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ON THE APPLICATION OF THE POTSDAM GRAVITY SYÍ TEM 

K. Reicheneder 

I. Introduction 

in an earlier article [1] I stated that the Potadas, fundamental 
value of gravity g - 98l.27, Gal and the referenoe altltude of m 

have the character of a definition and I also showed that by taking 

elvenChnSwTaUOn 3 ïertlCal gravltatlonäl gradient of the foregoing 
given by Ktjhnen and Purtwangler [2] the three-decimal-place gravity 

values would not have looked any different, with regard to the 

ncreased accuracy requirements over the past 50 years, the Inter- 

ational Gravimetric Commission of 1959 in Paris agreed [3] on the 

fundamental value of 961.2790 Gal for the 67.0 m altitude. 0f 

course, the fourth decimal place almost exceeds even the present day 

accuracy of absolute gravity determination; on the other hand 

gravimetric measurements require a much greater accuracy and ¡odern 

nstruments are even able to record „Gal. This fact makes it 

imperative, in applying absolute measured gravity values to the 

gravimetric connection points that are in the immediate vicinity 

eon-id M31 3130 be U3ed aS a rererenoe P°lnt a"a to take into’ 
conolderatlon everything that this point can influence. 

In the above-mentioned article [1] 1 gave the exact gravitational 

TnstU3t r01 m°al f°r the COnneCtlon P01"18 ua^ by the Geodetic 
Institute for Relative Pendulum and Gravimeter Measurements. They 

FTD-HT-23-Ü6-69 1 



were essentially based on the value g = 981.27415 Gal of connection 

pillar SI which was 3 m west of the site in the pendulum room in 

wnich Kühnen and Furtwängler carried out the absolute measurement. 

In tne transfer itself the altitude difference between this point 

SO (87.OO m) and the surface of pillar SI (86.43 m) and the gravita¬ 

tional gradient that was derived from the gravimeter measurements 

between the pendulum room and the cellar was used as a basis. Since 

questions were raised as to whether the last site in which the 

gravitational value for SI is given reliable, in 1963 foreign 

observers (Hamilton, Woollard, Longfield-Carlson) with very accurate 

gravimeters also measured gravity differences between the absolute 

point SO and connection points SI, S2, S6, and S7 of the Geodetic 
Institute. 

Woollard [4] already attempted to obtain a better insight into 

the gradient conditions in the pendulum room and in so doing he 

made a rough estimate of the force of attraction originating from 

pillars SO and SI in connection with which he only took into 

consideration the visible pillar masses. Below the floor, however, 

they are attached to a common block 7.5 * 7.5 x 3 m^. If we 

consider that the pendulum room itself is surrounded by walls that 

are 1 m thick, that other pillar blocks are in the vicinity and that 

other walls surround the institute buildings, then there can be no 

question as to the fact that the gravitational gradients are different 

at the individual measuring points. As I recently proved with the 

use of examples [5] which approaches one of the mutual positions 

of SO and SI, errors of several 0.01 mGal an occur in connection 

with various gravitational gradients, so that the gravity-sensitive 

suspension in a gravimeter can amount to at least 1 m over the 
mounting surface. 

In the following article an attempt is made to calculate the 

gravitational gradient over points SO, SI, S2, S6, S7, and S8 as 

accurately as possible. The first five measuring points were 

already given in [1], S8 is the pillar in th° pendulum room on which 

the new, absolute determination is conducted with the 25-cm 

reversion-pendulum device. 

FTD-HT-23-46-69 2 



In spite of all the problems associated with a calculation of 

this type, including the fact that the thickness of the walls and 

the subsurface is not well enough known, the simplifying assumptions 

must be made and nothing must be neglected, nevertheless, it gives 

the only possibility of determining the gradients immediately above 

the pillars and it is not exposed to the influences which must 

always be taken into consideration in the operation of measuring 

instruments. I have, especially, in mind the magnetic effects in 

the gravimeter which caused us to have misgivings in an extremely 

low magnetic field in which the pendulum room is shielded on all 

sides by sheet metal walls. 

FTD-HT-23-46-69 3 
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II. The Gravitational Effect of a Pillar 

1. Calculating the Attraction 

Mader [6] very carefully calculated the components of the force 

of attraction that a parallelepiped exerts on an arbitrary point. 

If a coordination system is arranged in such a way that its origin 

intersects with the drawn point and its axes are parallel to the 

edge of the square, whose edges are (x^^), (x.y^) , (x^^), 

^X1^2Z2^> ^x2^1zl^» ^x2^1z2^’ ^2½2^ ’ ^x2^2z2^’ t*16 component 
K of the attraction in the direction of the force of gravity can be 

expressed as follows according to a small transformation that I 

proposed [7]: 

in which k2 (. 6.67-10-8 cm3 g'1 s'2) is the gravitational constant, 

6 is the density of the parallelepiped, r = + y2 + z2, in which 

X, y, n are the coordinates of a joint. The expression in brackets 

is to lorm all eight Joints to be provided with the sign 

+ or -, depending on the permutation (i, j, k) which is straight or 

not straight, and then is to be added. 

With the aid of this formula we calculate the gravity disturbance 

on the surface of the pillar and at various heights above the pillar 

that are caused by the gravitation of a pillar. In [5] this was 

already done for a double pillar and the adjoining single pillar. 

As an example we selected a free-standing sanastone pillar A 
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(S - 2.1*) with the dimensions of 1 « 1 , 2.05 m3 of pillar S8 In 

' ,e Pendul™ hall. In addition, we took into consideration a 

concrete pillar B (6 = 2.2) embedded In sand with the dimensions of 

0.8 « 0.8 * 1 m , and the surface of the pillar was In the same 

plane as the ground floor (see Fig. 1). The second pillar B 

corresponds somewhat to the connection pillar S2 in front of the 

Institute building and was also used in this manner for the 

gravimeter point in the DDR-network so that the conditions that are 

presented here will be of broader Interest. 

A 

LU- □ 
Fig. 1. A — free standing sand 
pillar: B - a concrete pillar 
embedded in a sand bottom. 

Tne Pillar gravitation K is superior to the free-air gravity 

F which would be over the surface of the earth if pillar A would 

not be standing on it or pillar B would not be embedded below. In 

Fig. 2 the value of K in the pillar axis is given as a function of 

height h over the surface of the pillar. Naturally, K is the 

greatest when h = 0 and then drops quickly. The inclination in the 

curves that were drawn for pillars A and B chow the gradient change 

ln ücinParison to the free-air gradients y which is given for 

comparison purposes by a straight-broken line. The considerably 

lower gravitational Influence of pillar B can be seen which, first 

01 a11’ iS not attributed to its smaller size (about one-half of 

that of pillar A) but rather because pillar B is in the ground and, 

so to say, only a 0.5 density difference of concrete (2.2) and 

sand (1.7) is effective, whereas in a free standing pillar such as 

A, whose entire density is considered. 

5 
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Fig. 2. Gravitational distur¬ 
bances at various heights above 
the center of a pillar. 

In setting up an eccentric gravimeter care must be taken that 

the vertical attraction component K on the pillar surface decreases 

rapidly from the center toward the periphery. I have shown this 

condition in Figs. 3 and ‘i with regard to pillars A a.id B, respec¬ 

tively, and have included several curves of equal (vertical) 

attraction K on the surface as well as in several planes (see 

appendix ). 

2. The Gravimeter Correction 

By gravitational differences we generally mean the difference 

of the gravitational force in the center of the surface of both 

pillars A and B. It is technically impossible to bring the gravity- 

sensitive mass of a gravimeter to the surface itself, it is at 

least ’0 cm but generally more above it. For this reason the 

gravity difference g^ - gß itself cannot even be measured, but 

rather the gravity difference (gA - gg)h in a gravimeter of the 

same height h over the point of attachment Js always determined. 

This measured gravity difference is dependent on h because of 

the pillar attraction K(h), see [5]. From the curves A-B that are 

shown In Fig. ? which show the difference in the gravitational 

effect K(h) of both pillars, we can assume, for- example, that the 

gravity difference 10 cm above the pillars is 7 uGal less than on 

6 
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the surface and where h - 20 or 30 cm it can even be I3 or 18 

y°al- These figures are not only within the reading accuracy but 

even within the measuring accuracy of modern gravimeters and 

must be taken into consideration in connection with very accurate 

gravity recordings. 

ft» tha pillar aarfk«« 11 m *v«r «ta pillar 

í a 

>■ Ka 

w 
30 m ovar th» pillar / 09 »a ovar tha pillar 

Gravitational disturbances in uQal over 
pillar A. 



»i th* »urf»o« of th# pillar 

Pig. Gravitational disturbances in uGal over pillar B. 

At height h over the surface of the pillar the gravitational 

force in A is as follows: 

In B it is: 

• 'a “ Ja ’‘A * *A <V' 

•aOi,) - f, - 7* 1>S ♦ itB 

(2a) 

It is desirable, however, to know the gravitational force on 

the surface of the pillar, namely, at h = 0. In A it is: 

«A • 'a ♦ *A to)* 

In B it is: (2b) 

ta " *» ♦ 

In this connection, P is the free-air gravity at the height of 

the respective surface. Disregarding the small changes in the 

foot screws of the gravimeter made during a measurement, then 

hA * hg = h can be set and in case point A and B are not too far 

apart from each other the same free-air gradients y. = y. *= y can 

can also be assumed. Then we obtain the following for the gravity 

difTerences 

«Aoo - «,00 - »À - iB ♦ iAoo - 

•a " •> • *A “ '» ♦ *A(0) * kbC0)' 

(3a) 

(3h) 



so that .we gravity difference that is sought can be expressed by 

the measured gravity difference as follows: 

»4-«, • UA - ♦ (xA - v0 - 0tA - ilV (Ha) 

which can also be written as 

^♦«o-Vr (^b) 

' 
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III. The Gravitational Influence of the Building 

1. Statement of the Problem 

The z-component in Newton’s law of gravity is, as is well 

known, proportional to ^ and, thus, decreaaes very rapidly with 

distance r from the attracting mass. Or put Into another way: The 

mass particles that are the closest to the point of attraction 

have only a slight Influence. The gradient conditions over a 

pillar which were considered In the previous chapter are, thus, 

. only Insignificantly changed by buildings that are a great distance 

■away. In spite of this. In a massive building such as the Geodetic 

Institute which, without a doubt, consists of over 6000 t of 

bricks, the gravitational Influence of the masonry must be taken 

into consideration. 

As has already been pointed out In the Introduction, this 

influence should be calculated on the six gravimetric measuring 

points 30, 38, 31, 32, 36, and 37, of which the first two In the 

penuu.um room are connected with the former or present absolute 

determination of the gravity, 31 and 32 are used as the connectln* 

points In the pendulum room or In front of the house and the last 

two are used In the pendulum cellar In connection with relative 

pendulum measurements. The opposite position of these points car, 

be seen from Pigs. 5 and 6 In which the outline and a cross sectlc 

of the Institute building Is shown. In the following, Table 1, 

the coordinates and heights of these six points and an auxiliary 

10 



point S7' which Is frequently used In the place of S7, in which 

only one granite plate Gp Is placed on S7 over three 1 cm thick 

base plates. 

Fig. 5. Plan (overall view). 

n-i-hm 

Fig. 6. NS-section 
(overall view). 
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Table 1. 

«
 

K
 

M
 I 

90 
SB 
•1 
92 
K 

97 

97' 

Ooo 
- J.*5 - J,» ♦ 0,57 
- J.*5 0,00 ♦ 0,57 

+13,17 ♦ 1,63 
-13,16 -H,« . 4,2, 

-'»O.W -10,75 ♦ 5,10 

-10,99 -10,75 ♦ 6,99 

o? 00 

86,63 
86.6J 

85,3“/ 
82,71 
81,90 

82,01 

I will attempt to mathematically determine the gravitational 

differences between these points which, of course, Is possible only 

hypothetically. The main purpose of this investigation is to 

determine the exact gravitational gradient over these points and, 

of course, a range of 1.3 m above appears to be sufficient. The 

gravimeter corrections K(h) for gravimeter measurements discussed 

in the previous chapter, also resulted from this. 

2. Description of the Method of Calculation 

a) Main Idea 

I will start with a flat terrain where it can be assumed that 

the gradients above or below the surface of the earth, as the 

case may be, are theoretically known. According to Helmert [8, 

p. 96, (10) with (1)] the gree-air gradient is, of course, at 

latitude 9 expressed on an equipotential spheroid that passes in 

the vicinity of the surface of the earth 

e 
(*«-#) •Ln^pj, (5) 

Here a is the semiaxis, a is the ellipticity, b is the gravity 

increase from the equator to the pole relative to the gravity at 

the equator, ga and t is the ratio of the gravitational force to 

the centrifugal force at the equator which is expressed as t * i 

(o + b) according to Clairaut. The change in the free-air gradients 

with altitude is extremely small and can be disregarded. If we 

think of the mass of the earth in the center of a sphere as having 

a radius r then, as is well known, the gravity at altitude h over 

the surface of the sphere is expressed as follows 

*"Ü!k)*' 41,0 è“^'^00000°1 (6) 
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According to the laws of potential theory, an Increase In 

the gravitational gradients occurs on the surface of the earth 

of the magnitude 

A&) " *0‘*'*#,*v • (7) 

In which k2 is the gravitation constant, o is the increase in 

density 5, i.e., practically indicates the density of the ground 

at the transition point and when passing through perpendicularly 

it can be stated as cos v - 1«. With the aid of the gradients and 

also the known differences in height h between the six gravimetric 

connection points, their difference in gravity could be determined 

in the first approximation. 

The hypothetical flat terrain is changed in its present contour 

oy adding or removing masses when excavating and also when erecting 

the institute buildings. Moreover, for every mass that is added 

or removed the gravitational effect on the six connecting points 

SC, S8, SI, S2, S6, and S7, as well as seven other points each at 

height h, 11, 22, 38, 60, 89, and 126 cm are calculated according 

to .ormula (1). The height interval was selectod somewhat closer 

below, because the pillar mass Itself exerts a strong influence 

on the gradients. 

The forces of attraction on the individual connecting pillars 

are that much more different from each other the farther the 

attracting mass is away. Since we are dealing here only with the 

difference in gravity which the mass exerts on the six connecting 

Pillars, masses that are far removed can, therefore, be disregarded. 

It seemed adequate to me to base the calculations on an area of 

.?r6%T-moíriL ¿X 
ÄtH 
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80 * 100 mi all around the boundaries were about 20 m from the 

Geodetic Institute and all topographical and other masses situated 

outside could be disregarded. Point SO (<P = 52°22.86,) X = 1304.061 , 

H * 87.OO m) which was approximately in the middle of the area 

that io being considered, was selected as the zero point of a 

coordinate system to determine the location of the individual 

masses. The X-axes are parallel to the longitudinal axes of the 

institute buildings and they are directed toward the east. The 

Y-axes toward the north and the Z-axes point down in the direction 

of the gravitational force. Each mass that is considered in the 

calculation is treated as a square building the edges being parallel 

to the coordinate axes and the eight joints are given by the 

coordinates x^, x2, y-,, y2> and z2 (see Table 2). 

In spite of the relatively large uncertainty in the expected 

results, the individual value for the force of attraction in 

Table 3 (a-f), is given exactly as 0.01 yGal in order to eliminate 

errors in calculation as much as possible with the large number 

of items (we are dealing here with over 150 Individual masses). 
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Excavation 
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■ Utdlo 
••uth 

Anr 
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te floor 

k) Build loga 
Middle block 
* a 
Woot rooa 
Boat rooa 
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•*0,9 ol 
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-is.oara*,,« 
- 5,0-410,19 
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-17,00^0,11 
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2980,- . 
920,0 1 

0, 
-*512,1 

88,0 
-1737,2 
-1063 0 

58,5 

'^tí 

77Ï7 
- 18),3 
- 79,0 
- 29,2 
- V 
: ft 

.♦1 

11,3 1, 
12,7 1, 

108,2 
7,9 

1¾ 

05,0 

13.5 t, 
15.5 1, 

oo.’o Î;.. 

a: !: 
jo!* 

S:,‘ '• 

4¾ 
1.32 
!,« 

-am 
,,, t,4? 

- 9,32* 5,00 5,25 0,25 14,32 

♦ 2,01+ 9,00 
' 1.81 

^:¾ I: 
6,01 0,51 2,>f »* 11:¾ as ? 

-12,70- 3,01 
♦ 1,04 5,00 
-12,74 1,00 

5,80 0,25 7,89 I 8,33 0,00 0,00 
5,83 0,38 13,70 

4», 
11.8 |l,66 

V,3 1,3 
18.8 ! ' 

11,2 

*1.» 1,31 
1,35 

laoTT 

8:1 

ML 

11,0 
*1,0 

ii 



I 

Table 2. (Continued) 

«9 
«6 
«7 

§ 
7* 
77 
79 

79 
80 
•1 

M 

•9 
66 

r- 

Mil 

Mil 

*** 
*** 
M* 

a*« 

I 

M 
StwrlM 

I 
M 
M ESSIES 

:!;KSS 
X 
« 
no 
OB 

» 

» 

M- 

-15»59” 5,78 
-15,50- 5,7» 

10 

MO- 
00 

KO 
Z10 
00 

KO 
X 
10 

KO 
IIO 
00 

SL»« OXIOft 

*1 *i 
tlUWMt— 1» ■ 

-16,1l«H5,*t 
-16,07-19,50 
-15,58-15,50 
-15,»1-15,80 

4 1,614 5,00 

5:» 1:8 
!:« 1:8 

- »,»1- 0,87 
-18,61- »,»1 

18,06 0,77 8,5» 

S:X S:8 ¡:H 

416,18488,11 
416,10486,06 
416, - 
♦18, £SI:8 

- 6,56 
*•$ ■48,79- 6,50 

■46,18-15,82 
-16,07-15,50 

llfel 
1412,18415,17 
418,80415,08 
412,86418,99 

5,61418,19 
5,87416,65 
5,68418,86 

416,96485,89 

ÄftSÄ 

Kï:P:S 
411,75418,26 

412,18415,17 
412,80415,08 
412,86412,99 

:S:SS:S 

S:H 
4 2,614 5,00 
- 0,67* 2,61 
- » 91- 0 67 
-16,61- 9,91 

- 0,674 5,00 
- »,»1- 0,4? 
-16,61- 9,91 

- 0,67* 5,00 
- 5,01- 0,67 
-11,76- 5,01 

- 0,674 5,00 
- »,91- 0,67 
-18,81- 9,91 

4 1,004 9,00 
-16j6l4 1,00 

?‘îî 

W 5:3 
9,61 0,68 *,68 
*,51 0,51 8,50 

K? S:î? 5:3 
k S:R 1:3 
ï:S î:8 1:2 
6,89 0,51 6,50 

19,80 1,05 5,87 
20,52 0,90 8,56 
20,52 0,51 6,77 

8.55 1,05 5,87 
6.55 0,66 9,66 
8,69 0,51 6,90 

0,77 
0,51 

5,00 6,00 
5l00 15,81 

67 
66 

2 

*1 

35 

»6 

2 

9» 
100 

101 
102 
105 

106 
105 
106 

107 
106 

«2 
ni 
lia 

Mil 
8 ‘ 

K 
V 
11 
00 

KO- 
011 
100 

417,80416,17 

417,6641 
II 
17,66 

- 6,904 6,50 
- •.*?♦ S£ 

1,66 :¾¾ 

X 
O 
8X0 

Äh 

056. 
06« 
06* 
08« 
088 
Ü4i_ 
068 

*4, 
«48 

.. 91 

-17,69-16» 79 

3?:5Kî:S 
- 9,59- 6,62 
- 9,86- 8,62 
- 9,59- 6,66 

5,054 8,12 
6,694 1,99 
6,864 1,96 

6,554 6,02 
6,55* 6,02 
6,504 6,02 

08 
10 

I 
0 

KO 
21 
00 

9,59- 9,01 4 6,02412,60 
9,26- ÜM 4 6,02412,86 

417,86417,66 
417,86417,66 

-15,86-18,71 
-15,55-14,71 
-15,90-14,79 

KO 
81 
00 

K 
0 • 
11 
00 

X 
V 
81 
00 

429,29428,06 
425,29425,95 
425,56485,69 

425,21426,11 
425,29424,06 

-15.55-14,65 
-15,66-14,71 
-15,55-16.71 
-15 >0-14.79 

4 6,61412,80 
1,66412,50 

* 1,99419,17 
♦ 1,95415,06 
♦ 1,75412,99 

4 0,68415,17 
* 0,56415,0* 
4 0,61412,99 

-15,22- 5,59 

m* 
-15,22- 4,61 
-15,50- 4,76 

-l¡:& ::¾ 

4 2,614 5,00 

mm 
4 1,104 5,00 
- 7,614 1,10 
-18,81- 7,81 

2,614 5,00 
- 0,674 2,61 
-12,70- 0,47 

- 5,094 1,00 
-12,70- 5,01 

- 1,52- 5,01 
-12,70- 9,52 

- 0,47* 5,00 
- 9,91- 0,47 
-16,81- 9,91 

- 0,67* 5,00 
- 9,91- 0,67 
-14,81- 9,91 

* 2,614 5,00 
- 0,674 2,61 

«;S: m 

♦ *.«♦ 2.00 

sis $2 il 
0,90 7,17 5,90 
?,!* *.?! o.g 

25,6 1 

ff 
1¾ 

* 1 

25!? 
9 1 

,9* 
1,22 
1,09 
î*ûû 

0,59 6,62 

0,77 12,57 
0,66 12,57 
0,51 12,î 

S:3 S:3 

,2 1 

,07 
9,27 

2,59 

98 

9 

25, 
26,6 

JBJL 

158,0 
52,0 
*5,9 

1 1 

6,01 
7*69 

«670 

96, 6 1 
[1,2* 

0,36 5,59 4,51 
0,36 10,62 3,36 

0,77 11,16 5,87 
0,66 11,11 9,*6 
0,51 11,26 8,50 

0,77 12,53 5,87 
0,66 92,86 9,84 
0,51 12,56 8,50 

£ 
1.26 

*7,1 1, 

4&Î 

r 

|o,^ 

52,6 
?5,6 3:5 

- 0,674 

-14 

«,90 11,63 2,5* 
0,77 11,6* 3,06 
0,68 11,66 * ' 
0 51 12 05 

9,84 
*,50 

25,0 
26,1 

1,2* 
1.« 
j 

0,90 10,81 2,99 
0,77 10,56 3,06 
î.«* 10,58 9,66 
0 51 10 W 6,50 

¿9 

*3.7 

'"ïl 

1,59 

26,9 

8« 1 

m 
29.6 

âi 
55.6 155 
19.» 
iii'ï" .Ii„ 
•0,9 
11,8 

29,4 
67,6 

.6 
70,6 
96,0 
16.- 

51,0 
H.? 

&î 
M 

l6 



Table 2. 

I 
r** 

(Continued) 

ia DM#rlp41«n StorlM 

115 
11* 
117 

11* 
117 
120 
121 

122 

1¾ 

«5 
126 
127 

128 
129 
1» 

151 
132 
133 

13* 
135 

13« 
137 

13* 

139 
140 

141 
142 

Util 

143 

14* 
145 
146 
147 
14« 

149 
150 

151 
152 

Ukll 

Ü3T built 

02a 

02* 

12a 

nr 
tía 

Ola 
on 

- 9,53- M 

:1:3:5:1 
♦17,47a1*,11 
♦17,53*1**04 
*17,59*17,97 
♦17,52*17,90 

♦14,40*15,04 

♦14,19*1*.96 
♦14,45*14,96 
♦14,37*16,8« 

»1 ’t 

mz 
-15,3*- *,7* 

*1 *2 

{♦ 2,«U 5,00 
- o,47* a,« 
-12,70- 0,47 

a,«i* 5,00 
- 0,47* 2,61 
- 9,32- 0,*7 
-12,70- 9,32 

-14,44- 9,3* ♦ *(*1* 5,00 

35:5?: 1:8 1:8 

5,*2 
- «,39- 5,*7 
- *,30- 5,79 

- «,3*- 5,*1 
- «, 38- 5,87 
- 6,30- 5,79 

- 0,09* 0,42 
- 0,02* 0,36 

- 1,10- 0,46 
- 0,90- 0,65 

9,22*13.17 
4,69*13,04 

♦ 3,33*13,00 

-16,44- 9,3* 
-14,57- 9,2* 
-15,39- *,23 

♦ 5,22*13,17 
♦ 4,69*15,04 
♦ 3,33*13,00 

-14,44- 9,36 
-14,57- 9,27 

5.94*11,35 
5,90*11,75 

♦ 4,17* *,*2 
♦ 9,04+ 
♦ 9,24* 

9.6Ö 
9,49 

♦ 6,16* 8,67 
♦ 6,22* 6,60 

(UK) -30,9 -30,5 

♦ 5,90*11,75 

3:KS:S 

-14,44- 9,36 
-14,57- 9,27 

♦ 1,00* 5,00 
- 9.32* 1,00 
-14,41- 9,32 

♦ 2,61* 5,00 
9,32* 2;«1 

-14,41- 9,32 

1,00* 5,00 
- 9,32* 1,00 
-14,41- 9,32 

2,61* 5,00 
- 9,32* 2,61 

1,00* 
- 9,3«' - 

5,00 
5,01 

- 9,32- 5,01 

- 3:~ 3:SS 
2,61* 5,00 

- 9,32* 2,61 

la a 

0,64 5,*4 2,39 

S:5 «US 
í:S ?:S i:S 
0,3* 6,06 *,65 
0,3« 10,60 3,3* 

0,64 5,06 2,39 

M '1$ 
O.'si «lis 90¡)2 
0,51 9,67 5,09 

0,64 5,06 2,39 
0,51 5,31 H,93 
0,51 9,16 5,09 

O.r» 7,95 4,00 
0,'1 8,35 10,32 
0,51 9,67 5,09 

0,51 5,06 2,39 
0,38 5,30 11,93 

0,64 5,41 4,00 
0,25 5,85 4,31 

* 

32,3 1 

«,2 1,50 

0,25 
0,64 
0,25 

0,51 
0,36 

5,83 

1:5 4,00 
*.31 

5,06 2.39 
5,30 11,93 

1.50 9, 

36,8 
61,0 

-12,5 ♦ 8,0 I- 6,9 ♦ 2,05 0,* 20,3 8,95 

a) Pill* fa in «ta panel ul «ai roo» and pandulw aallar (a anda to na « 
Pillar SE I 0M 

One 

SE 
81 

"ST 
811 

"irr 
153 1 
15* Support pillar 

s' 

157 
158 

Pillar S6 

fxeavatlen 
ara und 59 
Pillar S7 

Oa 
Oau 

JBUL 

1p 

Ia- 

11a 

8 

8* 

47 
7 & 

- 0,30* 0,30 
- 0,30* 0,30 
-0,30* 0, 
- 0,30* 0, 
- 0,30* 0, 

- 0,30* 0,30 
- 0,50* 0,50 

- 3,95- 2,95 

-12,27-11,89 

-13,46-12,86 
-13,46-12,66 

-11,44-10,54 
-11,39-10,59 

- 0,81- 0,31 
♦ 0,31* 0,81 
- 1,02* 1,02 
- 1,02- 0,42 
♦ 0,42* 1,02 

- 0,30* 0,30 
- 0,50* 0,50 

: 1:80= i:ë 

- 3,80- 2,80 

-12,75-11,83 

-11,20-10,30 
-11,15-10,35 

- 0,39* 1,04 
- 0,39* 1,0* 
♦ 1,04* 1,43 
♦ 1,*3* 2,6¿ 
♦ 1,43* 2,62 

♦ 0,57* 1,62 
♦ 1,62* 2,62 

♦ 0,57* 1,62 
♦ 1,62* 2,62 

♦ 0,57* 2,62 

* 2,61* 5,00 

: ::a 5:¾ 

♦ 3,00* 6,00 
♦ 5,10* 6,00 

• 2«4j granite 
0,60 0.50 1,43 
0,60 0,50 1,43 
0,60 2,0* 0,39 
0,60 0,60 1,19 
tf«C 0,60 1,19 

0,60 
1,00 

0,60 
1,00 

0,60 0,60 
1,00 1,00 

1,00 
0,36 

0,60 
0,60 

0,90 
0,80 

1,00 

0,90 

0,60 
0,60 

0,90 
0,80 

3:5 

1,00 
0,90 

159 Plat* ovar S? Op (X) -11,39-10,59 -11,05-10,45 ♦ 4,99* 5,09 0,80 0,60 0,10 0,0 2,6 0,1 

160 
161 
162 

163 
164 

165 

4) raal ata raga 
Haopar 18 pa« 
• . 17 teu 
HW aalUr 

SX aallar 

Opan ater*#» 

Toi 
To2 

-14,7 -10,7 

♦15,1 *17,5 
♦18,2 +2512 

♦ 7.0 *24,0 

♦ 9,56+10,41 
♦ 5,9 *12,1 

31:5 =1« 

-85,0 -82,0 

♦ 1,«3* 2,21 
♦ 2,23* 4,25 
♦ 3,50* 5,00 

: 5:8: ?:S 
♦ 1,27* 2,77. 

5:55 5:3 l;§ 
4,0 6,2 1,50 

1,2 
1,2 

2,4 
5,0 

17,0 

5:3 5:8 
3,0 1,50 

/ 

« I 
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*««! 

pasas* 
* K ärä 

i 

Table 3a. Attraction in uGal on S8 + m. 

NO. Abbrtvlatlift) *0,00* 0,0* > 0.11 ■ 0.22 * 0,38 > 0.60 ■ 0,89 » 1,26 ■ 

1 
a 
■ 

i 

5 
« 

I 
4 

11 
ia 

Oa 
O'a 
Oa 
au 

Aft' 
Am 
At 
U> 
V 

i 
i 
» i 
» ix 

i 
ib 
■ 
u 
z 

II 
UI 
IT 
Cb 
Cb 
01 

a 
si« 
in. 

Slo 
Slo 
SI. 

25,89 25,82 25,68 25,*6 25,15 2.,?. 2.,21 25,5? 
0,8. 0,85 0,87 0.91 0,9? 1,05 1¡11 1 20 

- 1,25- 1,27- 1,51- 1,36- 1,M- 1,55- 1 69- 1,8? 
- 0,68- 0,69- 0,71- 0,75- 0,78- 0,3->- 0,91- 1,00 

2.,80 2.,71 2.,53 2.,28 23,90 23,38 22,72 21,90 
- 52,58- 52.78- 55,12- 53,60- 5»,21- 5SS8- 55,51- 55,9? 

0,62 0,63 0,6. 0,66 0,68 0, 71 0,75 0,80 
-119,09-118,19-116,63-11.,25-110,93-106,,60-101,30- 95,1. 
* ‘‘S'S’ ■'Ü'S" ■“ £- ‘•’•S6- ^9,.5- 19,95- 20,53- 21,16 

0,29 0,29 0,29 0,30 0,31 0,32 0,3. 0 36 
- »,31- »,37- »,»7- .,62- »,83- 5,10- 5..3- 5,80 

-193,55-193,01-192,07-190,57-188,.3-185,50-181,68-176,91 
- 0,2> 0,23- 0,23- 0,2.- 0,25- 0,27- 0,29- 0,31 
- 0,.9- 0,50- 0,51- 0.53- 0,55- 0,58- 0,62- 0,66 

- 1,38- 1,39- 1,«- 1,.7- 1,53- 1,61- 1,72- 1,83 
«7,59 «7,11 66,27 6.,98 63,1« 60,76 

-161,81-160,11-15?, 16-152,57-1.6,01-137 “ 
.. “ "M 37,9.-- 

,76 57,77 5.,22 
. ... _ . ,20-125,93-112,07 

51,02 W,»5 39,<»6 37.9» 35,76 32,86 29,16 2.,6. 
27,02 26,71 26,16 25,31 2.,06 22,35 20,10 17,23 

- 0.7^ 0,7.- Q,7»~ 0,75- 0,76- 0,78- 0,81- 0,8» 
- ¢,32- 0,32- 0,32- 0,32- 0,33- 0.33- 0.33- 0.33 
- 27,2.- 26,90- 26,33- 25,*1- 

- ’S:??. 
- 3,03- 3,00- 2,93- 2,8-v- 

2.,12- 
33,36 
2,01- 
2,70- 

31,87 
10,86 

1,«5 
0,»» 

0 
0,37- 

31,50 
10,90 
1,66 

0.*5 
0 
0,37- 
0,09 0,09 

30.89 
10,96 
1,67 

Q.»5 
0,01 
0,37- 

29,9» 

11,05 

1.70 
0,^ 
0,01 
0,37- 
0,09 

28,65 

11.17 

1.?» 
0,.8 

0,03 
0,38- 
0,08 

22,>+- 20,0*- 

¿5>- 2,33- 

17,15 

2,10 

26,99 

11,28 
1,78 

0,50 
0,0» 
0,38- 
0,08 

25,00 

11,37 
1,83 

0,52 
0,06 
0,38- 
0,08 

22,7» 

11..0 

1,88 

0,55 
0,09 
0,38 
0,07 

- 0,28- 

0,2l 

0.21 

0,18 
- 0,.8- 
- •,»>- 

0,28- 

0,21 

0,22 

0,18 
0,.8- 
0,»3- 

0,27- 

0,21 

0,22 

0,18 
0,.7- 
0,»»- 

0,27- 

0,22 

0,23 

0,19 
0,^- 
0,M- 

0,27- 

0,23 

0,23 

0,19 
0,..- 
0,^- 

0,26- 

0,2. 
0,25 

0,20 
0,.7- 
0,^- 

0,2<l- 

0,25 
0,26 

0,22 
0.39- 
0,»5- 

0,22 

0,27 

0,28 

0,23 
0.35 
0,»6 

- 0,73- 0,73- 0,73- 0,71- 0,69- 0,66- 0,62- 0,58 

0,29 
- 0,2^ 
- 0.37- 
- 0,^- 

0,29 
0,2-1- 
0,37- 
0,.8- 

0,30 
0,2>- 
0,37- 
0,.8- 

0,30* 
0,22- 
0,37- 
0,»9- 

0.32 
0,20- 
0,37- 
0,»9- 

0,33 
0,17- 
0,36- 
0,50- 

0,35 
0,1-1- 
0,36- 
0,50- 

0,37 
0,09 
0,35 
0,51 

- 0,80- 0,80- 0,78- 0,77- 0,7^ 0,70- 0,65- 0,58 
0,0» 
0,12- 
0,11- 

0,0» 
0,12- 
0,11- 

0,0. 
0,12- 
0,11- 

0,0. 
0,12- 
0,11- 

0,0» 
0.11- 
0,10- 

0,0. 
0,10- 
0,10- 

0,05 
0,09- 
0,10- 

0,05 
0,08 
0,10 

- 0,19- 0,19- 0,19- 0,18- 0,17- 0,16- 0,1»- 0,13 

* 

18 



Table 3a. (Continued) 

» »■» . ».in ■ l,.a . o. y . „ „ ■ . -TT—, 
i »» no 
1 Wo 
I M Wo 

I - 0Î12- ojll- o(l2- o!ii- o*^ o’lo- S*04 0|Oo I 
1- o.«- mi- S:„- J:iî, 2:¡t •.«; 

1 Wo 

I 49 1 3> 
50 3,¼ 
51 Xm 

■ i‘z ;*r ïz °‘18' °'‘w-o*17* °-1*- oid 

HpiJiJiJÍSjIjd I I *>'* 
52 I S'v 

Ë S 55 S3o 

I - © ti- o il 0#16*0#1^ °^ym 0,1°~ o*°ö 1 1 0#11- 0.11- O.iO- Û QO f%A 0« *«« h _ . » # w# ^ 0,08- 0,07- o û*Î 1 

: ]!| J& S& •& Sill ! “ 
I 

I 54 1 13, 

57 0o 
50 *Jo 

1 Mt* 

R? B B 
Lo^olis- o;,«. S:°¿ S:2- S;«. «;w 0.09 

5» S3. 
I 40 I S3* 
I 41 S3« 

P^sttü. .V ^ j;|j 

S:“ S:“ S:S sg s-s j.c j.» •.« 
U-1-*- *•”: S:5- S& ;æ. î:S 

•2 13« 
43 *3« 

LJLä s»- ss- ss- ss. 1-2. i-.í 
*3« 

1 ** 1 **■ 
45 S*. 

1 44 I S*» 
47 SO. 

- fct 1- f st S& w 2:| o°;d 
- 0,20- o;«- o:!2- 2:2. 2:2: 2:2: 2^: 2-21 

SO» 

48 SO« , 
I 49 SO« 
I 70 .vo« 
I 71 Soa 

’ ï* ïa I'** 0,3*~ °*>3" o.2^-¿d 
S:?! S:“ 5:11.2:¾ 2-¾ s*?; 2-¾ °*» 

- 0,26- oías- 0 25- 2 20- S'av 2*^ 2*22 o*18 
- 0,60- 0.60- o,6v 0;6v 0:62:2:2: kit 2*î2l 

SO« 

72 Soo 
1 73 So« 

70 soo 
75 Soo 

- 0,5V 0,5V 0,51- 0,06- o,4V 0,39- o^ÿv" 0 2ÏI 

- sis. sis. sis- sis. ¡%, si |:S s:'s 
- 0.11- .,11- Sîî: èîî: «•“; s-S; 

I S4o 
74 I n» 
2 w* 

1 78 [ Wo 

■ ït °*19- o*,â- 0,-.41-^^1 

■ 0Í29- oía- oía- 2ía- 2’^?- 2'm- 2*^. 0,2Ä 
»ião- g;g- 2:£ SÄ 2Ä 2:id 

I 79 i KO« 
80 *0« 

I 81 i *t« 

!*¿r o'^r i’iro,3> °jTr ‘»•»^“õ^v-õiad 
- 2.*2I- 2Ä 2'w- S'S 2-¾ 2*2? 1.1« i,27 
- 0,94- 0.96- 0Í96- oí95- SÄ SÄ SÄ 2íw 

42 *0o 
83 *oo 
84 *0o 

- 0.52- 0,50- 0.07- 0,00--d, SV 0.21^-0^6-0¾ 

- S:S- S:S. S;g. «•«. »■» ç,.. 
- ?:«- í:J- %. í:S: :•«- 

*oo 
•5 00« 1 84 1 oo« 

M * h S.-iS- 1,12" 
- 5:82- 8:S2- SÆ 8:8L 8:82.8:82. «•« 

i n- i - :;g 

19 



Table 3a. (Continued) 

m.* AbbrwUtlo ♦0,00 B 0,0* a 0,11 a 0,2a a 0,30 a 0,«0 a 0,09 a 1,30 a 
Wf 
fi,.f 
•9 
» 

ï 

g 

s 
» 

100 

101 
10a 
10s 

10* 
105 
100 

107 
100 

110 

ni 
11a . 
113 
11* 

n» 
no 
117 

no 
119 
1» 
tai 

laa 
1:,'; 
ia* 

■U9 
m ï 
ta? 

Ü 

Sï 

2*2? 2*11 0,11 0,12 0.13 0.13 
0*0* 0,0* 0,05 0,05 0,00 0,06 o)oa o!o9 

I o’it S'il: 2*21: 0,32- 0,31- 0,30- oías- o zt 
— O,1** 0,13- 0,13- 0,13- 0,13- 0,13- 0^13- o!l3 

03a 
0*a 
■ta 

■ O*^" 0,31- 0,30- 0,29- 0,27- 0,at- 0,*1- 0,1? 
0,¾ 0,12 0,12 0,12 0,13 0.1* 0.15 0.1* 

* o’sfil 2'ît: S'ai: 0,15- 0,1*- 0,13- 0,12- oîio - 0,26- 0,26- 0,26- 0,26- 0,26- 0.26- o!26- o!2*S 
«ta - 0,30- 0.30- 0.30- 0,29- 0,27- 0.25- o|a3- 

2'm S’K 0,65 0,66 0,67 0,69 0,71 0.7* 

- S:S- StJi î:S- S:S- 5:¾. ?:2- S:S. ?-S 
•3a 

K 

- 1,21- 1,19- 1,16- l.r- 1,0*- 0,95- 0,aa- 0,66 

' ?*^" 2#22" 202" 0,10- 0,09- O.OO- 0,06- O.O* 
- 0,32- 0.32- 0,32- 0,32- 0,32- ois»- O^l- o!« 

»3* 
03a 
03. 

- 0,*3- 0,*3- 0,*2- 0,*2- 3,*1- 0,*6- 0,37- 0,35 

: S:S: fcS: 1-& 1%: ;:£ S:S: SrS 
03a 
■ta 
■ta 
■ta 

- 0,17- 0,17- 0,17- 0,17- 0,17- 0,17- 0,17- 0,17 

S'5 2’f2_ 2*ÎL 0*î1 °*23 o.a* 0,27 o.so 

- §:& 2:8:2:^ 2:& 2:8:2:8:2:8: M 
WM 
0*a 
0*a 
0*. 

• 0,53- 0,52- 0,51- 0,50- 0,*6- 0,*»- 0,*O- 0,35 

2*2a 2*22 °*2? 0*07 0,08 0,08 0,09 0,10 
I 2'f2~ 2*S: 2*22: S*?- 0*19" o*18“ °*i7- oji* 

°-a14- °»14“ O*14“ 0,1*- 0,1*- 0,1*- O/l*- 0.13 
• 0*a 

0*a 
0*a 
0*a 
0*a 

- 0,27- 0,27- 0,27- 0,26- 0,25- 0,2*- 0,2»> 0,1$ 

0.05 0,05 0,05 0,05 0,05 0,05 0,06 0.06 
- o'ifl a’SL 25 0,02 °*02 °*05 0,03 

2*lt 0.17- 0,16- 0,16- 0,15- ojl* 
0,12- 0,12- o,ia- o,i2- o,i2- o,iz* ojia- ojia 

0*a 
■ta 
«ta 
«ta 
«*• 

- 0,2>- 0,22- 0,22- 0,22- 0,21- 0,20-s 0,19- 0,17 

2*0* 2'ûl 2'Sl 2'«« 2*^ O*14 0.15 0,16 o.o* o,o* o.o* 0,05 o,o5 0,06 o,©? otos 
* 2.«" O.*1“ 0,*1- 0,39- 0,»- 0 36. 0 3î 
* 0,27- 0,27- 0,27- 0,27- 0,27- 0,27- 0.30b o!j6 

■ta 

» 
■> 

- 0,32- 0,52- 0,51- 0,50- 0,*7- 0,*5- 0,*1- 0,35 

2*22 2*2? * o.o« o,o8 0,08 0,09 0,09 0.10 
«'Sa S’il 2*21 °»03 0.03 0,0* 0,0* 0,05 

- 0,32- 0,32- 0,32- 0,31- 0,31- 0,30- 0,29- 0.28 
■3a 

K!'« 
- 0,22- 0,21- 0,21- 0,20- 0,19- 0,18- 0,16- 0,<t3 

n'21 ‘ 2*2? 2*2? 2»°? o*04 o«0* o.o* O.O*1 
2*22 2*22 2*22 0,01 o*01 0,01 0,02 0,02 -.0,08- 0,00- 0,08- 0,07- 0,07- 0,07- 0,06- olo6 

- 0,11- 0,10- 0,10- 0,10- 0,10- 0,10- 0.10- o!ia 

•;.. 

ni 
02a. 

• 0,15- 0,1*- 0.1*- 0,1> Ô,U- 0.1V 0,11- '0,10 
0.0* 0,0* 0,0* 0,0* 0,0* 0,05 0,05 0.05 

” 0,12- 0,«- 0,11- 0,11- 0,11- ojio- oJo9- 0,08 
^ 0**7" 0*67- 0.67- 0,67- 0,67- 0,67- ¢,67- o,*«? 

oaa 

J 
^ 0,75- 0.75- 0,>V 0,7*- 0,»3- 0,72- 0,71- 0.70 

0.1* 0,1* 0,1* 0,1* 0,13 0,16 0.17 0.18 
a*2" 2*2" ®*2" 0,26- 0,25- o:2V 0,22- o,20 

- 0,18- 0,28- 0,28- 0,28- 0,28- 0,28- 0,28- 0.28 
0«a - 0,42- 0,*1- o,*1- 0,*0- 0,38- v,3V 0,33- 0,30 

20 
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îable 3a. (Continued) 

Ma. AlJbrrrUtlañ ♦0,00 ■ 0,0» , 0,11 , 0,22 . 0t3a . 0<60 a 0 M m 1 

128 
«9 
1» 

*2* 
*2« 
K« 

0.11 0,11 
- 0,30» 0.30- 

0,*7 

131 

î» 

«2* 
«2a 
■2a 
■2a 

- 0,«*- 
0.5% 

- 0,9fr- 

o^Zl 

0,11 
0,29- 
0,%«- 

0,12 
0,28- 
0,%8- 

0,12 
0,27- 
0,%8- 

0.55 
0,95- 

- 0,65- 0.85- 

0,85“ 
0.5* 
0,9%- 
0,66- 

0,13 
0,25- 
0,%«- 

■2a 
13% 
135 

*1« 
»la 

- 1,07- 

0.13 
1.05- 
0,13 

1.0%- 

0,fr%- 
0,57 
0,92- 
0,6fr. 
1,01- 

0.62- 

0,59 
0,89- 
0,67- 

0,60- 
0,62 
0,85- 
0.«- 

0,13 0,1a 
0,23- 0|l9 
0.%»- 0,50 

0,55 0,59- 
0,65 0.69 
0,79- 0,72 

0¿1 
0,97- 0,91- 0,03- 0,7% 

136 
137 

*1a 
■la 
»la 

0.T/- 0,16- 0,1*- 0.15- 0,13- 0,10- 0f,07- o!o% 
A. A 6tCk 0% jUa ^ . 

»la 
S:S- S:g- S:S- S-S. s-s 

130 
139 
1%0 

Ola 
Ola 

1%1 
1%2 

01a 
01a 
Ola 

•»** 0*J0 0^1 õjü ÕT» ÕJÕ õíãõ 
0,23- 0,23- 0,23- 0,23- 0,2> 0,23- 0,23- 0J3 

- 0*ïî- ô'îL 2’2_ S*? 0*a 0,21 0,23 0.2% —°.1^ O»1*- 0,1%- 0,16— 0,1%- o!l%- 0 13- o!« 
0.0% 0.01 -/»“Sc——~=—^ *■- 

01a 

^ ^05 õ7o5 ¿7» õTõfr õTõt vk> o^ïï 

iJÆ g:iT SÆ o°Æ g>”. o:g 
• O. íVi— A AA ft i*tft "■'"■i-i " "' '  ... ■■■■ - 

1%3 

1%5 
1%6 
147 

Oao 

Oa 
Oaa 

—1- -, y, —- —. — q,ti 
- 0,09- 0,09- 0,09- 0,08- 0,07- O.Ofr- T.Ô%- 0,02 

■ VT VT 0,a^ ^05- o*°" o'°*- °*« 

1:5 ]:? :ã ?:S 3:2 ig j g 
“ «:s sis 

liH II Is I ?:i 
vo« i.%i i[» i|i ï;“ 

1%9 
150 

1« 
la 

12,62 13,05 13^% 
0,1% 0,1% 

-0,51 0.51 
0,15 

1%«9? 
0,16 

15,70 1%,39 
0,17 0,18 

0,60 

151 
152 

11o 
11» 

0.65 
0,15 

0,65 
0,16 

^L_0i»_0i52__0151 
0,66 0,68 0,69 0,69 

10,08 

0.19 
OiSO. 

7,63 
0,19 
0,48 

0,17 

11 
0,56 0.56 0.56 

153 
160 
161 
162 

lOo 

0,71 0,72 
0.39 0,40 
0 0 
0,01 0,01 

0,31 0,31 

0,17 
0,37 

0,19 
0^36 

0,73 
0,%1 

0 
0,01 

0,7% 
0,%3 

S-* 

0.69 
0,21 

0.67 

0.21 

0_t>1 

0 
0,01 
0,32 

0,75 
0,%5 
0 
0,01 
0,33 

^ W 0.?1 
0,76 
0,%« 
0 
0,02 
0.3% 

0,75 0,72 

0.31 0,53 
0 0 

?•?? 0,02 
0,35 

163 
16% 

0,32 0,32 ®^2 0,33 ÕÍ3% 0,36 0,37 0^39 

— 1 -  ---   ^ ... — p — ■_wjiwa VfVa VaV# a.awt 

I'* 1*2 ;#i4 ^15 «.i—o.« 0;i7 «i« 
■ 0>0* 0»°* Q.Q* 0.06 0,07 0,07 0,08 Q.QQ 

19-1%3 
355=353 

1-153 
liffiiih 

160-165 C«6l 

i'ft. 

21 
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Table 3b. Attraction 
N», IbbMvUtioè «0,00 

in uGal on S8 + m. 

il 

4» 
♦5 

I 
B 
U 

£ 

1 
Ik 
■ 

_5i_ 

-W,77-i1fi,1>-195,03-193,3l-190,a}-1«7,54-i83,30-178,0? 
0,15- 
0,19- 
0,14- 
0,0ft- 
0,05- 
0,07- 
0,02- 
0 

0,15- 
0,19- 
0,14- 
0,06- 
0,05- 
0,07- 
0,02- 
0 

0,16- 
0,20- 
0,14- 
0,06- 
0,05- 
9,07- 
0,02- 
0 

0,16- 
0,21- 
0,-15- 
0,07- 
0,06- 
0,07- 
0,02- 
0 - 0,68- 0,69- 

64,78 64,22 

0,17- 
0,22- 
0,15- 
0,07- 
0,06- 
0,07- 
0,02- 
0 

0,19- 
0,.-3- 
0,17- 
0,08- 
0,06- 
0,07- 
0,02- 
0 

0,70- 0,73- 0,76- 
63,28 61,82 59.80 

. I'll ’S-2. ’S'2- "'S «.a 0,84- 
0,22- 0,84- 

0,22- 
- 28,10- 27,81- 27,27- 26,46- 25,27 

61.91 41,03 

: V.S: \f- ‘-t- 

0,82- 0,88- 

« i-- 14-78 13Î«1 0,86- -0,87- 0,90- 0,93- 
0¿22 ,0,23- 0,23- 0, 

38,60 38,11 
3.37 3,40 
0,72 0,73 
0,1? 0,1? 

- 0,04- 0,03- 
- 0,34- 0,34- 

-gjg» 

1,43- 

39,69 37,85 
2,26- 2,16- 
V*1- 1,39- 

36.02 34,30 
3,5¾ 3,70 
0,76 0,79 
0,18 0,19 

23,65- 21,57- 18,98 
35,52 32,73 29,61 

il3^ i!32- lllft 
32.13 29,53 
3,87 4,08 
0,82 0,87 
0,20 0,22 

26,66 
♦,32 

0,11 



Table 3b. (Continued) 

i bbrtvltllM ♦0,00 ■ 0,0* ■ 0,11 ■ 0,22 > 0,30 > 0,60 « 0,09 « 1,26 « 

' %* 
*ï 
« 

»9 
50 
51 

52 

S 

50 
57 
sa 

» 
ao 
11 

12 
*3 

6* 
« 
M 
i? 

ta 
«9 
70 
71 

72 

! 
75 

75 
77 
10 

¡0 
ti 

02 
05 
0« 

n« 
oí« 
ti* 

2*2? 2*2? o,o* o,o2 o,o2 0,02 0.02 0.02 
I S'aîl °*08“ ®*ofl" C.oe- 0,07- 0,06 

0,07- 0,07- 0,07- 0,07- 0,07- 0^07- o!o7- o!o? 
no 

S5 
s> 

- 0,14- 0,14- 0,t*- 0,15- 0,15- 0,1>- 0,12- 0,11 

2*2 2*2 2*2 2*2 0.» 0,51 0.32 
2*25 2*2t 2*25 °*04 0*°8 0,09 o¡i2 0!« 

■I". 0,72~ 0.72- 0,72- 0,71- 0,71- 0,70* 0,68- o!66 
«> - 0,41- 0,40- 0,40- 0,37- 0,34- 0,51- 0,25- 0,19 

- 0,55- 0,32- 0,32- 0,30- 0,29- 0,26- 0i2J- 0,10 

- 2*2L 2*22 2*22 2*2* ®*M o.ca 0.02 
I 2*2*1 2*22: 2*22- ®*01‘ ®>®1- 0,01- o!oi 0 -r..®f®^~ ®*®g- 0.05- 0,05- 0,05- 0,05- 0.0S. J 05 

SV» 
■Jo 
■Jo 
■Jo 

- 0,05- 0,05- 0,05- 0,04- 0,04- 0,04- 0,04- 0,03 

- °»®- ®*a5- ®**5- 0,25- 0,25- 0,25- 0,25- 0,24 

- SS. S:S- S:S. S8. fc». s.«. 5-2 
■Jo 
S3« 

a 

- 0,07- 0,07- 0,07- 0,06- 0,05- 0,05- 0,04- 0,03 

- it •:«- it iii. it it it i;S 
S3« 
■3« 
■3« 

- a.«- a.»- a.»- a,«- ,.n- 1.« 

- ?:«- S;S- 5:8. $$. 5:8.5:51.5-2.5-r, 
■3« 
Mo 
3«o 
3«o 
S*o 

0,»- 0,30- 0,36- 0,56- 0,51- 0,47- 0,42- 0,35 

2*2x 2*2? 2*« ®»1® ®*ia ®»11 0,20 0.22 
- 2*2? 2*22 2*2i_ ®*22 ®*05 ® o* ®.S o!io 
- o*j4- o'j*- 2*34- 0*5£ ®*^®” ®*^j” ® ®*^* 

3*0 
34« 
34« 
34« 
34« 

• OfTS* 0f75- 0*7%- 0»71- 0*69- 0»6$- 0961- 0 5% 

2*2 2*2 ®*39 0,40 0,41 0.43 0.46 o'** 
- 2*2L 2*2« 2*22 ®*®2 ®»11 ®»14 o'18 olal ®*J9~ 0,40- 0,47- 0,46- 0,44- 0,41- 0¡37- o!52 
- 0,90- 0,89- 0.09- 0,89- 0,89- ©loo- o!oo- oil? 

34« 

300 
04« 
3*0 
9*0 

0,94- 0,92- 0,89- 0,06- 0,89- 0,72- 0,61- 0,48 

2*2? 2*2? 2*2? 2'2? ®*05 ®*®4 ®»o* o,o6 
- 2’?1- 2*?*_ 2*21 ®•®', ®*®1 o,oi o.S 
I î'vZ ?*??: 2*2?: 2*1?” ®*1>- ®*12- oí«- oî“ 

- ®*1®:..ö»10- ®*1®- 0;io- 0,10- 0,10- olio- oíio 
9*0 
9*0 . 
■*« 

■ 0,1*- 0,19- 0,19- 0,19- 0,18- 0,18- 0,17- 0,16 

- 2:2- 2:2. 2:2- 2*»- 2*2. 2*2. 2*2- ®*18 
-2:ai: $:& 2:^. 2:2: 00:2:2:1?: 2*2 

* i*r o,>_ o*3>- ®-»- «.2* 

: it Sis: it Sit it it it !:§ 
■4« 
*** 

■*0 

■* 0.40- 0,47- «,45- 0,*3- 0,38- 0,32- 0.24- 0,14 

- 0*28- 2*2?- 2*2? 2*2?. 2*22 0'®* O.®» . 0,05 
- 2*22: 2*S 2*22“ S*22" ®*07- ®*° - 0,07- o o* - 0,77- 0,77- 0,77- 0.77- 0,77- 0,76- 0Í76- 0:¾ 

05 
Oi 

n* 
o*« ■ 
04« 

- 0.82- 0,82- 0,82- 0,81- 0.80- ¢,79- 0,78- 0,77 
0,01 0,01 0,01 0,01 0.01 0.01 fl oi a «« 

-o.,- .io- ,:S. S:£. »¡s 
0*« - 0.05- 0.03- o,o>- o,o3- o.oj- o.oj- 0,03-0,03 



Table 3b. (Continued) 

m. i WirwUtlM ♦0,00 a 0,01 a 0,11 a 0,22 a 0 3« a 0,60 a 0,89 a 1,2« a 

•? 
M 

il 
*1 
92 
9J 

S 

iS 

101 
102 
10> 

100 
109 
10« 

10? 
10« 
109 
110 

ni 
912 
11J 
■m 

115 
11« 
11? 

118 
119 
120 • 
121 

I 
125 
12« 
12? ’ 

03m 0,05 0,05 0,0« 0,06 0,0« 0,0« 0,0? 0,07 
£*§1. 2*21 ^02 0*02 ®»w «.os ojoi 

* 20,22- 0,22- 0,21- 0,20- olifi 
- 0,09- 0,09- 0,09- 0,09- 0,09- 0,09- 0,09- 0¡09 

. 
«la 
•m» 
•la 

- 0,26- 0,26- 0,25- 0,23- 0,22- 0,21- 0,19- 0,16 

£'1? £'!£ £02 0.19 0,20 0,22 0,23 0,25 
- 0,33- 0,33- 0,32* 0,31- 0,30- 0,29- 0,26- olí) 
- 0.10- 0,40- 0,10- O.io- olio- olSP 0,l£ olió 

1%« 

s 
«. 

• 0,55- 0,55- 0,53- 0,52- 0,50- 0,17- 0,«> 0,38 

M2 ‘‘i4® 1»50 1.55 1,55 1,57 
S'ü 2*S o»44 O*53 0,65 olai 0Î99 

- 3,97- 3,96- 3,96- 3.96- 3,91- 3,92- 3¡87- 3.¾ 
■3a 
«3a 
*3t 

- 2,22- 2,18- 2,13- 2,01- 1,91- 1,7l- 1,51- 1,22 
" 0,12- 0,12- 0.12- 0,11- 0,11- 0,10- 0,08- 0,06 
" 0,29- 0,29- 0,29- 0,29- 0,29- 0,29- 0,29- 0)28 

■3a 

S£ 

* 0,11- 0,11- 0,61- 0,10- 0,10- 0,39- 0,37- 0,3i 
‘ 0,03- 0,03- 0,03- 0,03- 0,03- 0,03- 0.03- 0,03 
- 0,08- 0,08- 0,08- 0,08- 0,07- 0,07- 0,07- 0¡07 

03a 
«la 
Ma 

- 0,11- 0,11- 0,11- 0,11- 0,10- 0,10- 0,10- 0,10 
O.I9 0,19 0,20 0,21 0,23 0,25 0,29 0,32 

* £’!£i £'2t 0,4a’ o*48- o*44- o.44” °.41 * 0*10- 0,10- 0,10- 0,10- 0,10- 0,10- 0,10- 0.11 
«ta 
Ola 
Ola 
Ola 

■ 0,71- 0,70- 0,69- 0,67- 0,66- 0,61- 0,5«- 0,50 
£.03 0,03 0,03 0,01 0,01 0,01 0,05 0,05 

■ 0,11- 0,14- 0,14- 0,14- 0,13- 0,13- 0,12- 0,11 
- 0,10- 0,10- 0,10- 0,10- 0,10- 0,10- 0,09- 0*09 

Ola 
Ola 
Ola 
Ola 
Ola 

- 0,21- 0,21- 0,21- 0,20- 0,19- 0,19- 0,16- 0,15 
£.03 0,03 0,03 0,03 0,03 0,04 0,01 0,04 
0.01 0,01 0,01 0,01 0,01 0,01 0,02 0,02 

“ 0,15- 0,15- 0,15- 0,14- 0,14- 0,14- o!l3- o!l2 
- 0,10- 0,10- 0,10- 0,10- 0,10- 0,10- 0.10- o!io 

Ola 
■la 
«la 
«la 
«la 

- 0,21- 0,21- 0,21- 0,20- 0,20- 0,19- 0,17- 0,16 

£*5 £'SI £** £'52 O*20 O»29 0.31 0,35 
£'££ £*S £•* 0.06 0,08 0,10 0Ï12 0,15 

- 0,95- 0,95- 0,94- 0,93- 0,91- 0,89- o!b5- oleo 
- 0,45- 0,45- 0,45- 0,46- 0,46- 0,46- 0,46- 0.47 

«la 
«3a 

K 

- 1,11- 1,09- 1,08- 1,06- 1,01- 0*96- 0,88- 0,79 
0,19 0,19 0,20 0,20 0,21 0,22 0.22 0.21 

2-¾ £•£_ ».S? 0 0« 0 os 510 0 « 
- 0.73- 0,75- 0,75- 0,74- 0,74- 0,73- 0¡71- o!«9 

. Wa - 0.52- 0,52- 0^1- 0,49- 0,17- 0,43- 0,39- 0,33 
0*02 . 0,02 0,02 0,02 0,03 0,03 0,03 0,03 
£~, £~. 0 o.®1 «.01 0,01 0,01 

” 2*£2l £*£2ü £.£Z“ 0,07- 0,07- o,o«- 0,0«- o'o6 
- 0,09- 0,09- 0,09- 0,09- 0,09- 0,08- 0.08- o!o8 

£ 
•to- 
02a 

- 0,14- 0,11- 0,11- 0,13- 0,12- 0,11- 0,10- 0,V 

£•£1 £*£? 0.03 0,03 0,03 0,03 0,01 0,04 
* 0,12- 0.11- 0,11- 0,11- 0,11- 0,10- 0,09- o!08 
- 0,48- 0,48- 0,48- 0,48- 0,48- 0.48- 0.48- olí? 

02a 
•8a 

02a 

- 0,57- 0,5*- 0,5«- 0,56- 0,56- 0,55- 0,53- 0,51 
0.06 0,06 0,06 0,0« 0,06 0,07 0,07 0.08 

- 0.16- 0,16- 0,16- 0,15- 0|15- 0 11- oîl3- O.'ll 
- 0,17- 0,17- 0,17- 0,17- 0,17- 0,17- o!l£ 0¡16 

02a - 0,27- 0,27- 0,27- q,a«- o,26- ^,24- 0,22- 0^0 



(Continued) 

-HJ 

145 
IV, 
-H? 
140 

•m 
130 

151 
1» 

15J 

160 
161 
162 

165 
164 

1« 

0»o 
Ono 
Ob 
Om 

ÏZ ÏZ ^ *•<”- 6*05 o. O- 0.09- 0,09- 0,09- 0,00- 0,00- 0,07- 0,06 

* fccv Õ;”l ®;S g g'2 •»OS 0.07 

JliLâjLlMjI 
lo 
-u 

ru 
11m 
11 

6 

«1«  r-r; -i—  ' ’ O, OS 
F* «•» •.» M. 

0.» o,m 0.M ;;; ^ 

«.75 45,02 59,15 J1.57 2J.51 16,41 11,02 7,30 

o’S 2*22 -S* m2 0,01 0,01 0,01 0.02 0 02 

ñ’? 0,38 arM *;” 0*30 0*30 0.31 n «« a *«» r'rr-*- o.3¿~ o.» ..y C|M .fj, 0;x 0|¿- 

ftS 5:S 

4^»' ^ 

0,»5 0,4« 0,47 0,1* 0,30 0,» 0,56 0,60 

25 
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Table 3c. Attraction in yGal on SI + ... m. 

1k, bbr«viAtl«l i *0,00 « 0,04 ■ 0,11 ■ 0,22 ■ 0,30 a 0,«0 a 0,09 ■ 1,20 

OU 
0« 
O'B 

4»* 
im 
A» 
*»• 
AU. 

U 
M 

B 

Xk 
B 
Bg 

X 
n 
m 
IT 

X2a 

fia 

fia 

‘¡•.S 

: !:it- 
20,97 

VS- 
0,93- 

20,82 26,60 26,27 25,63 25,26 24,56 
0,66 0,70 0,76 0,85 0,95 1,06 
1,01- 1,07- 1,15- 1,20- 1,40- 1,5? 

~V 0,02— “ 0,94- 0,58- 0,68- 0,76- ?I?6 
26,19 26,09 25,93 25,65 25,26 24,74 24,05 23,17 

- 47,98- 48,30- 48,84- 49,62- 50,6V 51.8O- 52,99- 54,03 
0,45 0,46 0,47 0,49 0,51 0,54 0,58 0,62 

-1>2,82-131,73-129,87-127,02-12>,04-1-i?,87-111,58-104,28 
- 16,27- 16,40- 16,6V 16,97- 17,44- 18,04- 18,7V 19,55 

0,22 
- 3,37- 

0,22 
3*4V 

0,23 
h*- 

0,23 
3^72- 

0,24 
3,9V 

0.25 
4,28- 

0,27 0,29 
- - 5,11. 4,87- 

-199,77-199,18-198,18-196,61-194,32-191,20-187,15-182,06 

0,2V 
o.£- 
0,17- 
0,0V 
0,0V 
0,08- 
0,0V 

0,2V 
0,32- 
0,17- 
0,0V 
0,09- 
0,08- 
0,0V 
0 

0,2V 
0,3 V 
0,18- 
0,0V 
0,0V 
0,08- 
0,0V 
0_ 

0,27- 
0,34- 
0,1V 
0,10- 
0,0V 
0,08- 
0,0V 
0_ 

0,2V 
0,3V 
0,1V 
0,1V 
0,10- 
o.ov 
0,0V 
•_ 

0,31- 
0,3V 
0,2V 
0,11- 
0.10- 
0,0V 
0,0V 
0_ 

0,34- 
0,42- 
0,22- 
0,12- 
0,11- 
0,0V 
o,rv 
0_- 

0,37 
0,46 
0,24 
0,13 
0,12 
0,10 
0,04 

- 1,0V 1,0V 1 CV 1,0V 1,1V 1,2V 1,3V 1,47 
66,06 65,50 64,54 63,07 61.01 58.33 55,06 51,25 

-160,22^58| " ‘ * * 

- 0,8V 
- 0,2V 

0,8V 
0,2V 

0,85- 
0,2V 

0,8V 0,8V 0,9V 
0,2V 0,2V 0,2V 

0,9V 
0,2V 

0,99 
0,23 

- 28,3V 28,0V 27,5V 26,67- 25,4V 23,86- 21,7V 19,15 
44,07 43,53 42,61 41,21 39.29 36,64 33,92 30,63 

- 2,71- 2,67- 2,62- 2,5V 2,41- 2,2V 2,0V 1,83 
- 3,6V 3,5V 3,51- 3,3V 3,2V 3,0V 2,7V 2,47 

37,72 
3,42 
1,77 
0,23 

- 0,07- 

- $:r 

37,27 
3.46 
1,78 

0,23 
0,07- 

S:S- 

36,48 

3,52 
1,81 
0,24 
0,0V 
0,52- 
0,14 

35,29 
3,62 

1,84 
0,24 

0,0V 
0 52- 
0,13 

33,65 
3,75 
1,89 

0,25 

0,02 
0,5V 
0,13 

31,58 29,11 

3,93 4,14 

1,96 2,03 

0,27 0,28 

0 0,04 
0,5V 0,5V 
0,13 0,12 

26,33 
6.38 
2,10 

0,31 

0,09 
0,56 
0,11 

- 0,45- 
0,43 
0,47 

- 1,01- 
- 0,60- 

0,4V 
0.63 
0,68 

°1’,S- 
0.6V 

0,4V 

0.44 

0,49 

VM- 
0,60- 

0,4V 

0,46 

0,50 

S' 0, 

0,61- 

0,42- 
0,48 

0,52 
0,36 
0,9V 

0,41- 

0,50 
0,55 

-OjOv 

0,3V 
0.53 
0,58 

0,41 

-0x6V 

0,36 
0,57 
0,62 
0,43 
0,80 

J2x*L 
- 1,2V 

. 0,60 
- 0,7V 

0,7V - 0,68- 

1,2V 1,2V 
0,61 0,62 

&& S:r- 
0,68- 0,6V 

1,2V 1,21- 
0,v 
0,6V 
0,71- 
0,6V 

0,87 
0,6V 
0,71- 
0,70- 

1,17- 

0,71 

S'.r- 
0,72- 

- 1,5V 
0,02 

- 0,0V - 0,08- 

1.52- 
0,02 0,02 
0,0V 0,0V 
0,06- 0,08- 

1,5V 1,4V 
0,02 
0,0V 
OjjOV 

1,3V 
0,02 
0,0V 
0,07- 

1,32- 
0,02 
0,0V 
0,07- 

1,1V 

0,75 
o.£- 
oJtv 
1,22- 
0,03 
0,07— 
°igZr- 

1,03 
0,79 

VM 
*iZL 
1,10 

0.03 
o;o7 
ml 

0,1V 0,1V 0.1V 0,1V 0,1V 0,1V 0,12- 0,11 

26 



Table 3c. (Continued) 

" #*17- “•TO- o.-»*- «.li- o,ij- 0.4*- 

:j£ !& iS: 1¾ ?:i- ?:5 0,29- 0^ 0.29- 0.29- 
,ja- 

0.30- 
A-é- ‘»•J1 
0,37- 0,35 
0,30- 0,30 

î*£’ l'îl' ^ °*47- 0-^ 0.^^5754- 
ô:2- i:H «.« 0,7* ^ 0.93 

_-_o,85- o,s5- oV S:E- 2:2: 2*2: 2>»- «•» 
~ 0.-/1- 0.90- 0.**- 6 41- ¢,5^- 0 . 0,81 

0.0* 
- 0.09- 
-1,06- 

0,0» 
0,09- 
1,06- 

- 1,11- 
0,01 

0,09 
0.09- 
1.06- 

1,11- 
0,01 
0,09- 

0,09 

?;22: 
1.«- 
0,01 
0,09- 

1.11- 
0,01 
0,09- 

0795^ *,»- d.ir 
0*05 0,05 0,06 
S’SÎ“ 2*°5_ O’°o _ 1*07- 1,07- 1.07 

TTû- 1.11- i.io- H,09' 

0,09 
0,09- 
1,06- 

0,01 
0,09- 

0,01 
0,09- 

0,01 
0,09- 

0.01 
0.09 

o,o>- o.oj- 0,03- o,oy o.o> o,o>.o,oj-:.*’03 

27 



Table 3c. (Continued) 
-Nk. k »bwution •0,00 k 0,0k k 0,11 a 0,22 k 0,38 k 0,60 k 0,89 k 1,2fi m 

•7 
M 
•9 
90 

91 

» 

B 
97 
90 

99 
100 

101 
102 
103 

10k 
105 
100 

107 
ioe 
2? no 

in 
■m 
H3 
no 

115 
no ■ 
il? 

no . 

•ai 

12t 
as 
•Uk 

as 
ac 
a? 

03« 
.. 

li 

0*06 0,06 0,06 0,06 0,06 0,07 0.07 0.08 
0,01 0,01 0,01 0,02 0,02 0,03 0 03 0*0« 

* ®»2?- 0,23- 0,22- 0,22- 0,21- 
- 0,09- 0,09- 0,09- 0,09- 0,09- 0,09- 0,09- o!o9 

03k 
Mk 
«k 

- 0,25- 0,25- 0,25- 0,23- 0,22- 0,20- 0,18- 0,16 
•»* 0,19 0,19 0,20 0,22 0,2k «.» 

■ 0,33- 0,33- 0,»- 0,»- 0,30- 0,29- 0^27- o!S 
" O»40“ O.kO- 0,kO- O.kO- 0,k0- O.kO- O.kO- o!kO 

g 
* 0,55- 0,55- 0,5k- 0,53-0,50- 0,k7- 0,k3- 0,38 

1*8 2*8 1,S5 V*2 1,6k 1,67 1.70 X?1 
- k S- k’It. î’Jî- 2*8 0,2 ' °*®’ k,29- k,29- 4,29- k,28- k,27- 4,2k- 4.19- ^lo 

<3k 
13k 

-ga 

- 2,37- 2,34- 2,28- 2,18- 2,05- 1,85- 1,60- \31 
* 2'Î2“ 0,23- C,23- 0,22- 0,21- 0,19- 0,16- 0.13 
- 0,46- 0,46- 0,46- 0,46- 0,46- 0.46I 0^46- oîw 

■3k 
03k 
03k 

- 0,70- 0,69- 0,69- 0,66- 0,67- 0,66- 0,62- 0,59 

' 2*22r O’**- 0,04- 0,04- 0,04- 0,04- 0,03 
- 0,09- 0,09- 0,09- 0,09- 0,08- 0.08- o!oa- o!oa 

03k 
■ka 
**k 

- 0,13- 0,13- 0,13- 0,13- 0,12- 0,12- O.a- 0,11 
0*27 $¢27 0926 0§30 0*32 o*36 0.40 « 

• 0|6Ô- 0,67** 0,66- 0,65** 0,64— 0,63- 0.60- 0*56 
- 0,40- 0.49- 0.50- o:^ obo- olS: Sift oîii 

04« 
04« 
04« 

- 0,90- 0,89- 0,88- 0,85- 0,82- 0,77- 0,71- 0,62 

2*22 0,04 0,04 0,04 0,04 0,05 0,05 0,06 
" ?»25“ o»25“ ?*15' 0,15- o,i5- o,ik- oîi>- o.a 

0.11- 0.11- 0.11- ¢,10- 0.10- 0,10- 0.10- ojio 
Okk 
Oki 
Oka 
Okk 
Oka 

■ 0,22- 0<22- 0,22- 0,21- 0,20- 0,19- 0,18- "o,Ï6 

2*2i S*« 2*2? 2*2? 2*0? °*03 o*03- °.o» 2*2? 2*2? 2*21 o,oi 0,01 0,01 0.01 0.02 
2*noZ 2'2al 2*2?“ 0,13- 0,13- 0,12- O.a- 0,11 

- 0,09- 0,09- 0,09- 0,09- 0,09- 0,09- 0.09- o!c9 
Oka 
«ka 
*ka 
•ka 
Ma 

- 0,19- 0,19- 0,18- 0,18- O.a- 0,17- 0,-16- 0,15 
- o.a o.a 0,19 0.19 o.a) 0.21 02» - 

0,03 0,03 0,0k 0,05 0,06 0,07 0*09 0*11 
" 2*to” 2*îî” 2*m" °*69“ 0,M- 0,66- 0,63- 0159 
- 0,37- 0,37- 0,37- 0,37- 0,37- 0,37- OÍ37- ota 

•l« 

S 
• 0,87- 0,86- 0,8k- 0,82- 0,79- 0,75- 0,69- 0,62 

2*22 2*22 2*22 o.a o,n 0,11 o.a 0,12 
• 0,02 0,02 0,02 0,02 0.03 0.0k 05 o’c'L 

- oîa- oiks- oikj- oiil- o^i- 2:23- 2:21- 2:22 
U» . 
03. 

• 0,33- 0.Í3- 0,33- O.a- 0,30- 0,28- 0,25- 0,22. 
0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,03 

- 0,86- 2,06- 0,06- 0,06- 0.06- ojoj- 2î5- O*« 
” 0,08- 0,06- 0,08- 0,08- 0,08- 0,07- 0.07- o!o7 

03* 
02a 

-So 
02a 

- o.a- o.a- o,a- 0,12- 0,11- 0,10- 0,09- «.es 
0.02 0,02 0,02 0,03 0,03 0,03 0.03 6.03 

2*2?~ 0»0f" 8,09- 0,09- 0,08- 0,07- ojo? 
- 0,k?- 0,47- 0.46- 0.46- 0,46- O^ ojkô- ota 

r 02a 
02k 
.« 
02k 

~” 0,54- 0,5k- 0.53- 0,52- 0.»- 0,51“ 6,50- 0,5C 
0,07 0,07 0,07 0,06 0,06 0,09 0,09 6.10 

■■ 0.20- 0.20*- 0.19“ 0.19“ 0.10«* Oâlfl“ 0*16~* 0^14 
- 0,20- 0,20- 0,30- 0:20- 0:20- oll9- oÆ 6*3’ 

02k - 0.33- 0,33- 0,32- 6,31- 0,36- «,28- 0,26- 0,2k 



Table 3c. (Continued) 

Wo. I >br»vlatían »0,00 ■ 0,0» ■ otii ■ ¢,38 ■ ¢,60 ■ 0^9 

~T¿ppti 
5- ia Building 

V W- ~W~ -»'-w 

J.A«' »:» ¿S' ¿:.T 4:^- 4:ÍT i:!5* 12 
V453 

160-1*5 Coni 
-413.08-146,33-150,90-1^5,62-156,75-159,20-157,19-^52, « 

0.S1 0.C2 0.65 0,65 0.67 0.70 0.75 0,77 

29 



es
ss
 

*
*
*
 »

 y
 

av
Ti

 «
 s

 s
 

33
3 

Table 3d. Attraction In yGal on 32 + m. 

'ilbravlrtiM Mb. ♦0,00 ■ 0,0» ■ 0,11 » 0,22 ■ 0,ja ■ 0,60 ■ 0,09 ■ 1,26 ■ 

*1 
2 
:i 
6 

9 
lí, 
? 
IS 

4 

11 

o* *9.59 *9,95 *9,6? 
O'* 0,01 0,01 0,02 
«• - 0,1J- 0,16- 0,15- 
o*« - 0,06- 00»- 0,05- 

*9,65 29.36 29,29 
12,68- 15,15- 15,57- 

*** 0,12 0,15 0,15 ■ 1,95- *,00- 2,06- 
|8 • - 0,87- 0,89- 0,91- 
Aa* 0,02 0,02 0,02 
V» - 0,09- 0,10- 0,10- 

M 

8 
8 
81 
an 

29,35 *9,18 28,96 *8,69 28,23 
O.M 0,03 0,06 0,05 0,07 
0,17- 0,20- 0,23- 0,28- 0,36 
0,06- 0,07- 0,03- 0,10- 0,12 

15.65- 15,97 
1,56- 
0,06- 
0,06- 
0,06- 
0,03- 
0,02- 
0,59- 
0,05- 

29,16 
16,26- 
0,16 
2,20- 
0,95- 
0C02 
0,12- 

28,96 28,67 
15.17- 16,35- 
0,15 0,16 
2,38- 
1,01- 
0,02 
0,14- 

2,62 
1,09- 
0,02 
o, lo¬ 

as,3o *7.86 
17,77- 19,32 
0,18 0,21 
2,93- * 
1,20- 
0,02 
0,20- 

3,31 
1.36 
0,03 
0,26 

1,62- 
0,06- 
0,06- 
0,06- 
0,06- 
0,02- 
0,60- 
0,06- 

16,51- 
1.69- 
0,06- 
0,06- 
0,07- 
0,06- 
0,02- 
0,62- 
0,07- 

17,35- 18,53- 20,06- *1,90- *1,9? 
1,60- 1,96- 2,15- 
0,07- 0,08- 0,09- 
0,06- 0,05- 0,05- 
0,07- 0,08- 0,09- 
0,06-1 0,06- 0,05- 
0,02- 0,02- 0,02- 
0,66- 0,67- 0,TO¬ 
MB- . 

- *,63- 2,50- 
0,60 0,61 

* *:«' 
- 3:S- 3:¾. 

0,05- 0,05- 

M1- 0j16- 

2,37- 
0,10- 
0,06- 
0,10- 
0,06- 
0,02- 
0.76- 
0,17- 

2,61 
0,12 
0,07 
0,12 
0,06 
0,02 
0,76 
0,20 

2,76- 3,01- 3,29- 3,62- 3,96 

0,23- 0,75 

30 
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Table 3d« (Continued’» 

«« 
♦7 
46 

»6 

5? 

» 
53 
56 
55 

4; 

57 
56 

» 
«0 
M. 

63 

«4 
•5 
66 
67 

M. r r p p at 5C 85 

® : g k g:SI: k k k: k m# 
*3* 
S3» 
S3» 

0,05- 0,05- 
0,02 0,02 0,02 
0. 0 0 
0,11- 0,11- _0, 

0,04- 0,06- 0,04- 0,« 
0,02 
0 

—°»11-. 

0,02 
0 
0,11- 

0,04- 0,06- 0,04 

0,02 0,02 
0 0 
0,11- 0.10 

0,02 
0 
0,11- 

0,06- 0,06 
0,05- 0,05 

S • 0 0 o 
0,01- 0,01 

31 
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Table 3d. (Continued) 

s 
8 

8 
8 

g 

.. 

0> 

_5- 

*°t00 ■ >t04 ■ °»11 ■ » •.ai ■ ¢.60 ■ o,w . 1tW a 

1,<*- 1,04- 1|04- 
• • « 

gl- 0,01- 0,91-. ¢^. 1 
0.01- O.pi- 0,01- 0.01- 

O*®1 §,#1 J'*1 

» SÆ 1:¾ .¾ 

1iW“ 1.M» 1(07- 1(10 

_0L01- 0.01- 0.01. • o o o 
I- 0,01 

0,06- 0,0<- 0,06- *,»■- *,*•- 8,04- 0(06- 

îîL Muid; 

0(01- 0,01- 0,01- 0,01 

S*®1 J*®1 {••l *.01 

o*2L S*23“ •••t* *.oi o,o>» o,oa- o.oa» o,oa 
0,00- 0,06-.0(01- 0,09 

% i;s- «* ^ 
0,6*- 0,63- 0,6â- 

ääää 
6,60- 0,36- o,3ï- 0,*9 

o#:2i5 0#:3i iX 
0.61- 0.70- 0,70- 0,75 

63a 

63a 

Ä. 

0,7*- 
0,3*- 
kf 
0,60- 

jÆ 

o,7*- o,?a- 0,71- 

^ SÆ SÆ 
Xrh 0,70- 0,7*- 
«.«1- 0,01- 0,01- 
0,03- 0,03- 0,03- 

0,60- 0,05- 0,01- oTs* 
2’S" 2*îî“ o.*7- 6,o* _0,*7- 6,47- 0,40- 0.*« 

6,70- 0,76- 0,73- 0,7a 
«.$1- 0,01- 0,01- 0,01 
o,o>- o.oa- 0,06- otea 

03a 

0*a 
«>*a 
0** 

0,0*- 0,0*- 0,0*- 

1:8: 
o 
0,03- 

3,06- 
0,01 

ÎÆ 

_9""- 
0,0*- 0,03- 0,63- 0,03 

a a a a 
Tï*- a,3i- *,i*- 
!'Î2 5*2! «¿«i 

0,00- 0,09- 0,06-" 
• J • 

0.01” 0,0*- 
0,03- 0,03- 0.03- 

•iS: S;8: 0, 0,03- 
0,0* 

6,06- 0,06- 0,07- 
0 .,.1 

hz ï.l£ SS: 

1,61 
0,61 
0,0* 
0,03 

32 



Table 3d. (Continued) 

No. ib >r«vlAttoi ♦0,00 a 0,0* a 0,11 a 0,22 a 0,3« • «,60 a 0»«9 a 1 26 a 
122 
IM ia* 
i» 
126 
127 

12« 
1« 
1» 

Ul 
13» 
133 

13* 
133 

136 
137 

13« 
139 
1*0 

1*1 
1*2 

1*3 
133 
160 
161 
162 

163 
16* 

165 

02* 
02* 
02« 

OOOooaa'. 
" 0.02- 0,02- 0,02- 0,02- 0,02- 0.02- 0 02- 0 01 
- 0,10- 0,10- 0,10- 0,10- 0.10- 0,09- 0.09- o!o9 

02* 
02* 
02a 
02a 

- 0,12- 0,12- 0,12- 0,12- 0,12- 0,11* #,11- ¢,¾) 

- ï:«- !:ïï- l:ïi “.¡a. S:S. ;;s. ;;s. 
- 0,06- 0,06- 0,06- o:06- O^ o!^ oîSl Sí” 

02a 
K* 
■2a 
«2* 

- 0,11- 0,11- 0,11- 0,11- 0,10- 0,10- 0.09- 0,09 

: «:£- S:S2- VXi fcS- J:S- J;S- 2:¾ 
-I 0f10- O.K>- 0.10- 0.10- 0,10- 0.10- 0:¾ 

«2* 
«2a 
■2a 
■2a 

- 0.15- 0.15- 0,15- 0.13- 0,15- 0,1*- 0,13- 0,13 

- S:!2- SÄ. !:S- S:2- S:S- j-g. ;•» 
■ «.»- o.»- ...o- «.«- !:2- î;îî 

*1* 
tl* 

- 0,93- 0,92- 0,91- 0,90- 0,88- 0,84- 0,1#- 0,73- 

— *»°3- 0,03- o,*»- l:Vy. *:03- *:& 
n. 

*la 
tía 

- 0,03- 0,03- 0,03- 0,03- 0,02-' 0.02- 0,02- 0,01 

- S:S2- !:S. S:S- S:S- S:Sî. î-SL !-SL ;-s 
Via 
■a 
01a 
01a 

- 0,03- 0,03- 0,03- 0,03- 0.02- 0.02- 0,01 (» 
- 0,03- 0,03- 0,03- 0,03- 0,03- 0.03- 0,0}- 0,03 

- S:S- S:ïï- 5:£. S:S- 1-&. ::s. 5-2. :-g 
01a 
01* 
01* 

- 0,01- 0,01- 0,01- 0,01- 0.01- 0,01- 0,01- 0 

- 0,02- 0,02- 0,02- 0,02- *.02- 0.02- Õ.02- *.01 
«1« 
«* 
8 
T»o 
IWu 
iS_ 

- 0,02- 0,02- 0,02- 0.02- 0.02- 0.02- 0,02- 0.01 
- 0,*2- 0,*2- 0,*1- 0,*0- 0,39- 0,36- 0,3*- 0,30 

••*0000« 
0,03 0,0* 0,03 0,06 0,08 0.10 a 12 a *a 

î:8 tt? !:S 5:5 5¾ S;S 
To1 
To2 

2,30 2,*1 a,*7 2,53 S,62 2,7* 2,8* 2,93 

S:S i:S SÄ J:S i« Sfi :-a 
T* 

®»®» «.3» 0,02 0,02 0,02 0,02 0,02 0,02 

1- 4 

jssd» 

ßSSitn. S'SI. 2»?LM 2.» w.« 
ulldlng - iS i?1!? S»22" a3.3>* 13,52- 27.93 

strustur« *7f12 16t9^- 16ft0- 16,11- 15,%2- 14,46- 13,13- 11.53 

1-133 
160-165 Coal 

" 5,77- 6,*3- 6,*}- 7,08- 0,02- 9,10- 10,37- 11,62 
a,*0 2,*3 2,*9 2,55 2.6* a,?6 2.07 2,96 
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Table 3e. Attraction in uGal on 36 + ... m. 
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Table 3e. (Continued) 

bb ror Ut iw ♦0,00 . 0,04 . 0.11 . 0.22 . 0.» . 0,60.0.B9 . 1.» . 
no 
BU 
no : ÎÆ SÆ l:a ÎÆ !:S: l-a 
n» 

*> . 

s 

°*®9“ 0*09“ ®*W- 0,09- 0.03« 0,06- 0.06- 0,06 

LM B: B iis: 1:5:1:1: 
M* 

•• 

a 
. »» 

7.U- 7^6- 7.12- 6.67- 6.51- 5.97- 5,24- ♦,» 

: 1*4®- 1»44- ‘».♦U 7,41- 1,57- 1,33- 1,26 
*0 0 0 0 0 0 n 

• 0,02- 0,02- 0,02- 0,02- 0,02- 0.02- 0 02- A A3 
— 0»0>- O’O*“ ••«>- 0.03- 0.03- 0.03- S'Su oio! 

su 
*> • 

K 

- 0.05- 0,05- ».Ob olos- 0.05- ~ 0^05- o|»- «,05 
- 0,15- 0,15- 0.13- 0.15- 0.1>- 0.15- 0,1>- 0.15 

OOOOOOa« 
— 0*05~ «»O*- 0.05- 0,05- 0,05- 0.05- S.04 

BU 
su 
su 
SU 

0,05- 0,05- 0,05- 0,05- 0,05- 0,05- 0,05- 0,04 

: fcS: î;8: 5:5: S:S- 2'ïi- 5-8. 5-2 
- 2.01- 2,01- 2,02- 2:0: *:£: 2:1?: $:22 

BU 
*U 
BU 

- 2.0»- *,«?- 2,67- 2,64- 2,43-' 2,59- 2,52- 2,43 

: 5:8:5:8:5:8: SÄ 5:8:5:8:5:8. !» 
BU 

‘l'U 
BU 
SU 

‘ #*5°- °*»- 0.29- 0,29- 0,29- 0.26- 6,27- 0.25 

- 2*ol^ S’ool I'«»" 2*2: 2*2 °»1* 0,41 0,77 

a .¾ æ |g .¾ æ ^ um
 

* 5-â- ».*> 

: s:a S:£ !•'£ 2:5- 5:8- 5:5- 5:3 

- 1:S- 5:8: 5:8: 5:8: 5:3: SÆ S 3: S “ 

SU su su 
SU 

- 1,17- 1,46- 1,64- 1^2- 1,77- 1,72- 1,«$. 1#55 

0 0 0 0 0 0 a'.« 
- 0,02- 0,02- 0,02- 0,01- 0,01- 0.01- 0 01» 0 m 

Z S’a? o*n2 a*.«- 0,10- 0,10- 0,10- o)lO- o!o9 * °*®7- 0.0?- 0.07- 0.06- 0.06- 0.06- 0.06^ o!o6 su 
*u 

■ BU 
BU 

0.19- 0,19- 0,16-. 0/18- 0.17- 0,17- 0,17- 0,16 

: 5:8: 5:8:5:8:5:8: 5:8: SÆ S-8: 5¾ - 0,11- 0,11- ..i., o.n- ..iS: SîiS: 5:3? u
n

 

-0,32- 0,32- 0,32- 0,31- 0,31- 0,30- 0,29- 0.26 

I 2*u 2*2?" 2*2Î' 0'0?~ «.«T- 0.06- 0.05- 0.03 
0,11- .0,11- 0,11- 0.10- 0.10- 0.10- a a» 

, * 0.17- 0.19- 0,1»- 0,19- 0,19- 0,19- 0.19- o^ia 
BU 
BU BU 
BU 

- 0,36- 0,36- 0,36- 0,37- 0,36- 0,35- 0,3»- O.Ü 

I 2*22: 2*22: 2*22~ S*01- 0,01- 0,01- 0,01 0 

- 2;£: S:»: Õ:»: 2:2: 2:»: $•£: 2*^: 2-¾ 
. a. a vj— —---.1    f . 

No. 
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Table 3e. (Continued) 

**/ *0,00 ■ o.o» ■ 0,11 , o.aa , fl> 

•7 «> 

ü 

SL 

107 

s: 

02* 

•.«- 
0 
0,02- 
0.11- 
o.o*- 

0.02- 0,02 
o 0 
0,02- 0,01 
0.11- 0,10 
0.0*- 0 04 

0,10- 
Ï& 

1.7>- 
5:H: 
1,72- 
0,06- 

iÄ 

,00- 1,0>- 1^7- 

- 2,4*- 2,4>> a,4a- 

- 0,21- 0,21- 
0,01- 
0.OJ- 

0,01- 
0.0J- 

0,21- 
6,01- 
0,0J- 

0,08-. 
0,12- 

0,20- 
0,01- 
0,05- 

0,90- 
0,01- 
0,06- 
0,05- 

0,04- 0,04- 
0,15- 0,14- 0,15- 
0,46- 0,46- 0,46- 

_liW- 0,2V- 0,2V- 

1,46 
o,oa 0,16 
J.4J- 0,57 
1*06- 1.67 

2.21- 2,08 
6,07- 0,07 

i12- 0.12 

0,1V- 0,1V 
0,01- 0,01 
0,0>- 0,05 

0,90- 

0,01- 0,01 
0,06- O,OS¬ 
OLOS- 0,05- 

0,29- 
®,8V- 0,86- 0.87- 6,85- 

0.04- 0,04 

0,0V- 0,06 
0,44- 0 4J 

. 

0,14- 0,14- 

0 0 
0,01- 0,01- 
0,10- 0, iO- 
0,06- 0,06- 

0,01- 
0,08- 
0,05- 

0,01- 
0,08- 
0,05- 

0,01- 
0,06- 
0,05- 

. . 0,17- 8,17- 
* 2*52“ 1.90- 
" 7»«*- 7,66- 7,77- 7¡<£>2 

6,25— 6,32- 6.45- 
0.90- 0l61- o;B2- 

-, 16,01- 17^5- 17,57- 17,09- 
Oi»- 0,»- 0,25- 
1.57- 1^7- 1,56- 

2,10— 

0,14- 0,l4r- 

0 o ■ 
0.01- 0,01-’ 
0,10- 0,10- 
0,0^ 0,06- 

SS: 
0,07 
0,04 

0,17- 0,17- 
0,76 0,65 
8,11- 8,52- 
6,66- 6 97- 
0.65- Q.65- 

16,56- 15,51- 

if II: 

0,1> «,i> 

0,01- S,01 
0,10- 0,09 
0,06- 0,06 

0,17- 0,16 

fcg 
2:£: 1:8 

15,06- 12,08 

V. 
*•** 5.90“ 5.95- 5.69- 5,79- 5,64- 5 41- 3^ 
0 0 0 0 0 â Ä ^ 
•.Ol* 0,01- 0,01- Ü.01-* o 0*1«. a am ? _ ® 

o'Si S'St 0*05" ".'oi- «.’Si *;£r ®'ïï 

°:g: I:”: 1:3: l:St t-S 
,,a- T»- 



"I 
i 

Table 3e. (Continued) 
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Table 3f. Attraction in yGal on S7 + 

5 AM 
« An 
? 

» 
10 

H 
12 
U 
1« 
15 
1« 

An* 

An 
An* 
A'n 

s z 

J?5l 

*10,26 10,27 10,30 10,35 10,41 10,40 

- f:§- |:S- !:S- l-.'d. fcs. 2,15. 
«?:“,4:¾ 4:2 4s 

173,3« 174,25 174,39 161,20 142,?, 116,24 

0,0€ w,05 0,05 0,04 
0,04 0,04 0,04 0,03 
0.03 0,03 ©¡OS 002 
2*02 0,02 0,02 0,02 
0,01 0,01 0,01 0,01 
0 0 o 0 
0,01 0,01 0,01 0 
o 0 0 0 

10,34 

1,40 
0,02- 
5,00 

36,63- 
0,0« 

yifZz 

10,49 

0,62 
0,01 
2,9« 
5,35 
0,01 

*0.59 

0,06 0,06 
0,05 0,05 
0,03 0,03 
0,02 0,02 
0.01 0,01 
0 0 
0,01 0,01 
0 0 

0,17 0,17 0,16 0,15 0,14 0,12 
1,75- 1,70- 1,61- 1,46- 1,25- 0.95- 

v'an ‘’I*73 3*.52 
Z»t2 7*70 7*®0 7,*5 0,37- 0,37- 0,37- 0,37- 0,36- 0 36- 

0,10- 0,10- 0,10- o,io- 0,10- o’-k). 

«2,17 39,02 

0,04 0,03 
0,03 0,02 
0,02 0,01 
0,01 0,01 
0,01 0,01 
0,01- 0,01 
• 0 

-fi_fi_ 
0,10 0,07 
0,5«- 0,05 

33|23- 32 67 
14,23 13,82 
7.26 7;oo 
0,39- 0,4« 
9,10- 0.10 

13,57- 13,54- 13,46- 13,39- 13,26- 
0,71- 0,69- 0,65- 
0,03 0,02 0,02 
0,02 0,02 0,01 

0,12- f 



«
ß
 

s
w
 

ra
s 

su
es

« 
aa

ss
 

as
«*
 

e»
 

ss
s 

ra
 *
 

«*
» 

» 
ar

a 
t
$
t
 

Table 3f. (Continued) 

■ Mtravlatiea »0,00 * 0,0* * 0,11 * 0,22 * 0,38 * 0,60 ■ 0,89 • 1,26 ■ 
VI» 
>1» ■ 
Mo 

tOOOOOllii 
• OfOT* 0(07-* 0(07- 0(07"* 0*07"* 0.07- ù o7- a /%a 
- o.©*- o.©*- o.o*- S:oC S:S: $:£- ®:S: ®!2 

Mo 

S3* 
S3* 
S3* 

- 0,11- 0,1V 0,1V 0,1V 0,1V 0,1V 0,iv 0,10 

: 3:8:3:S: 3:S: 3:2: :;S: .¾ f-g 
- 2.00- 2,01- 2,0V zlo*. a,*,^ l*« 

*> 
S*w 

a 
S3» 

- 11,32- 11,2V 11,2V 11,10- 10,62- 10,2V 9,3V 7,93 

; 1.73- 1,7V 1.7V 1.72- 1.71- 1,0V 1,«V 1.39 

oooeoeo» 
• 0.«- 0,0V 0,0V 0,0V 0,02- 0.02 

-— 0.0V 0>0*~ 0«°*~ S>®*- S.OV o«ov 0.0V 0.01 r S3» 
n* 
a 

- 0,07- 0,07- 0,07- 0,0V 0,0V 0,0V 0,0V 0,05 
“ ##19- 0,1V 0,1V 0,1V 0,1V 0,1V 0,1V 0,14 
“ ®»®2“ 0.01- 0,01- 0,01- 0,01- 0,01- 0.01 0 
- 0.0V 0.0V 0,0V 0,0V otov olov olov S.Ä 

■3» 
s>i 
SÎ 
S3* 

- 0,0V 0,0V 0,0V 0,0V 0,0V 0,0V 0,0V 0,06 

im 'äMRMMm ïï S3* 
S3* 
S3* 

- *,3v *.*o- *,*o- *.*o- *;*o- *:». ^3v~v.3* 

: !:S: ftï fcS: l:£ 5:2: .•:£ !« 
M3m 

84« 
SO* 
St* 

0(^011 0(,j!ÿ— 0(0(39k** 37^ 0 30- 0 3% 

I 2*S£ 2'S: S-S: ;»2: •*»- o’o3 

- 5:£ 1:£ !'•£ 3:2:3:2: J$: te 
- 0,5V 0.5V 0,5V 0.5V 0,57- 0*.59- ÍÍV i!« 

8%w 52- 6,50- 6,*V 4,3V 6,2V 6,10- 5^5 

’ 2*2: 2*2" 2*2" ••2>* ®^o- o,iv o,ov o.M 

: lis: te te lia lia IS ñ l:s 

§!• 

! ''•« 

' 2.7V 2,7V 2,7V 2,7V 2,7V 2,4V 2,5V 2,*3 
' *»#2" O.M- 0,01- 0,01 0 0 0 

iü£ lia lia sa lia IS IS 1=¾ 
S%o 

«W 

- 0^*- 0,av 0,2V 0,2v 0,2*- 0,?v 0,2V 0,22 

: £2: Siv 2*2: 2*2: 2*S£ ®*S" ®.o* 
- !:a s:a fca s:a S:a sæ sæ sm 

s” 

- o.»- 0.3V 0,3V 0,37- 0.3V- 0,3V 0.3*- 0.33 

ilia IS IS IS IS IS IS S=§ 2
1
2
1

 

- 0,31- 0.51- 0.50- o.*V 0.47- o.*V o,*V o!*3~ 

’ 2*25" 2*22“ ®*®*“ o,o*- o,o2- 0,01- 0.01- o m 

: S:£ !:a SÆ SÆ 5:¾ 5:¾ 5:¾ sjs 
*40 - o.*v o,*v o,*v 0,*V 0,*V 0,*V 0,4V 0.4Ï" 

39 



m
 

su
 

nu
 

un
 

m
 

éz
î 

S
i
 

£
«

* 
*
3
S
3
 

S
3
 

• J 

Table 3f. (Continued) 

|M>iwlall«a ♦0,00 a 0,0t a 0,11 ■ 0,22 a 0,38 a 0,80 a 0,09 a 1,28 a 

:.i 
00000000 

- 0,03- 0,03- 0,03- 0,03- 0,03- 0,03- 0,03- 0,03 
04« 
0» I 

- 0,03- 0,03- 0,03- 0,03- 0,03- 0,0V 0,03- 0,03 
- 0,01- 0,01- 0,01- 0,01- 0,01 000 
- 0,0V 0,0V O.OV 0,0V 0,0V 0,0V 0,0V 0,02 
- 0,1V 0,15- 0,15- 0,1t- o,lt- o.it- o,1t- 0,13 
- o,ot- o,ot~ o,ot- 0,04- a,ot- 0,04- 0,04- o,ot 

0» 

*» 

- 0,2V 0,23- 0,2V 0,22- 0,22- 0,21- 0,20- 0,20 
- 0,32- 0,31- 0,30- 0,29- 0,26- 0,2V 0,19- 0,13 
- 0,6?- 0,87- 0,8?- 0,87- 0,8V 0.87- oJaV 0 86 
- 0,45- 0,4V 0,t5- 0,45- 0,46- 0,47- 0,47- 0,49 

*3* 

S 

- 1,64- 1,6V 1,62- 1,61- 1,59- 1,57- 1,52- 1,48 
» 0,tV 0,41- 0,39- 0,36- 0,31- 0,24- 0,14- 0,01 
- 0,90- 0,8V 0,89- 0,88- 0,8V 0,8V 0,81- 0,76 
- 2,07- 2,07- 2,08- 2,10- 2,12- 2,1V 2,18- 2.23 
- 3,40- 3.38- 3,36- 3.34- 3,30- 3.24- 3,1V 3,00 

- 0,1V 0,1V 0,10- 0,0V 0,0V 0,0V 0,0V 0,08 
- 0,14- 0,14- 0,14- 0,1V 0,1V 0,1V 0,1V 0,14 

OJB 
0> 

- 0,24- .0,24- 0,24- 0,2V 0,2V 0,2V 0,2V 0,22 
- 0,02- 0,0V 0,02- 0,02- 0,02- 0,02- 0,02- 0,02 
- 0,0V 0,04- 0,0V 0,0V 0,0V 0,04- 0,0V 0,04 

03« - 0,0V 0,0V 0,06- 0,06- 0,0V 0,0V 0,0V 0,06 

- 0,21- 0,21- 0,20- 0,1V 0,1V 0,17- 0,1V 0.12 
- 0,48- 0,48- 0,48- 0,40- 0,4V 0,47- 0,4V 0,45 
- 0,28- 0,28- 0,26- 0,2V 0,2V 0,29- 0,29- o|29 ÏIU

 
- 0,97- 0,97- 0,9V 0,9V 0,9V 0,9V 0,90- 0,86 
- 0,02- 0,02- 0,02- 0,0V 0,02- 0,02- 0,02- 0,01 
- 0,10- 0,1V 0,10- 0,1V 0,1V 0,1V 0,0V 0,09 
- 0,0V 0,0V 0,05- 0,0V 0,0V 0,0V 0,0V 0,05 

0*» 
Ota 
Ota 
Ota 

• 0,18- 0,1V 0,1?- 0,17- 0,17- 0^17- 0,1V 0,15 
- 0,01- 0,01- 0,01- 0,01 0 0.0 0 
- 0,02- 0,02- 0,02- 0,02- 0,02- 0,0V 0,02- 0,02 
- 0,1V 0,1V 0,1V 0,1V 0,1V 0,1V 0,12- 0,12 
- 0,0V- 0,07- 0,0?- 0,07- 0,07- 0,07- 0,07- 0,0? s K

ü
 

- 0,2V 0,23- 0,2V 0,2V 0,22- 0,22- 0,21- 0,21 
- 2,0V 1,9V 1,6V 1,71- 1,4V 1,1V 0,68- 0,06 
- 3,34- 3,34- 3,35- 3,3V 3,3V 3,3V 3.32- 3,21 
- 4,30- 4,32- 4,37- 4,4V 4,5V 4,67- 4,8V 5,11 
- 0,6V 0,6V 0,6V 0,7V 0,71- 0,7V 0,7V O^Ta 

•ta 

K 
- 10,3V 10,3V 10,27- 10,20- 10,09- 9,91- 9,61- 9,16 
- 4,2V 4,1V 4,0V 3,8V 3,42- 2,7V 1,6V 0,15 
- 3.02- 3.0V 3.12- 3.22- S*,37- 3 5V 3>V t.M 
- 2,1V 2,20- 2,2V 2,28- 2,3V 2,4V 2,61- 2^03 

1 - 9,4V 9.44- 9,41- 9,3V 9,1V 8,78- 8,1V 7,17 
oooooooo 

- 0,01- 0,01- 0,01- 0,01- 0,01- 0,01- 0,01- 0,01 
- 0,0V 0,0V 0,0V 0,0V 0,0V 0,0V 0,0V 0,06 
“ 0,0V 0,05- 0,0V 0,0V 0,0V 0,0V 0,05- 0,05 

03« 
M" 

- 0.12- 0,12- 0,12- 0,1V 0,12- 0,12- 0,12- 0,12 
- 0,01- 0,01- 0,01 00000 
- 0,11- 0,11- 0,11- 0,11- 0,11 0,11- 0,1V 0,10 
- 0,2V 0,2V 0,2V 0,2V 0,2V 0,2V «,2V 0.24 

Ota - 0,3V 0.36- 0,3V 0.3V 0,3V 0,3V 0,3V 0.34 | 



¡a 



b) The Topography 

In order to calculate the theoretical free-air gradients (5) the 

numerical values of the Krassowskl ellipsoids of the International 

ellip, olds and the earth ellipsoids that were agreed upon by the 

International Astronomical Union in 1964, were considered: 

• M 
. e 

« #-0,00 *-0,00 TrM-tlr enditóla £>*l/g7 

Xmm. 
tot. 
ua 

978030 
*378384 9780*' 
o»i«o wr r 

1.298,3 5302 3*617 
1.297 5208* 3*6216 
1.298,25 530237 3*6210 

- 0,3067665 * 0,000*302 tU?? 
- 0,3067702 + 0,000**33 tU*f 
- 0,3067712 * 0,000*30* tia2f 

A free-air gradient of -O.3085O mGal/m was obtained for the 

latitude of Potsdam (SO) ^ = 52022.86'. The density increase a on 

the surface of the earth in making the transition to the inside of 

the earth was assumed to be 1.7» because we are dealing here with 

the sand soil that is around the geodetic institute. With 4irk2 ■ 

■ 8.382-10 cm0 g s we obtain, according to (6) a gradient 

increase of 0.1425 mGal/m and thus, the gravity gradients -O.I66O 

mGal/m in the top most sand layers. 

The land around the institute building is not even but rather 

drops off toward the South at the south wing of the building as may 

be seen in Pig. 6. In Fig. 7 the conditions in a ten-fold elevation 

in height are made clear. Here EE is the starting plane, ACDF is 

a profile of the actual surface of the earth. The actual ground is 

reproduced here because to the south we removed the sand layer EXCA 

and to the north we heaped up the sand layer XEFD. The height of 

the ground cross sections AC and DF may be considered as traditional. 

The e]ovation H of the initial plane EE is determined in such a way 

that uhe removal and heaping up of the sand masses within the 

80 X 100 m area are similar to each other. From this we obtain 

H ■ 84.95 m. With the above determined gradients above or below 

the fictitious surface of the earth EE and the elevation differences 

h' che difference in the gravity U¿ in comparison to the assumed 

initial plane EE may be calculated in Table 4. In this connection 

the free-air gradient may be applied to SO, S8, SI, ind S2 and S6, 

S7, and 37' for the gradient in a sand bottoi... 
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Table 

Since the entire calculation is based on the attraction of 

square building stones, the single three-sided prism that occurred 

was replaced with square building stones of the same volume. Thus, 

the sand mass that is heaped up in the north is embodied by the 

square building stones On and G’n, in connection with which the 

rectangular G'n, shown in Fig. 7, is the same as the triangle DD'X 

surface. Altogether it can be seen in the structure of the ground 

that only a mass displacement took place. 

c) Excavation of the Foundation 

All sand masses which were taken into consideration in the 

calculation are shown in Fig. 8, because they had to be removed in 

order to keep the institute building in its present day form. As' 

and An are tne masses which had to be removed from the As or An 

building stones in order to maintain the actual plan of the institute. 

The A's building stone, on the other hand, see also Fig. 6, replaces 

this because of the land Inclined three-sided prism that is to be 

removed. The coal hopper shaft Aw was taken into consideration only 

because the connecting pillar S2 is in its immediate vicinity. A 



steep sliding angle in the lower part of Awu was replaced for the 

sake of the calculation with one that was perpendicular to support 

the volume uniformity. The depth of the foundation was determined 

by elevation 82.00 m of the present cellar floor. In lower rooms 

the corresponding floor mass was included in the calculation, for 

example, A’o in the east cellar, A? in the pendulum cellar. 

• r~s ja«, 

Fig. 8. Topography and excavation. 

d) Construction of the Institute Buildings 

The institute was constructed from the floor of the cellar up. 

The mass of the walls (Table 2) were taken from the old building 

plans. Changes during the course of the years were taken into 

consideration, walls less than 25 cm in thickness, however, were 

basically disregarded. The designation of the individual walls is 

based according to their position to the longitudinal or lateral 

axis of the buildings from which the numbering takes place from the 

middle. For example, W2n is the northern portion of the second 

wall west of the lateral axis. All of the designations are given 

in Fig. 5. The parts of walls that have different wall thicknesses 

were treated separately. The abbreviations that are given in Table 2, 
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such as, K (cellar), U (ground floor), E (basement), I (first floor), 

0 (upper story), D (attic) should make It clear as to which floor 

(t^ig. 6) Is being Involved by the reference construction part. 

With regard to the fact that the data that Is summarized In 

Table 2 can be used If the gravitation Is determined In other places 

in the Geodetic Institute (I have in mind the proposed absolute 

determination in the east cellar) I included all the walls of the 

buildings in the calculation. The boundary where the reference 

point is no longer touched, is very difficult to determine. It also 

appeared useful to me to include data regarding the gravitational 

forces in Table 3 (a-f). 

In calculating the gravitation of the wall frame R in the middle 

ol the institute, the inner frames BI and BII were eliminated from 

the gravitation of the entire block B. The same held true In the 

case of chimney C (- Cb - Ci). In the case of pillar I under the 

pendulum room (Fig. 9c) the influence of the entire block lb was 

reduced by the gravitation of the heating room H and Its access Hg. 

iron a practical standpoint it is not possible, however, to determine 

the gravity of each individual door or window opening. They are 

taken into consideration by the corresponding reduction in density 

of that portion of the wall that is being considered. If, for 

example, 6 (- 1.5) Is the density of the bricks, V the volume of 

the wall and v the volume of all the absent masses as, for example, 

door and window openings, fireplaces, air shafts and canals, and 

similar structures, then, for the sake of simplicity the density 

of the wall is assumed to be 6» - 6(v - v)/v. The plaster for the 

wall masonry, the between floors and the roof are not taken Into 

consideration. 

The new shop building was not dismantled. It appeared to be 

adequate to include the wall that was turned toward the main 

building in the calculation without reductlng the density. 



im 

Fig. 9. Pendulum room 
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b) Cross section a-a 

c) Cross section b-b ~ 



Not a trace of a gravitation influence can be expected from the 

supporting columns and the small observation columns at the Geodetic 

Institute with the exception of those that are located in the 

penduli n room (Pig. 9a, b, c) and in the pendulum cellar (Fig. 10a, b), 

because they are in the immediate vicinity of the gravimetric points 

SO, S8, SI or S6 and S7• Whereas by pillar 7 the surrounding 

excavation A7 was also taken into consideration, pillar 6, for reasons 

of simplicity, was assumed to be standing on the cellar floor. For 

measuring point 37' the gravitation of the granite plate Gp that is 

placed on pillar S7 is also of significance. 
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The coal supply that was stored for the winter was also included 

as a temporary mass that was present. Care must be taken that the 

supplied (Vn and Vw) that are in the vicinity of connecting point 

S2 do not exert a noticeable influence. 

3. Carrying Out the Calculation 

a) Preliminary Calculation 

ihe gravity of the individual masses was determined with the 

aid of the ZRA I in the Computer Center of the Babelsberg Observatory 

which also provided the programming. In Table 3 (a-f) these 

concentrated forces are collected at various heights above the field 

point SO or S8, SI, S2, S6 and S7. In the subtotals on the individual 

parts of a wall visible evening up and rounding off errors were 

removed. The partial sums on the gravitation of all masses which 

contributed to the topography of the excavation of the foundation 

and construction of the institute building or that was caused by 

the close pillars may be found at the end of the table. Thus, the 

influence of each of these groups can easily be seen. The total 

sums complete the tables. They represent the portion U¿ of the 

gravitation of the masses that is due to the gravity differences 

U' in comparison to the initial plane EE. 

The amounts of 0.00 m over the pillar surfaces, i.e., at points 

SO, S8, ..., s? were included in Table Ü. In the case of S7» the 

value of S7 (Table 3f) is inserted but 0.11 m higher and the 

influence of the granite plate Gp (No. 159) is to be added. 

In Table 5 the sum total of the gravitational forces are given 

tnat were calculated at various heights above the pillar and based 

on the surface of the pillar in order to obtain a better view of 

the influence of the building mass on the gradients in the gravimetric 

connection points that are being taken into consideration. In order 

that the differences are also clearly shown graphically, only the 

deviations in the free-air gravity are given in Fig. lia, as had 

already been done previously (II, Fig. 2). In S6, S7, and S7 which 

were below the fixed, surface of the earth EE, the gradient increase 
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(142.5 wGal/m) for this reason also must be taken Into consideration 

in Table 5« The significance of the free-air gradients are shown 

in Pig. lia by the hatch-marked line. 

Table 5. 

0,00 0,04 0,11 0,22 0,36 0,60 0,69 1,26 

60 

66 

•I 
« 

0 «1,13 ♦ 3,00 ♦ 5,97 ♦ 9,4* «11,74 « 1J,12 « 15,64 

0 -3,14 - 8.03 -13,60 -19.36 -23,03 - 23,63 -21,11 
0 -3,25 -7,6« -12,34 -15,65 -16,® -14,11 - 9,® 

0 -0.2« -0,6« -1.51 - 2,25 - 3.33 - 4,60 - 5.85 

Uj 
Srmd Uni 
inert«*« 

(67) 

0 -«,21 -16,40 -30,61 -46,71 -70,98 - 96,13 -131,24 

0 «5,70 +15,66 «31,35 «54,15 +65,50 +126,82 «179,5$ 

0 -3,77 -10,32 -20,52 -35.73 -37,33 - 66,30 -123,47 

66 

*7 
0 -0,51 - 0,72 ♦ 0,74 « 5,44 «14,$2 « 26,69 ♦ 46,31 
0 «1,93 ♦ 3,3« +10,83 +18,42 «»,17 « «0,52 « 56,06 

0,00 +0,11 +0,27 *07v> +0776 «1,1$ 

ÍÜSfiM0 ♦5»*7 ♦‘W.O* «22,61 «»,16 «50,72 
(*?•) 0 -3,01 - 3,96 - 6,02 - 9,11 - 9,6« 

♦2,6« ♦ 7,06 «14,79 +26,05 +41,06 

b) Comparison with Gravimeter Measurements 

All measurements with the exception of our calculations that 

are based on the area of 80 x 100 m2 (Fig. 8) were disregarded in 

the assumption that their gravitational influence on pillar SO, S8, 

..., S7 or the points that are obove them at various heights, no 

longer differ in the reference point. This certainly holds true 

for the gradient calculation where most of the eight selected 

points are located within the one-half height range of 1.26 m. The 

pillars themselves are found, however, at various places at the 

Geodetic Institute, and at times they are separated far from each 

other. Thus, S2 and S7 are about 25 m apart and the height difference 

between SO and S7 is more than 5 m. The above-mentioned hypothesis 

is not as well satisfied here so that we can only expect hypothetical 

values for the gravity difference u' (Table 6) between the pillars 

because of the calculated gravity value U* (Table 4). Without 

detriment to this fact it is interesting, however, as to the extent 

to which this calculated value u' agrees with measurements. 
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fig. 11. Gravitational disturbance 
correction K). (gravimeter 

Table 6. 

In February 1965 the VEB Geophysics Leipzig measured gravity 

differences with a Sharp gravimeter between points 0, 1, 2, 6, 7, 3 

and 9 at the Geodetic Institute Potsdam, of course, each difference 

A - B in the series A - B - A - B - A was read three times in 

connection with each setup. Between each double pillar a four-legged 

stand was set up in the pendulum room and a 6 mm thick aluminum 

plate was attached to it and by means of welded steel rails it 

was raised to exactly a height of 87.00 m so that in this way the 

setup over SO corresponded to each of the other pillars. Since the 
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pendulum apparatus had to be set up eccentrically above S8 these 

measurements, of course, were used in equilization in order to 

satisfy the final errors, however, and not to compare with the 

calculated gravity values which are based on the centric point S8. 

The measurements on S9 were also not used here. Nevertheless, seven 

measured gravity differences still remained which can be compared 

with the calculated values. 

it should be noted that the directly measured value u*11 shows 

a iinal error of 11.3 wGal in the triangle S1-S6-S7 and the compensated 

observations u'’ had an average error of +3.2 uGal. In Table 6 the 

measured values ü" ' as well as ü" are given. Here the gravimeter 

correction according to II.2 Eq. (4a) is to be Included so that 

the gravity-sensitive mass is estimated as 25 cm over the set-up 

plane in the Sharp gravimeter. The easiest thing to do is to taKe 

the coorection AK* * for the gravity difference directly 

from Pig, lia, because then KQ * 0 can be inserted in (4a). As we 

can see in Table 6, the AK corrections are considerable. They lead 

to improved measured values u' which are compared finally as a 

difference of the U' (Table 4) in the calculated gravity differences 

u', and the differences 10 » u' - Ü' in Table 7, resulting in an 

average error of +22.9 wGal. 

Table 7. 

S2-31 

*7-*1 
S6-S7 
SO-SI 

h* 
X3 M 6«' S 

♦ 3,2 -0,7 
-9,3 -0,6 
♦ 9,4 -0,6 
♦ 4,3 -0,7 
♦ 5,2 +0,1 
♦11,5 -0,1 
- 7,3 -0,6 

♦ 2,5 +0,2 
♦ 0,9 +0,3 
♦ 9,9 +0,9 
♦ 3,6 +1,0 
♦ 5,3 -0,1 
♦11,4 -0,2 
-7,9 +1,1 

♦ 2,7 
- 9,6 
♦ 9,6 
♦ 4,6 
♦ 5,2 
♦11,2 

- «.« 

* 7,55 * 7,32 * 7,50 

35,9 ♦ 2,9 
-4«,9 ♦ S3 
♦ 2,2 ♦ 9 7 
♦ 0,9 ♦H.S 
♦ 1,3 - 2,1 
♦12,9 - 1,5 
-1*.1 ^13,3 

-31,1 +33,2 
>**,« +32,5 
♦11,9 - ?,* 
♦12,? -14,4 
- 0,0 ♦ 9,9 
♦11,4 ♦ 0,9 
♦ 1,2 -15,3 

♦ 9.1 
-10,1 

♦ 9,3 
- 1,9 
♦ 6,1 
♦12,2 

-14,1 

♦1.1 
♦1,9 
♦5,1 
♦6,0 
*0,9 
■0,7 
♦6,9 

*22,9 *21,4 *9,36 

M ♦ «5,13 
(klJ+170,24 

_g,^.I.fl 

M ♦ 27559 
[*lj- 9634,0 

(66] * 6206,0 
[612)+ 942,6 

—i - mm 

M ♦ 269.13 WO ♦ 65,13 
t^j)- 24,41 aj+ 13,99 
. * ♦ 0.095 7< - o.^ 

The reason for this large error can, in part, only be attributed 

to disregarding masses in the outside of buildings and, in part, it 

must also be attributed to the uncertainty in the assumed theoretical 



value of -O.3085 mGal/m for the free-air gradients and to the 

assumed density values. The calculation up to now is only based 

on a density table in [9, p. I68] where the following is given: 

sand 1.7 + 0.3; 

brick 1.5 + 0.1; (8) 

sandstone 2.4 + 0.1. 

c) Final Calculation 

The allowance in the density values can be used to obtain a 

special agreement between the calculated and the measured gravity 

differences. 

Since the individual gravitation element U¿ is proportional to 

the density, with the improved density 6 + x we obtain the improved 

value Uq » U¿(o + x)/o, i.e., an improvement of . The 

individual value U¿ may be found in Table 3 (a-f). Here we see that 

Nos. 1-18 and No. 157 are for sand masses, Nos. 19-143, No. 154, 155, 

and 158 are masses for bricks and Nos. 144-153 are masses for 

sandstone. The component sums at the end of the tables are already 

formed for this purpose. In order to circumvent the gravimeter 

correction Kh which depends on the density itself, it is necessary 

to take the value not at 0.00 but rather at a measuring height 

of 0.25 cm whereby an interpolation between 0.22 and O.38 is of 

assistance. 

By improving w'of the free-air gradients, the gravity differences 

u' by wh» i-e*. proportional to the difference in height will change. 

An improvement in the density in sand also has an effect on the 

gradient increase on the surface of the earth. The gravity difference 

fron here to a point that is placed at about h[m] is thus expressed 

as follows 

\ • [*•,* - » - « «**<1 ♦ *)] k • (1M,0 - » - •>.«*) k )i«al. 

A change in x of density 0^ of the sand, thus, causes an improvement 
in the gravity value U' of: 

53 



or 

« B’* //, Otftr is 
(9a) 

■ (0^ //, - 83,82 8) Und«/ u 

in which h must refer to the same height as U¿, that is, h is to be 

reduced by the measuring height of the gravimeter (25 cm). Changes 

in X >r y of the density o2 of bricks or o of sandstone only have 

the following changes in U' 

‘ *V4y (9b) 

The coefficients h’, a', b', c* or w or x, y, z are shown in Table 4 

whereupon the corresponding coefficients h, a, b, c in Table 6 then 

result which are multiplied by w or x, y, and z and added to the 

total change in the calculated gravity difference u'. 

With an adjustment according to tne method of the least square 

the foolowing normal coefficients result from the above values of 

h, a, b, c, 10 (Tables 6 and 7): 

fc •_» " « x 

à ♦ *5,13 ♦ »3,0« ♦ «3«,9« « 120,30 « ITC,» 
• +27350 +3323,« - «0fi,ft -7900,% 
• +«20«,0 +1147,9 +1430,3 

• ♦ 200,13 + ««1,1 
1 +36*9,0 

and consequently the unknown w * -56.3, x = +0.^3, y « +5.20, 

z » +4.52. with these values we, of course, obtain a minimum in the 

least square sum, however, quite unreal density values. Also, a 

deviation of 54.3 yGal/m between the theoretical and the actual 

free-air gradients Is more than unlikely, A common adjustment in 

such heterogenic magnitudes as gradients and density Is also well 

known - see, for example, III.5 - especially when we are not dealing 

with purely accidental errors. 

.he unknowns w, x, y and z should for this reason be determined 

separately. At first we find that w « -[hl0]/[hhj. Thus, the 

changes hw in the gravity difference u' and the remaining error 11 are 

determined. Then we obtain x * -[al^]/[aa]. In the same manner the 

following steps occur 12, y, 13, z, 1^. Finally, an attempt is made 

to derive still another improvement wr - Table 7. Prior to deter¬ 

mining the final value another density table is consulted from which 

we obtain [10, p. 325]: 
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Sand (according to Belch, 1931) ¡ dry l.M-1.7 
wet 1.7-2.3 

Ground (according to Belch, 1931), trodden down: dry 1.6-1.9 
wet 1.7-2.3 

Sandstone (according to Reich, 1931): 2.63 
(2.59-2.72) 

Sandstone (according to Jakosky, 19^0): 2.0-2.6. 

From this we can see that the density of 1.7 for sand that has 

been used up to now is, obviously, too low. A clear determination 

would be possible only experimentally and because of the changing 

humidity would present a problem nevertheless. It is also not the 

function of gravimeter measurements to make exact determinations 

or the density of a mass from a comparison with the gravitation 

calculation. For this reason the hypotheses are noc given because 

of the simplifications and the omissions that were made, for example, 

in the topography. In agreement with the results that were obtained 

from Table 7 and the limitations in (8) I therefore make the 

following statement for the final calculation: 

density of sand 2.0 

Free-air gradient -311.3 uGal/m, density of brick 1.4 (10) 

density of sandstone 2.4. 

There was no change in the density of sandstone because only slight 

changes in u' were attained as shown in Table 7 and also because 

sandstone does not play a part in all five points, but rather 

practically only in the case of SO and SI. 

4. Results t 

a) Gradient Pattern 

We obtain the final gravitational forces from Table 3 (a-f) in 

which the sand massed are multiplied by lines 2.0/1.7 and the trick 

stone masses by 1.4/1.5. Even at that. Table 8 was made up from 

component sums at the end of Table 3 (a.-f). If we again base this 

value on the surface of the pillar or on S7' at 0.11 m over S7, 

then we obtain Table 9. Since, in this case, only the gravity 

pattern is shown which superimposes the free-air gravity, the gradient 
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increase (7) o « 1.67.6 wOal/m for points S6, S7, and 37’ must 

correspond to the final density of 2.0 that was accepted for sand. 

The portion of the individual structures in this pattern may be 

seen in Table 9. In Fig. lib the final gradient ratios are shown. 

As ca.i be established by comparing Fig. 11a in spite of the 

considerable change in density nothing essentially has changed in 
the gravity pattern. 

Table 8. 

N*. Huiftft O.OG 0,04 ¢,11 0.B2 1,S6 0,00 0,09 1,2ft 

ft) » 

1- ft 
5- 1* 

Ift-lftJ 

in-1» 

Ground 
roundftlloi 
Build in* 

1 

-¿5:8 -¿J:S ■£% -¿2:8 -Æ:2 
X,ftft 2,90 3,1« 3,73 *,01 3,02 7,» 9,73 

i-i» •103,12 -101,92 -179,9« -174,02 -173,00 -170,4« -100,00 -105,44 

k) at 

i- ft 
»-1* 

ift-iftj 

Ground 
’ounontloi 

Buildtas 

• 
,¾.¾ -27,49 27,36 20,07 26,18 25,24 24,07 «2.00 

•232,29 -231,55 -230,34 -220,20 -223,40 -221,00 -216,60 -210,6ft 
5,52 - 5,*ft - 5,27 - *,91 - ft,*2 - 3.» - 2,10 - 0,15 

-159,00 -102,9* -167,71 -173,27 -170,» -101,03 -101,97 -170,91 

») « 

i* ft 
»• is 

Ift-W 
m-iK 

1-153 

Ground 
round«tlor 
úulidlag 

a 

-8:8 -&S -¿5:8 -S;g -¿?;s 
- *,59 - *,*7 - ft,27 - 3,90 - 3,29 - 2,53 - 0,29 1,00 

-173,57 -170,74 -121,21 -103.70 -160.53 -100,70 -100,15 -101,10 
t) C2 

1- ft 
5- » 

V1ft3 

Ground 
FoundnUor 
Build las 

- S:8 - 8:8 - £5 - 8:S - 8:8.8:3.8:3,55:2 

- 2,03 - 2.» - 3,52 - 4,42 - 5.00 - 7,10 - 9,00 - 10,07 

• ) «ft 

1- ft 
»• » 

15-143 

îikm. 
1-15* 

1» 

’•ünä 
Batidlas 
;iooo nlll 

Plato ip 

ftS 8:8 2:5 8:2 S:U 8:3 - 3:3.2:2 
- 04,07 - 04,24 - 03,» - 02,» - 60,» • »,00 - 54,» • 49,25 

07,» 60,01 49,19 33,00 11,93 - 14,49 - 47,14 - 07,23 

0,05 0,06 0,00 0,00 0,07 0,07 0,07 0,07 

f) ■? 

I«* 4 
5- « 

n-ift3 
133-15B-C 

Ground 

Foundatloa 
Bulistas 

Mftft ftllloi 

12,07 12,00 12,12 12,10 12,25 12,33 12,40 12.34 
204,13 205,20 205,» 109,» 107,54 130,29 »,79 *5,99 

- 77,53 - 77,33 - 70/» - 70,29 - 75,17 - 73,29 - 70,21 - 05,75 

1-1» 

■ ■ML. Plato ip 
13*.*5 130,*9 123,*7 »2,15 9*.97 09,» 55,30 - 9,» 

“ hW tt.K 7** «.a* 1,10 9.11 0.90 

• 9«« *p|>«ndtx • M* 

56 



.WiWf 

Tat le 9. 

0,00 0,11 0,27 0,*9 0,78 1,15 

CfadlMt tasrau* 0 18,8% 85,25 82,12 130,75 192,78 

raumatlM 
'MMim r 
:CUm pillar . 
OrmiU pUta 

0 0,06 0,15 0,21 0,28 0,16 
0 -95,85 - 37,81 - 88,46 -108,56 -159,56 
0 0,89 1,81 5,69 6,77 11,23 
• 3.86 7,37 10,63 13,38 15,06 

-A-- frC ^9,77 »,37. JJ,*? 50,19 

From the gravitational pattern in Fig. lib we can understand 

the gravity gradients over the various connecting points. In Fig. 12 

it is applied over these points as, a function of elevation. We can 

see that the gradient value between -245 uGal/m and -38O yGal/m 

increases and that we are not dealing with an intrinsic gravity 

gradient in the institute building. The smaller value (assumed to be 
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absolute) appear ln the cellar. It is significant that the strong 

decrease in the gradients over the free-standing pillars (SI, S6, S8), 

it changes less or remains almost constant. This holds especially 

true for the connecting pillar S2 that is in the ground outside the 

insti ute where the gradient is only slightly above the free-air 

gradient -311.3 uGal/m. 

Fig. 12. Gradient pattern over the 
connection points. 

b) Gravity Differences 

The final magnitudes Uh, U » Uh + UG in Table 10 were determined 

analogously as in the previous calculation. Only in SO is the 

influence A of the plate taken into consideration which is used to 

erect the gravimeter between the double pillar and the simpler 

calculation because of the aluminum cylinder (radius r ■ 35 cm, 

thickness d « 0.6 cm, density 6 * 2.7) with the iron cylinder that 

.was welded on the bottom (r « 6 cm, d ■ 1.2 cm, 6 ■ 7.7) is to be 

taken into consideration. The attraction A of a cruciform plate on a 
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point at distance a over the middle of the surface is, as is well 

known, expressed as follows: 

•..V?T?-W. u.(U) 

With c * 25 cm (measuring height) or c * 25*6 •i» e the Iron plate 

we obtain A * 0.28 + 0.10 « O.38 uGal. This amount x given under 

U in Table 10 for SO and in the final calculi ^ gravity differences 

u it is taken into consideration in Table 11. e final gravimeter 

correction Kh at h * 25 cm is found in Table . by means of interpo¬ 

lation. The value Kh or AK can, however, b- u ken from Fig. 11b with 

sufficient accuracy. The comparison of a 1 tax corrected measured 

value Ü and the calculated value u in Table 11 gives us error v which, 

however, is not to be attributed to the measurements but rather to 

the accuracy of the calculated gravity differences which, on the 

average, amount to +7-9 uGal. 

Table 10. 

\ \ 
' i 

ao 
M 
»1 
« 
m 
n 
ter 

-«38,1« -183,12 
-*«0,72 -139,88 
-*«0,72 -173.57 
-130,75 - 2,«3 
♦321,89 ♦ «7,50 
«*38.28 «ISS** 

«422,48 «133, «•» 

I« 0,38\ 
-821,2« 
-«20,«« 
-«*.29 
-133.38 
♦389,39 
♦572,73 
♦556,17 

« 7,00 

-12,«« 
- 2,03 

♦ S»*5 
♦1«.*5 

Table 11. 

c) Gravity Value 

With the Potsdam fundamental value in SO and the measured 

gravity differences û we obtain the gravity g in points SI, S2, S6 

and S7 (Table 12). However, the gravity value g can also be 

calculated in points SO to S7’ with the calculated differences u. 
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In so doing the connection In the absolute point SO need not be error 

free, but rather can be determined In such a way that the difference 

J n comPari80n to the value g which Is considered as correct, on the 

average, disappears. Prom Table 12, an average error of +4.5 „Gal 

Is obtlined for the previous gravity value from the gravitation 

calculation in the gravimetric connecting points of the Geodetic 

Institute - see appendix. 

Table 12. 

l~_iu_L_1_1 . FI 96iy?4 mnt 1 
so 
38 
SI 
82 

SC 
37 

■Zl_ 

*0.00 

♦0.15 
«0.18 

(«1.18) 
♦l.d 

«0.0000 
* 1« 

♦0,1966 
♦0.C978 

«MW 
«1,8011 

*0,006$ 

«0,2068 

♦©.«Ml 
♦0,69*0 
*1,2168 

♦1.4001 
♦1,3856 

ESS L- _ 
mm —H 

» 

For purposes of comparison the gravity values (g) that were 

used up to now are shown in Table 12 which were based on observations 

that were made about 10 years ago [1, p. 208/9] with an Askanla 

gravimeter and which were based on gradient -0.269 mGal/m which are 

attributed to measurements that were made between the cellar floor 

and S] (elevation difference Ü.83 m). The (g) that was obtained 

from S6 cannot be compared with g because in 1958 pillar S6 was 

reduced by 2 cm and a 7 cm thick sandstone plate was placed on it. 

Also, gravimeter corrections (Pig. H) were not applied to all (g)<5 

For this reason the too low value (g) of SI which is especially to 

be attributed to the too low gradients -0.269 mGal/m was increased 

by about 0.02 mGal. The considerations that were made by Woollards 

p* were also compared. He calculated the gravity value for 

SI of >61,¿74.19 mGal with the best agreement with g and g in 
Table 12. 

5. Remarks on che Potsdam Fundamental Value 

Kühnen and Furtwängler, in due course of time, obtained the 

gravity value g - 98l,27* Gal from variations in the arrangement 

of their observations [2, p. 26H-369]. Thus, various improvements 
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in aL for the length of the second pendulum and many unknown qi and p 

that are connected with the elastic groove and bearing, were determined 

simultaneously. For the final value L which led to the Potsdam 

fundamental value, was only based on the last three of the total of 

nine adjustment variations. The physical quality of the values for 

q^ and p that were obtained in this way, of course, was not as easy 

to see as the impossible density values y, z, in III.3c where an 

attempt was made to determine the gradients and densities from a 

common adjustment. We know today, however, that the gravity value 

that was calculated by Kühnen and Furtwängler is about 13 mGal too 

high. 

If we had treated the normal equations that were set up by them 

in the same way in our case (III.3c, Table 7), i.e., had we waved a 

r ri.mon determination of q^, p and if aL had been the most important 

unknown only from the corresponding constant element and quadratic 

coefficients, then we would have obtained the value that s 

considered right today. If we also disregard the first six variants 

from the adjustments by Kühnen and Furtwängler, then, for example, 

from variants 6) and 7) the value AL * -4.0 y ; on the average, it is 

AL - -6.4 y. with the correction dA « +1.0 y [2, p. 369 m], for the 

length of the sedond pendulum we obtain L * 994.2246 mm and the 

Potsdam gravity value g « ir2L « 981.2603 Gal. By means of the 

excessive evaluation of the elastic influences of the groove and 

bearing, obviously, comparisons of the Potsdam fundamental value 

resulted that were 13.7 mGal too high [11], 

6. Accuracy Calculations 

Errors which are caused by disregarding masses outside the 

area being considered and also within the buildings, were discussed. 

Together with the uncertainty of the densities that are given for 

sand, walls, and others, the accuracy is limited by the gravity 

differences of the masses that are in this area from which the force 

of attraction can be calculated. The accuracy of +7.9 yGal that is 

attained in this manner, in comparison to gravimeter measurements, 

could not even be expected. Just as surprising is the fact that the 

61 



gravity Itself could be determined exactly from the gravimetric 

connection points In relation with the absolute point through a 

gravitation calculation of +4.5 uGal. 

The above mentioned sources of error have a much smaller effect 

on the determination of the gradient as was explained earlier. The 

fact that the calculation of the gravity difference was so well 

proportioned can be seen from Fig. 12 in which the gradient ratios 

are shown. 

If these too do not change basically with small changes in 

the density of the sand or in the brick wall then an investigation 

should be conducted to determine the extent openings such as 

windows, door openings, etc. are to be taken into consideration in 

a section of the wall by corresponding reductions in its density - see 

III.2d. For this purpose a test was conducted on a series of six 

rows (I, II, IV, VII, XI, XVI) consisting of squares having 1 m long 

edges - Fig. 13. The attraction components , perpendicular to the 

drawing plane, exerted on each square that is standing on point A 

(in the drawing plane ), are calculated according to formula (1) with 

k^ * 10 (bricks) and given in Table 13 in yGal Just as the sum S of 

each series is given — in series I without a^. If we remove i square 

from row n so that the attraction components of the remaining rows 

amount to S-a^ and if we give the approximate value of S(n-l)/n for 

the density of the walls that correspond to the usage in the earlier 

determination then the error that was made is (S-ai)-S(n-l)/n. 

Expressed in % of the approximate value, the simplified density 

assumption then results in the error 

■IwO 

*.1 
* ií-J • (12) 

which is shown in Fig. 14a. As was expected, the error that was 

made is the greater the closer the wall is to attraction point A. 

62 



AIO » «D n «vi . 

Fig. 13. Tetit with a series of 
blocks. 

Table 13. 
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. In a second test squares ] to 4 should be left alone altogether 

and the rows should first begin with square 5. In so doing instead 

of S, the much smaller sums S’ (Table 13) and the percentile errors 

that are shown in Pig. 14b which, of course, are not really smaller 

than those in Fig. lHa because of their much smaller attraction but 

they play an essentially smaller part. It was rerommended in any 

case to make an exact determination of the masses in the vicinity 

of field point (A) and only at greater distances, about 4 m away, 

to disregard or to simplify the density assumptions. 

Finally, it must also be pointed out that knowing and maintaining 

the exact height for the calculated or measured gravity difference is 

of considerable importance. Here the height of the gravimetric 

connecting points is indicated only with cm-accuracy. An error of 

+5 mv. in the height of the pillar or a change In the position of 

the foot screws on the gravimeter by 1 cm between setups results 

in an inaccuracy of 2-3 wGal in the gravity difference because of 

the free-air gradients. In very exact gravity transmissions it is 

6Ü 
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necessary, therefore, to have bolts on the pillars that have an exact 

height and to mark points on the measuring Instruments. 

Conclusions 

The purpose of this article that was pointed out in III.l, 

was attained. The gravity gradients over seven gravimetric connecting 

points could be determined exactly. It was even possible to 

calculate the gravity differences between them with an accuracy 

that was better than +0.01 mGal. 

I am particularly in debt to my scientific aid, G. Hirsch 

iOr completing the many calculations at the Computer Center of the 

Babelsberg Observatory and for the required programming. Mrs. Hoffmann, 

w'db responsible for the clean copy of the manuscripts and for the 

offset printing of the many tables. The drawings were accomplished 

by Miss U. Schmidt at the Geodetic Institute. Miss D. Arnoldt and 

Mr. G. Beerbaum aided me in editing the tables. 
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Appendix 

In the gravitation calculations that were carried out in the 

meantime, ths Influence of pillars S2, the dimensions of which are 

not known exactly, was not taken into consideration. Even though 

it was in the ground and for this reason only the small density 

difference in comparison to sand Is of Importance, disregarding its 

attraction on S2 is not Justifiable. In its place we observed a 

cylinder of concrete (r » 0.5 m, d - 0.9 m, 6 » 0.2) for reasons 

of simplicity and a cylinder of granite (r * 4 m, d * 0.1 m, 6 « 0.8). 

By the radius of 4 m the pavement of the yard is to be taken into 

consideration at the same time. With the minus values we are dealing 

with the differences in comparison to the sand density of 2.0. The 

gravit ;tion of both cylinders was calculated in accordance with 

formula (11) again for various heights over the pillar surface 

(- ground). 

Attraction In uGal on S2 +...[mj 

0,00 0.0* 0,11 o,M 0.» 0,60 0,0» i,at 

C«Mr«to «yllAd 

Or»nit# eyllnd« 
M* *»45 *»Ia SO* 1.07 1,05 0,70 0,45 0,29 
T 3,91 3,20 9,22 9,12 2,99 2,02 2,90 2,91 

Sî í i 5,70 5,50 5,10 4,99 4,01 3,52 9,09 2,0« 
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These values added to the sum of the force of ¿ittraction on S2 in 

Table 8, result In the following: 

w 
âttrwtUn 

),13 a,» 1,M 0,17 -1,64 -3,60 -5,f7 -4,17 

ov*r SÎ 0,00 -0,61 -1,99 -2,96 -4,77 -6,01 -9,10 -11,40 

Ihe gradients over S2 also, thus, becomes somewhat larger (absolute). 

Without going into greater detail we can see from Table 12 that at 

about 5.8 uGal the improved gravity value g - 98.,27^.6997 mGal is 

effective on S2. The average value drops to 4-4.1 wGal. 

The gravitational effect of the pillar that i? embedded in the 

ground is small because of the low density difference. For the same 

reason, however, the density differences in the ground because of 

the moisture, are relatively strong. If we use, for exemple, in 

II.1 instead of the density of 1.7 for sand which is around pillar B 

(Fig. 1), the density 2.0 which was used later, then the gravitational 

forces over B that are given in Fig. 4, must be multiplied by 

0.2/0.5, i.e., it is reduced by less than one half. 
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