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ABSTRACT 

I -  

m, i n e  horizontal  dnd ver t ica l  components of the gravi ty  gradient  a r e  

computed along equipotential sur faces  at  a l t i tudes of 0,  500, 1000,  5000, 

10 000, 50 000, and 100 000 km, from Kozai ' s  (1964) and Gaposchkin's 

(1  966)  harmonic coefficients.  

a s  obtained f r o m  satel l i te  orb i t s ,  a r e  der ived f r o m  a comparison with 

Kaula 's  (1  966) CA solution. 

Accuracy e s t ima tes  fo r  the gravity grad ien ts ,  

L e s  composantes ho r i zon ta l e s  e t  v e r t i c a l e s  de l a  g r s v i t g  sont  

ca l cu lges  l e  long de su r faces  6 q u i p o t e n t i e l l e s  aux a l t i t u d e s  

0 ,  500, 1000, 5000,lO 000, 50 000, e t  100 000 k m ,  p a r t i r  des  

c o e f f i c i e n t s  harrnoniques de Kozai (1964) e t  Gaposchkin (1966). 

D e s  &valua t ions  s u r  l a  pr6c is ion  des  g rad ien t s  de g r a v i t 6 ,  

obtenus 2 p a r t i r  des  o r b i t e s  de s a t e l l i t e s ,  sont  d&riv&es par  

comparaison avec l a  CA s o l u t i o n  de Kaula (1966). 

KG HCUEKT 

V 
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O N  THE GRAVITY GRADIENT AT SATELLITE ALTITUDES 

W .  Kohnlein 

1.  INTRODUCTION 

The  e a r t h ' s  gravitational field is cur ren t ly  deduced f r e m  the perturbatior,  

of sa te l l i t e  orbi ts  and the analysis  of gravi ty  anomalies ,  i. e . ,  d i r ec t  gravity 

measu remen t s  a t  the e a r t h ' s  surface.  

available,  namely,  the gravi ty  gradients  determined with g rad iomete r s  in  

orbit ing satel l i tes  (Wollard, 1966). The  purpose of this paper  i s  to inves- 

t igate the magnitude of the gravi ty  gradient  f ield components and the i r  

accu rac i e s  a t  p resent .  

A thi rd sou rce  may eventually become 

\k 

However, one l imitation should be mentioned: the gravi ty  gradient  field 

a s  der ived f r o m  satel l i te  orbi ts  gives only a relat ively smooth pa t te rn  

because  of the low-degree harmonics  (up t o  15, 14) used in the analysis .  

The ac tua l  dis turbances n e a r  the sur face  of the ea r th  can be s e v e r a l  mag-  

nitudes l a r g e r ,  and i t  i s  that  local  short-per iodic  field that we would hope 

to  m e a s u r e  by orbit ing gradiometers .  F o r  example,  l e t  us  consider  a satel-  

lite altit-ude of abo-ut 160 '~r ,  and a gra-i,-itational disturbance =f abcut 00 =,gal 

on the e a r t h ' s  sur face  in  an a r e a  with a l i nea r  extension of a few hundred 

k i lometers .  

coefficients of degree  100 o r  so,  result ing in a correspondingly l a r g e r  

(- 100) effect  than the low-order  t e r m s  of, say,  n below 10. A t  160-km 

Roughly speaking, this dis turbance can be picked up by harmonic 

Th i s  work was supported in  pa r t  by gran t  NsG 87-60 f r o m  the National 
Aeronaut ics  and Space Administration. 

In one sense ,  this  is a n  extension, to one higher derivative,  of previous 
p r e s  entations of the geopotential (Kdhnlein, 1 966a) obtained a t  satel l i te  
a l t i tudes.  

* 
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elevation we get  approximately 1 /10  of this magnitude, owing to the coeffi- 

cient ( a / r )  of equation (1)  found in Section 2. At higher satel l i te  alt i tudes 

(about 500 km and above) the  measurable  effect is wel l  below the p re sen t  
-8 - 2  accuracy  of s t r ing gradiometers ,  i. e . ,  10  s e c  . 

n 

2 



2 .  GRAVITY GRADIENT, COMPONENTS 

Let  us denote t h e  e a r t h ' s  gravitational potential in f r e e  space  by 

c o n  
1 t (:r (Cnmcos  mX t S r nm nm sin mX) P ( s in  +;]. (1 )  

n=2 m=O 

w h e r e  GM is  the gravitational constant t imes  the m a s s  of the ear th ,  a i s  the 

equator ia l  radius  of the ear th ,  r i s  the geocentric radius ,  (p i s  the geocentric 

lati tude,  X i s  the geocentric longitude, C nm,Snm a r e  the harmonic coef- 

f ic ien ts ,  and Pnm(s in  (p) a r e  the associated Legendre functions. Then we 

obtain the gravitation 

r 

Hence, the gravity gradient in question is 

where  x, y, z a r e  rectangular  coordinates (with the  or igin a t  the m a s s  center  

of the ear th) ,  and i, j ,  k denote the unit vec tors  along the i r  axes .  To get a 

p i c tu re  of the magnitude of the field components, we will  project  Vg onto a 

loca l  coordinate sys t em that consis ts  of t he  lati tude and longitude curves of 

a n  equipotential s u r f a c e  and i t s  normal ,  a t  the point r 

We can then der ive  the horizontal  gravity gradient components along 

(p = const and X = const,  respectively,  on U = const ( s e e  Kijhnlein, 1967):  

+ 
under consideration. 

3 
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1 -  

and 

which combined give a total  horizontal  g rav i ty  gradient 

The approximate sign in equation (6)  cor responds  to the fact  that  the geo- 

cent r ic  latitude and longitude curves on U = const do not, in  general ,  i n t e r -  

s e c t  perpendicular ly .  However, the deviation i s  so s m a l l  that  fo r  p rac t i ca l  

purposes  the equal sign can be taken instead.  

Analogously (Kohnlein, 1967), we obtain the ver t ica l  component of the 

gravi ty  gradient:  

i. e.  , the var ia t ion of gravitation along the gradient l ine (plumb l ine)  of 

U = const. 

In the numer ica l  analysis (Section 3) we t r e a t  the above express ions  in 

two s teps .  F i r s t ,  we consider only the zonal rotationally s y m m e t r i c  par t ,  

and then we add to i t  a correct ion t e r m  that gives the combined zonal plus 

nonzonal contributions.  

s m a l l  numbers  ( s e e  Number Maps). 

This procedure has  the advantage of handling mainly 

4 
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The zonal pa r t  is obtained by setting all harmonic coefficients of o r d e r  

m > 0 to zero.  

sys tem onto which the zonal gravity gradient is projected; the relation between 

the zonal and the combined zonal plus nonzonal gravitational fields i s  estab- 

lis hed by 

Hence, we a re  dealing a l so  with a loca l  zonal coordinate 

with the  ba r  denoting the zonal par t ,  

components of Vg follow: 

Thence the expressions f o r  the horizontal  

with the  anomalous mer id iona l  correction 

-1/2 

- 
- = const ' g ~  = const 

- 
6 v g ~  = const 

and the  anomalous correct ion along the geocentric latitude curves 

- 
6vg+ = const - 'g+ = const ' 

(9) 

s ince  

- = o  . 
'g+ = const 

5 



F r o m  equations (1 0) and (1 1 )  we can compute an  anomalous horizonal gravity 

gradient 

which gives the amount of deviation produced by the nonzonal harmonic  

coefficients (m > 0). 

The ve r t i ca l  component of Vg is a l s o  spl i t  up into a zonal p a r t  

and a cor rec t ion  t e r m  

which follow direct ly  f r o m  equation (7) .  

6 



3. NUMERICAL ANALYSIS 

The components of the gravity gradient  a r e  computed along equipotential 

su r f aces  is = const  and U = const, at alt i tudes 0, 500, 1000, 5000, 10 000, 

50 000, and i o 0  000 km above the e a r t h i s  equator ( z e r o  eievation, fo r  

example,  means  only that F of 

a t  4, = 0"). 

Gaposchkin's  (1966) nonzonal se t s ,  both of which a r e  l is ted in Section 3. 5. 

Kaula 's  (1966) CA solution, which is a combination of a sa te l l i t e  solution 

with gravity anomalies ,  s e r v e s  f o r  a n  accuracy  es t imate  of the gravi ty  

gradients  cur ren t ly  obtained a t  satel l i te  a l t i tudes.  

= const has the value 7 = 6, 378, 165 m 

The harmonic coefficients used  a r e  Kozai ' s  (1964) zonal and 

3.1 ShaDes of the EauiDotential Surfaces  

As mentioned in  Section 2,  we cons ider  the zonal gravity gradient  along 

the equipotential su r f ace  = const and, analogously, the combined zonal 

plus nonzonal gravi ty  gradients  along U = const.  Both sur faces  have, in 

general ,  a different geocentr ic  radius,  

whose zonal p a r t  i s  given in  Table 1 for  the  different alt i tudes.  

the cor rec t ion  t e r m  

If we add 

shown in Number Maps 1, we obtain, in  the geocentr ic  direct ion 4,, X, the 

corresponding geocentr ic  radius  r of U = const.  

7 
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Example: The geocentric rad ius  r in + = 30 O ,  A = 110 ', and 

a t  the altitude 500 km is :  

- 
r (+)  = 6 875 752 m zonal par t  (Table 1 )  

A r ( + ,  1) = - 1 0  m cor rec t ion  t e r m  (Number Map I )  

r (+ ,  A )  = 6 875 742 m 

Thc equator ia l  radi i  of Table  1 a r e  obtaincd from the e a r t h ' s  equator ia l  

radius a = 6, 378,165 m by adding the  corresponding elevations.  

elevation, the equipotential surface 'u' = const touches the e a r t h  only along 

the equator,  while the polar regions (of = const)  a r e  about 11 k m  above 

the e a r t h ' s  sur face .  With increasing elevation, the flattening of = const 

d e c r e a s e s  monotonically ( a s  shown in  F igure  3 of Kijhnlein, 1966b). 

At 0-km 
- 

Figure  1 gives the difference between the zonal rad i i  and the ell ipsoidal 

r ad i i  of an  ell ipsoidal potential field ( see  a l so  Kohnlein, 1966a). The 

rad i i  a r e  re la ted by the expression 
e 

w j l e r e  the harrrlonic coeyicienis  

This  ell ipsoidal field, although ar t i f ic ia l ,  i s  a convenient tool fo r  comparing 

a n  a s y m m e t r i c  field with a regular  one. 

F i g u r e  1 ,  fo r  example,  immediately show the completely different pat tern 

of the Northern Hemisphere f rom that  of the Southern. 

ai-e coiiip-ated accoi=diiig to ~ ~ : 1 - . - 1  - . L l U l l L l l e l I 1  (1 7UUcl). 
1 1  n L  L - 

n 

The anomalous differences of 

Example: The normalized difference r - r (F igu re  1 )  in + = 7 0 "  e 
a t  1000-km elevation i s  0 .42,  which we mus t  multiply by the conver- 

sion factor  k = 16 of Table  2 to get F - r in m e t e r s :  e 

- 
r - r =: 7 m (at  1000-km elevation) . 

e 

9 
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Table 2. Conversion f ac to r s  k ( for  zonal pa r t )  ( s e e  F igures  1, 2, and 3)". 

Elevat ion 

0 km 1000 k m  10 000 k m  

C r Uc e t i t  r i c radii 

(7 - r ) m e t e r s  
i 6  2.7 

Ver t i ca l  gravi ty  gradient  
-2  ) s e c  (%vert  - 'ge v e r t  

Horizontal  gravi ty  gradient  7.1 E-11 1 . 8  E-11  
- 2  ) s e c  (%A = const - 'ge A = const  1 1.0 E-10 1 3 . 6  E-11 I 2 . 3  E-13  

6 . 6  E-I4  

100 000  km 

0 . 0 5 9  

7 . 6  E - I 9  

2.6 E-18 

3 .  2 Horizontal Gravity Gradient 

The zonal (meridional)  component of Vg i s  shown in Table 3 for  the dif-  

fe ren t  altitudes. 

that  with positively increasing latitude +, the gravitation 

dec reases .  Especially noteworthy i s  the rapid dec rease  of V i  with 

higher elevations;  compared to an ell ipsoidal field U 

the s t rong anomalous pattern a t  ze ro  elevation and the ra ther  monotonic 

s t ruc tu re  beyond 5000 km. 

The negative sign in the Northern Hemisphere indicates 

along 5 = const 

X = cons t 
we see  f r o m  F igure  2 e' 

i s  given in Number Map 2 6 v g ~  = const The meridional  correct ion term 

a s  a function of the geocentric latitude and longitude a t  different  elevations. 

This  value, added to the meridional zonal par t  V i X  = const, leads to the 

horizontal  meridional  component of Vg on U = const.  

* 
The normalized amplitudes of Figures  1, 2, and 3 have to be multiplied by 
the corresponding conversion factor k to obtain the actual differences.  

11 
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. 
Example: The horizontal meridional  component of the gravity 

gradient at  1000-km elevation in  + = 30 O ,  X = 70 amounts to: 

-2 
= -1042. 3 E-12 s e c  (Table  3) ’% = const 

1 3  E-12 s e c - L  (Number Map 2 )  - - 
6 v g ~  = const 

= -1029 E-12  s e c - 2  ‘ g ~  = const 

If we take the lows and the peaks a t  the var ious alt i tudes of Number 

Map 2 ,  we get the pat tern shown in Table 4. 

the power 7 f r o m  ze ro  elevation to 1 0 0  000-km altitude: this  dec rease  i s  

much g rea t e r  than that for  the correct ions A r  i n  Number Map 1.  However, 

the s teep  drop of 6Vg  clear ly  occurs  below 1000 km, although the 

magnitude remains  quite the same  between 0- and 500-km al t i tudes.  

The amplitudes dec rease  by 

A = const 

A s imi l a r  pa t te rn  is found f rom the horizontal  components along lati tude 

In Number Map 3 we have about the s a m e  magnitudes between curves .  

0- and 500-km alt i tudes and an analogous d e c r e a s e  f r o m  about 1000 km on 

upward. 

100 000- km elevation the gradient components closely r e semble  the pa t te rn  

of a t r iax ia l  f ield s t ruc tu re .  

Table 4 gives the l imits  between which the amplitudes vary ;  a t  

The nonzero (posit ive and negative) ampli tudes a t  the poles a r e  produced 

by the displacement  of the as t ronomica l  pole re la t ive to  the geocentric pole 

( s e e  Kohnlein, 1966a).  However, the sum of the squa res  of 6Vg X = const 
hence 6Vghoriz> leads  t o  a constant amount, a s  expected 

( s e e  Number Map 3) a r e  at  places  where  the slopes of the 

and 6Vg+ 1 const’ 
f r o m  a point value. 

ponent 6 V g  

g rav i ty  anomalies  Ag = g - g a r e  s teepest .  

in low al t i tudes,  between Canada and Greenland,  around the Himalayan a r e a ,  

the Indian Ocean, and the Antarct ic .  

t ends  toward the t r i ax ia l  field s t ruc ture .  

The grea tes t  amounts of the horizontal  anomalous com- 

- hor iz  
Th i s  is par t icu lar ly  the c a s e  

In higher  alt i tudes the pa t te rn  again 

14 
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3 .  3 Vertical  Gravi ty  Gradient 

This component i s  of special  in te res t  because i t  r e sembles  a lmost  the 

total  amount of Vg. 
line (plumb line) is, a t  z e r a  elevation and middle lati tudes,  slightly s m a l l e r  

than 3 a r c m i n  and drops at  100 000 km to about 0. 6 a r c s e c  ( a s  shown in 

Kiihnlein, 196613). 

in Table 5 fo r  the different altitudes; because the gravitation g i s  decreasing 

with increasing height, the sign of VT 
ve r t  

demonstrates  the a symmet ry  between the Northern and Southern Hemispheres :  

we have a low a t  the North Pole  and a peak a t  the South Pole.  

i r regular i t ies  dec rease ,  a s  usual, with increasing altitude, a s  seen  f r o m  

the s ize  of the conversion factors in Table 2 .  

The maximum angle included by Vg and the gradient 

The zonal part  of the ver t ica l  gravity gradient i s  l is ted 

is negative throughout. F igure  3 

These  

Number Map 5 gives the anomalous ver t ica l  components 6Vg - i f  ve r t '  
these a r e  added to the above zonal par t ,  we obtain the ver t ical  component 

of Vg a t  U = const. 

Example: The  ver t ical  gravity gradient in  4, = 60 O ,  X = 20 

a t  altitude 500 km amounts to: 

= -0.244907 E-5 s e c - 2  (Table 5) 

= -0 .000009  E-5 sec -& 

"ve r t 

"gvert 

9 

(Number Map 5) 

- L  = -0.244916 E-5  s e c  
'gve r t 

The anomalous gravity gradients a r e  used  in  geophysics for  the analysis  

of complex geological s t ructures .  Mass  defects in  the e a r t h ' s  c r u s t  a r e  m o r e  

eas i ly  recognized f r o m  these studies than f r o m  purely grav imet r ic  data.  

According to Number Map 5 (zero  elevation), the ver t ica l  anomalies 

6 V g v e r t  
along the worldwide mountain chains. 

Hudson Bay, i n  Central  Asia, at the south coast  of India, and above the 

Antarct ic  (KBhnlein, 3 967) .  

a r e  most ly  positive above the continents and take negative values 
The  biggest  amounts a r e  found n e a r  

16 
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3 . 4  Accuracy of the Gravi ty  Gradient 

' .  

Theoret ical ly ,  f o r  the accuracy determination, we could use the uncer -  

tainty of the harmonic coefficients obtained f r o m  a leas t -  squa res  adjustment .  

But such a procedure  gives mostly in te rna l  accu rac i e s  biased by unknown 

sys temat ic  e r r o r s .  

Gaposchkin field toward the Kaula f ie ld;  the l a t t e r  was  obtained by a com- 

bination of satel l i te  solutions with f r e e -  air gravity anomalies .  

Hence: we compute only the sp read  of the Kozai- 

The horizontal  and ver t ica l  components of the gravi ty  gradients  a r e  - 
compared in the s a m e  points r along = const and U = const (as  shown in 

Table  1 and Number Map 1 ) .  However, we r e s t r i c t  our  computations t o  

z e r o  altitude and 10 000-km elevations because of the l imited meaning of the 

accuracy  es t imates .  

Table 6 shows the difference of the zonal gravi ty  gradients along a 

mer id ian .  

while the horizontal  component shows mos t  of i t s  sp read  around the 

t o r i a l  zones. 

compare  gravitational f ie lds  with different degrees  and o r d e r s  (harmonic  

coefficients).  However, Kaula 's  gravitational field, although only a full 

7, 2 solution, has  the advantage of having a l l  available f r e e - a i r  gravi ty  

aiioiIlalies ir lcluded; it is, L1- L 1 l t : L t : l U I  _ _ -  -re-- t:, best 3UitSd f o r  t h i s  proccd.;rz. 

The ver t ica l  component has  the g rea t e s t  discrepancy a t  the poles,  

equa- 

Of cour se ,  pa r t s  of the  deviations a r e  due to the fact  that  we 

If we consider  the discrepancies  a s  e r r o r s ,  we can der ive a s tandard 

deviation for 

1. the horizontal  gravi ty  gradient (zonal): 

- ( f 2 . 3  E-11 s e c  a t  0 km - 2  

m 
a t  10 000 km;  - 2  i f 5 . 9  E-16 s e c  X = const 

2. the ve r t i ca l  gravi ty  gradient (zonal):  

f4.0 E-1 1 sec -2  

f1.4 E-15 sec-2  

a t  0 k m  

at 10 000 km . 
- 
m ver t  

1 9  
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Table 6. Spread between the zonal resu l t s  (Kozai/Gaposchkin) - 
(Kaula CA) in s ~ c - ~  

Elevation 

0 km 

Horizontal 
gravity 

g r a di e nt 

0 . 0  

2 .  i E-11 

0. 8 E-11 

-1. 3 E-11 

0.  7 E-11 

-0. 8 E-11 

0. 5 E-11 

1 . 2  E-11 

- 3 . 4  E-11 

2. 3 E-11 

1. 7 E-11 

- 3 .  7 E-11 

2. 6 E-11 

-0 .  7 E-11 

-2. 1 E-11 

4 .2  E-11 

-1. 8 E-11 

- 5 . 1  E-11 

0 . 0  

Vertical  
gravity 
gradient 

- 5 . 2 E - 1 1  

- 2 . 7  E - i l  

2 . 4  E-11 

0 . 2  E-11 

- 0. 5 E-11 

0 . 7  E-11 

- 2.OE-11 

3 . 0  E-11 

- 0 . 6  E-11 

- 4 . 4 E - 1 1  

5 . 1  E-11 

- 0 . 8 E - 1 1  

- 2 . 5 E - 1 1  

3 .  9 E-11 

- 4 . 1  E-11 

0. 3 E-11 

5 . 7  E-11 

- 5 . 6 E - 1 1  

-11.8 E-11 

10 000 km 

Horizontal 
gravity 

gradient  

0 . 0  

- 0 . 8  E-15 

- 0 . 8  E-15 

- 0 . 2  E-15 

0 . 4  E-15 

0 . 7  E-15 

0 . 8  E-15 

0 . 6  E-15 

- 0 . 1  E-15 

- 1 . 0  E-15 

- 1 . 1  E-15 

- 0 . 3  E-15 

0 . 5  E-15 

0.  5 E-15 

0 . 1  E-15 

0 . 0  ~ - i 5  

0 . 4  E-15 

0 . 6  E-15 

0 . 0  

Vert ical  
gravity 
gradient  

1 . 4  E -15  

0 . 5  E - 1 5  

- 1 . 2  E-15 

-2 .  2 E-15 

-1.  9 E-15 

- 0 .  8 E-15 

0. 6 E-15 

2. 0 E-15 

2 . 7  E-15 

1 .  7 E-15 

- 0 .  5 E-15 

- 1 . 7  E-15 

- 1 . 4  E-15 

- 0 . 4  E-15 

0 . 0  E-15 
- 0 . 2  E-15  

0 . 1  E-15 

1 . 4  E-15 

2 . 2  E-15 
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Hence, the ve r t i ca l  zonal component s e e m s  to be l e s s  accura te  than the 

meridional  zonal gravity gradient. 

Analogous considerations a r e  applied to the combined zonal and nonzonal 

f ie lds .  

Gaposchkin s e t s  relative t o  Kaula 's  gravity gradients .  

s tandard deviations, considering the a r e a  represented by the individual 
numbers ,  we obtain f o r  

In Number Maps 6 and 7 we give the differences of the Kozai- 

If we again compute 

1.  the horizontal ,  meridional component: 

f 7 . 1  E-11 sec -L  a t  0 km 

- 2  
* l .  0 E-14 s e c  a t  10 000 km; 

m X = const 

2 .  the horizontal  component along latitude curves:  

f 7 . 2  E-11 sec-2  a t  0 k m  t f 1 . 2  E-14 sec-2 at 10  000 km; 
m + = const 

3 .  the ver t ical  component: 

f 1 . 4 E - 1 0  secm2 at 0 km t 54 .2  E-14 sec -2  at 10 000 km. 
m v e r t  

Again, the ve r t i ca l  component appears  to have g rea t e r  uncertainty than 

the horizontal  components; however, the relat ive accuracy r e fe r r ed  to  the 

fu l l  range of Table 4 gives for  all components the s a m e  percentage,  namely, 

approximately 120/o. 

3. 5 Constants and Coefficients Used 

In the above analysis ,  we used the following constants: 

a = 6 378 165 m ,  the e a r t h ' s  equatorial  radius,  

- 2  GM = 3.986032 x 10'' cm3 s e c  , 
and 

K2 = -0. 108264 x l o - '  
-5  

K4 = 0.21 X 1 0  . 

21 



Also, the following zonal harmonic coefficients by Kozai and Kaula and 

nonzonal harmonic coefficients by Gaposchkin and Kaula were  used: 

Zonal Harmonic Coefficients (normalized)  

- 
‘20 

‘3 0 

‘4 0 

‘50 

‘60 

‘70 

‘8 0 

‘90 

- 

- 

‘lo 0 

‘ii o 

‘12 0 

- 

- 

- 
‘13 0 

‘14 0 

Kozai (1 964) 
6 x 10 

-484. 174 

0. 962 

0. 550 

0. 063 

- 0.179 

0. 086 

0. 065 

0 .012  

0.012 

- 0.063 

0. 071 

0 .022  

- 0.033 

Kaula (1 966) 
1 n 6  x 1u 

-484. 17 

0 . 9 7  

0. 54 

0. 0-1 

- 0 . 1 8  

0.11 
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Nonzonal Harmonic Coefficients (normalized)  

n 
- 
2 
3 
3 
3 
4 
4 
4 
4 
5 
5 
5 
5 
5 
6 
6 
6 
6 
6 
6 
7 
7 
7 
7 
7 
7 
7 
8 
8 
8 
8 
8 
8 
8 
8 
9 
9 

1 0  
10 
1 0  
1 0  
11 
12 
1 2  
1 3  
1 3  
1 4  
1 5  
1 5  
1 5  - 

I-ii 

2 
1 
2 
3 
1 
i 
3 
4 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
5 
6 
7 
1 
2 
3 
4 
5 
6 
7 
8 
1 
2 

01 
02 
03  
04 
01 
01 
02 
12 
1 3  
01 
12 
1 3  
1 4  - 

schkin (1  966) 
- 

n m  
6 

C 

ic 1 0  

z 3 7 9  
1 .  936 
0 .734  
0.  561 

- 0 .  572 
0 . 3 3 0  
0.  851 

- 0 . 0 5 3  
- 0 . 0 7 9  

0.  631 
- 0 . 5 2 0  
- 0 . 2 6 5  

0 . 1 5 6  

0.  069  
- 0 .  047 

- 0 . 0 5 4  
-0 .  044 
- 0 .  313 

0. 197 
0. 364 
0 . 2 5 0  

0 .  076 
- 0 . 2 0 9  

0 . 0 5 5  
- 0 . 0 7 5  

0 . 0 2 6  
- 0 . 0 3 7  
- 0 . 2 1 2  
- 0 . 0 5 3  
- 0 . 0 1 7  
- 0 . 0 0 8 7  

- 0 . 0 4 0  

- 0 .  152 

- 0 . 2 4 8  
0. i i 7  

- 0 . 0 0 4 0  
0 . 1 0 5  

- 0 . 0 6 5  

-0 .  053  
- 0 . 1 6 3  
- 0 . 1 0 3  
-0 .  058  
- 0 . 0 7 5  
- 0 . 0 1 5  
- 0 . 0 6 2  
- 0 . 0 6 3  

- 0 . 1 0 5  

- 0 . 0 7 4  

0. 0083 

- 
n m  

6 

S 

> 1 0  

- 1 .  351  
0. 266 

-0.  538 
1.  620 

-0.  469 
0. 661 

- 0 .  i 9 0  
0. 230 

- 0 .  103 
-0 .  232 

0. 007 
0. 064 

-0.  592 
-0 .  027 
-0.  366 

0. 031 
-0 .  518 
- 0 . 4 5 8  
- 0 . 1 5 5  

0. 156 
0. 163 
0. 018 

-0 .102  
0. 054 
0 .  063 
0. 096 
0. 065 
0. 039 
0. 004 

-0 .012  
0. 118 
0. 318 
0. 031 
0 .102  
0 .012  
0. 035 

-0 .  126 
- 0 .  042 

0. 030 
- 0 . 1 1 1  

0. 015 
-0.  071 
-0.  0051 

0. 048 
0.010 
0. 0053 
0. 058 

-0.  066 
-0. 0201 

- 
n - 
2 
3 
3 
3 
4 
4 
4 
4 
5 
5 
5 
5 
5 
6 
6 
6 
6 
6 
6 
7 
7 - 

2 
1 
2 
3 
1 
2 
3 
4 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
6 
1 
2 

Kaula  CP. (1966)  

i l i  x i o  

2.. 42. 
1 . 7 9  
0 .  78 
0 .  57 

-0 .  56 
0. 30 
0.  92 

- 0 . 0 6  
0 . 0 0  
0 . 4 4  

- 0 . 3 1  
0 . 0 2  
0 . 1 0  

- 0 . 1 0  
- 0 . 0 1  

0.  09 
- 0 . 1 9  
- 0 . 1 7  
- 0 . 0 5  

0. 06 
0.  29  

- 
'nm 

, ,6 
A 1u 

-1 .  36 
0.  18 

- 0 . 7 5  
1 . 4 2  

- 0 . 4 6  
0.  60 

- 0 . 1 9  
0 .  32 

- 0 . 0 2  
-0 .  28 

0. 03  
0 . 1 1  

- 0 . 4 9  
0 . 1 0  

- 0 . 2 8  
0. 04 

- 0 . 4 3  
-0 .  60 
- 0 . 2 6  

0. 07 
0. 08  
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REMARKS TO NUMBER MAPS 1 TO 7 

Geocentr ic  latitude q: f i r s t  column on the left  of each  table; Nor thern  

Hemisphere t, Southern Hemisphere - . 

Geocentric longitude X: f i r s t  line on the top of each table (to be multiplied 

by 10);  e a s t  of Greenwich +, west of Greenwich - . 
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Number Map 1 .  Shapes of the equipotential sur faces  
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2 2 2  
1 1 1  
0 0 0  
0 0 0  

2 
0 
0 
1 
1 
2 
2 
3 
4 
4 
5 
5 
8 
6 
6 
7 
7 
7 
7 
7 
7 
7 
7 
7 
6 
6 
5 
5 
5 
4 
3 
3 
2 
2 
1 
1 
0 
0 

3 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
; 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 

4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 -0 -0 - 0  -0 -0  - 0  - 0  -0  -0 -0 -0 -0 
0 -0 -0 -0 -1 -1 -0 -0 -0 -0 0 0 0 0 0 
0 -0 -1 -1 -1 -1 -1 
-0 -1 -2 -2 -2 -2  -2 
-0 -2 -3 -3 -4 -3  -3 
-1 -3 -4 -5 -5 -5 -4 
-1 -4 -5 -7 -7  -6 -5 
-2 -5 -7 -8 -9 -6 -6 
-3 -6 -9-10-10 -9 -7 
-3 -7-10-12-12-11 -8 
-; i9=**-l+-*A-!3 .--. L. -0 
-5-10-14-16-16-14-10 
-5-11-15-17-17-15-11 
-6-12-16-19-19-1b-12 
-6-12-17-20-20-17-13 
-7-13-18-20-21-18-13 
-7-13-18-21-21-16-14 
-7-13-18-21-21-18-14 
-7-13-18-21-21-18-13 
-7-13-17-20-20-18-13 
-6-12-17-19-19-17-13 

-5-10-14-16-17-15-11 
-4 -9-13-15-15-13-10 
-4 -8-11-13-13-12 -9 
-3 -7-10-11-12-10 -6 
-2 -6 -8 -9-10 -9 -7 
-2 -4 -6 -8 -8 -7 -5 
-1 -3 -5 -6 -6 -6 -4 

-6-11-16-38-18-16-12 

-1 -2 -4 -4 -5 -4 -3 
-0 -1 -2 -3 - 3  -3 -2 
0 -1 -1 -2 -2 -2 -2 
0 -0 -1 -1 -1 -1 -1 

- 1  
-1 
-2 
-2 
-3 
- 3  
-4 
-4 
-5 
-6 
-6 
-6 
-7 
-7 
-7 
-7 
-7 
-7 
-7 
-6 
-6 
-5 
-5 
-4  
-4 
-3 
-3 
-2 
-1 
-1 
-1 

- 0  
- 0  
-0 
- 0  
- 0  
-0  
- 0  
- 0  
-1 

0 
0 
0 
0 
0 
0 
0 
0 
il 
0 
0 
0 

- 0  
-0  
-0 
- 0  
- 0  
- 0  
- 0  
- 0  
- 0  
-0  

0 0 1 1 1 1  
0 1 2 2 2 1  
1 2 3 3 3 2  
1 3 4 4 4 4  
7 4 5 6 6 5  

3 6 9 1 0 1 0  8 
4 8 10 12 12 10 
5 0 !2 1r !3 !2 
6 10 14 16 I5 13 
6 12 15 17 17 15 
7 12 17 19 18 16 
7 13 18 20 19 17 
8 14 18 21 20 18 

8 14 19 21 21 16 
8 14 19 21 21 18 
7 14 18 20 20 17 
7 13 17 19 19 16 

6 1 1  15 16 16 14 
5 10 13 15 15 13 
4 9 1 1  13 13 1 1  
4 7 10 1 1  1 1  9 
3 6 8 9 9 8  
2 5 6 7 7 6  
2 4 5 5 5 5  
1 2 3 4 4 3  
1 2 2 3 2 2  
0 1 1 1 1 1  
0 0 1 1 1 0  

3 5 7 8 8 7  

e 14 19 21 21 18 

7 12 16 18 ie 1s 

0 0 -0 -0 -0 -0  -0 -0 -0 -0  0 0 0 0 0 
0 0 0 -0 - 0  -0 - 0  - 0  - 0  -0 -0  -0  - 0  -0 - 0  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

100 000-kni elevation. 
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. 
Number Map 2. Horizontal anomalous gravity gradient along X = const 

-18 -17 -16 -15 -1~-13 -12 -11~10  -9 - 8  -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10 1 1  12 13 14 15 16 17 18 
90 -6 -7 -8 -9-10-10-10 -9 -8 -7  -6 -5 -3 -2 -0 2 3 5 6 7 8 9 10 10 10 9 8 7 6 5 3 2 0 -2 -3 -5 -6 
85 -0 -1 -2 -3 -3 -4  -5 -6 -6 -6 -6 -5 -5 -4 -2 -1 1 2 3 4 5 5 5 5 5 4 4 4 4 3 2 2 1 1 0 -0 -0 
8 0  6 7 7 7 7 6 5 5 4 3 1 - 1 - 3 - 5 - 7 - 7 - 8 - 8 - 7 - 7 - 7 - 7 - 7 - 6 - 4 - 2 - 0  2 3 4 4 3 3 3 3 4 6 
75 4 6 8 9 10 1 1  12 13 14 14 12 8 3 -3 -9-12-15-15-16-16-16-15-14-12 -8 -3  2 6 8 7 5 2 -0 -2 -1 1 4 
70 -6 - 3  -0  1 3 5 8 12 17 20 20 16 9 1 -6-11-14-14-13-13-12-12-10 -7 -2 3 9 13 13 1 1  5 -2 -7-11-11 -9 -6 
65 -13-11-10 -9 -9 - 7  -3 2 8 14 17 15 10 3 -3 -6 -6 -4 -2  -1 -0 0 2 4 7 1 1  14 16 15 10 2 -6-13-16-17-15-13 
60 -8 -8-10-11-12-13-12-10 -5 1 5 6 4 1 -1 -1 2 6 9 9 10 10 10 1 1  1 1  1 1  1 1  1 1  9 4 -1 -7-11-11-10 -9 -8 
55 7 3 1 -1 -4 -7-11-14-14-11 -8 -5  -4 -4 -3 1 5 9 1 1  10 9 9 9 8 5 1 -0 -1 -2 -3 -4 -4 -2 2 5 7 7 
50 19 14 12 12 10 7 0 -9-14-15-13-10 -7 -6 -4 0 2 5 5 1 -0 1 -1 -2 -6-12-13-12-12 -8 -4 -1 7 14 18 21 19 
45 18 12 14 16 18 18 12 0 -7-10-10 -6 -2 -2 -1 2 0 1 0 -7 -9 -7-11-11-13-20-18-15-16 -9 -3 0 10 16 18 21 18 
4 5  5 - j  j 8 j3  i a  j i  5 - i  -6 -3 2 5 a 7 7 2 j 1 -8 -9 - 6 - i 2 - i i - i j - i + i j  - ? - i j  -6 -2 - 3  6 a 6 iir 5 
35 -9-14-11 -6 1 9 8 3 -0 -1 1 7 15 17 13 1 1  5 3 6 -1 -2 2 -5 -4 -2 -9 -2 1 -7 -3 -3 -7 -1 -3 -7 -4 -9 
30 -14-16-17-16 -8 -3 -1 -1 -3 -4 -1 4 14 19 15 1 1  6 4 9 7 5 9 4 3 6 3 9 8 -2 -3 -6 -8 -4 -9-11 -9-14 
25 -7  -6-12-15 -9 -8 -6 -1 -5 - 7  -5 -3 5 14 10 4 2 -0 4 8 7 8 8 7 9 13 15 9 0 -7-10 -4 -3 -7 -4  -4 -7  
20  4 8 -3 -6 -3 - 7  -3 2 -2 -7-10-12 -6 5 4 -4 -4 -6 -5 3 3 1 8 7 8 19 17 6 0-11-13 0 -0 -2 6 3 4 
15 10 15 4 2 1 -4 2 6 3 -3-11-16-12 -4 0 -6 -8 -8-11 -3 -1 -4 6 8 7 21 16 3 -0-14-14 3 -0 1 9 4 10 
10 6 10 4 4 -0 -4 3 6 6 2-11-15-13 -8 2 -1 -4 -2 -7 -3 2 -3 6 9 7 19 13 1 -1-13-11 2 -3 -2 1 - 3  6 

0 -10 -8 0 -0 -6 -7 -7 -4  3 4 -1 -6 -5 -4 6 15 14 16 14 9 12 12 8 7 2 -2 -3 -2  -2 0 2 -3 -7-12-19-16-10 
-5 -11 -6 4 0 -1 -4-10 -4  1 3 7 -1 -3 -1 2 13 16 13 13 8 8 10 4 -2 4-15-14 -6 0 10 1 1  1 -2 -9-17-12-11 
-10 - 8  -1 8 3 7 3 -7 1 1 2 13 3 -4  -0 -5 4 10 1 0 -0 -4 1 -2-10-14-22-21 - 7  6 19 19 10 6 -2 -5 -3 -8  
-15 -5 2 7 4 12 7 -2 5 2 1 14 4 -5 -2-10 -7  1-11-14-10-15 -9 -6-14-17-20-20 -5 13 25 25 19 14 7 7 3 -5 
-20  -4  -0 0 1 9 7 2 5 0 -1 8 3 -5 -4-10-10 -3-13-19-13-17-12 -5-11-13-13-14 -2  16 25 24 22 15 12 13 5 -4  
-25 -3 -5 -7 -2 2 3 3 0 -3 - 3  0 2 -3 -3  -3 -4 0 -4-10 -7  -8 -8 -2 -5 -7 -6 -9 -2 12 16 16 15 1 1  1 1  12 2 -3 
-30 -1 -6 -8 -3 -5 -1 2 -4 -4 -4  -5 2 2 -1 5 5 6 8 3 3 3 -2 -2 -2 -4 -5 - 7  -5 1 3 4 3 2 8 7 1 -1 
-35 6 -0 -1 1 -6 -2 2 -5 -2 -1 -4 5 6 1 7 7 6 12 11 8 7 0 -5 -5 -5 -7 -8 -9 -8 -8 -6 -6 -4 4 5 4 6 
-40 13 9 8 7 -3 -1 3 -3 2 4 1 7 7 -0 2 1 -2  5 7 5 4 -3-10 -8 -7 -6 -6 -8-11-11-10 -9 -5 4 5 9 13 
-45 17 15 13 10 -0  -1 1 - 1  3 6 4 7 5 -4 -6-10-12 -6 -2 -1 -1 -5-10 -7 -3 -1 0 -2 -7 -8 -7 -7 -2 4 7 12 17 
-50 15 14 12 7 - 1  -3 -3 -3 1 3 2 3 -0 -7-12-15-17-11 -6 -3 -1 -2 -3 1 5 7 7 3 -3 -5 -5 -4 -0 4 7 1 1  15 
-55 10 10 8 4 -2 -5 -5 -6 -4 - 3  -3 - 3  -5 -8-10-12-11 -7  -2 2 4 5 6 9 11 1 1  7 2 -4  -7 -6 -4  0 4 6 8 10 
-60 8 8 7 5 2 - 1  -3 -4 -6 -7  -8 -7  -6 -6 -5 -4 -2 1 4 6 8 8 8 9 9 5 0 -7-12-13-10 -6 -1 3 5 7 8 
-65 8 9 9 10 9 8 6 3 -1 -4 -6 -6 -4 -2 0 2 3 4 4 4 3 2 2 1 -1 -5-10-15-17-16-12 -6 0 4 6 7 8 
-70 6 7 9 1 1  14 15 14 12 8 4 1 -0 0 1 2 2 2 -0 -3 -5 -7 -8 -9 -9-10-11-33-15-14-12 -7 -2 2 5 6 6 6 
-75 -3 -2 0 4 8 11 13 14 12 10 8 6 5 4 2 1 -2 -5 -9-11-12-13-11-10 -8 -6 -5 -4 -2 -1 1 2 3 2 -0 -2 -3 

5 - 4  -: : 2 -5 -5 -: : 6 5 -7-1: -9 -7  5 9 5 9 4 3 8 5 e :o 7 i: 7 o -2 -5 -5 -2 -7 -8-12-12 -4  

-no -16-17-15-12 -e -3 1 4 7 e 8 8 7 6 4 2 -1 -3 -4 -5 -5 -4 -1 2 5 8 io 1 1  1 1  i o  8 4 -0 -5-10-14-16 
-8s -25-27-27-26-23-20-16-11 -7 -3 - 0  2 4 5 6 7 8 e 9 io 12 14 16 le 20 21 21 19 17 13 8 2 -4-11-17-22-25 
-90 -22-25-26-27-27-26-25-22-19-16-11 - 7  -2 2 7 12 16 19 22 25 26 27 27 26 25 22 19 16 12 7 2 -2 -7-12-16-19-22 

90 
85 
80 
75 
70 
65 
60 
55 
50 
45  
40 
35 
30 
25 
20 

10 
5 
0 

-5 
-10 
-15 
-20 
-25 
-30 
-35 
-40 
-45 
-50  
-55 
-60 
-65 
-70 
-15 
-80 
-85 
-90 

15 

- 2  x 1 0 - l 1  s e c  . 0-km elevation. 6 v g ~  = const 

-18-17-16-15-14-13-12-11-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10 1 1  12 13 14 15 16 17 18 
-1 -1 -2 -2 -2 -3 -3 -3 -3 -3 -3 -2 -2 -2 -1 -1 -0 0 1 1 2 2 2 3 3 3 3 3 3 2 2 2 1 1 0 -0 -1 
0 0 -0 -0 -0 -1 -1 -1 -1 -2 -2 -2 -2 -2 -2 -2 -1 -1 -1 -0 0 0 1 1 2 2 2 2 2 2 2 1 1 1 1 0 0 
1 2  2 2 2 2 2 2 2 2 1 0 - 1 - 2 - 3 - 4 - 4 - 4 - 4 - 4 - 4 - 3 - 3 - 2 - 1  0 1 2  3 3 2 1 1  1 1  1 1  

-0 1 2 3 3 4 4 5 6 6 5 4 1 -1 -4 -5 -6 -7 -7 -6 -6 -6 -5 -3 -2 0 2 4 4 4 2 1 -1 -2 -2 -1 -0 
-3 -2 -1 -0 0 1 3 5 7 8 8 6 4 0 -3 -5 -6 -6 -5 -5 -5 -4 -3 -2 0 3 5 6 6 4 2 -1 -3 -5 -5 -4 -3 
-5 -4  -3 -3 -3 -3 -1 1 3 6 7 6 4 1 -2 -3 -3 -2 -1 -1 -0 -0  0 1 3 5 6 7 6 4 1 -2 -5 -7 -7 -6 -5 
-2 -2 -3 -3 -4 -4 -4 -3 -2 1 2 3 2 -0 -1 -1 -0 1 3 3 3 3 3 3 4 4 4 5 4 2 -0 -3 -4 -5 -4 - 3  -2 
3 2 1 0 -1 -2 -4 -5 -5 -4 -2 -1 -1 -2 -2 -0 1 3 4 3 3 3 2 2 1 -0 -0 -0 -1 -1 -2 -2 -1 0 2 3 3 
8 6 5 5 4 3 0 -3 -5 -6 -5 -3 -2 -2 -1 0 1 2 2 1 -0 -0 -1 -2 -3 -5 -5 -5 -5 -3 -2 -1 2 5 7 8 8 
7 5 5 6 7 7 4 -0 -4 -5 -4 -2 0 1 1 1 1 1 1 -2 -3 -3 -4 -5 -6 -8 -8 -7  -6 -4 -2 -1 3 6 1 8 1 
2 0 1 3  5 7 5 1 - 2 - 3 - 2  1 4  4 4 3 2 1 1 - 2 - 3 - 3 - 4 - 5 - 5 - 1 - 6 - 5 - 6 - 4 - 2 - 2  2 3 3 4 2 

-3 -5 -4 -2 1 4 3 1 -1 -2 -1 3 7 8 6 5 3 2 3 0 -1 0 -2 -2 -2 -3 -1 -1 -3 -3  -3 -3 -1 -1 -2  -1 -3 
-5 -6 -7 -6 -3 -0  0 -0 -2 -3 -1 2 6 8 7 5 3 2 3 3 2 3 2 1 2 2 4 3 -1 -3 -4 -4 -2 -3 -4 - 3  -5 
-3 -3 -5 -6 -4 -3 -2 -1 -2 - 3  -3 -2  2 6 5 3 1 0 2 3 3 3 4 4 5 6 7 4 -1 -4 -5 -3 -2 -3 -2 -2 -3 
1 2 -2 -3 -2 -3 -1 1 -1 -3 -5 -5 -2 2 2 -0  -1 -2 -1 1 2 2 4 4 6 9 8 4 -1 -6 -6 -2 -1 -1 1 0 1 
3 4 1 -0 -1 -2 0 2 1 -2 -6 -7  -5 -1 1 - 1  -2 -3 -3 -0 1 0 4 5 6 10 8 3 -1 -6 -6 -1 -1 -1 1 1 3 
1 3 1 1 -1 -2 0 2 2 0 -5 -7 -6 -3 1 1 -0 -0 -1 -0 2 1 4 5 5 8 6 2 -1 -5 -5 -1 -2 -2 -1 -2 1 

-2 -0 1 1 -2 -3 -1 1 2 1 -3 -6 -5 -3 2 4 3 4 2 2 4 3 4 5 4 4 3 0 -1 -3 -2 -1 -3 -4 -6 -5 -2 
-5 -2 0 0 -2 -3 -3 -1 1 2 -1 -3 -4 -2  2 6 7 7 5 4 5 5 4 3 0 -1 -2 -1 -0  1 2 -0 -3 -5 -8 -7 -5 
-5 -2 1 1 -0 -2 -4 -1 1 2 2 -1 -2  -1 1 9 7 5 5 3 3 3 2 -1 -4 -7  - 7  - 3  1 5 6 2 -0 -4  -7 -6 -5 
-4 -1 2 2 3 1 -2 0 1 2 5 1 -2 -1 -2 2 4 1 -0  -1 -2 -0 -1 -5 -7-10 -9 -3 4 10 10 6 3 -0 -2 -3  -4 
-2  -0 2 2 4 3 -0  1 1 1 5 2 -2 -2 -4 -2 1 -3 -5 -5 -6 -4 -3 -7 -9-10-10 -3 6 12 13 10 7 4 2 0 -2 
-1 -1 0 1 3 3 1 1 0 0 3 2 -2 -2 -4 -3 -1 -5 -7 -6 -7 -5 -4 -6 -7 -8 -8 -2  7 12 12 1 1  8 6 5 2 -1 
-1 -2 -2 -0 1 2 1 0 -1 -1 1 1 -1 -2 -2 -1 - 0  -2 -4 -4 -4 -4 -3 -4 -5 -5 -6 -2  5 8 9 8 6 6 6 2 -1 
1 -1 -2 -1 -1 -0 1 -1 -1 -1 -1 1 1 -0 1 1 2 2 1 0 -0 -2 -3 -3 -4 -4 -5 -3  0 2 3 3 3 5 5 2 1 
3 1 0  1 - 2 - 1  1 - 2 - 1 - 0 - 1  2 2 0 2 2 2 4 3 2 2 - 1 - 3 - 3 - 3 - 4 - 4 - 4 - 4 - 3 - 2 - 1  0 3 4 3 3 
6 5 4 3 -1 -1 0 -1 0 1 1 3 3 -0 -0 -1 -1 1 2 2 1 -2 -4 -4 -3 -3 -3 -4  -5 -5 -4 -3 -1 3 4 5 6 
8 7 6 4 0 -1 -0  -1 1 2 2 2 1 - 2  -3 -4 -5 -2 -0 0 -0 -2 -4 -3 -1 - 0  -1 -2  -4 -4 -4 -3 -1 3 4 6 8 
8 7 6 4 0 -1 -1 -1 0 1 1 1 -0 -3 -5 -6 -7 -4 -2 -1 0 -1 -1 0 2 3 2 -1 -3 -4 -4 -2 -0 3 4 6 8 
6 6 5 3 1 -1 -1 -2 -1 -1 -1 -1 -2 -4 -5 -5 -5 -3 -1 0 1 2 2 3 4 4 2 -1 -4 -5 -4 -2 0 2 4 5 6 
4 4 4 3 2 1 -0  -1 -1 -2 -3 -3 -3 -3  -3 -3 -2 -1 1 2 2 2 3 3 3 2 -0 -3 -6 -6 -5 -3 -0 2 3 4 4 
3 3 4 4 4 4 3 2 1 - 1 - 2 - 2 - 2 - 1 - 1 - 0  0 0 1 1  1 1  1 1  0 - 1 - 3 - 5 - 7 - 6 - 5 - 2  0 2 3 3 3 
1 1  2 3 4 5 5 5 3 2 1 0  0 1 1  1 0 - 0 - 1 - 2 - 2 - 3 - 2 - 2 - 2 - 3 - 4 - 5 - 5 - 4 - 3 - 1  0 1 1  1 1  

-3 -3 -2 -0 1 3 4 5 4 4 3 3 2 2 2 1 -0 -1 -2 -3 -4 -3 -3 -2 -1 -1 -1 -0 -0 0 0 0 0 -1 -2 -3 -3 
- 8 - 8 - 8 - 6 - 5 - 3 - 1  1 2  3 3 3 3 3 2 2 1 0 - 0 - 0 - 0  o 1 2  3 4 5 5 5 4 3 1 - 1 - 3 - 5 - 7 - 8  

-11-12-12-11-10 -9 -7 -5 -3 -2 - 0  1 z 3 3 4 4 4 5 5 6 7 8 e 9 9 9 e 7 5 3 o -3 -5 -e-io-ii 
-10-11-11-12-12-11-10 -9 -8 -6 -4 -3 -1 1 3 5 7 9 10 11 11 12 12 11 10 9 8 6 4 3 1 -1 -3 -5 -7 -9-10 

- 2  x 10- l1  s e c  . 500-km elevation. 6 v g ~  = const 
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l -  

90 
85 
80 
75 
70 
65 
60 
55 
50 
45 
40 
35 
30 
25 
20 
15 
10 
5 
0 

-5 
-10 
-15 
-20 
-25 
-30 
-35 
-40 
-45 
-50 
-55 
-60 
-65 
-70 
-75 
-80 
-85 
-90 

- 1 8 - 1 7 - 1 6 - 1 5 - 1 ~ - 1 ~ ~ 1 2 - 1 1 - 1 0  -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10 1 1  12 13 14 15 16 17 18 
4 2 -0 -2 -4 -6 -8 -9-10-11~1~-12-11-11-10 -9 -7 -6 -4 -2 0 2 4 6 8 9 10 1 1  1 1  12 1 1  1 1  10 9 7 6 4 
2 2 2 2 1 1 0 -0 - 1  -3 -5 -7 -9-11-13-1~-1~-13-12-10 -7 -4 -1 3 6 9 12 13 14 13 12 10 8 6 4 3 2 
2 4 6 8 10 12 13 14 14 12 9 4 -3-10-16-21-24-25-25-23-20-17-12 -6 0 7 13 16 18 16 13 8 4 1 -1 -0  2 
-6 -1 4 8 1 1  15 19 24 28 29 26 16 7 -6-18-27-32-33-33-31-28-24-18-11 -1 9 19 25 26 22 14 4 -5-11-12-10 -6 

-16-10 -5 -2 1 5 12 20 29 35 35 28 15 -1-15-25-29-29-27-24-21-18-13 -5 5 17 27 33 33 25 12 -4-17-24-25-22-16 
-19-14-12-12-11 -9 -4 5 16 26 31 27 16 1-12-18-19-15-10 -7 -5 -3 0 6 13 22 30 34 32 22 6-11-24-30-29-24-19 
-6 -6 -7-10-13-15-16-12 -4  6 14 15 8 -2 -9-10 -6 1 6 8 9 9 9 1 1  13 16 20 22 19 1 1  -1-13-20-21-16-10 -6 
16 13 9 5 1 -5-13-20-20-14 -6 -1 -1 -5 -8 -5 2 10 13 12 10 8 6 4 1 -2 -2 -0 -1 -4  -8-11 -8 -1 8 15 16 
33 26 23 22 20 15 1-15-24-23-17 - r )  -3 - 3  -3 1 6 1 1  1 1  5 -0 -3 -7-11-16-23-24-21-20-16-12 -8 4 17 28 35 33 
31 22 21 26 31 30 17 -4-18-22-16 -4 6 8 8 9 8 10 7 -4-10-12-L8-21-27-35-34-30-29-22-15 -8 8 21 30 36 31 
12 2 3 12 24 31 22 3-12-16-10 6 21 25 22 19 13 1 1  8 -4-10-11-17-20-23-30-26-23-27-22-17-12 2 1 1  15 19 12 

-19-27-31-26-11 0 3 -2-11-16-10 5 28 41 36 25 14 1 1  15 12 10 13 9 9 12 13 18 11-10-21-25-22-14-14-14-12-19 
-12-16-26-28-18-11 -5 -3-11-19-19-10 12 30 28 16 6 3 9 13 14 17 19 21 27 35 36 20 -6-25-30-21-14-15-11 -9-12 

1 2-12-18-15-13 -6 1 -6-18-28-26 -8 13 16 6 -2 -5 -2 8 12 15 23 27 35 48 45 22 -5-30-33-17-11-11 -3 -2 1 
7 13 1 -6 4-12 -3 6 2-12-31-37-24 -3 7 2 -4 -7 -7 3 9 11 23 30 36 51 44 10 -6-31-32-13-10-10 -3 -2 7 
1 10 5 0 -8-12 -3 7 8 '4-27-38-31-12 6 8 5 4 0 6 13 13 24 29 31 42 33 11 -6-25-24-10-12-16-14-13 1 

-13 -1 3 1 4-14 -8 2 9 3-18-31-28-14 9 21 21 20 14 14 20 20 23 24 19 21 15 3 -4-12-10 -6-15-24-30-28-13 
-24-10 3 2 -7-13-!3 - 3  7 7 -5-19-21-11 !@ 29 33 3! 24 19 22 22 18 1 1  1 -7-10 -6 1 8 1 1  3-11-26-38-36-24 
-26-11 6 6 1 -7-14 -5  5 9 9 -6-15-10 4 25 33 26 19 13 12 14 6 -7-22-35-33-14 10 31 34 19 2-17-31-31-26 
-20 -6 9 10 1 1  3 -8 -1 4 10 18 6-11-10 -6 10 20 8 -0 -4 -7 -4 -9-25-40-53-48-17 21 51 56 40 21 1-12-17-20 
-1 1  -3 8 12 18 1 1  0 4 4 8 20 8 -9-13-15 -5 4-10-21-22-25-21-21-35-48-57-50-15 31 63 68 55 37 21 10 -1-11 
-5 -4 2 8 15 13 6 4 1 4 14 8 -7-13-16-11 -5-17-28-28-31-28-25-35-44-49-44-13 31 60 66 57 44 34 26 9 -5 
1 -5 -4  2 6 8 7 1 - 3  -1 5 7 -2 -9 -9 -7  -3  -9-19-20-23-24-24-29-35-38-35-13 20 42 48 44 38 36 31 14 1 
10 -0 -3 0 -2 2 4 -4 -5 - 3  0 8 4 -3 -1 I 3 4 -1 -4 -8-17-21-24-27-29-29-18 1 15 21 22 24 31 29 19 10 
22 13 8 5 -3 -2 2 - 5  -3  - 0  1 10 9 1 2 2 3 10 10 7 1-12-22-23-22-23-25-23-17-10 -4  1 10 24 27 25 22 
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5 4 4 4 4 5 6 7 6 2 -3 -9-13-14-13-10 -7 -4 -3 
7 6 6 7 7 8 10 10 8 4 -3-10-14-15-14-11 -8 -6 -5 
8 8 8 9 10 11 13 13 1 1  5 -2 -9-14-15-14-12 -9 -7 -6 
8 8 9 10 11 13 14 14 12 6 -1 -8-12-13-13-12-10 -8 -7 
9 9 10 10 1 1  12 13 13 1 1  6 -0 -6 -9-10-11-11-11 -9 -7 
9 9 9 10 10 10 10 9 8 5 1 -3 -5 -6 -8 -9-10-10 -8 
8 8 8 8 7 6 5 4 3 2 2 2 1 - 0 - 3 - 7 - 9 - 9 - 7  
7 6 5 4 3 0 -2 -3 -3 -0 3 6 7 6 2 -3,-6 -8 -7 
5 3 2 0 -2 -6 -9-10 -8 -3  4 10 13 12 8 2 -2 -5 -5 
2 0 -2 -4 -7-11-15-16-13 -5 5 13 18 17 13 8 3 -1 -2 

-1 -3 -5 -8-12-16-19-20-16 -0 4 14 20 21 18 13 8 4 2 
-3 -5 -8-11-15-19-22-22-18 -9 2 13 20 22 20 17 13 9 6 
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-5 -5 -7 -9-11-13-13-14-14-13-10 -5 1 8 14 18 20 20 18 
-5 -4 -5 -6 -8 -8 -9-10-12-12-11 -8 -3 3 10 15 18 19 18 
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1 3  4 5 6 6 5 3 0 - 3 - 5 - 1 - 7 - 5 - 3 - 1  0 1 1  
4 6 7 8 9 9 8 6 3 0 -2 -4 -5 -6 -6 -5 -5 -6 -6 
8 9 11 1 1  12 12 11 9 6 3 1 -2 -4 -6 -8 -9-10-11-12 
12 13 14 15 15 14 13 1 1  8 b 2 -1 -4 -7 -9-12-14-15-16 
16 17 17 17 17 16 14 12 9 6 3 -0 -4 -7-10-13-15-17-18 
18 19 19 18 17 16 14 1 1  9 6 3 -1 -4 -7-10-13-15-17-18 

- 2  x 1 0 - l ~  s e c  . 5000-km elevation. 6 v g ~  = const 
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-9-12-14-16-16-15-12 -9 -5 -1 3 6 8 Y 8 
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6 7 9 10 12 13 13 13 13 1 1  9 7 4 1 -1 
8 10 1 1  13 14 15 16 16 15 13 1 1  9 6 3 0 
9 12 14 15 16 17 17 11 16 14 12 10 7 4 1 

9 1 0  9 9 e e e 9 1 0 1 2 1 3 1 3 1 1  7 1 

e i o  11 i o  io io 9 9 io io io io 8 5 1 

-2 - 0  1 2 1 -1 -4 -e-12-15-18-18-15 -9 -1 

-5 -4 -3 -3 -4 -5 -e-i2-16-;9-22-22-19-13 -4 

-2 -2 -1 o 2 3 4 4 3 1 -1 -3 -5 -7 -e 

io 13 14 16 17 18 ie 17 16 14 12 io 7 5 1 

1 1  12 13 14 15 16 17 18 
4 6 7 8 9 1 0 1 0 1 0  
6 6 7 7 7 7 7 7  
1 6 5 4 4 3 3 4  
7 5 4 2 0 - 0 - 0  1 
1 4 1 -1 -3 -3 -3  -2 
6 2 -2 -4 -6 -6 -5 -3 

2 - 3  -8-10-11-10 -8 -6 
-1 -6-10-13-13-12 -9 -7 
-3  -8-13-15-15-13-10 -7 
-4-10-15-16-16-14-11 -8 
-6-12-16-17-17-15-12 -9 
-6-12-16-17-17-15-12-10 
-6-11-15-16-16-14-12-10 
-4 -9-12-14-14-14-12-10 
-3 -6 -9-11-12-12-11-10 
-1 -3 -5 -7 -8 -9 -9 -8 
2 1 0 -2 -4 -6 -7 -6 
4 6 5 3 1 - 2 - 3 - 4  
6 9 1 0  9 6 3 1 - 0  
7 12 14 14 1 1  8 5 3 

7 14 19 20 20 17 14 1 1  
5 13 I9 22 22 21 !3 15 
2 

-0 
-3 
-5 
-7 
- 7  
-7 
-6 
-5 
-4 
-3 
-2 
-2 

4 -1 -5 - 7  -9 -8 -1 -5 

8 14 17 le 16 13 io 7 

1 1  
8 
4 
1 

-1 
-3 
-5 
-5 
-6 
-5 
-5 
-5 
-5 

17 21 23 23 21 18 
15 20 23 23 22 19 
1 1  17 21 22 22 19 

4 10 14 16 17 15 
e 14 le 20 20  ie 
1 6 9 12 12 1 1  

- 2 2 4 6 7 6  
-4 -2 -0 1 1 0 
-6 -5 -5 -5 -5 -5 
-7 -8 -e -9-10-10 
-8 -9-11-12-13-14 
-e-io-i2-i4-15-16 
-8-10-13-14-16-17 

- 2  x 1 0 - l ~  sec  . 1 0  000-km elevation. 6vgh = const 

-18-17-16-15-14-13-12-11-10 -9 -8 - 7  -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10 
7 7 7 7 6 5 4 3 2 1 -1 -2 -3 -4 -5 -6 -7 -7 -7 -7 -7  -7 -6 -5 -4 -3 -2 -1 1 
4 5 6 7 7 7 7 6 5 3 1 -1 -3 -5 -7 -9-10-10-10 -? -8 -1 -5 -3 -1 0 1 2 3 
1 3 4 6 7 9 9 9 8 6 3 1 -2 -6 -8-10-12-13-12-11 -9 -6 -4 -1 2 3 5 5 5 

-2 -0 3 5 8 10 1 1  1 1  10 8 5 2 -2 -6 -9-12-14-14-14-12 -9 -6 -2 2 5 7 8 8 7 
-6 -3 1 4 1 10 12 12 12 10 7 3 -1 -5 -9-12-15-15-15-12 -9 -5 -0 4 8 10 1 1  10 8 

-12 -8 -3 2 6 10 13 14 14 12 9 5 1 -4 -8-12-14-15-14-12 -8 -2 3 9 13 16 16 14 10 
-14-10 -5 1 6 10 12 14 14 12 10 6 2 -3 -1-11-13-14-14-11 -6 -1 5 1 1  15 18 18 15 1 1  
-16-11 -6 -1 5 Y 12 13 13 12 10 6 2 -2  -6-10-12-13-12 -9 -5 1 7 12 17 19 19 16 1 1  

-9 -5 -1 3 7 io 13 13 13 1 1  e L - 0  -5 -9-12-15-16-15-12 -8 -4 2 7 11 13 14 12 9 

-?I-!? -7 -2  3 1; !? !? 6 -! -5 -e-io-ii-io -8 -4 2 e 13 18 20 19 1t~ 11 
-1O-IJ -a - 5  2 P Y 11 1 1  1 u  7 0 2 v =*  a -L " =P -3 -e -5 -2 3 9 :4 !e 20 !O !e !! 
-18-13 -8 -3 1 5 e 9 9 9 8 6 3 1 -2 -4 -6 -7 -6 -4 -1 4 9 14 17 19 18 15 10 
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- 3 - 2 - 2 - 2 - 2 - 2 - 2 - 2 - 2 - 1 - 1 - 0  0 1 2  3 3 3 3 2 2 1 1 1  1 1  1 1  1 
1 1 -0 -1 -1 -2 -3 -3 -3 -3 -2 -1 -0 1 2 3 4 4 3 3 1 0 -1 -2 -3 -3 -3 -2 -1 
5 4 2 0 -1 -3 -4 -4 -4 -4 -3 -2 -1 0 2 3 4 4 4 3 1 -1 -3 -5 -6 -1 -6 -5 -3 
9 T 4 2 -1 -3 -4 -5 -5 -5 -4 -3 -2  -0 2 3 4 5 4 2 o -3 -6 -e-io-ii-io -8 -5 
12 9 6 3 -1 - 3  -5 -6 -6 -6 -5 -4 -2 -0 2 3 4 5 4 2 -0  -4 -7-11-13-14-13-10 -6 
15 12 8 3 -0 -3  -5 -7 -7 -1 -6 -5 -3 -1 1 3 5 5 4 2 -1 -5 -9-13-15-16-15-13 -8 
17 13 9 4 -0 -4 -6 -7 -8 -8 -6 -5 -3 -1 1 3 5 5 5 2 -1 -5-10-14-17-18-17-14 -9 
18 14 9 4 -0 - 4  -7 -8 -8 -8 -7 -5 -3 -1 2 4 5 6 5 3 -1 -5-10-15-18-20-19'15-10 
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10 7 3 -1 -5 -7  -9-10-10 -8 -6 -4 -1 3 6 8 10 11 10 9 6 2 -2  -6-10-12-13-12 -9 
6 4 1 -3 -6 -0 -9-10 -9 -8 -6 -3 0 3 6 9 1 1  1 1  1 1  10 7 4 0 -3 -7 -9-10 -9 -8 
3 1 -2  -4 -7 -8 -9 -9 -9 -7 -5 -2  1 4 1 9 1 1  12 12 10 8 6 2 -1 -4 -6 -7 -7 -6 

- 1  -2 -4 -6 -1 -B -9 -9 -8 -6 -4 -1 2 4 1 9 11 12 I2 1 1  9 7 4 1 -1 -3 -4 -5 -5 
-4 -5 -6 -7 -8 -8 -8 -8 -1 -5 -3 -0 2 5 1 9 10 11 1 1  1 1  9 8 6 4 2 -0 -2 -3 -3 

- 9 - 9 - 9 - 8 - 8 - 7 - 6 - 4 - 3 - 2 - 0  1 3 4 6 7 8  8 9 9 9 8 8 7 6 4 3 2 0 

- 1 0 - 8 - 6 - 3 - 1  o 1 2 2 2 2 2 2 2 2 1 1  1 1 1  2 4 5 I e 9 9 7 5 

13 9 5 1 - 3  -7 -9-10-10 -9 -7  - 4  -1 2 5 7 9 io 9 e 4 o -4 -9-12-14-15-13-10 

-6  -7 -e -8  -8 -8 -7 -6 -5 -3 -1 1 3 5 7 e 9 io io io 9 e 7 5 4 2 1 -0 -1 

- -  a 

1 1  
2 
3 
4 
5 
5 
5 
5 
5 
5 
4 
4 
3 
3 
2 
2 
1 
1 
0 
0 

-0 
-1 
-1 
-2 
-3 
-3 
-4 
-4 
-5 
-5 
-5 
-5 
-5 
-4 
-4 
-3 
-2 
-1 

12 13 14 15 16 17 18 
3 4 5 6 7 7 7  
3 3 3 3 3 4 4  
3 2 1 - 0 - 0  0 1 
2 -0 -2 -4 -4 -4 -2 
2 -2 -5 -7  -e -7  -6 
1 - 4  -e-ii-i2-11 -9 

-0 -6-11-14-15-14-12 
-2 -8-13-16-18-17-14 
-3 -9-15-19-20-19-16 
-3-10-16-20-21-20-17 
-+!!-!7-2lp22-2?-!n 
-4-11-17-20-21-20-18 
-4-11-16-19-20-19-17 
-4-10-14-17-18-17-15 
-3 -8-12-14-15-14-13 
-2 -6 -9-11-11-11-10 
-1 -3 -5 -7  -7 -7 -6 
-0 -1 -2 -2 -3 -3 -3 
1 2 2 2 2 2 1  
2 4 6 7 7 6 5  
3 7 9 1 1  11 10 9 

4 io 14 17 le 17 15 
4 9 12 14 15 14 12 

4 1 1  16 19 21 20 !I 
4 i i  I T  21 22 21 18 
4 1 1  17 21 22 22 19 
3 10 16 20 22 21 19 
2 9 15 19 20 20 17 
1 8 13 ii ie 18 15 
0 6 10 14 15 15 13 

-1 4 8 11 12 1 1  10 
- 1 2 5 7 8 8 6  
-2 0 2 4 4 4 3 
-3 -1 -0 1 1 0 -1 
-3 -3 -2 -2 -2 -3 -4 
- 3  -4 -4 -5 -5 -6 -6 
-3 -4 -6 -1 -8 -8 -9 

- L  
6 v g ~  = const x 10- l . '  s ec  . 50 000-km elevation. 

3 3  



I 

-18-17-16-15-14-13-12-11-10 -9 - 8  -7  -6 -5 -4 - 3  -2 -1 0 1 2 3 4 5 6 7 8 9 10 1 1  
90 17 17 17 16 14 13 10 6 5 2 -1 -4 -7-10-12-14-16-17-17-17-17-16-14-12-10 -8 -5 -2 1 4 
85 6 9 12 15 18 20 20 19 17 12 7 0 -7-13-19-24-27-28-27-25-21-16-10 -4  1 5 7 9 9 8 
BO -5 0 7 14 21 26 29 30 27 22 14 5 - 6 - 1 6 - 2 5 - 3 2 - ~ 7 - 3 8 - 3 6 - 3 1 ~ 2 4 ~ 1 5  -5 4 12 17 20 19 17 12 
75 -17 -9 1 12 23 31 37 39 37 31 21 9 -4-18-30-39-45-46-43-36-25-13 0 13 23 29 32 30 24 15 
70 -29-18 -5 10 24 35 4 3  46 45 38 27 13 -3-19-33-44-51-52-49-39-21-11 6 21 33 41 43 3'4 30 18 
65 -39-26-10 7 24 38 46 52 51 44 32 17 -1-16-35-47-55-57-52-41-26 -8 I2 29 43 51 52 47 36 20 
60 -48-34-16 4 23 39 50 56 55 48 36 20 1-18-35-49-57-59-54-42-25 -5 17 36 51 60 61 5 4  40 21 
55 -55-40-20 : 21 39 5: 58 57 5: 39 22  3-!5-?4-46-57-59=53=4:-23 -: 21 42 56 57  67 59 C3 21 
50 -62-45-24 -2 19 38 51 57 58 52 4 0  24 5-14-32-46-55-57-52-39-21 2 25 46 62 71 71 62 44 21 
45 -65-48-27 -5 17 35 48 56 56 51 39 24 b-12-2'4-43-~1-53-48-36~18 4 28 49 65 73 73 63 45 20 
4 0  -66-49-29 -7 14 32 45 52 53 48 36 24 7-10-26-39-47-49-44-32-15 7 29 49 65 73 72 62 43 19 
35 -64-49-29 -8 1 1  28 4 0  47 48 44 35 23 8 -7-22-33-L1-43-38-21-11 8 29 48 62 70 69 59 41 17 
30 -60-46-28 -9 9 24 35 41 42 39 31 21 8 -5-18-28-34-36-32-23 -8 9 28 45 58 64 63 53 37 15 
25 -53-41-26-10 6 19 28 34 35 32 26 18 6 -3-13-22-27-29-25-18 -5 9 25 40 51 56 55 47 32 13 
20 -45-35-22 -9 3 14 22 26 27 25 21 14 7 -2 -9-16-?0-21-19-13 -3 9 21 33 42 46 45 38 26 1 1  
I5 -34-27-18 -8 1 9 15 18 I9 18 15 10 5 -0 -5-10-13-14-12 -8 -1 7 16 25 31 34 33 28 20 8 
10 -22-18-12 -6 -0 4 8 10 10 10 8 6 4 1 -2 -4  -6 -6 -6 -3  0 5 10 15 19 21 21 18 12 5 

5 - 9 - 8 - 6 - 4 - 2 - 0  1 1 2  2 2 Z 2 2 2 1 1  1 1  1 2  3 4 5 7 7 6 7 5 2 
0 4 3 1 -1 -3 -5 -6 -7 -7 -6 -4 -2  -0 2 5 6 7 7 6 5 2 -0 - 3  -5 -6 - 7  -6 - 5  -3 -1 

-5 17 13 7 1 -4 '9-12-14-15-13-11 - 7  -2 3 8 1 1  13 14 12 8 3 -3 -9-15-19-LO-19-lb-10 -4 
- 1 0  30 22 13 4 -5-13-18-21-22-20-16-11 -4 3 10 16 19 19 17 12 4 -6-15-24-30-33-32-27-18 -6 
-15 41 31 I9 6 -6-1b-24-26-29-26-21-14 -5 4 13 20 24 25 22 15 4 -6-21-32-41-45-43-36-24 -9 
-20 50 39 24 8 -7-19-29-34-35-32-26-17 -6 5 15 23 29 30 26 16 5-10-25-39-50-55-53-4~-30-12 
-25 58 44 27 9 -8-22-33-39-40-37-29-19 -7 5 17 27 33 34 30 21 7-10-28-45-57-62-61-51-35-14 
-33 63 46 30 i o  -9-25-jb-ij-44-40-32-21 -8 6 50 30 37 33 34 23 6-10-30-r8-61-68-66-56-3P-i7 
-35 66 50 31 10-10-27-40-46-47-43-34-22 - 7  6 22 33 4 0  42 37 26 1 0 ~ 1 0 ~ 3 0 ~ 4 9 ~ 6 4 ~ 7 1 ~ 7 0 ~ 6 l l ~ 4 2 ~ 1 6  
-40 66 50 30 8-12-29-42-49-50-45-36-22 -7 9 24 36 4 3  45 40 29 12 -8-29-49-64-71-71-61-43-20 
-45  63 48 Z 8  7-14-31-43-50-51-46-36-22 -6 10 26 38 46 47 43 32 15 -5-27-46-61-70-69-60-43-21 
-50 58 4 3  24 4-16-32-44-50-51-45-35-21 -5 12 27 40  47 49 45 34 18 -2-23-42-57-65-66-58-42-21 
-55 51 38 20 1-17-33-44-50-49-44-33-19 -3 13 28 41 48 5 0  46 35 20 1-18-37-51-59-60-53-40-21 
-60 43 30 15 -3-19-33-43-47-47-41-31-17 -1 14 29 41 k8 50 46 36 22 5-13-30-44-52-53-49-36-20 
-65 33 22 9 -6-20-32-40-44-43-37-27-14 0 15 29 39 4b 46 45 36 24 9 -8-23-35-42-44-41-31-18 
-70 22 14 3-10-21-31-37-40-38-32-23-11 2 15 28 37 4 3  45 42 35 25 12 -2-15-26-32-35-33-26-16 
-75  12 5 -4-13-21-28-32-34-32-26-18 -6 4 15 25 34 39 41 39 33 25 15 3 -7-16-22-25-24-20-14 
-80 1 -4 -9-15-20-24-27-27-24-19-12 -4 5 14 22 29 33 34 33 30 24 16 8 1 -6-11-14-15-14-11 
-65 - 9 - 1 2 - 1 4 - 1 7 - 1 9 - 2 0 - 2 0 - 1 6 - 1 1  -6 -0 6 12 18 22 25 27 27 25 22 16 13 8 3 -1 -4 -6 -7  -7  
-90 -19-19-19-18-16-14-12 -9 -6 -3 0 4 7 10 12 15 16 18 19 19 19 18 16 14 12 9 6 3 -0 -4 

12 13 14 15 16 17 18 
1 10 12 14 15 17 17 
7 5 4 3 3 4 6  
6 0 -5 -9-10 -9 -5 
5 -5-14-21-23-22-17 
3-11-24-32-36-35-29 
1-17-32-43-48-47-39 

-1-22-40-53-59-57-46 
-3-27-47-61-67-65-56 
-5-30-52-67-74-72-62 
-7-33-55-70-77-75-65 
-8-34-56-71-78-76-66 
-8-33-54-69-75-74-64 
-8-31-51-64-70-69-60 
-8-26-45-57-62-61-53 
-7-23-37-47-52-51-45 
-5-18-28-36-39-39-34 
-3-11-18-23-25-25-22 
-1 - 4  - 7  -9-10-10 -9 
2 3 5 6 6 5 4  
4 1 1  16 20 21 20 17 
6 17 27 33 35 34 30 
7 23 36 45 48 47 41 
8 27 44 55 59 50 SO 
9 31 49 62 68 66 58 
9 33 53 67 74 72 63 
6 33 55 70  77  75 66 
7 32 54 69 77 75 66 
5 30 52 67 74 72 63 
3 27 47 61 68 67 58 
1 23 41 54 61 60 51 

-1 18 34 46 51 5 0  43 
-3 13 26 36 40 39 33 
-4 8 18 25 29 28 22 
-6 2 10 15 17 16 12 
-6-2 2 4 5 4 1 
-7 -6 -6 -6 -6 - 7  -9 
-7-10-12-15-16-18-19 

- 2  x 1 0 - l ~  s e c  . 100 000-km elevation. 6 v g ~  = const 
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. 
Number Map 3 .  Horizontal  anomalous gravi ty  gradient along + = const 

-18-17-16-15-14-13-12-11-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10 1 1  12 13 14 15 16 17 18 
90 
85 
80 
75 
70 
65 
6 0  
55 
50 
45 
LO 
35 
30 
25 
20 
15 
10 

5 

-5 
-10 
-15 
-20 
-25 
-30 
-35 
-40  
-45 
-50 
-55 
-60 
-65 
- 7 0  

7 6 5 3 2 0 -2 -3  -5 -6 -7 -8 -9-10-10-10 -9 -8 -7 -6 -5 -3 -2 -0 2 3 5 6 7 8 9 10 10 10 9 8 7 
6 5 5 4 4 3 1 - 0  -2 -4  -6 -7 -8 -9-10-10 -9 -0 -7 -5 -4 -2  -0 1 2 3 4 5 6 6 6 7 7 6 6 6 6 
2 3 3 4 4 4 3 2 1 -0  -1 -2 -3 -4 -6 -7  -7 -7 -5 -4 -2 -1 -1 -1 -1 -1 -1 1 2 3 4 4 4 3 2 2 2 

- 3  -1 1 2 3 3 2 1 1 2 4 6 6 5 2 -1 -3 -4 -4 -3 -2 -1 -3 -5 -7 -8 -7 -5 -1 3 6 6 5 2 -1 - 3  -3 
-7 -5 -2 -0 1 -1 -2 -3 -2 1 7 12 15 14 10 4 -0 -3 -3 -2 -2 -2 -5 -9-12-14-13 -8 -1 6 1 1  12 8 3 - 3  -6 -7 
-9 -7 -3 -1 -1 -4 -7 -9 -8 -3 6 15 21 21 15 7 -0 -4  -4 -3 -2 -3 -6-11-15-17-15 -8 2 12 18 18 13 5 -3 -8 -9 
-8 -6 -3 -1 -1 -5 -9-13-14 -7 4 15 23 23 15 5 -3 -6 -5 -3 -2 -3 -6-11-15-17-14 -6 5 16 23 22 15 5 -4 -9 -8 
-6 -3 -1 1 1 -3 -7-13-15-10 0 12 21 21 12 2 -6 -8 -5 -2 -2 -3 -5 -9-11-13-12 -4 6 16 23 21 12 3 -6 -9 -6 
-2 0 1 3 2 1 -1 -7-13-11 -2 9 19 18 8 -1 -8-10 -4  0 -3 -2 -4 -7 -6 -9-11 -3 5 13 20 16 6 -1 -8 -9 -2 
2 2 -0 3 2 3 7 -0 -9 -9 -4  4 16 17 5 -3 -8-10 -0 4 -4 -1 -1 -7 -1 -5-13 -2  3 6 17 10 -1 -3-10 -9 2 
7 3 -3 1 - 1  3 13 6 -6 -7 -5 - 0  13 17 3 -2 -5-11 3 9 -6 -0  1 -8 -2-17 -1 1 -1 15 6 -8 -2-11 -9 7 
12 3 -6 -2 -6 i 16 9 -4 -6 -7 -5 9 ii 4 0 -i-12 5 i 3  -6 i 5-ji I -0-25 Z 2 -6 i i  3-ii i - i i  -? iZ 
15 2 -7 -5-11 - 0  15 10 -2 -6 -9-10 4 17 6 2 3-13 4 16-10 2 8-14 8 0-26 7 5 -8  19 2-12 5-11 -9 15 
16 3 -4 -7-14 -1 13 10 1 -7-10-12 -2 16 9 4 5-13 1 17-11 2 10-15 7 -1-26 12 8 -6 20 -1-10 7-13 -7 16 
13 4 1 -9-15 0 8 9 4 -7 -9-13 -8 13 13 5 6-12 -3 15 -9 -0 9-13 4 -4-22 16 12 -1 16 -5 -7 5-14 -4 13 
8 7 7-11-12 1 4 9 7 -4 -6-13-13 9 15 8 5-10 -5 10 -6 -2 5-10 -1 -9-14 18 16 6 8-10 -3 1-15 -1 8 
1 10 10-12 -8 0 -0 9 8 1 -1-13-15 4 15 11 3 -8 -4 5 -4 -3 -2 -7 -5-13 -5 20 19 13 0-13 1 -4-13 -1 1 

-4 1 1  10-11 -5 -2 -3 8 6 6 5-14-15 -0  10 14 2 -8 -1 0 -3 - 3  -6 -5 -7-16 2 22 21 17 -5-13 3 -6-11 -3 -4 
-6 9 7 -8 -2 -3 -4  6 3 9 9-!4-15 -3 4 14 2 -9 3 - 1  -4  -1 -8 -3 -5-16 4 22 22 :? -6-1; 5 - 3  -8 -6  -6  
-6 5 4 -5 -2 -1 -4 2 2 8 11-11-16 -5 -2 1 1  4 -9 5 1 -6 1 -5 -2 -2-14 2 21 21 13 -4  -7 5 2 -8-10 -6 
-5 -2 4 -3  -3 5 -4 -2 3 4 1 1  -5-18 -5 -4 5 6 -7 4 3 -7 1 -1 -0 2-11 -3 16 16 8 0 - 3  7 7 -9-10 -5 
-4  -9 5 -3 -7 12 -4 -6 7 -2 10 3-19 -4 -1 -2 8 -2 2 6 -8 -3 3 3 4 -8 -8 1 8 5 4 -0 10 11-10 -8 -4  
-4-13 1-6-10 la -5 -8 12 -7 7 12-20 -3 3 -8 10 5 -1 6 -7 -8 5 7 4 4 - 1 1  -3 - 0  3 6 2 14 12-10 -2 -4 
-3-14 8-10-12 21 -5 -7 16-10 5 16-19 -4 6-l! 10 12 -3 5 -5-13 4 10 3 -6-13-12 -7 2 6 4 18 1 1  -9 6 - 3  
-1-12 6-13-13 19 -3 -5 16 -9 2 16-17 -5 5-12 9 16 -2 4 -4-15 3 12 3 -5-13-18-12 2 6 6 19 9 -6 8 -1 
-0 -8 4-13-11 15 -1 -2 13 -1 1 12-16 -7 2-11 1 16 1 4 -2-12 4 14 4 -4-12-20-14 2 6 8 17 7 -3 9 -0 
0 -5 2-10 -8 10 1 1 9 -5 -1 7-11 -8 -1 -8 5 14 4 4 1 -6 5 13 5 -4-13-21-14 1 5 8 13 3 -2 7 0 

-0 -2 1 -6 -4 7 2 1 5 -3 -1 4 -6 -5 -2 -5 3 10 5 4 2 -1 6 12 4 -6-14-20-13 0 5 7 8 0 -4  2 - 0  
-1 -0 2 0 1 6 3 1 1 -3 -1 3 -1 -1 -0 -2 2 6 3 3 3 2 7 9 2 -7-15-18-11 - 0  6 7 4 -3 -6 -3 -1 
-3 1 5 6 1 7 4 -0  -2 -3 -1 3 4 3 2 -0 -0 1 0 1 2 4 6 6 0 -8-13-14 -8 1 5 5 1 -6 -9 -6 -3 
-4 2 8 1 1  12 10 5 0 -3 -3 -1 3 5 5 3 -0 -3 -4 -4 -2 1 4 6 5 0 -6-10-10 -5 1 3 2 -3 -9-12 -9 -4 
-6  3 10 14 16 14 9 4 -0 -1 - 0  2 4 4 1 -2 -5 -6 -6 -3 1 5 7 7 3 -1 -4  -5 -4  -2 -2 -5-10-14-16-12 -6 
-8 1 10 11 19 18 14 10 5 3 2 3 3 2 -1 -4 -6 -6 -5 -2 3 7 10 10 7 4 -0 -3 -5 -7-10-14-19-21-21-16 -8 

-75 -1 1  -1 8 15 20 21 20 17 13 10 R 6 4 2 -0 - 2  -3 - 3  -1 2 6 10 1 1  i l  9 5 0 -5-10-15-~0-~5-28-2e-26-20-11 
-80 -15 -5 4 11 17 21 22 21 20 17 15 12 10 8 6 4 4 4 5 7 9 10 10 9 6 1 -4-11-17-23-28-32-34-33-29-23-15 
-85 -17 -9 -2 5 11 16 19 21 22 22 22 20 19 17 16 14 13 12 12 11 10 8 5 2 -2 -1-12-18-23-28-31-33-33-32-28-23-17 
-90 -16-11 -7 -2 2 7 12 16 19 22 25 26 27 27 26 25 22 19 16 1 1  7 2 -2 -1-12-16-19'22-25-26-27-27-26-25-22-19-16 

- 2  x s e c  . 0-km elevation. "g+ = const 

-18-17-16-15-14-13-12-11-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10 1 1  12 13 14 15 16 17 18 
90 
85 
80 
75 
70 
65 
6 0  
55 
50 
45 
40 
35 
30 
25 
20 
15 
10 
5 
0 
-5 

-10 
-15 
-20 
-25 
-30 
-35 
-40 
-45 
-50 
-55 
-60 
-65 
-70 
-75 
-80 
-85 
-90 

3 3 2 2 2 1  
2 2 2 2 1 1  
1 1 1 1 1 1  

-1 -i - i  -0 o o 
-3 -2 -2 -1 -1 -1 
-4 -3 -2 -1  -1 -2 
-4 -3 -1 -1 -1 -2 
-3 -2 -1 0 -0 -1 
-2 -0 -0 1 1 0 
-0 1 - 0  0 1 2 

2 1 -! -1  -1 2 
4 1 -2 -2 -3 1 
5 2 -2 -3 -5 0 
5 2 -2 -4 -6 -0  
5 3 0 -5 -6 -0  
3 4 2 -5 -6 -0 
1 4 3 -5 -4 -1 

-1 4 3 -4 -3 -1 
-2 3 3 -3 -2 -1 
-3 1 2 -2 -2 -0 
-3 -1 1 -2 -2 1 
-3 -3 1 -2 -2 4 
-3 -5 1 -3 -3 6 
-2 -5 1 -4 -4 6 
-1 -4  -0 -5 -4  6 
-1 -3 -1 -5 -4 4 
-0 -2 -1 -4 -3 3 
-0 -1 -0 -2 -1 3 
-1-0 1 0  1 3  
- 1 0 2 3 3 4  
- 2 1 3 5 6 5  
-3 1 4  1 7  7 
- 4 0 4 1 9 8  
-5-1 3 I 9  9 
-6-2 2 5 7 9 
-7 -4 -1 2 5 7 
-6 -4 -3 -1 1 3 

1 0 -0 -1 -1 -2 -2 -2 
1 1 0 -0 -0 -1 -1 -2 
1 1 1 1 1 1 1 1  

- 0 - 0  1 2  3 4 4 4 
-2-2-1 1 4  6 8 8 
-4 -4 -4 -1 3 7 10 10 
-4 -6 -6 -3  2 7 11 11 
-3 -5 -6 -4  1 6 10 10 
-1 -3 -6 -5 -1 5 9 9 

2 -0 -4 -4 -2 3 8 9 
5 2 - 2 - 4 - 3  0 6 8 
6 4 -1 -3 -4 -2 4 8 
6 5 -0 - 3  -5 -4 2 8 
6 5 1 -3 -5 -6 -1 7 
4 5 2 -3 -5 - 7  -3 6 
3 5 3 -1 -4 -7 -5 4 
1 4  4 1 - 1 - 7 - 7  2 

- 0  L 4 3 1 -7 -7 -0 
-1 3 3 4 3 -6 -8 -2 
-1 1 2 4 4 -5 -e -3 
-1 -0 2 3 4 -3 -8 -4 
-1 -2 3 1 4 0 -8 -3 
-1 -2 4 -1 3 3 -8 -3 
-0 -2 5 -1 2 4 -7 -3 

0 -1 5 -2 2 4 -6 -3 
1 0  4 - 1  1 3 - 5 - 4  
1 1  3 -1 0 2 - 4 - 4  
2 1 2 -1 -0 1 -2 -2 
2 1 1 -1 -0 1 -0 -1 
2 1 - 0 - 1  0 1 1  1 
3 1 0 - 0 0 1 2 2  
5 3 1 1 1 2 2 2  
7 5 4 3 2 2 2 1  
9 0 7 5 4 4 3 2  
1010 9 8 7 6 5 4 

5 7 9 10 11 1 1  12 12 
e 9 1 0 1 0 1 0  9 8 e 

-3 -3 -3 -3  -3  -3 -2  -2 -2 -1 -1 -0 0 1 1 2 2 2 3 3 3 3 3 
-2 -2 -2 -3 -3 -3 -2 -2 -2 -1 -1 -1 -0 0 1 2 2 2 2 2 2 2 2 
-0 -1 -1 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -1 0 1 2 2 2 2 1 1 1 
3 1 -0 -1 -2 -2 -2 -3 -3 -4 -5 -5 -4 -2 -0 2 3 4 3 2 0 -1 -1 
6 3 1 -1 -2 -2 -2 -3 -4 -6 -7 -7 -6 - 3  0 4 6 6 5 2 -0 -2 -3 
8 4 1 -1 -2 -2 -2  -3 -4 -6 -8 -8 -7 -3 2 6 9 9 7 3 -1 -3 -4 
8 3 -1 -3 -3 -2 -2 -3 -4 -6 -8 -8 -7 - 3  3 8 11 10 7 3 -1 -4 -4 
7 2 -2 -3 -3 -2 -2 -2 -4 -5 -6 -7 -6 -2  3 8 1 1  10 6 1 -2 -4 -3 
5 0 -3 -4 -2 -1 -1 -2 -3 -4 -4 -5 -5 -2 3 7 10 8 3 -0 -4  -4 -2 
4 -0 -3 -4 -1 1 -1 -1 -2 -3 -2 -4 -6 -2 2 4 8 6 1 -2 -4 -4 -0 
4 0 -2 -4 1 3 -1 -1 -1 -3 -1 -3 -7 -1 1 2 7 3 -2 -2 -5 -4 2 
4 1 -1 -4 1 4 -2 -0 1 -4 1 -2 -8 -0 1 1 7 2 -3 -2 -5 -4 4 
5 2 0 - 4  1 5 - 2  0 2 - 4  1 - 2 - 9  1 3  0 7 1 - 4 - 0 - 5 - 3  5 
6 3 1 - 5  0 5 - 3  0 2 - 5  1 - 3 - 9  4 5 1 7 0 - 4  0 - 5 - 3  5 
7 4 2 -4 -1 5 -2 -0 2 -5 -1 -4 -7 6 7 3 6 -2 -3 -0 -6 -2 5 
8 5 2 -4 -2 3 -2 -1 0 -4 -2 -5 -4 8 9 5 3 -3 -2 -1 -6 -2 3 
7 6 2 -3 -2 1 -2 -2 -2 -4 -4 -6 -2 10 1 1  7 1 -5 -1 -3  -6 -2 1 
5 7 2 -3 -1 0 -2 -2 -3 -3 -4 -7 1 11 12 9 -1 -5 -0 -3 -5 -3 -1 
3 6 2 -3 o - 0  -2 -1 -3 -3 -4 -7 I 11 12 e -1 -4 1 -1 -5 -4  -2 
0 5 2 -3 1 0 -2 -1 -2 -2 -2 -6 1 10 1 1  7 -0 -2 2 0 -4 -5 -3 
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19 7 22 22 18 7 13 8 10 
16 5 2L 22 17 7 1 1  Y I2 
21 14 21 2! 16 12 7 6 9 
25 21 17 17 21 19 1 1  9 7 
22 21 Y 15 26 25 19 17 13 
14 18 4 16 25 25 22 21 17 
8 15 12 14 16 17 i6 ii 16 
7 14 18 12 4 7 7 19 12 
8 15 22 16 8 8 10 17 8 

5 
4 
3 
12 
1 1  
15 
1 1  
8 
5 
5 
9 
10 

12 16 
6 14 
5 1 1  
12 12 
i3 8 
9 2  
6 9  

9 
10 
6 
7 
15 
17 
13 
7 
5 
7 
8 
5 
6 

1 1  
9 
4 
12 
12 
8 
20 
27 

12 
13 
9 

10 
7 
7 
7 
4 
4 
7 
4 
5 
14 
19 
23 
27 

13 10 
17 15 
15 14 

8 14 22 18 1 1  1 1  12 14 5 
6 14 20 15 8 9 10 9 4 
10 16 18 1 1  5 8 8 4 5 

1 1  
12 
1 1  
10 
12 

13 
17 
15 
1 1  
9 

1 1  10 
9 8  
10 9 

13 15 14 -9 7 8 6 1 7 
8 10 12 13 13 1 1  6 3 10 
5 1 1  16 18 16 12 7 10 15 
12 13 15 15 14 12 14 19 22 
8 5 b 10 15 20 25 28 28 
8 1 1  15 20 25 29 32 34 33 

22 24 26 28 30 32 33 34 33 
27 21 27 27 27 27 27 27 27 

14 
17 
20 
27 
32 
27 

10 
10 
12 
22 
30 
27 

io 7 
12 3 
22 18 
30 29 
27 27 

- 2  
X 10-1 s e c  . 0-km elevation. GVghor iz  

~ 1 8 ~ 1 7 ~ 1 6 ~ 1 5 ~ 1 4 ~ 1 3 ~ 1 2 - 1 1 - 1 0  -9 -8 -7 -6 -5 -4 -3 -2  -1 0 1 2 3 4 5 6 7 8 9 10 1 1  12 13 14 15 16 17 18 
90 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
85 2 2 2 2 2 1 1 1 1 2  2 2 2 3 3 3 3  3 3 3 2 2  2 2 2 2 2 2 2 3 3 3  3 2 2 2 2 
80 1 2 2 2 3 3 3 3 2 2 2 1 1 2 3 4 4 5 5 5 4 4 4 3 3 2 2 2 3 3 3 3 2 2 1 1 1  
75 1 2  2 3 3 4 4 5 6 6  6 5 5 4  5 6 6  7 7 7 6 6 6 5 5 5  5 4 4 4 4 4  3 2 2 1 1  
70 4 3 Z i i 2 3 5 7 8 9 9 9 8  
65 6 5 4 3 3 3 4 4 5 6 8 1 0 1 1 1 0  
60 4 4 3 3 4 5 6 7 6 3 3 8 1 1 1 1  
55 4 3 1 0  1 2  5 7 8 6 2 6 1 0 1 1  
50 8 6 5 5 4 3  1 5 8 7 5 5 9 1 0  
45 7 5 5 6 7 7 5 0 5 6 4 3 8 9 
40 3 1 2 3 5 7 7 3 3 4 3 1 7 9  
35 5 5 5 3 3 4 7 4 2 4 4 3 8 1 1  
30 7 7 7 7 5 0 6 5 2 4 5 4 6 1 1  
25 6 4 6 7 7 3 6 5 2 5 6 6 3 9  
20 5 3 2 6 7 3 4 5 2 4 7 8 4 6  
15 4 6 2 5 6 2 3 5 3 2 7 1 0 7 4  
10 2 5 4 5 5 2 1 5  4 1 5 1 0  9 3 
5 2 4 3 4 4 3 1 4 4 3 3 9 9 3  
0 5 4 3 3 3 3 3 3 3 5 3 7 9 3  

-5 6 3 2 2 2 2 4 2 2 4 5 5 8 3 
-10 5 1 3  3 3 2 3 0 2 3 6 3 8 4 
-15 4 3 2 3 5 5 1 2 3 2 6 2 8 4  
-20 3 5 1 3 5 6 2 2 4 1 5 3 8 4  
-25 2 5 2 4 4 6 2 2 5 2 3 4 7 4 
- 3 0  2 5 2 5 4 6 1 1 5 2 2 4 6 3  
-35 4 3 1 5 4 4 1 2 4 1 1 4 5 4  
-40 6 5 4 5 3 3 1 1 3 2 1 3 5 4  
-45 8 7 6 5 1 3 2 1 2 2 2 3 3 3  
-50 8 7 6 4 1 3 2 2 1 1 1 1 1 3  
-55 6 6 5 4 3 4 3 2 1 1 1 2 2 4  
-60 - 5  5 5 6 6 5 3 2 1 2  3 3 3 3 
-65 4 4 6 8 8 8 6 3 1 1 2 3 3 2  
-70 4 1 5  8 1 0 1 0  9 7 5 3 2 2 2 1 
-75 6 3 4 7 9 1 0 1 0  9 8 7 5 4 4 3 
-HO 10 9 8 8 9 9 1 0 1 0  9 9 8 7 6 5 
-85 13 12 12 12 11 1 1  1 1  1 1  10 10 10 9 9 8 
-90 12 12 12 12 12 12 12 12 12 12 12 12 12 12 

7 6 6 6 6 5 5 5 5 b 7 7 8 7 6 6 6 6 6 5 5 5 4  
8 5 3 3 3 2 2 3 4 7 8 9 9 8 7 8 9 9 8 7 7 6 6  
8 3 1 3 4 4 4 4 5 7 8 9 8 5 5 8 1 1 1 1  8 5 4 5 4 
7 2 2 5 5 4 3 4 4 5 6 7 6 2 3 8 1 1 1 0  6 1 3  5 4 
5 0 3 5 3 1 1 2  3 4 5 7 8 5 5 7 1 0  0 4 5 8 9 8 
4 1 3  4 1 2  3 3 4 6 6 9 1 0  7 7 6 8 6 3 6 8 9 
5 3 ~ 4 1 3 ~ j 4 b 5 a 9 5 0 ~ 7 . ; * 6 6 J  
8 5 3 5 3 4 2 0 2 4 2 4 8 1 4 3 7 4 3 2 5 4 5  
8 5  3 5 4 6 3 3  Z 4 3 3 1 0  3 3 3 8 4  4 3 6 4 7 
8 4  2 5 2 6 4 3 4 6 5 7 1 1 6  5 4 9 3 4 3 6 3 6 
7 4 2 5 2 5 3 2 4 6 6 1 0 1 1  7 7 6 8 2 3 1 6  2 5 
8 5  3 5 3 3 2 1 4  6 6 1 1 9  8 9 8 7 3 2 2 6 2 4 
7 6 2 3 2 1 2 2 4 6 6 1 0  7 1 0 1 1  9 5 5 2 3 6 3 2 
6 8 4 5 3 2 4 4 5 6 6 8 3 1 1 1 2  9 2 5 3 5 8 6 2 
4 9 7 7 5 4 5 5 5 4 4 7 2 1 1 1 2  8 2 4 3 6 9 8 5 
1 I T  6 5 3 4 4 3 2 4 9 1 1 0 1 1  9 6 3 2 4 8 8 6 
2 3 5 2 1 1  3 1 2  5 7 1 1 1 0  8 9 1 1 1 0  6 5 3 5 6 5 
4 2 3 3 5 5 6 5 3 7 9 1 1 1 0  4 8 1 3 1 3 1 0  9 6 4 4 4 
4 4 4 5 7 6 7 6 4 7 7 9 9 2 7 1 2 1 3 1 1 1 1  8 6 3 3 
2 3  4 9 4 4 5 6  3 6 5 6 8 6 5  8 9 9 1 0  8 6 2 2 
1 3 4 7 2 1 2 5 3 6 4 5 8 Y 5 2 5 6 9 7 5 3 2  
2 3  4 8 4 3 2 4 4 6 4 5 9 1 1 8  3 4 5 8 5 4 4 4 
1 2  3 6 4 3 1 2  5 7 4 4 8 1 1 9  5 5 6 6 4 4 5 6 
3 5 5 5 3 2 1 2 5 5 2 3 8 1 0  8 5 5 5 4 3 4 6 8 
5 6 1 5 3 2 2 2 3 4 2 5 8 9 7 4 4 4 2 3 5 6 8  
5 5 5 3 1 1 2 3 4 4 4 5 7 8 6 5 4 3 0 3 5 6 6  
3 3 2 1 1 2 2 3 4 4 3 4 5 b 7 6 5 3 2 5 6 6 5  
1 1 2 2 2 1 1 3 3 3 1 2 5 7 7 7 5 4 5 7 8 6 4  
1 1  2 2 2 2 3 4 5 4 3 3 4 5 6 6 6 7 9 1 0  9 7 4 
2 1 0  1 2  3 4 5 5 4 3 1 1  4 6 8 1 0 1 1 1 2 1 2 1 1  P 6 
4 3 2 2 2 3 3 4 4 4 4 4 6 7 9 1 1 1 3 1 4 1 4 1 4 1 3 1 2 1 0  
8 7 7 7 7 7 7 7 8 8 9 10 10 1 1  12 13 13 14 14 14 14 13 13 
12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 

- 2  
X s e c  . 500-km elevation. ghori  z 

39  



I 

-18-17-16-15-14-13-12-11-10 -9 - 8  - 7  -6 -5 -4  -3 -2 -1 0 1 2 3 4 5 6 7 8 Y 10 1 1  12 13 14 15 16 17 18 

8 8 7 7 6 6 6 6 7 7 8 9 10 1 1  13 14 15 16 16 16 16 16 15 15 14 14 14 14 14 14 13 13 12 1 1  10 9 8 
3 4 6 8 10 12 13 15 15 16 15 15 15 17 19 22 24 26 27 27 26 25 24 22 21 19 18 18 18 18 17 15 13 10 7 4 3 
8 7 7 9 12 15 19 24 28 30 31 31 30 29 29 30 32 33 34 33 33 32 31 31 30 30 29 27 26 25 24 23 20 16 13 10 8 
20 16 12 9 9 12 17 23 30 36 41 45 45 4 3  38 33 30 29 29 28 28 29 32 36 39 41 4 0  36 33 34 35 35 32 28 25 23 20 
25 21 17 15 15 17 19 22 23 26 36 48 55 53 43 30 19 16 16 16 18 22 30 38 46 48 45 37 34 40 47 48 42 34 29 27 25 
19 15 12 12 15 20 26 29 25 13 19 41 57 57 43 23 6 1 1  15 16 18 22 29 38 44 46 39 25 25 42 55 55 42 25 17 19 19 
23 16 10 6 3 0 20 31 34 22 8 34 54 56 39 15 6 18 19 16 16 19 24 31 36 38 31 1 1  17 42 56 52 32 8 14 24 23 
35 27 23 22 20 15 3 21 34 31 17 27 49 52 33 9 12 21 16 8 10 13 20 27 32 39 38 23 24 40 52 43 20 17 33 40 35 
31 22 21 26 31 31 19 4 25 30 18 1 7  42 48 30 10 15 20 9 4 12 15 22 29 33 44 45 31 31 36 45 32 1 1  23 37 41 31 
12 4 7 !4 25 32 31 12 15 25 17 8 4 18 29 27 12 
14 21 2i 17 14 i P  32 2i i 0  23 Zi 13 36 57 28  ii 20  13 i5 s 4 r i P  i i  22 35 v 22 2: 40  24 :3 14 26 1? 14 
25 28 32 33 25 3 30 26 1 1  24 28 20 30 56 48 30 14 19 15 22 12 13 9 20 14 23 40 1 1  21 27 42 24 20 18 30 19 25 
23 20 27 37 33 1 1  28 27 13 25 35 30 12 46 46 28 9 17 9 22 16 18 19 29 29 41 49 25 30 33 44 22 21 18 29 16 23 
18 16 I2 31 34 I* 22 27 14 22 39 44 17 30 42 28 9 17 3 17 14 15 23 35 37 54 52 36 43 41 43 17 19 16 29 12 18 

12 12 12 12 12 12 12 12 12 12 12 1z 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 

8 39 51 35 20 16 20 9 l! 12 1: 27 26 37 41 2: 28 31 40 25 

90 
85 
80 
75 
70 
65 
60 
55 
50 
45 
40 
35 
30 
25 
20 
15 
10 
5 

-5 
-10 
-15 
-20 
-25 
-30 
-35 
-40 
-45 
-50 
-55 
-60 
-65 
-70 
-75 
-no 
-85 
-90 

15 23 6 26 30 13 15 27 18 13 37 53 35 18 41 32 12 17 9 10 12 14 24 37 41 58 46 45 55 49 37 17 16 18 31 13 15 
5 23 12 23 26 13 9 25 22 8 29 53 46 14 36 36 13 14 7 7 15 18 27 37 40 52 34 53 66 52 27 19 16 23 34 20 5 
13 19 13 19 21 15 8 20 23 16 18 47 48 14 29 4 0  24 24 15 14 22 23 29 32 33 39 15 59 72 51 1 1  18 16 28 42 34 13 
26 16 10 :6 16 !5 13 ! 5  20 22 10 37 47  !? 19 4 2  35 32 24 !O 25 25 25 21 24 33 12 59 71 49 12 14 1 1  27 46 43 26 
30 12 8 14 1 1  8 14 9 16 23 17 26 46 22 7 34 35 27 19 13 17 17 14 14 28 45 33 54 64 53 35 20 9 17 39 42 30 
28 9 9 15 15 5 9 2 14 20 25 17 44 25 7 18 25 9 5 5 15 1 1  1 1  25 41 59 48 41 53 62 57 40 28 10 23 32 28 
23 16 8 17 20 16 2 4 15 14 26 Y 4 0  26 16 7 17 12 22 22 29 24 21 35 48 61 53 22 42 68 70 57 47 28 19 23 23 
19 22 5 18 19 22 6 5 16 7 21 10 36 26 11 1 1  19 24 29 29 34 33 25 37 44 53 51 15 32 62 69 62 57 42 28 17 19 
15 24 8 21 16 22 7 1 18 3 14 13 30 23 10 9 20 27 21 21 26 31 24 34 35 43 49 31 23 43 52 53 57 46 31 15 15 
14 21 10 24 16 19 7 5 19 3 9 13 26 21 6 8 20 31 14 8 13 25 22 32 28 36 50 47 26 15 30 39 51 41 29 19 14 
23 20 14 24 15 15 8 8 17 1 6 13 24 21 9 8 18 33 20 1 1  6 18 23 32 23 31 50 57 39 1 1  19 32 43 34 28 26 23 
36 31 24 23 10 13 10 10 13 5 6 13 19 19 1 1  10 17 29 21 13 2 12 25 31 18 26 49 60 47 26 25 32 34 26 28 33 36 
43 40 33 22 5 12 12 10 10 7 7 10 12 16 19 23 25 26 19 13 6 1 1  23 24 7 23 47 57 47 30 28 28 24 20 28 37 43 
42 41 33 21 9 15 14 10 6 3 3 3 5 16 25 31 31 25 17 12 9 1 1  18 17 8 25 44 51 43 30 26 22 13 16 28 37 42 
35 34 30 23 20 20 17 1 1  6 4 5 8 12 18 24 27 26 19 1 1  8 1 1  14 18 18 17 27 39 44 39 32 25 15 1 17 28 34 35 
27 25 27 30 31 29 22 13 7 7 10 13 15 16 16 16 13 8 3 5 1 1  16 19 18 15 20 31 38 39 35 26 15 12 24 31 31 27 
19 15 25 35 41 39 33 23 14 9 10 12 13 1 1  7 4 5 5 2 2 8 14 16 12 4 1 1  24 34 38 35 29 24 28 35 37 31 19 
18 1 20 35 44 47 43 37 28 21 17 14 13 10 6 2 3 4 5 8 12 16 17 13 6 7 18 27 32 35 36 40 45 48 45 34 18 
32 22 24 33 42 47 47 45 40 35 30 26 21 17 13 8 4 3 7 1 1  15 17 16 13 6 6 15 25 34 42 50 56 60 59 54 45 32 
52 46 44 44 45 47 48 48 46 44 40 36 32 28 24 20 17 15 15 15 17 18 19 20 22 27 33 40 48 55 62 66 68 67 64 58 52 
63 61 59 58 56 55 54 53 52 50 48 46 44 42 40 39 37 36 36 36 37 38 40 42 45 48 51 55 58 61 64 66 67 67 66 65 63 
56 56 56 56 56 56 56 50 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 

- 1 2  - 2  6Vg,--, - X 1 0  s e c  . 1000-km elevation. 

-18-17-16-15-14-13-12-11-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 
90 8 - 8  8 - 8  
85 4 5 5 5  
80 1 2 3 4  
75 2 2 3 4  
70 4 4 5 5  
65 5 5 6 6  
60 6 6 7 7  
55 6 7 7 7  
50 7 7 7 7  
45 7 7 7 7  
LO 1 1 7 7  
35 8 7 8 8  
30 8 8 9 9  
25 9 8 9 10 
20 10 8 9 1 1  
15 10 8 9 1 1  
10 1 1  8 8 10 
5 1 2 8 8 9  
0 1 2 9 8 9  

-5 12 9 9 9 
-10 12 10 9 9 
-15 12 1 1  1 1  10 
-20 13 12 12 10 
-25 14 14 13 10 
-30 16 15 13 10 
-35 18 16 14 10 
- 4 0  19 17 14 10 
-45 19 17 13 9 
-50 17 15 12 8 
-55 13 1 1  9 6 
-60 8 6 4 4 
-65 4 1 2 5 
-70 7 6 7 8 
-75 12 12 12 13 
-80 17 16 16 16 
-85 19 19 19 18 
-90 19 19 19 19 

8 
6 
5 
5 
6 
6 
6 
6 
6 
6 
5 
5 
6 
8 
9 
9 
9 
8 
8 
7 
7 
6 
6 
6 
6 
6 
5 
5 
5 
6 
7 
8 
10 
13 16 

18 
19 

8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 6 8  
6 7 7 8 9 9 10 10 10 11 1 1  1 1  1 1  1 1  12 11 11 1 1  1 1  1 1  10 10 9 
6 7 8 9 10 1 1  12 12 13 13 13 14 14 14 14 14 14 14 14 13 13 12 10 
6 7 8 9 1 1  12 14 15 15 15 15 15 15 15 15 16 16 17 16 16 15 13 12 
6 7 8 9 1 1  13 15 17 17 17 16 15 14 14 15 16 17 18 18 18 16 14 12 
6 6 7 8 10 13 16 18 19 18 16 13 12 12 14 16 18 19 20 19 17 14 11 

0 1 1  12 13 14 15 16 17 18 
8 8 8 8 8 8 8 8 8  
8 8 7 6 6 5 5 5 4  
9 8 7 6 5 3 2 1 1  
0 9 8 7 6 5 3 2 2  
0 1 0 1 0  9 8 7 5  4 4 
0 10 12 12 10 8 6 5 5 
8 1 1  14 14 1 1  8 6 5 6 
8 13 15 15 12 8 5 5 6 

6 5 5 6 8 12 16 19 20 18 15 11 9 9 12 14 17 19 20 19 17 13 9 
5 4 3 3 5 10 15 19 20 18 14 9 6 6 9 13 16 19 20 19 16 1 1  6 
5 3 1 1 3 7 13 18 20 19 14 8 3 4 7 11 15 18 19 18 15 10 3 8 14 17 16 12 7 5 6 1 
4 2 1 1 1 4 10 17 20 19 14 8 3 2 6 10 13 16 18 18 15 8 2 10 17 19 17 12 8 7 7 7 
3 Z ? 3 3 1 7 1 5 2 0 2 0 1 6  9 5 + 6 9 1 2 1 6 1 8 1 7 1 4  8 3 1 2 1 9 2 0 1 7 1 2  9 9 8 7 
2 3 4 5 5 3 4 12 18 20 17 1 1  7 5 6 9 12 16 18 18 15 8 6 15 21 22 18 13 11 1 1  10 8 
1 4 6 6 7 6 0 8 17 20 17 12 8 7 7 10 13 16 19 19 16 9 9 18 23 23 18 14 12 12 1 1  8 
3 4 7 7 8 8 4 4 14 19 18 13 9 8 8 1 1  14 18 20 20 17 1 1  13 21 25 23 18 14 14 14 12 9 
4 5 8 8 8 10 8 0 10 17 17 13 9 8 9 12 15 19 21 21 17 12 16 24 27 23 16 13 14 15 13 10 
5 5 8 8 8 1 1  1 1  5 6 15 17 13 10 9 10 12 16 19 21 21 16 1 1  19 27 28 22 14 1 1  13 16 14 10 
5 5 8 8 7 10 12 8 2 12 15 13 10 9 9 12 15 18 20 19 13 9 20 29 29 21 1 1  8 12 15 15 1 1  
5 5 8 8 6 8 12 10 2 9 14 13 10 8 9 1 1  14 16 17 16 9 6 21 30 29 21 10 4 9 14 15 12 
4 4 7 8 5 6 12 12 4 6 12 12 10 7 7 9 12 14 15 14 9 6 20 29 29 22 13 4 5 12 14 12 
3 3 7 8 5 4 10 12 6 3 9 1 1  9 5 4 7 11 13 15 16 13 9 18 27 29 25 18 10 3 9 13 12 
2 3 6 8 5 1 8 1 2  8 1 7  9 7 3 2 7 1 0 1 3 1 1 1 9 1 8 1 3 1 5 2 3 2 8 2 7 2 3 1 6  8 7 1 1 1 2  
2 3 6 8 6 1 7 1 1  9 3 5 8 1 4 3 8 12 15 19 22 22 17 1 1  18 25 28 26 21 14 9 10 12 
2 3 6 8 6 2 5 10 9 5 4 8 8 6 5 9 13 17 20 24 24 19 10 1 1  21 27 28 25 18 13 12 13 
2 4 6 7 6 3 4 8 9 6 5 8 9 8 7 10 14 17 21 24 25 21 1 1  5 16 23 27 26 22 17 15 14 
3 5 7 7 6 3 3 7 8 6 6 9 1 0  9 7 9 1 3 1 6 1 9 2 2 2 4 2 2 1 5  4 9 1 8 2 4 2 5 2 3 2 0 1 8 1 6  
3 5 7 8 6 4 2 5 7 7 7 10 1 1  10 8 8 1 1  14 17 19 22 22 18 9 3 12 19 22 22 21 20 18 
4 6 8 8 6 4 2 4 6 7 8 10 1 1  10 8 7 9 1 1  13 16 20 22 20 13 5 7 14 18 20 21 20 19 
5 7 8 8 7 4 1 2  5 7 9 1 1 1 1 1 0  8 7 7 8 9 1 3 1 8 2 1 2 1 1 6  9 5 9 1 3 1 7 1 9 1 9 1 9  
6 8 9 8 7 5 2 2 5 7 9 1 0 1 1 1 0  8 6 4 4 6 1 1 1 6 2 0 2 1 1 8 1 2  6 4 8 1 2 1 5 1 7 1 7  
7 9 1 0  9 8 6 4 3 5 7 9 1 0 1 0  9 8 6 3 0 4 1 0 1 5 1 9 2 0 1 9 1 4  9 3 3 8 1 1 1 3 1 3  
9 1 0 1 1 1 0  9 7 6 5 5 6 7 8 8 8 7 5 4 3 6 1 0 1 4 1 8 1 9 1 8 1 6 1 1  7 4 5 7 8 8 
1 0 1 2 1 2 1 2 1 1  9 8 7 6 7 7 7 8 7 7 6 6 6 8 1 1 1 4 1 7 1 8 1 8 1 7 1 4 1 1  9 7 6 5 4 
12 13 13 13 13 12 1 1  10 9 8 8 8 8 8 8 8 8 9 1 1  13 15 17 18 18 18 16 15 13 12 10 8 7 
14 15 15 15 14 14 13 12 12 1 1  1 1  1 1  10 10 1 1  1 1  1 1  12 13 15 16 17 18 19 19 18 18 17 16 14 13 12 
16 17 17 16 16 16 15 15 15 14 14 14 14 14 14 14 15 15 16 17 17 18 19 19 19 19 19 19 18 18 17 17 
18 18 18 18 18 18 17 17 17 17 17 17 17 17 17 17 17 18 18 18 19 19 19 19 19 20 20 19 19 19 19 19 
19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 

- 2  x 1 0 - l ~  s e c  . 5000-km elevation. Vghoriz 

40 



. 

-18-17-16-15-14-13-12-11-10 -9 -8 - 7  -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10 1 1  12 13 14 15 16 17 

85 7 7 7 8 8 9 9 10 10 1 1  1 1  12 12 12 12 13 13 13 13 13 13 12 12 12 1 1  1 1  10 10 9 9 8 8 7 7 7 7 
80 4 4 5 6 7 M 9 10 1 1  12 13 13 14 14 14 15 15 I5 15 15 15 15 15 14 13 13 1 1  10 9 8 7 5 4 4 3 3 
75 2 4 5 6 7 M 9 10 12 13 14 15 16 16 16 16 16 16 16 16 17 17 17 16 15 14 13 1 1  9 7 6 4 3 2 0 1 
10 4 5 6 6 7 8 9 10 12 13 15 16 17 17 17 17 16 16 16 17 18 18 19 18 17 16 13 1 1  9 7 6 5 S 4 3 3 
65 6 7 7 7 8 8 9 10 1 1  13 15 17 18 19 18 17 15 14 15 16 18 19 20 20 19 17 

90 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 
8 
0 
7 
4 
2 
4 
6 
8 
0 
1 
3 
4 
5 
6 
7 
8 

4 1 1  9 8 tl 8 8 7 6 6 
4 10 9 10 1 1  1 1  10 9 8 8 
3 10 !O ! 2  !4 !t !3 12 10 ! O  
2 9 1 1  15 17 17 15 13 12 12 
2 9 13 18 20 19 17 15 14 13 

60 8 8 8  
55 10 10 I O  
50 1 1  1 1  1 1  
45 13 12 12 
40 14 14 I2 
!: 15 15 13 
3" ib i 6  i4 
25 17 16 15 
2 0  18 17 16 
15 18 17 16 
10 17 17 16 
5 17 17 16 
0 16 16 15 

-5 !S 16 15 
-10 16 16 16 
-15 16 17 16 
-20 18 18 16 
-25 19 19 17 
-30 21 1Y 17 
-35 21 20 16 

8 
9 
9 

10 
1 1  
1 1  
i2 
13 
14 
14 
14 
14 
14 
13 
13 
13 
13 
13 
13 
12 

8 (1 8 Y 1 0  12 15 17 19 19 
8 7 7 7 9 1 1  14 17 19 20 
8 6 5 5 7 9 1 2 1 6 1 9 2 0  

8 5 2 2 4 5 8 1 2 1 6 1 9  
8 4 1 2  4 4 6 Y l 4 1 8  
3 5 2 Y 5 5 + 6 1 1 1 6  

10 S 3 5 6 6 4 4 9 1 4  
10 6 Q b 7 7 S 3 6 1 2  
10 6 4 6 7 7 6 4 3 9 
10 b 4  7 8  7 7 5 2  6 
10 b 4 6 7 7 6 6 3 4 
10 5 3 6 7 6 6 6 4 2 
9 4 3 6 7 6 5 6 5 2  
9 4 2 6 7 5 3 5 6 3  
9 3 2 6 7 5 2 4 6 4  
8 3 2 6 7 5 2 3 5 5  
8 3 3 6 7 6 2 2 5 5  
8 3 4 7 7 6 3 1 4 5  
7 3 4 7 8 7 4 1 3 5  

8 5 4 3 5 7 1 0 1 4 1 8 2 0  

19 
19 
19 
20 
20 
20 
19 
18 
11 
15 
12 
10 
7 
s 
k 
4 
k 
5 
6 
7 

17 14 I2 13 
! 6  13 ! O  10 
16 12 7 7 
17 12 5 3 
17 12 6 2 
18 13 7 4 
18 I +  9 6 
18 15 1 1  8 
18 1 b  12 9 
17 15 12 10 
15 15 12 10 
14 14 1 1  Y 

15 
13 
1 1  
9 
9 
9 

10 
1 1  
12 
12 
1 1  
10 
8 
6 
4 
3 
4 
5 
6 
7 

17 
!7 
16 
15 
15 
15 
16 
16 
17 
16 
16 
14 
!? L. 

10 
9 
Y 
10 

9 

~. 
20 21 21 20 17 
20 22 22 21 18 
20 23 23 22 18 
20 23 24 22 18 
20 24 25 22 18 
21 24 25 23 17 
21 25 26 23 17 

1 1 1  16 21 22 21 18 16 15 15 
1 12 19 24 25 22 19 17 16 16 
1 14 22 26 26 23 19 17 17 17 

22 25 26  23 17 
22 25 25 22 15 

1 16 24 29 27 23 ie 16  i 7  17 
1 18 27 30 28 22 16 14 16 18 

21 24 24 21 13 
20 23 23 19 10 
19 22 21 17 8 

9 19 29 32 28 21 14 12 15 17 18 
8 20 30 33 29 20 1 1  9 13 16 17 
6 20 30 33 29 20 10 4 10 15 17 

12 ;; 10 8 
!0 .. 9 6 
8 1 0  8 4 

17 20 io 17 8 
16 19 21 18 :2 
15 19 21 21 16 
15 20 23 23 20 
15 20 24 25 23 

2 19 29 33 30 22 1 1  1 - 8  13 16 
P I 1  27 32 30 24 i5 6 7 13 i5 
2 16 24 30 30 26 19 12 10 13 16 
5 14 21 27 29 28 23 17 13 14 16 
8 13 17 23 28 28 25 21 17 17 18 

7 9 7 3  
7 8 7 4  
7 9 8 6  
8 9 9 8  
9 10 10 8 

15 20 24 26 24 
!4 19 23 26 25 
13 18 27 24 24 

9 13 13 19 25 27 26 23 21 20 19 
1 14 10 14 21 25 26 24 23 22 2: 
1 15 9 10 16 21 24 24 23 23 21 
1 16 10 6 1 1  16 20 22 22 22 21 
0 17 1 1  5 6 1 1  16 19 20 20 19 

- 4 0  21 19 15 1 1  6 3 5 8 8 7 5 2 3 5 7 9 io io Y 7 7 1 1  is 19 22 23 
-45 1 9 1 7 1 4  9 5 3 6 8 9 8 6 4 3 5 7 9 1 0 1 0  9 6 5 8 1 2 1 6 1 9 2 1  
-50 1 5 1 4 1 1  7 3 4 7 9 9 9 7 5 5 6 8 9 1 0 1 0  8 6 3 5 Y 1 3 1 7 1 9 1 9 1 7 1 3  7 2 6 1 1 1 4 1 6 1 7 1 6  
-55 1210 7 4 2 5 8 9 1 0 1 0  9 7 6 7 8 9 9 9 8 5 2 2 7 1 1 1 5 1 7 1 8 1 7 1 4  9 4 1 6  9 1 2 1 3 1 2  
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. 
Number Map 5. Vertical anomalous gravi ty  gradient 
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-85 27 30 31 31 29 27 23  20 1 5  11 7 3 -0 -4  -7 -9-12-15-17-19-21-23-25-26-26-26-24-22-18-13 -7  -1 6 12 18 23  27 
-90 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

30 10-15 1 8 19 38 21 -5 -9 -0 8 24 3 3  10-10 -3-14 -4  16-20-26 -0-29-18 4 - 4 2  -7  18-12 14  7-27 I o -8 24 I O  

-20 -18 I 12 -7 27 10-18 18 3 - 3  17-23-14 18  -3 i o  14-10 - 2  -9-15 8 8 -6-16-19 o 1 4  1 5  20 12 i o  4-30-26 -7-18 

-60  -18-10-12-11 14 9 -4  5 -8-13 3-10 -9 13  12 21 3 2  11  - 0  -1 -9 -1 6-13-29-30-24 -3 24 30 21 17  3 -9 -1 -5-18 

-2  x 10-l1 sec . 0-km elevation. 'gver t 

- i e - i 7 - i 6 - i 5 - i 4 - i ~ - 1 2 - i i - i 0  
90 0 0 0 0 0 0 0 0 0  
85 -2 -2  -3 -3  -3 -4 -4 -4 -4  
8 0  -0 -1 -1 -2 -2 -3 -4 -4 -4 
75 2 3 3 2 2 1 0 - 0 - 0  
70 2 4 5 5 5 5 5 6 7  
6 5  -3 0 2 3 3 4 b 9 1 3  
60  -8 -5 -3  -2 -2 - I  2 7 13 
55 -8 -6 -5 -6 -6 -6 -4 1 9 
5 0  -2  -2 -2 -3 -5 -b -6 -4 2 
45 7 5 4 3 2 -0 -4 -6 -3 
40  12 8 8 9 9 Y 3 - 5 - 4  
35 I I  4 b P i 2  i5 u - Z  -4 
30 6 -3 - 0  4 11 16 10 -2 -5 
25 1 -9 -7 -3  6 I4 8 -2 -6 
20 0 4 - 1 0  -8 4 10 6 -2 -8 

10 8 4 - 7 - 7  4 b 7 3 - 5  
5 9 6 - 6 - 5  3 4 7 5 - 2  
0 5 4 - 6 - 5  1 1 5  4 - 0  

-5 0 1 -5 -5 -1 -1 1 2 0 
-10 -4  -1 -3 -4  0 -2  -3 2 1 
- 1 s  -7 -0 1 -2 5 1 -5 3 1 
-20 -9 0 3 -1 10 4 -4 5 2 
-25  -10 -1 1 -1 1 2  7 -3 7 1 
- 3 0  -12 -4  -3  -3 11 7 -2 6 -1 
-35 -11 -6 -5 -3 8 6 -1 3 -2  
-40 -7 -5 -4  - 2  6 5 0 2 -3 
-45  -0  1 1  2 6 4 1 1 - 1  
-50  7 7 6 6 5 3 1 - 0 - 0  
-55 12 1 3  11  8 5 I -1 -2  -1 
-LO 1 6  17  14 10 5 - 0  -4  -5 -4 

- 7 0  23 24 22  18  1 3  7 2 -2 -4 
-75 24 26 25 22 18 13 9 5 1 
-80 20 22 22 21  19 16 12 9 6 
-85 11 12 12 1 2  12 11 9 8 6 
-90 0 0 0 0 0 0 0 0 0  

1 5  4 -2-10 -9 3 n 5 o -8 

-65 20 20 l e  1 3  7 1 -3 -5 -5 

-9 -8 -7 
0 0 0  

-3  -3 -?  
-4 -4 -4 
-1 -1 -2  

7 6 3  
15 15 11 
19  20 l b  
16 19 l a  
10 14 12 

4 0 H  -; : ; 
-1 5 12 
-3 4 13 
-7 0 9 
-9 -4 3 
-9 -9 -4 
-7-13-1 0 
-4-15-13 
-3-13-1 5 
-2  -9-14 
-1 -3-12 
-1 2-10 
-2 4 -9 
-4 3 -8 
-5 0 - 7  
-4  -1 -4 
-2 1 -1 

1 2 1  
1 2 1  

-2 -1 - 1  
-5 -4 -4 
-5 -5 -6 
-1 -3 -5 
3 1 - 1  
4 3 1  
0 0 0  

-6 
0 

- 2  
-4 
-4 
-1 
4 
7 
7 
4 
2 
3 

16 
20 
20 
16 
10 
5 
2 

-0 
-2 
-4 
-6 
-8 
-8 
-6 
-3 
-1 

1 
-1 
-3 
-6 
- 7  
-6 
-3 
-0 

0 

-5 -4 -3 -2  -1 0 1 2 3 4 5 6 7 8 Y 10 11  12 1 3  14 15 16 17 18 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

- 1 - 0  0 1 2  3 3 3 4 4 4 3 3 3 3 2 2 1 1  0 - 0 - 1 - 1 - 2  
- 3 - 2 - 1 - 0  1 2  3 3 3 3 3 3 3 4 4 3 3 2 2 1 1  0 - 0 - 0  
- 5 - 5 - 6 - 5 - * - 3 - 3 - 2 - 2 - 2 - 1  0 2 4 5 5 5 4 3 2 1 1  1 2  
-5 -9-11-11-11-10 -9 -0 -8 -7 -6 -2 2 b 9 I O  9 7 3 -0 -2 -2 -0 2 
-4-11-15-16-15-13-12-11-11 -9 -6 -2 5 11 15 17 14 8 1 -5 -8 -8 -6 -3 
-3-12-16-16-14-11-10 -9 -8 -6 -3  3 10 17 21 22 17  8 -2-10-15-15-12 -8 
-4-12-16-14-10 -6 -5 -4 -3 -1 2 7 1 3  19  24 23  18  7 -5-13-17-16-12 -8 
-7-14-16-12 -7 -3 -2 -2 -0 1 3 7 10 16 20 20  15 5 -6-12-13-10 -5 -2 
-9-16-15-12 -5 -2  -4 -4 -2 -2 0 2 3 8 14 13  11 4 -5 -7 -6 -2  5 7 
-8-14-14-11 -5 -2  -7  -9 -6 -8 -5 -3 -6 1 U 6 8 3 -5 -3 Q 4 12 12 

6 -4 -5 -7  -3 3 -8-11 4 - 1 2  -9 4 - 1 6  -1 8 -0 5 0-10 -3 -1 -1 10 6 
14 2 -1 -5 - 2  6 -5 -8 -1 -9 -7 -3-10 4 12 -0 3 -3-13 -4  -5 -4  6 1 
18  5 -1 -6  -4 b -2 -b 1 -6 -4  1 - 3  11 15 -0 - 1  -8-14 -5 - 7  -4 6 0 
18  5 -4-10 -7 2 -3 -5 0 -3 -1 4 6 19 17 -0 -7-14-12 -4  -6 0 8 4 
1 5  5 -6-13-10 -3 -5 -6 -2 -1 3 7 1 5  25 18 -0-13-10-11 -5  -6 3 9 0 
12 7 -5-13 -9 -4 -5 -4 -1 2 7 11 21 30  18 -1-18-23-11 -7 -8 1 6 9 
9 9 1 -8 -3 0 -2 1 2 6 11 1 3  23 31 18 -2-20-24-13-10-13 -6  -0 5 
8 11 8 -1 4 7 2 6 8 8 12 12 19  27 l b  -3-18-21-14-13-18-15 - 7  0 
8 11 11 5 7 10 4 7 10 9 10 7 11 19  13  -2-11-15-12-12-20-20-10 -4 
8 8 11 7 4 6 2 3 8 7 4 0 1 10 10 3 -2 -5 -5 -8-19-20-10 -7 
6 3 7 7 - 2  -2 -4  -5 3 5 -1 -6 -6 3 9 10 10 6 4 -2-15-15 -8 -9 
4 -0 3 6 -6 -8 -9-11 -1 3 -4-10-10 -2  8 16 19 15 12 4-10-10 -7-10 
4 0 4 7 -5-10-10-12 -3 3 -5-12-11 -5 7 19 23  19 16 6 -6 -6 -6-12 
4 3 7 10 -0 -6 -7 -9 -3 2 -6-13-14 -8 4 18 22  18 15 6 -4  -3 -6-11 
4 6 10 12 4 -2  -4  -6 -3 -2  -9-16-16-11 1 1 3  17  14 1 0  3 -3 -2  -3 -7 
4 5 8 9 4 - 0  -3  -5 -5 -6-12-18-18-12 -2  9 1 3  10 6 1 -1 1 1 -0 
1 1 2 2 0 -2 -4  -5 - 7  -9-14-17-16-10 -1 7 10 8 4 1 0 3 6 7 

-2 -4 -4  -4  -4 -4  - 4  -4 -6 -8-12-13-12 -7 0 6 8 5 2 1 2 6 10 12 
-5 - 7  -8 -7 -5 -4 -2 -1 -2  -5 -7 -9 -8 -5 -0 3 3 2 0 1 3 8 1 3  16 
-7 -8 -8 -6 -4 -1 1 1 0 -2 -5 -7  -8 -7 -S  -4  -3  - 3  -2 0 5 11 16 20 
-7 -7 -7  -5 -3  -1 0 -0 -2  -4 -7-10-12-13-12-11-10 -7  -4 1 7 14 19  23  
-6 -6 -6 -5 -5 -4  -4 -5 -7  -9-12-15-16-17-17-15-13 -9 -4  2 9 15 21 24 
-4  -5 -6 -6 -7  -8 ~ 8 ~ 1 0 ~ 1 1 ~ 1 3 ~ 1 5 ~ 1 6 ~ 1 6 ~ 1 6 ~ 1 ~ ~ 1 3 ~ 1 0  -6 -2 3 8 13 17  20 
-2  -3 -4  -5 -6 - 7  -8 - Y  -9-10-10-10-10 -9 -8 -7  -5 -3 -0 2 5 7 9 11 

- i - i + ; O - : $  -4 =7=;2 -9 = - - I =  , . .~ - 3  6 2 5 .) L - 7  - <  -3 -L 1 4 13 :: 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

x 1 0 - l 1  secm2. 500-km elevation. 
6Vgver t  

4 3  



90 
85 
eo 
75 
70 
65 
60 
55 
50 
45 
i i r  
35 
30 
25 
20 
15 
10 
5 
0 

-5 
-10 
-1s 
-20 
-25 
-30 
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-40 
-45 
-50 
-55 
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-65 
- 7 0  
-75 
-80 
-85 
-90 

I -- - I  -.a -2  -. -, -L - I  Y I 

0 0 0 0 0 0 0 0 0 0 0  
-1 -1 - 1  -1 -1 -1 -0 -0 0 0 0 
-1 -1 -1 -2 -2 -2 -2 -1 -1 -1 -0 
1 0 -0 -1 -2 -3 -4 -4 - 3  - 3  - 3  
4 4 2 -0 -3 -5 -6 -6 -6 -6 -5 
7 7 5 2 -2 -6 -E -9 -8 -7 -7 
9 9 7 3 -2 -6 -9 -9 -8 - 7  -6 
8 9 0 3 -3 -7 -9 -9 -7 -5 -4 
6 7 6 2 -4 -8 -9 -8 -6 -4  -3 

-8 -9 -7 -5 -3 -3 

0 3 6 5 -0 -5 -6 -6 -3 -2 -5 
; a 2 2 - 4  2 - 2  -7 -g  -?  -4  -3  -4  

0 0 0 0 0 0  
-0 - 0  -1 - 1  -1 -1  
0 0 -0 -0 -0 -1 
1 1 1 1 1 1  

- 0 1 1 2 2 2  
-2-1 0 1 1  2 
-4 -2 -1 -1 -1 -0 
-4 -2 -2 -2 -2 -2 
-1 -0 -0 -1 -1 -2 
3 2 2 2 2 1  
5 4 4 4 5 5  

7 

0 
-1 
-1 
1 
4 
6 
7 
5 
2 

-0 
-: 
-2 

0 0  
-1 -1 
-1 -1 
1 1  
3 3  
3 5  
1 4  

-1 2 
-2 -1 
-; :: 
4 -1 

0 0 0  
1 1 1  

-0 0 1 
-2 -2 -1 
-5 -4 -3 
-6 -5 -4 
-5 -4 -j 
-3 -3 -1 
-3 -2 -1 
-3 -3 -2 
-5 -* -4  
-6 -5 -6 

0 0 0 0 0 0 0 0 0  
1 1 1 1 1 1 1 1 1  
1 1 2 2 2 2 2 2 1  

-1 0 2 3 3 4 3 3 2 
- 2 - 0  2 4 6 6 5 4 2 
-2 1 4  7 9 9 7 4 1 
-1  2 6 9 i i  i i  9 5 -0 
1 3 7 10 12 12 9 4 -2 
1 3  5 9 1 1 1 1  e 3 - 2  

-1 1 2  5 8 8 6 2 - 2  
- 3  -2 -2  z 5 5 5 1 -3 
-5 -4 -4 0 4 3 3 0 -4  

0 0 0 0 0  
0 0 0 -0 -0 
1 1 0 0 0  
1 0 0 0 1  

-0 -1 -1 -1 -0 
-2 -4 -4 -3 -2 
-5  - 7  -7 -6  -+ 
-6 -8 -7  - 5  -4  
-6 -6 -5 -3 -1 
-4 -3 -1 2 3 
-7 -1 1 5 5 
-2 -0 2 6 5 
-3 -1 0 4 3 
-4 -3 -1 3 1 
-4 -4 -1 3 1 
-5 -4 -0 4 2 
-5 -4 -0 4 3 
-6 -6 -2 2 3 
-8 -8 -5 -1 2 
-8-10 -9 -4 - I  

5 2 3 5 6  
3 - 1  0 2 6 
1 -3 - 3  -1 4 
1 -3 -5 -3 3 
2 -1 -5 -4 2 
3 1 -4 -3 2 
3 2 -3 -3 1 
2 1 -3  -3 0 

-1 -0 -2 -2 -0 

8 5 -0 -2 -1 3 7 
7 5 -0 - 3  -2 2 7 
6 4 -0 -4 -3 0 5 
5 4 0 -4 -5 -2 2 
4 4 1 -3 -5 -5 -1 
3 A 2 -2 - L  -7 - L  

1 3 2 -1 - 3  -8 -6 
0 1 1 -0 - 3  -7 -7 

8 4 -2 -4 -5 
10 7 1 -2 -4 
10 9 3 -1 -4 
8 9 4 -2 -5 
6 8 4 -2 -6 
3 7 L -2 -6 
1 6  5 1 - 3  

- 0 5 6 4 0  

-2 -0 
-2 1 
-3 1 
-4 -1 
-5 -2 
-4  -2 
-2 -0 
1 2  

-4 
-3 
-2 
-2 
-2 
-2 
-1 
1 
2 
1 

-2 
-5 
-5 
-4  
-3 
-3 
-3 
-3 

-6 -4 
-4 -2 
-3 -1 
-3 -1 
-3 -1 
-2 -0 
1 2  
3 4  
3 5  
1 4  

-2 2 
-4 -1 
-5 -2 
-5 -2 
-4 -3 
-3 -4 
-3 -4 
-3 -4 

-6 -5 
-5 -4 
-3 -2 
-1 0 
0 2  
2 4  
4 6  
5 7  

-4 -5 1 4 2 2 -1 
-2 - 3  3 6 1 0 -3 
0 1 7  8 1 - 2 - 5  
3 5 1 1  10 1 -5 -8 
5 10 14 10 0 -7-11 
7 13 17 1 1  -0-10-13 
8 13 17 1 1  -1-10-13 
8 12 15 10 -0 -9-11 

-5 
-6 
-7 

-8 
-9 
-9 
-9 

-e  

-3 -1 -2 -2 
-4 -1 -0 -1 
-5 -1 0 0 
-5 -2 -0 0 
-6 -3 -1 -0 
-5 -3 -2 -0 
-3 -2 -1 0 
0 1 1 2  
4 4 4 4  
7.7 6 5 
9 1 0  9 6 

1 1  1 1  10 8 
12 13 12 10 
12 13 12 1 1  
9 10 10 10 
5 5 6 5  
0 0 0 0  

0 - 0 - 0  1 0 - 2 - 5 - 7 - 1  4 6 6 3 3 
1 - 1  1 1 - 1 - 3 - 6 - 2  4 5 6 4 2 
2 - 1  2 1 - 1 - 1 - 5 - 3  3 3 4 4 0 
3 -0 2 1 -1 -0 -5 -4 2 2 3 3 -2 
4 1 2 -0 -1 -0 -4 -3 1 2 3 4 -1 
3 1 1 - 1 - 2 - 1 - 3 - 3  1 3  4 5 0 
3 1 1 - 1 - 2 - 1 - 2 - 1  2 3 5 5 2 
3 1 0 - 1 - 1 - 0 - 1 - 0  1 3  4 4 1 
2 1 - 0 - 0 - 0  0 0 - 0  0 1 1  1 - 0  
2 0 -1 -1 -0 0 -0 -1 -1 -2 -2 -2 -2 

4 
2 

-1 
-4 
-4 
-3 
-2 
-1 
-2 
-2 

5 5 5  
4 3 1  
2 0 -2 
1 -2 -5 
0 -3 -7 

-1 -4 -8 
-3 -6 -9 
-5 -8-10 
-6 -8-10 
-5 -7 -8 

i i i  n 1 -5 :e -7  -8-12-11 -6 -3 
3 7 7 3 - 0  -3 - 3  -6-11-11 - 7  -4 
-2 3 6 6 5 3 1 -2 -9 -9 -6 -5 
-4 -0 5 9 10 8 6 1 -6 - 7  -5 -5 
-6 -2 4 10 12 1 1  8 3 - 3  -4 -5 -6 
-8 -4 3 10 12 1 1  8 3 -2 -3 -4 -5 
-9 -5 1 E 10 9 6 2 -1 -1 -2 -3 
-10-6-0 5 8 7 5 2 0 0 1 0 
- 9 - 6 - 1  4 6 5 3 2 1 2  3 4 
- 7 - 4 - 1  2 4 3 2 2 2 4 6 7 

2 
4 
5 
5 
4 
3 
3 
3 
3 
4 
5 
8 
9 
9 
5 
0 

1 -0 -1 -2 -1 -1 -1 -2 -3 - I  -I -3 -3 -2 -2 -2 -3 -4 -5 -6 -6 -4 -2 0 1 1 i 
2 0 -1 -2 -2 -2 -3 -3  -4  -4 -4 -4 -3 -2 -1 -1 -2 -3  -5 -5 -6 -5 -4 -2 -2 -1 0 
5 2 0 -1 -2 -2 -3 -4 -4  -4 -4 -3 -3 -2 -2 -2 -3 -4  -5 -6 -7 -7 -6 -5 -4 -3 -1 
7 5 3 1 -0  -1 -2  -3 -3 -4 -4 -3 -3 -3 - 3  -4 -5 -6 -7 -7 -8 -8 -8 -7 -5  -3 -1 
7 6 4 3 2 0 -1 -2 -2 -3 -3 -3 -4 -4 -5 -5 -6 -6 -7 -7 -7 - 7  -7 -6 -4 -2 -0  
5 4 3 3 2 1 0 -0 -1 -1 -2 -3 -3 -3 -4 -4 -4 -4 -5 -5 -4 -4 -3 -3 -2 -1 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

z 3 5 e 9  
2 4 7 9 1 1  
2 5 8 10 12 
2 5 8 10 12 
2 4 6 8 9  
1 2 3 4 5  
0 0 0 0 0  

- 2  x 1 0 - l 1  sec . 1000-km elevation. 'gvert 

90  
85 
80 
75 
70 
65 
60 
55 
50 
$5  
40 
35 
30 
25 
20 
15 

~ 1 8 ~ 1 7 ~ 1 6 ~ 1 5 ~ 1 4 ~ 1 3 ~ 1 2 - 1 1 - 1 0  -9 -8 -7 -6 -5 -4 -3  -2 -1 0 1 2 3 4 5 6 7 8 9 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
3 3 3 3 3 2 2 1 1 -0  -1 -2  -3 -4 -5 -6 -6 -6 -6 -5 -5 -4 -3 -1 -0  1 2 3 
4 4 4 5 5 5 5 4 3 2 - 0  -2  -5 -8-10-12-13-14-14-13-11 -8 -5 -2 1 4 6 8 
3 4 5 6 7 8 9 9 8 6 3 -1 -6-11-15-19-22-23-23-21-17-13 -8 -2 3 8 12 14 
1 2 5 7 9 1 1  13 14 14 12 8 2 -5-13-20-26-30-32-32-29-24-18-10 -2 6 13 19 22 

-1 1 4 8 11 14 16 18 19 17 13 6 -3-14-24-33-38-40-39-36-30-22-12 -2 9 19 26 30 
-3 1 5 9 12 16 18 21 22 22 18 10 -1-14-27-37-44-46-45-41-34-25-14 -2 11 23 31 36 
-3 2 7 11 14 17 20 22 24 25 22 14 2-13-28-40-47-50-48-44-37-28-16 -3 11 25 35 40 
-1 4 9 13 17 20 21 23 24 25 24 17 5-11-28-41-49-51-49-45-39-30-18 -4 11 25 36 61 

l 6 !! 16 21 22 23 22 23 24 25 20  0 -7-25-39-48-50-49-45-40-31-~0 -6 9 24 36 41 
3 8 12 18 23 25 24 21 20 22 24 23 14 -2-20-36-45-48-47-44-39-3%-21 -7 9 24 35 40 
3 7 1 1  18 24 27 25 20 17 18 22 24 19 5-14-30-40-44-44-42-38-31-20 -6 10 25 37 39 
1 4 8 16 24 28 25 18 13 14 19 25 23 12 -6-~4-35-40-40-38-35-28-17 -3 14 29 40 40 

-2 1 4 12 22 27 24 16 9 8 15 23 26 19 2-17-30-35-36-34-31-23-12 3 21 37 46 43 
-6 -3 0 8 19 25 23 13 5 2 9 20 27 23 8-11-25-31-31-29-25-17 -5 1 1  30 46 55 46 
-9 -7 -4 4 16 23 21 1 1  1 -3 2 14 25 26 13 -5-20-26-26-24-19-10 3 20 40 57 63 51 

10 1 1  12 13 14 15 16 17 18 
0 0 0 0 0 0 0 0 0  
3 4 4 4 4 4 4 4 3  
9 9 8 0 7 6 5 4 4  
15 15 13 10 8 5 4 3 3 
23 21 17 12 7 3 1 0 1 
30 26 19 1 1  4 -0 -3 -3 -1 
35 29 20 10 1 -5 -7 -6 -3 
38 31 19 7 -3 -8 -9 -7 -3 
39 29 16 2 -8-12-10 -6 -1 
37 26 1 1  -3-12-14-11 -5 1 
34 21 4-10-18-18-12 -4  3 
30 14 -4-18-24-22-13 -4 3 
27 7-13-28-32-27-16 -6 1 
25 -0-23-37-40-33-21 -9 -2 
23 -7-32-46-47-40-26-13 -6 
22-13-40-54-55-46-32-18 -9 
21-17-45-59-61-53-39-24-14 
22-18-41-62-65-59-46-30-19 
23-15-44-60-66-63-52-37-24 
26 -9-37-54-63-65-57-43-28 
30 0-25-44-57-63-58-46-32 
34 12-11-30-47-57-56-47-34 

10 -14-10 -7 1 
5 -19-13 -9 -1 
0 -24-16-10 -2 

-5 -28-18-11 -2 
-10 -32-20-11 -1 
-15 -34-21-10 0 
-20 -33-20 -8 3 
-25 -29-17 -5 6 
- 3 0  -23-12 -1 9 
-35 -13 -5 4 13 

-2 4 1 1  18 

12 20 19 10 -1 -8 -5 7 21 26 17 1. 
10 17 16 8 -3-11-11 0 16 25 20 6 
8 15 14 7 -4-13-15 -6 1 1  23 22 1 1  
7 13 13 6 -4-14-17-10 6 20 23 16 
8 13 12 6 -3-13-18-13 2 17 23 19 
9 13 12 6 -3-12-17-14 -1 14 21 20 

11 14 12 7 -2-10-16-14 -3 1 1  19 19 
14 16 13 7 -1 -9-14-13 -4 8 16 17 
16 18 14 8 0 -7-12-11 -5 5 13 14 
19 19 15 9 1 -5-10-10 -5 3 9 1 1  
21 21 16 9 2 -4 -8  -8 -5 1 5 6 

.14-21-21-19-13 -3 1 1  29 48 65 70 55 
-8-15-16-14 -8 3 17 35 54 71 75 57 
-1 -9-11 -9 -3 7 21 38 56 71 75 50 
5 -3 -7 -6 -1 9 22 36 52 67 71 57 
9 0 -5 -5 -1 8 19 31 44 57 63 54 
12 2 -4 -7 -3 4 13 22 32 44 52 50 
12 2 -6-10 -8 -2 4 10 18 29 40 44 38 23 4-15-34-47-51-44-33 
1 1  1 -9-15-14-10 -6 -2 4 14 28 38 40 33 18 -1-20-36-42-38-29 
9 -2-12-19-21-19-16-15-10 0 16 31 40 39 29 12 -7-23-30-30-23 
5 -4-15-23-26-26-26-26-22-11 5 23 37 41 35 21 4-10-18-19-13 
1 -8-18-26-30-33-34-34-31-21 -4 15 31 38 36 26 13 1 -5 -6 -2 -40 

-45 
-50 
-55 
-60 
-65 
-70 
-75 
-80 

-90 
-85 

.- .~ -~ 
10 14 19 23 24 2; i ?  10 3 -2 -6 -7 -6 -2 1 0 -4-11-20-28-34-37-40-41-37-28-12 7 24 33 34 28 19 1 1  7 7 10 
21 25 28 29 28 24 18 11 4 -1 -5 -7 -7 -5 -4 -5 -9-16-23-30-36-40-43-44-41-32-17 -0  15 26 30 28 24 20 18 19 21 
31 34 35 34 31 26 19 12 6 0 -4 -7  -8 -9 ~ 9 ~ 1 1 ~ 1 5 ~ 2 0 ~ 2 6 ~ 3 2 ~ 3 7 ~ 4 1 ~ 4 4 ~ 4 5 ~ 4 1 ~ 3 3 ~ 2 1  -6 7 18 24 26 26 26 27 29 31 
38 40 40 38 34 2E 21 14 7 1 -3 ~7~10-12-13-16-19-23-28-33-33~37-41~43-43-40-33-23~11 1 1 1  18 23 26 29 32 36 38 
41 43 42 39 35 29 22 15 9 3 -2 ~7~10-13-16-19-22-25-29-33~36-39~40-40-37-32-24~14 -4 5 13 19 25 30 35 39 41 
40 41 40 38 34 28 22 16 10 4 -1 -6-10-13-17-20-23-26-28-31-33-35~36-35-33-28-22~15 -7 1 9 16 22 28 33 37 40 
34 35 34 33 29 25 20 15 10 5 0 -4 -E-12-15-18-21-23-25-27-29-30-30-29-27-23-19-13 -7 -1 6 12 18 23 28 32 34 
24 25 25 24 22 19 16 13 9 5 1 -2 -6 -9-11-14-16-18-20-21-22-22-22-21-19-16-13-10 -5 -1 4 8 13 17 20 23 24 
12 13 13 12 12 1 1  9 7 5 3 1 -1 -3 -4 -6 -8 -9-10-11-12-12-12-12-11-10 -8 -7 -5 -3 -0 2 4 7 8 10 1 1  12 

o o o o o o o o o o o o o o o o o o o o o J o o o o o o o o o o o o o o o o o o  

- 2  
s e c  . 5000-km elevation. 

44 



Y 

-18-17-16-15-14-13- 
90 0 0 0 0 0 0  
85 5 5 4 4 4 3  
80 8 8 8 8 8 7  
75 9 9 10 1 1  1 1  12 
70 8 10 1 1  13 15 16 
65 7 9 12 16 18 20 
60 5 9 13 18 22 24 
55 2 8 14 19 24 28 
50 -0 7 14 21 27 31 
45 -3 5 14 22 28 33 
40 - 7  3 13 22 29 34 
35 -:! 3 !! 21 29 35 
30 -15 -3 8 19 28 34 
25 -21 -8 5 17 27 33 
20 -26-13 1 13 24 31 
15 -32-17 -3 10 22 29 
10 -37-22 -7 7 19 26 
5 -42-26-11 4 16 24 
0 -46-29-13 2 15 22 
-5 -48-31-14 1 13 20 
-10 -48-31-14 1 13 20 
-15 -46-29-12 3 14 20 
-20 -41-25 -9 5 15 20 
-25 -34-20 -5 8 17 21 
-30 -24-12 1 12 20 23 
-35 -13 -3 8 17 23 25 
-40 -2 6 15 22 27 27 
-45 10 16 22 28 30 29 
-50 20 25 29 32 33 31 
-55 28 32 34 35 35 32 
-60 34 36 37 37 35 32 
-65 36 37 17 37 34 31 
-70 34 35 35 34 31 28 
-75 29 29 29 28 26 23 
-80 21 21 21 20 19 17 
-85 11 1 1  1 1  1 1  10 9 
-90 0 0 0 0 0 0  

YO 
85 
80 
75 
70 
65 
60 
5s 
50 
45 
Al? 
35 
30 
25 
20 
i5 
10 
5 
0 

-5 
-10 
-15 -20 

-25 
-30 
-35 
-40 
-45 
-50 
-55 
-60 
-65 
-70 -75 

-80 
-85 
-90 

-18. 
0 
0 
1 
1 
0 
0 

-0 
-1 
-2 
-3 
-4 
-5 
-6 
- 7  
-7 
-8 
-8 
-9 
-9 
-9 
-8 
-8 
-7 
-6 
-5 
-4 
-3 
-2 
-1 
-0 
0 
1 
1 
1 
1 
0 
0 

t12- 
0 
3 
7 

1 1  
16 
21 
26 
30 
33 
35 
36 
26 
35 
34 
32 
29 
27 
24 
22 
21 
20 
19 
19 
20 
21 
22 
23 
25 
26 
27 
27 
26 
24 
20 
14 

8 
0 

*11-10 -9 -8 -7 -6  -5 -4 -3  -2 -1 0 1 2 3 4 5 6 7 8 Y 10 

2 1 0 -1 -2 -3  -4 -5 -6 -7  -7 -7 -6 -6 -5 -4 -3 -1 -0 1 2 3 
5 4 2 - 0  -1 -6 -9-11-13-14-15-15-11-12-10 -7 -4 -1 1 4 6 7 

10 8 5 2 -3 -7-12-17-20-23-24-24-23-20-15-11 -5 -0 4 8 1 1  12 
15 13 10 5 - 1  -8-15-22-27-32-34-34-31-27-21-13 -6 2 9 14 17 18 
21 19 15 9 2 -7-16-26-34-40-43-C3-40-34-~6-16 -5 5 13 20 23 23 
26 24 20 14 5 -5-17-28-39-46-50-51-47-40-18 -5 8 18 26 29 28 
30 28 24 It) 9 -2-16-30-42-51-56-57-53-44-33-19 -4 1 1  23 32 35 32 
33 31 28 22 13 1-14-29-43-54-60-61-57-48-35-19 -2 15 28 37 39 35 
34 33 30 25 17 5-10-27-43-55-61-63-58-49-35-18 1 19 34 42 43 36 
35 33 30 26 20 9 -6-23-40-53-61-63-58-49-34-16 4 24 39 48 47 37 

33 29 27 25 23 16 4-13-31-45-55-57-53-43-28 -8 15 37 53 60 5 4  37 
31 26 23 23 22 18 8 -7-25-40-49-52-49-39-22 -2  22 44 61 66 58 36 
28 22 19 19 21 19 12 -1-18-33-43-47-43-33-16 5 29 52 68 73 61 36 
25 18 15 15 18 19 15 4-12-27-37-41-37-27-10 12 36 59 75 78 65 36 
22 15 10 10 14 18 17 8 -6-20-30-34-31-21 -4 18 42 65 81 83 67 37 
19 1 1  6 6 10 16 17 1 1  -1-14-24-28-26-16 0 22 46 68 83 85 69 38 
17 9 2 2 6 13 17 14 4 -8-18-23-21-12 3 21 47 68 83 85 70 40 
15 7 -0 -2 3 10 16 15 7 -4-14-19-18-10 4 23 44 65 79 82 69 41 
14 6 -2 -4 - 0  8 14 15 9 -1-10-16-17-10 2 19 39 57 72 76 66 43 
13 5 -2 -5 -2 5 12 14 10 1 -9-15-17-12 -2 13 30 47 61 67 62 44 
13 5 -2 -6 -4  3 9 12 9 1 -9-16-19-16 -8 5 19 35 49 57 56 44 
14 6 -2 -6 -4 0 6 9 6 -1-10-18-22-21-15 -5 8 22 36 46 49 43 
15 7 -1 -5 -5 -1 3 5 3 -4-13-21-26-27-23-15 -5 8 22 34 41 40 
16 8 1 -4 -5 -3 0 1 -1 -7-16-24-30-32-31-25-16 -4 9 23 32 36 
17 9 2 -3 -5 -4 -3 -3 -6-12-20-28-35-38-37-33-26-15 -2 12 23 30 
18 1 1  4 -2 -5 -6 -6 -7-11-17-24-32-38-42-42-40-33-24-11 2 15 24 
19 12 5 -1 -5 -7 -9-11-15-21-28-35-41-45-46-44-39-30-18 -5 7 17 
20 13 6 0 -4 -8-11-15-19-25-31-37-42-46-47-46-41-33-23-11 1 1 1  
21 14 7 1 -4 -9-13-17-22-21-32-38-42-45-46-45-41-34-25-15 -4 6 
20 14 8 2 -4 -9-13-18-23-28-32-37-40-42-43-42-38-33-25-16 -7 2 
19 13 7 2 - 3  -8-13-17-22-26-30-33-36-37-38-36-33-29-23-16 -8  -1 
16 1 1  7 2 -3 -7-11-15-19-22-25-28-29-30-30-29-27-23-19-13 -8 -2 
12 8 5 2 -2  -5 -8-11-14-16-18-20-21-21-21-20-18-16-13-10 -6 -2 

b 5 3 1 -1  -3 -4 -6 -8 -9-10-11-11-11-11-10 -9 -8 -7 -5 -3 -1 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

34 32 29 e* ZE :3 -:-:e-)5-50-59-4!-57-47-3?-3~-!3 9 30 46 53 sc 27 

1 1  12 13 14 15 16 17 18 
0 0 0 0 0 0 0 0  
3 4 4 5 5 5 5 5  
8 8 8 8 8 8 8 8  
12 12 1 1  10 9 8 8 9 
17 15 13 10 8 7 7 8 
2 1 1 7 1 3  9 6 4 5 7 
2 4 1 8 1 1  5 2 0 2 5 
26 lb 7 0 -4 -5 -2 2 
25 13 2 -6-10-10 -6 -0 
24 9 -5-14-18-16-11 -3 
21 3-13-23-26-23-16 -7 
? 7  -5-22-33-35->0-2!-!? 
12-13-32-43-44-38-27-15 
8-20-42-53-53-46-34-21 
4-27-50-62-62-54-40-26 
1-33-57-70-10-61-47-32 

-0-36-62-75-76-68-53-37 
-0-36-64-78-81-73-58-42 
2-34-62-78-82-76-62-46 
6-29-57-75-81-76-64-48 
11-21-49-68-76-74-63-48 
17-12-38-58-68-68-60-46 
23 -2-26-46-58-60-53-41 
28 8-14-33-45-49-44-34 
31 16 -2-19-31-36-33-24 
32 21 8 -7-17-22-20-13 
31 25 15 5 -4  -8 -7 -2 
28 26 21 14 8 5 6 10 
24 25 24 20 17 16 17 20 
19 23 25 24 24 24 26 28 
14 20 24 26 28 29 32 34 
10 16 21 25 29 31 34 36 
6 13 18 23 27 30 32 34 
4 9 14 18 22 25 27 29 
2 6 10 13 16 18 20 21 
1 3  5 6 8 9 1 0 1 1  
0 0 0 0 0 0 0 0  

x 1 0 - l ~  sec -20  10 000-km elevation. %e, t 

~17-16-15-14-13-12-11-10 -9 -8 -7 
0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 - 0  
1 1 1 1 1 1 1 1 0  0 - 0  
1 1  1 1  1 1  1 1 1  0 - 0  
1 1 1 2 2 2 2 2 1 1 0  
1 1 2 2 2 3 3 2 2 1 0  
0 1 2 2 3 3 3 3 2 2 1  

-0 1 2 3 4 6 4 4 3 2 1  
-1 0 2 3 4 5 5 4 4  3 1  
-1 0 2 3 4 5 5 5 4 3 2 
-2-CI 2 3 S 6 6 6 5 4 Z 
-3-1 1 3  5 6 6 6 5 4 2 
-4-1 1 3  5 6 7 7 6 4 2 
-4-2 1 3  5 7 7 7 6 5 3 
-5-2 1 3  5 7 7 7 6 5 3 
-5-2 1 3  5 7 7 7 6 5 3 
-6-3 0 3 5 7 7 7 6 5 3 
-6-3 0 3 5 7 7 7 6 5 3 
-6-3 0 3 5 7 7 7 6 5 3 
-6-3 0 3 5 6 7 7 6 5 3 
-6-3 0 3 5 6 7 6 6 4 3 
-5-2 0 3 5 6 6 6 5 4 3 
-5-2 1 3  5 6 6 6 5 4 2 
-4-2 1 3  4 5 6 5 5 3 2 
-3-1 1 3 4 5 5 5 4 3 2 
-2-1 1 3  4 5 5 5 4 3 1 
-2 0 2 3 4 4 5 4 3 2 1 
-1 1 2  3 4 4 4 4 3 2 1 
-0 1 2 3 3 4 4 3 3 2  1 
1 1 2 3 3 3 3 3 2 1 1  
1 1 2 2 3 3 3 2 2 1 0  
1 2 2 2 2 2 2 2 1 1 0  
1 1 2 2 2 2 2 1 1 1 0  
1 1  1 1  1 1  1 1 1  0 - 0  
1 1 1 1 1 1 1 1 0 0 - 0  
0 1 1 0 0 0 0 0 0 0 - 0  
0 0 0 0 0 0 0 0 0 0 0  

-6 -5 -4  -3 
0 0 0 0  

-0 -0 -0 -0 
-0 -1 -1 -1 
-0 -1 -1 -2 
-1 -1 -2 -2  
-1 -1 -2 -3 
-1 -2 -3 -4 
-0 -2 -3 -4 
-0 -2 -3 -5 
-0 -2 -4 -5 
- 0  -2 -4 -6 
0 -2 -4 -6 
0 -2 -4 -6 
1 -2 -4 -6 
1 -2 -4 -6 
1 -1 -4 -6 
1 -1 -4 -6 
1 -1 -3 -5 
1 -1 -3 -5 
1 -1 -3 -5 
1 -1 -3 -5 
1 -1 -3 -5 
1 -1 -3 -5 
0 -1 -3 -4  
0 -1 -3 -4 
0 -1 -3 -4 

-0 -1 -3 -4 
-0 -2 -3 -4 
-0 -2 -3 -4 
-0 -1 -2 -3 
-1 -1 -2 -3 
-1 -1 -2 -2 
-1 -1 -2 -2 
-0 -1 -1 -1 
-0 -1 -1 -1 
-0 -0 -0 -0  

' 0 0 0 0  

-2-1 0 1 2  3 4 5 6 
0 J 0 0 0 0 0 0 0  

-0 -1 -1 -1 -0 -0 -0 -0 -0 
-1 -1 -1 -1  -1 -1 -1 -0 -0 
-2 -2 -2 -2 -2 -1 -1 - 0  -0 
-3 -3 -3 -2 -2 -1 -1 -0 0 
-3 -4 -4 -3 -3 -2 -1 -0 1 
-4 -4 -4 -4  -3 -2 -1 0 1 
-5 -5 -5 -4 -3 -2 -1 1 2 
-6 -6 -6 -5 -4 -2 -0 2 3 
-6 -7 -6 -5 -4 -2 0 2 4 
-7 -7 -7 -6 -4 -2 1 3 5 
-7 -7 -7 -6 -4 -2 1 4 6 
-7  -8  -7 -6 -4 -1 2 4 7 
-7 -8 -8 -6 -4 -1 2 5 8 
-7 -8 -8 -6 -4 -1 3 6 8 
-7  -8 -7 -6 -4 - 1  3 6 9 
-7 -8 -7  -6 -4 -0 3 1 9 
-7 -7 -7 -6 -3 -0 3 7 9 
-7 -7 -7 -6 -3 -0 3 7 9 
-6 -7 -7 -5 -3 -0 3 6 9 
-6 -7 -7 -5 -3 -0  3 6 9 
-6 -7 -6 -5 -3 -1 2 5 8 
-6 -6 -6 -5 -3 - 1  2 5 7 
-6 -6 -6 -5 -3 -1 1 4 6 
-5 -6 -6 -5 -3 -1 1 3 5 
-5 -6 -6 -5 -4 -2 0 2 4 
-5 -5 -5 -5 -4 -2 -0 2 3 
-5 -5 -5 -4 -4 -2 -1 1 2 
-4 -5 -5 -4 -3 -2 -1 0 1 
-4 -4 -4 -4 -3 -2 -1 -0 1 
-3 -4 -4 -3 -3 -2 -2 -1 0 
-3 - 3  - 3  -3 -3 -2 -2 -1 -0 
-2 -2 -3 -2 -2 -2 -1 -1 -1 
-2 -2 -2 -2 -2 -1 -1 -1 -1 
-1 -1 -1 -1 -1 -1 -1 -1 -1 
-1 -1 -1 -1 -1 -1 -0 -0 -0 

0 0 0 0 0 0 0 0 0  

7 
0 
-0 
-0 
0 
1 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
10 
11 
1 1  
1 1  
1 1  
10 
9 
9 
8 
6 
5 
4 
3 
2 
1 
1 
0 

-0 
-0 
-0  
-0  

0 

8 9 10 1 1  12 13 14 15 16 17 
0 0 0 0 0 0 0 0 0 0  

-0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 1  
0 1 1 1 1 0 0 0 0 0  
1 1 1 1 1 0 0 0 0 0  
2 2 2 1 1  0 - 0 - 0 - 0 - 0  
2 2 2 1 1  0 - 1 - 1 - 1 - 1  
3 3 3 2 1 -0 -1 -2 -2 -2 
4 4 3 2 1 -1 -2 -3 -3 -3 
5 5 4 2 0 -1 -3 -4 -4 -4 
6 6 4 2 0 -2 -4  -5 -5 -5 
7 7 5 3 -0 -3 -5 -6 -7 -6 
8 7 5 3 -0 - 3  -6 -7 -8 -7 
9 8 6 3 -1 -4 -7 -8  -9 -8 
10 9 6 3 -1 -4 -7 -9-10 -9 
1 1  9 6 3 -1 -5 -8-10-10-10 
11 9 7 3 -1 -5 -8-10-11-10 
1 1  10 7 3 -1 -5 -8-10-11-10 
1 1  10 7 3 -1 -5 -8-10-11-11 
1 1  9 7 3 -1 -5 -8-10-11-10 
10 9 6 3 -1 -5 -8-10-10-10 
10 9 6 3 -1 -4 -7 -9-10 -9 
9 8 6 3 -0 -4 -6 -8 -9 -8 
8 7 5 3 -0 -3 -5 -7 -8 -7 
7 6 5 3 0 -2 -4 -6 -6 -6 
6 5 4 2 0 -2 -4 -5 -5 -5 
5 5 4 2 1 -1 -3 -4 -4 -4 
4 4 3 2 1 -1 -2 -2 -3 -3 
3 3 3 2 1 -0 -1 -2 -2 -1 
2 2 2 2 1 0 - 0 - 1 - 1 - 1  
1 1  1 1  1 0  0 - 0 - 0  0 
1 1 1 1 1 1 0 0 0 1  
0 0 1 1 1 1 1 1 1 1  

- 0 0 0 0 1 1 1  1 1  1 
-0 0 0 0 0 0 1 1  1 1  
- 0 - 0  0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0  

18 
0 
0 
1 
1 
0 
0 

-0 
-1 
-2 
-3 
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-6 
-7 
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c 

l -  

90 
85 
80 
75 
70 
5s  
60 
55 
50 
45 
40 
35 
30 
25 
20 
15 
10 

0 
-5 

-10 
-15 
-20 
-25 
-30 
-35 
-40 
-45 
-50 
-55 
-60 
-65 
-70 
-75 
-80 
-85 
-90 

3 

-18-17-16- 
0 0 0  
1 1 1  
1 1 2  
0 1 2  

-1 0 2 
-2 -! 2 
-5 -2 1 
-7 -4 - 0  

- 1 1  -6 -1 
-14 -9 -3 
-18-12 -4 
-21-14 -6 
-24-17 -7 
-27-19 -9 
-30-21-1 0 
-32-23-1 1 
-34-24-12 
-35-25-i3 
-35-25- 13 
-34-24-12 - 33- 24- 1 2 
-31-22-11 
-2a-20-:0 
-25- 18 -8 
-22-15 -7 
-19-13 -5 
-15-10 -3 
-12 -7 -2 

- 8  -5 -0 
-5 -3 1 
-3 -1 2 
-1 0 2 
0 1 2  
1 2 2  
1 2 2  
1 1 1  
0 0 0  

15-14-13-12- 
0 0 0 0  
1 1 1 1  
2 2 2 2  
3 3 4 ;  
3 5 6 6  
4 6 8 9  
4 7 10 1 1  
4 8 12 14 
4 10 14 17 
4 10 16 19 

3 12 19 24 
3 12 20 26 
2 13 21 27 
2 13 22 28 
1 13 22 29 
1 13 23 30 
0 13 23 30 
0 12 23 30 
0 12 22 29 
0 12 22 28  
1 12 21 27 
1 1 1  20 26 
2 1 1  1Y 24 
2 1 1  18 23 
3 10 17 21 
3 10 15 19 
4 9 14 17 
4 9 12 14 
4 8 10 12 
4 7 9 1 0  
4 6 7 8  
4 5 5 6  
3 3 4 4  
2 2 2 2  
1 1 1 1  
0 0 0 0  

4 1 1  17 22 

.11- 
0 
1 
2 
4 
6 
9 
12 
15 
18 
21 
23 
26 
28 
30 
31 
33 
33 
33 
33 
33 
32 
30 
29 
27 
25 
23 
20 
18 
15 
13 
10 

8 

.lo 
0 
1 
2 
4 
6 

1 1  
14 

e 

i7 
20 
23 
25 
28 
30 
31 
32 
33 
33 
33 
32 
31 
30 
28 
26 
24 
22 
19 
17 
14 
12 
9 
7 
5 
3 
2 
1 
0 

-9 -8 - 7  -6 -5 -4 - 3  -2 -1 0 1 2 
0 0 0 0 0 0 0 0 0 0 0 0  
0 0 -0 -0 -1 -1 -1 -1 -1 -1 -1 -1 
1 1 -0 -1 -2 -2 -3 -3 -3 -3 -3 -2 
3 2 0 -1 -2 -4 -5 -5 -6 -5 -5 -4 
5 3 1 -1 -3 -5 -7 -8 -8 -8 -7 -5 
7 4 2 -1 -4  - 7  -0-!1-!!-!: -9 -7 
9 6 3 -1 -5 -9-12-14-14-13-11 -8 
12 8 4 -1 -6-11-15-17-17-16-14-10 
14 10 5 -1 ~7~13-!7-20-20~19~16~11 
17 12 6 -1 -8-14-19-22-23-22-18-12 
20 14 8 -0 -8-15-21-25-26-~*-19-12 
22 16 9 0 -8-17-23-27-28-26-21-13 
24 18 10 1 -9-17-24-29-30-28-22-13 
26 19 1 1  1 -9-18-26-30-32-29-23-14 
27 21 12 2 -9-19-26-31-33-30-24-14 
28 22 12 2 -9-19-27-32-33-31-24-14 
29 22 13 2 -9-19-27-32-34-31-24-14 
29 Z.? i 3  2 -9-iP-i?-32-34-ji-i4-14 
29 22 13 2 -8-19-27-32-34-31-24-14 
28 22 13 2 -8-18-26-31-33-30-24-13 
28 21 12 2 -8-18-26-31-32-30-23-13 
26 ? O  12 2 -8-17-25-30-31-29-22-13 
25 r9 1: 2 -8-17-24-28-30-27-22-13 
23 17 10 1 -8-16-22-21-28-26-21-13 
21 16 9 1 -7-15-21-25-26-24-20-12 
19 14 8 0 -7-14-20-~3-24-23-19-12 
17 12 6 -0 -7-13-18-21-22-21-17-12 
14 10 5 -1 -6-12-16-19-20-19-16-11 
12 9 4 -1 -6-11-14-17-18-17-14-10 
10 7 3 -1 -5 -9-12-14-15-14-12 -9 
8 5 2 -1 -5 -8-10-12-12-12-10 -8 
6 4 1 -1 -4  -6 -8  -9-10-10 -9 -7 
4 2 1 -1 -3 -5 -6 -7 -7 -7 -7 -5 
2 1 0 -1 -2 -3 -4 -5 -5 -5 -5 -4 
1 1 -0 - 1  -1 -2 -3 -3 -3 -3 - 3  -3 
0 0 -0 -0 -1 -1 -1 -1 -1 - 1  -1 -1 
0 0 0 0 0 0 0 0 0 0 0 0  

3 
0 

-1 
-2 
-3 
-3 
-4 
-4 
-5 
-5 
-4 
-4 
-4 
-3 
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-2 
-1 
-1 
-1  
-1 
-1 
-1 
-1 
-2 
-3 
-3 
-4 
-4 
-5 
-5 
-5 
-5 
-5 
-4 
-3 
-2 
-1 

0 

4 
0 

-1 
-1 
-1 
-1 
-! 
-0 
1 
2 
3 
5 
7 
8 
10 
1 1  
12 
13 

13 
.- 
L J  

13 
12 

7 
5 
3 
2 
0 

-1 
-2 
-2 
-2 
-2 
-2 
-1 

0 

5 
0 

-1 
-1 
-0 
1 
2 
4 
6 
8 

1 1  
13 
16 
18 
21 
23 
24 
25 
56 
26 
25 
24 
23 
2: 
18 
16 
13 
10 
8 
5 
3 
2 
0 

-1 
-1 
-1 
-1 

0 

6 7 8 9 1 0 1 1  
0 0 0 0 0 0  

- 0 - 0  0 0 0 0 
-0 0 1 1  1 1  
1 2 2 2 2 2  
2 3 4 4 4 3  
4 6 7 6 5 4  
7 9 1 0  9 7 5 
10 12 13 12 10 6 
13 16 17 15 12 7 
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-10  1 -0 3 5 -6 J 12 -0 -6-19-11 5-16-21-17-23 -8-21-33-12-20-25-12-11 6 4-24-20 2 13 15 5 1 20 22 5 1 

-20 16 0 -4  8-34-18 17-14 2 2-27 1 1  5-19 10 1 -3 18 7 1 1  14-10 -9 Q 25 29 9 -6 -6 -9 -1 -6-11 13 6 -7 16 
-25 23 5 4 13-39-23 14-16 9 16-20 20 19-12 21 16 2 35 30 24 29 -1-13 9 25 28 16 -1-14-16 -6-13-15 7 -7-10 23 
- 3 0  24 10 12 15-38-26 8-15 15 26 -9 24 23-11 15 9 -6 30 31 20 25 -5-25 -3  14 17 14 -1-19-18 -7-16-16 -0-17-11 24 

- 4 0  9 9 14 8-25-23 -6 - 8  13 21 3 12 6-18-15-21-30 -8 I -4 -3-19-32-15 3 9 13 5 -8 -3 6 1 -1 -3-20-13 9 
-45 1 5 9 4-15-15 -5 - 3  9 12 1 3 -1-14-14-16-20 -6 3 1 1 -9-16 -4 9 14 15 8 -0 5 14 14 11 3-12-11 1 
-50 -3  1 5 5 -2 -2 3 3 6 3 -4 -4  -4 -6 -2 1 3 10 15 13 10 3 -1 5 12 12 9 3 -2 5 15 20 19 10 -3 -7  -3 

-60 -10 -8 -1 7 13 18 19 14 6 -4-11-13 -9 -1 8 15 17 15 10 3 -5-11-14-15-16-17-20-21-17 -7  5 14 16 1 1  2 -6-10 

-70 -29-30-26-18 -8 - 0  5 7 5 1 -2 -4 -4 -3 -2 -2 -4 -9-14-19-22-22-19-14 -8 -3 2 7 12 15 17 15 9 -1-13-23-29 
-75  -36-39-37-32-25-17-10 -5 - E  -0 0 1 1 2 2 2 0 -2 - 3  -4 -3 0 5 11 17 23 28 31 31 29 25 17 7 -6-18-29-36 
-80 -30-34-34-33-29-24-le-13 -8 -3 0 3 6 8 9 1 1  12 13 15 17 20 24 28 32 36 39 40 40  37 32 25 16 6 -5-15-24-30 
-85 -11-13-15-15-14-12-1D -7  -4 -1 2 5 8 1 1  13 16 18 21 23 25 27 29 31 32 33 33 32 30 27 23 19 14 8 3 -3 -7-11 
-90 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 

Y O  5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5  

eo 2 4 7 1 1  16 20 23 26 26 26 23 20 15 9 3 -r-10-1*-18-19-1e-i6-13 -9 -6 -4 -2 -1 -0  - 0  - 0  - 0  -0 -0 -0 o 2 

55 15 13 15 20 26 27 22 9 -9-26-33-28-13 4 12 9 -1-10-13 -e  -3 o 2 1 -2 -7-16-25-28-23 -e 1 1  26 32 30 21 1s 

-15 8 -1 -5 5-21 -8  15 -e -5-12-24 4-10-25 -7-18-11 -7-21 -7  -9-23-12 -1 15 19 -7-14 -1 1 5 1 -5 18 17 -2 8 

-35 18 12 16 13-33-26 -1-12 16 27 - 0  20  17-15 -2 -9-22 e 16 6 9-16-35-1s 4 9 1 1  1-16-13 -3-11-11 -5-22-13 le 

-55 -5 -2 3 7 9 1 1  12 9 5 -3-10-10 -6 -0  e 15 18 21 20 16 io 3 -0 o 1 -1 -6-11-11 -3  9 18 20 13 2 -5 -5 

-65 -18-17-11 -2 7 14 17 14 7 -1 -8-10 -9 -4 2 5 4 -0 -7-15-21-25-26-24-22-20-18-15 -9 -1 7 12 12 6 -6-13-18 

zai  
\ Gaposchkin 

- 2  - VgKaula CA s e c  

ver t  1 
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I .  

Number Map 7.  Horizontal  and ver t ica l  sp read  of the gravi ty  grad ien t ;  
1 0 , 0 0 0 - k m  elevation 

90 
85 
80 
75 
70 
65 
60 
55 
5 0  
45 
4 0  
35 
30 
25 
2 0  
15 
10 
5 
0 

-5 
-10 
-15 
-20 
-25 
-30 
-35 
-40 
-45 
-50 
-55 
-60 
-65 
-70 
-75 
-80 
-A5 
-90 

-18-17-16-15-14-13-12-11-10 
-10 -9 -9 -8 -7  -6 -5 -4 -2 
-7 -6 -5 -5 -5 -4 -4 -4 -4 
-4 -2 -2 -2 -2 -3 -3 -5 -5 
-1 1 1 1 0 -1 -3 -5 -6 
1 2  2 2 2 1 - 1 - 4 4  
2 2 2 2 2 2 0 - 2 - 4  

-1 -2 -2 -1 0 2 4 5 4 
-3 -5 -4 -3 -1 3 6 9 9 
-5 -6 -6 -4 -1 4 9 13 14 
-5 -6 -5 -3 0 5 1 1  16 18 
-5 -6 -4  -2 2 7 I 3  19 21 

-1 -2 -1 2 5 9 14 lE 21 
1 -0 1 2 4 7 1 1  14 17 
5 2 1 1 1 3 5 8 1 0  
8 5 1 -1 -3 -3 -2 0 3 

1 1  7 1 -5 -9-11-10 -8 -4 
13 8 0 -8-15-18-18-15-10 
12 8 -1-11-19-24-24-20-15 
10 6 -3-13-22-27-27-23-16 
6 3 -4-14-21-26-27-23-16 
0 -1 -6-13-19-22-23-20-14 

-5 -5 -7-10-16-16-17-16-12 
-10 -8 -8 -7 -7 -F-10-1l-10 
-12-11 -7 -4 -1 -1 -4 -6 -8 
-14-11 -6 -1 4 5 2 -3 -7 
-13-10 -5 2 8 0 5 -0 -6 
-10 -7 -2 5 10 1 1  7 1 -6 

-6 -4 1 7 11 1 1  7 1 -5 
-2 1 5 9 1 1  1 1  7 2 -4 
2 5 9 1 1  12 1 1  8 3 -2 
6 9 12 13 14 12 9 5 1 
9 12 14 15 15 13 1 1  7 4 
10 13 15 16 15 14 12 10 7 
10 12 14 14 14 14 12 1 1  9 
9 10 1 1  12 12 12 1 1  10 9 

1 0 0 ? 2 2 2 1 - 1  

-4 -4  -2 o 4 n 14 20 22 

-9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10 1 1  12 13 14 15 16 17 18 
-0  1 3 5 6 7 8 9 9 10 9 9 8 8 6 5 4 2 0 -1 -3 -5 -6 -7 -8 -9 -9-10 
- 3  -2  -1 0 2 4 6 7 9 1 1  12 12 12 10 9 6 4 1 -2 -5 -7 -9 -9-10 -9 -9 -8 -7 
-6 -6 -5 -4 -2 -0  2 5 7 10 12 13 14 13 1 1  8 4 0 -4 -8-10-12-12-11 -9 -7 -5 -4 
-8 -8 -8 -7 -6 -4 - 2  1 3 7 10 13 15 16 14 11 6 1 -5 -9-12-13-12-10 -8 -5 - 2  -1 
-8 -9 -9 -8 -7 -6 -5 -4 -2 2 6 1 1  15 17 17 14 9 3 -4 -9-12-13-12 -9 -5 -2 -0 1 
-7 -8 -8 -8 -7 -7 -8  -8 -7 -4 1 8 14 18 19 17 13 6 -1 -8-11-12-10 -6 -3  -0  1 2 
-3 -5 -6 -6 -6 -7-10-12-12 -9 -3 4 1; !7 20 20 16 9 1 -5 -9-10 -8 -4 - ?  1 1 1 -1 -2 -3 -4 -i-ii-i5-i7-i4 - 7  1 1 ,5 i q  20 17 i: 4 -3 -7  - I  -5 -E 0 - 1  

12 9 5 2 -1 -5-11-17-19-18-12 -5 2 6 10 12 12 9 5 1 -1 -1 2 4 4 1 -2  -5 
17 13 8 3 -0 -5-10-15-17-16-12 -7 -3 -0 2 4 4 3 2 1 1 3 6 7 6 2 -2 -5 
20 15 9 4 -0 -4 -0-11-13-13-11 -9 -8 -7 -7 -6 -5 -4 -3 -0 4 8 10 11 9 4 -1 -5 
21 17 10 4 -1 -3 -5 -6 -8 -9 -9-10-12-14-15-15-15-13 -9 -2 6 12 15 15 12 6 0 -4 
20 16 10 3 -1 -2 -2 -1 -2 -4 -7-11-16-20-22-23-23-20-13 -3 8 16 19 18 15 9 3 -1 
17 14 9 3 -2 -2 1 4 4 1 -4-12-19-24-27-28-28-25-16 -3 9 18 22 21 17 12 6 1 
12 1 1  7 2 -2 -2 2 7 9 5 -2-11-20-26-28-29-29-25-16 -3 10 19 22 22 19 14 9 5 
6 7 5 1 -2 -2 3 9 12 9 0-10-19-25-27-27-26-22-14 -2  9 17 20 20 18 15 12 8 

-0 3 3 0 -2 -1 4 10 14 1 1  3 -8-17-22-22-21-19-15 -9 -1 7 13 16 16 16 15 14 1 1  
-5 -1 1 0 -1 -1 4 1 1  15 14 6 -5-14-18-17-13-10 -7 - 3  1 5 7 9 10 1 1  13 14 13 

-9 -3 1 3 3 4 7 12 17 17 1 1  3 -4 -6 -4 1 7 10 9 4 -1 -4 -5 -5 -2 3 8 10 
-9 -2 2 5 6 7 9 13 16 17 13 6 1 -1 0 5 1 1  15 13 6 -1 -7-10-10 -8 -3 3 6 
-8 -2 3 7 8 9 1 1  13 15 15 13 8 5 3 4 7 13 16 15 9 -0 -7-12-13-12 -8 -3 0 
-7 -2 3 7 10 11 12 12 13 12 1 1  9 7 5 5 7 12 16 16 10 2 -5-11-14-14-12 -8 -5 
-7 -3 2 7 10 12 12 10 9 8 8 8 6 7 5 6 9 i3 i5 i2 5 - i  -7-ii-i4-i3-i2-i0 
-7 -5 - 0  5 10 12 1 1  8 5 3 4 6 7 7 5 4 6 10 13 12 8 3 -3 -8-12-13-13-12 
-8 -7 -3 3 8 10 9 5 1 -1 0 3 6 7 5 3 3 6 10 1 1  10 5 0 -5 -9-12-14-14 
-9 -9 -5 1 6 8 7 2 -2 -4 -3 2 5 7 5 2 2 4 7 10 9 6 2 -3 -7-10-12-13 
-9-10 -6 -1 3 5 4 -0 -4 -6 -4 0 5 6 5 3 1 2 b 7 7 5 2 -2 -5 -8-10-10 
-9-10 -7 -3 1 2 1 -2 -5 -7 -4 -0 4 6 6 4 2 2 3 4 4 3 0 -2 -5 -6 -7 -6 
-8 -9 -7 -4 -2 -1 -2 -4 -6 -6 -4 0 4 6 6 5 3 2 1 1 1 -1 -2 -3 -4 -4 -4  -2 
-5 -7 -6 -5 -3 -3 -4 -5 -6 -6 -3 0 4 6 6 5 3 1 -1 -2 -3 -4 -4 -4 -4 -2 - 0  2 
-2 -4 -5 -5 -5 -5 -5 -6 -6 -5 -3 -0 2 4 4 3 1 -1 -3 -4 -5 -6 -6 -5 -3 -0 3 6 
1 -1 -3 -4 -5 -6 -6 -6 -6 -5 -4 -2 -0 1 1 0 -1 -3 -5 -6 -7 -7 -6 -4 -1 2 6 9 
4 1 - 1  -3 -4 -5 -6 -6 -6 -6 -5 -4  -4 -3 -3 -4 -5 -6 -6 -7 -7 -6 -5 -2 1 4 7 10 
6 4 2 -1 -2 -4 -5 -6 -7  -8 -8 -8 -8 -8 -8 -8 -8 -8 -8 -7  -6 -4 -2 -0 3 5 8 10 
8 6 4 2 -0  -2 -4 -6 -8 -9-10-11-12-12-12-11-10 -9 -8 -6 -4 -2 0 2 4 6 8 9 

7 4 a -0  -2 -~-ii-i7-19-17-10 -2 6 12 16 17 16 12 5 -0 -4 -4 -2 1 i i -1 -i 

-8 -2 1 1 0 1 5 12 16 1s 8 -1 -9-12-10 -6 -1 L 3 3 2 I 1 Z 5 9 iz i 2  

90 
85 
80 
75 
70 
65 
60 
55 
50 
45 
40 
35 
30 
25 
20 
15 
10 
5 
0 

-5 
-10 
-15 
-20 
-25 
-30 
-35 
-40 
-45 
-50 
-55 
-60 
-65 
-70 
-75 
-80 
-85 
-90 

-18-17-16-15-14-13-12-11-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10 1 1  12 13 14 15 16 17 18 
0 -1 -3 -5 -6 -7  -8 -9 -9-10 -9 -9 -8 -8 -6 -5 -4 -2 -0 1 3 5 6 7 8 9 9 10 9 9 8 7 6 5 4 2 0 

-3 -3 -4 -4 -4 -4 -4 -5 -6 -7 -7 -R -9 -9 -9 -8 -7  -6 -4 -1 2 5 7 10 12 13 13 13 12 10 8 5 3 1 -0 -2 -3 
-5 -4 -3 -2 -2 -1 -1  -1 -2 -4 -6 -7 -9.10-11-11-10 -9 -7 -4 -1 3 8 12 15 17 17 16 14 10 7 3 -0 -3 -4 -5 -5 
-6 -5 -3 -1 0 2 2 2 1 -1 -4  -6 -9-10-11-12-12-11-10 -8 -4 1 7 12 17 20 21 20 16 1 1  5 0 -4 -6 -7 -7 -6 
-7 -5 -3 -0 2 4 5 5 4 1 -2 -6 -8~10-11-11-1~-13-13-12 -8 -3 4 12 19 24 25 23 18 1 1  4 -3 -7 -9 -9 -8 -7 
-6 -4 -2 -0 2 4 6 7 6 3 -1 -5 -8 -9 -9 -9-11-13-15-16-13 -7 1 1 1  20 26 29 27 20 1 1  2 -6-10-11-10 -8 -6 
-5 -3  -2 -1 2 4 6 8 8 5 0 -5 - 7  -8 -7 -6 -8-13-17-20-18-12 -3  9 19 28 32 30 23 12 1 -8-12-13-10 -7 -5 
-4 -3 -2 -1 0 2 5 8 8 6 1 -4 -6 -6 -3 -2 -5-12-19-24-23-17 -6 6 18 29 34 33 25 12 -0-10-14-13 -9 -6 -4 
-2 -2 -2 -3 -2 - 0  3 7 9 7 3 -2 -5 -3 0 2 -2-11-21-27-27-21-10 3 17 28 35 35 26 13 -1-11-14-12 -7 -4 -2 
-0 -2 -3 -4 -4 -3 -0 5 8 9 5 -0 -3 -1 4 6 2 -9-22-30-30-23-12 1 15 27 35 35 27 12 -2-12-14-11 -5 -1 -0 

1 -1 -6 -5 -6 -6 -L 7 8 113 7 3 -0 2 7 10 5 -8-23-32-32-24-13 -1 13 26 34 35 26 11 -3-12-14 -9 -2 1 1 
2 -2 -4 -6 -9-10 -7 -1 7 11 10 6 2 4 9 12 7 -7-23-32-32-24-13 -2 11 24 32 32 23 9 -5-13-13 -6 1 4 2 
3 -2 -6 -8-10-12-11 -3 6 13 13 4 5 6 10 13 8 -6-22-31-30-22-12 -2 10 22 30 28 19 5 -7-13-11 -3 4 7 3 
4 -2 -7 -9-12-15-13 -5  6 14 16 12 8 7 10 12 8 -5-20-29-27-19-10 -1 10 21 26 23 13 0 -9-13-10 -1 8 10 4 
6 -2 -7-10-13-16-15 -7 5 14 18 16 1 1  8 9 1 1  7 -4-18-25-22-15 -8 -0 10 19 23 17 5 -5-12-13 -8 2 1 1  12 6 
7 -2 -7-10-14-17-16 - 8  4 14 19 1R 14 9 8 8 5 -4-15-20-17-11 -6 1 10 18 19 10 -2-11-15-14 -7 4 13 15 7 
9 -1 -6 -9-13-iB-17 -9 3 13 19 20 16 10 6 5 3 -3-11-15-12 -7  -4 1 9 17 15 4 -9-17-18-14 -6 6 15 16 9 

11 2 -4 -7-12-18-18-11 1 12 19 21 17 10 4 2 0 -3 4-10 -6 -3 -2 1 9 15 13 -0-14-21-20-14 -5 6 16 18 1 1  
12 5 -0 -4-10-17-19-12 -2 9 17 21 18 11 3 -1 -3 -4  -6 -4 -1 0 -1 0 7 14 1 1  -3-17-23-21-15 -6 6 16 18 12 
14 8 4 1 -7-16-19-15 -5 6 15 21 19 11 2 -4 -6 -5 -3 1 4 3 -1 -1 5 12 9 -4-18-24-22-15 -6 5 14 17 14 
15 12 10 6 -4-15-21-17 -8 3 13 20 19 11 1 -7 -9 -7 -1 5 8 6 -1 -3 2 10 9 -3-17-23-21-15 -7 3 12 16 15 
15 15 15 11 -0-14-22-21-12 -1 1 1  18 19 1 1  -0 -9-12 -8 -0 8 12 8 -1 -5 -1 7 8 -1-14-21-20-15 -8 1 9 14 15 
15 18 19 15 3-13-23-24-16 -4 8 17 18 1 1  -1-11-14 -9 1 11 16 10 -1 -7 , 4  5 8 1-10-17-18-14 -8 -1 7 12 15 
15 20 23 18 5-12-25-27-20 -8 5 15 17 1 1  -1-12-15-10 1 13 18 12 -0 -8 -6 2 7 3 -6-13-15-13 -8 -2 4 10 15 
14 21 24 20 7-12-25-29-23-11 3 13 16 10 -2-12-16-10 2 14 19 13 1 -9 -8 -0 6 4 -2 -9-12-11 -7 -2 3 9 14 
14 21 25 20 7-11-26-30-25-13 1 1 1  14 9 -2-12-15-10 3 15 20 14 2 -8 -9 -3  4 4 -0 -6 -9 -8 -5 -1 3 8 14 
15 20 23 13 6-11-25-30-25-14 -1 8 1 1  7 -2-11-14 -8 3 15 19 14 2 -7 -9 -4 1 3 1 -4 -6 -5 -3 1 5 9 15 
15 19 21 16 4-11-24-29-25-15 -3  5 8 5 -3-10-12 -7 4 14 18 13 3 -6 -9 -6 -1 1 0 -2 -3 -2 1 4 7 10 15 
16 18 18 12 2-11-22-26-23-15 -5 2 5 2 -4 -9 -9 -4 4 13 16 12 4 -4 -8 -7 -4 -1 -1 -1 -1 1 4 7 10 13 16 
16 17 15 9 -1-11-20-24-21-15 -7 -1 1 -0 -4 -7 -7 -3 5 11 14 11 4 -3 -7 -7 -5 -3  -2 -1 1 4 7 10 13 15 16 
16 15 12 6 -2-11-18-21-19-15 -9 -4 -2 -3 -5 -6 -5 -1 4 9 1 1  9 4 -2 -6 -7 -6 -4 -2 0 3 6 10 13 15 16 16 
16 14 10 4 -3-10-16-18-18-15-11 -7 -6 -5 -5 -5 -3 -0 4 7 8 6 3 -1 -5 -6 -6 -4 -2 1 5 9 12 15 17 17 16 
16 12 8 2 -4 -9-14-16-16-14-12-10 -8 -7 -6 -5 -3 -0 2 5 5 4 2 -1 -3 -5 -4 -3 -0 3 6 10 14 16 17 17 16 
14 1 1  7 2 -3 -8-11-14-14-14-13-12-10 -9 -7 -6 -4 -1 1 2 2 2 1 -1 -2 -2 -2 -0 2 5 8 11 14 16 17 16 14 
13 10 6 2 -2 -6 -9-11-13-13-13-12-11-10 -8 -7 -5 -3 -2 -1 -0 0 0 -0 -0 0 1 3 5 7 10 12 14 15 15 14 13 
10 8 5 2 -1 -4 -7 - 9 - 1 0 ~ 1 2 ~ 1 2 ~ 1 2 ~ 1 2 ~ 1 1 ~ 1 0  -9 -7 -6 -5 -3 -2 -1 -0 1 2 3 5 6 8 9 11 12 13 13 13 12 10 
8 6 4 2 -0 -2 -4 -6 -8 -9-10-11-12-12-12-11-10 -9 -8 -6 -4 -2 0 2 4 6 8 9 10 1 1  12 12 12 11 10 9 8 
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Y 

-18-17-16-15-14-13-12-11-10 -9 -8  - 7  -6 -5 -4 - 3  -2  -1 0 1 2 3 4 5 6 7 8 9 10 1 1  12 13 14 15 16 17 18 

? 

8 .  

90 
85  
80  
75 
70 
65 
6 0  
55 
50 
45 
40 
3s 
30 
25 
20 
15 
10 

5 
0 

- 5  
- 1 0  
-15  
-20 
- 2 5  
-30 
-35 
-40 
-45 
-50 
-55 
-60 
-65 
-70 
-75 
- 8 0  
-05 
- 9 0  

0 0 0 0 0 0 0  
-1 - 1  -1 - 0  -0 -0 -0 
-1 -1 -1 -1 -1 -1 -1 
-1 -1 -1 -1 -1 -1 -1 
- 1  -1 -1 -1 -1 - 1  -1 
-1 -1 -0 -0 -0 -1 -1 
-1 -1 -0 -0 -0 -0 -1 
-1 -1 -0 -0 -0 -0 -1 
-1 -1 -1 -0 -0 0 -0 
-2 -2 -1 -1 -0 0 1 
-2 -2 -2 -1 -0 1 1 
-3 -3 -2 -1 -0 1 2 
-3 -3 -2 -1 -0 2 4 
-3 -3 -3 -1 0 z 5 
-3 -4  - 3  -1 1 3 6 
-3 -3 -2 -1 1 4 7 
-3 -3 -2 -1 1 4 7 
-2 - 3  -2 -1 1 3 7 
-1 -2 -2 -2 -0 2 5 
0 -1 -2 -3 -2 0 3 
2 -1 -2 -4 -4  -2  1 
2 - 0  - 3  -5 -6 -5 - 1  
3 0 -3 -6 -8 - 7  -4  
3 - 0  -4  -7  -9 - Y  -6 
2 -1 -4 -8-10-10 -7 
1 -1 -5 -8-10-10 -7 

-0 -2 -5 -8-10-10 -7 
-1 -3 -6 -8-10 -9 -7 
-2 -4 -6 -8 -9 -M -6 
- 3  -5 -6 -8 -8 - 7  -6 
-4 -5 -6 -7  -7 -6 -5 
-4 -5 -6 -6 -6 -5 -4 
-3 -4 -5 -5 -5 -5 -4 
-3 -3 -4 -4  -4 -3 -3 
-2  -2  -2  - 2  -2 -2 -2 
-1 -1 -1 -1 -1 -1 -1 
0 0 0 0 0 0 0  

0 
-0 
-1  
- 1  
- 1  
-2 
-2 
-1 
- I  

0 
2 
3 
5 
7 
8 
9 
10 
9 
8 
6 
4 
2 
0 

-1 
-2 
-3 
-3 
-3 
-3  
- 3  
- 3  
- 3  
- 3  
- 2  
-2 
-1 

0 

0 
-0 
-1 
-1 
-2 
-2 
-2 
-2 
-2 
-1 
1 
3 

5 
8 
10 
10 
10 
9 
8 
7 
5 
4 
3 
2 
1 
1 
0 

-0 
-1 
-1 
-2 
-2 
-2 
-1 
-1 
0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 - 0  

- 0 - 0 - 0  0 0 1 1  1 2  2 2 2 2 2 2 1 1  0 - 0 - 1  
- 1 - 1 - 1 - 0  0 1 1  2 2 3 3 3 3 3 3 2 1 0 - 1 - 2  
- 2 - 2 - 2 - 1 - 0  0 1 2  2 3 4 4 5 5 4 3 2 0 - 1 - 2  
- 3 - 3 - 2 - 2 - 1 - 0  0 1 2  3 4 5 6 6 6 5 J 1 - 1 - 5  
- 3 - 3 - 3 - 2 - 2 - 1 - 0  0 1 2  4 6 7 8 7 6  4 1 - 1 - 4  
- 3  -4 - 3  -3 -2 -2  -1 -1 -0 1 3 6 8 9 9 8 6 2 - I  -4  
- 3  - 3  - 3  -3 - 2  -2 -2 -3 -2 -0 3 6 9 10 1 1  10 7 3 -1 -4 
-2 -3 -3 -3 -2 -2 -3 -6 -4 -2 2 5 9 1 1  12 1 1  9 5 - 0  -4 
-1 - 2  -7 -2 -2  -3 -4 -6 -6 - 3  1 5 9 1 1  12 12 9 5 0 -4 
1 -1 -2 -2 -2 -3 -5 -7 -7 -5 -0 4 8 1 1  12 12 9 5 0 -4  
3 1 -! -2  -5 -4 -6 -8 -8 -6 -1 4 8 10 1 1  1 1  9 5 -0  -4 
5 2 u - L  -J -4 -6 -8 -8  -6 -2  3 6 9 i 0  9 7 J - I  -$ 

7 4 1 -1 -3 -4 -6 -8 -n -6 -2 2 5 7 7 7 5 1 -2  -4  
8 5 2 -1 -3 -4 -6 -7  -8 -6 - 3  1 3 4 5 4 2 -1 -4 -5 
9 6 2 -1 -3  -4 -5 -6 - 7  -5 - 3  -0 1 2 2 2 -1 -4 -5 -5 
9 6 3 -1 -3 -5 -5 -5 - 5  -4 -3 -1 - 0  0 0 -0 -3 -5 - 7  -5 
9 6 3 -1 -4 -5 -5 -5 -4 -3 -2  -2 -2 -2 -1 -2 -4  -6 -1 -5 
8 3 -! -4 -5 -5 -4 -3 -2 -2  -2  -3 -3 -2 -3 -4 -6 - 7  -5 
7 f 3 =, -4 -5 -4 -3 -1 - 1  - 1  -2  -3 -4 - 3  -3 =* -5 =e - 5  
6 6 3 - 0  -3 -4 -3 -2 0 1 0 -2  -4 -4 -3 -2 - 3  -5 -5 -4 
6 5 3 0 - 3  -4 -3 -0 2 2 1 -1 -3 -4 -3 -2 -2 -3 -4  -4 
5 5 4 1 -2 -3 -2 1 3 4 3 -0 -3 -4 -3 -1 -1 -2 -1 -3 
5 5 4 1 -1 -2 -1 2 4 5 3 1 -2 -3 -2 -1 0 -0 -1 -2 
6 5 4 2 0 - 1  1 3  5 5 4 1 - 2 - 3 - 2 - 0  1 1 - 0 - 1  
3 4 4 2 1 0  1 3  5 5 4 2 - 1 - 2 - 1 - 0  1 1  1 0  
3 4 J 2 1 1 2 3 5 5 4 2 - 0 - 1 - 1  0 1 2 1 1 
2 3 3 2 2 2 2 4 5 5 4 2 0 - 1 - 1  0 1 2  2 2 
1 2  2 2 2  2 3  4 4 4 3 2 0 - 0 - 0  0 1 2 2 3 
0 1 2 2 2 2 3 3 4 3 3 2 1 0 0 1 1 2 2 3  

- 1 0 1 1 2 2 3 3 3 3 2 2 1 1 1 1 2 2 3 3  
-1-0 0 1 1 2 2 2 3 2 2 2 2 1 1 2 2 2 z 3 
- 1 - o u  1 1  1 2 2 2 2 2 2 2 2 2 2 2 2 L 2  
-1-0-0 0 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 1 
- 0 - 0 - 0  0 0 0 1 1  1 1  1 1  1 1  1 1  1 1  1 1  

o o n o o o o o o o o o o o o o o o o o  
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0 
-0 
-1 
-2 
-3 
-4 
-5 
-6 
-6 
-7 
- 7  
-6 
-6 
-5 
-4 
- 3  
-2 
-2 
-1 
-1 
- i  
- 1  
-1 
- 1  
- 1  
- 0  
0 
1 
2 
3 
3 
3 
3 
2 
1 
1 
0 

0 
-0 
-1 
-3 
-4  
-5 
-6 
- I  
-7  
-? 
-7 
-7  

2 
-3 
-1 
0 
2 
3 
3 

0 0 0 0 0 0  
-1 -1 -1 - 1  - 1  -1 
-2 -2 -2 -1 - 1  -1 
-3 -3 -2 -2 -2 -1 
-4 -3 -3 -2 -2 -1 
-5 -4 -3 -2 - 2  - 1  
-5 -4 -3 -2 -1 - 1  
-6 -5 -3 -2 -1 - 1  
-6 -5 - 3  -2  - 1  - 1  
-6 -4 - 3  -2  -2 -2  
-6 -4 -2 -2 -2  -2 
- 5  -3 -2 -2 -2 -3 

- 3  - 1  u -1 -2 - 3  
- 1  1 1 0 -2 -3 
1 3  3 1 - 1 - 3  
3 5 5 3 - 0 - 3  
5 6 6 4 1 - 2  
6 8 7 5 2 - 1  
6 8 8 6 3 0  

-4 -? - 1  - 1  -2 -3 

3 6 8 8 7 4 2  
2 5 7 8 7 5 2  
2 4 6 7 6 5 3  
1 3 5 6 5 4 3  
1 2 4 4 4 3 2  
1 2 3 3 3 2 1  
1 2  2 2 2 1 - 0  
2 2 2 2 1 0 - 1  
2 2 2 1 0 - 1 - 2  
3 3 2 1 -0 -2 -3 
3 2 2 1 -1 -2 -4 
3 2 1 0 -1 -2 -4 
2 2 1 -0 -1 -2 -3 
2 1 1 -0 -1 -2 -3 
1 1 0 -0 -1 - 1  -2 
1 0 0 -0 -0 -1 - 1  
0 0 0 0 0 0 0  

. 
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