- 5<?18 
- 5<?04 

-
- 4<?03 

23~38 
20~87 

17~52 
- 42~28 

21~71 

-

49~53 
8~91 

103~08 

27~00 
1~97 

- 64?52 
0 - 71.39 

12?17 

12?03 

• 

- 17~82 

- 33~43 

-188~33 

- 62~07 

- 25?56 

- 23~12 

- 22~54 

-

- 25?66 

- 53~02 
- 49~70 
- 51~10 

- 20~71 

- 21?25 

- 15~66 

- 43~21 
- 40?29 

- 45~27 
1?89 

-
0 - 20.00 

-

0 -201.35 
0 -198.66 

- 23?08 

-

2?00 

2~04 

11~20 

- 3~77 
- 3~11 

8?88 

- 1 ?42 

- 3~65 
9?34 

5~53 
- 10~88 
- 17<?86 

6~40 

7~70 
4~51 

5~07 
1~36 

13?55 

0 - 10. 10 

16~20 

- 8~63 
0 - 3.73 

6?44 

0 2.76 
-164?76 
-167~64 

10~18 

N2 

15?06 

- 14~70 

101<?61 

8?60 

- 45~38 

s?oo 

- 2?13 
16?41 

- 15?76 
- 43~38 

19?98 
- 19'?67 
-

-
22?06 

98~81 

54?54 
0 29.70 

38?10 
- 41 ?75 1 

- 7?37 
20?04 

0 24.33 
- 18?87 

' 

1100341 
- ' • j 

' 

4?7~ 

' 



No. Station 

21 

22 

23 

24 

25 
26 

27 

28 

Balikpapan 

Hellwan 
Egypte 

Fort Morgan 
Colorado 

gecorrigeerde 
waarnemingen 

Honolulu 
Hawaii 

Muna 

Owerri 

Pasadena 

Panuco 
13 dagen · 

T '-'-'EL B 

Fase hoe ken. 

-

18~55 
-185?51 
-185?41 

13~30 
27?40 

9~36 

16~74 
11~84 

1'?30 

- 32~35 
- 21~15 

- 20?54 12~68 

22~45 
1~61 

- 4~55 
-168?52 
-168~02 

10?59 

-119~59 
-122~87 

25?46: 

42?21 

66~2C 

65~37 
69~67 

- 57~65 


