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Summary. Tl1e Ea ·cth 's topograpl·1y is e;·xpc.1nc1ec! i11 a seriet3 of 

t o t }1 e ci o t~:; 1--e e ., t 1,11.,1 f J e x t e ri d in g t he 

811 

The expansion coefficients have been calcul[1tcd for both the 

lith.osphere and tr1e 1·1ydrospr1ere. Tr1e cC1l<:::u~lc1ticJ11s were based 

orl 40824 points on tr1e s lJhe re 5 v-1r1e re .JL~ t .1 e e level .le io11s we re read 

from the most up-to-date m~ps avniloble. These clevntions all 

entered into the calculntions. 
:,/ 

110 

1 . : n t rod u c t i on . In g e op l"l y E1 i c [:) t 1 ·1 e f.) r o 1J 1 e rn o ·r i s e s ho vv ti o 1-. i t1 c1 

some a11al~1 tic exp·ression for· EJ functio11 vvl1ich is experimentally 

determined over the surface of the E8r1 th. Assuming tl1at the 

sr1a pe of 

achieved 

the Ec1 rtl1 may be 

by expa r1d i11g the 

approximsted by n sphere, this can be 

function in a series of spherical 

harmcnics .. Such an expressio11 for the topogrophy of the Earth 

has been given by Prey 

A recon[-3ideratior) of1 Prf:~y 's vJork seemed r·)ec2ss81,,.,y for t1··1e 

following reasons: 
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Since 

In "? rey 1 f3 

r10 I"mon ic s 
~ 
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" f} t . ir1 · or1na i C)n 

The qt1estion o·f improving on Pr~ey's work wns raised by Professor 

2 

can be four)d frorr1 t1,,..1e (..:Xpar~sion COf;:f.fj_cie1··1ts. In fact tl1e in-

v e s t i r-: a t i on s v\l l--1 ~L c t·1 · le d t o t r 1 e p r E:: s e l' 1 t pa p e r, we r c c cl r r i e d out on 
<;_..,) -

his req_uest. 

out under tht~ dir8ction of Prof.D~ Ic A. var1 

WiJngaa rden .. 
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2. Formulas. If the function F ~,~ on 

are spherical coordinates defined by x=r 

z=r it can be expanded in a 

series of spherical harmor1ics 

2.1 F 
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...- n1 p cos v - ➔ • , n k 

and if we define the intcgr3ls 

cc km 

SC k rn 

\tvf; find from 

A m 
n 

A m 
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0 

0 

-

C V cos icvsinUclzl;; 
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B rr1 
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3 l 
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ss 

m odd 

:3 V cos kV sinv dv .. n1 ., 

sin k v sin v d J· , 
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lrrr1 
(m odd • 

The:: summation ind t~X k in 0 7 L " and 2 .. 9 - runs through the vGlues 

k:::::::O 2 n for n 1{=1 2 n for n odd. 

If ·two functions F ~,o/ and arc exparided in the same 

system of spherical hormonics according to 2.1 $ the following 

importa11t quantity co,-1 be dc~Ilincd 

2n: 

2 ,.10 
, 

(1 (f dv 
0 0 

Using formula 

harmonics one 

arJd B rn* by 

(L') LI. 
o I and the orthogon8lity 

n 

1 
·1+· 

It has been st1own by one of us 4 

te r111s of 
, 

that this qu:1ntity 

• 

• in-

dependent of t1-1e coordinate systern on the sphere. By substitution 
., 
in 2 .10 01· 

2.12 

o<.F + 
1 

one finds the useful result 

+ 2 d. 
2 . w ....... Jn 



3. Computation. We calculated 

by 2.1 , for n=O 1 31, rn=O 1 

the coefficierlts Am and B m n n 
non the electronic computer 

defined 

l-\RMAC 

for 27,r nnd the hydrosphere 

from the former by replacing 

all positive elevations by zero. 

The coordinate system on the Earth was chosen as follows: 

=1e 2 - }Jorthern Lc1titude 

-u --- ;r 2 + Soutl1ern Latitude 

Northern hemisphere 

Southern hemisphere 

Easterr1 Longitude relative to Greenwich Eastern -

2~ - Western Longitude 
~ ,) 

hemisphere 
11·Jestern hemi3pl1ere • 

Tl1e elevations F., .. 
l,J 

w~re given □ t tl1e points 

TC 
750 

T 11 us we ha d 1 8 7 I) ;:.1 r cJ 1 J_ e 1 s ltJ it r·1 the a l] pro x i1n2~1 t e z e r o s 

as v .. :; each 
l 

poles to 360 

with a number of points N~ 
l 

on the eauatore The total .... 

varying from 72 near the 

number 40 3 824 of points 

t11a t entered into the calculations was distributed as in the 

follov1ir1g list 0 

72 
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I 
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288 
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In the neighbourhood of the poles where no precise data were known 

the elevations were estimatedo 

In order to facilitDte the calculation of the c Ands of 2.6 1n m 
1 , ..... 

we introduced a v··Ji th ct. n - • TC 1 72-- '1 1\J., • 
l l i, 

....... 
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J 
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where cm and s c:1r<2 the sl1ift2c] li'ourie~ ct1efficier1ts . m 
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cho·se p=187 with o view to obtnininr: a 
-✓ 

vo/ -interva 1 of a bout 

on~ degree~ exactly representoble ir1 not too mnny figures. In 

ract v-Je l1nd a V=o~g6. 
rnh f f"'I O " .J.. [' rn 1 I, ITl t 1, 1 J t d .--. J i" t 0 J.. C: C O e I l C l en G 3 1-\.11 cl ·r·! Ct j r1 \"J C: r C - 11 (; r1 C 8 C u -a C ' d C C O r Cl n g 

in these formulas 
n.s <: 11,:.; <: 

and a description C) f t h c me t 1·1 o d by VJ; 1 i c h th (;· y v\J c re c c1 1 c u 1 a t e d 

is 

we finally cvalu8t2d by Did 

Fl"'th ;Fl~th l .. l - .. 

• 

l{J 

2.11 for n~~o 1 31 the 

hydrosphere 1 

quantities 

4. Discussion. Comparing Prey rs computstions with ours we can make 

the following r~marks. 

It toolc Prcv sevorfJl 
I.) 

01 degrees up to 
,,-

10. 

nurnber of n1ultiplico·tions 

expansion coefficients 

8mlJunt of work - particularly the 

1-Jbc>ut proportional to tl1e tl1ird 

·p o vJ c r o f the h i [; h E3 f:3 t c1 (: [; r E· e t, o bl: c :.1 l c u 1 c:1 t e d :J cJ o 1 y t 11 e us c o ft 8 n 

el8ctronic computer m~de it possible to procE:ecJ to degrees nearly 

t v\J ice::, as la rg(0 0 

., n 

ll 

t o vJ o 1~· k vJ i th 

c ornpu tf1 t :i or-i C 

11 +r11 
n-r11 

! .. 
I 
0 

MuJ_tiplication of Prey's 
t 

-·· -, ) 
'-~--

C =C~ ·t-rt1 nun1c r j_ c :::i 1 r11 

111--15 J on e :f i rl d : ·; 

w 1:i 01:1 ,(£ rl e o u. l ·t f cJ l" 

coefficients Am 
11 

.. in our 

B rr1 b y 
17 

o t.1 t t o b c in t l1 c~'. p 1, e r1 (,; n t c o fJ c· " An a n :.1 1 o go us ob j c: c "'c i o t· 1 vJ j~ 11 h o 1 d 

r· o 1~·! t 11 ,:_: v - d i r () c t j_ C) r"1 v:i 11 t; re P 1~ e y (J c1 l c 11 l 8 t t;' d c o 81' f i c 1 c n t s up 

d e g r €: e :f~ r om o r1 1 y ,,,i 7 o r"l (3 i 11 a t t; s . 

' ' , 

' 
' 

, 

' 
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In our calculations the parallels n2 □ r the equntor contained 360 
points from which we derived only 63 Fourier coefficientso The 

pArallels nearer to ·the poles contain8d less points> it is true, 

but the resulting coefficients are only used 3ftcr h3ving been 

multiplied by tl1e factor f3i11 V:. Ac~tuc1lly the n~1rnber of lJOints on 
l 

each parallel is roughly equal to 360 sin ~~ G Agnin, from 187 
l , St 

parallels we calculated only 

., 
lV In order to restrict the 

calculations one might apply 

up to the 31 degree . 

number of data 8ntering into the 

a r~moothing technique. It may be 

remarked that the 0x1Jansion coei .. ficients of' a 1,t111ctio11 f V,lf 

obtained from the originnl fut1ction F ~,o/ by any smoothing 

procedure are not identical with the corresponding coefficients 

of F V:;'f but in general arf; functions of .. all of tl1em. 

This deviation grows with increasing ord~r 8nd con become con-
• :J nr , ' t requireG cocr ·icien s arc to be found from a set 

of equations by a ra·ther laborious calculntion. It may be objected 

to Prey's work that although ·he applies a smoothing procedurG to 

his d3t3 he omits this lsst stepo The c8p2city of the ARMAC was 

sufficient Jco l1.a11dJ.e ;ill orif~~in[1l dc::tt;::1 c1r1cJ vJe have pr0fe11 r'"'<:~c1 tr1c_; 

simpler program 8 bov(·.:: 1,'}l:d1.J.c ir1f~~ tl1.c nur:11:.)G r of dc.1 ta o 

F o r c o n1 pa r i s o 11 w (':; ££ iv c.: 11 e 1..., c , f o r c:! e g r c e ;J up t o r1 = 4 , a 1 i s t o 1" 

Prey ts co~f1 ficicnts of the lithosphere reduced to our normalizot1on, 

togeth~r with our valueso Further we pJ_otted the topography of the 
• 

equator from the oriGin31 

fron1 Prey 1 s coefficients 

datn and compnred it with reconstructions 

fig ., ✓1 ., ~f 1:-or11 ()Ur c oe ff ic iE::n ts U"f-) to ri- .... 16 

h (; ' 
8 s ign as and fr~on1 all our coufficients fig.3 Q 

• 

nnd f'or l1is unabated 

Institute at J)elft for suppJ_yir11:; us witf1 the dc1tu, to Mr· H.J • Slet-
" lD 

to all o'cher' rnc~rnlJers of t\-1c, Computotion Depr.1rtrner1t of tl-1e Mathe 

matical Ceritre who took part in the investig8tion. 
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