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UBER DIE BEZIEHUNG DER QUALITAT DER
TRENNPRODUKTE ZUR VERTEILUNGSFUNKTION DES
ROHMATERIALS

SZ. PETHO
UNIVERSITATSPROFESSOR

LEHRSTUHL FUR AUFBEREITUNGSKUNDE, TECHN. UNIVERSITAT FUR SCHWERINDUSTRIE,
MISKOLC

[Eingegangen am 2. Mai 1974]

Die aus dem Verlauf der Konzentrat- und Bergekurven der H—R-Funktionen feststell-
bare Qualitdtsanderung und der Extremwert des Qualitatsunterschiedes steht in Beziehung
zur Verteilungsfunktion des Rohmaterials. Diese Beziehungen werden fur die Schumann—
Gaudin’sche Verteilung mit monoton verlaufender Differentialkurve, fur normale Verteilung
mit symmetrischer Differentialkurve, sowie fir die lognormale Verteilung mit asymmetrischer
Differentialkurve untersucht.

Die Aufbereitbarkeit eines Rohmaterials 148t sich nach Smirnov [2]
aufgrund der Differentialkurve des Rohstoffes, wie folgt, definieren: Sie ist
am besten im Minimumpunkt der Differentialkurve, am schlechtesten aber
in ihrem Maximumpunkt.

Im folgenden sollen die Anderungen der Konzentrat- und Bergekurven
der H R-Funktionen fur jenen Fall untersucht werden, wenn die Verteilungs-
kurve des Rohstoffes dem Verlauf einer Schumann—Gaudin’sche normalen
hzw. lognormalen Verteilung folgt.

Bezeichnet f(x) die Differentialkurve eines gegebenen Rohmaterials,
und soll dieser Rohstoff bei der Qualitdt xa getrennt werden, dann werden
nach [1] die Durchschnittsqualititen der Trennprodukte M(x\) und M(xi\),
wenn die Qualitdt der den Rohstoff ergebenden mineralischen Elementar-
teilchen zwischen xmin und xmax liegt, aus folgenden Beziehungen errechnet:

(%) * dx
‘ ©
B )xa

Die Untersuchung ist auf die KIlarung der Frage gerichtet, wie sich der
Qualitdtsunterschied der Trennprodukte

M (i,) und M (xu)

AM(Xx) = M(xu) - M(x\) 2)

gestaltet, bzw. wie die Extremwerte der Qualitatsdifferenz bestimmt werden
konnen, wenn die Rohstoffunktion einer Schumann GAUDIN’schen Normal-
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4 Si. PETHO

bzw. Logverteilung entspricht, deren Yerteilungs- und Dichtefunktion mit
Benltzung der bekannten konstanten GroRen m und A wie folgt lautet:

F(*)= [""]  und f(x) - ;\nm rm—1 ©)

Nach (GI. 1) erh&lt man die Qualitdten M(x\) und M(xy) aus:

m m A m+l
M (*,) m 1 xa und M(xy) = Tn - im m (4)

nach (GIl. 2) aber [3] die Differenz AM(x) aus:

m Am(A -xa
AM (x) ( ) (5)
m 1 Im- xJ!

Ist m > 1, dann empfiehlt es sich, zur Ermittlung der Anderungen von AM(x)
und der Extremwerte (GI. 5) folgendermaBen zu transformieren:
m4m 1

M (i)=— - (6)
m+ 1 A™-1+ Am2xa+ ___ + AX

Aus (GIl. 6) kann uUber AM(x) sofort festgestellt werden, daR es bei xa= 0
ein Maximum, bei xa= A aber ein Minimum aufweist:

AM{X)max = - m A und AM(X)min= — A (7)
m+ 1 m+ 1

Der Wert AM(x)max stimmt mit dem voraussichtlichen Wert der Schumann
Gaudin’schen Funktion bei xa= 0 uberein, wo die Differenz AM(x) ein Maxi-
mum hat. Bei dem Wert/(0) = 0 hat die Differentialkurve ein Minimum im
Punkt xa= A, wo die Differenz AM(x) ein Minimum betragt. Mit f(A) =
— T/A nimmt die Differentialkurve den Maximalwert an. Zwischen dem
Maximum- und Minimumpunkt findet eine monotone Verminderung der
Differenz AM(x) statt.

Ist m 1, so empfiehlt es sich, folgende Umformung der Beziehung vorzu-
nehmen:
|
m
_owm
AM(x) = — 1 \r'-a/
m-L 1 m m
u Yxa
L 2
m n m m m
Ma []1 1 1 —-2 v 3
+ (FAm + 1AM Xa+ M m  *S+ ee. 1 (8)
1

Acta Geodaetica, Geophysica et Montanistica Acad. Sei. Hung. 10, 1975



QUALITAT DER TRENNPRODUKTE 5

(GIl. 8) hat bei xa= A ein Maximum und bei xa= 0 ein Minimum. Die Maxima
und Minima stimmen mit (GIl. 7) Uberein, doch ist im Falle m <[ 1 der Maxi-
mumort AM(x) bei xa= A, wo die Differentialkurve mit dem Wertf(A) =
= m/A ein Minimum hat. Der Minimumort kann bei xa = 0 gefunden werden,
wo die Differentialkurve /(0) —»00 wird.

In Abb. 1 sind mit den Konstanten 4 = 1 und m 2, in Abb. 2 aber
mit den Konstanten ™4 = 1 und m = 1/3 die Schumann—Gaudin’schen Ver-
teilungsfunktionen, bzw. die Qualitdtsdnderungen M{x{) und M (xu) darge-
stellt. Aus den Abbildungen kdnnen auch die Werte AM(x)max und AM (x)m\,
abgelesen werden.

Liegt der Fall einer Normalverteilung vom voraussichtlichen Wert 0
und der Streuung 1 vor, dann erhdlt man die entsprechenden Qualitdten —
wenn die Dichtefunktion ip(x), die Verteilerfunktion aber ®d(x) lautet — aus
den Beziehungen

da)

M (*,) = und M (xu) ®a)

1- @(xa)

©)
ihren Unterschied aber aus

AM (X) ®a) (10)
o0 [1-@ (*8B)]

Acta Geodaetica, Geophyaica et Montaniatica Acad. Sei. Hung. 10, 1975



6 Si. PETHO

Bei xa = 0 von (GIl. 10), wo die Dichtefunktion ihren Héchstwert annimmt,
befindet sich nach

AM (X)min= -L - (11)
\ 271

ein Minimum, und ebenda befindet sich auch der erwartete Wert der Vertei-
lung und ihr Median. Von der Normalverteilung kann ferner auch festgestellt

werden, dall bei x — o0, wo die Funktion <p(X) ein Minimum (p(x) — 0 hat,
AM (x) —moo wird.

In Abb. 3 wurden die Verteilungsfunktion ®(x) von Normalverteilung,
mithin die Anderungen der Qualititen M(x\) und M(xy) dargestellt und im
Bilde auch AM(x)mm bezeichnet. Abb. 4 zeigt die Anderungen der in (GI. 9)
erscheinenden Funktion <p{x), die Anderung der Dichtefunktion der Normal-
verteilung bzw. ihres Produktes 1/®d(x)[1 ®(x)], mithin die Anderung von
AM (x).

Bei einem Rohstoff von Logverteilung mit den Parametern rn und a, bei
welcher der voraussichtliche Wert der Dichtefunktion

(In Xg-T7Y
1

Y211 ax

I(*) = (12)

Acta Geodaetica, Geophysica et Montanistica Acad. Sei. Hung. 10, 1975
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8 Sz. PETHO

gleich M (!) ist, ergibt sich die Durchschnittsqualitdt der Trennprodukte aus
den Beziehungen
'Inx,, —m —ff21

[0)
Mixt) = M(f)
Inxa —m
[0)
und (13)
| —m —a2
1 nxa—m a
M (xu) = M(])
Inxa- m
1
die Differenz der Qualitat aber aus:
Inxa- m Mnxa—m — e2
Iy
AM(X) M (f) v ’ (14)

Inxa—m 1 o In xa—m

a )

Wenn xa= M(]) = e ist, also dem voraussichtlichen Wert entspricht,
dann lautet die Gleichung fir den Qualitdtsunterschied der Trennprodukte

AM{x) M) (15)
(0]

Die lognormale Verteilung xa-* em @2 = xm hat an dem Modusort ein Maxi-
mum, bei welchem der Unterschied der Qualitaten

AMix) ®(20) (@) (16)

PH[1 &{)]
betragt.

Wird das durch eine lognormale Verteilung gekennzeichnete Rohmate-
rial bei einer Qualitdt getrennt, die dem zu erwartenden Wert, bzw. dem
Modus entspricht, so hat die Qualitdtsdifferenz AM(x) in keinem der Félle
(GIl. 15 und 16) einen Extremwert. Um diesen Extremwert zu suchen ist es
zweckméRig, die Funktion

D(*) = ®0(*) + fj 17

Acta Geodaeticay Geophysica et Montanistica Acad. Sei. Hung. 10, 1975



QUALITAT DER TRENNPRODUKTE 9

in Betracht zu ziehen, welche durch Umwandlung der (GI. 14) folgende Form
annimmt:

AM()  m(n 0@ PUT A g (18)
0,25 [®O(*)]2

. Inxa m .
worin ist.

v
Der Wert des die GroRe AM(x) zu einem Minimum machenden Wertes z = z0

kann durch Suchen des Extremwertes der in (GI1.18) erscheinenden Funktion
h(z), also durch Auflésen der transzendenten Gleichung

1 rIinQ@25 -drg [POr0) 2d0r0 1)]

(19)
2 0,25 — [®0(r0)]2

berechnet werden. Ist z0 bekannt, dann ist aufgrund von (GIl. 18 und 19) das
Minimum der Funktion h(z):

(*)0(*0 - ff) (20)
0,25 [@>@0)]2

M 2)min —

Wird der dem Minimumpunkt entsprechende W ert xamit x0 bezeichnet, dann
ist

X0 = eT+ry = emme2°. (21)

Abb. 5

Acta Geodaetica, Geophysica et Montanislica Acad. Sei. Hung. 10, 1975



10 Sz. PETHO

Tabelle 1

Die Anderungen der GroBen z0, h(z)mjn

a 1 0,9 0.8 0,7
*Q 1,966 -1,748 —1,534 -1,330
M z)min 0,962527 0,937071 0,899503 0,846908
0,140016 0,207381 0,293112 0,394159
Pt 0,0849 0,1383 0,2128 0,3085
Pz 0,3806 0,4662 0,5559 0,6434

Die Gleichungen fir die aus dem Wert x() und dem voraussichtlichen Wert
jV1(]), bzw. dem Modus xm gebildeten Quotienten px bzw. p2lauten:

Pl = >-i)" (22)

M (f)

bzw.

PI A0 (23)

In Tabelle I sind die mit den Werten a — 1,0, 9 ... 0, 2 nach (GI. 19) berech-
Tabeile 11

Die Minimumorte x, der Qualitatsunterschiede

1 0.9 0.8 0.7

1,532346155 2,912465549
2 1,0345846 2,16582206

1,0271618 1,952283
L6 0,693502 1,4517932
1,2 0,464869 0,688528 0,9731675 1,308656
1,0 0,380602 0,563719 0,796761 1,071436
0,9 0,344383 0,510074 0,720940 0,969476
0,8 0,311611 0,461534 0,652333 0,877218
0,7 0,281957 0,417613 0,590255 0,793799
0,6 0,255125 0,377872 0,534085 0,718205
0,5 0,230847 0,341913 0,483260 0,649859
0,4 0,208879 0,309375 0,437272 0,588017
0,3 0,189002 0,279934 0,395660 0,532059
0,2 0,171016 0,253295 0,358008 0,481427

Acta Geodaetica, Geophysica et Montanistica Acad. Sei. Hung. 10, 1975



QUALITAT DER TRENNPRODUKTE 11

ez, JJ und p 2 als Funktionen von a

0,6 0,5 0,4 03 0,2
-1,131 -0,934 -0,741 -0,553 -0,366
0,776847 0,687778 0,579426 0,453021 0,311344
0,507327 0,626880 0,743490 0,847131 0,929415
0,4238 0,5532 0,6863 0,8099 0,9110
0,7272 0,8049 0,8725 0,9269 0,9673

neten Werte z0, ferner nach der (Gl. 20) die Werte von h(z)m#, dann die in
(GI1.21) erscheinenden Werte ez‘q, schlieBlich die mit Hilfe der (Gl. 22 und 23)
berechneten Werte pl und p2 zusammengefalt. Aus den Daten der Tabelle
kann festgestellt werden, dall px= 0 ist; demzufolge ist e¥a<[ G P\ ~ 1 und
Pi<.le

Mit sinkendem a nédhern sich pxund p2immer mehr dem Werte |,d. h.,
sie gelangen mit abnehmendem Wert der zu h(z)mjn gehdrigen GréRBe x0 immer
ndher zum Modusort der lognormalen Verteilung, wo die Dichteverteilung ein
Maximum hat und auch h(z)mn abnehmende Tendenz zeigt. Ahnliches kann
auch aufgrund von Tabellen Il und 111l festgestellt werden: In Tabelle Il sind

bei gegebenem o und m

0,6 0,5 0.4 0.3 0,2
4,63205215 5,259498061
3,748665838 5,493689098 5,867499043
3,104956 4,195865
2,512805 3,682528 4,603420
1,6843857 2,081317 2,468476 2,812576 3,085769
1,379057 1,704037 2.021015 2,302741 2,526412
1,247822 1,541876 1,828690 2,083606 2.285991
1,129076 1,395147 1,654667 1,885325 2,068451
1,021631 1,262381 1,497205 1,705912 1,871612
0,924410 1,142250 1,354727 1,543573 1,693504
0,836440 1,033551 1,225808 1,396683 1,532346
0,756843 0,935195 1,109157 1,263771 1,386524
0,684819 0,846200 1,003606 1,143507 1,254579
0,619650 0,765673 0,908101 1,034688 1,135190

Acta Geodaetica, Geophysica et Montanistica Acad. Sei. Hung. 10, 1975



12 Sz. PETHO

Tabelle 111

Die Werte AM(X)mn bei

i 0.9 08 0,7
2 11,72598 10,381280 9,153049 7,995166
1,6 7,860156 6,958777 6,135469 5,359317
1,2 5,268828 4,664614 4.112734 3,592463
1 4,313747 3,819060 3,367219 2,941257
0,9 3,903240 3,455628 3,046785 2,661360
0,8 3,5631797 3,126782 2,756845 2,408098
0,7 3,195702 2,829229 2,494497 2,178937
0,6 2,891591 2,559992 2,257114 1,971584
0,5 2,616420 2,316377 2,042321 1,783963
0,4 2,367435 2,095944 1,847969 1,614196
0,3 2,142143 1,896489 1,672111 1,460585
0,2 1,938292 1,716014 1,512989 1,321592

fur lognormale Verteilung mit den gegebenen Parametern e und m (er = 1,
09...0,2; m—2,16...0,2) die Minimumpunkte x0, in Tabelle Il aber die
Werte fur AM(x)min angegeben. In Abb. 5ist das Bild der lognormalen Ver-
teilung mit den Parametern a — 1, und m — 1, bzw. die Anderungen der
Mittelwerte M(x\) und M(xn) zu sehen. Der erwartete Wert der Verteilung
betragt M(£) = 4,4871, ihr Modus xm= 1, AM(x)Tw = 4,3137, x0 = 0,3806.
Aus der Abbildung, wie auch aus der Tabelle Ill ist zu ersehen, dal das Mini-
mum der Qualitatsunterschiede kleiner als der voraussichtliche Wert ist:
AM(x)mi,, M(1). Im Falle xa—= oo ist /(o0) —»0; AM(Xx) = oo0.

Bezlglich der Qualitdtsunterschiede (spezifisches Gewicht, Asche- oder
Metallgehalt) der Trennprodukte kann aufgrund des bisherigen folgendes fest-
gestellt werden:

Hat die Differentialkurve des Rohmaterials einen monoton sich &ndern-
den Verlauf, bzw. nur einen Maximumpunkt, fir den die Differentialkurve
symmetrisch ist, dann ist im Maximumpunkt, fir den die Waschbarkeit
nach Smirnov [2] am schlechtesten ist, der Unterschied in der Qualitidt der
Trennprodukte am kleinsten, im Minimumpunkt, wo die beste Waschbarkeit
vorliegt, ist die Qualitatsdifferenz am gréfRten. Zwischen den Extremwerten
&ndert sich diese Differenz monoton.

Hat der Rohstoff aber eine lognormale Verteilung und demzufolge einen
asymmetrischen Verlauf der Differentialkurve, dann liegt der Ort fir das
Minimum der Qualitdtsdifferenz bei einem kleineren Wert als der des Modus,
und die Minimaldifferenz ist kleiner als der voraussichtliche Wert der Ver-
teilung. Der Minimumpunkt des Qualitdtsunterschiedes und der Modus fallen.

Acta Geodaetica, Geophysica et Montanistica Acad. Sei. Hung. 10, 1975



QUALITAT DER TRENNPRODUKTE 13

gegebenem o und m

0,6 0,5 0,4 0.3 0,2
6,872226 5,758692 4,637998 3,501468 2,347013
4,606589 3,860165 3,108942 2,347103 1,573249
3,087893 2,587550 2,083989 1,573313 1,054582
2,528151 2,118505 1,706224 1,288118 0,863418
2,287565 1,916902 1,543855 1,165538 0,781253
2,069875 1,734485 1,396938 1,054622 0,706907
1,872900 1,569427 1.264002 0,954261 0,639636
1,694670 1,420076 1,143716 0,863451 0,578766
1,533401 1,284938 1,034877 0,781283 0.523689
1,387479 1,162660 0,936396 0,706934 0.473854
1,255443 1,052018 0,847286 0,639661 0,428761
1,135971 0,951905 0,766656 0.578789 0,387959

umso né&her aneinander, je kleiner die Streuung a ist. Dies besagt, daR der
Rohstoff in Uberwiegender Menge auf ein engeres Qualitdtsintervall entfallt.
Hat der Parameter a einen grofRen Wert Rohmaterialien solcher Art haben
«in groReres Qualitatsintervall dann né&hert sich der Ort des Extremwertes
dem Werte xa= 0.

SCHRIFTTUM

1. Tarjan, G.: Asvanyel6készités I. (Mineralaufbereitung, Band 1). Manuskript. Tankényv-
kiadd, Budapest, 1969, 69—2286.

2. Smirnov, S.: Mathematische Darstellung, Behandlung und Auswertung von Verwaschungs-
verteilungen und KorngrdéRenverteilungen, sowie der Tromp-Verteilung im Zusammen-
hang aufbereitungstechnischer Trennung unter Mitwirkung der Datenverarbeitung.
Manuskript, 1972.

3. Raisz, I.. Az MTA Banyaszati Munkakodzossége részére készitett kutatasi jelentés. For-
schungsbericht fur die Arbeitsgemeinschaft »Bergbau« der Ung. Akad. d. Wiss. Manu-
skript, 1973.

4. Peth6, Sz.. Gravitaciés dasitasi miveletek asvanyelGkészitési fuggvényeirél (Uber die
Mineralaufbereitungs-Funktionen der Schwerkraft-Anreicherungsoperationen). Manu-
skript, 1974.

O CBA3N KAYECTBA MPOAYKTOB PA3LENEHUNA
C ®YHKUWEW PACMPEAENEHUA CbIPbA

C. neve

PE3FOME

VI3MeHeHMe KauyecTBa, OMpefesnsieMoe Mo KPMBbIM KOHLIEHTpaTa W nycToli nopoabl yHK-
Ui H — R, a TakXe 3KCTpeMasibHOe 3HayeHMe WX Pa3HOCTM CBsA3aHbl C (hyHKLUMEW pacnpefe-
NeHVA ccbipbsi. 3Ta CBA3b Oblna McciefoBaHa A1s Cefyolmx pacnpegeneHuii: LLlymaHHa—
[ofeHa ¢ MOHOTOHHOW AnddhepeHUNanbHOM KPUBOM, HOPMasIbHOFO C CUMMETPUYHOR 1 norapud-
MMWYECKN HOPMa/IbHOTO C HECMMMETPUYHOI AnddepeHLMaibHON KPUBOIA.
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LABORATORY CENTRIFUGAL MACHINE BY MEANS OF
STEREOPHOTOGRAMMETRY

A. CZELLAR

DEPARTMENT OF GEODESY AND MINE SURVEYING OF THE UNIVERSITY OF HEAVY INDUSTRY,
MISKOLC

[Manuscript received August 1, 1974]

The investigation of the lean-out of the cups of a laboratory centrifugal machine by
means of stereo-photogrammetry is dealt with in this paper. Photographs of the rotating
head of the centrifugal machine were shot by means of two amateur-cameras having a picture-
size of about 6x6 cm. A strobelight device was used as light source. The necessary accuracy
of determining and marking the inside and outside orientation data of the pictures are summed
up in the part dealing with the planning of the measurements. In connection with that a general
rule for solving problems by near-photogrammetry is also given. A square grid was photo-
graphed together with the rotating head in order to secure the orientation of the picture pairs
in the course of the evaluation as well as in order to take into correction the effects of inside
and outside orientation errors.

The a posteriori standard error of the angle of lean-out — determined from measuring
data received on the stereocomparator — was less than the value of the standard error used
for the calculations of planning the measurements.

The field of application of photogrammetry is widening even today.
It has been applied with success in solving the most different industrial and
research problems. We should like to give an account of the solution of a
research problem by a method of near-photogrammetry.

During mineral preparation as well as at several other technological
operations it is important to know the grain-size distribution of the material.
In the range of the finest grains the distribution can be appropriately deter-
mined by using centrifugal machines.

In case of a grain-size analysis by means of centrifugal sedimentation,
simplifying conditions must be accepted due to the very complex circulation
conditions in the material-holding cups in order to determine actual grain-sizes
and the corresponding values of the distribution function. A centrifugal ma-
chine with cups can be regarded as a centrifugal physical pendulum, where
the conditions of motion of the grains of the analyzed material could be de-
scribed by simple mathematical expressions only if the revolution per minute
would be constant, the cups would have the form of a bar and there would be a
homogeneous weight distribution. A further difficulty in the calculation of
the instantaneous position of the cups during speed-up and braking is due to
the changing accelerations. It is obviously more simple to measure directly
the parameters involved instead of a complicated computation.
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16 A. CZELLAR

Photogrammetry is the most simple measuring method to determine the
lean-out of the cups at a given rotation. W ith this method the lean-out of the
cups can be measured under usual operating conditions.

The measurements reported in this paper have been performed in the
Institute for Preliminary Preparation of Minerals of the Technical University
for Heavy Industry at Miskolc, on a centrifugal machine fitted for grain-size

Fig. 1. 1 rotation axis, identical with the photographing axis ¥; 2 cup; 3 marked outside
point to be measured; 4 marked inside point to be measured

analysis, in order to determine the angle a between the axes of the cups and
the vertical in function of time and rotation speed. The machine can be oper-
ated at 8 different rates of rotation; only the first four were used in this
study at the request of the Institute.

When operating at a given rate, photographs of the rotating head of the
centrifugal machine were made each 6 to 8 seconds during the total run. If the
angles measurable from the exposures, or computable from the measured
data, are plotted (ordinate) versus the corresponding time values, (abscissa)
an adjusting curve can be drawn across these points. The change of angle a
of the material-containing cups as function of time is characterized by this
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LEAN-OUT OF CUPS OF A CENTRIFUGAL MACHINE 17

curve. The change of a as a function of rotation can be similarly obtained if
instead of time, the revolution of the rotating head is plotted on the abscissa.

The rotating head of the centrifugal machine is shown in Figure 1.
Besides the basic position of the material-containing cups (full-line), the lean-
out position at a given revolution is also represented (broken line).

The solution of the problem by means of a monoscopic photogrammetri-
cal method would have been unprofitable due to the very complicated calcu-
lation formulae. It can be seen from Figure 1, namely, that at different txvalues
the Y distance between the photographing objective and the points to be
measured are also different.

In case of using stereophotogrammetry, all three coordinates of the
points to be measured can be calculated, hence the problem can be solved by
using the basic equations of stereo-photogrammetry. In order to simplify
calculations it is advisable to determine the points from normal stereo-
grams.

Because of the cover on the rotating part, the device could be photo-
graphed only from above. During exposures the rotating space of the centri-
fugal machine was covered with a transparent plastic plate. It was secured in
this way that the air-flow conditions should not change considerably with
respect to the actual operating conditions. (At open state the number of
revolutions decreases by about 3 percent). A square grid of 50 mm side length
was drawn on the plastic plate, to assist in the orientation of the photographs
and for the calculation of the possible corrections.

The photogrammetrical measurements were planned to have the a
posteriori standard error paof the angle a less than A~ 1° In order not to sur-
pass this prescribed standard error, we will use further on /X = pj3 = 20" in
the calculations of the design of our measurement.

Points of view at the planning of photogrammetrical
measurements and at the interpretation of photographs

Determination of the photographing base length b

The greatest base length is 130 mm, as calculated from the dimensions
of the rotating head with the cups leaning out. If the distance between the
objectives of the cameras is greater than that — in case of surpassing a critical
x angle it might occur that one of the four inside points marked on the cups
will not be visible. (The inside point of the cup lying on or near to the vertical
plane crossing the base at the right-hand end.)

Photogrammetrical instruments with such a short base do not exist,
thus the photographs were made by two Pentacon cameras off = 80 mm focal
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18 A. CZELLAR

length and 56x56 mm picture size. The shortest possible distance between
the cameras was b = 126.0 mm due to their construction dimensions. The
exposures were made with vertical camera axes, thus the evaluation of the
picture pairs could have been made similar to the evaluation of normal
stereograms.

The cameras must be brought into such a position above the rotating
head that the optical axis of the camera at the left end of the base should he
in the rotation axis. The other end-point can lie anywhere on a circle of radius
agreeing with the base length due to the circular symmetry of the rotation
head.

Calculation of the photographing distance Y

If the base length between the pictures and the focal length,f = 80 mm,
are known, the photographing distance must be chosen sothat the cups-contain-
ing material should be “visible” from both ends of the base. In Fig. 2 the
minimum photographing distance y min can be determined from the expression

X + Mf

X

Substituting X = 200 mm, b= 126 mm, x = 28 mm and f — 80 mm
into the expression, we obtain Ymm = 931 mm. Putting the cameras at such
a distance (or, more correctly, height) or even farther from the rotating head,
the “visibility” requirements will be fulfilled.

Fig. 2. 1 rotation axis; 2 and 3 photocameras; 2’ and 3’ photographing axes; 4 plastic plate

Acta Geodaetica, Geophysica et Montanistica Acad. Sei. Hung. 10, 1975



LEAN-OUT OF CUPS OF A CENTRIFUGAL MACHINE 19

Influence of inside orientation errors of the
pictures

Errors can arise, when inside orientation elements are unknown or are
known with poor accuracy; due to the distortion of the camera objectives
(which can reach as much as 0.1 mm according to Soviet literature), due to the
lack of frame marks and the lack of an exact device assuring the planar posi-
tion of the film.

By means of choosing a proper interpretation it can he attained that the
exact determination of the focal length will not become necessary. The error
caused by the displacement between main point and central point of the pic-
ture can he similarly neglected. (The method used will be discussed below.)

The effect of the distortion of the objective is to have circular sym-
metry, as usual in photogrammetrical practice. Since the points to be
measured also move on a circle during the rotation of the head, it is enough
to calculate with a distortion in the 4 13-mm annulus of the picture in case
of analysing the camera at the left end of the base. The value of distortion
can be some hundredth part of mm, this does not considerably influence our
measurements. The error due to the difference between the distortions of the
two objectives, influencing parallax determination, can also be neglected in
the same way.

The error caused by the deviation of the film from the planar position
during exposure does not considerably influence the measuring accuracy
because we have to work with small picture areas. This was proved in the
course of interpretation by measuring the corner points of the square grid.

Influence of outside orientation errors of the pictures

Calculations were made in an independent coordinate system (basic
system). Thus the error of the determination of the zero point of the coordinate
system will be:

AX0= AYO0= AZ0O= 0.

The pictures were oriented by means of the points of the square grid,
as mentioned above. This also means that the rotation Ax of the bundle of
radiais around its own axis can be neglected:

Axb = Axj = 0.

The deviation ofthe photographing axes from the vertical is characteriz-
ed by the projection Acp on the vertical plane going through the base and the
projection Aw on the perpendicular plane (Acpb= Acpj = Acp and Awt, =
= Awj — Aw).
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The effect (6x, 6z) of the errors Acp and Aa> on the picture coordinates x
and z can be expressed by the following equations:

0x Acp -j- Aco ,
/

Xz
0z T Acp Aco .

Derivating the equation for 6x with respect to the variable x and chang-
ing to differences, it becomes:

A(6x) .
2 * N+ jzle>.
AX f f

Analyzing the permitted value of Acp under the conditions Aco = 0 and the
permitted value of Aco under the condition Acp = 0, we obtain

Acp A(6*)f
2x AX
A(Ox)f

Aco = (0x)
z AX

For r and z and for the parallax p to be used later, the following preliminary
values can be calculated on the basis of the dimensions given at the calculation
of the photographing distance Y:

X <C13 mm; z 13 mm; p 11 mm.

The displacement Ax of the marked point of a cup - between rest
position and the maximum lean-out of the cup is less than 10 mm on the
picture.

Substituting the value of focal length (f = 80 mm) and supposing that
A(6x) does not surpass the 0.02-mm measurement accuracy of coordinates,
the following numerical values are obtained for Acp and Zlco:

Acp” £21",

Aco + 42°.

From the expression of 6z the permitted values of Acp and Aco can be similarly
calculated after derivating with respect to z. These values will be:

Acp = 42', Aco = 21"
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The error caused by Acp and Aw can be written in the parallax of base
direction:

YPp= 2— XAW A — TAw .
f f

From here the permitted values for Acp and Aw can be calculated as

SMIn

2pAx '’

before:

aw= "M 1 ¢q.
p Az

Substituting the already known values into the above expressions and
prescribing the condition that A(ép) should not surpass the accuracy of paral-
lax measurement, the following values will be obtained for Acp and Aw:

Acp™t 125, Aw N £25"

The necessary adjusting accuracy of the photographing axes will be
therefore:
Acp = £12.5', Aw =+21.0".

These values can be kept without greater difficulties by using a projector
and bubble tubes.

Adjustment of cameras

The cameras were attached to a console made for this purpose; their back
covers were opened and they were tilted until the film-holding frames came
into horizontal position. (This was checked by a bubble tube.) In this position
the cameras were fixed and the distance between the two picture centres was
measured. The plastic plate with square grid was also horizontailed with a
bubble tube, the end points of the base distance were marked on it. Now the
objectives of the cameras were removed, the picture centres of both cameras
projected by a string projector; then the plastic plate was turned until the
marked points lay in the verticals going through the picture centres. Putting
hack the objectives and putting a glass pattern on the picture frames of the
cameras, the identity of main points and picture centres could be checked. Both
cameras showed a good identity in our case. In case of a great difference the
objective should have been adjusted.

It was controlled in course of interpretation by means of the mentioned
square grid photographed on the negative, whether the outside orientation
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data were adjusted with the accuracy calculated above. In this case the tilt
Ap> and Aa> of the photographing axis and the deviation of the right-hand
and left-hand photographing axes from the parallel position can be deter-
mined by the usual equations of aero-photogrammetry.

Photographing

Determination of exposure time

When moving objects are photographed, whose direction of motion is
perpendicular to the photographing axis — as in our case — the exposure time
A"influenced by the following factors:

'm a) velocity of the moving object (v),

b) distance between object and camera (A),

c) focal length (/),

d) the permitted clarity or in other terms the diameter of the circle
of scattering (d).

Revolution per minute of the rotating head does not surpass 2000 in the
first four rotation rates. Using this value 35 564 mm/s resulted as velocity
of a point moving on a circle of 170 mm radius. Taking the values A= 930
mm,f — 80 mm and d = 0.03 mm and introducing the imaging ratio 8 = k/h
(k is the picture distance), the exposure time tcan be determined in the follow-
ing way:

R=— = —Ff— = 0.09412,
/

t= — " 1/1100s.
Vi

W ith the cameras used it is impossible to take pictures at such a short exposure
time, so we made the photographs in a dark room with open cameras and
strobelights. Up-to-date strobelights have a flashing time of 1/10 000
—1/100 000 s. A further advantage of using strobelight is that the shutters of
the two cameras ought not to be synchronized.

ORWO 120 rollfilm of 20° DIN sensitivity was used as negative, the
strobelight was an Elgawa device made in GDR of key number 16 18.

12 pairs of photographs were taken for each rotation rate, 6 of them
during the speed-up time and 6 during the braking time. In order to have the
exact time of the photographs, a chronograph was photographed on the pic-
tures, too. The chronograph and the centrifugal machine were started and
stopped synchronously.
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Evaluation of the photographs

A Zeiss 1818 type stereocomparagraph was used for evaluation. The
picture coordinates xb, zb, xk, zk of the marks at the inside and outside edge
of the material-holding cups and their parallaxes (pb, pk) were measured, in
ease of a cup of general position the lean-out angle <«can be determined on the
basis of Fig. 3, as follows:

Z, b \x\ + z\ \ixi + ZI

|
C0S « = —
a a a

Going over from the coordinates Xk, Zk, X b, Zb of the base coordinate
system to coordinates of the picture coordinate system, the value of cos a can
be obtained from the formula

As previously mentioned in connection with the investigation of inside
orientation data, the error resulting from the displacement between main
point and central point of the picture or from an inaccurate knowledge of the
camera constant has no role in the determination of the angle a. The axial
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projections x and z of the displacement between main point and central point
occur as equal errors at the inside and outside points to be measured and
cancel out. Since in the method applied we are concerned with the deviation
from the basic position, the effect of the error of the camera constant is also
considerably smaller than in case of determining absolute points.

The momentary angular positions measured photogrammetrically are
plotted as function of time in Figure 4 for different starting rates. The
revolutions corresponding to the momentary angular positions in per cent of
the steady revolution are represented in the same figure. The angular position
a- at a given time is taken as arithmetical mean of the instantaneous angular
positions of the four cups.

Fig. 4. Full line = 1st rotation rate, broken line = 2nd rotation rate, broken line with
one dot = 3rd rotation rate, broken line with two dots = 4th rotation rate

Fig. 5
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The above relations are also represented as functions of the actual num-
ber of revolutions. It can be seen in Figure 5 that — independently of the
rotation rate identical angles correspond to identical revolutions, i.e. the
different accelerations in the different rates do not considerably influence the
lean-out angle of the cups, it depends only on the velocity.

Calculations of the a posteriori standard error of the measurement

The standard error fi0 of the weight unit for each rotation degree —
which is numerically equal to the standard error of the measurement, since
all exposures were taken with equal weight can be calculated from the
formula:

The v corrections were determined for each picture pair as deviations of the
lean-out angles of the four cups measured photogrammetrically from their
arithmetical mean

*}+ M+ R+ *?

The number of surplus measurements is 3 for each picture pair and / = 3 K
for each rotation rate, where k is the number of pairs of photographs.
The standard error of the arithmetical mean is:

Standard errors determined by the method described above are given in the
Table.

Table
Rotation rate | 1 1 v
0= Pisxs +31" 22  +25 %25
oo + 16' + 11° + 13 + 13

From the investigation of 40 measurements ~ 0.025 mm and ~ 0.026
mm, resp. was found as personal error of the measuring of the x and z coordi-
nates. The personal error of parallax measurements was ~ 0.014 mm. Results
of measurements and detailed calculations cannot be given in this brief report.
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The average displacement of the corner points of the square grid from
the corresponding picture distance of 5 cm was 0.035 mm in the x direction
and 0.036 mm in the z direction. It is not necessary to correct the measured
coordinates with respect to the deviation of the film from the planar position
during photographing due to the small correction values.

Cameras originally not made for photogrammetrical purposes can be
successfully used for the solution of different industrial problems. In case of
near-photogrammetrical investigation of processes, the cameras can be used
as they are available on the market. If a great amount of measurements have
to be carried out it is advisable to make small improvements on the cameras,
thus increasing their usefulness for photogrammetrical tasks. Their inside
orientation data must be determined, the planar position of the film secured,
coordinate axes drawn on the blind glass of the reflex camera, a part of the
upper plane of the camera frame filed off, etc. These together will secure a wide
range of application possibilities in the most different industrial and research
tasks.
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NCCNIEJOBAHNE OTK/TOHEHNA YALL NABOPATOPHbIX LEHTPUN®YT
MNP oMol CTEPEO®OTOIMPAMMETPUN

A. UENNAP

PE3FOME

B cTaTbe wWcCnedyloTcsl OTKIOHEHMS Yall OfHOI nabopaTopHol LeHTpudyrn. Ans
nuccnefoBaHUs MPYMEHSICL METOAbl CTepeodoTorpamMmMeTpun. bbina npoBefeHa CheMKa Bpa-
LiatoLleii roNoBKM LEHTpUGYrn NiobuTeNbCKUMM (poToannapaTamy ¢ pasmepoM MeHKU 6Xx6.
B KauecTBe MCTOYHMKA CBeTA NMPUMEHSIach 3MeKTpMYecKasi BCMblka. Bonpoc To4HOCTM onpe-
[eNleHNsa 1 Ono3HaBaHWS MNPU BHYTPEHHEM W BHELLUHEM OPUEHTUPOBAaHMM ChEMKM paccMaTtpu-
BaeTCsl B r/laBe O MPOEKTUPOBaHMMN HabMoAeHWA. STUM cpasy 3ajatoTcst U o6Lume NPUHLMIMbI
peLLeHns 61M3KUX POTOrpaMMeETPUYECKIX M Npoumnx 3agad. C Lenblo BO3MOXHOCTU OpUEHTUPO-
BaHVSA Map CHUMKOB Y)Ke€ B X04e AelinprpoBaHUs, a Takxke yyeTa BAVSHUS OLUMGOK BHYTPEH-
HEro M BHELLHEero OpPUEHTMPOBAHUSI B KayecTBE BO3MOXHOW KOPPEKLUMU PSAOM C KapTUHOW
LeHTpudyrn chotorpadupoBaHa KBafgpaTHas CeTb.

AnocTepuvopHasi CpefHsAs KBajpaTuuyeckas OlMGKa Yria OTKIOHEHWs, BbIUMC/IEHHAst MO
pesynbTatam W3MepeHWii Ha CTepeoKoMMapaTope, He MPEBbILIAET CPEAHIO KBafpaTUYecKyto
OLWMGKY MpU NPOEKTUPOBAHUUN U3MEPEHUIA.
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A simple method is presented for the transit-time evaluations as related to the whole
trajectory of the gyrotheodolite measurement. It is reduced to a simple averaging. In addition
to the deductions and presentation of mathematical equations, some results of experimental
measurements are also given together with error analysis. For some special cases simplifications
are possible.

The accuracy of the azimuth determinations with gyrotheodolites is
limited by certain effects resulting from constructional restrictions of instru-
ments working on the principle of the gyroscope having limited degrees of
freedom. Such restrictions are, e.g. the length of the torsion fibre which practi-
cally cannot be increased, the deviations of the axis of the gyromotor from the
horizontal direction even in case of utmost careful regulation, heat production
due to current input and breaking friction, or effects due to imperfect working
of the parts of the sensor [1].

Taking into account the possibilities, however, it is necessary to utilize
all ways to increase the accuracy of the measurements. This aim has been
striven for in case of the instrument MOM Gi-B2 with automatic tracking,
issued in Hungary some 9 years ago, where the automatic tracking signifi-
cantly reduced the inaccuracies inherent in manual tracking. For the same
purpose, the measurement of azimuth determination based on observation
of reversion points have been supplemented by other methods. Such are the
amplitude method [3, 4, 6] and the method of measuring transit times [2, 3, 4,
5, 6, 7]. A further step would be the complete automatization of gyrotheodo-
lite measurements (e.g., in case of the method to he described a small computer
could signalize the position of rest).

In the following a method will be described where the method of transit-
time observations (transit-time differences) is extended for the whole trajec-
tory.

Let us start out from the known equation of swingings with small damp-
ing [5]:
2t

()
¥a
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28 L. BACSATYAl F. HALMOS

where f is the damping factor (f= 0.001 — 0.0001)
a the initial amplitude
Xj the reading on the circle for the i-th scale division;
ayv = JV the direction North on the horizontal limb looked for
tj the time of the momentaneous position of the swinging (with fic-

titious t0).

Fig. 1

In Eq. 1letusintroduce the values of At. According to Fig. 1, the follow-
ing relation holds during a single cycle of the swinging:

i T 24 4 (@-H+0@ 4H 24 1o
4

4

@4 4~ @4 4)_ "2)
4 4

At the extreme, At’can be equal to T (in case of 4 t[ = 0, areversion point).

By substituting Eq. 2 into Eq. 1:

. n
N= xN—x1—a sin - Ate 274 (3)

Due to the small damping, this can be approximated
. ., In At
= xN = Xi a sin — (4)
~ 2 '
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Eqs 5in [2] and (3) in [6] are only valid if the linear part of the trajec-
tory is used for recording the transit time. If transit times are recorded along
the whole trajectory, then the terms of higher order shall also be taken into
account in the power series development of function (4). By supplementing
(40) of [6] with terms of higher order (up to the 5th power) one gets:

N = N = NO -- ik -(- Ga At + G'a At3 -f- G"a At5+ C(a0 i) . (5)

Here Vg is the value set on the horizontal limb;
i the number of scale divisions with sign (scd);
K the division unit of the autocollimator scale ("/scd)
Ng -)- ik = a- the reading on the circle for the i-th scale division;
C the moment ratio reduced for scale units ("/scd)
At difference of transit times (sec)
G, G', G" constants for the instrument at a certain latitude

K
2 T,
, 1 31
G' = " (6)
[2 1. 3!
1 1
G = — K
2 Ja 5!
Here K —C K (the minus sign indicates that the scale of the auto-

collimator is in the opposite direction to that of the horizontal limb).

The limits of the measurement of transit times can be extended by using
(5) in case of a complete swinging time without following of Ta” 9.7 min
(instrument Gi-Bl) from tmax = 1 min corresponding to the linear to tmax ”
N7 — 8 min, and in that case an error of (4r)2" is made in the determination
of <N by neglecting terms of 7th and higher order.

For the “constants” in (6), the following values have been found in case
of the gyrotheodolite MOM Gi-Bl, No. 804 528:

C — — 5.6"/scd.

G = 0.0934"/s «scd.

G' = + 1.1786 « 10-7"/sec3 «scd.
G" 0.4323 m10-14"/sec5 » scd.

Experimental measurements have been made in 1968 in the Sopronban-
falva Observatory recording transit times on chronograph-bands (an other
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solution can be found in [5, 7, 8]). The time-marks of the chronograph band
have been fixed by eye—ear-method, by means of a Morse-valve, and a perma-
nent time mark in every second — has been given from a synchronous
clock. In the determination of the transit time the maximum possible error
was about 0.1—0.2 sec.

Fig. 2

In order to demonstrate this new evaluation method, several series
nave been measured already in 1968 with the Gi-Bl instrument. At the same
time we gave the formula of the followed transit methods. By substitution
into (5), the curves shown in Fig. 2 have been obtained. The character
of the curves shows that on the one hand the torsional damping effect is not
linear along the swinging path, on the other, in case of big At values, it would
be justified to take into account the exponential parts neglected in (4). In
addition, some secondary effects (e.g. nutational movement, the changing
angle between the horizontal and the axis, torsional, mechanical and thermal
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effects in the suspending fibre etc.) play some role in the mechanics of the
gyroscopic swinging [1]. As the effect of these factors is, however, supposedly
equal in case of equal deviations in the positive and negative directions from
the true North, but with different sign, in an averaging taken from symmetrical
N devisions, it disappears. This is shown by the Table where the mean values
of the N values at divisions symmetrically distributed around the 0 division
are given.

Numbers in the upper horizontal row of the Table show the serial number
of the measurement series, the left vertical column shows the numerical values
of scale divisions (as the values here are mean values, they mean at the same
time both the negative and positive divisions).

The Table only shows the values in seconds of arc, as the grade and
minute values remained unchanged during the whole measurement series
(266°11"). This has been reached by a previous adjustment of the instrument.
A difference between the series of some seconds of arc has been, however,
inevitable, which hints at the presence and the magnitude of regular errors.

Empty parts in the Table mean that in a measurement series no transit-
time measurements have been made at these divisions.

The coincidence of the values in a measurement series (vertical columns)
proves the usefulness of averaging.

The method presented is rather complicated from the point of view of
calculation technique. In what follows some possibilities to simplify the method
will be given and the necessary accuracy of the previous orientation analysed.

Let us suppose that transit times have been measured symmetrically
to the scale division lying the nearest to the true North direction of the scale
of the autocollimator. Let us denote this scale division by s, the two arbitrary
divisions which are symmetrical to s by i and j. Let us introduce into Eq. (1)
instead of t( fictious values, such that

= 7 (?)

should hold. Here if is the mean value of the transit times if and t\ measured
during the first swinging. In that case one has in place of og, the following
expression:

qf + <4
“§ = 8
2 (0)
The equation of the swinging is, accordingly:
2
aN=af asin ° t, e-1Ne 9)
T
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Table

Reading on the horizontal circle: 266°11.

1 2 3
+ 2.31" + 11.82" + 1.57"
3.95" 6.28" -1.06"
— 6.46"
3.62" 7.92" -5.26"
8.68"
5.12" -6.19"
9.16"

4.18" 10.43" + 1.06"
2.28" 8.13" -1.50"
7.59"

4.08" 7.59" -1.32"
8.92"

3.60" 7.90" -1.04"

+ 6.84"
0
+ 3.31"
-2.48"
+ 2.34"
3.99"
4.09" 3.38"
1.93"
5.40"
5.49" 1.25"
5.68" + 3.00"
6.40"

of NO is calculated by symmetrical averaging

irally, instead ofai and tj, the values a|? i|?as~3 ++ Obtained during

third etc. swingings can also be used).
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+ 1.69"
3.09"
4.54"
3.58"
3.74"
3.97"
3.29"
3.16™
3.83"
5.30"
3.71"
297"
4.02"
3.41"
3.32"
3.25"
3.81"
3.80"
2.14"
3.70"
4.32"
3.05"
4.04"
3.28"
2.36"

-3.51"

+ 0.75"
0.97"
0.19"
0.04"

-0.64"

-2.00"

-0.85"

-1.26"

-1.82"

-1.20"

-1.35"

-1.52"

-2.10"

-3.06"

— 1.88"

-3.42"

-2.22"

—2.91"

—3.00"

-3.03"

-1.75"
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According to Eq. (2):
T- 204 4) _ At

4 4
(10)
T- 204 4 AtJ
4 4
From this,
e+ K Atl+ AO
(11

2 8

Substituting the value of t{ into Eq. (9), one gets the following simple formula,
if the exponential term f is neglected due to its smallness:

n
N = xN = af a sin (12)
2T

Eq. (12) can be deduced in an other way, too. The second formula of
Eq. (10) can be written, taking into account Eq. (2), as:

2(4-4) T

Then:
A+ 4 24 th+2(4- 4) =(4-4)- @4-49
8 4

t, = (13)

Introducing the notations [6, 9]:
At = (4 4) —= )
A"=(4 %) =2 4=
By substituting in turn, the values of ZIt/4 and of At"/4 into Eq. (9), in place

of tf, adding both equations and averaging, one gets:

XN = Xi — —(sin-—- At' + sin - At"
2 2T 2T

According to the known trigonometrical rule:

nO(At s AT pac AU AL

2T 2 . 2T 2

(14)

XN — al

Taking into account the new notations and after regrouping:
zZit + Zi"= [(4 t)- (4 tQ+ [(4- 4) (4 4)]= At + At (15)

At - A" = [(4- 4)+ (4- H]- t4- 4)+ (4- 4] = oS (16)
2 2
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Figure 3 shows that the value Otsis very small, it is the smaller the nearer
the symmetry axis of swinging lies to the scale division 0, or s, respectively.
Consequently, Eq. (14) gives at the same time a possibility to check the neces-
sary accuracy of the preliminary orientations.

According to Egqs (15) and (16) Eq. (14) assumes the following form:

At* + Atj
xN= a¥ asin-t J of (17)
2T 2Tn
But

2Ta

where xs is the deviation of the swinging from the symmetrical position. In
good approximation as = /, where | is, in the present case, the scale division
lying between the scale position s and the axis ofthe sinusoidal swinging corre-
sponding to the true gyroscopic North. Therefore:

cos-J1 bts= [/ 1 —sin2m3l 6f = Iﬂ

2Ta 1 2Ta ! U J

If e.g. the value of as is in scale divisions 1— 6 (corresponding on the circle
of the Gi-Bl to 3'"), then

0,988

differring only by 0.012 from unity. As at xsthe time difference is very small,
the term GaAt being the linear part of (5), is also negligible, if G — 0.1;
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a = 40 sc.div. and At = 30 sec (a very big value), then GaAt = 120", and in
this, by substituting the cosine term of Eq. (17) by unit, one makes an error of
120 «0.012 = 1.4". In reality, the error is even much smaller.

If such a neglection is allowed, then (17) and (12) become equal. It
should be remarked that if necessary, the quadratic term in (18) can also be
taken into account [9, 10].

If the symmetry axis of the swinging lies nearer to 0 sc.div., then in the
Eqs (12) or (17), |i| = [jl.

By introducing the expansion

7 7 1 73
“ 27T, 2Ta 3! 2Ta

and neglecting terms of higher order than linear due to the smallness of

Atl+ At>
2

(this value is even in case of Ats = 30 sec only 1.2 «+ 10 7 +40 «302 4 « 10“3),
then according to (12) or (17):
At' + At'
N = aN = of— aG (19)
2

where the inertia ratio converted into scale divisions has also been taken into
account, and it has been utilized that a is expressed not in angle, but in scale
divisions. Therefore:

n
G= — k).
) (C— k)

(See also Eqs (6), where the sinusoidal character has not been taken into
account).
If transit times are measured not only in 2, but in 2n symmetrical posi-
tions, then
N((-
N = oN = x[ — aG 1 2E)+ Al (20)
n=1 2n
Therefore, if transit times (transit time differences) are measured symmetrically
to the scale division lying nearest to the gyroscopic North direction on the
autocollimator scale, then their mean value gives approximately the transit-
time differences Ats appearing at the scale division lying nearest to the gyro-
scopic North in the axis of the swinging. As it has been shown, if the accuracy
of the preliminary orientation is at least 3' (6 sc.div. in case ofinstruments like
Gi-Bl), then the error in the determination of the North direction is not more
than 1.0" (u, = i 0.1 sec). A similar error is caused by the averaging of
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the data obtained at two scale positions in case of transittime measurements
with an accuracy of 0.1 sec. This error is the function of the amplitude of
swinging and of (in case of a = 60 sc.div. (i) 1.4").

To demonstrate these, Fig. 4 is shown where the following notations
were introduced for sake of simplicity:

where 1land tr are the so-called left-side and right-side transit times, (i/ — tr)
give the At transit time differences. The figure shows some results of the third
measurement series. The scale division lying next to the gyroscopic North is
division —2, for which Ats= At~2= 4.31 sec. Due to the symmetrical
swingings (as it has been proven), the average of the At values obtained at
scale divisions situated symmetrically to the scale division 2, are equal to
the value of At~2within the accuracy of the measurements.

The measurements ofthe transit-time method can be very advantageously
used for automatization. The measurement and evaluation method presented
here enables simple calculations using a very great number of informations,
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being an important part of automatization. In addition to the increase of the
accuracy (the informations collected from the whole swinging-path increase,
namely only the inner accuracy of the measurements made with the instru-
ment), measurements will become more comfortable and perhaps also quicker.

It should be remarked that theoretically the middle symmetrical divi-
sion is not needed. It is enough to choose both divisions (i and j) so that the
values of At should be minimal. Taking into account that around the middle
division transit times can be measured with maximum accuracy due to the
greates velocity of swinging, it is justified to measure here also transit times.
The accuracy of transit-time measurements can be increased using photoelec-
tric instruments [5, 8, 11].

In Eq. (20), if for the determination of the amplitude a no reversion
points are measured, it can be introduced into the computations as an un-
known with a good approximative value (a') and so it can be eliminated. If
the average of the time values is denoted by At, then a series expansion yields:

a'Gvjf = ON -)- GAtda - L (21)

where VAt is the correction of the fictitious time value At, ON is the change of
the approximative value N' in course of the adjustment (similarly, to a'
belongs a corrections 6a), and the free term is L — af N aGAt. In the
following the fictitious correction a'GvAt — X is introduced. The solution of the
normal equations yields:

5N _ [GAt][GAt-L]-[(GAt2I[L] _ [At] [Atm]- [(A)*] [L]
[G If2 n[(G Il [At]2— n[At]2

As it can be seen, the values of a and G can be eliminated, therefore in
stead of Eqg. (20), N = N' -~ ON can be written. The computations can be
made by a slide rule, if necessary, Eq. (22) can be solved by a computer.

The determination of the approximative values of a' and N' can be
made with [8], if the time measurement is made with the 2 scales of Fig. 3
or at the photo elements and they lie outside of the limits of linearity; or one
can form the value

At = (13 ti) (o - tj)
(similarly for j), from which, by neglecting the small damping, (see Eq. 12):
N = of— a sin - & Atl
(23)

N — —asin m[—AO.
2T
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From these:

sm -2 A
2T
N = o+ Acm

sm ——- At* — sin--—AtJ
2T

(24)

where Aoc = al—a is the value of an angle between the position of the two
measurements, which is previously known. In case of linearity:

At'
At — At7

N =

(24a)
-N

At
2T

The real swinging time T can be computed from the transit times in the
known manner. Equations 24 are also valid in the general case, therefore mak-
ing three time measurements at each of two positions, they can be used for
repeated determination of the rest position.

If measurement informations are collected not only from two scale
divisions (photoelectric sensors), but from three of them, then the independent
rest positions can be computed from Eqs (24). Even if only a single complete
transition is used (t[ tk_2= T complete swinging time), one has still enough
surplus information for an approximative adjustment (averaging), or a rigor-
ous one. All these possibolities shall not be treated here, but we should like
to remark, based on our earlier experiments, that approximate solutions give
sufficiently accurate values. A further increase of the number of measurement
locations ensures the increase of the inner accuracy. Theoretically a small
value of Aoc yields a more advantageous situation from the point of view of
error propagation. The better the instrument is oriented to the North, the
more accurate the results will be.
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O MOBbLIWEHNN TOYHOCTUN U3MEPEHWNI T’MPOTEOCAONTNTAMIN
n. BAYATAN-». XANMOLW
PE3IOME
ABTOpbI M3M1araloT NPoOCTO METOf, PACMpOCTPaHSIOLMIA U3MEpeHMe BPEMEHU Mepexoaa
npv HabofeHNn 3a KoneGaHsIMM TPOCKONa Ha Becb Nepmof Kone6aHwii, npuuem BblumMcie-
HWE CBOAMTCS K MPOCTOMY 06pa3oBaHui0 apuiMeTUYECKOro cpeaHero. MoMUMO BbIBOJOB Mare-

MaTUYecKUX (opMy/ Aal0TCS HEKOTOpble Pe3yNibTaTbl OMNbITHbIX M3MEPEHNiA, a TaKXe NPOBOAUTCS
aHann3 ToYHOCTW. N5 cneumasbHbIX CydaeB AalTCst TakXKe HEKOTOpble YMpPOLLEHMS.
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The paper deals with the investigation of 14 geodetical tripods of different origin.
Vibration frequencies, amplitudes and damping of each tripod have been observed and attempts
made to reduce the damping time. Vibrations of the tripod legs were produced by a special
pendulum arrangement or by artificial wind. Records of the vibrations were made both by
photo-electric and photo-optic means. The analysis enabled to qualify the tripods and gave
some useful hints for users and producers.

The work of geodesists is often upset by the wind-caused vibration of
the compensator of the leveling instrument or of the automatic vertical index
of theodolites, what makes impossible to read off the rod or the level circle.
The cause of vibration is the wind moving mainly the legs of the tripod. The
vibration of the tripod head is the resultant of the vibration of the legs, and
it generates the compensator.

In course of our earlier instrumental investigations [1J we experienced
that putting the same leveling instrument with compensator on tripods of
different production, once a smaller then a greater vibration picture amplitude
was observed. Since these investigations were carried out under uniform condi-
tions in a wind channel, the difference was obviously due to the various kinds
of tripods.

The observation of the picture vibration with naked eye is, however,
very subjective: there is no way to get exact information on the vibration
frequency, amplitude and damping time. In our newer investigations aimed at to
determine these values, we applied methods which allow a more objective
comparison of the properties of the investigated tripods.

By way of introduction it should be mentioned that the vibration prop-
erties of the tripods depend on a large number of factors, as, e.g. on the
material, form, construction and weight of the tripods, the length and strad-
ling of their legs, the forces on the spurs with which the shoes of the tripod were
pushed into the ground, how strongly the adjusting and tightening screws
on the tripod were tightened, direction and extent of the impulse acting on the
tripod, etc. If an instrument with compensator is placed on the tripod, the
vibration of the compensator depends on these factors as well as on its own
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vibration properties and, further, on the angle between the direction plain of
the telescope and the direction of the impulse acting on the instrument.

It would have been difficult to investigate such a large number of param -
eters separately, so we tried to accomplish the uniformity of several of them.
Accordingly, the fastening screws of the investigated tripods were tightened,
their adjusting screws were brought into the same position, e.g. by keeping the
friction of the hinges at the tripod head uniform. The tripod legs were set to
the same length (with exception of fixed leg tripods). The legs were pushed
with equal force into the ground, their stradling angle as well as the direction
and extent of the given impulse (produced by means of a special pendulum)
was the same; the direction and force of the wind (produced by a ventilator),
the illumination strength of the photo-resistance used at the investigation,
the amplification degree of the electric devices, etc., were nearly the same.

Altogether 14 foreign and home-made tripods were included into the in-
vestigations carried out on request of the Hungarian Optical Works (MOM).
It is not our aim to evaluate or compare the different tripods in this paper,
but to give a brief report on our general experiences. Thus tripods will be
marked here only with capital letters (A, B, C, etc.) and only a few character-
stical ones will be dealt with in the figures.

Frequency measurements

A telescope was fixed on the tripod under study. An electric bulb sup-
plied from a battery was put behind the eyepiece of the telescope, by means of
which the light of the bulb was reflected through an appropriate diaphragm
to a photo-resistance.

W hen the tripod was vibrated, the telescope took over the vibrations of
the tripod head and the projected light illuminated once a smaller and then a
greater part of the photo-resistance. The signal coming from the photo-resist-
ance was led to the vertical input of an oscilloscope, the horizontal input of
which was connected to the signal of a low-frequency generator. After adjust-
ing the generator properly, the resultant of the two signals produced a Lissajous
curve and the corresponding frequency value was read off from the generator.
A special pendulum arrangement (a compact gum-ball of 0.03 kg weight fixed
on a rigid steel-wire) was used to generate vibrations. In this way it was possi-
ble to hit the legs of the tripods investigated at their centre with equal force.

The investigation of the 14 tripods gave the following results:

1. Due to the effect of an impulse hitting one of the legs, all three legs
began to vibrate. There occurred a vibration, which was at first irregular, then

became regular and in case of certain tripods it had a periodically modulated
amplitude.
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2. The eigen frequency of the tripods of different production varied
between 17 and 22 Hz in general, quite independently of whether the tripod
had extension or fixed, wooden or metal legs, respectively. The only excep-
tion was a wooden fixed-leg tripod where vibration frequency was 34 Hz.

3. By increasing the height of the extension-leg tripods by 10 cm, their
frequency decreased by 2 3 Hz.

4. The frequency of the tripods showed small changes if:

a) they were hit on different legs or at different heights,

b) the hitting force was changed,

c¢) during the hit the tripod was touched with hand,

d) gum or plastic sheets were placed between the extension legs,

e) the fastening screws on the tripod legs were tightened or loosened,

f) weights were fixed on the tripods,

g) instead of a telescope, a leveling instrument with a compensator was
fixed on the tripod head.

In the last case the tripod vibrating with higher frequency brought the
compensator of lower eigen frequency into a forced vibration. Since in this
case the light of the bulb crossed the oscillating compensator, too, amplitude
and damping time increased, but the vibration frequency remained unchanged.
The modulation of the amplitude of the resulting vibration was different from
tripod to tripod and from compensator to compensator. The frequency of the
envelope wave varied between 0.6 and 10 Hz.

The frequency measurements were repeated, so that the picture of the
vibration, corresponding to the signal coming from the photo-resistance, was
recorded by a Helioscriptor He-1 type Hottinger recorder on plotting paper.
By using an appropriate paper speed it was possible to count the vibrations
per second. Two types of leveling instruments with compensators were placed
on the tripods.

A detailed study of the vibration record has shown a small oscillation in
time of the common vibration frequency of tripods and compensators. At
certain tripods even a total disappearance of the vibration occurred for a
short time (0,2 0,4 sec). The vibration of the compensator was especially
irregular, when the direction of the hit on the tripod leg was out of the swing-
ing plane of the pendulum and when the tripod was grasped during the hit.

The frequency values determined from the Hottinger records and Lissa-
jous curves were nearly equal. The Lissajous curve gave approximately the
mean frequency value with which the tripod generally vibrates. According
to our experiences this vibration is taken over by the compensator, i.e. they
vibrate on the same frequency. (The vibration amplitude and damping time of
the different compensators are, however, different.)
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Damping

Two methods were used to measure the damping of the vibration of
tripod legs.

At the first method the vibration of the light led through the leveling
instrument with compensator was displayed on the screen of an oscilloscope
in the same arrangement as above and photographed.

At the second, the Hottinger recorder was used again; here the damping
time can be directly taken from the record.

The evaluation of the measuring results allows the following conclusion:

1. If the vibrations of different types of tripods are generated with a
single impulse, the total damping times can show great differences (3 4fold
deviation).

2. If different types of leveling instruments with compensator are placed
at the same tripod, the damping times of the picture vibrations will be differ-
ent (1 1/2 2fold difference).

Numerically: the damping time of one ofthe compensators varied between
1 and 4 sec (measured on different tripods), that of another between 2 and 8
sec.

3. The vibration of the tripod and of the compensator, too, can be con-
siderably damped, if one or two legs are touched with hand. A 3 to 4fold de-
crease in the damping time of a vibration generated by a single impulse was
achieved (for tripods of poorer quality a sixfold one). Similar experiences
are reported in [2].

4. The damping of the vibration of the tripod head will also be quicker,
if the fastening screws of the legs are kept looser.

There were two among the investigated tripods, where there was a possi-
bility for a fine adjustment of the mentioned friction of the hinges. In the
tightened state the vibration time was 7 and 5 sec, respectively, and this de-
creased to 1 and 1.5 sec, resp., by gradual loosening. The vibration amplitude
also decreased as a consequence of loosening.

The latter results also refer to tripod — and compensator vibrations
produced by a single impulse. In natural wind we observed the phenomenon
only with naked eye and have not got unambiguous results. Though vibra-
tions were damped quicker, in case of continuous wind-blasts, however, the
legs kept loose vibrated with a very great amplitude.

For sake of an exact interpretation it would be necesssry to record the
vibrations on tape and to study for a given leveling instrument with compen-
sator and at a given wind force, what hinge friction would give an optimum
vibration picture.
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Amplitude

a) Behaviour of amplitudes brought about
by a single impulse

After hitting a tripod with the pendulum, the compensator fixed on it
will vibrate with gradually decreasing amplitude till it comes to rest. From
the point of view of practical measurements that tripod should be preferred
which vibrates with smaller amplitude and has a shorter damping time.

Values of amplitude and damping of the vibrations of four investigated
tripods are represented in a step diagram on the basis of the Hottinger records.

oo AR
thsD

.......... tripod. A*

damping time
[sec]

Amplitudes were read out from the records in mm, these values depend on the
electric amplification used, too (Fig. 1). The highest step shows the initial
amplitude at the moment of hitting (0 sec). The lower steps show the ampli-
tudes in the first and second sceonds ofthe damping vibration. From the second
second on, the graph remains inclined till the moment, when the amplitude
decreases to zero.

After the evaluation of all tripods investigated (which are not given here)
the following conclusions can be drawn:

1. The initial amplitude values caused by an impulse on the tripod legs
do not show too much variation for the different tripod types (the greatest
value is only twice the smallest).

2. The amplitudes measured at the end of the first second show a 10 13-
fold divergence from each other, i.e. the different tripod types have quite differ-
ent damping times.

3. At the end of the second the differences between the amplitude values
are again smaller (5 to 8fold).
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4. There is a 2—2,5fold difference between the extreme values of the
times necessary for total damping (disregarded some extremely poor tripods).

On the basis of their vibrations the tripods were ranked in a quality
order. This order has not changed essentially when a leveling instrument of a
different type was placed on the tripods; some extreme changes occurred,
however. This means that certain kinds of tripods cannot be proposed in any
case for certain instruments with compensators and this circumstance can be
revealed by the investigation method outlined here.

b) Behaviour of amplitudes in artificial wind

The artificial wind was produced by means of a heavy-duty ventilator.
The force of wind was adjustable. There also was a certain fluctuation in the
force and direction of the wind, similarly to natural wind conditions.

According to one of the investigation methods, the picture of a level rod
was observed through the telescope of a leveling instrument with compensator
fixed on the tripod and the greates wind force, at which the reading of the rod
was still possible, was determined. It should be mentioned that the vibration
amplitude of the picture observed which is in connection with the angular
turn of the compensator depends on the distance.

According to our investigation, in case of a rod distance of 30 m and a
5 m/sec wind velocity there was only one tripod out of five, which could be
used to measure with. In case of the same wind velocity and twenty m rod
distance four out of the five were apt for measurements. 8 m/sec was the maxi-
mum wind velocity at which measurements could have been made with the

Fig. 2
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best of the tripods at 30 m rod distance. At a rod distance of 20 m and under
similar conditions the wind velocity could have been increased up to 11 m/sec.

In course of an other investigation the vibration of the compensator
generated by artifical wind was recorded on paper tape with a Hottinger vibra-
tion recorder. These records allowed several kinds of interpretations, some of
which will be given below:

Figure 2 shows the maximum amplitudes received for the different tri-
pods in the time intervals [0 — t] (t = 1; 2; ... sec).

It is easy to see on the diagram the time when the maximum amplitude
occurred in the time interval [0 10 sec] and that what was its value. When
ranking according to quality, that tripod must be regarded better, for which
the maximum amplitude was smaller and occurred later. From the occurrence
time of the maximum amplitude conclusions can be drawn on the damping
characteristics of the tripod. That one, where the maximum amplitude occurs
later has better damping characteristics. With respect to the quality order
given above, poorer tripods vibrate with a greater amplitude and their ampli-
tudes reach the maximum value earlier. The quality order of the tripods dealt
with here is: B, E, C, D, A.

In Fig. 3 the 10 sec interval measured was divided into half sec parts
and the maximum amplitude values for each half sec interval were plotted.

The tripods are ranked into a quality order according to both the abso-
lute values of the amplitudes and their occurrence frequency. The quality
order is in this case: B, C, A.

The abscissa of Fig. 4 represents in mm the maximum amplitude values
received at the different tripods. This maximum value was divided into inter-
vals of 0.1 mm lengths. Thus each interval represents in turn a different ampli-

tripod ,A” tripod ,,B* tripod .C*
Fig. 3
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tude value. The ordinates of the diagram represent how frequently the ampli-
tude values belonging to the corresponding interval have occurred during the
investigation time of 10 sec (magnitude distribution of the amplitudes).

That tripod can be regarded better, where the greatest part of all ampli-
tudes (100 p.c.) lies in the range of the smallest values and the greater ampli-
tudes only occur in a small percent. The quality order is here: B, C, A.

From the experiences of our investigations in natural wind we would
like to mention that the vibration of tripods and compensators are caused
first of all by wind-blasts occurring at increasing wind velocity. Here the value
of the change is definitive and not the actual value of the wind velocity where

tripod A" tripod .B* tripod .C

Fig. 4

the change occurred. If the wind velocity becomes constant or decreases, the
compensator will vibrate with smaller amplitude. (This is valid in case of a
wind velocity of 3—8 m/sec).

This observation is in accordance with the conclusion made about the
initial amplitudes of Fig. 1. All tripods react with great sensitivity to shock-
like impulses, thus in case of too frequent wind-blasts field measurements
become impossible.

In the season suitable for geodetical measurements mostly such a wind
occurs, where blasts are not too frequent. In this case it is very important that
the vibration of the tripod generated by impulses should die down quickly.

Finally, among others, the following can be concluded for the practice:

a) For constructors

1. The vibration of tripods can be considerably damped by vibration

dampers built in the legs. (One of the investigated tripods was the prototype
of a metal tripod with such a special outfit.)
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2. Metal tripods already on market have more unfavorable vibration
characteristics than wooden tripods.

3. The great variety in the vibration characteristics of the investigated
wooden tripods of simple construction proves, how a decisive factor the con-
struction is in forming an advantageous or disadvantageous vibration picture.
We have found excellent qualities even at wooden tripods of very simple
construction. An important point of view at the design could be the quality
of wood, the form of the cross-section of the legs, the fixing basis of the legs at
the tripod head [3], the prestraining of the legs.

4. At the design a small vibration amplitude and quick damping of the
tripods should be striven at. The vibration frequency is already given by the
usual tripod dimension and cannot be easily changed, anyway it lies far enough
from the vibration frequencies of the compensators, thus less care is needed
for its choice.

b) For users

1. The tripod vibration can be considerably decreased at a given wind
velocity, if the legs are well pushed into the ground, the length of the legs is
kept short and the legs are touched with hand. No measuring error will be
caused by touching the leg with hand in case of a leveling instrument with com-
pensator for the small tilt of the tripod head which is caused will be compensat-
ed by the pendulum construction in the instrument (supposing an adjusted
instrument).

2. The virtual vibration amplitude of the rod picture observed through
the telescope of the leveling instrument with compensator depends on the
distance of the rod. Thus, in case of stronger wind, when the rod cannot be
read from the usual distance, leveling can still be made by using smaller rod
distances.

3. With respect to the damping of vibrations generated by wind it is
advantageous not to tighten too much the fastening screws of the legs.

4. If more tripod types are at disposal, it should be determined by an
experiment which is the one on which the leveling instrument with compensator
shows the smallest vibration and that tripod should be used thereafter.

5. It occurred during our investigations that the friction axis-joint of
one of the leveling instruments got loosened. In consequence of that the rotat-
ing part of the instrument had play between small limits in case of wind and
this caused a strong vibration of the compensator mainly in the lateral direc-
tion. This play and the vibration can be considerably damped by a correspond-
ing adjustment of the horizontal tangent screw. In case of leveling instruments
with compensators, namely, friction axis-joint and horizontal tangent screw
with infinite turning are applied in general. If the tangent screw is in such a
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position that the spindle is in close contact with the opposite worm gear, the
connection between the fixed and rotating parts of the instrument will be

more rigid. This position can be easily found by a small turn of the tangent
screw.
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WCCNELOBAHUE KOJIEBAHNIA LUTATUBOB U KOMMEHCATOPOB
r. BAPTA-3. XA/IMAN —A. OPBAH

PE3IOME

B pa60Te onucblBaeTcs nccnefoBaHne 14 pasnuuHbIX reofe3nyeckmx LUITaTUBOB.

Bblnn mnccnepoBaHbl 4acToThbl KonebaHmii, a Takxe uX aMmnnnTyabl U 3aTyxaHue pna
OTAeNbHbIX LUTAaTUBOB U NPOBEAEHbI OMNbITbl AN1A peayunpoBaHnA BPEMEHU OTK/TOHEHUA.

KonebaHne HOXEK LUTATUBOB co3pgaBa/INCb yaapamMn noaBeLleHHOro B BMnae MadaTHUKa
MOJ10TKa, 3aTEM C MOMOLLbIO MCKYCCTBEHHOro BeTpa. Perucrtpauums KonebaHuiA bbina npoeeAeHa
KaK q)OTO3]'IeKTpVI‘—IECKVIM Tak U ONTUYEeCKUM MnyTem. AHanus KonebaHuin npueest HaC K BO3MOXX-
HOCTW 3a4YUCNATb WITAaTUBbI B pPAA, a TakKXXe K HEKOTOPbIM HeOGXOAMMbIM CBEAEHUAM.
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DIE ROLLE DES AZIMUTFEHLERS IN DER
ZEITBESTIMMUNG DER BEOBACHTUNG VON
MERIDIANDURCHGANGEN

F. BOLCSVOLGYI
UNTERNEHMEN FUR GEODASIE UND KARTOGRAPHIE, BUDAPEST

[Eingegangen am 1. August 1974]

In der vorliegenden Abhandlung wird gezeigt, wie die Meridiandurchganszeit vom
Azimutfehler k beeinfluBt wird, welche GroRRe dieses Fehlers zugelassen werden kann, welche
Einwirkung durch ihn auf den Uhrstand ausgelibt wird und welche Umstdnde bei seiner
Bestimmung in Betracht zu ziehen sind. Es wird betont, dal die Bedingungen K Is und
[K] -, 0 befriedigt werden mussen, denn in diesem Fall wird der Azimutfehler bzw. dessen
Unsicherheit auf die Zeitbestimmung keine Einwirkung haben. Die Abhandlung bildet
einen Teil jener bis in die Einzelheiten gehenden Uberprifung von MeR- und Berechnungs-
methoden, die der Automatisierung in der Astrogeodasie mittels Datenverarbeitungsanlagen
vorangeht und das Ziel hat, simtliche derartige Faktoren auszuschalten, die in der Verarbeitung
eine von Personen abhangige Erwédgung erfordern.

Zwecks genauer Zeitbestimmung werden im allgemeinen die Durch-
gidnge von 10 15 Sternen durch den Meridian der Beobachtungsstation mit
Hilfe entsprechend zusammengestellter MeReinrichtung beobachtet. Von den
MeRergebnissen wird der auf eine ausgewdhlte Epoche E bezogene Uhrstand
AU bestimmt. Dieser Uhrstand AU ist erforderlich, die Ortszeit aufgrund der
bekannten Zusammenh&nge zu bestimmen.

Die beobachteten Meridiandurchganszeiten sind jedoch nur Nd&herungs-
werte, da sie durch Instrumentenfehler, sowie durch die tdgliche Aberration
belastet sind. Mit Ricksicht auf die Mayersche Reduktionsformel der Durch-
gangszeiten lautet der Uhrstandswert:

AU = a (U'+ nsec O+ il + kK) 1)

wo AU den Uhrstand, U' die beobachtete Meridiandurchgangszeit, c die
Rektaszension des Sternes, i den Kippachsenneigungswert, | den Koeffizienten
der Kippachsenneigung, k den Azimutfehler, K den Koeffizienten des Azi-
mutfehlers, a sec 6 die durch Kontaktbreite, durch toten Gang der Mikrometer-
schraube sowie durch tdgliche Aberration verursachte Korrektion bedeuten.

Der EinfluR des Kollimationsfehlers fallt bei Beobachtungen in zwei
Fernrohrlagen aus, bei Anwendung einer Quarzuhr ist wegen des kleinen Uhr-
ganges die Reduktion fir die Epoche E allgemein unbedeutend.

Auler dem Azimutfehler k sind s&mtliche Glieder in (1) bekannt: sie sind
gegebene GroBen, MeRergebnisse und Instrumentenkonstanten. Daher be-
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deutet die Bestimmung der Ortszeit auf einer Beobachtungsstation aufler dem
Uhrstand AU auch die Bestimmung des Azimutfehlers k. Da k mit geringerer
Genauigkeit als die anderen Instrumentenkonstanten bestimmt werden kann,
wurden inzwischen mehrere Methoden zur Bestimmung entwickelt. Das Be-
streben nach héherer Prazision dauert auch derzeit an.

Fir die weiteren Untersuchungen genigt auch eine kiirzere Form von
(1), deshalb sei fur die, infolge der Instrumentenfehler korrigierte Durchgangs-
zeit die Bezeichnung

U= U"'-fesecbd il

eingeflihrt, daher kann der auf die Epoche E bezogene Uhrstand in folgender
Form geschrieben werden:

AU = (x — U) — kK (2)

wobei (a U) der sog. vorldufige Uhrstand ist.

Bei Zeitbestimmungen ist es ein erstrangiges Ziel, den Uhrstand AU
mit hdchster VerldBlichkeit zu bestimmen. Daneben ist es jedoch auch sehr
wichtig, den Wert k genau zu ermitteln, seinen EinfluR auf den Uhrstand zu
vermindern, sowie den aus der Unsicherheit von kK stammenden Effekt zu
eliminieren.

Der Begriff des Azimutfehlers «

Wird das Beobachtungsinstrument noch so sorgfdltig aufgestellt, wird
die vertikale Zielebene des Fernrohres dennoch nicht in der Ortsmeridianebene
liegen, sondern damit den kleinen Winkel k einschlieBen. Dieser Winkel wird
entweder als Instrumentenazimut, oder als Azimutfehler bezeichnet. Bei Zeit-
bestimmungen ist infolge der hier eingenommenen Rolle dieses Fehlers die
Bezeichnung »Azimutfehler« richtiger; vom Gesichtspunkt der Beobachtung
aus ist jedoch der Ausdruck »Instrumentenazimut« treffender.

Wegen des Azimutfehlers k beziehen sich die Durchgangszeiten nicht auf
den Ortsmeridian, sondern auf die damit den Winkel Kk einschliefRende Vertikal-
ebene, so missen in Kenntnis von k fir jeden Fall die Korrektionen fur die
Durchgangszeiten berechnet werden. Anhand von Abb. 1 kann der Zusammen-
hang zwischen dem Azimutfehler k und dessen EinfluR (k) auf die Durchgangs-
zeit aufgeschrieben werden, woraus sich nach [1] die Korrektion (fc) der Durch-
gangszeit im Falle eines kleinen Azimutfehlers ergibt

sin (k) = sin K -—------ . 3)
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Abb. 1

Da k ein kleiner Wert ist, wird der Zenitwinkel z im Meridian gebildet
und weiters die N&herungsformeln sin(fe) *= (k) und sin kK~ K eingesetzt:

sin z
(k) = k ) (4)
cos 0
Durch die Bezeichnung:
sin z
K = A
cos 0

erhdalt man die einfachere Formel:
(k) = kK, ©)

wo K ein von der geographischen Breite (p der Station und von der Deklination

a des Sternes abhédngiger Koeffizient ist.
Der in [1] publizierte und anhand von Abb. 1 ableitbare Zusammenhang

(k) — kK + ék*K(Z 3K sin9+ K2 (6)

kann auch im Falle von gréfRerem k angewendet werden. Bezeichnet man das
zweite Glied der rechten Seite mit d(k), so kann

(k) = kK + d(k) )
geschrieben werden.
Die Zusammenhédnge (3) (7) sollen im weiteren noch zur Untersuchung
der Frage, bei welchen Azimutfehlern die einfache Formel (5) noch anwendbar
sei, benutzt werden.
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Die Bestimmung des Azimutfehlers

Der Azimutfehler 1&4Bt sich durch die Durchgangsbeobachtungen zweier
polnaher Sterne im Meridian bestimmen. Diese beiden Sterne sind so auszu-
wahlen, daB eine Zeitdifferenz von 12hzwischen ihren Rektaszensionen besteht.
Wird der eine der Sterne in oberer und der andere in unterer Kulmination be-
obachtet, so kénnen die beiden Uhrstdnde laut (2) berechnet werden:

AU = (a — U) — kK obere Kulmination

AU = (x U)' — kK" untere Kulmination

Die beiden Gleichungen nach k aufgeldst erh&lt man:

k= (« uU)'- (« v+ 12h
K' K

Diese Methode ermdglicht eine von der eigentlichen Zeitbestimmung
unabhdngige Bestimmung von k. Es bedeutet einen Extremfall der obgenannten
Methode, wenn derselbe Stern mit 12h Zeitdifferenz in unterer und oberer
Kulmination beobachtet wird. Wegen der groBen Zeitdifferenz wird diese
Methode in der Praxis nicht angewendet, sie hat nur theoretische Bedeutung.

Im In- und Ausland wird allgemein das bereits friher erw&hnte Ver-
fahren benutzt, wobei der Azimutfehler mit dem Uhrstand AU zusammen be-
stimmt wird. Bei dieser Methode mussen zur Bestimmung von AU die Meri-
diandurchgdnge von n Zeitsternen und zur Bestimmung von k mindestens
ein Polstern mit grolRem Zenitwinkel beobachtet werden. Fir jeden Zeitstern
kann nach (2) die Formel von AU aufgeschrieben werden, woraus der Mittel-
wert des Uhrstandes folgenderweise lautet:

AU [« - Uh _ k [Kh

n n

9)
Aus (2) ergibt sich fiir den beobachteten Polstern folgender Uhrstand:
AU = (a U)P - kKP. (10)

Die Indizes Z und P in den Gleichungen dienen zur Bezeichnung der
Zeit- und Polsterne. Ahnlich zu (8) erhdlt man k laut (9) und (10):

[x — U]z

n
k= (11
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Aus jedem beobachteten Polstern kann ein weiterer k-Wert bestimmt
werden. Es ist allgemein tUblich, bei der Berechnung von AU deren arithmeti-
sches Mittel als Korrektion zu verwenden. Mit eventuellen Problemen, die
bei der Verwendung der aus 3 5 Polsternen bestimmten k-Werten entstehen
kénnen, befassen wir uns spéter.

Die Rolle des Aziniutfehlers bei der Zusammenstellung
von Sternprogrammen

AuRer den technischen Forderungen der Beobachtung mufl die Gruppe
der fur Zeitbestimmungen ausgewdhlten Sterne noch weitere folgende Anfor-
derungen erfillen:

1. Das Gewicht des bestimmten Uhrstandes AU sowie des Azimutfehlers
K soll das mdglichst hochste sein. Die aus [2] Ubernommenen Gewichtsformeln

die aus der exakten Ausgleichungsrechnung gewonnen werden kdénnen

gestalten sich nach Einfuhrung der der Praxis entsprechenden MeRgewichte
p = 1 folgenderweise:

Pau = [K]2 (12
[KK]
Pu= [KK] [:f (12

2. Im Sinne der Gleichung (9) beeinfluBt k die Werte von AU, wie folgt:

Au=zx«— 4 i km

n n

Wenn daher [K] A 0 ist, erhdlt der vorldufige Uhrstand [a t/]/rt die
zu [K] proportionale Verbesserung k[K]/n. Das bedeutet, dal der vorldufige
Uhrstand nur eine Ann&herung war und daB der mit diesem Wert aus (11)
ermittelte k-Wert ebenfalls nur ein vorldufiger sein kann. Deshalb muf} die
Berechnting von Kk mit dem verbesserten Uhrstand wiederholt werden, was
einen grofen zusdtzlichen Arbeitsaufwand erfordert. Daher ist es sehr wichtig,
dall der EinfluR von

(14)

auf den Uhrstand im Absolutwert klein sein soll.

3. Ein wichtiger Gesichtspunkt ist, dal der Uhrstandswert von der Un-
sicherheit der Bestimmung von k nicht beeintrdchtigt sei, da Kk auch trotz
seiner unverdnderten Lage wdahrend der Beobachtung, nicht als fehlerfrei
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betrachtet werden kann. Werden die wahren Fehler von x, U', a, i und K in
der Formel (1) der Reihe nach mit/la, AU"', Aa, Aiund Ak bezeichnet, so lautet
der wahre Fehler Au des Uhrstandes AU nach [1]:

Au = Ax — (AU' -f- Aasec 6 + Ail -f- AkK)

Vernachldssigt man neben den wahren Fehler Ak des Instrumentenazimutes
die ubrigen Fehler, fihrt man die MeRRgewichte p = 1ein, und verallgemeinert
man auf eine Sterneanzahl n, so lautet der Absolutwert der obigen Formel:

Au=AkJSL. (15)
n

Aus dem Zusammenhang folgt, daB durch die Befriedigung der Glei-
chung [JA] = 0 auch der Einfluf von Ak auf den Uhrstand eliminiert werden
kann.

In den Gleichungen (12) (15) bedeutet n die Anzahl der Zeitsterne
und K den Azimutkoeffizienten.

Es ist zu sehen, dal in jedem der obigen Gleichungen der Wert Kk und die
dam it in enger Verbindung stehende Summe [JA] erscheint. Es sei daher unter-
sucht, wie die Zusammenstellung des Sternprogrammes durch kK beeinfluft
wird, und wie die derzeitige Form der Beobachtungsmethode, die die Bedin-
gung [1A] A O befriedigt, entwickelt worden ist.

An Hand der Gewichtsformeln (12) und (13) kann folgendes festgestellt
werden:

a) Die groRten Gewichte pAU und p” erh&lt man dann, wenn [KK] die
mdglich groften und [1A] die kleinsten Werte annimmt. Aufgrund dieser
Uberlegungen wurde die bei der Zusammenstellung von Sternprogrammen all-
gemein benutzte Bedingung

[K]~ 0

entwickelt, die ein Gleichgewicht der Azimutkoeffizienten K der in ndrdlicher
und sudlicher Richtung vom Zenit ausgewé&hlten Sternen erfordert Stern-
programm mit Azimutgleichgewicht.

b) Uaut (12) ist das Gewicht des Uhrstandes AU dann am gréf3ten, wenn
der Wert des Azimutkoeffizienten K klein ist, deshalb miissen im Sinne der
Formel K = sin zjcos 6 anndhernd symmetrische Sterne mit kleinen Zenit-
winkeln in ndrdlicher und sidlicher Richtung vom Zenit beobachtet werden.
Diese Sterngruppe dient zur Bestimmung von AU, weshalb sie als Zeitsterne
bezeichnet werden.

¢) Im Sinne von (13) erh&lt k dann das groBte Gewicht, wenn sog. Pol-
sterne mit groBem Zenitwinkel und groRer Deklination beobachtet worden
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sind. Diese Gruppe der Gestirne dient nur zur Bestimmung von k. Wirden
auch diese in die Zeitbestimmung einbezogen sein, so mifte das in [3] vorge-
schlagene Gewicht p = cos2d sdmtlicher Sterne auch in Betracht gezogen
werden, da so der EinfluR der Polsterne abnehmen wirde.

Es sei bemerkt, dal die Beobachtung der Polsterne die mit maximalen
Zenitwinkeln unten kulminieren, nicht angestrebt werden soll, da der schéd-
liche Effekt der unbekannten Refraktionsanomalien hier am gréfRten ist.

Abb. 2

In den Punkten a) und b) wurde erldutert, wie sich infolge des Azimut-
fehlers sowie dessen notwendiger Bestimmung die beiden Gruppen (Zeit- und
Polsterne) im Sternprogramm gestalten. Nun sei untersucht, wie weit der
Azimutfehler k bei der Auswahl des Zeitsterne bertcksichtigt werden soll.

Abb. 2 zeigt im Falle von Sternen mit verschiedenen Zenitwinkeln den
Effekt des mit Kk bezeichneten Azimutfehlers. Der scheinbare Himmel wurde
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aus zwei Ansichten abgebildet, wobei S$t und N st einen Zeitstern mit sidli-
chem bzw. nordlichem Zenitwinkel, Pst und Pst. einen Polstern in oberer
und unterer Kulmination bedeuten. Pst und Psr sind in die beiden Kulmi-
nationen desselben Gestirns.

Anhand der Abb. 2 kann folgendes festgestellt werden:

1. Der auf den Uhrstand ausgeubte EinfluR des Azimutfehlers k kénnte
vollkommen eliminiert werden, falls jeder beobachtete Zeitstern durch den
Zenitpunkt Z der Station durchgehen, bzw. der Zenitwinkel bei jedem Stern
z = 0 sein wirde. Die Zusammenstellung eines solchen Programmes ist fur die
Praxis unglnstig, da die diese Forderung erfillenden Sterne nur in groBen
Zeitabstdnden aufeinander folgen kdnnten und die Beobachtung sich unginstig
verzdégern wiirde. Aufgrund theoretischer Uberlegungen kann es jedoch wegen
des Unbestimmtwerdens von AU - wie es in [3] von (12) ausgehend festge-
stellt wurde nicht angewendet werden.

2. Zur Verminderung des auf den Uhrstand ausgetbten Einflusses des
Azimutfehlers scheint es eine gute L&sung zu sein, dal man die Sterne in
sudlicher und ndérdlicher Richtung vom Zenitpunkt Z symmetrisch oder an-
ndhernd symmetrisch beobachtet. Der k-Wert und folglich auch sein Einfluf3
auf den Uhrstand hat an den entgegengesetzten Seiten des Zenits entgegen-
gesetzte Vorzeichen.

In der Praxis kann die in Punkt 2 beschriebene Ldsung angewendet
werden, wobei jedoch ein schwerwiegendes Problem auftaucht: ob bei der
Auswahl der Sterne die Symmetrie auf die Zenitwinkel oder auf die Azimut-
koeffizienten bezogen aufgebaut werden soll, mit anderen Worten, ob die Zeit-
bestimmungen bei Befriedigung des Zenitgleichgewichtes [z] =0 oder des
Azimutgleichgewichtes [K] 0 erfolgen sollen. Zur Entscheidung der Frage
sind natlrlich die bei der Zusammenstellung der Sternprogramme friher er-
Orterten Gesichtspunkte mafgebend.

Die bei der Aufstellung der Gleichgewichtsbedingungen angewendeten
Vorzeichen sind:

bei stdlichen Sternen z und K positiv,

bei nordlichen Sternen z und K negativ.

Zuné&chst sei der Fall untersucht, bei dem der Schwerpunkt der Zeitsterne
im Zenit liegt, d. h. die Bedingung [s] 0 befriedigt ist. Den Azimutfehler «
auf Abb. 2 betrachtend scheint es, als ob dessen Effekt durch diese Methode
vollstdndig eliminiert ware, da die Werte von k sidlich und ndérdlich vom
Zenit miteinander gleich sind, aber entgegengesetzte Richtungen haben. In
Wi irklichkeit ist jedoch, wenn man die Durchgénge in dem durch kK prdzisierten
Instrumentenvertikal beobachtet, gerade infolge von k der Fehler der Durch-
gangszeit bei einem ndrdlichen Stern viel groBer, als bei einem sidlichen, mit
demselben Zenitwinkel. Das ist leicht einzusehen, da die Geschwindigkeit der
scheinbaren Sternbewegung dem Pol zu abnimmt, d.h. derselbe Bogen wird
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von einem langsameren ndrdlichen Stern wéhrend ldngerer Zeit »zuriickgelegti-
als von einem schnelleren sidlichen. Dasselbe kann der zur Berechnung des
Effektes von k abgeleiteten Gleichung (ft) = kK entnommen werden, da im
Falle von z$ = % die Azimutkoeffizienten X der zwei Sterne verschieden sind.
Betrachtet man das vollstindige Sternprogramm, so wird bei Befriedigung
der Bedingung [z] 8" O, [X] 0 sein; das kann im Sinne der Gleichung (9) die
Verédnderung des vorldufigen Uhrstandes, sowie die Wiederholung der Berech-
nung verursachen, im Sinne von (15) jedoch kann auch der Bestimmungsfehler
des Instrumentenazimuts zur Geltung kommen.

Wenn das Sternprogramm mit Rucksicht auf die Befriedigung der Be-
dingung des Azimutgleichgewichtes [X] fi« 0 zusammengestellt wird, so er-
halt der vorldufige Uhrstand keine Korrektion, daher muBR die Berechnung
auch im Falle eines groRen fc-Wertes nicht wiederholt werden und der Fehler
Ak des Instrumentenazimuts hat ebenfalls keinen EinfluB auf den Uhrstand.
Deshalb wird in der einheimischen Praxis auch derzeit die Befriedigung der
Bedingung [X] s« 0 angewendet, obwohl durch die eingehenden Untersuchun-
gen in [3] nachgewiesen wurde, dall das Gewicht paU des Uhrstandes im
Falle der Befriedigung der Bedingung [r] 9« 0 des Zenitgleichgewichtes groRer
ist. Die Anwendung der Bedingung [X] f« Owird auch in [4] und [5] empfohlen.

In diesem Zusammenhang kann die Frage gestellt werden, ob die Be-
stimmung von k Uberhaupt notwendig sei, wenn im Falle der Befriedigung der
Bedingung [K] s=0, bei den beobachteten Sterngruppen der Uhrstandswert
nach der Korrektion unverédndert bleibt. Kenntnis von Kk ist jedoch unbedingt
notwendig, weil die sternenweise berechneten Uhrstdnde mit den GrofRen (k) =
= kK korrigiert werden missen, um die Messungskorrektionen

[A U t]

U AU’_

bilden zu kdénnen. Die Kenntnis letzterer ist namlich unentbehrlich

zur Berechnung des mittleren Fehlers mAV des aus Sterngruppenbeobach-
tungen ermittelten Uhrstandes AU,

zur Qualitdtskontrolle, falls z. B. das Maximum der Werte auf empiri-
schem Wege bestimmt worden ist,

zur Berechnung der Gleichung [t>J = 0, die zur Kontrolle der richtigen
Berechnung dient.

Nachdem die Richtigkeit der Anwendung des Azimutgleichgewichtes
[X] #5<0 als Funktion von k begriindet wurde, sei nun untersucht, welche wei-
teren Probleme dies fur die Zusammenstellung der Sternprogramme bedeutet.
Es wurde bereits oben dargelegt, daB im Falle gleicher Zenitwinkel des
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sidlichen und ndérdlichen Zeitsterns die Absolutwerte der Azimutkoeffizienten
verschieden sind, d.h. bei

zs = zn ist |Ksl< IKNI.

So kann es Vorkommen, daR bei Befriedigung der Bedingung [K] si« O der
Azimutkoeffizient eines ndrdlichen Sternes mit gréRerem Zenitwinkel zN als
Gegengewicht moéglicherweise die Beobachtung mehrerer Sterne mit siidlichem
Zenitwinkel erforderlich ist, was die Zahl der sudlichen Sterne im ganzen
Programm ungunstig erhdhen wirde. Gerade deshalb wird der zur Beobach-
tung geeignete Sternbereich so abgegrenzt, daR sidlich vom Zenit auch Sterne
mit groBerem Zenitabstand in die Beobachtung einbezogen werden. Das be-
deutet in der einheimischen Praxis folgende Grenzen:

+ 11° > z > 8°.
Ahnliche Grenzen werden in [5] empfohlen, in [6] werden diese als
+ 12° > z> — 10°30'

festgelegt. Eine derartige Eingrenzung des Sternbereiches wird nicht von der
Gleichung (12) des Uhrstandsgewichtes, sondern von der Seitenrefraktion er-
fordert.

Vollstdndigkeitshalber wird hier auch der Deklinationsbereich

81° > 0> 72°

der zur Bestimmung von k in unterer und oberer Kulmination beobachteten
Polsterne angegeben. Ubereinstimmende Daten wurden auch in [4], [5] und
[6] angegeben.

Probleme der Praxis in Zusammenhang mit dem Azimutfehler

Im Laufe der Praxis wird oft die Forderung nach Kenntnis des
groRten zuldssigen Wertes des Azimutfehlers k oder der in der Befriedigung
des Gleichgewichtes [K] ~ 0 zul&ssigen Abweichung gestellt. Falls Fehler
oder Ungenauigkeiten in der Bestimmung wahrgenommen werden, muBR nach
deren Ursache gesucht, und Uber die Auswertungsmethode oder gar Uber die
Anwendbarkeit der Daten entschieden werden. In dieser Arbeit mdchten wir
diese Fragen ebenfalls beantworten, indem wir die Grenzwerte der Anwend-
barkeit der einzelnen Werte berechnen und fur einige Probleme der Praxis
Lésungen Vorschlagen.
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Folgerungen beziglich des zuldssigen Wertes
des Azimutfehlers

1. Die angewandten Anndherungen

Der EinfluR von k auf den Uhrstand wird laut (5) aus der Anné&herungs-

formel
(k) = kK

berechnet, obwohl im Falle eines kleineren k-Wertes die Formel (3), im Falle
eines groReren Azimutfehlers die Formel (7) die vollstdndige ist. Es mufl daher
untersucht werden, was die Anné&herung sin k» «k in Formel (3), sowie die
Vernachldssigung hei der Bildung des Zenitwinkels z bedeutet. Es mull eben-
falls bekannt sein, welchen Wert das in (7) vernachldssigte Glied d(k) anneh-
men kann.

a) Die Anndherung sin k » Kk bedeutet anhand der Gleichung

sin (15fes) = fos—
B"
auch im Falle des als seltenen Extremwert angenommenen Wert Kk — 60s
bis in die finfte Dezimalstelle keine Vernachldssigung.

b) In Verbindung mit Abb. 1 wurde bereits erwdhnt, dal der Zenit-
winkel z auf den Meridian bezogen gebildet wurde, obwohl die Gleichung (3)
diesen auf die mit dem Azimutfehler k charakterisierte Vertikale bezogen er-
fordert Nach der Abbildung wurde die Differenz Az zwischen den beiden Zenit-
winkeln mit der in [1] angegebenen Potenzreihe:

Az=z—r1«= AUAt-f-BO——f ...

ermittelt. Die Untersuchung wurde bei K 60s mit den auftretenden Extrem -
werten der beobachteten Zeit- und Polsterne durchgefiihrt, wobei die maxi-
male Abweichung z = 0,0002s betrug.

c) Die Form des in (7) vernachlassigten Wertes d(k) in Zeitsekunden
lautet nach [1]:

K5 °

d(kf = 0,000 8814sK{2 — 3K sin ¢9-f K 2)
100

In derselben Abhandlung ist auch eine Tabelle zu finden, die in Abhé&ngigkeit
von @ und 0 die Grenzen angibt, bis welchen die Werte d(kf vernachldssigt
werden kénnen. Laut dieser Tabelle braucht man in Ungarn hei Azimutfehlern
K < 70s diesen Wert nicht in Betracht zu nehmen.

Das unter a) c¢) Gesagte kann folgenderweise zusammengefalt
werden: Neben dem in der einheimischen Praxis vorkommenden gréfRten
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K sec Bogen- [K1/n-*

sekund  [A-]-»
1 I

i} 1,5

0,2 3,0

0,3 4.5

0.4 6,0

0,5 7,5

0,6 9,0

0,7 10,5

0,8 12,0

0,9 13,5

1,0 15,0

2.0 30,0

3,0 45,0

0,001

0.012

0,001

0,001

0,001

0,001

0,001

0,001

0,002

0,003

0.002

0.024

0,001

0,001

0,001

0,001

0,001

0,002

0,002

0,002

0,004

0,006

Tabelle

0,003

0,036

0,001
0,001
0,001
0,001
0,002
0,002
0,002
0,003
0,003
0,006

0,009

0.004

0,048

0,001
0,001
0,002
0,002
0,002
0,003
0,003
0,004
0,004
0,008

0,012

0,005

0,060

0.001
0,002
0,002
0,002
0,003
0,004
0.004
0,004
0,005
0,010

0,015

0,006

0,072

0,001
0,001
0,002
0.002
0,003
0,004
0,004
0,005
0,005
0.006
0,012

0,018

0,008

0,096

0,001
0,002
0,002
0,003
0,004
0,005
0,006
0,006
0,007
0,008
0,016

0,024

0,010

0,120

0,001

0,002

0,003

0,004

0,005

0,006

0,007

0,008

0,009

0,010

0,020

0,030
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Wert von k kann die einfache Formel (fc) = kK noch immer angewendet wer-
den.

2. Die zulassige GrofRe des Azimutfehlers als Funktion der Korrektion

Laut (9) beeinfluBt im Sinne des Ausdrucks k m[K]jn der Azimutfehler
k den Uhrstand. Die zulidssige Anderung des Uhrstandes AU wurde in [3]
als 0,002s angegeben. Das verursacht in der Berechnung von k bereits eine
Anderung von 0,001b, daher muR dessen Berechnung wiederholt werden. Die
GroBe von k kann nur als Funktion der Befriedigung der Bedingung [X] ~ O
untersucht werden, daher sind in der Tabelle die Anderungen k[K]/n des
Uhrstandes in Abhédngigkeit von k und [X] angegeben. Die dicke Linie zeigt
die Grenze, entlang der die Anderung des Uhrstandes in der Berechnung des
Azimutfehlers eine Verdnderung von 0,00U verursacht. In der Tabelle wurden
die Werte [K]/n aus den [X]-Werten mit der Annahme von 12 Zeitsternen
berechnet. Nach der Tabelle ist es daher sehr begriindet, den Azimutfehler k
unter Iszu halten und die Bedingung [K ] s« 0 genau zu befriedigen.

3. Der EinfluR des Fehlers Ak des Instrumentenazimuts K

Aus der Tabelle erhdlt man eine gute Orientierung auch dartber, wie
der Fehler Ak des Instrumentenazimuts den Uhrstand beeinfluBt; man muf}
bloR im Sinne von (15) k durch Ak ersetzten.

4. Die GroRe des Azimutfehlers k vom mef3technisclien Gesichtspunkt aus

Bei der Beobachtung von Meridiandurchgédngen ist man bestrebt, den
Wert Kk unter Is zu halten [2, 4, 7, 8]. Nach praktischen Erfahrungen besteht
dazu immer eine Mdglichkeit. Im allgemeinen wird und muf die Ortsmeridian-
ebene durch die genaue Bestimmung des Azimuts einer unbeweglichen Mire
fixiert werden. Es gibt zwei mdgliche Verfahren:

a) Durch Beobachtung des Polarsternes wird der Azimut der Mire be-
stimmt; danach wird vor den Durchgéngen durch Visierung der Mire die verti-
kale Zielebene des Instrumentes in den Meridian eingestellt, bzw. kontrolliert.
Diese Methode wird in der einheimischen Praxis angewendet, aber sie wird
auch in [1] und [8] fur Beobachtungen auf stabilen Pfeilern empfohlen.

b) Es ist sowohl bei Passage-, als auch bei Universalinstrumenten an-
wendbar, dalR man die Mire mit guter Anndherung im Meridian aufstellt und
dann auf der, in Zusammenhang mit der Gleichung (8) beschriebenen Weise
durch Beobachtung zweier Sterne den Azimut der Instrumentenvertikale
bestimmt. MiBt man den kleinen Winkel zwischen der vertikalen Zielebene der
Fernrohrs und der Richtung nach der Mire mit Hilfe des Okularmikrometers,
so erh&lt man auch den Azimut der Mire. Danach kann mit Hilfe des bewegh-
chen Fadens der Azimut der Instrumentenvertikale jederzeit kontrolliert
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oder korrigiert werden. Da diese Methode nach [1] und [3] den Azimut der
Mire bedeutend genauer angibt als die einmalige Beobachtung des Polarsterns,
genlgt es, nur Zeitsterne zu beobachten.

Kurz zusammengefalit: es gibt kein Hindernis dafir, daR der Azimut-
fehler k <Z Is sei und wahrend der ganzen Beobachtung diesen Wert behalte.

Die auf die Bestimmung des Azimutfehlers
eimvirkenden Faktoren

Am Anfang dieser Arbeit wurde bereits erwé&hnt, daB sdmtliche Instru-
mentenkonstanten die bei Zeitbestimmungen als Korrektion dienen
genauer bestimmt werden kdénnen als k. Hier handelt es sich ndmlich um den
gemeinsamen EinfluR von Faktoren, die nicht eindeutig bestimmt werden
konnen: Seitenrefraktionsanomalien, die Anderung des Instrumentenazimuts,
sowie die vom Beobachter abhdngigen Faktoren.

A) Der EinfluR der Seitenrefraktion

Mit dem EinfluR der Seitenrefraktion mufl wé&hrend der Beobachtungen
trotz des Umstandes gerechnet werden, daB auf sorgfdltig ausgewé&hlten
Triangulationspunkten hoherer Ordnung beobachtet wird, denn die Messungen
zur Zeitbestimmung werden nicht von den Meftirmen fir Triangulationsmes-
sungen, sondern von etwa 1,1 m hohen Pfeilern durchgefiihrt. Das Problem
wird noch dadurch erschwert, dall sich die Feldstationen oft auf Waldlich-
tungen, in der Ndhe bewohnter Orte, in Obstgdrten usw. befinden. Deshalb
ist der schédliche EinfluR der unbekannten Refraktionsanomalien gerade
dann unvermeidlich, wenn zwecks Bestimmung des Azimuthfehlers Polsterne
mit grolen Zenitwinkeln beobachtet werden. Der Wert der Seitenrefraktion
kann bei den Berechnungen nicht in Betracht gezogen werden. Falls die be-
stimmten Azimutfehler von anderen Fehlern nicht belastet sind, kann das
Vorhandensein der Seitenrefraktion erkannt werden, da sie beijedem Polstern
mit demselben Vorzeichen und mit einer zum Zenitwinkel proportionalen
Grole auftreten kann.

Der schéddliche EinfluR der Seitenrefraktion kann durch die umsichtige
Auswahl der Station vermindert werden. Hoffentlich hilft in der Fdsung des
Problems die Einfiihrung der MeRtirme aus Eisenbeton, auf denen die Beob-
achtungen in gunstiger Hohe durchgefuhrt werden kdnnen.

Die Erscheinung der Seitenrefraktion weist erneut darauf hin, wie wich-
tig die genaue Befriedigung der Bedingung [K] 0 ist, da ja nur dadurch
erreicht werden kann, daB die Unsicherheit des Instrumentenazimuts im Uhr-
stand nicht zur Geltung komme.
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B) Die Anderung des Instrumentenazimuts wéahrend der Beobachtungen

Die Pfeiler der Feldstationen in Ungarn sind meistens aus Beton, Ziegel
und Holz erbaut. Beim letzten handelt es sich um ein etwa 2,8 3,0 m
langes Rundholz, das 1,7 1,9 m tiefin die Erde gestampft wird. Bei Beobach-
tungen auf einem »Holzpfeiler« bemerkt man oft eine kontinuierliche Anderung
des Instrumentenazimuts, d.h. man beobachtet bei einem sich verandernden
Instrumentenazimut. Es ist anzunehmen, dall dies von einer Verdrehung des
Pfeilers verursacht wird. Der Effekt der Verdrehung kann erkannt werden,
wenn man die Werte des Instrumentenazimuts k als Funktion der Durchgangs-
zeiten graphisch darstellt. Aufgrund der Linie, die die Punkte verbindet,
unterscheidet man zwischen Pfeiler-Verdrehung a) mit stdndiger Geschwindig-
keit, b) mit verdnderlicher Geschwindigkeit, ¢c) mit verdnderlicher Richtung.

Im Falle eines verdnderlichen Instrumentenazimuts darf als Korrektion
des Uhrstandes das arithmetische Mittel der Azimutfehler k nicht angenommen
werden, sondern es soll z. B. eine der in [7] vorgeschlagenen Methoden ange-
wendet werden:

der Azimutfehler k soll aufgrund der Beobachtungen je eines Polster-
nes, sowie der diesen einschlieBenden beiden Zeitsterne berechnet und zur
Korrektion auch hier angewendet werden,

K soll als Steigung der ausgleichenden Gerade durch die exakte Aus-
gleichungsmethode berechnet werden.

Es stellt sich jedoch die Frage, ob bei verdnderlichem Instrumenten-
azimut beobachtet werden darf. In [1] und [5] wird entschieden dafiir Stel-
lung genommen, dall Zeitbestimmungen durch Beobachtung von Meridian-
durchgdngen nur bei konstantem Instrumentenazimut durchgefihrt werden
dirfen, wozu natirlich ein unbeweglicher Pfeiler und ein hochstabiles Instru-
ment Grundbedingungen sind.

Falls sich der Instrumentenazimut doch verdandern wirde, dann soll
nicht nach einer entsprechenden Interpretationsmethode gesucht, sondern die
Beobachtungsmethode verdndert oder gewechselt werden:

es ist ein gangbarer Weg, wenn vor der Beobachtung eines jeden
Sternes die Mire mit bekanntem Azimut visiert und der Azimutfehler k eli-
miniert wird (natirlich erh6ht sich dabei der Zeitbedarf der Messungen be-
achtlich);

nach [5] ist es in solchem Fall zweckmaRiger, die Zeitbestimmung aus
Durchgéngen durch den Vertikal des Polarsterns (Ddllen-Methode) durchzu-
fihren;

in [1] wird die Durchgangsbeobachtung von Sternpaaren durch einen
meridiannahen Vertikal vorgeschlagen.
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C) Die von der Person des Beobachters abhéngigen Effekte

Die personenbedingten Faktoren ergeben sich in erster Linie aus Midig-
keit und abnehmender Aufmerksamkeit beim Beobachter. Deshalb missen
samtliche Umstédnde, die die Konzentrierung der Aufmerksamkeit des Beob-
achters wéhrend des Nachfihrens beeintrachtigen oder verhindern, bei der
Messung ausgeschlossen werden. Beachtenswert ist die in [8] beschriebene
Organisierung, wonach die Beobachtung von zwei Ingenieuren durchgefihrt
wird; wahrend der eine beobachtet, fiihrt der andere das Protokoll. So hat der
Beobachter nur das Nachfiithren zur Aufgabe und braucht nicht seine Auf-
merksamkeit

— der Zusammenstellung des richtigen Gleichgewichtes

im Falle aufkommender Bewd6lkung der schnellen und richtigen Ab-
&nderung des Sternprogrammes

dem Instruieren des Hilfspersonals, usw. zuzuwenden, da alldies von
einem gleichqualifizierten M itarbeiter erledigt wird. Der Zeitbedarf der Be-
obachtung wird derweise ebenfalls kleiner, dies vermindert den durch Midig-
keit verursachten Aufmerksamkeitschwund. Naturlich kann nach Austausch
der Beobachter ein zweites Sternprogramm beobachtet werden.

*

In der vorliegenden Arbeit wurde, entsprechend der Praxis, die Kom-
plexitdt und Vielseitigkeit des Effektes vom Azimutfehler k bei den Durch-
gangsbeobachtungen im Meridian untersucht, obwohl die Bestimmung des
Azimutfehlers kein Endziel sondern nur ein Zwischenergebnis ist. Es ist von
entscheidender Bedeutung, auf die Rolle des Azimutfehlers bei der theoreti-
schen Untersuchung der obengenannten Zeitbestimmungsmethode, bei der
Durchfihrung der Beobachtungen, bei der Auswertung der MeRergebnisse
und bei der Berechnung des Uhrstandes AU besondere Aufmerksamkeit zu
richten. Es wurde alles zusammengefallt, worauf bei genauen Zeitbestim-
mungen wegen des Azimutfehlers, einer unvermeidlichen Fehlerquelle, geach-
tet werden muB. Die Bedingungen k < U und [K] 0 mussen als Grund-
regeln eingehalten werden, da so der Azimutfehler auf den Uhrstand keinen
EinfluR hat und — was noch wichtiger ist der Fehler der Bestimmung des
Azimutfehlers im Uhrstand nicht zur Geltung kommt.

Zum SchluB einige Worte dartber, weshalb dieses vdllig »abgeschlossene«
Thema gewdéhlt wurde, da ja die Entwicklung der geographischen Ortsbestim-
mung im X IX Jahrhundert bereits abgeschlossen worden war: die wesentlichen
theoretischen Fragen wurden untersucht, die praktischen Methoden ausge-
arbeitet, die Hilfstabellen zur Berechnung zusammengestellt, usw. Eine Ent-
wicklung gab es in diesem Jahrhundert nur in der Instrumententechnik. Die
Anwendung der elektronischen Rechenmaschinen in der Astrogeoddsie er-
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fordert jedoch wegen den neuen Bearbeitungsmethoden die Uberprifung der
klassischen Ortsbestimmungsmethoden. Dieser ProzeB ist in mehreren Lé&n-
dern bereits abgeschlossen worden oder steht auf der Tagesordnung und ist auch
bei uns aktuell. Die herkbmmliche manuelle Auswertung ist unrentabel. Eine
Automatisierung mittels Datenverarbeitungsanlagen kann auch dazu beitragen,
die Ingenieurarbeit zur Analyse und Interpretation der Daten sowie zur
Untersuchung des wdahrend Jahrzehnten angeh&uften MeRmaterials erfolg-
reicher einzusetzen. In Hinblick auf die baldige Einfuhrung der elektronischen
Datenverarbeitung wurden in der Abhandlung die mit dem Azimutfehler ver-
bundenen Probleme erdrtert und die Aufmerksamkeit auf die oben angefihr-
ten Feststellungen gelenkt, da eine »unpersdnliche« Verarbeitung deren Ein-
haltung erfordert.

SCHRIFTTUM

1. Jordan—Eggert—KneissI: Handbuch der Vermessungskunde. Band Il. a. 10. Ausgabe,
Stuttgart, 1970.

2.Sigt, R.: Uber die Beobachtung genauer astronomischer L&ngen, Dissertation. Veroff.
Deutsch. Geod. Komission. Reihe C, H. 41. Minchen, 1960.

3. Milasovszky, B.: Az optimalis csillagprogram kérdése a merididndtmeneti id6k megfigye-
lése utjan eszkozolt csillagaszati idémeghatadrozadsoknal (Das Problem des optimalen
Sternprogrammes bei den mit Beobachtung der Meridiandurchgdnge durchgefuhrten
Zeitbestimmungen. (Nehézip. M(sz. Egy. Magyarnyelvli Kozi. V. Miskolc, 1960.

4. Byff, |.: Foldrajzi helymeghatdrozds (Geographische Ortsbestimmung) Csillagaszat, Bp.
1956.

5. Albrecht, T.: Formeln und Hilfstafeln fiir geographische Ortsbestimmungen. Akad. Verl.
Berlin, 1967.

6. Hopfner, J.: Analyse der Beobachtungsergebnisse der astronomisch-goidatischen Lé&nge-
bestimmung Borowiec—Dresden—Potsdam aus dem Jahre 1966. (Dissertation),
Veroff. Z. I. P. E., Heft 11. Potsdam, 1971.

7. Milasovszky, B.: Az 6radllds és az azimuthiba meghatdrozdsa (Die Bestimmung des
Uhrstandes und des Azimutfehlers) Geod. és Kart. 1955.

8. Wunderltin, N.: Langen-, Azimut- und Breitenbestimmungen 1961—64. Astronomisch-
geodatische Arbeiten in der Schweiz. Band 28. Verdff. Schweiz. Geod. Kommission,
Zurich, 1969.

9. Schroeder, U.: Automation und geodatische Astronomie, Dissertation. Veroff. Deutsch.
Geod. Kommission. Reihe C, H. 157. Mlnchen, 1970.

OLUMBKA A3SMMYTA EE POJIb B OINMPEAENEHUNAX BPEMEHW C MNMOMOLLbLIO
HAB/IOAEHUN MEPUAVAHHBLIX MEPUOLOB

®. BENBUBENBLAN

PE3IOME

B HacToslLeli CTaTbe MOKasblBaeTCsl, KaKoe B/NSIHWE OKasbIBaeT OlMGKA asumyTa K Ha
BpeMsi nepexoda depes MepuaMaH, KakoBO [OMyCTMMOE 3HaueHue 9TOM OLIMGKW, KaKoBO ee
B/IMSIHVE Ha MOKasaHVe YacoB U KaKue 06CTOATeNbCTBA HYXKHO YUUTLIBATL MPW ee onpeaeneHmm.
O6palllaeM BHUMaHME Ha TO, UTO YCnoBusi K <; Is n [K] ~ O [0MKHbI 6biTb YA0BNETBOPEHbI,
160 B 3TOM CNydyae OLIMOKA a3uMyTa WM ee HEeHafeXXHOCTb He GyAeT BAWSATb Ha onpeaesneHuvie
BpeMeHn. CTaTbsl SBMSETCA YacTbio MOAPOGHOr0 KOHTPONS METOf0B M3MEPEHUIA U BbIUMC/IEHWIA,
npeLleaLIero aBToMaTM3aLMU acTporeofesu npu nomMowy 3BM M MMeeT Uenb YCTPaHWUTb
(hakTOpbl, TpeGytolme B X04€e OLEHUBAHMS 3aBUCALLMX OT SIMUHOCTU PELLEHWIA.
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AN UNBIASSED COMPARISON OF TWO METHODS
SUGGESTED FOR THE COMPUTATION OF RESIDUAL
GRAVITY

A. MESKO F. KOVACS
L. EOTVOS UNIVERSITY, BUDAPEST AND GEOPHYSICAL PROSPECTING CO. OF THE
HUNGARIAN OIL AND GAS TRUST

[Manuscript received June 24, 1974]

A method for computation of residual gravity fields suggested by F. Steiner is com-
pared to the procedure using two-dimensional numerical filters, reported by the present authors.
Two-dimensional transfer functions of the suggested sets of coefficients are presented to show
that Steiner’s method has the following disadvantageous properties: directivity, undulations
in the pass-band and unnecessarily great “resolving power”. The consequences of the transfer
properties are false structural trends and fictitious anomalies. The method suggested by the
present authors do not suffer of these shortcomings. Theoretical conclusions are supported
by residual maps of two prospection areas.

Introduction

The purpose of this paper is to compare two methods suggested by dif-
ferent authors for the computation of residual gravity fields. One of these,
originally called the method of interpolation on the surface, has been proposed
and repeatedly discussed by F. Steiner [12, 13, 14]. Several versions have
been worked out. Its newest modification was renamed “fully-matrixed map-
transformation” and it was described in the pages of the present journal,
in 1973 [14].

Two-dimensional filters for computing residuals, on the other hand,
have been derived by one of the present authors [5]. No special name has been
given to this method. The derived filters were put into productive use in 1969
by the Geophysical Prospecting Company of the Hungarian Oil and Gas Trust
and contributed to a better geophysical interpretation in a number of pros-
pection areas [3, 9]. The theoretical foundations as well as practical aspects
of the applications ofthe filters have been appropriately discussed [2, 3, 6, 7, 8].
The derivation of the filters took into consideration theoretical and practical
requirements as well as the limitations of the measuring techniques. Practical
results were convincing enough therefore the present authors have not felt
it necessary either to discuss the usefulness of two-dimensional digital filters
in more detail or to compare them to any other method. Recently, however,
Steiner (1973) claimed that some sets of coefficients would give better
results. The opposite is shown in this paper.

In order to prove the superiority of his method Steiner showed some
curves intended to represent residual fields of homogeneous spheres with mass
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Fig. 1. Transfer function of a set of coefficients suggested by F. Steiner (i = 4, 8s)

centres at various depths ranging from 4s to 10s (where s denotes the measure-
ment interval or grid spacing). These are Figs 2 and 3 of the cited paper [13].
This way of presentation hides most of the shortcomings of his sets of coeffi-
cients. One dimensional curves make the impression as if the transfer proper-
ties of the formulas were independent of directivity. But the author never
proves that a one-dimensional presentation is justified and, as a matter of
fact, all of his sets of coefficients do have directivity.

The gravity fields due to his model spheres, on the other hand, are so
poor in high frequencies that the products of the spectra of the fields and the
transfer functions conceal the disadvantageous transfer properties in the high
frequency range. The paper claims also that the “resolving power” of Steiner’s
method is greater than that of the filters used by Kovacs and Mesko6. It is
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Fig. 2. Transfer function of a set of coefficients suggested by F. Steiner (t= 4, 10s)

the only argument by which Steiner believes to prove that his method is
better.

The resolving power, however, can be made as great as one wants by
appropriate enhancement of the high-frequency range, [10] on one hand, and
its excessive increase deteriorates the quality of the residual maps in many
aspects, on the other. The greater “resolving power” of Steiner’s method is
rather a disadvantageous property.

In the following sections these three points (i.e. directivity, transfer in
high frequency range and resolving power) are discussed in some detail. Two
practical examples are also shown to emphasize the conclusions drawn from
the previous analysis.
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Fig. 3. Transfer function of a set of coefficients derived from a non-directive Gaussian filter
by A. Meské (m = 4, 6s)

Directivity of the formulas

The directivity of some residual filters is a well-known phenomenon
which deteriorates the results by suggesting fictitious structural trends. It was
called “dependence on orientation” in the early literature [11, 1] because it
has been observed that the transformed maps may deviate even if the same
formula is applied to the same input map, when data are taken from this
input map in differently oriented grid systems. The strong directivity of some
formulas e. g. that of the Henderson and Zietz’s second derivative formula as
well as the almost complete independence on the direction of other formulas,
e. g. the Rosenbach’s formula have also been realized [1].
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Fig. 4. Residua] gravity on the Szeged area, obtained by Steiner’s method

In the last decade authors who derived some sets of coefficients for some
kind of transformation of gravity maps tried to avoid directivity. It has long
heen proved that using the same coefficients in those grid points which are
at the same distance from the reference point is only necessary but not suffi-
cient for eliminating directivity [4]. If it were sufficient all the suggested
formulas would be direction independent because all the authors used that
constraint.

Steiner [13, 14], however, takes for granted that his sets of coefficients
are direction independent when illustrates the transfer properties by one-
dimensional curves instead of two-dimensional surfaces. Two dimensional sets
of coefficients, however, have to be investigated by means of two-dimensional
transfer functions.
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Fig. 5. Residual gravity on the Szeged area, obtained by the numerical filters of the present
authors

Steiner published 14 different sets of coefficients, which belong to three
groups, denoted by t= 4, t— 2, t= 0. The reason of this notation is that
the numerical value of t corresponds to the order of a polynomial used in the
derivation of the various sets of coefficients.

The basic idea is to fit a rotation symmetrical surface to the gravity
data within a circle of some fixed radius by the method of the least mean
squares and the residual at the origin of the circle is then defined as the devia-
tion between the gravity data and the fitted surface at that point. The radius
of the circles varies between 8s and 14s.

Steiner claimed that t = 4 gives the best results. ([14], Fig. 1. on p. 100).
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75
Tazlar
Fig. 6. Residual gravity on the Tazlar area, obtained by Steiner’s method
Therefore we selected two sets from the t = 4 group for an appropriate investi-
gation.
The transfer functions of the sets of coefficients t = 4, 8s and t = 4,

10s are shown in Figs 1 and 2. These sets are of reasonable size though still
larger than the numerical filters routinely used by Kovacs and Mesko.

A two-dimensional transfer function of a residual filter taken from the
set of filters suggested by Mesko in 1966 and reported in the pages of the pres-
ent journal by Meské and Kovacs in 1973 is also shown in Fig. 3 as a com-

parison. It may be of interest to note that the size, using Steiner’s notation,
is 6s.
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Fig. 7. Residual gravity on the Tazlar area, obtained by the numerical filters of the present
authors

The directivity of the Steiner’s formulas is significant and by no means
can be neglected. The filter of the present authors on the other hand can
really be termed as non-directive.

Transfer properties in the pass-band

Figs 1lthrough 3illustrate the behaviour of the formulas in the pass-band.
It is known from the theory as well as from practice that the transfer in the
pass-band should be as flat as possible.
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The oscillations of the transfer function in that range change the relative
weights of various components instead of passing them without amplitude and
phase distortions.

The amplitude of the oscillations in the pass-band is more than 30 per-
cent for the transfer functions shown in Figs 1 and 2. The transfer function
of the Gaussian filters suggested by the present authors behaves almost ideally
in the pass-band. The maximum deviation is less than 0.1 percent for most
parameters. The example, given as Fig. 3 (where the parameter m is equal
to 4) clearly shows that the deviations from unity in the pass-band are very
small.

Resolving power and practical applications

The crucial point of evaluating any method derived from some theoretical
cosideration is practical applicability. It is pointless e. g. to increase the resolv-
ing power if it enhances only the relative weights of random noises, measure-
ment errors or that of the anomalies caused by near surface inhomogeneities.

A rather long practice in routine processing and interpretation taught
us that great resolving power corresponds to residual maps full of fictitious
anomalies which cannot be separated from real structural indications. In
order to demonstrate this conclusion two Bouguer gravity maps have been
transformed by using Steiner’s formula t — 4, 8s.

The residuals computed from the same input data with the filters routinly
used by the present authors are given as Figs 5 and 7. We do not consider
it necessary to comment on the quality of results obtained by the Steiner for-
mula. It is obvious from Figs 4 and 6 that these maps cannot be interpreted.
We may mention, however, that residual maps (shown in Figs 5 and 7) obtain-
ed by the filters of the present authors contributed to a better geophysical
interpretation of these two prospection areas.

Conclusion

The sets of coefficients published by Steiner have disadvantageous trans-
fer properties and are not advantageous for application in processing of grav-
ity data.

*

The discussion will be continued in the next issues.
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HECMELWEHHOE CPABHEHWE ABYX METOAOB A/A BblUNC/EHNA
PE3VAYANBHOW FPABUTALN

A. MEWKO-®. KOBAY

PE3IOME

MeToa ANs BbIUUCIEHUS Pe3anayaiibHbIX FPaBUTALMOHHBLIX MOMER, NPeANOXeHHbI @,
LLITeliHepbIM, CpPaBHMBAETCA C METOAOM aBTOPOB, rae MPUMEHSIIOTCS [ABYMEPHbIE BbIUUC/NTE b~
Hble (OUNLTPLI. [MoKa3bIBAOTCA ABYMepPHble (DYHKLUMM Npeo6pasoBaHUs NPeanokKeHHbIX PsiaoB
KO3(h(PMLMEHTOB C Lg/blo, UTOBbI MOKasaTb CeAylolue HefocTaTKU MmeToga LLITeiiHepa: 3aBu-
CUMOCTb OT Hanmpas/ieHWsl, YHAYNAUUM B Nojoce Npeo6pasoBaHns U CAMLLKOM Gofblias «pas-
pewlarowas crnocoGHocTb». BcnefcTBMe CBOWCTB MpeoBpasoBaHMs MOMyyaloTcsl OLIMBOUHbIE
CTPYKTYPHble HanpaBfeHs U (UKTUBHbIE aHOMaUKW, Cchenalolme pesuayanbHylo KapTy He-
MHTEPNPeTMpyeMoit. MpeanoXeHHbI aBTopamy MeTof TaKUX HefoCTaTKOB He MMeeT. TeopeTu-
YecKMe Ppaccyx/feHUsi 00OCHOBLIBAIOTCS PesufyasibHbIMU KapTamu [BYX WCCMef0BaTeNbCKUX
paiioHoB.
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HECKOJIbKO ABJIEHNA 3NEKTPUYECKWNX CBOWCTB
TOPHbLIX MOPO/

®. ONEPEP
OOUEHT, KAHANLAT TEX. HAYK, UHCTUTYT TAXENOWN MNPOMBbIW NEHHOCTMH;
KA®PEAPA MWHEPANOITNMN N NETPOTPA®UN MULWLIKONbL,

[MocTtynuno 22 wiona 1974 r.]

B cTaTbe nokasblBaeTcs, YTO 6OMbLUMHCTBO NOPOA B €CTECTBEHHbIX YC/I0BUAX XapakTe-
pusyeTtcs 60bLUMMN 3HAYEHUAMU OU3NEKTPUYECKOW MPOHMLAEMOCTH.

3HauyeHe NaNeKTPUYECKOV NPOHNLLAEMOCTU 1 AN3NEKTPUYECKMX MOTEPb BO3PACTAET YXKe
Npu 3HaYeHUN BNAXHOCTWU Mopof okosno 1—1,5%.

M3MeHeHVe yeNbHOr0 3/IEKTPUYECKOro COMPOTUB/IEHMA B 3aBUCUMOCTU OT AaBfIeHUs
04YeHb 60/bLLOe.

BBegeHne

B nocnegHee Bpems B BeHrpum rny6uHbl CKBaXMWH [OCTUFAN NATU-LUECTY
TbICAY MeTpoB. B mocrnegytouiee Bpems WX rny6uHbl 6yAyT JOCTMraTh BOCbMY
TbiCAY MeTPOB. T03TOMY, C LieNblo M3y4YeHNs Npo6iemMbl UCCNeA0BAHNA MaHTUK, a
TaKXe (U3NYecKMX CBOWCTB BELLECTBA Heap 3eMAu, B MOCNEAHEE BPeMS Ha Hallei
Kaheape Mbl Ha4Yann 3aHUMATbCA UCCNEL0BAHMAMMW (IU3NYECKUX CBOWUCTB MOPOLbI.
3 3Tux paboT nokKaxem HECKOMbKO pesynbTaTOB MUCCe40BaHUM.

Mbl 3aHUMaeMCS (U3NUYECKMMU CBOMCTBAMM 0CA0YHbIX NOPOA. B 3Toii paboTe
Mbl 3aHUMANUCb 3aBUCUMOCTHK AUINEKTPUYECKON MPOHWULAEMOCTU U LU3NEKTPU-
YECKMX NOTEPb 0CAZ40YHbIX MOPOS OT YaCTOThI MPU Pa3HON BNAXHOCTW. Takxe pac-
CMaTpuBanoCh M3MEHeHMe 3NeKTPUYECKOr0 COMPOTMBAEHWUSA 0Caf0uYHbIX NOPOA B
3aBMCUMOCTU OT [JaBJ/IeHUS.

1. V3yyeHns OU3NEKTPUYECKON MPOHULAEMOCTA W AU3NEKTPUYECKUX
noTepb Mopogbl

Kak W3BeCTHO, AW3neKTpuyeckas MPOHULLAeMOCTb MaTepuanos 3aBUCUT OT
4acTOTbl 3/IEKTPUYECKOr0 nonsd. B nutepatype obuienpuusaTas Teopus nokasaHa Ha
puc. 1., no Pxesckomy, HoBuky [1] u MapxomeHko [2].

/3 pucyHka BUAHO, YTO MO Mepe YBENUYEHWUS YacTOTbl AUINEKTPUYecKas
MPOHNLAEMOCTb YMEHbLLIAeTCA.

Kak 13BeCTHO, aneKTpuyeckan MHAYKLUsA (cMmewweHne) B u HanpsxeHHOCTb
3/IEKTPUYECKOTO MoNA E CBA3aHbl C YPaBHEHWEM

D=e E (1)
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Puc. 7. TeopeTnyecKoe N3MEHEHUe AU3NEKTPUYECKO/ MPOHULIAEMOCTU B 3aBUCUMOCTM OT YacTOTbl
1 — CTPYKTypHas UM Makpockonuyeckas nonsipusauus (ec)
2 — ounonbHas UM MoNeKynsipHasa nonsipusaums (en)
3 — aToMHas nonsipusayms (ea)
4 — 3neKTpoHHasA nonsipmusayms (ea)

rae e Au3aneKTpuyeckas MPOHWULLAEMOCTb, OMMCaHHas B 06LieM BUfe CNeayrL UM
TEeH30POM:

Bl M2 £13
£21 22 23 (2)
£31 iz £33

ATOT TEH30pP CUMMETPUYHBIIA, B KOTOPOM ey — et

["opHble NOpodbl COCTOAT U3 MUHEPaNnoB. M03TOMY fU3NEKTPUYECKAA NPOHU-
LaeMOCTb W AM3NEKTPUYECKNe NoTepu 0Caf0UHbIX NOPOS 3aBUCAT OT UX MUHepab-
HOr0 COCTaBa, [aBleHWs, TeMMepaTypbl, MOPUCTOCTU U BNAXHOCTW. B 3TOM
pasjene paccMaTpuBaeTCH CBA3b MeXAY AU3NEKTPUYECKOW MPOHULAEEMOCTbIO U
AVINEKTPUYECKUMU MOTEPAMM, B 3aBUCUMOCTW OT 4acTOTbl MNpWU  PasMYHON
CTEMeHn BIAXHOCTH.

Mo paHHbIM aBTopoB (H.P. BogonbsiHoBa, KeiimeHnena [7, 8] u T. 4.) B
AnanasoHe 10 Kry — 1 Mry WMeeTcsi OAMH 4aCTOTHbIA MakcUMyM tg 6x U npowc-
XOAUT YyMeHblUeHMe e. Ha OCHOBE MCCNefoBaHWA Ha 06pasuax CAwgbl, runca w
TanbKa CAenaH BbIBOZ, YTO 3HAUYUTENbHbIA MAKCUMYM [U3NIEKTPUYECKOIA NoTepu B
3aBMCMMOCTW OT 4acTOTbl MPUUYUHAETCA HanM4yMeM KPUCTaNn3alLnoHHOA BOAbI.
70 Xe ABNAETCA NPUYMHON MUHUMYMA AUINEKTPUYECKOW MPOHULAEMOCTM.

PaHblue creuuanncTbl CYATANMN, YTO BbICOKME 3HAYEHUA LN3NeKTPUYECKOM
NPOHULAEMOCT MOTYT 6bITb HabMlAeHbl TONMBKO MPKU 04YeHb 6ONbLIOM COAepXKa-
HUW Bnarn. Xoyann u JIuKacTpo Ha OCHOBAHWM ONbITHbIX JaHHbIX paccMaTpuBai
N3MeHeHMe AM3NEKTPUYECKOM NpoHMLAaeMocTW yuctoro necka ot 10 go 10 000.
Uennuase Takxe NOMYYMN 3HAYMTENbHO 6ONblUee 3HAYEHWE [AUINEKTPUYECKOi
NPOHULAEMOCTI W NpKU 6ONBLUMHCTBE TOPHLIX MOPOA Habnwjgan Makcumym tg ox
npu yactotax 104—105ru, a B HEKOTOPbIX mopogax ewé npu / < 103 ru.
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970 ABNEHME elé HeNb3A CUMTaTb TEOPETUYECKN M3BECTHLIM. 10 3TOW Npu-
YMHE Mbl TOXEe M3yyann [OW3NeKTPUYecKue MPOHULAEMOCTU W MOTEpPWU MOPOAbI,
rnasHbiM 06pasoMm B Cclyyae 0CafO0YHbLIX MOPOA, Kak, Hanpumep, U3BECTHAK U
necyaHuK.

11 MeToanka u annapaTypa onpefeneHus AN3NEKTPUYECKOI
NPOHMLAEeMOCTN W [AN3INEKTPUYECKUX NOTepb

[lna onpefeneHns 3aNeKTPUYECKUX CBOCTB 0CAA0YHbBIX MOPOZ Mbl N0/b30Ba-
nuce moctom Lepunra B mHTepsane ot 101y go 1 mry. MpuHLMNWanLHas cxema
nokasaHa Ha puc. 2.

B mocTe LUepuHra obpasew c 371eKTPOAOM MOXHO paccMatpuBaTb Kak mno-
CNefoBaTe/IbHOE COefMHEeHMe eMKOCTH (Cx) M COMPOTUBIEHUSA (RX).

W3 ycnoBua pasHosecus mocTa nosnyyaem [6]:

(3)

4)

rfe e0 AM3NeKTPUYecKas NpoHMLaemMocTb Bakyyma (8,859 « 10 12As/Vm). IMocKoNb-
Ky 3TaNOHHbIi KOHAEHCATOp ABNAETCA BO3AYLIHbIM KOHAEHCATOPOM, TO W3 CO-
OTHOLWEHNA (3) 1 (4) nonyyum

©)

il

Puc. 2. MpuHuunuansHaa cxema N3MepUTEIbHOro MocTa
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Puc. 3. V3MeHeHMe [OW3NEKTPUYECKON MNpo-
HULAEMOCTW (€r) U TaHreHca yrna AuaneKTpu-
yeckux notepb (tg B9 necyaHHMKa C 4yacTo-
TOA N BNaXHOCTbIO
1n I — cyxoi necyaHuK
2 N 2’ —necyaHuK ¢ 2,15% BNaXXHOCTKU

rgpe dx —

Puc. 4. V3meHeHve [AM3NEKTPUYECKOA Mpo-
HuuaemocTu (er) U AN3NeKTPUYECKUX MNoTepb
MN3BECTHsIKa (tg OX) B 3aBMCUMOCTM OT 4acTo-
Tbl NPU Pa3HOW BNAXHOCTH
1 — 1’ — cyxoil necyaHuK
2 — 2’ — BNIaXHOCTb M3BECTHSAKA 1,16%

pacctoAHMe NNacTUHOK W3IMEPUTENBHOI0 KOHAEHCATOpa,

d0 — paccTosaHWe NIacTUHOK 3TasIOHHOro KoHgeHcatopa CO
TaHreHc yrna (&) AM3NeKTPUYECKMX NOTEPb PaBeH:

tg 6x= ®-CA-R4 (6)

rie co= 2n / U/ — vacroTta.

STUM METOLOM Mbl MPOM3BENM OMbIThl B AnanasoHe yactor 10— 106 ru npu

Temneparype 20°C wn paBneHun 1 ar.

1.2. PesynbTaTbl U3MepeHUil

AN3NeKT puYecKoi

npoHuyaemMocTNn n

OVW3NEKT PUYECKUX NOTEpPb

Vi3mepeHns [M3NEKTPUYECKOW MPOHMLAEMOCTU MPOBOAUANCL HA 0CAf0Y-
HbIX Mopogax (Ha W3BeCTHAKAX, TEPrenax, necyaHukax v T. 4.). 34ecb nokasaHa,
HanpumMep, 3aBUCUMOCTb er U tg 6x U3BECTHAKOB (pucC. 3) 1 necyaHnkos (puc. 4) ot

4acTOThbl MPW Pa3NNYHOA BNAXHOCTH.
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Puc. 5. W3MeHeHMe AMANeKTpUUeckoir npo- Puc. 6. V3MeHeHMe [U31eKTPUYECKOA npo-

HUL@eMOoCTV (er) U AUINEKTPUYECKUX MOTEPb  HULLAEMOCTU (er) U [U3NeKTPUYECKUX NoTepb

(tg 6x) B 3aBMCMMOCTM OT 4YacToTbl Mpu pa3- (tg 6X) B 3aBMCMMOCTU OT 4acToTbl NpU pas-
HOli BNIaXKHOCTU HOM BN@XXHOCTU

Mbl B3s/M 06paslbl NecyaHWKoB W3 CKBaXWHbl Matpasepebet Ne6l ¢
rnyéunbl 321 m [10]. O6pasubl U3BECTHAKOB MPOUCXOAAT U3 CKBAXUHbI YHUBEP-
CMTETCKOro ropogka ropoga Mwuwkonbua ¢ raybunbl 285 m. /3 puc. 3 u puc. 4
MOXHO BWAETb, YTO YeM MeHblUe BNIAXHOCTb (L), TEM MeHbLUEe AUINEKTPUYECKast
MPOHMLLAEMOCTb, & YeM 60/IbLIe BNAXHOCTb, TEM Bblle [MINEKTPUYECKAA TPOHU-
LLlaeMOoCTb. 3TO eCTECTBEHHO, HO 0YEHb BAXHO AN HAC, YTO 3Ta BbICOKAA AMINeEK-
TpU4yeckas NpoHuWLaemMocTb Habntopgaetca yxe npu 1—2% BRaXHOCTK.

3TN pe3ynbTaTbl NOAYEPKMBAKOTCA AaHHbIMW, MOKAa3aHHbIMW Ha puc. 5. u 6.
Ha 3Tux pucyHKax nokasaHbl JaHHble M3MEHEHUS W A1 W3BECTHAKOB.

B Hawmx onbiTax npu yactotax 5 ¢ 103 = 5 « 104 ry BennynHa tg ax noka-
3bIBAET MaKCUMYyM.
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Puc. 7. VN3MmeHeHMe 3M1EKTPUYECKOrO COMPOTWUB/IEHUA 0Caf0YHbIX MOPO4 B 3aBUCMMOCTM OT
AaBieHNA

2. BnvsHvne paBneHma Ha ANIEKTPUYECKOE COMPOTUBIIEHNE

N3 nutepaTypbl U3BECTHO, YTO BNMAHME [ABNEHMA HA 3/MEKTPUYECKOE CO-
NPOTMBNIEHNE OYeHb 3HaUUTENbHO [1, 11]. Ho B nuTepaType OYeHb pefKo u3yyanu
YAeNbHOE 3/1eKTPUYECKOE COMPOTMB/IEHWE 0CAfOYHbIX MOPOA. Kak W3BEeCTHO, B
BeHrpuu o4eHb MHOro o0CafgoyHbiX nopod. WX TonwWwmMHa [OCTUFAET MHOTUX
TbICAY MeTPOB. MM03TOMY Mbl U3y4anu 3neKTPUYECKOe CONPOTUBAEHNE Meprenieid v
NecKoB.
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2.1, MeTognka namepeHns conpoTUBNEHNUS O0CAA0YHLIX NOPOA

N3mepeHns NpoBOAWAUCL ABYX3NEKTPOAHbIM MeTodoM [1]. Kak M3BECTHO,
METOf OCHOBAH Ha W3MEPEHWM CUMbl TOKA, NMPOXOAALLEr0 Yepe3 UCMbITYeMblii 06-
pasel npu W3BECTHOW PasHOCTW MOTEHLMAN0B MEeXAY 3NeKTPOLamu.

2.2. PesynbTaTbl WU3MepeHuit

Pe3ynbTaTbl U3MEPEHWIA NOKasaHbl Ha puc. 7. Ha pucyHKe MOXHO BMAETb W3-
MEHeHUe YAeNbHOro 3/71eKTPUYECKOro COMPOTUBEHUA Mepreneld U neckos, Mnpo-
NCXOAALMX U3 pasnnyHbIX Tny6uH (2500; 3050; 4100; 5300; 5400 M) ¢ ManeHbKoiA
BNAXHOCTbI (L) V3MeHeHWe 3/1eKTPUYECKOro COMPOTUBAEHNSA OYeHb 60/bLUOE.
BnaxHocTu 06pasL0B ManeHbKIe, NPaKTUYECKN UX MOXHO CYUTATb CYXUMU.

BbiBOgbI

/13 pesynbTaTtoB M3MEPEHUA MOXHO 3aK/IOUYNUTb, YTO B €CTECTBEHHbIX YCNO-
BUAX 60NbLINHCTBO NMOPOA XapakTepusyeTcs 60MbLUIMMU 3HAYEHUAMN AUINEKTPU-
YEeCKOM MPOHMLAEMOCTM, MOTOMY 4YTO WX 6ONMBLUIMHCTBO BCerga COAEPXMUT He-
CKOMbKO JecATbIX NPOLEHTa BAAXHOCTU. A B3ITOM Clyyae, Kak Mbl BUAENU BblLLe,
3HayeHuWe [AMINEKTPUYECKOW npoHuuaemocT nopsigka 10.

MakcuMyMm tg 6x B 3aBMCMMOCTW OT 4acTOTbl HACTONbKO 60MbLIOIA, YTO 3TO
no3BO/IAET WCMO/b30BaTb AMINEKTPUYECKYIO MOTEPH B MCCNEeL0BaHMAX, reopu-
3MYECKNX pasBefKax, Npu MOArOTOBKE pyAbl U T. [.

13 pe3ynbTaToB OMbITOB MOXHO BUAETH, YTO U3MEHEHWE YENbHOTO0 3/1eKTPK-
YECKOro COMPOTMB/IEHUA B 3aBUCMMOCTM OT aB/IeHUA 0YeHb 6osblioe. Mpu reo-
(M3NYeCKON WHTEpnpeTayun reou3nYecKnX AaHHbIX CNefyeT CUMTaTbCA C ITUM
ABNEHUEM.
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SOME PECULIARITIES OF ELECTRIC PARAMETERS OF ROCKS
F. EGERER
SUMMARY
The paper presents arguments that the dielectric constant of rocks in natural conditions
is in the majority of cases very high. A water content of only about 1to 1,5 per cent increases

considerably both the dielectric constant and the loss angle. The change of specific electric
conductivity is very great in function of pressure.
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UNTERSUCHUNG DER AUS DEM
TRIANGULATIONSNETZ DRITTER ORDNUNG
ABGELEITETEN WINKEL ERSTER ORDNUNG

T. BENCE-E. BOD T. LUKACS

INSTITUT FUR VERMESSUNGSWESEN

[Eingegangen am 1. August 1974]

Aufgrund der aus dem trigonometrischen Netz héherer Ordnung erhaltenen Werte
wurde die Genauigkeit der abgeleiteten Winkel und des mit deren Hilfe gebildeten fiktiven
Netzes gepruft.

Zur Kontrolle der abgeleiteten Winkel dienten die Prifung der Horizontal-AbschluR3-
fehler, die aufgrund der Horizontal- und Winkelssummenbedingung bestimmten Differenzen
zwischen abgeleiteten und unmittelbar gemessenen Winkeln, die nach Ausgleichung erhaltenen
Verbesserungen des Netzes, die aus der Seitenbedingung sich auf die Anfangsseite beziehenden
linearen AbschluBfehler sowie einige Basisbedingungsgleichungen.

Als Ergebnis der Untersuchung kann darauf hingewiesen werden, dal im Falle groRer
Netze die Anwendung der Methode der abgeleiteten Winkel zweckmaRig ist, da deren Genauig-
keit die der unmittelbaren Messungen nicht nur erreicht, sondern auch Ubertrifft.

1. Am Anfang der finfziger Jahre erschienen die Arbeiten von E.
Regé6czi Uber die Entwicklung eines aus einem Netz dritter Ordnung mit
durchschnittlich 6 8 km Seitenlange abgeleiteten fiktiven Netzes erster Ord-
nung und Uber die Anwendung der abgeleiteten Winkel [1, 2, 3, 4]. Die Methode
beruht auf der von Hazay und Tarczy-Hornoch zur Ausgleichung kontinen-
taler Netze entwickelten sog. Methode der dominanten Punkte. Laut Reg6czi
sind die voneinander etwa 30 km entfernt liegenden dominanten Punkte
aus dem Triangulationsnetz mit ~—8 km Seitenlangen derweise auszuwé&hlen,
daB nach deren imagindrer Verbindung ein fiktives Triangulationsnetz erster
Ordnung entwickelt werden kann. Die auf das Gebiet des so entwickelten fik-
tiven Netzes erster Ordnung fallenden kleinen Dreiecke kdnnen in einer Gruppe
ausgeglichen, und nachher die Koordinaten der Punkte berechnend, kdnnen
die inneren Winkel des fiktiven Triangulationsnetzes bestimmt werden. Die
dieses Thema behandelnden Arbeiten erweckten allgemeines Interesse in ein-
heimischen und internationalen geoddtischen Fachkreisen. Die einheimischen
und auslandischen Forscher der Reg6czischen Methode wurden zur Abfassung
zahlreicher Arbeiten, bzw. zur Durchfiithrung theoretischer Untersuchungen
und experimentellen Rerechnungen animiert.

Die Wirtschaftlichkeit der Methode, die »Sparsamkeit« der Triangulation
[1] steht auBer Zweifel. Deshalb richteten sich die theoretischen Untersuchun-
gen und experimentellen Berechnungen in erster Linie auf die Genauigkeits-
probleme des durch abgeleitete Winkel entwickelten Netzes erster Ordnung.
Eine Zusammenstellung der diesbeziglichen Literatur ist im Literaturver-
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zeichnis der Arbeit von HomorODI [5] zu finden; die Arbeit selbst gibt einen
guten Uberblick iiber die erzielten Ergebnisse und Feststellungen.

Die theoretischen Untersuchungen und die experimentellen Berechnun-
gen fuhrten im allgemeinen zur Feststellung, dall die Genauigkeit der fiktiven
Winkel der aus kleinen Dreiecken abgeleiteten groRen Dreiecke grofRer oder
wenigstens nicht kleiner ist, als die der direkt gemessenen Winkel. Die Reg6czi-
sche Methode wurde schon auf Gebieten unterschiedlicher Grdéfle sowohl in
Ungarn [6, 7], als auch im Ausland angewendet, zur Ausgleichung des Triangu-
lationsnetzes erster Ordnung eines ganzen Landes jedoch noch nicht.

Zur Beseitigung kleinerer Méangel, die in dem zwischen 1947 und 1952
angelegten Netz festgestellt wurden sowie zwecks Ausbildung eines einheitli-
chen, homogénen Netzes, muRBte aus dem Netz von 1947 durch dessen Moderni-
sierung, ein unser ganzes Landesgebiet Uberdeckendes, zusammenhédngendes
Netz erster Ordnung zustande gebracht werden.

Dazu wurden die Kettenmessungen nach 1947, sowie die in den Zeit-
réumen 1925 1945 und 1968 —1970 durchgefuhrten Winkelmessungen ver-
wendet. Zwecks bessern Aufbaues des Netzes wurden auch gewisse Umprojek-
tierungen durchgefihrt.

Im Netz erster Ordnung wurden mehrere Seitenldngen, weiters die Sei-
tenldngen der aus den friher mit Invardraht eingemessenen Grundlinien der
Landesvermessung entwickelten Dreiecken erster Ordnung mit elektrooptischen
EntfernungsmelRgerdten gemessen.

Zur Ausgleichung des Netzes wurden nur die Ergebnisse der seit 1949
erfolgten geographischen Ortshestimmungen benutzt. Statt der friheren
Laplaceschen Punkte wurden jetzt etwa dreimal soviel wie friher angewendet.
Das derweise entwickelte Triangulationsnetz erster Ordnung dient als Grund-
lage des derzeit zur Einfuhrung vorgesehenen einheitlichen Landeskartensy stems
(EOTR).

Nach solcher Vorgeschichte wurde 1970 mit der Vorbereitung der Aus-
gleichung des modernisierten Landesnetzes erster Ordnung begonnen. Die Aus-
gleichung wurde 1973 abgeschlossen. So ergab sich die Mdglichkeit die VerlaR-
lichkeit der mit Hilfe der Reg6czischen Methode abgeleiteten Winkel zu kont-
rollieren.

Etwa die Héalfte der Dreiecke des modernisierten Netzes enthdlt abge-
leitete Winkel, deren Anzahl 52% aller Winkel im Netz betrdgt. Abgeleitete
Winkel wurden an 57% aller Punkte im Netz berechnet. An den ubrigen
Punkten wurde unmittelbar gemessen, aber auch im groBten Teil der erstge-
nannten Punkte wurden direkte Messungen durchgefiihrt. Der Ferrerosche
mittlere Winkelfehler des Netzes betragt J=0,406,/.

Wie ersichtlich ist unser Triangulationsnetz erster Ordnung aufgrund
sowohl seines Umfanges, als auch der hohen Anzahl der benutzten abgeleiteten
Winkel zur Kontrolle der Reg6czischen Methode auBergewdhnlich geeignet.
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Zum erstenmal ergibt sich die Mdglichkeit, durch die Ausgleichsresultate eines
ausgedehnten Triangulationsnetzes die wahre Genauigkeit der abgeleiteten
Winkel zu untersuchen.

In folgenden haben wir uns das Ziel gesetzt, aufgrund der Ausgleichsre-
sultate zur Beurteilung der Genauigkeit der abgeleiteten Winkel im vorhinein
einige charakteristische Daten zu liefern. In der seit Beendung und Kontrol-
lierung der Ausgleichung vergangenen verhéltnismaRig kurzen Zeit gab es
noch keine Mdglichkeit weitere, grole Arbeit erfordernde detaillierte Unter-
suchungen durchzufiihren. Die Ausgleichung der aus den kleinen Dreiecken
entwickelten Dreiecksgruppen, d. h., die Berechnung der abgeleiteten Winkel
wird hier eingehend nicht beschrieben, nur die wichtigsten Daten werden ange-
geben: die durchschnittliche Anzahl der in ein groBes Dreieck einbezogenen
kleinen Dreiecke (dritter Ordnung) ist 24, der Durchschnittswert der mittleren
Fehler der Richtungen im Netz fxn= 4:0,46".

2. Die erste sich selbst ergebende Methode der Kontrolle der abgeleiteten
Winkel ist die Untersuchung der HorizontalabschluRfehler an jenen Punkten,
wo jeder Winkel aus benachbarten Richtungen erster Ordnung abgeleitet wurde.
W ir haben 50 solche Punkte mit durchschnittlich je 6 abgeleiteten Winkeln.
An 52% der Punkte betrug die Summe der AbschluBfehler -(-24,242", an
48% 23, 249". Die Summe der absoluten Werte der AbschlulRfehler betrug
47, 491" (die algebraische Summe 4-0,993"), der Durchschnittswert 441,950".
Durch die Verteilung der Horizontal-AbschluRfehler fallt im Durchschnitt eine
Korrektion von 4;0,158" auf einen abgeleiteten Winkel. Die Verteilung der
AbschluRfehler ist wie folgt:

kleiner als 1" sind 58% der AbschluRRfehler,
zwischen 1" und 2" sind 34% der AbschluRfehler,
grofer als 2" sind 8% der AbschluBfehler.

Der groRte AbschlulRfehler betragt -j-2,641" mit finf abgeleiteten Win-
keln, sodall die Korrektion je Winkel an diesem Punkt -40,528" ist. Das ist
ein stark abweichender Wert, da die Korrektionen an anderen Punkten den
Wert 0,37" nicht erreichen und sogar nur bei vier AbschlufRfehlern tber 2"
den Wert 0,3" Ubersteigen.

Im weiteren wurden die aus der Verteilung der Horizontal-AbschluRRfeh-
ler stammenden W inkelkorrektionen mit den mittleren Richtungs- und Winkel-
fehlern der direkten Messungen verglichen. Zu diesem Zweck wurden die aus
der Stationsausgleichung der Schreiberschen Winkelmessungen erhaltenen mitt-
leren Richtungsfehler zusammengestellt. Die mittleren Fehler der an denselben
Punkten in verschiedenen Zeitpunkten oder auf verschiedenen Zeitpunkten
oder auf verschiedenen Instrumentaufstellungspunkten (z. B. in den einzelnen
Fenstern in Kirschtirmen) durchgefihrten Messungen wurden einzeln ange-
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fahrt. Der quadratische Mittelwert der mittleren Richtungsfehler der sich so
ergebenden Messungen betrdgt

fii= + 0,17

der mittlere Winkelfehler ist daher

*im]2 = £ 0,24"

Die aus der Verteilung der Horizontal-AbschluRfehler gewonnenen W inkel-
korrektion als eine Quantitdit vom Charakter des mittleren Winkelfehlers
betrachtend, weist der Vergleich zwischen abgeleiteten Winkeln und direkten
Messungen auf den Vorteil der abgeleiteten Winkel hin. Das gilt auch fir den
Fall der groBten Korrektion von 0,528", da dieser Wert nur 2,2-mal groéRer
ist, als der mittlere Winkelfehler 0,24", wobei in der Praxis bei direkten Winkel-
messungen auch das dreifache dessen Vorkommen kann.

Einige Worte mussen noch (ber die Unabh&ngigkeit der abgeleiteten
Winkel gesagt werden. Aus den Dreiecken dritter Ordnung wurden die grofien
(fiktiven) Dreiecke so zusammengestellt, dal dabei das Prinzip in Betracht
gezogen worden ist, wonach die dominanten Punkte (die Eckpunkte der gro-
RBen Dreiecke) entweder duRere Punkte oder sogar Zentralpunkte je eines zent-
ralen Systems des entwickelten Netzes dritter Ordnung sein sollen. So war
eine gewisse Uherdeckung der benachbarten Dreiecksgruppen unvermeidlich,
daher sind die berechneten abgeleiteten Winkel voneinander nicht unabhéngig.
Nach der Feststellung Sudakows [8] ist jedoch die Abhdngigkeit untergeord-
neter Bedeutung, wenn die Dreiecksgruppe nicht aus wenig Dreiecken besteht.
Wie bereits erwahnt, ist in unserem Fall die durchschnittliche Dreiecksanzahl
24,sodal die abgeleiteten Winkel praktisch alsvoneinanderunabhédngig betrach-
tet werden kdnnen.

Wie bereits erwédhnt, wurde wéhrend der Modernisierung an der Gestal-
tung des Netzes erster Ordnung im Vergleich zu den fritheren Planen Anderun-
gen vorgenommen. Deshalb wurden auch zur Bestimmung der abgeleiteten
Winkel neue Dreiecksgruppen zusammengestellt und diese — entsprechend der
an den Punkten dritter Ordnung durchgefihrten Richtungsmessungen nach
den Richtungen ausgeglichen.

3. An mehr als 50% der Netzpunkte stehen uns gleichzeitig die gemesse-
nen und abgeleiteten Winkel zur Verfligung. Zwecks Untersuchung wurden fir
diese Punkte die Differenzen zwischen gemessenen und abgeleiteten Winkeln

im Sinne abgeleiteter Winkel minus gemessener Winkel zusammengestellt.

Summe der positiven Abweichungen
(51% der WinKkel) . +40,814"
Summe der negativen Abweichungen
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(49% der Winkel) 41,883"
Durchschnittswert + 0,422"
Algebraische Summe 1,069"

Die Differenz liegt

zwischen 0,0 0,25" hei 37% der Winkel.
zwischen 0,25 0,50" bei 29% der Winkel.
zwischen 0,50 0,75" bei 17% der Winkel,
zwischen 0,75 1,00" bei 11% der Winkel,
Uber 1,00" bei 6% der Winkel.

Die grofRte Differenz betrdgt +1,941". Zweidrittel der Differenzen (66%)
liegt unter 0,5". Nimmt man an, daB einerseits direktgemessene und abgelei-
tete Winkel dieselbe VerldRlichkeit haben und andererseits (den wahren Wer-
ten offensichtlich nicht entsprechend) der arithmetische Mittel beider Werte
am verlaBRlichsten ist, so sinkt auch der Mittelwert der Differenzen auf die
Halfte, d. h. auf +0,211", was nicht einmal den fiir den mittleren Winkelfehler
der direkten Messungen oben angegebenen Wert +0,24" erreicht. Dieser Ver-
gleich fallt fur die abgeleiteten Winkel ebenfalls glinstig aus.

4. W ahrend der Vorbereitungsarbeiten zur Netzausgleichung wurde fur
eine Vielzahl der Punkte die exakte Stationsausgleichung der Serien der direkt
gemessenen Richtungen und der abgeleiteten Winkel vorgenommen und der
mittlere Fehler der ausgeglichenen Richtungen berechnet. Die Verl&dRlichkeit
der gemessenen Richtungsserien und der abgeleiteten Winkel wurden als iden-
tisch angenommen. Die in verschiedenen Zeitpunkten und auf verschiedenen
Instrumentenaufstellungen durchgefiihrten direkten Messungen, sowie jeder
abgeleitete Winkel wurden als separate Serien betrachtet. Der Durchschnitt
der mittleren Richtungsfehler an den Stationen betrug +0,42", der grofite
Wert +0,74".

Die Verteilung der mittleren Fehler:

Der Wert lag

zwischen 0,0 0,2"an 8% der Punkte,
zwischen 0,2 0,4"an 38% der Punkte,
zwischen 0,4 0,6"an 43% der Punkte,
zwischen 0,6 0,74" an 11% der Punkte.

Bezuglich der aus den Stationsausgleichungen sich ergebenden Winkel-
korrektionen: der Mittelwert der Winkelkorrektionen betrédgt fur die abgelei-
teten Winkel +0,31", fur die gemessenen aber +0,39". Die Winkelkorrektio-
nen kénnen eindeutig nicht verglichen werden, da die Korrektionen der gemes-
senen Winkel in der Regel aus den Korrektionen zweier aus je einer, mehrere
Richtungen enthaltenden MeRreihe entnommenen Richtungen berechnet
werden mufllten. Mit Ricksicht auf diesen Umstand, sowie auf die bedeutend
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groRere Anzahl der abgeleiteten Winkel und auf die geringe Differenz zwischen
den beiden Mittelwerten kénnen wir behaupten, dafl in die Stationsausglei-
chungen die gemessenen Richtungen (Richtungsreihen) und die abgeleiteten
W inkel als gleich verlaBliche Daten angenommen worden sind. Dieses Ergeb-
nis rechtfertigt ebenfalls die gleiche Gewichtsannahme fir die gemessenen

und abgeleiteten Winkel.
5. Die AbschlulRfehler der aus den abgeleiteten Winkeln ausbildbaren

Dreiecke wurden von den aus der Verteilung der Horizontal-AbschluBfehler
gewonnenen abgeleiteten Winkeln und danach auch von den nach der Stations-
ausgleichung verdnderten Winkeln ermittelt. In beiden Féllen wurde der Fer-
rerosche mittlere Winkelfehler berechnet.

Im ersten Fall war

Pf =+ 0,131"

Rei 49% der Dreiecke betragt die Summe der AbschlulRfehler -(-8,2919", bei
51% - 10,818". Die Summe der Absolutwerte der AbschluRfehler der Winkel
ist 19,037", der durchschnittliche AbschluRfehler 70,129", der groRte - 1,262".
Als Ergebnis der Stationsausgleichung verdndern sich die Winkel-AbschluB3-
fehler der Dreiecke im Durchschnitt mit ~0,36" undzwar erhdhen sich die
AbschluRfehler der Halfte der Dreiecke mit insgesamt 26,24" und die der
anderen Halfte verminderte sich mit insgesamt 26,54". Die gréfite Verénde-
rung betrug 1,357". Die Verteilung der Verdnderungen der AbschluRfehler
nach GroBe:

Es gab eine Verdnderung

von O 0,2" bei 34% der Dreiecks-AbschlufRfehler,

von 0,2 0,4" bei 30% der Dreiecks-AbschlufRfehler,

von 0,4 0,6" bei 13% der Dreiecks-AbschlufRfehler,

gréRer als 0,6" bei 23% der Dreiecks-AbschluRfehler.

Aufgrund der erhaltenen Dreiecks-AbschluRfehler ergab die Berechnung
des Ferreroschen mittleren Fehlers nach der Stationsausgleichung:

p"f= + 0,290"

Die Reihe der Ferreroschen mittleren Winkelfehler wurde noch durch den
mittleren Winkelfehler vor der Netzausgleichung:

/n" = x 0,406"
sowie durch den mittleren Netzfehler der Ausgleichung

HF = £ 0,434"

erganzt.
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6. Es wurden die sich nach der Netzausgleichung ergebenden Korrek-
tionen der in die Netzausgleichung einbezogenen, d. h. nach der Stationsaus-
gleichung abgeleiteten Winkel untersucht und zusammengestellt. 50% der
abgeleiteten Winkel erhielt insgesamt -(-71,283", die anderen 50% —73,100"
Korrektion. Die Summe der Absolutwerte der Korrektionen betrug 144,383",
der Durchschnittswert der Korrektionen ~0,33".

Die Korrektionen hatten folgende Verteilung:

zwischen 0—0,4" lag 70% der Korrektionen der abgeleiteten Winkel,
zwischen 0,4 0,8" lag 25% der Korrektionen der abgeleiteten Winkel,
Uber 0,8" lag 5% der Korrektionen der abgeleiteten Winkel.

Die groBRte Korrektion betrug 1,410".

7. Zwecks weiterer Untersuchung der abgeleiteten Winkel wurden die
linearen AbschlulRfehler von 50 solchen auf die Anfangsseite bezogenen Seiten-
bedingungen berechnet, in denen sdmtliche in die Seitenbedingung aufgenom-
menen Winkel abgeleitet worden waren. Die Berechnung wurde zweimal durch-
geflhrt, zuerst mit den mit der Verteilung der Horizontal-AbschlufRfehler
korrigierten Winkeln, und dann mit den aus der Stationsausgleichung erhal-
tenen Winkeln. Die durchschnittliche L&nge der Anfangsseiten betrug 29 000 m.
Der Mittelwert des mit der Formel

Q

(t = die L&nge der Anfangsseite, V = das reine Glied der Seitenbedingung)
berechneten linearen Widerspruches betrug bei beiden Berechnungen 0,18 m,
bzw. es ergab sich zwischen beiden Berechnungen nur eine Differenz von inner-
halb 1 cm, die praktisch vernachldssigt werden kann. Dieses Ergebnis bedeutet
eine relative Genauigkeit von 1/160 000. Es kann daher festgestellt werden, daf
eine (zwar kleinfligige) Verédnderung der abgeleiteten Winkel auf den Verlauf
der Ergebnisse weder verbessernden, noch verschlechternden Einflul gehabt
hat.

8. Zur Untersuchung der VerlaRlichkeit der fiktiven Winkel wirde sich
eine gute Kontrolle ergeben, wenn in dem mit abgeleiteten Winkeln bedeckten
Teil des Netzes mehrere gemessene Seitenldngen erster Ordnung zur Verfligung
stinden. Es kdnnten einerseits die gemessenen und die berechneten Lé&ngen,
andererseits die zwischen den gemessenen Ldngen aufschreibbaren Basisbedin-
gungen entsprechende Daten geben.

Die bei der Ausgleichung aufgeschriebenen Basislangenbedingungen sind
wegen ihrer Anordnung fir derartige Untersuchungen nur teilweise geeignet.
Nur 8 solche Basisbedingungen kénnen ausgewdhlt werden, in denen alle Win-
kel der Ubertragsdreiecke abgeleitete Winkel sind. Bei diesen acht Bedingun-
gen betrug der Mittelwert der relativen W erte der berechneten linearen Wider-
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spriche 1/182 000, was eine gute Ubereinstimmung mit der bei den Seitenbe-
dingungen nachgewiesenen relativen Genauigkeit von 1/160 000 bedeutet.

9. Die Ergebnisse unserer Untersuchungen kénnen wie folgt zusammen-
gefaBt werden:

Der Ferrerosche mittlere Winkelfehler (~0,131") der nur aus abgeleite-
ten Winkeln bestehenden Dreiecke ist im groRen Triangulationsnetz erster
Ordnung ein ungewdhnlich kleiner Wert. Das ist die natlirliche Folge des Um-
standes, dall die AbschluBfehler der Dreiecke hier nur durch die Verteilung der
Horizontal-AbschluRfehler beeintrdchtigt werden. Der Mittelwert letzterer
ist jedoch ein sehr ginstiger Wert: 0,95", daran hat offensichtlich auch die
gegenseitige Abhé&ngigkeit zwischen den benachbarten abgeleiteten Winkeln
einen Anteil. Immerhin ergibt sich daraus ein beruhigendes Bild Uber die
Genauigkeit der abgeleiteten Winkel.

Der Mittelwert (JzO,42") der mittleren Richtungsfehler der Stationsaus-
gleichungen ist ebenfalls ginstig. Aufgrund der Untersuchung der Richtungs-
bzw. Winkelkorrektionen erwiesen sich die direkt gemessenen Richtungsreihen
und die abgeleiteten Winkel als gleich genau. Der Ferrerosche mittlere Winkel-
fehler (0,290") der durch die nach der Stationsausgleichung gewonnenen
W inkel zusammengestellten Dreiecke ist noch immer ein sehr glinstiger W ert.
Dasselbe kann Uber den Ferreroschen mittleren Winkelfehler (*0,406") des
ganzen Netzes gesagt werden, der bereits den EinfluR sdmtlicher direkter Mes-
sungen enthdlt. Der aus der Netzausgleichung gewonnene mittlere Fehlerwert
von 70,434", bzw. der Umstand, daB der Ferrerosche mittlere Fehler des N et-
zes sich nur um 7% verschlechterte, ist recht beruhigend. Das zeigt, dal die
VerlaBlichkeit der abgeleiteten Winkel mit der der gemessenen gleich ist, die
abgeleiteten Winkel keine systematischen Fehler verursachen und das Netz
durch sie nicht verzerrt wird. Das wird auch durch die Untersuchungen bewie-
sen, die sich auf die aus den abgeleiteten Winkeln bestehenden Seitenbedingun-
gen und auf die Bedingungen der durch die abgeleiteten Winkel gefiihrten
Basisstrecken beziehen.

Fetztlich sind wir der Ansicht, daB aufgrund unserer Untersuchungen
folgende Aussagen gestellt werden kdnnen:

1. Das ausgeglichene Triangulationsnetz erster Ordnung ist exakt und
modern, und diente als sehr gute Grundlage zur Untersuchung der VerladRlich-
keit der abgeleiteten Winkel.

2. Aufgrund der ersten Ergebnisse des ausgeglichenen Netzes erster Ord-
nung gibt die Anwendung abgeleiteter Winkel keinen AnlaB zu Besorgnis, im

Gegenteil, in Fandern oder Bundesgebieten mit dhnlich flachen oder leicht
higeligen topographischen Verhéaltnissen, wie Ungarn, ist sie unserer Mei-
nung nach empfehlenswert. Sowohl nach unseren Ergebnissen und Erfah-

rungen, als auch nach den diesbeziiglichen Angaben der Fachliteratur erreicht
oder Ubertrifft in solchen Gebieten (bei Annahme eines genligend exakt gemes-
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senen Netzes dritter Ordnung) die Genauigkeit der abgeleiteten Winkel die der
direkten Messungen.

Eine weitere Anwendungsmodglichkeit der abgeleiteten Winkel muf
noch erwé&hnt werden. Schwdcher gelungene, unsicher erscheinende direkte
Messungen kénnen mit Hilfe der Berechnungen abgeleiteter Winkel nicht nur
gut kontrolliert, sondern auch korrigiert werden. Dieses Verfahren wurde wéh-
rend der Vorbereitung des Netzes erster Ordnung zur Ausgleichung mit Erfolg
verwendet.
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NCCNEAOOBAHUE TMPOUM3BOAHbLIX YI/Z10B B CETW TEPBOIO KIJIACCA,
MONYYEHHbIX N3 TPUAHTYNALUNOHHOW CETU TPETBEIO K/TACCA

T. BEHUE-3. BOA-T. IYKAY

PE3FOME

Ha ocHoBe BeNMYMH, NOMYYeHHbIX W3 TPUAHTYNSLUMOHHOW CETU BbICLLEro Kracca, Obun
ncenefoBaHbl TOYHOCTY NPOU3BOAHBIX YI/I0B U € X NMOMOLLBI0 06pa3oBaHHasi Mo HUM (PUKTMBHas
ceTb.

[na KOHTPONS NMpou3BOAHbLIX YINOB CAYXXW/N: UCC/efoBaHNe HEeBSI30K FOPU30HTA, pas-
HOCTW MeX[Ay MNPOM3BOAHbLIX M HEMOCPeACTBEHHO M3MEPEHHbIX YIM0B, MOMYyYeHHbIX Ha OCHOBe
YCNOBWIA TOPU30HTA U CYyMMbI YT /10B, MOMYYeHHble NMOMPaBKU B CETU MOCe YPpaBHUBAHUS, NTUHEN-
Hble HEBSI3KM GOKOBOI0 YCMOBUS!, OTHOCSILLMECS K MCXO[HOI CTOPOHE, a TaKXXe HEKOTOpble YC/0-
BUSA 6Gasuca.

B KauecTBe pe3ynbTaTa MCCMeoBaHWS MOXHO CKasaTb, UTO B Clyyae 60/bLUMX CETeW
Lie1eco06pasHoO NPUMEHSITb MPOU3BOAHbIX TPEYrofIbHNUKOB, TaK KakK MX TOYHOCTb He TOMbKO YTO
[OCTUraeT TOYHOCTb HEMoCcPeACTBEHHbIX M3MEPEHWNIA, HO U MOBbLILLIAET ee.
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INVERTIERUNG GROSSER
NORMALGLEICHUNGSMATRIZEN
DURCH PARTITIONIERUNG

CZOBOR, A.—POVILAITIS, S. I

INSTITUT FUR VERMESSUNGSWESEN, BUDAPEST

[Eingegangen am 1. August 1974]

Die Studie behandelt eine unmittelbare Methode, die zur LOsung der in der Geodésie
vorkommenden groBen Matrizen geeignet ist.

Die Methode wurde der Ausgleichung von Landestriangulationsnetzen angepalt, wobei
die allgemeinen Regeln der Partitionierung von Matrizen angewendet werden. Die GroRe der
Submatrizen wird von der Kern-Speicher-Kapazitat des Computers bestimmt.

Nach theoretischer Erdrterung des Problems wird in der Arbeit ein in FORTRAN-
Sprache abgefaltes Programm vorgeschlagen, das auf verschiedene Rechenmaschinen leicht
angewendet werden kann.

Bei der Ausgleichung von kontinentaler oder Landes-Triangulations-
netzen bedeutet die Lésung der Normalgleichungssysteme das groRte Problem.
Die Anwendung moderner leistungsfdhiger Rechenmaschinen ermdglicht eine
gemeinsame Ausgleichung, wodurch die friher ein groRes Problem bedeutende
geometrische Zerlegung erubrigt wird. Es entsteht jedoch ein neues Problem:
die rationelle Ausnitzung des Computers. Die Ldsung einer Invertierungs-
aufgabe, die die Mdglichkeiten der Rechenmaschine mit gegebener Kern-
Speicher-Kapazitdt dbertrifft, kann nur durch Hilfsspeicher durchgefihrt
werden. Die Peripherien ermdéglichen, dal das Gleichungssystem beinahe ohne
obere Grenze gespeichert und manipuliert werden kann, und es muB mit
einer solchen mathematischen Zerlegung zum arithmetischen Prozessor weiter-
geleitet werden, die vom Prozessor rationell und mit entsprechender Genauig-
keit gelést werden kann.

Das zur Invertierung des Normalgleichungssystems zur Verfligung ste-
hende Programmpaket gibt bis 100 Unbekannten eine direkte Ldsung ohne
Iteration. Es wurde notwendig, eine derartige mathematische Zerlegung aus-
zuarbeiten, die dem Charakter der Aufgabe entsprechend die Kehrmatrix ohne
Anné&herung herstellt. Es wird hier neben der Lésung auch die detaillierte
Ableitung angegeben, da hiedurch nicht nur die gegebene Aufgabe geldst wer-
den konnte, sondern auch eine an einem beliebigen Computer gut anwendbare
allgemeine Methode gewonnen wurde. Das mathematische Prinzip der Ldsung
stammt von Frobenius.

Bei den Ableitungen wurde von den in der Geoddsie Ublichen Alphabet-
Symbolen abgesehen; die Anwendung der Doppelindexen war unvermeidlich.
Nachdem hier, vom Algorithmus der Ausgleichung herausgegriffen nur die
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Invertierung der Normalgleichungen behandelt wird, bedeutet die Verwendung
ungewohnlicher Symbole sicherlich keine Stérung.

Es sei eine nicht singuldre Normal-Matrix A n-ter Ordnung gegeben.
Laut Regeln der Partitionierung kann dies — wie folgt in Blocke beliebiger
GroRe zerlegt werden:

all dl2 eealm al,m+1 ..aln
°21 022 . *a2m a2,m+l mea2n
0/1 0/2 e olllT alm+1 e *&In

o(/+N)l o(/+1)2 e e<0(/+i)m O(/+1)(m+]) mmma(l+I)n

«nl anz e sanm On(m+)I =-0nn

In kiirzerer Form:

A Ap-™

(2)

wo die Matrix AyP in der Ubermatrix die in der r-ten Zeile und s-ten Spalte
befindliche Submatrix der GroRe (i,j) bedeutet.

Fir die partitionierten Matrizen sind die allgemeinen Regeln der Matrix-
algebra giltig. Hat man eine zweite Matrix B gleicher Zerlegung, so kann

A £(n—m  Q(n—hn—m) (3)

geschrieben werden, worin:

CWs= AVJ) + BW)

Befriedigen weiters die GrofRen der Blocke einer Matrix A gleicher Zerlegung
die Regeln der Multiplikation mit Matrix A (die Zahl der Zeilen von A ist mit
der der Spalten von U identisch) d. h.:

ljon) U -
Ly n-m.n-j) @
so kann
[IFiirt ' (5)
Ffir« F .

geschrieben werden.
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Die Blocke von Matrix F detailliert ausgeschrieben, erhdlt man die

Form:
Ffr-") = Afrme Ugr> +
F(n-i) —Air''meu~n'j + Afr'-n.m) U (" fin> 6
(0)
Fiim-» = AiimeuU{2,n~J) + W n~T) mUi2~m,n~J)

P(n-/,n-j) _ a(n-1,7) . Pf(m,n-y) _|_Aa(n-/,n-1) .

Nach den obigen allgemeinen Regeln sei folgende Einschrankung gestellt:
es seien m = /undy = m, d. h. es sollen gleichgroBe Blécke (N1 = m) gebildet
werden. Fallsndurch JV1 nicht dividierbar ist, so wird die Diagonale der Matrix
A mit Einsern ausgefullt.

Im Sinne der Definition der Kehrmatrix ist A «A-1 = E, wobei E die
Einheitsmatrix bedeutet. Gesucht wird die Inverse der Matrix A in der Form
der obigen Matrix U, d. h. es sei U die Lésung der Aufgabe A+U = E. Dann ist
die der GIl. (5) entsprechende Partitionierung der Matrix E wie folgt:

TN AR

B q (d—m,m) j£(n —m,n —m) (7)

wobei O eine Nullmatrix ist.
Nach Substitution in die Gleichungen (6) erh&lt man:

ﬁ\ﬁn,m) . TT(T,7) f AASDm) e

a(n-1,1) | uy>m) 1 A ~2~~m,n-m) .

A](l*lr,T) .on(w.n-T) FOAAST M) e IE(Zn—m,n—m)_ OEmHm’
a(n-t.1) , RX(Zm,n-m) 1 4(m-m,n-m). U (—m,n—m)__ jE(n-m,n —m)

Die Ldsung der Gleichungen (8) fur U/*j™ ergibt:

L‘I'&g—m.n—m) o A(n-1,7) C(ATID) -1 « AAI"n-m)]
iﬂl(zm,n—m) (AiT)"1 ﬁgrzn,n—m) ]\'E(Zn:m,n—m)

1y Pamnmy - (Aj}m)_1

TT{m,m) R o

Ul (ASI™)-1 (A7T)-1 A12

Aufgrund der obigen Formelreihe kann die Invertierung der auf 4 Blécke zer-
legten Matrix bereits erfolgen, da vorausgesetzt wurde, dall der Block A an
der gegebenen Rechenmaschine unmittelbar invertiert werden kann.

GroBRere Matrizen als diese, die in eine prinzipiell beliebige Anzahl von
optimal groRen Bldocken zerlegt sind, kdnnen mit Hilfe einer, durch folgenden
Gedankengang ableitbaren Methode invertiert werden.
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Zwecks Verstandlichkeit des angegebenen Programmes wird zur Anwen-
dung der der FORTRAN-Sprache entspechenden Indizes lUbergegangen und
gleichzeitig die Rezeichnung der Blocke mit verschiedenen Buchstaben einge-
fuhrt.

Matrix A soll wie folgt aufgeschrieben werden:

BKM-iINKM-DNI] B(M-1)-NI,Nr

RINI,(M-:1)NI] a(nini) (10

wobei M den Rang der M atrix A, iVl den Rang der invertierbaren Matrix bedeu-
ten.

Gl. (10) in die Gleichungen (9) eingesetzt, erhdlt man die algebraische
Form von A _1:

tening = (AN]) BNt,(M-1).NI .

. . R(Af-i)Ni,NiJ-
U(M-1)N1,N1 = - [B>A1-DNL(NI-DNIj-1 . B(AI-DNI,NI

Ui ) (1)

T,\Tz[lNl (M—HNI] __ TI(NILNID

m[B"-ONdM -PN 1]-!
JIOM-DNIL(M-DNI _ j-B(M-DNI,(M-)NIj—1 [*B<.M-DNI,(M-D)NIj-1

* B@y_1)NI'Ne « UtNiI'M -DNI

In diesen Gleichungen kann die Matrix A“ 1re-ter Ordnung in Form einer Inverse
iVI-ter Ordnung, soiwe eine Inverse (M |) mVI-ter Ordnung gebildet werden.
Die letztere Matrix B~L ist &dhnlicherweise erhaltbar.

Die Reihe der Abbildung entsprechend fortgesetzt gelangt man zum ersten
jener Blocke, die bereits mit Hilfe der Formel (11) unmittelbar invertierbar
sind. Die tatsédchliche Lésung wird also hier beginnen, d. h. die Kehrmatrizen
der folgenden Matrizen werden stufenweise gebildet:

AJNLNI) AjNIL.NI) - Ajr1"™ 1) AjNI.NI) a<aini)
[A)?71" b], ANILNID AANEND ANNEND W(NEND (12
A(NILNID  ~A(N1,N1)

Da — wie aus (11) ersichtlich in jede weitere Stufe die in den vorheri-
gen gebildete Kernmatrix weitergeht, wurde erreicht, dal immer nur der néch-
ste Diagonal-Block invertiert werden muf. Mit anderen Worten: die in dem
(n - I)-ten Schritt erhaltene Inverse ergibt die Inverse der Submatrix A ~ 10/1"
des n-ten Schrittes.
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Der n-te Diagonalblock der urspringlichen Matrix AMM wird die Matrix
A aus GI. (10) sein, diese wird invertiert und es werden mit den aus A genom-
menen Gliedern mit gemischten Indizes die in (11) vorgeschriebenen Opera-
tionen durchgefihrt. Die M-malige Wiederholung dieses Vorganges ergibt die
vollstdndige Kehrmatrix.

Wie bereits erwdhnt, ist diese Methode im Prinzip zur Invertierung von
beliebig groBen Matrizen geeignet, da der vorhandene Computer die GroRe
der tatsdchlich zu invertierenden Blocke bestimmt, und die weiteren Operatio-
nen mit Hilfe von Peripherien bereits geldst werden kénnen (Abb. 1).

Diese Feststellung kann nun auch auf die Gesichtspunkte der Klein-
Computer ausgedehnt werden, da die programmierbaren Tischrechenmaschi-
nen zur Invertierung kleiner Matrizen sowie zur Durchfiuhrung weiterer Ope-
rationen &hnlichen MaRes geeignet sind. Mit dieser Methode kann auch der
Nutzeffekt der kleinen Rechenmaschinen bedeutend gesteigert werden.

Werden weiters einfache Matrixelemente an Stelle der Submatrizen ge-
schrieben, so ist die Methode in derselben Weise auch fir Invertierung auf
mechanischen Rechenmaschinen anwendbar.

Man kann sich Uber die Wirksamkeit der Methode bei der Ausgleichung
des Netzes erster Ordnung Uberzeugen, daher kann es von Interesse sein, das
in FORTRAN-Sprache abgefallte Programm des tatsdchlich angewendeten,
als INVERT bezeichneten Subroutine hier anzugeben.

FORTRAN 1V27 SOURCE PROGRAM INVERT
SUBROUTINE

SUBROUTINE INVERT(N1,M,NO1,B,IRA,B1,X,
*IPS,DX,R,A01,U01,P,C01,G01,A,IU)
DOUBLE PRECISION X,DX,DG,DS,DONE,DA
DIMENSION B(N1,N1), B1(N1), X(N1), 1PS(N1), DX (N1),
1 R(N1), AO1(N1,N1), UOI(N1,N1), P(N1, N1),CO1(N1,N1),
GO1(N1,N1),
6 3 A(NOI), IRA(NOI), IU(N11,N11)

a B W N
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IW =19+ ((—D)**(NIl+ 1)+1)/2
IR=IW + (-1)**N I

9 READ(30’1)NA1l

10 READ(30°'1)(IRA(L1),A(L1),L1= 1,NA1)

11 CALL RINAAT(NO1,N1,IRA,A,U01)

12 CALL AINV(N1,B.U01,G01,RLX,IPS,DX,R)
13 WRITE(IW)((B(1,J)J=1, N1),I=1,N1)

14 REWIND IW

15 DO 1 K=2,N11

16 IW=IW+ (—1)**(N11+K)

17 Ne =IW +( 1)**(N11+K + 1)

18 L=K-1

19 DO 20 1=1,N1

20 DO 20J=1,N1

21 P(1,J)=0.

22 20 CoOl lJ=o0.

23 READ(30'IU(1,K))NA1

24 READ(30’IU(1,K))(IRA(L1),A(L1),L1= 1,NA1)
25 CALL RINAAT(NO1,N1,IRA,A,B)

26 D02I=1,L

27 READ (30°IU(K,I))NA1

28 READ(30°IU(K,I))(IRA(L1),A(L1),L1= 1,NA1)
29 CALL RINAAT(NO1,N1,IRA,AA01)

30 READ(IR)((0U1(11,J1),J1=1,N1),I1= 1,N1)
31 CALL MULTAB(N1,A0LU01,G01)

32 CALL SUMSUB(N1,cOol.Gcol,co14)

33 CALL MULTAB(N1, U01,B,G01)

34 WRITE (50°4*(1 1)+ 1)((G01(11,J1),

*J1= 1,N1),11= 1,N1)
35 2 CONTINUE

36 WRITE(40°1)((C01(11,J1),91 = 1,N1),11 = 1,N1)
37 CALL MULTAB(NI,COI,R,A01)

38 CALL SUMSUB(N1,P,A01,P,1)

39 IF(L.EQ.)GO TO 5

40 DO 3J=2,L

41 READ (301U (J,K) NA1

42 READ(30’1U(J,K))(IRA(L1),A(L1),L1= 1,NA1)
43 CALL RINAAT(NO1,N1,IRA,A,B)

44 DO 1811= 1,N1

45 DO 18J1 = 1N1

46 18 COI(I1,d1) = 0.

47 DO 41=1,L
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49
50
51
52
53
54
55

56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88

8

INVERTIERUNG GROSSER NORMALGLEICHUNGSMATRIZEN

READ (30°1U(K,I))NA1

READ (30’1U(K,)(IRA(L1),A(L1),L1= 1,NA1)

CALL RINAAT(NO1,N1,IRA,A,A01)
READ(IR)((U01(11J1),J1= 1,N1),11= LN1)

CALL MULTAB(N1,A01,U01,G01)

CALL SUMSUB(N1,C01,G01,C01,1)

CALL MULTAB(N1,U01,B,A01)

READ (5074 *(1-1) + 1)((G01(I1,31),

*J1= 1,N1),11= 1,N1)

CALL SUMSUB(N1,G01,A01,G0L1)

WRITE(50°4*(1 1)+1)((G01,(11,J1),J1=1,N1),I11= 1,N1)
CONTINUE

WRITE(40°4*() 1)+1)((C01(11,J1),J1=1,N1),11=1,N1)
CALL MULTAB(NI,COI,B,A01)

CALL SUMSUB(N1,P,A01,P,1)

CONTINUE

CONTINUE

READ(30’IU(K,K))NA1
READ(30’IU(K,K))(IRA(L1),A(L1),L1= 1,NAL)

CALL RINAAT(NO1,NUIRA,A A01)

CALL SUMSUB(N1,A01,P,U0L, 1)

CALL AINV(N1,B,UOL,GO1,B1,X,IPS,DX,R)
REWIND IR

DO 6J = 1L

READAOM "] —1)--1)((C01(11,J1)-J1 = UN1),11= 1,N1)
CALL MULTAB(N1,B,C01,A01)

CALL SUMSUB(N1,A01,A01,C01,0)

DO 71=1,L

READ(504*(1 1)+ 1)((G01(11,J1),J1= 1,N1),11= 1,N1)
CALL MULTAB(N1,G01,C01,A01)
READ(IR)((U01(11J1),J1 = 1,N1),11= 1,N1)

CALL SUMSUB(N1,U01,A0LP, 1)
WRITE(IW)((P(11,J1)J1 = 1,N1),I11= 1,N1)

CONTINUE

WRITE(IW)((C01(I1,J1),91= 1,N1),I11= 1,N1)
CONTINUE

DOB8I = 1L

READ(50°4*(1 1)+ 1)((G01(I11,J1), J1=1,N1),11=1,N1)
CALL MULTAB(N1,G01,B,A01)

CALL SUMSUB(NI,AOI,A0k,UOI,0)
WRITE(IW)((U01(11J1),J1=UN1),11=1,N1)
CONTINUE
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89 WRITE(IW)((B(I11,J1),J1 = 1,N1),I1= 1,N1)
90 REWIND 1W

91 REWIND IR

92 1 CONTINUE

93 RETURN

94 END

Die im Programm vorhandenen Subroutine werden zwecks Erleichterung
der Lesbarkeit des Programmes ohne weitere Erkldrungen wie folgt angegeben:
RINAAT: Ordnet die Nicht-Null-Elemente der Matrix, verdichtet die Matrix.
AINY: Invertiert Blocke mit der GauBschen Eliminationsmethode bis max.

100 Unbekannten. Bildet die fertige Inverse an Stelle B.

MULTAB, N1,A,B,C fihrt die Matrixmultiplikation C = A mB durch
SUMSUB (N1, A,B,C,K) vollzieht die Produktsummierung wobei C= A

-\- K mB ist. (Im Falle des Operationskids 0 ist C = B,

+ 1 und 1 bedeuten jedoch Vorzeichen).

Kurz gefaBt: es wurde ein wirksames, gut funktionierendes kurzgebun-
denes Programm entwickelt, das fur jegliche Aufgaben der Ausgleichungsrech-
nung effektvoll eingesetzt werden kann.
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OBPALWEHWE MATPUL, BOJIbLLUNX CUCTEM HOPMAJIbHbIX YPABHEHWW MO
YACTAM

A. LUOBOP-C. N. MOBUNANTUC

PE3FOME

B cTaTtbe usnaraetca NpsSMOW MeTOA, MPUIOAHbIV ANS PeLleHUs BCTPeYaroLmXcsa B reo-
fe3nn matpuy 60MbLLOro pasmepa.

MeTog 6bl1 co3faH ANS ypaBHUBaHWA FOCYLAPCTBEHHbIX TPUAHTYNALMOHHBLIX CETeld,
6b1IM NPUMeHeHbI 06LLUMe NpaBuaa obpalleHnss MaTpul, no Yactam. BenvuuHa nogmatpuy, onpe-
[ensieTcsa ornepaTyMBHOM NamsiTbio OBM.

lMocne TeOpeTUYeCKOro W3N0XeHUs npobneMbl B CTaTbe AaeTcA Mporpamma Ha S3blKe
DOPTPAH, nerko npumMeHsieMblii ANs pasnnyHbix OBM.
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EINIGE MOGLICHKEITEN ZUR VERBESSERUNG VON
PRAZISIONSNIVELLIERLATTEN

L. MISKOLCZI
TECHNISCHE UNIVERSITAT, BUDAPEST

[Eingegangen am 1. August 1974]

In der Arbeit wird Uber die im Geodatischen Institut der Technischen Universitat
Budapest durchgefiihrten Untersuchungen zur Verbesserung der Préazisionsnivellierlatten
berichtet.

Aufgrund der Ergebnisse werden folgende Schlisse gezogen:

Die Teilstrichstarke, die derzeit an den Invarlatten angewendet werden, ist nicht
die optimale. (Abb. 1 und 2 zeigt die Anderung des mittleren Ablesungsfehlers im Falle einer
Anderung der Teilstrichstarke zwischen 1,6—3,2 mm bzw. 1,6 3,6 mm.)

Die optimale Teilstrichstdrke an den Latten waére im Gegenteil zur derzeitigen
Praxis — 2,2- 2,9 mm. (Abb. 1, Abb. 2 und Tabelle.)

Falls der Beobachter die Verstellung der Justierung der Libelle der Latte nicht bemerkt,
kann im Falle einer schief gehaltenen Latte ein Fehler entstehen. Zwecks Eliminierung dieses
Fehlers wird die Anwendung einer zweiten Libelle vorgeschlagen, wobei beide voneinander
unabhangig an die Latte montiert werden sollen. Derweise ist eine Schiefe der Latte sofort
bemerkbar.

SchlieBlich wird eine neue Latte fur Stromubergangsnivellements beschrieben, (Abb. 4
und 5), bzw. deren Produktion und Anwendung vorgeschlagen.

Heutzutage werden gegentber Prézisionsnivellements, besonders seitens
der Untersuchung vertikaler Erdkrustenbewegungen, hdhere Genauigkeits-
anforderungen gestellt, als dies bisher Gblich war. Den erhdhten Anforderungen
muB im wesentlichen jedoch mittels der auch bislang benutzten Instrumente
und MeReinrichtungen nachgekommen werden, da in jingster Zeit keine Er-
findung oder Methode entstand, deren Anwendung die Genauigkeit der Prdzi-
sionsnivellements entscheidend erhdhen konnte. Die neueren Konstruktionen

und Anregungen Nivellierinstrumente mit Kompensator, mit Laserstrahl,
weiters hydrostatische und biaxiale Nivellierinstrumente, bzw. mit denen
durchgefiihrte Nivellements beabsichtigen im Grunde die vollkommenere

Verwirklichung eines der traditionellen Prinzipien; sie sind nicht vom Grunde
her neu, obwohl durch sie eine vorteilhaftere Ausnutzung der urspringlichen
Erfindungen ermdglicht wird. Dabei kann festgestellt werden, dall die Verbes-
serungsversuche in der juingsten Zeit hauptsédchlich auf die Instrumente gerich-
tet waren und die Ubrigen MeRgerdte der Nivellements hierbei gewissermalien
auBer acht gelassen wurden.

Deshalb wurde unsere Aufmerksamkeit auf die Nivellierlatten gerichtet,
von denen aufgrund sowohl praktischer MeRerfahrungen als auch friuherer
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Arbeiten von J. Merkel [1], D. Vucicevic [2] und anderen angenommen
werden konnte, dall sie einfacher, jedoch madglicherweise genauso erfolgreich
verbessert werden kdnnen, wie die Nivellierinstrumente. Forschungsarbeiten
in dieser Richtung wurden an der Technischen Universitdt Budapest im Rah-
men des Forschungsprogrammes des Lehrstuhls fur Héhere Geoddsie des Geo-
détischen Institutes (sowie im Rahmen der damit verkniipften wissenschaft-
lichen Aktivitdt der Geoddtenstudenten) durchgefiihrt. Im folgenden wird hier
daruber kurz berichtet.

1. Untersuchungen zwecks Klarung des Zusammenhanges
zwischen der Stérke der Teilstriche der Latte und
der VerlaBlichkeit der Ablesung

Praktische Erfahrungen des Prézisionsnivellements fihrten zum Ge-
danken, den Ablesungsfehler auf recht einfache Weise dadurch betrdchtlich
zu vermindern, daR auf den zu den verschiedenen Nivellierinstrumententypen
gehdrenden Nivellierlatten solche Starke der Lattenstriche angewendet werde,
die dem Keilstrich des jeweiligen Instrumentes, sowie der Ublichen Nivellie-
rungsentfernung entspréche.

Bevor die Ergebnisse der zwecks Nachweis dieser Annahme durchgefihr-
ten Versuche besprochen werden, muB vorhergehend folgendes gesagt werden:

Die derzeit benutzten Nivellierinstrumententypen kénnen vom Gesichts-
punkt unserer Untersuchungen aus in zwei Hauptgruppen aufgeteilt werden:
bei der ersten kann mit Hilfe der optischen Mikrometereinrichtung das Bild
der Nivellierlatte innerhalb eines Bereiches von 1 cm verschoben werden, bei
der zweiten innerhalb eines Bereiches von nur 0,5 cm. Aus der wohlbekannten
Methode der Lattenablesung folgt, dal zu den Instrumenten mit 1 cm Mikro-
meterbereich Nivellierlatten mit einem Teilungsintervall von 1 cm und zu
denen mit 0,5 cm Mikrometerbereich Nivellierlatten mit einem Teilungsinter-
vall von 0,5 cm gehdren.

An den Latten mit einem Teilungsintervall von 1 cm betrédgt die Starke
der Teilstriche in der Regel 1,6—1,8 mm. (Diese Strichstidrke ist sicherlich
noch derzeit eingefiihrt und allgemein akzeptiert worden, als die Lattenable-
sungen nicht mit Hilfe eines Keiles, sondern eines einfachen horizontalen
Fadens durchgefihrt worden sind.) Es gibt jedoch auch solche Nivellierlatten,
an welchen die Starke der Teilstriche 2,8 mm betragt, wie z. B. die zum Instru-
ment Zeiss Ni 004 gehdrende Latte, an der die Teilungen abwechselnd rechts
und links vom Invarband derweise aufeinander folgen, daBR sie an beiden
Seiten je eine selbstdndige Skala mit 1 cm Teilungsintervall, zusammen aber
eine einzige Skale mit 0,5 cm Teilungsintervall ergeben. Dadurch ist sie — bei
Anwendung zum Instrument Zeiss Ni—004 mit einem Mikrometerbereich
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von 0,5 cm eigentlich eine Latte mit Teilungsintervall von 0,5 cm. Sie wird
jedoch deshalb hier erwédhnt, weil sie durch Anwendung der einzelnen Skalen
auch zu Instrumenten mit einem Mikrometerbereich von 1 cm als eine Latte
mit dem Teilungsintervall von 1 cm benutzt werden kann [3].

Die erw&hnten Versuche hatten in erster Linie die Frage zu kléren,
welche der beiden auf den Nivellierlatten mit 1 cm Teilungsintervall tatsachlich
angewendeten Stdarken der Teilstriche (ndmlich 1,6—1,8 mm bzw. 2,8 mm)
vom Gesichtspunkt der AblesungsverldBlichkeit aus glinstiger ist.

Zu der 1972 unter entsprechenden Bedingungen mit einer Vielzahl von
Messungen durchgefiithrten Untersuchungen wurde von Gy. Hegyi ein Prézi-
sionsnivellierinstrument mit Kompensator der Firma Salmoiraghi sowie eine
Salmoiraghi-Nivellierlatte mit einer Teilstrichstarke von 1,8 mm und eine
Zeiss-Latte mit einer Teilstrichstdrke von 2,8 mm angewendet. Von den Ein-
zelheiten der Versuchsmessungen wird hier abgesehen, und uUber die Ergeb-
nisse berichtet werden. (Weitere Einzelheiten sind in [4] zu finden.)

Die Untersuchungsergebnisse zeigten, dafl unter gleichen Bedingungen
und bei Lattenabstdnden von 30 40 m der aus dem Zusammenhang

berechnete mittlere Fehler der Ablesung bei Anwendung der Nivellierlatte mit
der Teilstrichstarke von 2,8 mm im Durchschnitt um 15% kleiner war, als
bei Anwendung der Latte mit der Teilstrichstdrke von 1,8 mm. (In der Formel
des mittleren Fehlers bedeuten

Vij= Il—/, und |I= -S”i]-
wobei Ij die einzelnen Lattenablesungen, und n die Anzahl der Ablesungen be-
deuten).

Obwohl diese Untersuchungsergebnisse streng genommen nur auf den
Fall der Anwendung des bei der Untersuchung benutzten Instrumentes (Keil-
striches) bezogen werden dirfen, konnte schon in diesem Anfangsstadium der
Untersuchungen darauf geschlossen werden, dal auf den Nivellierlatten von
1 cm Teilungsintervall (z. B. auf den Wild- und Salmoiraghi-Latten) derzeit
nicht die optimale Teilstrichstdrke angewendet wird.

Die Stdrke der Teilstriche auf den Latten von 0,5 cm Teilungsintervall
betrdgt derzeit von den einzelnen Typen abhéngig 1,2 16 mm. Auf-
grund der besprochenen Versuchsergebnisse wurde angenommen, dafl auch
diese Linienstdrke nicht die optimale sei, weshalb die ndchste Untersuchung
auf die Bestimmung der optimalen Strichstadrke der Latten von 0,5 cm Teilungs-
intervall gerichtet war.
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Die Einzelheiten der von E. Galambos und Z. Kotnyek 1972 mit einem
Instrument vom Typ Zeiss Koni-007 durchgefiihrten Yersuchsmessungen
werden hier ebenfalls nicht beschrieben, sondern es wird nur auf die in [5] ent-
haltenen hingewiesen. Die Ergebnisse werden in Abb. 1 gezeigt, woraus er-
sichtlich ist, dal das Minimum der fiir die Lattenabstande von 30, 35 und 40
m einzeln konstruierten Kurven des mittleren Fehlers d.h. die optimale
Starke der Teilstriche der Latten jeweils bei 2,4 2,5 mm liegt.

Der Abbildung ist auch zu entnehmen, daB bei der Anwendung einer
Teilstrichstarke von 2,4 2,5 mm anstatt z. B. von 1,6 mm der mittlere Ab-

/
/
It
E~ — I n
1 * X >|;,p
16 2,0 2. 2.8 32

Strichstarke (mm)

Abb. 1. (Nach Galambos und Kotnyek)

lesungsfehler sehr bedeutend, ndmlich durchschnittlich mit etwa 30% ab-
nimmt.

Obwohl diese Untersuchungsergebnisse ziemlich uberzeugend waren,
lieBen sie die Frage noch immer offen, ob und in welchem MaR der Ablauf des
mittleren Ablesungsfehlers durch den Typ des benutzten Instrumentes (durch
die Form des Keilstrichs) beeinfluft wird. Deshalb wurden 1973 von E.
Ambrus und Gy. Hegyi Yersuchsmessungen mit vier verschiedenen Nivellier-
instrumenten durchgefihrt. Zwei davon waren mit Libellen (MOM Ni-Al,
Wild N3) und zwei mit Kompensatoren (Koni-007, Salmoiraghi Mod. 5190)
ausgeridstet, bzw. der Mikrometerbereich betrug bei zweien 1 cm (Wild N3,
Salmoiraghi Mod. 5190) und bei zweien 0,5 cm (MOM Ni-Al, Koni-007).
Die Messungen wurden bei Lattenabstdnden von 30 und 40 m und in einem
Bereich der Teilstrichstdrke von 1,6 mm bis 3,6 mm durchgefihrt, wobei die
Stérke stufenweise jeweils um 0,4 mm verdndert worden war. Es wurden unter
gleichen Bedingungen in jeder Variation 50 Ablesungen gemacht; eine zu-
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sétzliche Untersuchung erwies, dall die MeRergebnisse praktisch nur durch
zuféllige Fehler belastet sind. (Fur weitere Einzelheiten siehe [6]).

Die Stellen der Minima an den Regressionskurven, die den Zusammenhang
zwischen den verschiedenen Teilstrichstarken, sowie den berechneten Werten
der dazu gehdrenden mittleren Ablesungsfehler reprédsentieren, geben die

Strichstarke (mm)

Abb. 2

optimale Starke des Teilstrichs an (Abb. 2). Zwecks besserer Ubersicht, sowie
um die Nachteile eventueller zeichnerischer Ungenauigkeiten auszuschlieBen,
wurden die Endergebnisse auch in Form einer Tabelle angegeben.

Es sei bemerkt, dal Ergebnisse der mit dem Instrument Zeiss Koni-007
bei Uattenabstanden von 30 und 40 m, im Bereich von 1,6 3,2 mm Teil-
strichstdrke durchgefiuhrten Versuchsmessungen sowohl in Abb. 1, als auch
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Tabelle
Optimale Strichstarke [mm]
Instrumententyp Lattenentfernung: Lattenentfernung:

30m 40 m
Koni-007 2,2-2,5 2,5-2,8
MOM Ni—Al 2,2-2,5 2,5-2,8
Salmoiraghi Mod* 5190 2,4-2,7 2,7-2,9
Wild N3 2,3-2,7 2,7-2,9

in Abb. 2 enthalten sind. Da diese aus zwei voneinander génzlich unabh&ngigen
Versuchsmessungen stammen, ist ihr Vergleich vom Gesichtspunkt der Beur-
teilung der VerldBlichkeit der angefiuhrten Untersuchungsergebnisse aus sehr
lehrreich. Wie ersichtlich, wird der etwas abweichende Ablauf der zusammen-
gehdrenden Regressionskurven durch die Differenzen von 0,05—0,10 mm zwi-
schen den berechneten mittleren Ablesungsfehler verursacht. Diese Unsicher-
heit kann mit den unterschiedlichen Bedingungen der 1972 bzw\ 1973 durch-
gefihrten Messungen, sowie mit voneinander abweichenden Beobachterfehlern
erklart werden. (Mit Unsicherheiten dieser Grdofe rechnend, wurde in der
Tabelle die optimalen Strichstdrken nicht mit einem einzigen Wert, sondern
mit einem Stérkehereich von einigen Zehntelmillimetern angegeben.)

SchlieRBlich kann festgestellt werden, daBR auf den Prézisionnivellier-
latten, die zu den hier untersuchten Instrumenten gehdren, nicht die optima-
len Strichstdrken angewendet worden sind. Gleichzeitig kann als eine mdégliche
Methode zur Verminderung des mittleren Ablesungsfehlers und dadurch zur
Erhdhung der Genauigkeit des Prézisionnivellements die Anfertigung von
Nivellierlatten mit optimaler Strichstarke vorgeschlagen werden. (Es ist uns be-
kannt, daB dasselbe Ziel von anderen Forschern z. B. durch den Vorschlag
zur Einfuhrung einer glinstigeren Form der Teilstriche angestrebt wurde
[1, 7]. Derartige Versuche wurden unsererseits nicht durchgefihrt.)

2. Ein einfacher Weg zur Eliminierung des aus der
Lattenschiefe stammenden Fehlers

Eine einfache Methode zur Eliminierung des evtl, aus der Lattenschiefe
stammenden Fehlers wurde bereits friher vorgeschlagen [8, 9], soll jedoch
hier erneut erwdhnt werden, da der Gedanke diesem Themenkreis angehdrt.

Bekanntlich wird dieser Fehler immer dadurch verursacht, daf der
Beobachter nicht rechtzeitig bemerkt, dal die die Vertikalitdt der Nivellierlatte
sichernde Dosenlibelle ihren justierten Zustand verloren hat. (Dies kommt
tbrigens hauptsachlich infolge der unvermeidlichen Transportierungen
ziemlich oft vor.) Deshalb ist auch die hdufige Kontrolle der Justierung in den
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Nivellieranweisungen vorgeschrieben. Obwohl diese Kontrolle eine einfache
Operation ist, ist es einerseits nicht sicher, daB sie vom Beobachter so oft wie
notwendig durchgefihrt wird, andererseits bedeutet sie in der ohnehin knap-
pen MelRzeit gewisse Mehrarbeit. Deshalb wird unsererseits vorgeschlagen,
an die Nivellierlatten vom bisherigen Gebrauch abweichend — anstatt
einer, zwei voneinander unabhdngig angefestigte Dosenlibellen gleicher Emp-
findlichkeit anzubringen. Da es fast ausgeschlossen ist, dal der justierte Zu-
stand bei beiden auf einmal verloren geht (d.h., beide durch irgendeinen duBe-
ren Einflul in gleichem Mal in dieselbe Richtung verstellt werden), kann
aus dem gestdrten Einklang der beiden Libellen die Lattenschiefe ohne jeg-
liche Untersuchung sofort erkannt und danach eliminiert werden.

Besonders empfehlenswert ist diese Lésung fir Nivellements zur Unter-
suchung der Erdkrustenbewegungen, wobei die Kosten der Anschaffung und
die Montierung der erw&hnten Kontroll-Libellen im Vergleich zu dem fir die
Sicherung der notwendigen MefRgenauigkeit bestimmten finanziellen Aufkom -
men kaum von Bedeutung waren.

3. Ein neuer Nivellierlattentyp zum Stromibergangsnivellement

Das Ubergangsnivellement iiber Flusse (bzw. offene Wasserflichen oder
Téaler) bedeutet in erster Linie deshalb eine besondere Nivellieraufgabe, weil
die Entfernung zwischen Instrument und Latte, anstatt der Ublichen 35 40
m, meistens mehrere hundert Meter betrdgt; mit der fir Feinnivellements von
Linien verwendeten MeRausristung kann daher unter solchen Umsténden die
Messung der Hohendifferenz gar nicht durchgefihrt werden.

W &hrend der vergangenen hundert Jahre wurden zahlreiche Ldsungen
des Problems ausgearbeitet und die Stromibergangsnivellements werden auch
derzeit mit verschiedenen Methoden und mit verschiedenen spezialen MeR-
ausristungen durchgefiuhrt. Aus ihrer Reihe seien hier erwdhnt: die mit
Hilfe von Nivellier-Scheiben-Latten oder mit Hilfe von Nivellierlatten mit
starken, aus groBer Entfernung gut zielbaren Teilstrichen durchgefihrte
Ubergangsnivellements, das Zeissche »Doppelinstrument« und die dazu ge-
hérende Messung mit spezialen Zielmarken, das auf hydrostatischem Prinzip
beruhende, bzw. mit einem derartigen Gerat erfolgte Ubergangsnivellement
und neuerdings sogar das mit einem Laser-Nivellierinstrument und mit der
dazu gehdrenden Speziallatte (Fihler) verwirklichte Nivellement mit groBen
Abstdnden zwischen Instrument und Latte (mit »grofRen Seitenldngen«) [10].
Von den erwahnten ist das Nivellement mit Latten, die mit Scheiben versehen
sind, nicht mehr zeitgem&f; andererseits sind die letztgenannten Gerdte nicht
nur teuer, die Messung ist mit denen auch recht kompliziert und beansprucht
viel Zeit. Weiters besteht hier der grundlegende Nachteil, dal diese Geréte
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von einer ganz anderen Art sind, als jene, mit denen sonst die Liniennivelle-
ments durchgefuhrt werden und daher die Umstellung von der einen Arbeits-
weise auf die andere ebenfalls kompliziert und zeitraubend ist.

Deshalb sind wir der Ansicht, dal es derzeit die glinstigste Ldsung ist,
die Ubergangsnivellements mit einem Instrument von demselben Prinzip, wie
bei Liniennivellements durchzufiihren, und dazu eine mit starken, aus grofer

10
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15
16

17
(] ]

18

19 *

Abb. 3

Entfernung zielbaren Teilstrichen versehene Nivellierlatte zu konstruieren,
an der schnell und einfach abgelesen werden kann.

Bei den Prdzisionsnivellements in Ungarn wird, seit dem das Nivellier-
instrument Wild N 3 in Gebrauch genommen wurde, zu diesem Zweck eine
solche Nivellierlatte angewendet, die die Benutzung der optischen Mikrometer-
einrichtung des Instrumentes auch im Falle von Nivellements mit groflen
Lattenabstdnden ermdglicht. An der von D. Csatkai und A. Feles konstru-
ierten Nivellierlatte haben die durch den Keilstrich des Instrumentes in die
Mitte nehmbaren Teilstriche das MaB 2x4 cm, der Abstand zwischen den
M ittellinien (Teilungsintervall) betrdgt 5 cm (Abb. 3). Die Latte wurde aus
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Holz angefertigt. Die bei je 10 cm aufgetragene Numerierung befindet sich
auf der Schutzplatte der eigentlichen Latte, deren eingehende Beschreibung
in [11] zu finden ist.

Diese Latte entsprach wadahrend der jingsten Einmessung des ungari-
schen Nivellementnetz hdherer Ordnung den vorgeschriebenen Genauigkeits-
anforderungen ausgezeichnet und eine Latte dieses Typs kdnnte fir die bei dem
Erdkrustenbewegungsnetz erforderlichen Ubergangsnivellements sicherlich mit
Erfolg eingesetzt werden. Sie hat jedoch zweifelsohne zwei nachteilige Eigen-
schaften:

1. Da sie aus Holz verfertigt ist, hdngt ihre L&nge nicht allein von der
Temperatur ab. Deshalb mufl sie vor und nach jeder Messung sorgfaltig kom-
pariert werden.

2. Da das Bild der Latte auch mit dem dazu am geeignetesten Instru-
ment nur innerhalb eines Bereiches von 1 cm gehoben oder gesenkt werden
kann, wogegen das Teilungsintervall der Latte 5 cm betrdgt, kann ein Teil-
strich durch den Keilstrich nur nach wiederholten Versuchen in die Mitte
genommen werden. Dies bedeutet, dall entweder die Hohe des Instrumenten-
horizontes oder die des Aufsetzpunktes der Latte solange verdndert werden
muf}, bis der Keilstrich mit einem der Teilstriche innerhalb eines Zentimeters
auf gleiche Hohe kommt. Das wird in der Praxis derweise verwirklicht, daf
vor der Messung nicht eine, sondern finf Aufsetzpunkte (Verbindungspunkte,
Pflécke) in unmittelbarer Ndhe derweise angelegt werden, dall die Hdhendiffe-
renz zwischen den benachbarten 1 cm sei. So gibt es unter den Verbindungs-
punkten (Pflocken) gewill einen, auf den die Latte aufgesetzt, der Keilstrich
des Instrumentes mit einem der Teilstriche in anndhernd gleicher Hohe liegen
wird und die Ablesung durchgefiihrt werden kann. Dieser Pflock mufl vor der
eigentlichen Messung durch wiederholte Versuche gefunden werden. Die
Messung bendtigt daher einerseits gewisse vorbereitende Arbeiten, anderer-
seits erhdht die Suche nach dem geeigneten Pflock den Zeitbedarf der Messung
und kann nebenbei eine Fehlerquelle bedeuten.

Der zuerst erwahnte Nachteil kann leicht dadurch eliminiert werden,
dal das die Teilstriche enthaltende Lattenband aus Invar angefertigt wird.

Zur Vermeidung des zweiten Nachteils wurde eine solche Nivellierlatte
konstruiert, auf der trotz der Beibehaltung der Teilstrichstdrke von 2 cm
mit einem Instrument, dessen Mikrometerbereich 1 cm betrdgt, jeder einzelne
Zentimeterwert ablesbar ist. (Bei der Entwicklung des Lattentyps sind die im
Anfangsstadium der Versuche von Gy. Svaby gewonnenen MefRerfahrungen
sowie seine wertvollen Vorschldge [12] ebenfalls in Betracht gezogen worden.)
Abb. 4 zeigt einen Teil der Latte. An der Latte folgen nacheinander in zwei
Spalten abwechselnd 2 cm starke schwarze Teilungen und 2 cm breite weille
Felder. Die L&nge der schwarzen Teilstriche betrdgt 4 cm. Die linke und die
rechte Spalte (Skale) sind gegen einander um genau 1 cm verschoben. Bei der
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Messung kann mit dem Keil des Instrumentes, dessen Mikrometerbereich
1 cm betrdgt, einer der schwarzen Teilstriche oder eines der weiBen Felder
(entweder an der rechten oder an der linken Skala) bei jeder Instrumentenhdhe
in die M itte genommen werden (Abb. 4). Wére es unbequem oder ungewdhn-
lich, ein weilles Feld in die Mitte zu nehmen, dann kdénnte es mit den beiden
benachbarten schwarzen Teilungen zusammen in die Mitte genommen werden.
(Abb. 5. Die hier gezeigte Position entspricht der Ablesung: 143 cm.) Es ist

zweckmé&RBig, die auch aus grofRer Entfernung gut lesbare groRe Dezimeter-
Numerierung auf die aufklappbare Schutzplatte der Latte anzubringen.

Seit 1971 wurden zahlreiche Yersuchsmessungen mit diesem Lattentyp
auf dem Gebiet von Budapest Uber die Donau mit 4—500 m Zielentfernung
und in den Jahren 1973 74 in Szeged Uber die Theif mit 200 250 m Zielent-
fernung durchgefihrt. Bei einer solchen Entfernung und bei einer von uns
als notwendig betrachteten 20fachen Ablesung lag der mittlere Ablesungs-
fehler in der Regel um den Wert ~ 0,3 mm. Obwohl im Falle eines bereits
aufgestellten Instrumentes der Zeitbedarf von 30—40 Ablesungen nicht héher
als 10—15 Min. ist, halten wir die Erh6hung der Zahl der Ablesungen fir nicht
notwendig, da nach unseren Erfahrungen der Mittelwert von 20 Ablesungen
entsprechender Qualitdt durch weitere Ablesungen nur um 0,01—0,02 mm
gedndert werden kann. Eine Erhdhung der MeRdauer ist Gbrigens auch wegen
der ungiinstigen Wirkung der Anderung der MeRverhéltnisse unerwiinscht.

Der Polygon-SchluRfehler der mit Hilfe der in unmittelbarer Ndhe er-
folgten Ubergangsnivellements gebildeten Vier- und Dreiecke war in der Mehr-
zahl der Fé&lle kleiner als 1 mm, trotz des Umstandes, dall die Messungen miit
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solchen selbstangefertigten Latten durchgefihrt worden sind, deren Material
nicht maBstahbewahrend ist und auf denen die Teilstriche (bzw. Teilungsinter-
valle) auf mehrere Zehntelmillimeter ungenau sind.

Die Ergebnisse zeigen daher, dal bei einer fabrikmd&Rig erreichbaren
Genauigkeit der Teilung, sowie bei Anwendung von Invar eine Latte (Latten-
paar) erzeugt werden kann, die auf einfacher, schneller und bequemer Weise
die bei den Ubergangsnivellements notwendige Genauigkeit sichert. Deshalb

wird auch fir die im Erdkrustenbewegungsnetz vorkommenden Ubergangs-
nivellements die fabrikmé&BRige Herstellung eines derartigen Lattenpaares
empfohlen.

SchlieRlich sei bemerkt, obwohl dies aus den bisher Gesagten bereits
hervorgeht dall die besprochene Nivellierlatte in der beschriebenen Weise
nur zu Instrumenten mit einem Mikrometerbereich von 1 cm anwendbar ist.
Obwohl aus dem beschriebenen Prinzip ausgehend bereits auch eine derartige
Latte leicht konstruierbar wdére, auf der die Anordnung der Teilstriche die
Ablesung von 0,5 cm ermdglichen wirde, ist dies wegen der damit verbundenen
VergroBerung der Lattendimension oder wegen der komplizierten Ablesung
nicht ratsam. Mufl man ein Instrument mit einem Mikrometerbereich von 0,5
cm anwenden, dann ist es zweckmaRiger der im Landesnivellement hoherer
Ordnung bisher uUblichen Praxis &hnlich zwei Verbindungspunkte fir die
Latte anzuwenden.
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HEKOTOPbLIE BO3MOXXHOCTW A/14 YCOBEPLUEHCTBOBAHWA
BbICOKOTOYHbIX HWBEJIMPHbIX PEEK

. MULWKONbLN
PE3IOME

B crTaTbe wu3naralTcs WCCMeOBaHUsl, BbINOMHEHHble B [eofe3nyeckom WHCTUTYTe
MonnTexHMYecKoro YHuBepcuTeTa B byganewite n UMetoLMe LeNIbl0 UCMPaBUTb BbICOKOTOUHbIE
HUBENUPHbIE PENKMU.

Ha ocHoBe pe3y/nbTaToB MOXHO 3aK/THOUUTL:

TonbluMHa AeneHnii MHBapHbIX PeeK He onTUMasibHa (Ha puc. 1 v 2 nokasaHo M3MeHeHUe
CpefHeil KBafpaTWyeckoli OLWMOGKM 0TCHeTa B 3aBUCUMOCTW OT W3MEHEHWUS TOMbILUMHBLI AeneHuns
ot 1,6—3,2 mm nnm 1,6—3,6 mm).

B npoTuBOpeure ¢ NPUMeHSEMbIMW Ha NPaKTUKe ONTUMasibHas TOMbILWHA [eNleHNI peek
[OMKHa 6blna 6bl cocTaBnATb 2,2—2,9 MM (puc. 1, 2, 1 Tabn.).

Ecnn Habniogatenb He 3aMevaeT, UYTO YCTaHOBKA YPOBHS peiikuM cMecTunack, To npwu
KOCOW pelike MOXeT BO3HWKaTb OlWNOKA. [7s1 yCcTpaHeHMs 3Toi OwWuOKM npegnaraeTca npu-
MEHSATb BTOPOI YpOBeHb, Mpuyem 06a AJ0/KHbI ObITb NPUKPEN/EHbl K pelike He3aBUCUMO ApyT
oT gpyra. HaknoH peliku Takum o6pa3oM, cpasdy 6pocaeTcs B rnasa.

B 3aK/04eHWM JaeTcs OnucaHue pelikv HOBOro TuMa ANSi HUBENMPOBAHWUSI Yepe3 peku
(puc. 4 n 5). faeTca nNpeanoxeHWe Ans ee NPOU3BOACTBA U NMPUMEHEHUS.
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UBER DIE MOMENTE NULLTER, ERSTER
UND ZWEITER ORDNUNG NORMALER UND
LOGNORMALER VERTEILUNGSFUNKTIONEN

L. CSERNYAK
UNIVERSITATSADJUNKT

SZ. PETHO
UNIVERSITATSPROFESSOR
UNIVERSITAT FUR SCHWERINDUSTRIE, MISKOLC

[Eingegangen am 1. Oktober 1974]

In der Abhandlung werden die auf den »Erwartungswert« der Verteilungsfunktionen
bei normaler und lognormaler Verteilung beziiglichen Momente n-ter Ordnung (n = 0, 1, 2,...)
mitgeteilt und als Quotienten der Momente erster und militer Ordnung die Abszissen der
Schwerpunkte der entsprechenden Flachenteile abgeleitet. — Das Moment n-ter Ordnung
der NormalVerteilung ist — abgesehen von einer Konstanten — gleich dem vorgegebenen
Wert einer Verteilung x vom Freiheitsgrad n + 1.

Diese Momente, sowie die Abszissen der Schwerpunkte der Flachenteile zwischen
der Verteilungsfunktion und dem Wert werden bendtigt, um auf dieser Grundlage die Aus-
bringungskurven von Aufbereitungs-Trenneinrichtungen, die einer normalen bzw. lognormalen
Verteilung folgen, entsprechend interpretieren und auswerten zu kdénnen.

1. Einleitung

Zur Beurteilung der Arbeitsweise von Trenneinrichtungen der Aufbe-
reitung werden die Abszissenwerte von an der Tromp-Kurve abgelesenen, be-
stimmten Punkten wie Medianwert, Modus, Quartilissen usw. .. bzw.
die aus diesen gebildeten MefRziffern wie der Halbwert der Quartilissendif-
ferenz (Ep), ferner der Quotient der Quartilissen (die MeRziffer k), der Quotient
aus Ep und dem Medianwert (die Imperfektion) usw. ... benitzt. Diese MeR-
ziffern erteilen aber Uber die Gestaltung der Ausbeute in den Quartilissen nur
ungeniugende, Uber die Anteile zwischen Trennzonegrenzwert und Quarti-
lissen, die gleichfalls einen betrdchtlichen Teil der Trennzonen représentieren,
nur geringe Auskunft. Auch bei dem Entwerfen der Tromp-Kurve wird von
den Forschern nicht einheitlich verfahren: Viele halten sich an das Prinzip
des Flachenausgleichs, wahrend andere die Ausbringungswerte dem arithmeti-
schen Mittelwert der MelRgrenzen zuordnen und die so erhaltenen Punkte durch
eine Kurvenlinie verbinden. Bei den dargestellten Tromp-Kurven dirfen
auch die subjektiven Fehler nicht auBeracht gelassen werden. All diese Mangel
bedingten die Einflihrung von neuen MefRziffern; diese neuerdings vorgeschla-
genen MeRziffern sind in mathematisch-statistischer Hinsicht stichhaltig. Zu
ihrer Bestimmung ist das Entwerfen der Tromp-Kurve nicht ndtig. Bei der

Acta Geodaetica, Geophysica et Montanistica Acad. Sei. Hung. 10, 197S



L GRWAY FETHO

Berechnung wird jeder Ausbringungswert in entsprechender Weise berlck-
sichtigt. Ein weiterer Vorteil besteht darin, dal die neuen MelRziffern sowohl
klassierungstechnisch, als auch technologisch interpretiert werden kdénnen,
so daf sie Uber die Arbeitsweise der Einrichtung das meiste aussagen kénnen.
SchlieBlich eignen sich die Kennziffern auch zur computergesteuerten Be-
triebslenkung.

Als Basis-MeRziffer der Trenneinrichtungen wurde von uns anstatt des
Medianwertes der »zu erwartende Wert« [1], [2], [3] gewahlt, d.h. jener Kenn-
wert, der mit dem Ausgleichsparameter einer gegebenen Trennoperation dann
genau Ubereinstimmt, wenn die kumulative Verteilung des Rohmaterials in
der Trennzone durch eine schrdge Gerade dargestellt werden kann. Diese
grundlegende MeRziffer nannten wir den »zu erwartenden Wert« (im weiteren
»Erwartungswert«) des Ausgleichs-Parameters. Die weiteren Melziffern, welche
Uber die Trennscharfe eine Auskunft erteilen sollen, stehen mit dem Erwar-
tungswert in irgendeiner Verbindung. Die GroRe (f0) der sog. Fehlerfldchen
zwischen der Tromp-Kurve und dem Erwartungswert ist der zu erwartende
W ert des beim Ausgleichsparameter maximal in Erscheinung tretenden Fehl-
korns. Die Abszissen (t) der Schwerpunkte der Fehlerflachen geben die Mittel-
werte des. Fehlkorns an, d. h., bei Klassierungsaufgaben die mittlere KorngréRRe
des in die Feinkornfraktion gelangten Anteils (in) von gréferen KorngréBRen
als der Erwartungswert, bzw. die mittlere KorngréBe (t]) des in die Grob-
kornfraktion gelangten Feinkornanteils. Die Streuung (s) informiert Uber die
Beziehung, welche zwischen dem zu erwartenden W ert des Ausgleichparameters
und dem Ausgleichparameter des gegebenen Trennprozesses besteht [1].

Nach der Meinung vieler Forscher kann die Tromp-Kurve vieler Anrei-
cherungsoperationen durch Funktionen ausgedriicktwerden. Allgemein herrscht
die Ansicht, daB die Tromp-Kurven der Schwersuspensionsprozesse einer
Normalverteilung, die der Setz- und Sicht-Vorgédnge aber den lognormalen
Verteilungsfunktionen folgen. Winscht man sich einen tieferen Einblick als
bisher in die Trennscharfe dieser technologischen Operationen zu verschaffen,
so sind hierzu die Momente der normalen bzw. lognormalen Verteilung erfor-
derlich, welche entweder direkt die MefRziffern ergeben (z. B. die Fehlerflache
10) oder aus jenen MeRziffern bestimmt werden kénnen (z. B. die Abszissen t
der Fehlerflachenschwerpunkte).

2. Der Zusammenhang zwischen den Momenten der Dichte-
und Verteilungsfunktionen

Bevor wir zur Bestimmung der Parameter schreiten, die zu diesen beiden
Spezialverteilungen gehdren, missen betreffs der Momente noch einige allge-
mein gultige Feststellungen gemacht werden. Wenn es fur die absolut konti-
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nuierliche Dichtefunktion f(x) einer Wahrscheinlichkeitsvariablen das In-
tegral

J  xn+lf(x) dx (n 0, eine ganze Zahl) (1)

gibt, dann gelten auch, wenn die Verteilungsfunktion mit F(x) bezeichnet wird,
die Integrale

fo

- . < X)" F(x) dx )
und
=g+ ( F(x))dx )
und es ist demnach
r-_ L f  {—w)n+A x)dx (2a)
n+ 1,
beziehungsweise
J — *  J~ xn+lf{x) dx. (3a)
"N+ 1

Es genligt, die auf In bezlgliche Behauptung nachzuweisen. Aus dem
Bestehen des Integrals (1) ergibt sich sofort, daR in jedem beliebigen Fall
£> 0 [6]

| xn+1 F(x) | = [xn+1 f(t) dt | < [* ;xn+1f(t) |4t < t',+1/(t) lat < e

ist, wenn x gentigend klein und deshalb

lim xn+l F(x) = lim xn+l (I — F{x)) = 0 ist. (4)

P X—>00

Dann aber erhélt man durch partiale Integration

/, = (-xrF (x)dx

(%) "1 Ey rf {— x)n+if{x)dx =
nl 1 J-00

-1 — f° (-x)"Mf(x)dx.
n+ |
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3. Normale Verteilung

Da die Dichtefunktion
I(*) = {i5Z=e-"* (5)

der Normalverteilung N (o,er) ist, so ist aufgrund von (2a) und (3a)

Die GrofRe Inist, abgesehen von einer Konstanten der vorgegebene Wert x
einer Verteilung mit dem Freiheitsgrad n -(- 1 ([4] [5]). Aufgrund hiervon
ergibt sich sofort, dal die Beziehung

or NPT
(n+ D][2n
wenn n eine gerade Zahl ist
an+l 1
In n(n — 2) 4.2,
7-j- 1 \/2/1
wenn n aber ungerade ist (6)
antl .
In= e 7iN— 2) e 3.1
2(n + 1

betrdgt.

Demzufolge lautet die Gleichung der Schwerpunktsabszisse, als Quotient
aus den Momenten erster und nullter Ordnung:

4 1724 e
(7)

Y2n

der Quotient aus den Momenten zweiter und nullter Ordnung aber:

2,
Sg: h. (8)
Zur Ermittlung der Ordinate des Schwerpunktes bendtigt man den Wert
1
F 2(x) dx f(l ~F (x))2dx. 9)
2 Jo

(Das Vorliegen der Integrale ergibt sich sofort aus dem Bestehen der GI.I.
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Wird GI1.9 zweimal partial integriert und (Gl.4) benutzt, so erhdlt man:

1
K = wy - e dx .
0 J"0 o
Da aber F(0) = 1/2 ist, so ist
a a__ J2—1
K= ()
2]/ 2n 4 Ya: 4 Y14
das heillt
K —4i
]% (12

ys= Ty 21[n

In Abb. 1 ist die Verteilungsfunktion der normalen Standardverteilung
zu sehen. 10ist das Moment nullter Ordnung, mithin die GréRe der schraffier-
ten Flache 1/¥24; t und ys sind die Koordinaten des Schwerpunktes dieses
Flachenteils. Aufgrund von (GIl. 12) kann festgestellt werden, daR die Ordinate
ys des Schwerpunktes unabhdngig vom Parameter a der Normalverteilung
ist. Die Ordinate hat konstanten Wert, namlich = 0,1464.

4. Logarithinische Nornialverteilung

Die Dichtefunktion fur die logarithmische Normalverteilung lautet

1 _(In z(—zm)z @3
N*)= \onax &

lhr vorgegebener Wert ergibt sich aus der Beziehung

M = em+~~, (14)
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Zuerst soll der Wert des Integrals bestimmt werden:
! r™M ~k _ (In X—m)2
(15)
Jo I27ax

Inx — m— kol
n— (16)
0

Wird der Ausdruck

eingesetzt, dann erhdlt man die Beziehung

k2ar2 T -
Lk= ™7 P e~Vidu = enk+ Ao *= a7)
2

worin ®(x) die Verteilungsfunktion der sog. normalen Standardverteilung ist.
Hiernach ist

1 1 ™ (M — x)nl - dny—m)2
I = X)n F(x) dx M x)n 22" dx _
n I oY2n Jo X
1 n+1l T 1
V (- If + M n+1~k Lk . (18)

n+ 1 k=0 K
Mit Benltzung von GIl. 14 erhdlt man:

{6 MLO— L1= em+ 2 2¢J_ —

J

L
"o _ anrle
\r= oML1+ L,] JVeamHi2 3q 2+ ea-d o0
2 2, 2 ]
(19)
1? — [M3L —3M2Li+ 3ML2— L3 =
3
F a
493T"|il’ 40 -3 + 3ea2d — — i—e320 T
3 2 2 3 2
und mit Beschreitung des gleichen Weges
(20)

Somitist 10 = JO. Dies aber ist die schon bekannte Eigenschaft des vorgegebe-
nen W ertes einer logarithmisch normalen Verteilung:

(= 85-
J* = _1 me+(T2| S
2 L 12,

(21)
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SchlieBlich ist:

3 a
er-th \2<L __ 305*@p 7 49 —1 (22)
3 2 2 2

Die entsprechenden Quotienten aus den Momenten erster und nullter Ordnung,
bzw. zweiter und nullter Ordnung kdénnen aufgrund des vorherigen einfach

aufgeschrieben werden. Die Koordinate ys der Schwerpunkte kann, wenn die
W erte ®(x) bekannt sind, auch auf numerischem Wege bestimmt werden.

In Abb. 2 ist die Verteilungsfunktion der logarithmischen Normalver-
teilung zu sehen fir <7=1 und m = 0. I* und J* sind die Momente nullter
Ordnung. Somit sind die GréRen der schraffierten Fldchen die Abszissen der
Schwerpunkte der Flachenteile bzw. tu.
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O MOMEHTAX HYJIEBOFO, MEPBOIO U BTOPOIO MOPAAKOB ®YHKLUNN
HOPMAJZIBHOIO N NOTAPN®MUYECKWN HOPMAJ/IbHOIO PACMNPEAENEHWA

N. YEPHAK-C. NETE
PE3IOME

B cTaTbe m3naratoTcsl MOMEHTbI OTHOCMTE/IbHO MaTeMaTUUeCKOro OXMAaHus Nopsiika
n(n= 0 1,2,...) GyHKUNA HOPMaA/ILHOrO M NOrapuPMUUYECKN HOPMaIbHOrO pacnpeaeneHuni
1 BbIBOASATCS abCLMCChl LEHTPOB TSHXKECTU COOTBETCTBYIOLLMX M/IOCKOCTEN KaK YacTHble MOMEH-
TOB MepBOro ¥ HyneBoro nopsigkoB. — bBe3 yyeTa 0A4HOM NOCTOSIHHOM MOMEHT mopsiaka N Hop-
Mas/iIbHOT0 pacnpefesieHnsi ecTb MaTeMaTUUecKoe OXWUAaHWe pacrpefesieHns X COo CTemneHei
cBobogbl N+ 1

MoMmeHTbI, a TakXke abCLMCChl LEHTPOB TSHXKECTU MI0CKOCTel Mexay pyHKLUMeln pacnpese-
NIEHUs1 N MaTeMaTUYeCKUM OXUAaHWEM MOHafobUNNCh U3-3a Haf/exallen UHTepnpeTauum Kpu-
BbIX W3B/IEYEHUS1 pacnpefenNTeNIbHbIX YCTPOWCTB, CRefyloLLMX forapuMmuyeckn HopMasib-
HOMY 3aKOHY.
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COMPARISON OF ADJUSTMENT METHODS OF THE
AEROTRIANGULATION BY NUMERICAL FILTERING
TECHNIQUES

GY. ALPAR
GEODETICAL AND GEOPHYSICAL RESEARCH INSTITUTE OF THE
HUNGARIAN ACADEMY OF SCIENCES, SOPRON

[Manuscript received October 10, 1974)

A comparison of different adjustment methods of the aerotriangulation can be performed
purely on the basis of the geometrical structure of the problem, avoiding the inclusion of real
or computer-simulated measurements. It is conceivable, that a general inverse of the coefficient
matrix of the error equations characterized by the adjustment method describes all the filtering
effects of these mathematical procedures.

Each row of such a general inverse-matrix is a numerical filter, which extracts one
single unknown to be determined, while suppresses all the other ones, by means of an appro-
priate linear combination of all measurements. Filters derived from different adjustment
methods for the same coordinate-unknowns can be compared directly if the measurements
are of the same nature (i.e., the filters consist of the same number of elements).

Also different kinds of filters (for the same coordinate-unknowns) can be compared,
using so-called transmitter matrices describing mathematical relationships between different
types of measurements (e. g. image-coordinates and model- coordinates). For this purpose,
Cholesky-factorization and Helmert-premultiplication techniques will he introduced. This
way, also different stochastic assumptions can be taken into consideration.

Numerical filters derived from appropriate least-squares techniques are named “the
most probable filters”.

Aerotriangulation is a complex process involving sophisticated record-
ings, measuring and computing techniques. Generally, two kinds of compari-
son are made for the test of aerotriangulation methods. The first starts with
aerial photographs taken of a test area with precise geodetic control. The sec-
ond one operates with computer simulation of the previous items. Both are
concerned with the whole complexity of the aerotriangulation and the “good-
ness of fit” is judged by average coordinate discrepancies determined at check
points.

The adjustment of an aerotriangulation is, however, a purely mathemati-
cal procedure, even if it anticipates profound knowledge of the preceding
processes. So, we can splitthe problems if the comparison of different adjust-
ment methods is restricted only to the different mathematical formulations of
the same aerotriangulation problem. It is certainly not a new, but a scarcely
appreciated fact, that the coefficient matrix of the (linearized) observation
equations A, together with the appropriate weight matrix Q—1 determine
the outcomes of an adjustment. From these matrices we can always compute
a third one, which gives the inverse relationship expressing explicitely the
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unknown parameters of the adjustment problem:

x= B L 1)
m 1 m,NNn
Here, x is the vector of the unknowns, B is a m, n matrix (m n) and L
stands for the residuals (containing also the observations).

At this point we get in touch with numerical filtering techniques, be-
cause the linear combination BL in equation (1) represents a simple linear
filter. Numerical filtering is, however, a much more general and very powerful
estimation method. Keeping in mind some of the criticism related to “least-
squares filtering” [3], mention must be made here, that linear combinations
in the sense of equation (1) are practical filters for our simple stationary case.

In what follows the B matrix will be called the filter matrix and
it will be shown how a comparison might be performed by means of this
matrix.

In case of a least-squares adjustmentthe B matrix is given by the matrix
product:

B = (ATQ-1A)-1 ATQ 1. )

Here, the B matrix is a special type of the generalized (or pseudo-) inverses of
A [2]. Each row of such an inverse matrix is a linear filter, which enhances just
the unknown to be determined, while suppressing all the other ones by means
of an appropriate linear combination of all measurements. It is also possible
— even if it isnot practical —to compute a B matrix for the non-least-squares
adjustment methods, however, not only these filter matrices, but also the x
and L vectors in equation (1) can be considerably different for the same aero-
triangulation problem. Supposing always identical geometrical situation for a
test case, only the coordinate unknowns of the different adjustment procedures
can be regarded as common elements. For this reason we split equation (1):

-— L, (la)

where xx stands for the coordinate unknowns and Bxis the appropriate filter
matrix, while x2denotes the orientation parameters and B,2is the related filter
matrix.

Now, we can compare two different adjustment methods applied to the
same test case, computing the difference of their Bx matrices under the con-
straints that they are of equal size and the L vector is common. Such a differ-
ence matrix “maps” in all detail the differences of the adjustment methods to
be compared. The constraint related to the L vector is however a very serious
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one and in this way we can study mainly the effects of different weighting
only.

If the L vectors of the adjustment methods under comparison are differ-
ent, but otherwise the size of the related matrices and consequently also
that of L are equal, then we can solve the problem introducing a so-called
transmitter matrix:

L =T L.
n1 nnn1l

In the simplest case T will be a diagonal matrix and L is called the vector of
equivalent residuals [1, 4]. The least-squares adjustment with L can be now
performed in the following way:

TAx - T(L+ v) =0 3)

where v is the vector of the corrections. Then, the normal equations with
Q~1 are:
ArTQ~1TAX ArTQ-1TL = 0

and the related filter matrix is:
B= (ArTQ_1TA)*1A'TQ-1T. (2a)

It is not so evident, however, how to determine the B matrix for a non-least-
squares adjustment method. In equation (3) the effect ofthe T matrix is similar
to that of the special weighting techniques which were introduced by F. R.
Helmert and are termed nowadays the “homogenization of the observation
equations”. In this paper the terminology “Helmert premultiplication techni-
ques” will be used in order to emphasize their dominant computational char-
acteristics. Weighting is, however, a common procedure also for non-least-
squares adjustment and so the B filter matrix can be computed here via
simple weighting technics. For this reason we can make use of the so-called
Cholesky factorization (or -decomposition) of the Q~x matrix:

Q1 Q-I(Q-H»
and with the substitution
K= TQ"“2
we can write:

B = (ATKKTA)-1 ArKKr. (2b)
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It is easy to see that K and K r play here the role of the Cholesky components
of the general weight matrix. If the relationship between L and L is more
complex, that is, the T matrix is no more a diagonal one, there is no restriction
to use these weighting technics.

In the most general case e.g. in the comparison of bundle- and poly-
nomial adjustment methods the L vectors are entirely different also in size.
The computation of the compatible B (resp. BxX) matrices via least squares
leads us to the adjustment of correlated observations. This formally agrees
with that of equation (3), but here we have a two-way comparison procedure
depending on which one of the different L vectors will be taken for base. So,
it can occur that the matrix product KK7 results in a singular weight matrix
and its use in connection with non-least-squares adjustments may cause some
inconveniences. The alternative choice, however, always produces a unique
B matrix.

In the foregoing we have dealt actually with the counterplay of the
mathematical formulation of the aerotriangulation problem and weighting
techniques. It seems, that a useful comparison method can be derived from
these duality. The Helmert premultiplication technique and Cholesky
factorization are the basic mathematical tools in the numerical procedures of
these proposed comparison strategies. Also for points not involved in the ad-
justment we can construct prediction filters. In such a case also the appropriate
part ofthe B2matrix will be effective. Finally, it should be mentioned that least-
squares filters always have optimum characteristics in some sense, which does
not imply that the coordinate estimates determined in this way are unbiased,
i.e. the “Dbest” ones.
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CPABHEHWE METOAOB YPABHNBAHUNA ®OTOTPUAHTYTALUMNOHHBLIX
CETEN C MOMOLUBO TEXHUKW BbIYNCNANTENBHOWN ®UNbTPALNMN

Ab. ANNAP

PE3IOME

CpaBHeHVe pasMuHbIX METOAO0B YpPaBHMBAaHWUS (OTOTPUAryNsILLMOHHBIX CETe MOXET
NPOBOAMTLCA TOMbKO HAa OCHOBE FEOMETPUYECKON CTPYKTypbl Mpo6neMbl 6e3 MnpoBefeHUs
peasibHbIX UM CUMYNIMPOBaHHbLIX HabMoAeHWi. BygHo, UTo 0606LLeHHas MaTpuLa oT MaTpuLbl
KO3((ULMEHTOB ypaBHEHMIA MOMpPaBoK, ONpefefieHHbIX METOOM YpPaBHUBAHUS, COEPXUT BCe
BAVUAHUS (PUAbTPALUN UCCIEAYEMOr0 MaTeMaTMYecKoro MeToja.
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Kaxpgasi cTpoka Takoli 0606LLEeHHOA 06paTHOM MaTpulbl eCTb TaKoW BbIYUCAUTENbHbIN
(bunbTp, KOTOPbIA MNPU MOMOLLM COOTBETCTBYIOLLEA SIMHEMHON KOMOMHAUUW BCEX W3MEPEHUIA
BblfeNsAeT OMNpefensieMyt0 HEW3BECTHYH, a OCTa/lbHble MOraowaeT. PunbTpbl, cayXatine ans
onpefeneHns Tex Xe HeU3BECTHbIX KOOPAMHAT W MOyYeHHble M3 pasInyHbIX METOLOB YpaBHU-
BaHMUsl, MOTYT ObITb HEMOCPEACTBEHHO COCTaB/IEHbI, €C/IM M3MEPEHNST OAMHAKOBOr0 XapakTepa
(T. e. MNBLTPbLI cofilepXKaT OAMHAKOBOE YUC/IO 3/IEMEHTOB).

MoryT 6bITb COMOCTaBMEHbI TaKXe W (WUIbTPbl PasHOro xapakTepa (HO OTHoCsLLMecs
K TOW >Xe HEeM3BEeCTHOM) C MOMOLLbIO T. H. MEPEHOCHbIX MaTpUL,, OMMCbIBAKOLLMX MaTeMaTUUecKue
3aBUCMMOCTU MeXAy HabMieHUsIMU pa3HOro XapakTtepa (Hanpumep, MeXay KapTUHHbIMU
1 MOfENbHBLIMM KOOpAuHaTamu). C3To Lenblo Hamm 6biny NPUMeHeHbI (paKTopusaums Mo XoneL-
KOMY U NpPemMynbTUMNINKALWOHHAs TexHUKa [enbmepTa. Takum 06pasoM, MOXHO y4ecTb U pas-
JINYHblE CTOXacTU4ecKMe YcoBus. OUbTPbl, BbIBEAEHHbIE COOTBETCTBYOLUMM MPUMEHEHVEM
MeTofa HaMMeHbLUMX KBaLpaTOB, MOTYT HasblBaTbCA «BEPOSATHEWALLMMU (UNbTPamu).
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PROPERTIES OF CODA WAVES

E. BISZTRICSANY
CEODETICAL AND GEOPHYSICAL RESEARCH INSTITUTE
OF THE HUNGARIAN ACADEMY OF SCIENCES, SOPRON
SEISMOLOGICAL OBSERVATORY, BUDAPEST

[Manuscript received October 31, 1974]

In two previous papers some parameters in the relation between properties of coda
(surface) waves and crustal layering were discussed. Because coda waves are guided by the
Earth’s crust, the dominant period is related quantitatively to the thickness of the layers.
From the dominant period (8 T < 30 sec) for coda Rayleigh waves across Asia and Europe
to Budapest the average thickness of the crusst was estimated to be 40 km.

Seventeen years ago an alternative method was worked out [2, 3] to
determine magnitudes of shallow-focus earthquakes. This method depended
upon a connection between the duration of surface waves and earthquake
magnitude. The duration was mainly a function of magnitude and was only
slightly dependent on epicentral distance. The method has since been adopted
by the USGS for estimating magnitude of local earthquakes in California
(Lee, 1972). K. Aki [1] worked out an explanation for near earthquakes.
This new work suggested to me that perhaps a similar explanation could be
found for the duration of teleseisms.

A relation was previously published [4], between dominant periods of
coda waves and the structure of Earth crust for shallow-focus earthquakes
originated at epicentral distances of 5°~ A° <7 50°. The results were in a
very good agreement with the crustal structure that was determined by
deep seismic soundings in Hungary.

The estimate was based upon the observed almost-stationary period
of coda waves. For dominant groups of periods, the equation, obtained by
Harutwig [5] for Rayleigh waves, is

7
T-T'In—
I ¢
(T — T)0.772

where Z0is the thickness of the layer, T and T' periods in the neighbourhood of
the dominant period, and Z, Z' the amplitudes belonging to T, T'. Since a
relation Z = f(T) of the form Z = aT2isindicated by measurements on seis-
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mograms [4], Eq. (1) becomes

T T In

Z(= (2)
(T'— T) 0.772

In order to investigate the fraction if T tends toward T' we introduce the
substitution: T'= T -~ AT, so

In (T + AT)
+ :
Zn= (T AT) Tm
0.772 (T+ AT —T)
if we neglect AT mT beside T2we can write
2T- In(F+ AT) — InT
Z0—
0.772 AT

but the second factor is the differential of In T, so

epo 272 . WT+AT)—inr _ 2T

0.772 at’o 21T 0772 ®)

Fig. 1. The frequency distribution of coda waves plotted against the periods of waves
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We can see that the fraction mentioned above has a limit and the result
is very simple one, therefore later we will compute the thickness of the crust
by means of this formula.

For regional earthquakes it was found that a determination of the depths
to the Conrad and MohoroviciO discontinuities by means of coda waves
could be estimated reasonably well, because the smaller wave periods (T) are
not seriously attenuated, due to absorption in this case.

The question is then, what happens in the case of teleseisms, for which
the higher frequencies are absorbed. To investigate this point, 1275 coda
(dispersed Rayleigh) waves were measured for distant earthquakes (80°

A° <7 100°). The data has been measured by an ultralong period Uttmann —
Teupser vertical seismograph (Tp = 25 sec, Tg — 80 sec) at Budapest. The
results are shown in Figure 1. The frequencies of different periods show approxi-
mately a Poisson distribution (dashed line). The maximum of the curve for
15.5 sec. Formula (3) then yields 40.5 km average crust thickness corresponding
to this period. The values of T and T' are shown in the following Table. The
differences between T and T' are determined by the drum velocity (30 mm/min),

because the reading of seismograms depends on it. T' — T was never less than
0.2 sec.

Table
T (in sec) 150 151 152 153 154 155 156 157 158 159 158 159 16.0
T’(in sec) 152 153 154 155 156 157 158 159 160 161 161 162 16.3
zQ(in km) 391 394 391 399 401 405 407 409 411 414 413 415 418

Since the greater part of the surface waves cross Asia, this thickness
is acceptable (see Figs 2 and 3). Two peaks stand out on the Poisson curve;
the first one at 12 sec and the second at 20 sec. The corresponding thicknesses
from (3) are 31 and 52 km. The first value may be related to the crustal thick-
ness of the West European area and the second to the mountain zones.

The major effect of crustal structure on coda gives an indication why
the duration of surface waves from teleseisms diminishes relatively little with
the change of epicentral distance.

EUROPE ASIA
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A W N

OCOBEHHOCTM KOOA-BOJIH
3. BUCTPUYAH

PE3IOME

B aByX npeablfywinx ctatbax ObiNM pacCMOTPEHbl MapaMeTpbl CBA3WM MEXAY MOBepX-
HOCTHbIMW (KOAa-) BONHAMW W CAOUCTOCbID KOPbl. MOCKONbKY KOAA-BOMHbI KaHannsmpylTcs
3eMHOI KOPOWA T. €. pacnpoCTPaHATCA B Heli KaK B BONHOBOM KaHasne, JOMUHUPYIOLW WA Nepuog
HaxXoAWUTCH B KONMYECTBEHHOW CBA3M C MOLLHOCTbIO CN0eB. Ha 0CHOBE AOMUHUPYIOLLUX NEPUOS0B
KoAa-BoNH Tuna Paiine (8 <; T <; 30 cek) Ha nyTu Yepe3 Asumto n EBpony fo byganewTa cpegHss
MOLLHOCTb KOPbl MOXEeT COCTaBNATb 40 KM.
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DETERMINATION OF THE WETTABILITY OF
HYDROCARBON FORMATIONS UNDER FIELD
CONDITIONS

GY. ZOLTAN
PETKOLEUM ENGINEERING RESEARCH LABORATORY OF THE HUNGARIAN ACADEMY OF SCIENCES
MISKOLC-EGYETEMVAROS

[Manuscript received October 29, 1974]

A new method is described for characterizing quantitatively the condition of wettability
in porous hydrocarbon formations. The method of determination of the wettability is based
on the relations p ¢(S) measured at high pressure and temperature, and on an approximative
mathematical model of the porous texture. As regards its means, even the laboratory method
can be considered a new one, the collected informations provide a basis on which the wettability
can be numerically evaluated, and in case of otherwise identical pore structure and state of
formation also the interfacial properties can be compared.

Symbols

A surface sgq ¢ cm
K permeability sq s cm
Knv' tiro relative water and oil permeabilities

length cm
P pressure gcm-1s~:
Pc capillary pressure gcm_1s~:
r radius cm
S saturation
s, residual water saturation
Vb geometrical volume cm*
yvp pore-volume ) ) cm3
r surface and interfacial tension,

respectively g s-2

e contact angle deg.

viscosity gcm s~
T factor of tortuosity
Pr formation pressure kp cm-2
b formation temperature °C

Introduction

The importance of knowing the extent to which rocks can be wetted is
generally recognized and efforts have been made to determine this param-
eter as reliably as possible. A study of references devoted to this topic,
published in the past twenty years, reveals various methods from which
qualitative or quantitative results can be derived. However, none of these
methods has been generally accepted as yet, and the reservoir mechanical
laboratories have no techniques available to solve this question, at least at the
level of practical requirements. The main reason of the lack of general accept-
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ance of the suggested methods is that they do not take into account natural
reservoir conditions and, on the other hand, the formulation of the results are
often too abstruse and far from the conceptions of reservoir engineers.

Some of the methods described by the relevant references aim at deter-
mining the value of the contact angle expressing directly or indirectly the
extent of wettability, while other methods offer only qualitative or semi-
guantitative.

For determining the contact angle by direct measurements, the angle
made by the liquid phase with a “suitably prepared” soild surface is observed
[1, 2]. The errors resulting from the quality of rock surface finishing may be
much larger than the uncertainty due to subjective observations. On the other
hand, this surface can by no means be considered as a model of porous rock
surfaces. Methods elaborated to offer only qualitative or semi-quantitative
results as: absorption tests [3, 4, 5], combination of pc(S) curves [6, 7], use
of relative permeability functions. [8], nuclear magnetic relaxation [9] and
dye adsorption methods are better suited to observe wettability phenomena
on rock- and formation-fluid samples taken from reservoirs. However, in view
of the fact that the obtained results, being of qualitative character, are less
spectacular and some ofthe above-quoted methods require the use of completely
elaborated techniques, these methods have not exceeded the stage of research.

All published methods have the common drawback that they do not
attempt to determine the wettability under field conditions and are confined
to laboratory tests at room temperature and atmospheric pressure. However,
research objectives are set higher and even the requirements of every-day
practice can not be met in this way. It is absolutely necessary to collect in situ
informations even if additional methodological and technical problems should
be faced. Undoubtedly, each of the presented methods hasits marked advantag-
es, — easy performance, efforts towards reaching the natural state, qualitative
level of the results so it seems a reasonable goal to develop a new method
which wouldn’t require an over-complicated technology, its results, however,
offering more than that achieved by the earlier methods.

The use of pc(S) functions seems to be most adequate for evaluating
the conditions of wettability. The capillary pressure-saturation relationship
includes factors which, when properly grouped, are suitable to express quanti-
tatively the state of wettability by means of the contact angle and also, this
kind ofprocess is the most easily adaptable to the natural conditions correspond-
ing to the rock, formation fluids and stratification.

Theoretical considerations

As regards measurements performed in reservoir mechanical laboratories,
it is accepted that krwand kro, as well as the measured values of pcare satur-
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ation-dependent, respectively saturation values depend on the wettability
conditions of the system. The most general expression for capillary pressure is:

Pc= Pc\p;a;0] = pc(S)

i.e. capillary pressure is function of the pore structure factor e, of the inter-
facial tension a and of the contact angle 0. For cylindrical capillaries this
relationship can be written as

2

pc= — acosO0

r
where the pore structure factor is expressed by 2/r and the value of pc is
directly proportional to the product of the interfacial tension and the cosine
of the angle of wettability (contact angle). Starting out from this conception,
the porous and permeable rock will be considered at first approximation
as a cylindrical bunch of capillaries for which ris the mean radius of capillaries
of different sizes. For this mean radius the capillary pressure is

pc — qcosO (1)
r
while the mean capillary pressure for a rock having inter-granular porosity can
be obtained from the following expression:

Pc= — 1 f  Pc{S)ds . )

Awr J1

Let us now determine the value of r corresponding to pcin such a way as to
represent, even if approximately, the value of the mean radius of the irregularly
connected capillary network of a porous rock, instead of that of cylindrical
capillaries. For determining approximately r, the relations of Poiseuille and
Darcy will be used [11]. For case of a single cylindrical capillary Poiseuille's
formula states that

n rd Ap

n 8 L L
When approximating by this relationship the porous model consisting of a
bundle of capillaries, the number of capillaries should be introduced, and it

should be kept in mind that capillaries are not straight cylinders but their
effective length should be defined by means of their tortuosity as:

L=r-AL.
So
nnrxAp

3
8/rr AL (3)
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where r corresponds to the mean radius of the porous system. For the same
porous capillary system the Darcy formula is:

Ap

AL '

4)

From Eqgs (3) and (4):

(5)

To eliminate A the factor of porosity @ is introduced in the form

rm ALn
AAL

(0]

Expressing A from this equation, and substituting to Eq. (5) we get for r:

r = 2t

The pore-structure of a rock having intergranular porosity, for which
both permeability and the factor of porosity as well as the value of pc(S)
are well measurable, will be approximately described by r. Substituting the
value of pcfrom Eq. (2) into Eq. (1) and using the above value of r, we obtain:

There are many ways to determine the factor of tortuosity. From a
knowledge of rock characteristics it can be calculated [12], but for consolidated
rocks it is more reliable, however, to determine the textural factor by direct
laboratory measurements [13, 14].

The introduction of the concept of average capillary pressure implicitely
presupposes the existence of an average pore size, included in the formula
describing pore structure by means of porosity, permeability and tortuosity.
The values of these parameters obtained by laboratory measurements, are
average characteristics of the rock sample and, on account of the applied
measuring technique, can be only partially considered as weighted averages.
Indeed, in course of laboratory measurements these factors are not determined
as differential pore structure elements but from data valid for the whole rock
body independently of the structural inhomogeneity and anisotropy of the
rock. In spite of this, when determining the value of pc it is reasonable to
consider only that range of saturation the alteration of which corresponds to
pores of nearly the same size of the pore structure, and to overlook pore sizes
having extreme pc values. This is based on the physical fact that within the
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range covered by the whole capillary curve, capillary sizes belonging to the
highest pc pressures are able to retain their wetting-phase content for the lon-
gest time and, consequently, constitute a strongly water-wet portion of the
whole pore-volume. If this range would have been also included for the deter-
mination of pc the extent of wettability would be shifted from the average

Fig. 1

value characterizing the larger portion of pore-volume towards an increased
wettability, indicating an apparently more water-wet rock which, of course,
would hold for a negligibly small fraction of the pore-volume playing insignif-
icant role in the variations of saturation, i.e. in accumulation and displace-
ment of oil. To justify the rightness of this assertion, some numerical data obtain-
ed from our measurements are illustrated in Figure 1 presenting the contact
angle in function of pc determined for the oil-water system. If the highest
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sw

1.000
0.995
0.990
0.985
0.980
0.975
0.970
0.965
0.960
0.955
0.950
0.945
0.940
0.935
0.930
0.925
0.920
0.915
090
0.905
0.900
0.895
0.890
0.885
0.880
0.875
0.870
0.865
0.860
0.855
0.850
0.845
0.840
0.835
0.830
0.825
0.820
0.815
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Pe
dyn/cm2

74

80

84

88

91

94

96

98
100
101
103
104
105
106
106
107
107
108
108
108
109
109
110
110
111
111
112
112
112
113
113
114
114
115
115
115
116
116

700
000
600
200
400
100
200
500
200
900
000
000
000
000
800
200
800
000
300
800
200
700
100
600
000
400
000
400
800
200
700
100
500
000
400
900
300
800

Or TN

Table |

Serial
number

39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76

sw

0.810
0.805
0.800
0.795
0.790
0.785
0.780
0.775
0770
0.765
0.760
0.755
0.750
0.745
0.740
0.735
0.730
0.725
0.720
0.715
0.710
0.705
0.700
0.695
0.690
0.685
0.680
0.675
0.670
0.665
0.660
0.655
0.650
0.645
0.640
0.635
0.630
0.625

Pe

dyn/cm

117
117
118
118
119
119
120
120
120

200
700
200
700
100
600
000
400
900

121300

121900

122
122
123
123
124
124
125
125
125
126
126
127
127
128
128
129
129
130
130
131
131
131
132
132
133
133
134

300
800
200
700
100
600
000
400
900
300
800
300
800
200
600
000
500
000
400
000
500
900
300
800
200
700
100



77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102

Sft,

0.620
0.615
0.610
0.605
0.600
0.595
0.590
0.585
0.580
0.575
0.570
0.565
0.560
0.555
0.550
0.545
0.540
0.535
0.530
0.525
0.520
0.515
0.510
0.505
0.500
0.495
0.490
0.485
0.480
0.475
0.470
0.465
0.460
0.455
0.450
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Pe

dyn/cm2

134
135
135
136
136
137
137
138
138
138
139
139
140
140
141
141

143
143
144
144

150
150
151
152
153
154

700
100
600
100
600
100
500
000
400
900
200
800
200
800
200
900
400
000
600
100
800
300
800
300
900
500
000
700
300
000
800
600
300
100
000

Serial
number

112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139

S

0.445
0.440
0.435
0.430
0.425
0.420
0.415
0.410
0.405
0.400
0.395
0.390
0.385
0.380
0.375
0.370
0.365
0.360
0.355
0.350
0.345
0.340
0.335
0.330
0.325
0.320
0.315
0.310
0.305
0.300
0.295
0.290
0.285
0.280

Pe
dyn/cm2

155
156
157
158
160
161
162
164
166
168
170
173
175
178
181
184
187
190
194
197
202
206
210
215
220
226
232
239
249
261
278
300
334
439

000
100
200
400
000
300
800
700
700
600
170
000
400
000
000
000
100
200
000
800
000
000
900
300
500
000
000
000
000
000
000
800
000
400
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capillary pressure belonging to extreme pore sizes is also considered, the value
of 0 tends to an increasingly more water-wet state.

As a final conclusion it can be said that the method, considering what
was presented in Fig. 1 and included in Table I, lends itselfto the determination
of the wettability ofreservoir rocks. Its main advantage liesin being completely
adaptable to the conditions of formation. Formation conditions can be truly
represented by the samples of rock and formation-fluid taken, since this depends,
exclusively, on the method of sampling. As a matter of fact, laboratory tests

Fig. 2

are much more suited thereto, since they can also simulate real formation
pressure and temperature. Rock samples can be subjected to this process
without any special “preparation”,i.e. retaining their original structural and
surface properties. The volume of informations gained and the fact that the
determination of the wettability is based on in situ conditions represent a
most important pace towards oil production in compliance with up-to-date
principles, since they give an insight into surface energy conditions having
decisive effect on the displacement of oil, whithout neglecting the natural
complicacy of the capillary system.

The laboratory device to evaluate the pc(S) function was originally
designed to determine by “disc method” the relation between capillary pres-
sure and saturation. The measuring technique used for it is exactly the same
as that of the disc method. There are only minor differences as regards the
construction of some structural elements, due to the fact that severe conditions
should be satisfied in order to carry out the relevant laboratory process at
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high pressures and temperatures. The over-pressure necessary to simulate
formation pressure is obtained from the pressure sources 1 through nozzles
2 and valves 3. Formation pressures 5 are transferred by a high-pressure
pipe system to cell 8, while the U-tube 9 indicates the differential pressure
and the glass column 10 receives the displaced water. By the nozzles 11 and
line 12 the pressure between the two extreme points of the system can be
equalized, from which benefits are gained when subjecting the system to com-
pensated pressure (Fig. 2).

Putting the system under pressure is realized by opening valves 3 and 4;
through nozzles 2 having the lowest throughput. Behind them nozzles 11
having the highest throughput and the joining pipe 12 provide for pressure
compensation at both sides. Pressure compensation can be checked by this
identical heights of the mercury columns in the U-tube 9. In the opposite
case it is possible to intervene by any of the valves 3. Having reached the
required pressure level and the thermostat 7 having been heated up, the device
is disconnected from the pressure sources by closing valves 3. Closing also
valve 4, the system is divided into two parts the partition of which is formed
by the semi-permeable plate of cell 8.
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OMPEAENNEHVE CMAYMBAEMOCTU ¥YTNTEBOAOPOAHbIX MOPOLA
MNP TJIACTOBOM COCTOAHUNN

Nb. 30NTAH

PE3OME

B cTaTbe M3M1araeTcs HOBbIA METOA /11 KOMMUECTBEHHON XapaKTepucTUKKM CMaumBae-
MOCTU Yr/IeBOAOPOAHBIX MOPUCTBLIX Mopod. oMUMO NPUBIMKEHHOTo MaTeMaTUYeCKoro onuca-
HUS NOPUCTOW CTPYKTYPbl OCHOBY OMPELenieHUs1 CMayunBaeMocT! 06pasyeT 3aBUCUMOCTb PC(s),
M3MepeHHasi Npu 60NbLUMX AaBfieHWM U TemnepaType. OTHOCUTENLHO CPeAcTBa W nabopaTop-
HbIi METO/ SIB/SIETCA woewm, MOMYUYEHHbIE MHHOPMALMU NPUFOAHBI ANSI ONPEeaeNeHNs YMCeH-
HOFO 3HAYeHUs1 CMauMBAEMOCTU W MpPU TOM Xe CTPYKTYpe W NIacTOBOM COCTOSIHUM Aaxke Ans
CpaBHEHMSI CBOWCTB MOrpaHMUHbIX MOBEPXHOCTEA.
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VERGLEICH SIMULTANER PULSATIONSSPEKTRA BEI
GROSSEN LANGENUNTERSCHIEDEN*

CZ. MILETITS, J.—VERO, J.
GEODATISCHES UND GEOPHYSIKALISCHES FORSCHUNGSINSTITUT
DER UNGARISCHEN AKADEMIE DER WISSENSCHAFTEN, SOPRON

[Eingegangen am 12. Dezember, 1974]

Im ersten Teil dieses Berichtes vergleichen Vf. Erdstromregistrierungen des Observato-
riums bei Nagycenk (p= 47° 38" N, A= 16° 43" O) mit jenen einer Feldstation in der Mongolei
(in der N&he von Zavhanmandal, tp = 47° N, A= 97° O). Beide Registrierungen wurden mit
Papiergeschwindigkeiten von etwa 20—30 mm/min aufgenommen. Im zweiten Teil werden
die Ergebnisse friherer Untersuchungen kurz zusammengefaRt.

1. Eine ungarische geophysikalische Expedition arbeitet seit geraumer
Zeit in der Mongolischen Volksrepublik. Man hat uns das Material einer Basis-
station der tellurischen Messungen aus dem Jahre 1968 zur Verfiigung gestellt.
Da beide Stationen wenigstens geographisch auf etwa gleicher Breite liegen,
konnten besonders Lange-Effekte untersucht werden.

Zu einer detaillierten Untersuchung wurden vier Abschnitte vom 17. Sept.
1968 vom Zeitraum in LZ in Nagycenk zwischen 2 und 8 h, in Zavhanmandal
zwischen 9 und 15 h ausgewdhlt. Die Zeitdauer jedes Abschnittes betrug
etwa 20 Min (Abb. 1- 2). Drei der vier Abschnitte enthalten Pc-Pulsationen,
einer, ndmlich der friheste, eher eine Pi-Serie (in Nagycenk).

Da die Zeitmarken in der Mongolei nicht gentgend plnktlich waren,
wurde die Ubereinstimmung mit Hilfe des Maximums der Kohérenz-Funktio-
nen gesucht. Daraus folgt, dal absolute Zeitdifferenzen nicht bestimmt werden
konnten.

2. Aus digitalisierten Datenreihenwurden Spektra aller Spuren bestimmt,
gemeinsam mit Kohdrenzfunktionen zwischen allen mdéglichen Komponenten-
paaren (dies war deshalb notwendig, weil geologische Einflisse Korrelationen
auch zwischen einander nicht entsprechenden Komponenten hervorrufen
kdnnen) (Abb. 3 4).

Die Ergebnisse der Untersuchungen kénnen folgenderweise zusammenge-
falt werden:

a) Die Unterschiede der Spektra kénnen durch unterschiedliche geolo-
gische Bedingungen hervorgerufen werden, da aus den Spektren bei Annahme

*Vortrag gehalten am KAPG-Symposium uber solar-terrestrische Physik in Moskau,
November 1974.
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gleicher magnetischer Spektren aus beiden Stationen eine magnetotellurische
Sondierungskurve bestimmt werden konnte, die nicht unrealistisch ist.

b) Die Statistik der Extremwerte in Amplituden- und Kohdrenzspektren
zeigt, dal Maxima an gewissen Stellen besonders h&ufig sind. Diese Stellen
sind: 33, 48, 80 und 110 sec. Sie liegen anndhernd an Stellen der 2., 3., 5., 7.

?a

Abb. 1 Tellurische Registrierung fiir den Abschnitt | a Nagycenk
b Zavhanmandal

Harmonischen einer Grundschwingung von 230 sec. Diese Struktur erscheint
etwas verwischter in der Pi-Serie, im Falle von Pc-s ist sie ausgepréagter, und
die Lage der Extremwerte verdndert sich kaum.

c) Die als Summe der 4 Abschnitte gewonnenen Spektren bewahren
fast nichts von dieser harmonischen Struktur. Es sind nur die Maxima um
50 sec (im Amplitudenspektrum) und um 80 sec (im Koh&renzspektrum)
vorzufinden.

3. Aufgrund der im Rahmen der KAPG im Herbst 1969 durchgefihrten
Messungen wurde ebenfalls ein gemeinsames Spektrum bestimmt. Es ist die
Summe von 13 Einzelspektren und weist auch eine harmonische Struktur
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* Abb. 2. Tellurische Registrierung fir den Abschnitt 3 — « Nagycenk b Zavhanmandal
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Abb. 3. Kin Beispiel der Amplituden- und Kohéarenzsprektra fiir Nagycenk (Nc) und Zavhan-
mandal (Zh), fur je einen Komponenten des Abschnittes 1

* Richtige Daten in Abb. 1 und 2: 17,09. 1968
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Abb. 4. Wie Abb. 3, aber fur den Abschnitt 3

Abb. 5. Summiertes Spektrum eines events aus dem Material der KAPG-Synchronmessungen
im Herbst 1969
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(2 und weitere Harmonischen) auf (Abb. 5) [1]. Es wurde vermutet, daB die
Pulsationen mindestens im Pc4-Bereich die Oberschwingungen einer Grund-
periode von etwa 200 - 250 sec (oder 100 120 sec) sind.

4. Zu den weiteren Untersuchungen wurde als Hypothese das folgende
Modell gewéhlt:

Die Perioden der Pulsationen sind im allgemeinen breitenabhéngig,
wobei auf mittleren Breiten die Werte von 0, 4 und 10% Periodenverdnderung
pro Breitengrad am hdaufigsten sind [2]. Wenn man diese mit theoretischen
Modellen vergleicht (Abb. 6), findet man die beste Ubereinstimmung mit den
asymmetrischen toroidalen Modellen von Radoski [3, 4]. Die kann mit der
von Usher und Stuart [5] 1966 erwé&hnten Madglichkeit in Verbindung
gebracht werden, dal die Pulsationen die 2 5. Harmonischen einer Grund-

Abb. 6. Theoretisch bestimmte Breitenabh&ngigkeiten der Pulsationsperioden, sowie die am
haufigsten vorkommenden beobachteten Abhéangigkeiten

1. Im Dipolfeld (Westphal und Jacobs)

2. Im Dipolfeld (Dungey)

3. Im Dipolfeld mit verédnderlicher Plasmadichte (Westphal Jacobs)

4—6. 1—3. Harmonische im Falle einer Plasmadichte, die mit der Héhe wie fi s abnimmt
(Siebert)

7. Im komprimierten Dipolfeld (Westphal Jacobs)

8 —10. Asymmetrische toroidale Perioden fir m = 0, 2 und 10 (Radoski)

Il —13. Die den am hé&ufigsten vorkommenden Breitenabhé&ngigkeiten entsprechenden
Kurven (Cz. Miletits)
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Schwingung von etwa 100 120 sec sind. Diese Oberschwingungen kdnnten
dadurch verursacht werden, daf in Folge der Kopplung der toroidalen und
poloidalen Moden Ldésungen nur in einem sehr begrenzten Intervall existie-
ren, und diese die obige Struktur besitzen. Solche scharfe Resonanzen wurden
fir den Fall eines zylindrischen Modells von McClay [6] berechnet. Die Breite
einer mitschwingenden Zone kann etwa 100 km (0,1 L) sein. Sprunghafte
Verédnderungen der Perioden kommen auch in ganz kleinen Entfernungen vor.
Die drei oft vorkommenden Breitenabhdngigkeiten (0, 4 und 10%/°) kénnen
sointerpretiert werden, dall sie den Féllen entsprechen, wenn die beiden Statio-
nen in gleicher Zone, in benachbarten, bzw. zweitbenachbarten Zonen liegen.
Die Wellen an der Plasmapause komplizieren dieses Bild noch weiter, da
sie Pulsationen von gleicher Periode in groBeren Gebieten bedeuten (z. B.
Gupta und Stening in Canada, [7]).

Diese vorldufigen Ergebnisse beweisen, daR Untersuchungen auf diesem
Gebiet sehr schwierig sind. Ergebnisse kdnnen nur dann erwartet werden, wenn
viele kooperierende Stationen mit mdglichst &hnlichen Instrumenten regi-
strieren.

5. Obige Aussagen bezogen sich auf die »Mikrostruktur« der Pulsationen,
d. h., auf die Breitenabhé&ngigkeit der Perioden, auf die Kohdrenz der Signale
in groBen Entfernungen. Es gibt aber auch einen zweiten Fragenkomplex, wobei
die Feinstruktur unbericksichtigt bleibt, und praktisch nur die Einhillende
der Pulsationen (mittlere Amplitude) in Betracht genommen wird. Ohne die
Untersuchungen hier ndher zu besprechen, wollen wir ein Ergebnis hervor-
heben, ndmlich, dal in der Pulsationsaktivitdt zwei globale Komponenten
zu finden sind [9]:

[ TR EY SO TSNS S
9 12 15 18 2 Oh LT

Abb. 7. Effekt der an der gegenseitigen (westlichen) Hemisphédre beobachteten Pulsationen
des Typs Pi im Observatorium bei Nagycenk. Die relative Starke der Pc 3- 4- und Pi 2-Impulse
ist getrennt angegeben
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a) Eine Komponente mit der charakteristischen Zeit von etwa einem
Tag, die mit den Verdnderungen in der Energie des Sonnenwindes und mit
Nachwirkungen der geomagnetischen Stirme in Zusammenhang steht.

b) Eine Komponente mit einer charakteristischen Zeit von einigen
Minuten, wahrscheinlich in Zusammenhang mit Pi-Impulsen [8]. Eine Ost-
warts-Verbreitung der Pi-s wurde schon Anfang der sechziger Jahre vermutet,
spdter wurden auch die Effekte der Pi-Impulse im Pc-Bereich [8] nachgewie-
sen. Ahnliche Ergebnisse wurden neuerlich von Stuart veréffentlicht [10].
Diese Impulse kdnnen praktisch auf der ganzen Erde nachgewiesen werden.
(Abh. 7).

Tatsdchliche Amplituden sind natirlich auch durch die geographische
Lage beeinfluRt. Die besten Korrelationsfaktoren konnten auf Breiten um 30°
festgestellt werden.
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CPABHEHWE NYNbCALUUA HA CTAHUUSAX,
HAXOOAWNMXCA HA BOJIbLUIOM PACCTOAHWWM APYT OT APYTA

0. U. MUNETWY-. BEPE

PE3IOME

B nepBoii YacTu cTaTbW COMOCTABASKOTCA TEN/TYPUYECKUE 3anucK 06cepBaTOPUN OKOJO
HagpbLeHK ¢ 3anucamu, caenaHHbiMy B MOHIonmm, okoso 3apxaHMaHgen. Mogpo6Ho 6bin mccne-
[l0BaH Ny/nbCauyMoHHbIA nepuog B 20 MuH. (3 pc, 1 pi). Bo BTOpOii YacTu cTaTbu NOMYYEHHbIe
pe3ynbTaTbl COMOCTABNATCA C PaHHUMU WCCNEA0BaHMSMU NOJO6HOM Npupopbl.
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SEISMIC MAPPING OF HUNGARY

D. CSOMOR
GEODETICAL AND GEOPHYSICAL RESEARCH INSTITUTE
OF THE HUNGARIAN ACADEMY OF SCIENCES
SEISMOLOGICAL OBSERVATORY, BUDAPEST

[Manuscript received December 20, 1974]

The paper presents the method used for the seismic zoning of Hungary and the seismic
zoning map of the country.

Earthquakes can cause depending on their magnitude severe damag-
es in human constructions on the Earth’s surface. The restauration of the
damages means a heavy burden for the national economy, for the society.
Therefore, one of the main aims of earthquake research is to prevent damages
caused by earthquakes. In order to fulfil this practical aim, seismic mapping
is necessary. The first seismicity maps have been exclusively based on earth-
quakes data, such as distribution of epicenters, occurrence frequency of earth-
quakes or their maximum intensity.

The practice made it, however, necessary, to take into account geological
and tectonical conditions of areas when mapping seismicity. On this basis
the possibility for the occurrence of earthquakes is studied, and the results
are included in the seismicity map.

The seismicity map constructed on the basis of geological and seismolo-
gical data is in a wider sense of the word at the same time an earthquake-
prognostic map as well, as it settles the question about the place and intensity
of the earthquakes to be expected.

A group of researchers in the Institute for the Physics of the Earth of
the Academy of Sciences of the Soviet Union worked out a method [1], which
has been used when making the seismic zoning and seismicity map, resp.,
of Hungary.

The main point of the method is [2, 3] that the tectonic history of an
area, its present tectonics and the recent crustal movements determine the
seismicity of any area with respect to the occurrence of strong earthquakes.
A synthesis of these factors with seismological data yields the seismic zoning
of the area.

For the area of Hungary, |I. G. Reisner of the Institute for the Physics
of the Earth of the Soviet Union prepared a map (based on discussions with
Hungarian specialists [P. Krivan, L. Kérossy, S. Lang, M. Péchy, A. Rénai
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and Gy. Wein) and bibliographical studies] where the most likely areas of
strong earthquakes are to be found. The zones of strong earthquakes are
distributed into four categories (Fig. 1).
On this map, | indicated the epicentres of earthquakes in Hungary
between 1763 and 1973, having an intensity of 6° or more in the epicentre.
The map shows that the epicentres of earthquakes with intensities

8°, 8.5° and 9° lie in the I. and Il. order zones. From among the epicentres
with intensities of 7°, 5 lie in Ill. order occurrence zones or in their vicinity,
one in the vicinity of a I. order zone. From among the 6° earthquakes, 4 lie in
1Y. order occurrence zones, 3 in Ill. order zones, the others are scattered in

the country.

Taking into account that in similar structural conditions in a zone of a
certain order similar strong earthquakes can be expected, one has to count
with earthquakes of intensities 8°, 8.5° and 9° in I. order zones, even if no
such earthquakes have occurred yet.

In Ill. order zones one has to count on earthquakes of 7 7.5° in IV.
order zones on those of 6 6.5° intensity.

W hen constructing the seismic zoning map, the mean radii of the iso-
seismals of the Hungarian earthquakes, as well as the results of the earthquake
zoning made by E. Bisztricsany, D. Csomor, Z. Kiss [4] have also been
taken into account.

The map (Fig. 2) distinguishes areas, where earthquakes of 9, 8, 7 and
6° occurred or have been felt, or where such can he expected.

According to this map, an earthquake of 6° or stronger must be expected
or have already been felt in an area of about 45 000 km2, or about 48.4 per cent
of the area of Hungary. The distribution of different intensity shocks in Hun-
gary is the following:

area, where an earthquake of 9° has been felt

about 900 km?2 1.0 per cent
8° 4 800 km2 5.2 per cent
7° 13 600 km2, 14.6 per cent
6° 25 700 km?2, 27.6 per cent
5° or less 48 000 km2, 51.6 per cent

The distribution shows that severe damages may occur on about 6.2
per cent of the area of the country. These areas lie around the epicentres of
the strong earthquakes in Komarom, Mor, Jaszberény, Kecskemét, Eger and
Dunaharaszti. The greatest part of the area of 7° shocks is derived from the
strong earthquakes listed above, and surrounds the areas of even stronger
shocks. In addition, 7° shocks have been also felt in the area of Nagykanizsa
Tereske, whereas in other separated 7° areas no 7° earthquake has been felt
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No

Year

1763
1767
1780
1810
1823
1826
1839
1842
1852
1863
1868
1876
1876
1876
1876
1879
1893
1904
1908
1908
1909
1911
1919
1925
1927
1930
1931
1934
1937
1942
1942
1951
1953
1956
1956

Day

June 28
Dec. 8
June 26
Jan. 14
June 11
Oct. 1
July 11
Aug. 31
Febr. 16
June 14
June 21
July 6
Oct. 21
Nov. 30
Dec. 6
Dec. 7
June 22
Febr. 12
March 15
May 28
May 29
July 8
Febr. 22
Jan. 31
March 4
Aug. 22
Apr. 7
Sept. 1
June 10
May 14
Sept. 30
Febr. 20
Sept. 13
Jan. 12
March 31

SEISMIC MAPPING OF HUNGARY

Table |

Location

Komarom
Sztlérinckéata
M4érianosztra
Mor
Fuzesgyarmat
Monor
Sztméartonkata
Nagykanizsa
Balassagyarmat
Kiskunmaj sa
Jaszberény
Nagyatad
Surd
lharosberény
Mohécs
Gyongyods
Pincehely
Golle

Gomba
Kecskemét
Magyarsarlés
Kecskemét
Gasztony
Eger
Varpalota
Cserhatsurany
Beregdardc
Bucsusztlaszlo
Tarcéi
Bakonybél
Téapio6sily
Tereske, Tolmacs
Ukk, Tdrje
Dunaharaszti
Pakod

Coordinates
18°05'E 47°48'N
19°44'E 47°31'N
18°52'E 47°52'N
18°12'E 47°23'N
21°13'E 47°07'N
19°26'E 47°21'N
19°41'E 47°27'N
17°00'E 46°28'N
19°17'E 48°05'N
19°45'E 46°29'N
20°04'E 47°30'N
17°22'E 46°14'N
16°58'E 46°19'N
17°07'E 46°22'N
18°41'E 45°59'N
19°56'E 47°47'N
18°27'E 46°41'N
18°01'E 46°27'N
19°32'E 47°23'N
19°35'E 46°57'N
18*20'E 46°04'N
19°43'E 46°57'N
16°22'E 46°58'N
20°24'E 47°52'N
18°08'E 47°12'N
19°26'E 48°01'N
22°35'E 48°10'N
16°54'E 46°43'N
21°18'E 48°07'N
17°42'E 47°15'N
19°35'E 47°27'N
18°08'E 47°58'N
17°10'E 47°02'N
19°04'E 47°21'N
17°00'E 46°59'N

159

Intensity

g°
6°
70
g°
6°
6°
70
70
6°
6°
6°
6°
6°
6°
6°
6°
70
6°
7.5°
7.5°
6°
9°
6°
8.5°
70
6°
6°
6.5°
6°
6°
6°
70
6.5°
g°
6°

Acta Geodaetica, Geophysica et Alontanistica Acad. Sei. Hung. 10, 1975



160 DGMR

yet. In 7° areas some light damages on buildings must be expected, in 6°
areas very slight building damages, mainly mortal ruptures may occur.

The seismic zoning map gives one of the characteristics of the seismic
risk in an area, the maximum intensity of earthquakes to be expected. In
planning works, the occurrence frequency must also be taken into account.

The table contains a list of earthquakes with intensity 6° or stronger in
Hungary for 1763 1973.
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KAPTA CEVMCMWYECKOIO PAMOHUPOBAHWSA BEHIPUM
A. yomop

PE3FOME

B cTaTbe paccmaTpuBaeTCsi MeTOf, CeMCMUYEcKOro paioHupoBaHs BeHrpuu. Wsnara-
eTcsl KapTa CeliCMUYeCKOro paioHUpoBaHust BeHrpuu.
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J. Smith

FELDSPAR MINERALS

(With the assistance of Brenda F. Smith)

Springer-Verlag, Berlin Heidelberg - New York 1974.
Two volumes of this three-volume handbook were published in 1974, the third one being in
preparation.

The first volume of 627 pages, 252 figures, deals with the crystal structures and physical
properties, the second volume, 690 pages, 211 figures, reviews in detail the chemical and textur-
al properties, in the third volume in preparation according to preliminary notice— the experi-
mental equilibrium states, the thermochemistry, petrogenesis of feldspars and their natural
occurrence will he described.

Volume 1: Crystal Structure and Physical Properties is divided into two main parts
and within this 12 (5+ 7) chapters.

In Part 1 the crystal structures are treated. In the first chapter a brief review of the
crystal chemical theories and experimental techniques is given. In the second chapter, the
most important features of feldspars and the related structures are discussed in a concise
form, yet with appropiate thoroughness. The tetragonal hollandit structure type and the
hexagonal and rhombic modifications of BaAI2SL08 and CaALSi,Og are discussed in connec-
tion with the review of related structures.

The third chapter deals with the order and disorder in crystal lattices and with their
types. After the discussion of the ordering, data on Si, Al order determined experimentally
are surveyed, then their interpretation is dealt with. The discussion is illustrated with tables
and diagrams.

The fourth chapter discusses the geometry and atomic coordination of structures. The
basic data on feldspar structures are summarized in several tables. All these are completed
by many diagrams and structural models. Examining the environment of M atoms bonding
the (Al, Si)04 tetrahedra, the symmetrical conditions of M O bonding are analysed and the
description is illustrated with synoptic tables and figures. The atomic displacements from
thermal motion and substitutional disorder, taking into account the displacements of Na
atoms in alhite, are also discussed.

The fifth chapter presents the complex crystal structures. After the review of the
influence of the various types of twinning on the lattice structure and X-ray scattering, it
points on the definitive order of Al, Si in Ca plagioclases, verified by X-ray diffraction. The
role of X-ray diffraction in the judgement of the anorthite content is also shown.

Part 2 deals with the physical properties and experimental techniques.

The sixth chapter discusses the X-ray diffraction techniques. After a brief review of
the single-crystal techniques, the photographs of alkali feldspars taken by the precession and
oscillation techniques are presented, then it proceeds to photographs of plagioclase. After-
wards the powder techniques are considered. This chapter is coloured by Guinier powder
and diffractometer photographs. Celsian and reedmergnerite patterns (a B-containing alhite)
are also presented in this chapter.
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The seventh chapter is devoted to macroscopic thermal expansion and changes in cell
dimensions. First, alkali-feldspars are discussed in more detail. The principal variations of
the cell dimensions of K —Na feldspars are also represented in illustrative drawing. The con-
ditions of K, Na substitution and its interpretation are given, then a review of the pertliitcs
and their anomalous specimens follows. The simple determinative methods and then the dimen-
sional changes caused by heating are presented.

The following part of the chapter reviews the cell dimensions of natural and synthetic
plagioclase feldspar specimens and the simple determinative methods. Afterwards, the descrip-
tions of the dimensional changes caused by heating follow, illustrated liberally with diagrams
and tables. After the discussion of ternary feldspars and K-exchanged plagioclases, the chapter
concludes with a review of K, Ba feldspars and synthetic related compounds.

The eighth chapter deals with light optics and measuring methods. After the analysis
of the accuracy of optical measurements, the optical effects of the compositional and morpho-
logical inhomogeneities, fine-scale twinning and intergrowths are described. Then the optical
features of the feldspar groups are reviewed one by one. The relation between optic axis
and order of tetrahedral atoms is treated together with the alkali feldspars. The relations
between the refractive indices, birefringence, extinction angle and optical orientation are
profusely illustrated with diagrams.

In the subsequent part of the chapter, the plagioclases, K, Ba feldspars and the optical
properties of related feldspars are dealt with and finally the determinative methods are also
compared.

The ninth chapter deals with nomenclature and general properties of feldspars. Nomen-
clatures proposed by different authors are compared. Attention is called to the confusion of
some authors in connection with the naming of K feldspars, Na feldspars and plagioclases.
Next discussed are phase transformations which occur at rapid or slow cooling of feldspars.
There is a noteworthy proposal for the nomenclature of Na feldspars and ternary feldspars.
In the plagioclase group six phases are distinguished: 1. monalbite, 2. analbite, 3. albite
(of high temperature), 4. albite (of low temperature), 5. anorthite B and 6. anorthite P.
Anorthite B is a Ca-feldspar with trichlinic, hodycentered, translation lattice, anorthite P
is a Ca-feldspar with triclinic, primitive, translation lattice.

The tenth chapter reviews electron-optical methods. First, the transmission electron
micrographs, the detection of twins, dislocations and deformations by electron microscope
is dealt with in detail, illustrating the description with very beautiful photographs. After
the review of chemical alterations in feldspars, the electron-microscopic observations are also
presented. Then there are topics on scanning electron microscopy and photo-emission electron
microscopy. Especially valuable are the electron diffraction photographs of the individual
feldspars.

The infra-red absorption, nuclear magnetic resonance, electron spin resonance and
Modssbauer resonance are the subject of the eleventh chapter. The infra-red absorption spectra
and patterns, respectively, assume characteristic forms in the various feldspars, on the basis
of which they can be identified. The chapter gives many diagrams which can help the specialists
engaged in infra-red spectroscopy in determining feldspars of different composition. The
modern mineralogical examinations complete the optical and X-ray ones very well, the methods
based on nuclear magnetic resonance, electron-paramagnetic resonance and Méssbauer
(gamma-ray) resonance give very useful data for the finer separation of feldspars.

The twelfth chapter treats miscellaneous further physical properties. Such are colour,
luminescence, electrical phenomena, thermal conductivity, mechanical properties (deforma-
tions), density, thermogravimetry and differential thermal analysis as well as rapid visual
identification procedures. Chatodoluminescence spectra provide a simple tool for characteriz-
ing feldspars. Bombardment with electrons of thin sections of feldspars allows qualitative detec-
tion of chemical and textural features. Absorbed energy is emitted as luminescence by the
material. Thermoluminescence examinations are also useful additional methods.

Volume 2: “Chemical and Textural Properties” with 690 pages is also divided into two
main parts (Parts 3 and 4) and within this to 8 (13 —20) chapters.

Part 3 deals with chemical properties and experimental techniques. The thirteenth
chapter deals with the description of analytical methods as well as the analysis of their preci-
sion and accuracy. After a review of the specific application of gravimetric and volumetric
analytical methods to feldspars, the X-ray fluorescence and electron-spectrographic analyses
are discussed and then the flame photometer, radioactivation and mass spectrometer analyses
are surveyed.

The fourteenth chapter is one of the most extensive ones: it deals with chemical proper-
ties. After the review of the basic stoichiometric concepts, theoretical models on chemical
substitution and distribution are discussed. Then the major chemical substitutions and experi-
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mental data on element distribution are considered. After these the chemical substitutions
in natural feldspars are dealt with. Further analytical data are presented in about 28 tables
from different authors. These analytical data are obtained from various feldspars and relate
to both the main elements and the rare ones. The chapter concludes with isotope distribution
in feldspars: with the O and Pb isotopes, the K/Ar and Ub/Sr isotopic ratios and is completed
with an abundant list of figures and references.

Pari 4 deals with growth, diffusion, structural defects and intimate intergrowths
of feldspars.

The fifteenth chapter gives a general review of phenomena and processes as an introduc-
tion to the subjects to be treated later.

In connection with diffusion, the sixteenth chapter discusses the transformations,
first, under dry conditions and then under hydrothermal conditions upon heating. Then it
reviews the experimental data on the mobility of O atoms, with special attention to the O
and 0 10 isotopes. After the presentation of the experimental data on M atoms bonding the
Si. Al tetrahedra, the distribution of Ar in anorthite and K-rich feldspars are considered.
Finally the diffusion, viscosity and crystallization kinetics of liquid and glass are treated.

The seventeenth chapter deals with the growth of crystals and growth defects. After
the review of the growth mechanism, the primary growth from magmas and other fluids as
well as the primary growth in the solid state are surveyed. After the description of the synthesis
of zoned feldspars, the zoning in feldspars of igneous and inetamorphic rocks, and finally
the theories of zoning are treated.

In the subsequent part of the chapter, the tracht, morphology and habit in synthetic
crystals and natural feldspars are dealt with. All these are profusely illustrated with drawings
and micrographs. Then the review of miscellaneous textures follows. The chapter concludes
with a description of dislocations and etch features.

The eighteenth chapter deals with twins and related structures. Operation and structural
explanation of feldspar twins and individual twin types are discussed in detail. After the
description of twinning mechanisms, morphological and other criteria for recognition of twin
mechanisms are reviewed.

The description of plagioclase twins forms an extensive part of the chapter. First,
the laboratory production of twins is described and transformation, mechanical and growth
twinning are presented. Also included are topics on frequency of twinning in plagioclase and
identification of plagioclase twins. The chapter is profusely illustrated with diagrams, tables,
drawings and photographs.

The nineteenth chapter deals with the intimate feldspar intergrowths. First, perthites,
their classification and textures are discussed and then the relation between chemical composi-
tion and crystal structure is described. The relations reviewed are supported by data on
optical behaviour and by roentgenographic ones.

In addition to the review of the ideas on formation mechanisms, they are also critically
evaluated. The section on perthites concludes with a brief explanation of their iridescence.
Then the intergrowths of plagioclases are discussed. After the review of peristerite intergrowth
in acid plagioclase and the so-called Boggild intergrowth in intermediate plagioclase, the
chapter concludes with the presentation of the Huttenlocher intergrowth in basic plagioclase.

The twentieth chapter surveys intergrowths of feldspars with other minerals. After
the review of myrmekites, it discusses spherulites in devitrified rocks, granophyric intergrowths
and graphic granite. Then nephelin-feldspar intergrowths, pseudoleucite and anhedral nephelin-
K-feldspar intergrowths are described, followed by a description of the avanturine and red-
clouded feldspar and a review of their origin.

The chapter concludes with presentation of miscellaneous intergrowths of feldspars
with other minerals (olivine, pyroxene, micas, sillimanite, corundium, spinel, amphibole).
A brief review of fingerprint texture of feldspar and glass also takes place in this chapter.

The author gives an abundant hook list at the end of each chapter in both volumes.
This considerably enhances the usefulness of the book for those who want to gather more
information about the subjects discussed. Furthermore, in both volumes at the end of each
chapter in addition to the tables of contents, subject index, name index, locality index, index
of rock types, list of figures and tables facilitate the orientation for the readers.

After all, the first two volumes of the three-volume handbook has been written with
thoroughness and can be of use not oidy to crystallographers, mineralogists, and petrologists
hut also to chemists engaged in crystal chemistry and to physicists engaged in physical chem-
istry. Though the hook was written in the first line for research workers engaged in the sphere
of activity discussed, it can prove of real value to practising geologists, silicate (ceramic)
chemists, even students who look beyond their studies into the future.

T. Pojjak
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A NEW MODEL FOR LEVEL AREAS

(Inaugural address on the occasion of his public acceptance of the Chair of Soil Survey at
the International Institute for Aerial Survey and Earth Sciences, Enschede, The Netherlands,
17th December 1974) 32 pp, Waltman, Delft

The author presents here ideas on mass movements in level areas, which could affect
rather great territories and have historical significance, too. These events can change the
living conditions of certain areas catastrophally (The Netherlands, Spain etc.) and are in connec-
tion with coversands and suffossion. The paper is of equal interest for geoscience, history and

soil survey.
. Veré
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PHYSICAL DESCRIPTION
OF THE INFINITE HALF-SPACE

L. KAPOLYI

TATABANYA COAL MINES, TATABANYA

[Manuscript received August 10, 1974]

A new method is given for the description of mechanical effects taking place in the
earth’s crust subjected to mining activity. The method is based on the use of the geometrical
field of motion and the density field of the infinite half-space.

The mining of the future and the future of mining are related concepts.
The future will be determined by the coming demands on basic materials, and
the necessity to satisfy them urges for new methods and conceptions ofexplora-
tion and development. The tendency of an intense concentration of the pro-

ducing activity in space and time — which will lead to the application of
highly efficient exploding methods, including in some cases nuclear explosions,
too — will cause very great changes in the equilibrium of the earth’s crust,

which cannot be described anymore by means of the classical rockme-
chanics.

The place of the exploitation of mineral rough materials changes con-
tinuously and produces a field of motion of geometrical character. This geo-
metrical field can be described by equations of state, based on chemical,thermo-
dynamical, mechanical rules, depending on the exploiting method.

In consequence of the geometrical motion fields, physical fields (tension,
density, etc.) will be induced; their exact knowledge is a necessary condition
of running mining processes.

In order to describe the physical processes taking place in the half-space,
we elaborate in what follows the connection between the geometrical and
physical fields and the differential equations expressing the connection be-
tween them. By means of this a simple possibility of representation will be
given that enables to describe the processes in the half-space by means of
underived variables.

The material filling the infinite half-space can be considered as a multi-
layered aggregation, being at once discrete and continuous. It is discrete in so
far as from the point of view of the investigation it is composed from elemen-
tary parts. Itis not simply discrete, however, in so far as these discrete parts
are nodes corresponding to different quality degrees (molecules, atoms,
elementary particles, conglomerates, microtectonically divided parts, layers
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of different rocks, etc.) in the structure of the material filling the infinite
half-space [1].

The elements of the elementary multitude filling the infinite half-space
are interrelated with each other; some of these relations, however, can he
considered as unimportant from the point of view of a certain investigation
(as e.g., the microstructure in case of an investigation of sinking).

In what follows the material system filling the infinite half-space will
he regarded as a continuum and the stochastic representation of the multi-
layered character of the material system will be given in a subsequent paper.

The geometrical field of the half-space

Let two arbitrary points i and j of the earth’s crust be given by means
of the orthogonal unit vectors i, j and k (in the Descartian reference system)
in the form of

—

= xi 1-yj + sk r= |~
and

R= Xi+Yj + Zk R =1 H

where X, Y, Z and x,y, z are rectangular coordinates.

Let V and V* be two domains of the rock continuum and assume that
the domain V changes into V* due to a deformation of the rock-environment
brought about by the opening of mining holes or by any other effect disturbing
the equilibrium. If the vector R of an arbitrary point of the domain V is
being transformed in course of the deformation into a point of domain V* char-
acterized by vector r, then this motion — or deformation — (and its in-
verse, respectively) can be described by the transformations

r

r(R, t) (1)

R R(r, t), 2)

while the vector R runs through all the points of domain V, its image r will
run through all the points of V*. Since the transformation is symmetrical,
it can be equally said that the domain V is transformed into V* or, according
to the inverse function, thatitistransformed into V. Thus,two representations
of the infinite half-space are given:
1. The coordinates X, Y, Z of the vector R are ordered to a material
point or “particle” of the half-space.
2. The coordinates x, y, z of the vector r determine the points of the
Euclidian space filled by the rock.
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Hence Eqs (1) —(2) mean the material resp. geometrical way of describ-
ing the motion:

1. The motion or deformation described in Eq. (1) gives the place of
a chosen “particle” R in an arbitrary moment t,i.e., if R is constant, connec-
tion (1) represents the “orbit” of a given particle (Lagrange description).

2. The inverse transformation (2) defines the particle belonging to the
point determined by the place vector r in the moment t (Euler description).

The two interpretations differ in the basic variables chosen. In our
further investigation the variables

r= 1x,y, 21l and t

will be considered as independent, i.e. the so-called geometrical description
will be used. In course of the mechanical analysis of rock-continua, however,
it is more suitable to use an apparatus unifying the material and the geo-
metrical description, which, on the one hand, follows the motion of the “indi-
vidual particle” of the continuum, while on the other, represents the variation
of the velocity space, too.

This can be accomplished as follows: In mechanics the displacement of
a point with given place vector r (particle R) in the moment t can be described
by the displacement vector:

u= u(r,t). (3)

This gives the geometrical motion field produced by mining activity. Since here
the motion of R is dealt with, Eqs (3) and (2) describe identical transform a-
tions.

For further reference, we define the velocity of an arbitrary point of
some particle R of a continuum being deformed.

During the motion represented by Eq. (1), R must be constant, if we
are observing the orbit of a given point; thus the velocity of the particle is
determined by the partial derivative with respect to t of the place vector r
belonging to R, i.e.:

Or 3u

v 4
3t R 0t @

Taking into account Eqs (1) and (2) the velocity of the particle R can be
given in the form:

v= v(R,t) (5)
v = v(r f). (6)

The connection between these two equations will be studied from the
aspect of the variation in time. In order to link the physical half-space with
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its geometrical field, we will need the concept of acceleration to describe the
forces of inertia. Differentiating Eqs (5) and (6):

d\ 3y 3v dR
+ ()
dt 9t. = 3R dt
d\ 3v 3v dr
+ = - (8)
dt 31 ¢ or dt
According to our former definition, the coordinates R = ||X, Y, Z\\ are

data of a reference system bound to the particle, i.e. the system moves together
with it. Since the place of the particle is not changed in this system:

dR 0
dt
and we get by Eq. (1):
dr i3r4
dt ' [dt]
or, on the basis of Eq. (4):
dr 3u
dt 31

Substituting back these connections into Eq. (8), we obtain

d\ 3y 3v  3r =il o+ (vv)ri= A 3u 3UV\
= = e =
dt 31 3 K dt dt 31 o 31 % 9>
where
3 3 3 3
V =
dx 3y 3z 3r

Since r and t are independent basic variables, Eq. (9) can be written in
case of continua in the following form:

d\ 32 3 3u
_(uVv) (10y
dt 3T" 3i dt'

The meaning of Eq. (10) is that the change of the velocity field is com-
posed of two parts:

ov
— of a local change referring to a place r,

and
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— of a convective change v(Vv) due to the displacement oi the mass

centre of the mass element at this point of space with the velocity v.

Connection (10) will be used in connection with the impulse theorem
written up for the infinite half-space.

The physical field of the half-space

It has been shown that the motion field arising in consequence of mining
activity can he characterized by the vector space u. Its distribution depends
on the physical properties of the material half-space hut it cannot reproduce
these properties.Thus, an other natural, characteristic quantity must be chosen
for characterizing the physical properties. This is the mass density.

The mass is the most basic character of the material that continuously
fills the half-space investigated. Mass can always be characterized by a posi-
tive real number which is the measure of inertia, weight, quantity of the
m aterial system. The mass density

Q= e*0 (i)

of the material changes in course of the deformations and it is suitable to
describe the physical conditions and material properties of the system, as will
be proved later on.

Connection between the geometrical and the physical field

The effect of holes (gangways, workplaces of mass production, etc.) cut
in the earth’s crust presents itself in changing the distribution of the geo-
metrical, and the physical field.

In consequence of mining activities the density field of the rock mantle
will be changed and also geometrical motions are introduced. By means of
these two fields and the general differential equations describing their change,
respectively, the mechanical effects can be completely described. Consequently,
contrary to the hitherto perception in continuum mechanics, two variables
are enough to represent the mechanical processes; they are the vector field

u -u(r,t)
and the scalar field

Q = e(r, t).

The proof of that will be given by writing up the fundamental equations of
continuum mechanics.
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Fundamental equations of mechanical systems
a) The principle of the conservation of material

This condition has always been met when solving mechanical problems.
Its form is well-known:

-y-+ Min) = 0 (12)

It can be seen that this differential equation links the geometrical and the
physical field.

b) Dynamical equilibrium

On the basis of Newtons second axiom the connection

VE+ (g= 7 (13)

can be deduced as the condition of the dynamical equilibrium of an arbitrary
part of the space, where F is the so-called tension tensor and q the field vector.
Equation (13) expresses the equilibrium of the inner forces (first term on the
left side), of the mass forces (second term on the left side) and of the inertial
forces (right-liand-side term).

In Eq. (13), there appears the tension tensor which must be regarded
as a derived variable and which is, according to our considerations, not neces-
sary for the description of the phenomena. The application of the material
equation means the solution of the problem.

c¢) Material equation

As the common generalization of Onsager's phenomenological principle
and of the Curie principle the most general form of the material equation
of continua was given by Fényes [4] as follows:

F=L(V° u) (14)

where L is the so-called impulse-conducting tensor, i.e. the tensor of material
properties [5]. By means of this, Eq. (13) can be transformed into
qu '

Vi(Vou)+ = Q----- (15)
( )+ pq th it

in which only u and q appear.
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Solution of problems of continuum mechanics

On the basis of what has been said so far, the processes in the infinite
half-space can be assumed as known, if the geometrical motion field (the
distribution of three scalar functions) and the density field (the distribution
of a single scalar function) is known. For that goal one has to solve the scalar
equation (12) and the vector equation (15), (three scalar equations) subject
to initial and boundary conditions. The following four scalar equations are
at disposal for determining the scalar variables of the problem:

9e -0
8f
(i6)
VLVeu s pg=p
dt 91
having performed the operations indicated and making use of Eq. (10):
8 ou 8
— o0+ —Vp+p—(Vu)= 0,
gt gt gt
17
g 9 8 U
VL(Vou) f-pg= p -~ \-ooeeeeee (uV) ——
8 t2 8t 91

results. Equations (17) deliver the fundamental equations of continuum
mechanics.

Conclusions

It has been shown in the paper that the state of mechanical continua
can be unambiguously determined by means of the geometrical displacement
field and the distribution of mass density .

Fundamental equations setting up the link between geometrical and
physical field were established in Eq. (17). All other mechanical fields occur-
ring in conventional concepts are the consequences of these two and can be
easily derived from them. For instance, the tension field can be derived from
the geometrical one as:

F = LV on (18)

the field of deformation effect in the form:

P=F:Vo— = LVou:Vo = LVou:— (Vu) (19)
dt dt ot

where : denotes tensoric (inner) multiplication.
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All that implies that in the sense of our new concept it is enough to
operate with two basic variables, all the others can be derived from them.
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PNSINYECKOE ONMMNCAHME BECKOHEYHOIO TMONYTPOCTPAHCTBA
Nl. KATIONW
PE3IOME
B cTarbe paccMatpuBaeTCs HOBbI METOA 418 ONUCAHUSA MeXaHWYeCKUX apdeKToB, Mpo-

MCXOASLLNX B UCMONb30BAHHOW A1 TOPHbIX Pa3paGoToK 3eMHO Kope, onupasick Ha reomeTpu-
YecKoe Nose ABVXXEHUS U Mosie NAOTHOCTM GECKOHEUHOr0 MoynpocTpaHCTBa.
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NUCLEAR MINING
OF PORPHYROUS CHALCOPYRITE ORES
UNDER IN SITU CONDITIONS

G. TARJAN

TECHNICAL UNIVERSITY FOR HEAVY INDUSTRY, MISKOLC

[Manuscript received August 25, 1974]

The volume of a chimney produced by an underground nuclear blast depends on its
depth to the surface and the quality of the rock. In Fig. 1 the variations in the diameter
(R m), in Fig. 2 those in the amount of breakings (T 10e t) are shown for various charge in-
tensities (iV kt) and depths (H km) for granite. Chalcopyrite (and pyrite) are easy to solve
in water of high pressure and temperature, containing free 02 (Fig. 3). Supplying, to the bot-
tom of the chimney produced by nuclear blasting, oxygen, the pressure of which exceeds
the hydrostatic one, such conditions will be created therein favourable for the process of
oxidizing and dissolving primary sulfides (chalcopyrite and pyrite). By the process of oxida-
tion, heat is generated, consequently, the temperature of solution within the chimney, even
at relatively smaller depths (0.5 to 1.5 km), will rise to 120 to 150 °C, accelerating the process
of dissolving. At great depths (>3 to 5 km), the temperature of rock or chimney are ab ovo
higher than - 150 °C. In Fig. 4 data are presented on the rate of copper dissolution deter-
mined by autoclave tests with porphyric ore pieces, as well as on the variations in the tem-
perature within a nuclear chimney and the copper recovery therefrom vs initial temperature,
further on the sulfide content of the ore and the size distribution of breakings. If both hydro-
static pressure and temperature are high in a large chimney produced by underground nuclear
blasting, then the metal content of minerals, insoluble by conventional in situ methods,
can be rapidly and economically recovered. There are large potentialities in the future use
of this process, particularly in ore deposits lying at great depths.

1. Introduction

In paper [4], at the end of which its author outlooks upon the trend
of future development mainly under the aspect of copper mining, a more
extended use of the techniques of mass production by blasting with nuclear
charges is anticipated for the years ahead. In this process ore deposits in grade
inferior to 0.5—0.6 per cent Cu content, deconsolidated by blasting, are flooded
by aquaeous sulfur solution on a 2.5 kg sulfuric acid basis per 1 kg recoverable
copper, and the efficiency ofleaching is increased by adding cultures of bacteria
(up to atemperature of 60 °C their activity is stimulated by the temperature
increasing with depth and the radioactive radiation).

As indicated by paper [5],in Hungary a zone relatively poor in minerals
lying near the surface is succeeded by a level extractable still by conventional
methods (for solid materials at a depth of ~1.2 km [+ 30 to 40 p.c.]) below
which the presence of mineral deposits, that may be considered as rich even
on world scale, can be anticipated (just the contrary of that experienced with
normal mineral deposits, the grade of which is decreasing with depth). How-
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ever, they can be prospected and extracted by suitable deep-mining methods
only, i.e. “by injecting chemical and biological solvents of high vapour pres-
sure and others” subsequent to their deconsolidation by blasting. According
to the author of this paper “deep mining may reach the depth range up to
10 km in the next two decades”.

In the following, the principles of the objectives outlined in papers [4]
and [5] will be discussed, as completed by test data available in the relevant
references, in the field of copper ores.

2. Underground nuclear blasting

The effect of underground nuclear blasting is revealed in breaking rocks
(of V~—nRZ = n KR3cu.m volume and T = 06Vt weight in which & = rock
density) within a chimney ofradius R m and of heightL = KR, the dimensions
of which depend on the magnitude of the charge (N kilotons, 1 kt is equivalent
to the power of T ~ 1012 kcal liberated from 1000 sht = 907 metric t of tri-
nitrotoluol — TNT, 1t nitroglycerine producing the same blasting effect as
1.6 TNT), on the depth (Il km) and the quality of rock. Rocks in a marginal
zone of 15 to 20 m in thickness surrounding the chimney will be also highly
cracked. The texture of various rock pieces stemming from nuclear blasting
exhibits, similarly, much more microcracks than those produced by conven-
tional blasting. This is well illustrated by slides prepared, using rock samples
taken from the interior of rock pieces satusrat_ed by dye solution.

Theoretically, the relationship R = C\jN_Il\O—H can be derived. In Table
7.1 presented in paper [7] a lot of data on nuclear underground blastings
(of 0.5 —22 kt) are included, from amongst which 2 were carried out in granite,
1in dolomite, 5 in tuffs and 2 in alluvial rocks. Data on them, as well as on
C and K — L/R, calculated more accurately from the curves R = f(H) and

Table 1

Factors included in the formulae derived for niiclear blastings effected in various rocks

Rock o] c K c Kk c K
Granite 2.7 10.3 4.5 8.05 38.2 522 2.00
Granite 2.7 10.8 4.2 8.44 35.7 602 2.15
Dolomite 2.3 9.0 3.2 7.3 23.1 389 0.90
Tuff av. 1.9 135 5.2 115 31.0 1525 4.72
Alluvium av. 1.9 11.6 3.8 9.26 27.7 800 2.22
Granite (1) 2.7 11.5 4.235 9.0 35.9 730 2.62
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L —f(H) related to granites occurring in the last line (for which N = 5—
1000 kt and H = up to 6 km as fixed in4paper [1]) for the values R m, N kt

and H km, as well as the factors C — C/N/O, k' = noK, ¢' = C'3and k = k'c'
inthe formulaeR=C N1I3H Ui.T=k'R3,R3=c’N/H 3iand 10°T= k(]Y/100)/A34
are included in Table I.

In paper [3] T = f(N) curves are presented for the depth range of
0.5—1.5 km (for each 250 m interval) up to N = 250 kt, as well as data on
the chimney produced by a nuclear charge of N — 100 kt ignited in granite

at a depth of R = 0.75 km. These latter data are as follow: R = 20.5 m,
L=300m (K =7.32), T — 3.8 «10et), (with a rock density of 2.8, humidity
3 p.c. and porosity 0.17). From these curves and the data indicated, the
formulae R cbl 4.5 N49# 512andT ~ 62 R3= 2.64 « 10" (iV/I0O0)43 # ¥4 (t) can
be derived.

In Fig. 1 values of R = f(N) are presented, in drawing A of Fig. 2 the
values of T —f(N) are illustrated for various values of H km, in drawing
B the values of T = f{H) for various N kt values are represented in full lines
if the curves taken from paper [1] are considered as valid, and in dotted lines
if those taken from paper [3] are valid, provided that their extrapolation to
R = 10 km and N = 10 000 kt is allowed. (For the paper [1] based on theore-
tical relationships, its possibility is more probable.) Otherwise, the curves R,
L and T in [1] are included also in [7] for charges of 5—1000 kt in function
of their depth of location H, however, slightly more inaccurately. From using
the measured values obtained in this case unsystematically varying K values
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result both for the function of N and that of H, respectively. K is ranging
from 3.1 to 4.2 with 3.84 as average, while from the curves of [1] as average
value 4.235 was obtained for a narrow range of 4.10—4.35. It is to be noted
the value of K slightly increases with increasing N. For N = 5—10—20—50—
100 —200 —500—1000 kt the average of K was 4.14—4.18—4.21—4.22 —

Fig. 2. The amount of breakings (T in 106t) contained in the chimney established in granite
A — in the function of charge intensity (TV) for various depths (if), B — in that of depth
for charges of various intensity (TV)

4.23 —4.24—4.30—4.33, respectively. In the function of H such regular
changes were not produced.

At an in situ leaching test in Safford conducted by Kennecott Ltd.
(Fig. 1/c in [6]) in granite of 0.5 p.c. (oxidized) Cu content, at a depth of
H = 0.38 km, blasting N = 20 kt, produced a chimney of R = 33.5 m,
L = 150 m (K — 4.48) within which ~1.5 + 106 to of rocks were broken.
Their 75 per cent were minus 30 cm in size. The heavily cracked marginal

zone surrounding the chimney had a thickness of ~ 16 m. From [1] and the

3_ 4 3 4
theoretical formula in [7] R = C]JfN f]fdH = 11.5 }mR0/}/~2.74.38 = 31.1 m,
while from the formula derived from the data in [3] R = 4.5 «204/9/0.38512 —

= 25.4 were given, instead of the effective 33.5 m.
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As indicated by the data shown in one of the Tables in paper [1], for
the average size of the breakings of granite obtained from nuclear blasting
the formula of sp = 100(«/130)li2 is valid in which x is expressed in cm. Accord-
ingly, for x = 30 cm, Sp = 48 per cent would be given instead of the effective
value of 75 per cent obtained in Safford and, according to the formula, to
Sp = 75 per cent x = 0.752+ 130 = 73 cm would belong, respectively, instead
of 30 cm.

By the curves 1 and 2 in drawing A in Fig. 4 of the paper [3] and the
curves 3, 4, 5in paper [7], the size distribution of the breakings from various
materials obtained at an underground nuclear blasting is shown. By the net
log Sp — log x straight lines with inclines corresponding to the various ex-
ponents n of the formula sp are shown. To the curve 1 an exponent of 1/4
belongs, while to the others, (2 ...5) considering their whole shape, an ex-
ponent of about 1/2. In this drawing, | represents the dust-free sample used
in the leaching test described in paper [3], and 11, the size distribution assumed
in the calculation of the amount of breakings produced by blasting a 100 kt
nuclear charge at a depth of 0.75 km.

Table 11

Diameter, price and specific cost data on nuclear charge

|'<\lt (I:Dm 1(%$ PIN

5 - 335 66.9

10 30 358 35.8

20 — 284 19.2

50 —_ 420 8.40
100 46 452 4.52
200 — 488 2.44
500 — 530 1.06
1000 56 570 0.569
2 000 — 610 0.305
5000 —_ 665 0.133
10 000 91 720 0.072

In Table Il data based on references published in 1966 are given on the
diameter D cm, price P 103$ and specific costs P/N of nuclear charges (bombs)
of N kt power. (At present, presumably, both the diameter D and the costs
P are lower [$] and the decreasing trend will, probably, continue in the
future. For placing the charge of 20 kt used at Safford in 1967 a borehole
50 cm in dia was drilled.)
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3. The degree of solubility of chaleopyrite and other copper minerals

Oxidic-carbonic copper minerals are easy to dissolve even by thin sul-
furic acid solution. Sulfides can be solved by sulfuric acid -|- ferric sulfate or
(in presence of oxygen) by ammonia solutions at atmospheric pressure, as is
made in the Arbiter process developed for leaching chaleopyrite concentrates,
and still better in autoclaves using high pressure and high temperature oxygen.

At tests on solving copper minerals 75 to 150 pm in size at atmospheric
pressure and 35 °C temperature copper carbonates (azurite 2 CuC03 « Cu(OH)2,
malachite CuCO03 e« Cu(OH)2 entered the solution with a metal recovery of
100 per cent in 1 hour, tenorite (CuO) with 98 per cent recovery in 2 hours,
chrysocolla (CuSi03 <2 H2) dissolves in 5 percent sulfuric acid with 100 per
cent recovery in one day, while using 2 per cent sulfuric acid -j- 7.2 per cent
ferric sidfate with 100 per cent recovery in 1 hour, cuprite (Cu2) with 100 per
cent recovery in 1 hour; using 0.5 per cent sulfuric acid -|- 3.6 per cent ferric
sulfate: chalcocite with 97 per cent recovery in 20 days, covelline (CuS) with
57 per cent recovery in 47 days, bornite (Cu5FeS4) with 99 per cent recovery
in 21 days, tetrahedrite (Cu8Sbh2S7) with 95 per cent recovery in 23 days, enargite
(Cu3AsS4) with 2 per cent recovery in 60 days; chaleopyrite (CuFeS2), using
1 per cent sulfuric acid -)- 3.6 per cent ferric sulfate, with 2 per cent recovery
in 43 days, while using 0.5 per cent sulfuric acid -)- 18 per cent ferric sulfate,
with 30 per cent recovery in 42 days; tennantite (Cu8As5S7), using 0.5 per cent
sulfuric acid {- 7.2 per cent ferric sulfate, dissolved (as copper sulfate) with
7 per cent Cu recovery in 30 days [7].

At atmospheric pressure and temperature chaleopyrite (being the main
Cu mineral of dispersed primary [porphyric] copper ores) was brought into
solution only slowly, even using ferric sulfate. Applying some proper aerobic
microorganisms, such as Thiobacillus ferrooxidans and Th. thiooxidans, the
process can be substantially accelerated. By them, metallic sulfides will be
oxidized directly to sulfates and ferrous sulfates to ferric sulfates. A most
efficient activity of these microbes is to be experienced at 2to 3 pH value and
in the temperature range of 30 to 40 °C (e.g. using bacteria 95 per cent of the
chaleopyrite entered into solution in 3 days, while using a sterile solution this
process lasted 75 days and only with a 25 per cent Cu recovery). At temperatures
exceeding 50 °C the bacteria are perished and the solutions sterilized.

Consequently, on account of the elevated rock temperature at larger
depth, in situ bio-metallurgy can be no more applied. On the European con-
tinent the average value of geothermal (reciprocal) gradient is 33 m/°C, while
in Hungary it varies around 20 m/°C. D ata on these increase in rock tempera-
ture (°C) with depth are shown for the two cases in Table IlIl. Therefrom it
results that in situ bio-metallurgical methods can be used only to depths at
wrhich mining is still to be made even with conventional methods. At depths
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Table 111

Increase in rock temperature (°C) with depth (H km) for 33 and 20 m/°C geothermal gradients

H %km 05 0.75 1 125 15 2 3 5 10
33 m/°C 15 225 30 37.5 45 60 90 150 300
20 m/°C 25 37.5 50 62.5 75 100 150 250 500

where man cannot descend, the .stocks of aerobic microorganisms suitable to
produce bio-metallurgical conversion are not viable either.

At large depths high hydrostatic pressures (p = 100 Hkmat) and tempe-
ratures — also conditions corresponding to the process of dissolution in auto-
clave using oxygen—prevail. In paper [2] the data summarized by the drawings
shown in our Fig. 3, on an autoclave 0 2dissolving test run on the suspension
of a chalcopyrite sample of —150 mesh in size (< 100/im) and 20 percent in

Fig. 3. Variations in the Cu recovery of chalcopyrite for an autoclave 02 leaching test in
the function oi A — p0, pressure, B — time, C — temperature

weight are presented. Asseentherefrom, the sample of chalcopyrite of —100 /im
in size, e.g. at 21 atm total pressure, in presence of 02 at 150 °C temperature
(where the saturated — partial — 0 2 pressure, as indicated by the drawing C)
of the figure, pot =1.6 atm) was dissolved in 98 per cent in 1 hour. (At the
test slow agitation was applied for preventing the suspension from being
settled. W ith more intensive agitation and/or in presence of NH3a higher rate
of dissolution, e.g. recoveries up to 99.9 per cent could be achieved in 1 hour.)

The extent of copper dissolution is better influenced by the increase in
temperature than that in 02pressure. The increase in pressure has a relatively
marked effect at lower temperatures only. As a result of chalcopyrite oxida-
tion, copper sulfate and ferrous sulfate have formed in the solution. By ad-
equate treatment the ferrous sulfate can be removed and eliminated as iron
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hydroxid precipitate. E.g., the formula of potential reaction may be as follows:
4 CuFeS2+ 4CaO f- 170204 CuS04 2 Fe303-f-4CaS04 In presence of
ammonia the copper will enter into solution under the form of Cu(NH3)4S04.
Treating the solution by NH3 of 3 to 4 atm pressure, a solid precipitate of

Fig. 4. A — Size distribution of breakings produced by nuclear blastings: 1 — monzonite,
2 — granite (Piledriver, 61 kt), 3 — granodiorite (Hardhat, 5 kt), 4 — basalt (Danny Boy,
100 kt), 5 — (Pre-Schooner Delta), | — size distribution for the testing material, 11 — for

a numeric example. B — Values of chalcopyrite dissolubility k (mg/sq. cm, day) for various

Po2 pressures vs temperature. C — Chemical composition of the solution obtained from an

autoclave 02 solving test and the variation in pH as well as the evolution of C02vs time.

D — Variations in the chimney temperature, E—F — those in the rates of copper recovery

vs time for diverging Cu percent — P/Chp values, as related to some t0°C initial chimney
temperatures and (1—2—I1) size distributions

Cu(NH34S04+H2 (copper ammine sulfate monohydrate) forms that under
the effect of heat will decompose to CuS04 and NH3 gas. This latter can be
recirculated.

In paper [3] there are similarly data on the process of dissolving chalco-
pyrite at various po2pressures. In compliance with them at 50 °C the con-
centration of copper in the solution exhibits a daily increase of Ac ad 7 -f-
+ 15po2mg pro liter. In other words, e.g.: at po2t0—30—60 atm, Ac will
have successively values of 22—52—97 mg/l,day and for ex. in 60 days Ccu
will be of 1.32—3.12 —5.81 ¢/1. By the curves traced in full line in drawing B)
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in Fig. 4 the variations in the factor of specific dissolution of chalcopyrite
K (mg/sqg.cm/day) are shown for a test performed with diluted sulfuric acid
at various j»o2pressures, while by the straight line traced in dash-and-dot line
its theoretical change is illustrated in accordance with the equation of Arrhe-
nius of k = AjeE!IRT, in which E = 17.5 kcal/mol is the apparent activation
energy, T = KelvinQ, and the value of A on the straight line of the drawing
is connected to an 02 pressure of 28 atm.

As seen from this drawing, the rate of chalcopyrite oxidation-dissolution
(the value of k) increases suddenly with the increase in temperature and less
markedly with that in pressure. The test data were obtained by bubbling 02
through an autoclave containing a chalcopyrite sample of known size distribu-
tion and distilled water. From the reaction sulfuric acid resulted that stabilized
rapidly at pH values ranging from 1.5 to 2.5, the remnant part of the reaction
consisted of copper sulfate, iron oxyde and elementary sulfur. In case of
oxygen deficiency, apart of the copper precipitated under the form of covelline.

Pyrite constitutes a mineral accompanying almost in every case chalco-
pyritic primary copper ores. Similarly, by oxygen treatment in autoclave
pyrite can be decomposed to sulfur acid, ferric sulfate, basic iron sulfate
precipitate and sulfur. For the two reactions the following formulae are valid:

CuFeS2-f- 11/4 02— CuS04+ 1/2 Fe203+ S...— 262 kcal/mol
FeS2+ 31/12 02+ 1/2 H2D -> 1/3 Fe2S043+ 1/9 Fe3(S04H2(0H)5«2 HD +

+ 7/9S ... - 281 kcal/mol

From Figs 3 and 4/B it can be concluded that using high-temperature-
oxygenated water in deep mines in situ, chalcopyrite can be brought rapidly
into solution without using any other solvent (sulfuric acid, ferric sulfate, etc.)
or bacteria. The point is only, whether it can reach by diffusion the grains
of chalcopyrite dispersed in the interior of more or less disintegrated rock
pieces and the oxygen can produce its dissolving action. In paper [3] such
an autoclave test is described.

4. Autoclave test on dissolving porphyrous copper ore

5.8t (= 2.15 compact cu.m) of a coarse granulous fraction screened out
from primary porphyrous ores extracted in San Manuel Mine of Magma Copper
Co (not by nuclear blasting) were placed in a 3.8 cu.m autoclave into which
1.45 cu.m distilled water was poured. Through the equipment, oxygen of
28 atm pressure was bubbled at rates of 1.4 cu.m/h for 3 months and 0.7 cu.m/h
for further 3 months, respectively. In the autoclave the temperature was
constantly held at 90 °C. The solution was “agitated” only by the rising bubbles
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and the initial amount of solution remained, without having been externally
circulated, in the autoclave. The size distribution of the grains constituting
the sample is shown by the curve | in drawing 4/A. (Their maximum size
was 28 cm, ~ 50 per cent of them were /> 13 cm.) The tested sample contained
2.02 per cent chalcopyrite (0.7 per cent Cu), 2.64 per cent pyrite, 1.1 per cent
limestone (0.5 per cent C02).The mol ratio of P/Chp (pyrite/chalcopyrite) was
in this case 2. (The molecular weights of pyrite and chalcopyrite are 120 and
183.5, respectively, that is, for a mol ratio of P/Chp = 1 their weight ratio:
120/183.5 = 0.654. In other words, for various Cu and Chp per cents to the
values 1 or 2 or 3, respectively, the following pyrite (P) per cents are associated:

Cu p.c. 0.345 0.70 0.25 0.50 0.75 1.00
Chp p.c. 1.00 202 0.72 144 216 290

0.65 131 047 0.94 1.41 1.53
P p.c. if

1.31 264 095 1.89 2.83 3.06
P/Chp =

1.96 396 141 282 4.24 459

First, samples were taken periodically from the solution and from the escaped
gas and then analyzed. Analytical data vs. elapsed time are shown in drawing
C) in Fig. 4. Multiplying the actual cQu (g/1) concentration of the solution by
its volume Q = 1.45 cu.m yields the amount of the dissolved copper (G kg)
that, divided by the weight (5.8 « 0.7 = 40.6 kg) of the copper included in the
sample of 5.8 t, gives the amount of copper recovery (m per cent).

Time 10 20 40 80 160 days
cQu 0.6 1.2 2.2 3.3 45 g1
G 0.88 1.74 3.19 4.80 6.53 kg
mQu 2.16 4.29 7.85 11.80 16.07 p.c.

During a period of 160 days, 16.07 percent of the copper, in the first
20 days 4.29 per centthereof, in the last 80 days 4.27 per cent (16.07—11.80 =
= 4.27) went into solution. In the first days, when chalcopyrite grains on or
near the surface of rock pieces were dissolved, the daily rise in copper recovery
amounted to (4.29/20 = ) 0.215 per cent, while during the last ones, when the
dissolution process of the grains of chalcopyrite took place in the interior of
rock pieces, it reached only (4.27/80 =) 0.053 per cent. If this latter would
remain invariable, the copper recovery in the selected testing conditions would

be increased to 16.07 + 23 «0.053 = 17.29 per cent in half a year (183 days)
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and successively to 26.94—46.27—65.60—84.90—94.60 per cent in 1—2—3—
4—45 years.

From the other curves shown in Fig. 4/C it is visible that the pH value
ofthe solution was quickly decreased from the initial value of5.3 to 1.75 during
40 days as an effect of the sulfuric acid formed. Subsequent to this, under the
puffer action of the other compounds, it remained within the range from
1.7 to 1.75. The extent of C02 gas evolution was also diminished from an
initially high daily value of ~ 600 to </ 50 g in ~ 60 days. The total amount
of C02 escaped in 160 days was about the half of the total amount of C02
contained in the feed (S02or H2S were, present not even in traces in the gas
leaving the autoclave). The Fe3+ content of the solution increased suddenly
and reached ~0.1 g¢/1 when the pH value became stabilized at around 1.7.
Then, the ratio of Fe2+/Fe3+ was adjusted to 0.2. A further amount of ferrous
hydrogen jarosite (Fe3(S042(0H)5+2 H2), liberated when chalcopyrite and
pyrite were dissolved, precipitated as hematite (a-Fe23) and ferrous oxyde
hydrates (goethite and limonite). From its initial value of ~ 0.1 g¢g/1 the con-
centration of K+ and Na+ decreased quickly, at first, presumably on account
of the formation of jarosite (KFe3(S042(0H)e), and later Na-jarosite
(NaFe3(S042(0H)e). Both are isomorphic with hydrogen jarosite. Due to the
dissolution of calcite the Ca2+ concentration in the solution elevated rapidly
to A~ 0.5 g/1 and then, on account of the insolubility of the calcium sulfate, it
remained on this level. As a result of the dissolution of “other” minerals
present in the sample, the concentration of Mg2+ and AI3+ gradually increased.

5. In situ ore leaching within the chimney produced by nuclear blasting

Starting from duration studies on autoclave tests it becomes evident
that from chalcopyritic rocks disintegrated by nuclear blasting, the copper
content can be dissolved under in situ conditions making use of oxygenated
water of adequate pressure and temperature. The maximal volume of oxygen
dissoluble in the water used for flooding the chimney, is determined by the
hydrostatic pressure and temperature of the solution. The extent to which
the solution can be saturated by oxygen (i.e. the ratio of effective oxygen
content and maximum possible content) is highly influenced by the moving
of oxygen gas and solution within the mass of solid pieces in static state.
Theoretical investigations and practical tests conducted to clear up this
problem revealed that the oxygen would be dissolved to a proper extent and
the oxygenated solution circulated even if the oxygen is supplied by a single
(perforated) pipe to the chimney bottom. Only the amount of oxygen leaving
the top of chimney without having been dissolved will be, in such a case, higher
than in the case where supplying is effected through several pipes at several
parts. Under these conditions, the circulation will be better and the major
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part of the solution in the chimney will he richer in oxygen than in the case
of supplying oxygen only by one pipe. (If the dissolved amount of oxygen is
low, the extent of chalcopyrite dissolubility is reduced and copper already in
solution may precipitate in the form of covelline.)

Using three pipes for oxygen supply, *35 percent of the solution con-
tained in the chimney will directly contact the rising gas bubbles, while the
oxygen supply of the remaining ~ 65 per cent is ensured through the solution
maintained in circulation by the rising bubbles. The higher the volume of the
supplied gas, the higher the rate of circulation will be at the price, however,
of a less efficient oxygen utilization. By supplying a volume of gas ensuring
the utilization of about 50 per cent of the total amount of gas, a ~ 60-per cent
saturation can be realized in every part of the chimney. (Even the remaining
50 per cent can be collected on the top of the chimney and recirculated.)

Any leakage of the oxygenated copper solution from the chimney and
infiltration of undesired “inert” water thereto through rock fissures or pores
or any other water-conducting paths can and should be eliminated by main-
taining the state of hydrostatic equilibrium between chimney and its sur-
roundings. In this way the chimney may become a proper “container” for
carrying out the leaching procedure even if its surroundings are not quite
“impermeable”.

Letting oxygen bubble through the water used for flooding the chimney
and lifting the copper-bearing solution in the borehole to surface, may start
abt. 9 months after nuclear blasting. Then the copper content can be recovered
by solvent extraction (or cementing) methods and the water re-circulated (in
closed circuit) under pressure to the chimney. (Nine months later, the solution
presents no more radiation hazards.) The chimney will be filled up “by itself”
with ground water. If not so, it must be flooded by water taken from the sur-
face. (Possibly compressed air could be substituted for oxygen in the bubbling
process?)

Computer processing of the 'theoretical diffusion functions derived for
the solution and reaction products as based on the parameters (grain size,
porosity, mineral content) of the relevant rock pieces has given exactly the
same results as those obtained by the autoclave tests. In paper [3] the calcula-
tions made for a chimney of R = 20.5 m radius and L — 300 m high produced
by having detonated a nuclear charge of N = 100 kt in granite of 3 per cent
humidity, 0.17 per cent porosity, 2.7 density at a depth of H = 0.75 km and
filled up by broken rock of T = 3.8 «10et as well as water of 0.29 < 10e cu.m,
were carried out in various Cu per cent and P/Chp molconditions, assuming
that the ground-water table was at a depth of 50 m below surface, in other
words, that the hydrostatic head was 70 atm at the point of blasting and
40 atm on top of the chimney. The supposed size distribution of breakings
is presented by curve Il in drawing 4/a. In this case the grains were coarser
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than those for curve 1and finer than those for curves 2 to 5. 60 per cent were
smaller than 10 cm, 85 per cent smaller than 30 cm, while for curve 2 (Piledriv-
er) these percentages were 40 and 70, respectively. Making the calculations,
it was not taken into account that pieces stemming from nuclear blasting
show much more micro-cracks than the products of any conventional blasting,
e.g. those resulted from the autoclave test constituting the basis of calculations.
The characteristics of diffusive permeability ofthe two aggregations of material
having different size distribution (marked by Il and 2, respectively) is more
than compensated by this difference.

In addition to the grain size and the conditions of diffusive permeability,
the extent to which the solution is saturated by 02 the thermal conditions,
i.e. the temperature of the water-flooded chimney when the solving process (02
bubbling) started, the temperature due to the oxydation of sulfide minerals
(—262 and —281 kcal/mol for chalcopyrite and pyrite, respectively) the
amount of heat absorbed by the surroundings, are all factors influencing
decisively the time process of copper dissolution.

At large depths the temperature of in situ rocks is governed by the geo-
thermal gradient. At depths exceeding 3 to 5 km, the temperature of virgin
rocks is higher than 150 to 250 °C (Table I1l). But 120 to 150 °C chimney
temperature can be generated even at depths ranging from 0.5 to 1.5 km.
Some 20 per cent of the power liberated from nuclear blasting (if 100 kt is
blasted, then ~ 2 « 1013kcal) are accumulated within the chimney itself, while
their 80 per cent contribute to raise temperature of the surrounding rocks
by decreasing, in that way, the conductive heat loss of the chimney. Assuming

50 °C rock temperature, prior to blasting, and 25 °C flood-water tempera-
ture, the resulting equilibrium temperature in the chimney, when the process
of dissolution starts, may be around ~ 60 °C. Would a higher chimney tem-
perature be required at the start of oxygen feeding (9 months after the blast-
ing), then it could be realized by feeding high-pressure vapour.

For safety’s sake the amount of heat generated by sulfide oxydation
was considered for pyrites also on a —262 kcal/mol basis, and 0.5 0 2saturation
was reckoned with. The larger the value of R, the smaller is the specific surface
of chimney (F/V = 2(1 + K)/KR = A/R). (The value of AforK = 3-4-5 is
successively 8/3—10/4—12/5 = 2.66 — 2.5 — 2.4.) For a small specific sur-
face area of the chimney (for large R and N kt values, respectively) within
the large amount of ore accumulated in the chimney the oxydation of sulfide
generates a high amount of heat that diffuses only slowly through the small
surface area, due to which the resultant chimney temperature is elevated.
For the case of the above quoted chimney (R = 20.5 and K = 7.32) the
specific surface was 2.273/R = 0.0111 sgq.m/cu.m = 0.0041 sq.m/t. Or, e.g. for
K = 4.235 and R = 50—80—110, successively 0.0049—0.0031—0.00225 sq.
m/cu.m were given.
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The results of calculation are presented in drawings D, E, F in Fig. 4.
In drawing D the variations in time of the temperature of chimney, while
in drawings E and F, those of Cu recovery (m per cent) are shown. From the
numbers (separated by hyphens) on the curves in drawings D and E the first
group (0.25—0.5—0.75) expresses the Cu percentage of ore, the second one
(0—1—2) the mol ratio of P/Chp, and these curves are related to t0O= 60,
80 and 100 °C initial temperatures. Those in drawing F represent data on
Cu recovery from ores of 0.5 per cent Cu content, 1 P/Chp mol ratio for the
size distributions represented by curves Il, 1 and 2, respectively in drawing
41A. The drawings D and E are related to the size distribution 11.

As documented by these drawings, from ores of higher Cu and sulfide
contents higher rates of recovery can be expected, due to the elevated chimney
temperature. The “irregular” shape of the curves is caused partly by the
variations in chimney temperature, partly by the gradual decrease in the
extent of dissolution due to the reduced 02 diffusion of chalcopyrite grain
to be found in the interior of the pieces. From ores of the same mineral com-
position higher copper recovery rates can be obtained by pre-heating the
chimney and so raising its temperature from 60 °C to 80 °C or 100 °C. When
leaching ores of the same copper content, higher copper recovery rates result
from those containing more pyrites. E.g. the curves of “Cu-percent — P/Chp” =
= 0.25—1 and 0.5—0 or 0.75—1 and 0.5—2 are, practically, coincident.
In drawing F it is shown, how the effect of the size distribution of breakings
is marked. If other conditions are unvaried, leaching ores of finer (1) grains
results in much higher recovery rates, and that of coarser fractions (2) in much
lower rates than those obtained with ores of size distribution according to 1I.
Calculating data on a chimney filled up by breakings of size distribution 1—I1I
(0.5 per cent Cu, 1 P/Chp), with 60 °C initial temperature, indicated that
71—30—18 per cent Curecoveries may be expected for 2 years and 74—50—
26 per cent for 5years, disregarding the fact that nuclear breakings are strongly
micro-fissured.

At large depths (H 3 km), where the initial chimney temperature is
over ™ 150 °C, still more favourable conditions are prevailing for 0 2-solving
chalcopyrite ores. In this case the Cu recovery rates indicated by the numeric
example in paper [3] (presented in drawings E —F in Fig. 4) can, probably
be attained in half time as presented.

Choosing, as an example, the curve 0.5—2 in drawing 4/E, for which
60 per cent Cu recovery is given for 2 years and 70 per cent for 4 years: in this
case there are 19 000 t of copper within the chimney containing 3.8 « 10® t
of breakings, 60 per cent of which are equal to 11 400 t, 70 per cent to 13 300 t.
In larger chimnies containing e.g. 10—50—100 10et of breakings (with 0.5 per
cent Cu content) 50—250—500 103t of copper can be found, 60 per cent of
which, to be recovered during 2 years (is, at large depth, only half of this time
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required?) and in 33 months, counted starting from the time of detonating
the nuclear charge, respectively, amount to 30—150—300 103 t of metallic
copper to be extracted without damaging either the surface or the environ-
ment, at very low investment and operating costs, as well as with very limited
manpower requirements. (For comparison: copper production at Bougainville
amounted to 180 10st, that at Chuquicamata to 230 103t and the world pro-
duction to 7.5 10pt in 1973)

The seismic effect on the surface produced by nuclear blasts carried out
at great depth is limited. By drilling large-diameter deep holes, necessary for
running great charges, problems may still rise. It may be well conceived,
however, to establish a large chimney by means of smaller charges placed
at horizontal intervals of ~ 2 R and/or vertical intervals of L within the same
borehole, detonated with delays of some seconds, due to which the hazard
of more intense tremors can be prevented from being induced, nor drilling
a large-diameter hole is needed. Dividing the bottom section of the same deep
hole into several branches by directional drilling is also possible.

In every case it can be stated that the prediction of [5] that seems, at
the first hearing, to be fantastic, according to which solids will be extracted
from depths up to ~ 10 km by 1990, can become, by using chemical nuclear
mining methods, a reality.
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MPUMEHEHME AO0EPHOWN FOPHOW PA3PABOTKW B LEENVKE ONA T1IYBOKO-
SANErALOWNX NMOP®»NPOBbLIX MEAHbIX KO/MYENAHOB

r. TAPAH

PE3IOME

BenmMumHa WaxTbl MOA3EMHOr0 siIepHOr0 B3pbIBa 3aBUCUT OT BE/IMUMHbLI 3apsija, rnyéu-
Hbl 3a51eraHMsa 1 KavecTsa nopoabl. Ha puc. 1 nokasaHo M3MeHeHWe paguyca waxTtbl (R T), Ha
puc. 2. n3MeHeHVe KoM4yecTBa B3LpoB6aeHHOro BelecTBa (T 106) nMpy pasnMUHbIX MOLLLHOCTSAX
3apsaga (N id) u rnybuHax (H B Km) B rpaHuTe. MefHbllii KonyefaH (M Kon4yefaH) XOpoLwlo pa-
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CTBOpSsieTCA B BOfE C COZepXXaHuem cBobogHoro 02 npu GOMbLIOM [JABMEHWU U BbICOKOW TeM-
nepatype (puc. 3.). lNocne 3anMBaHMSA BOAOW, MPOBOAA NOGEXAANOWNI FMAPOCTATUYECKOE
[aBfieHMe BOJOPOL KHU3Y LIaxTbl S4epHOro B3pbiBa, B LLAaXTe BO3HMKAET COCTOSIHWE, BbIFOAHOE
ONS OKWCMEHUS U PacTBOPeHUS MepPBUYHbIX CyNb(UAoB (MefHbIi KonyefaH W KonuvefaH).
OKWUCeHNe CONPOBOXAAETCS MOBbILLEHNEM TeMMepaTyphbl, NOBbILLAIOLLEl TemMnepaTypy pacTeopa
B waxTe o 120—150°C ga)ke Ha CpaBHUTENbHO HebonbLIMX rnybuHax (0,5—1,5 Km), B CBA3M
C Yem BO3HMKaeT 6ObIiCTpoe pacTBopeHue. Mpu 6onbwmnx raybuHax (>3 —5 Km) TemnepaTtypa
nopofbl UM LWaxTbl caMa no ce6e Bbiwe YeM ~150°C. Ha puc. 4. nokasaHbl faHHble, OTHOCA-
LMEeCs K 3KCNEPUMEHTa/IbHO OMpeaensieMoli CKOpOCTM PacTBOPEHUS MeAu MopgupoBbIX pyn v
BbIUMC/IEHHbIE B 3aBMCUMOCTU OT HayaslbHOW TemnepaTypbl, CyNbMUAHOIO COAepXaHusi pyabl 1
rpaHy/ioMeTpuy paspbiBa /151 BPEMEHHOro cxoja TemnepaTypbl OAHON SEepHON LiaxTbl U
BblHOCA Mean. — B 60/MbLUOl LaxTe ry6oKOoro siiepHoro B3pbiBa Npy 60/bLLIOM TMAPOCTaTU-
YEeCKOM [iaB/leHUM W BbICOKOW TemnepaType 6bICTPO U 3KOHOMUYHO MOXHO MOMyYnUTb MeTal-
niocofiepXxaHue MCKOMaemblX, He pacTBOPSIEMbIX KOHBEHLUMOHHbIMM MeTodaMWu pacTBopa B
Lennke.
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THE PROPER USE OF GRAVITATIONAL FILTERS

F. STEINER
TECHNICAL UNIVERSITY OF HEAVY INDUSTRY
DEPARTMENT OF GEOPHYSICS, MISKOLC

[Manuscript received October 8, 1974]

The use and judgement of gravitational filters without thorough investigations on the
physical relationship and the possible effect of the filter on geological informations (e. g.,
regarding only the transfer properties of the filter in the frequency domain) can lead to serious
mistakes as the shortcomings of article [5] show. — Applying the «>function suggested in [6],
it is possible to choose suitable filters to any given concrete case taking all geophysical require-
ments into account. Maps, sections and rectangle diagrams illustrate these points in the paper

The necessity to transform Bouguer maps into more easily interpretable
maps arose at the very beginning of gravimetric prospecting. This map-
transformation has been made for some decades numerically by means of con-
volution techniques; the matrix of coefficients used to transform the Bouguer
map can be regarded as a filter and therefore the procedure of map-transfor-
mation can he named briefly as filtering [1].

In geophysical practice it is indifferent how the filter had been deduced
(applying filter theory or by means of any other considerations). The question
is the following: Is the connection between density distribution due to the
structure and the filtered (e.g. residual) values advantageous enough to inter-
pret geophysically the filtered map or not?

Depending on depth, geological conditions etc. (and on eventual techni-
cal limitations, too) the geophysicist has to decide which filter would be the
best to the given problem. But questions like “which filter is better?” “which
filter is the best?” in this general form, have no meaning.

To fulfil the various geophysical requirements, we must have a great
variety of filters to have the chance of the most advantageous choice for each
geological problem. We deceive ourselves, however, if we calculate from a single
analytical function t a great (theoretically infinite) number of filters differing
from each other only in their size because we exhaust in this way only a small
part of the possibilities. For better distinction the concept of map-transforma-
tion t was introduced by the author, signifying the basic conception of the
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transformation expressed in analytical form, or otherwise speaking, signifying
the set of filters of various size which are defined with the same analytical
form. — Let us denote, e.g. the set of filters used by F. Kovacs and A. Mesko
with tv

To realize the above-mentioned great variety of filters, the author has
suggested some map-transformations; three of them, denoted with t0, t2
and t4, — which are in close connection to each other — were published in [7].
To demonstrate that these three map-transformations in their geophysical
effect really differ from each other and from tv it was enough to deal with a
single geophysical criterion; this geophysical quantity was the resolving power.
— An illustration of resolving powers in function of the filter size given in
[6] and [7] has shown at the same time the reasonable spacing of filter size
for the four set of filters investigated being about 2s; s, as usually, means the
grid spacing.

Let us cite Eq. (9) from [6], writing it for gravimetrical cases:

=J__J_ ,Joa®y' * «t®(* - x),y - y), 1) dxdy dz 1)

where r denotes the filtered (e.g. residual) value, a the density distribution of
the structure and w a weighting function which depends upon the applied
filter. The essence of my paper [6] was summarized on page 73 as follows:
“the basic idea of the present paper may be summarized in such a way that
we must give fundamental role to Eq. (9)” (here Eq.(l))“when examining and
deriving the transformations” (= the sets of filters). This draft enhances the
crucial role of the function ir, from which all, for the geophysicist essential
properties of the filter are to be derived. To avoid any misunderstanding |
have stressed: “let us draw attention to the fact that the proper interpretation
of the resolving power is only one among the possible uses of tc” (cited from
[6], p. 84; the italics are also in the original).

A) Let us enumerate some of the essential properties of filters besides
the resolving power:

interval of the lateral effects (it is advantageous if outside of a not too
great radius the w values are approximately zeros, eliminating the disturbing
effect of structures lying laterally far away)

interval of the depth (below a depth limit depending on the accuracy of
the measurements the filtered value does not perceive the density distribution;
its incorrect choice can lead to the disappearance of the effect of the investi-
gated structure on the filtered map, see [5])
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the size of the filter (applying filters of great size, the interpretable filter-
ed map shall be much less then the original Bouguer map).

B) — And what about the directivity? — It is advantageous to analyse
(and even define) also this property by means of the w function.

No one of the four map transformations t0, tv t2 ti has any directivity but
all filters given by the author in [7] and by others, e.g. in [3] in fully matrixed
form are directive in the sense that the same structure can cause different
filtered (e.g. residual) values at the same reference point depending on
the azimuthal situation of the filter matrix. This differences are generally small
but depending on depth, etc. can have considerable values, too. The method
of dealing with directivity advocated in [5] by Kovacs and Meskoé consists
of nothing else as drawing the two-dimensional transfer function of the in-
vestigated filter and then search for isolines which differ from a circle. If the
drawing contains only circles, Kovacs and Mesicé say that the filter has no
directivity whatever, although it can show directivity of various magnitude
in the sense mentioned above depending upon the geological conditions. On
the other hand, if there are isolines differing from the circle-form, Kovacs
and Mesko say that the filter is directive but their method fails to tell the rate
of directivity which is, in a concrete case, totally permissible.

A detailed report on the investigations of this type made by the author
would exceed the limits of this article and therefore will be presented in a
separate paper.

Let us see some examples, first concerning the illustration of the w
functions.

The w function itself is easy to calculate (as Eq. (1) shows, w(x',y", z') is
computed as the filtered value of a point of unit mass lying at (x\y', z"))
but including further calculations of such properties as, e.g. the intervals of the
depth and of the lateral effects, the whole investigation is time-consuming.
Further difficulties arise from the fact that all these properties are to be
taken into account as a complex to find the best filter for a given geological-
geophysical problem, weighting the importance of the properties according to
the special conditions, and making compromises, of course, too.

To make this work easier,the author has suggested in [8] a possibility
for the illustration of w, constructing to the filter just investigated a rect-
angle diagram having each horizontal prism (demonstrated in the diagram with
a rectangle) the same filtered (e.g. residual) effect in absolute values. — Three
of such rectangle diagrams are shown in Figs 1, 2 and 3 cited from article [8].
The effect in absolute values of each prism is 0.01 mgal in Figs 1 and 3 and
0.02 in Fig. 2 for o= 1 g/cm3.
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In Fig. 1 we can see the properties of the filter i4g= 8s which were
used to construct the maps on Fig. 4 and Fig. 6 in [5]. — It is evident from
Fig. 1that, according to the accuracy of the measurements, the interval of the
depth is only about 1200—1400 m-s or even less.

The filter t4e>= 8s hat just the smallest interval of the depth from the
variety of filters derived in [7]. The authors have made their choice from

0 1000 2000 3000 /1000 5000

0,01 mgal

— 3000 m

Fig. 1. Illustration-of the geophysical effect of the filter t4 g = 8s used by Meské and K ovacs
in [5]. The rectangles are here and in Figs 2 and 3 the cross sections of prisms giving the same
filtered value (in absolute values)

among the filters given in [7] to the given geological conditions as wrong as
possible: a shallow structure is also geologically improbable in this area.

Paper [7] clearly sayswhat isto be done: “if we want to sense the effects
of deeper horizons in r(x,y)” (= in the filtered values), we have to use t2([7], p.
94) and on page 98.: “Physically, tO contributes to enhance deeper effects,
even as compared to t2” — In addition, choosing any map-transformation,
the interval of the depth increases with increasing size of the filter.

| have dealt with one ofthe practical examples discussed in (5). Deplorably,
I had not the possibility to get the complete measuring material and there-
fore have had to start with only a part of the original Bouguer map; this part
was published in [2] (see of Fig. 4 in this paper). Because of this technical
limitation 1 can show here from the manifold possibilities residual maps
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0 1000 2000 3000 4000 5000 6000 7000 8000 m

I'o 9=8s|
0,02 mgal

193

— 1000

— 2000

— 3000 m

Fig. 2. lllustration of the geophysical effect of the filter t0Q = 8s (suggested by the author
in [7]) used to obtain the residual wap in Fig. 5 from the Bouguer map in Fig. 4

0 2000 4000 6000m
N
I 9nsl 001 mgal
— KO0
+
— 2000
— 3000 m

Fig. 3. Illustration of the geophysical effect of the filter t, n =
map in Fig. 7 from the Bouguer map in Fig. 4

Is used to obtain the residual
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Fig. 4. Bouguer map used to calculate residual maps on Figs 5 and 7. The calculation of the
residual map on Fig. 6 would need a Bouguer map several times greater

derived only by means of tO filters (the size of this filters being small com-
pared with their interval of the depth).

The rectangle diagrams in Figs 2 and 3 show that the filters tQ = 8s
and tOg = 4s can be applied in this region. The latter one shall give a more
detailed filtered map but with smaller amplitudes; the interpretation of such
maps needs careful analysis and an experienced interpreter (see Fig. 7), while the
most essential informations are contained in the residual map constructed
by the filter t0g= 8s, which map is understandable not only for specialists
(see Fig. 5).
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Fig. 6. Residual map obtained by using the filter m = 2 (t, g = 14s) suggested by Meské
and Kovacs. The dashed lines demonstrate that no point could be calculated by this method
of filtering from the map in Fig. 4

Starting out from the same Bouguer map in Fig. 4, no single point could
be calculated by means ofthe filter used in [5] (as we know e.g. from [2], the
m = 2, i.e. t1g = 14s filter was used for constructing the map in Fig. 5 in
[5]) and therefore from the map on Fig. 5in [5] the izolines are copied in our
Fig. 6 with dashed lines for the part corresponding to our Fig. 5.

— As we know from [3] (p. 27), Kovacs and Mesko6 use graphical smoothing
after filtering (the rate of which being in the interval £ 0.1 mgal). The maps

A 0l1mgal

t0 ¢=As

500 m

Fig. 7. Residual map obtained from Fig. 4 using the filter t0 q = 4s suggested by the author
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in Fig. 5 and Fig. 7 of this paper are not smoothed. — In all three maps the
small circles indicate productive boreholes.

Finally, let us show on a section how important can be the resolving
power among the various properties of the filters, under given geological con-
ditions (see Fig. 8). Onthe basis of the Bouguer map [4] we have calculated for
the filters txg= 8s (m = 4) and t4q = 14s the residual maps, from which we
show in Fig. 8 an interval of length of 26 kms along the B A section
starting from point B. In Fig. 8 there is shown also the refraction section;

lOs

Fig. 8. Refraction section from [4] and two residual sections obtained by using the filters

m = 4 (tx Q= 8s) proposed by Kovacs and Mesko and t, o = 14s suggested by the author.

Note the close correspondence (enhanced by the dashed lines) between the seismic section

and the residual section obtained by ti Q= 14s (this filter having a greater resolving power
than the filter with m = 4)

Acta Geodaetica, Geophysica et Montanistica Acad. Sei. Hung. 10, 1975



GAJTATIONAL_ALTERS 197

the hiatus on it means a ruttles in elevated situation hut impossible to con-
struct from the seismic measurements.

At the first moment, we find the two residual sections similar in their
great feature. But a more detailed consideration and comparison with the
refraction section clearly show thatt4 q= 14s gives a more reliable and better
interpretable picture in these geological conditions. This superiority of filter
ti g = 14s is due, besides to its greater resolving power,to the much smaller
interval of the lateral effect, too.

The map in Fig. 5 and the section in Fig. 8 in this paper are enough
to see that the conclusion of article [5] is absolutely untenable.
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MPABN/IbBHOE WMCbIMOJ/IbBOBAHUWE TPABUTALUVNOHHBLIX ®UN/IbTPOB
®. WTEWHEP

PE3FOME

Vicnonb3oBaHKe U OLgHKa FpaBUTALMOHHbIX (UILTPOB 6e3 TLaTeNbHOro aHanmusa Busi-
HUA UNbTpa 4151 Te0N0rnMYecKmX MHGOPMaLIMIA, YUUTLIBAIOLLETO TaKXe 1 (U3NYECKYIO CTOPOHY
Bonpoca (HanpvMmep, eciv B MHTepPBasie YaCTOT YYMTLIBAOTCS TOMIbKO MepeHOCHble CBOMCTBA
(hunnbTpa), MOXET NMPUBECTM K 6OMbLUMM OLUMOKaM, KaK 3TO MOKasbIBalOT OLWMOKK paboTbl [5].
Mpy nomoLM NpeanoXxeHHoit B [6] « — (yHKUUM BO3MOXHO A/11 KaX[0ro KOHKPETHOro
cny4vas BblOpaTb COOTBETCTBYHOLMIA (UALTP, C y4eTOM BCeX reodm3nyecknx TpeboBaHWIA.
BhbilleckazaHHOe W/MOCTPUPYETCA B CTaTbe KapTamu, MpPoGuUAsMU U YeTbIPexyrofibHbIMU
JnarpaMmamu.
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INFLUENCE OF TECTONICS ON THE DIRECTION
OF INDUCTION ARROWS IN THE CARPATHIAN BASIN

A. ADAM-A. WALLNER

GEODETICAL AND GEOPHYSICAL RESEARCH INSTITUTE
OF THE HUNGARIAN ACADEMY OF SCIENCES, SOPRON

[Manuscript received October 10, 1974]

The Wiese arrows determined in the Bakony Mts and its NW environment show
directions differing from the countrywide average. Reasons of that have been studied and,
by means of statistical investigation of the directions, connection has been found between
the direction of the arrows and the transverse fault systems.

The induction arrows defined by Wiese in the fifties proved to be a use-
ful means of the tectonical research.

As it is known, the length (C) and the direction (&) of the induction arrow
can be determined from the transformation function

AHZ= AAHX+ BAHYy.

In case of two-dimensional structures the induction arrow is perpendicular
to the strike and points towards the formation of higher resistance.

In the Hungarian Basin (apart from its northwestern part) the induction
arrows are directed towards the south, as shown in the map (Fig. 1) as well
as in the diagram of direction distribution (Fig. 2a) constructed from this
map. Their average length is C = 0.193 (calculated from 20 arrows).

This regional character of the induced field is produced by the effect
of the deep fault between the Inner and Outer Carpathians. The direction
of the induction arrows turns over in the area of the deep conductive forma-
tions (lying in a depth of20—30 km, according to the calculations of Rokitjan-
sky) and are predominantly directed towards the central part of the basin.
The decrease of the length of the induction arrows towards the central part
of the basin can be explained by the decreasing depth of the conductive layer
in the upper mantle and/or by sediments.

The arrows determined on the area of the crustal anomaly in the Bakony
Mts and in its northwestern foreground have directions considerably differing
from this regional character. In case of variations with a period (T) greater
than 20 min, the direction statistics shows a westward turn away of the arrows
from the regional direction. In case of shorter periods two maxima can be
found in the directions of arrows (see Fig. 26).

The length of the arrows in the maximum frequency sector is: C = 0.11.
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Fig. 1. Directional variations of the induction arrows along the Carpathian Mts (after Bon-

darenko), 1. Russian Platform; 2. depression before the Carpathian Mts and Basin; 3. Outer

Carpathian Mts; 4. Inner Carpathian Mts; 5. boundary zones between Outer and Inner Car-
pathian Mts; 6. original induction vector

/'\ T<20 min

il T>20 min

J

regional direction
a) b;

Fig. 2. Regional direction of the Wiese arrows
a) in the Hungarian Basin except NW Transdanubia; b) in NW Transdanubia
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Fig. 3. EM sounding points and the main tectonic lines of NW Transdanubia 1. outcrop of high
resistivity basement; 2. tectonic line of second order; 3. tectonic line of first order; 4. Wiese arrow; 5. MTS
points; 6. isoline of tangent value of the relative telluric frequency sounding (RTFS) curve

NISVE NVIHLVYdYdVYO FIHL NI SMOYYVY NOILONANI



202 AADNVEIAVALINR

SCALE m

O 10 20 30 AO 50 km

IDAPEST

Szentgotthard
a*L

Estimated depth of Csurg6
agents causing a Ay Y
distinguishable anomaly

on the general anomaly

map, greater than 30-AOt

B H between 0-1 km
llillim~ between 1-2 km
illilll between 2-A km
ill!l between A-8 km
ta beyond 8 km

Fig. 4. General depth-map of the magnetic masses in Transdanubia (after PoSGAY [2])

The average arrow direction obtained from variations of T > 20 min is
perpendicular to the transverse faults of NW-SE (NNW-SSE) azimuth. Hence,
a connection between them can be assumed on the basis of two-dimensional
models. This is also obvious from Fig. 3 showing the induction arrows and the
main faults. The places of the faults indicated are given only roughly. It is
just the induction arrows that would be suitable determining them more
exactly.

It is indicated by magnetotelluric sounding curves, too, that the con-
ductive formation in the Earth’s crust has varying thickness, and its thick-
ness is always greater in fault and fracture zones [1].

A connection between fracture zones and volcanic formations, i.e. basic
eruptive rocks, mainly basalts appearing as magnetic anomalies, was sought
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N

Fig. 5. Distribution of the directions between magnetic masses in Western Transdanubia
a) values with weight; b) without weight

for. In order to do that, it was investigated on the basis of the general map
of anomalous bodies constructed by Posgay (Fig. 5 in [2]), what kind of con-
nection in direction exists between volcanites lying northwards from the
western basin of the Lake Batolan on a 30 X 100 km rectangle and volcanites
lying around them within a radius of 50 km (Fig. 4). The directions of the
connecting lines between these volcanites show greater frequency in the direc-
tion of transverse fractures (Fig. 5). This distribution of directions can be
better enhanced in the statistical investigation, if weights (from 1 to 3) are
given to the direction according to the mass of the volcanites. (The computer
program of statistical calculations was made by Takacs, whom the authors
express their thanks also here.)

It should be mentioned that the smallest C values occurred in the
northern part of the Bakony Mts (0.05—0.07), which is in good accordance

Acta Geodaetica, Geophysica et Montanistica Acad. Sei. Hung. 10, 1975



204 A DNVEI AVALNR

with the significant indication of conductive formations on magnetotelluric
curves. It can be assumed that this area is tectonically more dissected and
the areal variation of the arrow direction may indicate, besides the transverse
fractures, an influence of longitudinal ones in the distribution (greater thick-
ness) of conductive formations.

The river Raba can be given as the western boundary of the conductive
formation. Outside of the isoline {&5 100 = —10, however, the horizontal con-
ductance of the conductive formation is considerably decreasing towards W
and N. In the north, e.g., the measuring point Lovaszpatona (L) lies out-
side the high conductance accumulation zone, as indicated by the induction
arrow directed northward perpendicularly to the isoline —10.

Thus, the induction arrows are in connection with the main tectonical
lines, at first with transverse faults and fracture zones in the Bakony Mts
and their foreground. As it was referred to above, the conductive formations
in 5—10 km depth are accumulated in these zones and they thicker out (the
S value increases).

Tabic |

List of induction arrows determined in and around of the Bakony Mts

T < 20 min T < 20 min
c u c
Acsalag A 272° 0.17 214° 0.13
Bodonhely B 316° 0.15 248° 0.09
Lovéaszpatona L 347° 0.19 0° 0.15
B akonyszentkiraly Bkir 249° 0.05 192° 0.07
Porva p 257° 0.12 274° 0.06
Bakonybél Bbél 269° 0.13 225° 0.11
Németbanya N 327° 0.05 202° 0.07
Dobronte Do 307° 0.14 224° 0.05
Oroszi (0] 19° 0.14 258° 0.02
Somlévecse Slov 257° 0.18 217° 0.20
Somlévasarhely Si6va 338° 0.10 220° 0.11
Pusztamiske Pm 108° 0.12 74° 0.11
Vigandpetend \% 214° 0.07 213° 0.07
Balatoncsicsé Bcs 234° 0.09 223° 0.13
Zéanka z 144° 0.12 110° 0.06
Balatonészod 0 164° 0.11 171° 0.11
Nagycsepely Ncs 125° 0.15 158° 0.09
Kisvasarhely K 239° 0.09
Sumeg(préaga) S 218° 0.16 209° 0.02
Taliandorogd T 189° 0.16
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In investigating the material nature of the anomalous conductance, one
of the guiding points of view can bethe conclusion, according to which Pliocene
alkalic basalts were erupted through the fracture zones mentioned.

*

The data of induction arrows, given in the Table, complete the list of induction arrows
determined in Hungary and published in [3].
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PO/Ib TEKTOHVKW B HAMPABJIEHHOCTU MHAOYKUWMOHHbLIX CTPEN B
BEHIEPCKOM BACCENHE

A. AJAM-A. BANTHEP
PE3IOME

ABTOpbI MLYT NpUYMHLI 06pasoBaHusi cTpesn Buse, HabnogeHHbIX B CeBepo-3anagHoit
yacTu 3agyHalickoro Kpasi M WUMeloLMX HanpasfieHve, OT/IMYHOE OT CPeAHEero 3HaueHusi B
cTpaHe. C MOMOLLLIO CTATMUCTUYECKOr0 WCCNEf0BaHUA HanpaBfieHUii HaxoAAaT 3aBMCUMOCTb
MeX[y HanpasneHWeM CTPes U MonepeyHbIMK U3NIoMaMMU.
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LASERENTFERNUNGSMESSUNGEN ZUM MOND,
RADIOINTERFEROMETRISCHE BEOBACHTUNGEN
DER QUASARE UND DIE SATELLITENALTIMETRIE
IN IHRER BEDEUTUNG FUR GEODASIE
UND GEOPHYSIK

K. ARNOLD

ZENTRALINSTITUT FUR PHYSIK DER ERDE, POTSDAM

[Eingegangen am 6. Januar 1975]

#

Eine wesentliche neue Entwicklungsrichtung der Geodasie ist die dreidimensionale
Geodéasie. Eine ihrer wichtigsten Komponenten ist die Satellitengeodasie.

Will man die Driftbewegungen der Kontinente entsprechend dem »spreading«-Phéano-
men, kurzperiodische Anderungen der Polbewegung und der Rotation der Erde und ferner
die Kugelfunktionen im Schwerefeld der Erde von héherer als 20. Ordnung bestimmen, dann
werden die gegenwartigen Methoden der Satellitengeodéasie Uberfordert.

Die Satellitenaltimetrie gestattet die Bestimmung der mittleren Schwereanomalien der
Kompartimente bis herab zur GroBe 1° X 1°. Beim ersten Rechengang wird die Satelliten-
bahn aus den mittleren Geoidundulationen der 15° X 15°-Kompartimente errechnet und
dann als fehlerfrei angenommen. Dann berechnet man die Hohen des Meeres Uber dem Ellip-
soid innerhalb der als Partialsysteme aufgefalten 15° X 15°-Kompartimente relativ zum
Mittelwert dieser Hohen. Eine spezielle Ausgleichung ergibt das mittlere Niveau des Geoids
und der Hohe des Meeres Uber dem Geoid fir die 15° X 15°-Kompartimente. Die Differenzen
der Geoidundulationen innerhalb der 15° X 15°-Kompartimente folgen aus der Seegravimetrie.
Damit erhdlt man auch die H6éhe des Meeres Uber dem Geoid.

Die Laserentfernungsmessungen zum Mond an einer Station gestatten bei einer Beob-
achtungsperiode von ca. 8 Stunden die Bestimmung der geographischen L&nge der Beob-
achtungsstation, ihrer Entfernung von der Rotationsachse der Erde und der Entfernung
zum Mond. Erstrecken sich die Beobachtungen uber einen Monat, so kénnen die Lange, die
Breite und der geozentrische Radius der Beobachtungsstation bestimmt werden. Simultan-
beobachtungen zum Mond an zwei Stationen sind &hnlich auszuwerten wie Radiointerfero-
metrie-Beobachtungen nach Quasaren. Man bestimmt hier drei Gruppen von Unbekannten:
Die Rotationen der Erde um drei orthogonale Achsen, relative Anderungen der Stationen
auf Grund der Kontinentalverschiebung und die kosmischen Positionen der Quasare.

1. Einleitung

Eine wesentliche neue Entwicklungsrichtung der Geoddasie seit etwa
30 Jahren ist die dreidimensionale Auffassung und Durchfihrung von geo-
datischen Operationen: die dreidimensionale Geodésie. Die dreidimensionale
Geodésie hat Eingang gefunden bei den klassischen geometrischen Verfahren
der Geodasie, z. B. bei den Triangulationen und Trilaterationen, indem man
hier ganz exakte Projektionen der Dreiecksnetze im dreidimensionalen Raum
von der Erdoberflache auf das Referenzellipsoid durchfiihrt oder indem man
nach den Regeln von Hotine u. a. das Netz gleich an der Erdoberflache ohne
Reduktionen ausgleicht.
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Die dreidimensionale Auffassung wurde weiter verstarkt durch die in den
letzten 30 Jahren stark entwickelte physikalische Geoddsie. Die Bestimmung
der Geoidundulationen und Hodhenanomalien aus Schwereanomalien ist eine
realistische Mdglichkeit geworden, ebenso wie die Ermittlung der Lotab-
weichungen aus Schwereanomalien.

Man hat die Mdoglichkeit, die absoluten Koordinaten einer Station auf
der Erdoberflache zu ermitteln, d. h., man kann die vom Schwerpunkt der
Erde aus abgetragenen rechtwinkligen kartesischen Koordinaten der Station
ermitteln. Man bedient sich dabei zweckméRigerweise des folgenden Koordi-
natensystems: Die Z-Achse wird vom Schwerpunkt der Erde aus abgetragen
und verlduft in Richtung der mittleren Rotationsachse der Erde (mittlerer
Erdpol); die X —Y -Ebeneist die Aquatorebene, sie verlauft durch den Schwer-
punkt der Erde und ist senkrecht zur Rotationsachse der Erde.

I x / cos o cos ]
= Q Cos g sin X
UY] \sin 4 /

Q setzt sich zusammen aus dem Radius des mittleren Erdellipsoids, Qe, aus
der Geoidundulation, N, und aus der orthometrischen Hohe, H.

Q= e + N + H

Die geozentrische Breite 9 ergibt sich aus der durch astronomische
Beobachtungen ermittelten Breite, ¢a, der aus Schwereanomalien abgeleiteten
Lotabweichung im Meridian, £, und einer genau bekannten ReduktionsgrdRe
fiir den Ubergang von der ellipsoidischen Breite zur geozentrischen Breite, 6

N
p=RA—fF —

Fur die geozentrische Ladnge X gilt eine analoge Formel

cos P

ij ist die Lotabweichung im ersten Vertikal.

Durch die Entwicklung der Gravimetrie entstand die Mdglichkeit, N,
£und aus Schwereanomalien Ag zu ermitteln und dann weiter die absoluten
Koordinaten X, Y, Z zu erhalten.

Die modernen Verfahren der Satellitengeod&sie gestatten es, die abso-
luten Koordinaten der geodétischen Punkte mit anderen Methoden, ndmlich
durch die Beobachtung der Satelliten zu erhalten.
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Die Bahn eines Satelliten im dreidimensionalen Raum wird beschrieben
durch die 6 Keplerschen Bahnelemente, die den Verlauf der Bahnellipse um

die Erde beschreiben (a — groBe Halbachse der Bahnellipse, e — ihre Exzen-
trizitdt, co — Argument des Perigdums, i — Bahnneigung, Q — L&nge des
aufsteigenden Knotens, v — wahre Anomalie).

W &hrend sich das absolute geodétische Koordinatensystem X, Y, Z mit
der Erde mitdreht, verwendet man in der Satellitengeodé&sie ein Koordinaten-
system, das nicht mitrotiert, sondern das relativ zu den Sternen fest ist, wenn

Greenwich

Abb. 1. Die Bahnbewegung eines Erdsatelliten im astronomischen Koordinatensystem

man von der Prdzessions- und Nutationsbewegung absieht: Es ist das astro-
nomische Koordinatensystem oder besser: das wahre astronomische Koordi-
natensystem x,y, z. Die r-Achse ist wieder vom Schwerpunkt der Erde aus abge-
tragen und hat die Richtung der momentanen (instantanen) Rotationsachse
der Erde, die x, y-Ebene ist die momentane Aquatorebene, sie verlauft durch
den Schwerpunkt der Erde und ist senkrecht zur momentanen Rotationsachse
z. Die m-Achse zeigt zum momentanen Fruhlingspunkt.

Die x-, y-, «-Koordinaten des Satelliten ergeben sich aus den 6 Bahn-
elementen wie folgt

(x” /cosL cos 4 —sinL sin 2 sin P
\y = rlcosL sin it -f-sinL cos A cosi
W \sin L sin i .

L = oo-f-v (Argument der Breite).

Die Bahn des Satelliten ist eine Ellipse, in deren einem Brennpunkt der
Schwerpunkt der Erde liegt (1. Keplersches Gesetz). Daher hat man auto-
matisch absolute Koordinaten.
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Wadahrend die Bahn des Satelliten im momentanen astronomischen
Koordinatensystem x, y, z beschrieben wird, werden die Stationskoordinaten
der geoddtischen Punkte auf der Erdoberflache im erdfesten X, Y, Z-System
angegeben. Die x, y, z-Koordinaten lassen sich in die X, Y, Z-Koordinaten
umrechnen. Die beiden Koordinatensysteme lassen sich durch Rotationen um
die Koordinatenachsen ineinander Uberfihren. Zundchst wird das x, y, z-
System um die z-Achse im Gegenuhrzeigersinn gedreht, bis die n-Achse vom
Frihlingspunkt aus in den Meridian von Greenwich einschwenkt. Der Dreh-
winkel ist die Sternzeit 0. Wé&hrend die z-Achse zum momentanen Pol zeigt
(der auf der Erdoberflache eine variable Lage hat), hat die Z-Achse die Rich-
tung zum mittleren Pol. Dieser hat eine feste Lage auf der Erdoberflache.

Man erhéalt also schlieflich die X, Y, Z-Koordinaten, indem man das
X, Y, z-System weiter rotieren [4Rt, ndmlich um die x-Achse um den Winkel 1
und um die y-Achse um den Winkel |. Die Transformationsgleichungen
zwischen den beiden Systemen lauten:

HD;

I cos0O sin0 0'

Rz(@)= I—sin0 cos0 0 ;
\ 0 O 1)
(1 0 I\
S = 0 1 —n
\—e+r) 1;

Will man die Transformationsbeziehung noch in einen allgemeineren
Rahmen stellen, dann stellt man fest, daB die momentane Rotationsachse der
Erde (z-Achse) auch nicht fest ist im Raum. Sie verdndert ihre Richtung im
Raum auf Grund der Prdzession und Nutation der Erde. Ist x°, y°, z° das x,
y, z-System zu einem bestimmten Zeitpunkt (Epoche: 1950.0), dann ist also
das x°, y°, z°-System fest im Raum, und es wird nicht durch die Prézession
und Nutation verédndert. So findet man als Transformationsbeziehung zwischen
dem x°, y°, z°-System und dem System mit den Koordinaten X, Y, Z

(x \ fxe°\
Y =SR26> N mP y°
\z) \z°,

N ist die Nutationsmatrix, P die Prdzessionsmatrix. Ihre Elemente hdngen
ab von den Prazessions- und Nutationskonstanten.
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Die beobachteten GroBen sind in der Satellitengeodésie die Richtung
von der Beobachtungsstation zum Satelliten und die Entfernung zwischen die-
sen beiden Punkten. Die Richtung wird mit photographischen Kameras,die
Entfernung durch die Messung der Laufzeit von Laserblitzen bestimmt. Die
beobachteten GrofRen werden durch die Koordinaten der beiden Stationen aus-
gedrickt, um dann durch Linearisierung die Fehlergleichungen zu erhalten.

Bei der Richtungsmessung zum Satelliten auf seiner Bahn im Raum hat
man fiur den beobachteten Einheitsrichtungsvektor a"

,0 - .* s-* Q y
Ixs- QI
1 yXs) (x g\\
a® - Ys — ?
IXS — XQ A%Sj IZJJ
1 X0 (x )
a° — SR2(0)NP ko  _\ Yy
IXS - XQi u° L UJ o
Fir die gemessene Entfernung s erhalt man
4 (x°\ (X
S= [ (xs - xqg)2= SRz(0)NP /)
U°lg (z

Die Beobachtungen a°® und s sind also abhdngig von den rdumlichen Koordi-
naten der Satellitenbeobachtungsstation, X q, Ydq, Zq; sie hdngen ferner ab
von den momentanen rdumlichen Koordinaten des Satelliten x°s, y°si z°s- Diese
Koordinaten werden bestimmt aus den 6 Bahnelementen, ihren konstanten
Gliedern und ihren mit der Zeit variablen Gliedern, wie sie durch das Schwere-
feld der Erde auftreten, und wie sie auch hervorgerufen werden durch die
Bremswirkung der Reibung des Satelliten an der Atmosphdre. Die Beobach-
tungen a® und s hdngen ferner ab von den Elementen der 4 Matrizen S, Rz(<9),
N und P. Daher kann man im Prinzip auch die Polkoordinaten f und 7]in ihrer
zeitlichen Verdnderlichkeit aus Satellitenbeobachtungen bestimmen. | und 1]
bewirken periodische Anderungen in der Richtung der kleinen Halbachse des
mittleren Erdellipsoids von der Gréfe 0,4". Man kann auch die Sternzeit O,
also den Stundenwinkel des Friuhlingspunktes, ermitteln. Insbesondere kann
man bestimmen, wieweit die Rotationsbhewegung der Erde nicht konstant ist,
man kann also die Rotationsschwankungen ermitteln. Festzustellen bleibt, daR
ein zeitlich konstantes Glied in der Sternzeit, also gewissermaBen der Uhr-
stand, nicht unabhé&ngig bestimmt werden kann, sondern daf dieser in gleicher
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Weise auf die beobachtete Richtung oder Entfernung einwirkt wie eine zu-
satzliche konstante Anderung der geozentrischen L&ngen = geographischen
L&ngen der Beobachtungsstationen. Hierauf soll spdter noch ausfihrlich ein-
gegangen werden. SchlieBlich treten in den Ausdriucken fir die Beobachtungen
a® und s noch die Nutationsmatrix und die Prézessionsmatrix N und P auf.
N und P héngen ab von den Nutations- und Prédzessionskonstanten. Durch
die Prédzession verdndert sich die Richtung der Rotationsachse der Erde im
Jahr um etwa 50", die Nutation bewirkt periodische Anderungen von etwa 9"
Die Prazessions- und Nutationskonstanten sind aus langfristigen astronomi-
schen Beobachtungen ziemlich genau bekannt. Die meisten in der Satelliten-
geodé&sie analysierten Bahnbégen sind relativ kurz, sie sind meistens nicht
langer als wenige Wochen oder wenige Monate. Bei solchen kurzen Bahnen
kénnen die Fehler in der Prédzessionskonstanten auch bei sehr genauen Satel-
litenbeobachtungen nicht wirksam werden, sie kénnen insbesondere nicht die
Grenze erreichen, die durch die Beobachtungsfehler und die Unsicherheiten
im mathematischen Modell der Satellitengeoddsie entstehen.

W ir werden aber spédter sehen, dall beiradiointerferometrischen Beobach-
tungen der Quasare mit einer hoheren Beohachtungsgenauigkeit zu rechnen
sein wird, hier werden auch die Resteinflisse der Refraktion geringer sein, so
dall das mathematische Modell genauer sein wird.

Aus allen diesen Grinden hat man gefunden, dal man bei einer Beob-
achtung der Quasare Uber mehrere Jahre hinweg, Uber 5 bis 10 Jahre, die
Nutations- und Prdzessionskonstanten aus den radiointerferometrischen
Beobachtungen der Quasare wahrscheinlich um eine GréRenordnung genauer
bestimmen kann, als sie heute noch bekannt sind.

Wenn man mit klassischen Bcobachtungsmethoden die Werte der Pré-
zessions- und Nutationskonstanten kaum wird verbessern kdnnen, so ist diese
Situation bei den Polkoordinaten, bei den Parametern der Polbewegung, f,
Tj, ahnlich.

Aus astronomischen Beobachtungen der geographischen Lé&nge und
Breite kennt man die Koordinaten des momentanen Pols relativ zum mittleren
Pol auf etwa +1. m = 0,03".

Hierbei berechnet man | und r\, indem man die Beobachtungen wenig-
stens mehrerer Tage zusammenfal3t, so dal man praktisch das Mittel der Pol-
koordinaten £ und r] wé&hrend dieses Beobachtungszeitraums erhdlt. Durch
dieses Verfahren, das zur Erhéhung der Genauigkeit der Resultate notwendig
ist, erhdlt man automatisch eine geglédttete Kurve der |- und tj-Werte. Die
kurzen Perioden von einem Tag oder einer Stunde kénnen grundsétzlich nicht
erfalt werden. Die Geophysiker sind aber gerade heute daran interessiert,
spontane Anderungen der |- und rj-Werte zu erhalten, weil diese fiir die geo-
physikalische Interpretation von besonderer Bedeutung sind. Durch die
groBRen Erdbeben erfolgt z. B. eine spontane Verlagerung von Erdmassen,
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durch die z. B. die Trdgheitsmomente der Erde in bezug auf die 3 Koordina-
tenachsen X, Y, Z verdndert werden. Wegen der Konstanz des Drehimpulses
(Drall) Ico,

lac* ]/(Ixtoxy + (lyCOyf + (12Z02)* ,

(Ix, ly, lz: Haupttrdgheitsmomente)

wird eine Anderung von Ixsich in cox reflektieren und daher zu einer Verande-
rung der Koordinaten rj des Pols fihren. Die Seismiker sind diesen Zusammen-
h&ngen nachgegangen und haben festgestellt, dal die groRten Erdbeben

Abb. 2. Die Bewegung der momentanen Rotationsachse der Erde z relativ zu ihrer mittleren
Rotationsachse Z. PO: mittlerer Pol; P: momentaner Pol; Zgr: Lotrichtung Greenwich

Anderungen in der Polbewegung hervorrufen konnen, die gerade noch im
Bereich der mittleren Fehler der aus astronomischen Beobachtungen erhalte-
nen £- und rj-Werte liegen. Daher wird man gegenwdértig kaum signifikante
Aussagen Uber die Vorgdnge im Hypozentrum eines Erdbebens aus der Analyse
der mit den gegenwadrtigen Mitteln erhaltenen Polbewegungen machen koén-
nen. Durch eine Analyse der Laserentfernungsmessungen zum Mond und der
radiointerferometrischen Beobachtungen der Quasare hofft man, die Pol-
bewegungskoordinaten I, f] um eine GrdéBenordnung genauer bestimmen zu
kénnen, und man hofft auch, kirzere Perioden von der Ladnge eines Tages und
einiger Stunden erhalten zu kénnen. Die Analyse der Polbewegungen wirde
eine neue Stufe erreichen, und man kdnnte zuverldssiger feststellen, welche
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Kréafte es sind, die die Polbewegung verursachen, vielleicht auch Kréafte, die
mit der Dynamik des Erdkerns in Verbindung stehen.

SchlieRlich sind die Beobachtungen der Satellitengeodédsie auch Funk-
tionen von den Stationskoordinaten im erdfesten geod&tischen System X, Y,
Z. Man kann die Stationskoordinaten in einem globalen X, ¥, Z-System heute
mit den genauesten Beobachtungen auf wenige Meter genau bestimmen; aus
Doppler- und Laserbeobachtungen auf etwa +2.5 m genau. Dies ist eine sehr
erstaunliche Genauigkeit, die mit den klassischen Methoden, mit den Triangu-
lationen, nicht zu erreichen war. Diese Genauigkeit geniigt den meisten Anfor-
derungen, sie genugt jedoch nicht allen Ansprichen. Diese Genauigkeit gentligt
z. B. noch nicht, wenn man die durch geologische Kréafte verursachten gegen-
seitigen Bewegungen der Erdschollen durch Messung bestimmen will. Es gibt
gewichtige Grinde dafir, daB die Kontinente entsprechend der Wegenerschen
Kontinentalverschiebungstheorie auseinander driften. Aus geomagnetischen
Messungen und der Bestimmung des Alters der Gesteine auf dem Meeresgrund
des Atlantischen Ozeans hat man gefunden, daB Nord- und Sudamerika einer-
seits und Europa und Afrika andererseits sich durch eine Driftbewegung von-
einander entfernen. Man rechnet mit etwa 2 bis 3 cm im Jahr. Es handelt sich
um die sogenannte »sea-floor-spreading«-Erscheinung. Es wére nun eine her-
vorragende Aufgabe fir die Geoddsie, auch durch geometrische Messungen
dieses »sea-floor-spreading« nachzuweisen. Wenn man mit den Methoden der
Satellitengeodéasie einzelne Punkte auf etwa +2,5 m genau bestimmen kann,
so wird man die Beobachtungen Uber einen Zeitraum von mehr als 200 Jahren
ausdehnen missen, um das »sea-floor-spreading« nachzuweisen; denn erst nach
Ablauf von mehreren hundert Jahren wird sich die Entfernung zwischen den
Kontinenten Nordamerika—Europa um Betrdge geédndert haben, die die
Lagegenauigkeit der Stationen erreicht, die mit den Methoden der Satelliten-
geodésie vermessen worden sind. Wir werden sehen, dal man hofft, mit den
Lasermessungen zum Mond und mit den radiointerferometrischen Messungen
nach den Quasaren den mefRtechnischen Nachweis der Kontinentaldrift schon
in 10 bis 20 Jahren erbringen zu kdnnen.

In den Fehlergleichungen der Satellitengeodésie treten auch die rdum-
lichen Koordinaten x, y, z des Satelliten im astronomischen System auf. Diese
werden errechnet aus den 6 Keplerschen Bahnelementen und ihren zeitlichen
Verdnderungen, also ihren Stérungen. Die Bahnstérungen werden durch
Integration der Lagrangeschen Stérungsgleichungen erhalten. Ihre Ursache ist
einmal das Gravitationsfeld der Erde, ndmlich die Abweichung des Gravita-
tionsfeldes von dem einer Kugel, wie sie durch eine Kugelfunktionsentwicklung
beschrieben wird. Mit den gegenwadrtigen Beobachtungsmethoden der Satelli-
tengeoddsie, durch photographische Messung der topozentrischen Richtung
zum Satelliten, durch Beobachtung der Entfernung zum Satelliten mittels
Laser und durch Dopplerbeobachtungen zum Satelliten hat man die Kugel-
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funktionen im Gravitationsfeld der Erde bis zur 15. oder 20. Ordnung bestim -
men kdnnen. Das war ein grofRer Fortschritt fir die Geoddsie. Dem entspricht
etwa die Bestimmung der mittleren Schwereanomalien der 15°x15° grofRen
oder der 10°x 10°-Kompartimente auf der Erdoberfliche. Damit dirften diese
MeBmethoden die Grenze ihrer Leistungsfahigkeit erreicht haben, mag man
auch noch soviel Beobachtungen in die Ausgleichungen integrieren. Um allen
geoddtischen Anforderungen gerecht werden zu kénnen, braucht man diese
mittleren Schwerewerte fir die 1°x I°-Kompartimcnte, man bendtigt also
noch mehr Details, fir manche Aufgaben sogar die Mittelwerte der 0,1°X0,1°-
Kompartimente, z. B. fiir die Bestimmung der Lotabweichungen aus Schwere-
messungen, fir die Ermittlung der Hohenanomalien aus Schwereanomalien
und fur die Bestimmung der Geoidundulationen im Bereich der Ozeane auf
+ 10 bis +20 cm genau, um die Abweichungen der Meeresoberflache vom Geoid
bestimmen zu kénnen, Betrdge, die im Atlantik mit etwa 2 m erwartet werden,
und die ihre Ursache in den Strémungen in den Ozeanen, in meteorologischen
Effekten, im Salzgehalt der Ozeane und in anderen Quellen ihre Ursache
haben, so dafl man also Riickschlisse auf diese Effekte ziehen kann.

2. Satellitenaltimetrie

Bei der Satellitenaltimetrie beobachtet man also direkt die Hohe des
Satelliten iber dem Meer, das wir zunéichst als Aquipotentialfliche und damit
als identisch mit dem Geoid ansehen wollen. Das Verfahren hat schon seit
einiger Zeit in der Flugnavigation einen festen Platz, die modernen Flugzeuge
haben alle ein Landeradar, mit dem sie bei der Landung sehr genau die Hdhe
Uber dem Erdboden und der Landepiste bestimmen kdénnen. Bei den Apollo-
Fligen zum Mond hat man ferner die Hohe des den Mond umkreisenden
Satelliten Uber der Oberflaiche des Mondes mittels der Altimetrie bestimmt
und aus diesen Beobachtungen die Topographie des Mondes erhalten. Beim
Landeanflug der Apollo-Mondfdhre zum Mond bis zum Aufsetzen auf dem
Mond war die Bestimmung der Hohe der Mondféhre Gber der Mondoberflache
mittels Radar von entscheidender Bedeutung. In diesem Jahr wird der Satel-
lit GEOS-C gestartet; er enthdlt Einrichtungen zur Satellitenaltimetrie, so
daB damit dieses MelRverfahen auch in der Geoddsie seinen Einzug hdélt. Das
MeRverfahren soll hier nicht in allen Einzelheiten besprochen werden, es soll
nur soweit behandelt werden, wie es notwendig ist zum Verstandnis der spdte-
ren geoddtischen Anwendung. Der Satellit sendet senkrecht nach unten Radar-
impulse, die sich in Form eines Strahlenkegels nach unten ausbreiten. Der
Kegel Uberdeckt einen bestimmten Bereich der Erdoberfliche von einigen
Kilometern Durchmesser. Die Impulse werden an der Meeresoberflache reflek-
tiert und vom Satelliten wieder aufgefangen. Aus der Laufzeit der Radarim-
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pulse erh&lt man vermittels der Lichtgeschwindigkeit die Ho6he Uber dem
Meere.

Ist t2—t] die doppelte Laufzeit, c die Lichtgeschwindigkeit, dann ist die
Hohe des Satelliten Gber dem Meere gleich

H=vy c«@- h)-

Man hofft, die Hohe H lUber dem Meere auf etwa +2 bis +1 m bestim-
men zu kénnen, spédter bei verfeinerter Meftechnik vielleicht noch genauer.

Abb. 3. Die BeobachtungsgrofRen H der Satellitenaltimetrie in ihrer Abhangigkeit von der
Satellitenbahn und der Gestalt des Geoids

Um aus den beobachteten Werten von H die Werte N, die Geoidundula-
tionen, zu ermitteln, bendtigt man zundchst den geozentrischen Radiusvektor
r des Satelliten.

r errechnet sich aus den Bahnelementen und den Bahnstdrungen des
Satelliten.

Die Bahnstdrungen werden hervorgerufen durch das Stdrpotential,
durch die Teile im Schwerefeld der Erde, die eine Abweichung von der Kugel-
gestalt bedeuten. Man setzt fur das Stérpotential T eine Kugelfunktionsent-
wicklung an.

0 |

nh

(+i P /m(sin o) [CIm cos mX + SIm sin mX]

1=2 m=0

k: Gravitationskonstante
: Masse der Erde
Re: groBe Halbachse des mittleren Erdellipsoids.
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Die Anderungen der 6 Bahnelemente a, e, co, i, Q, M ergeben sich aus den
Stérungsgleichungen, die fir die Ableitungen der 6 Bahnelemente nach der
Zeit stehen.

8T
as= Xjj
i om
o y 8T 8T
= X. + *
21 > 8w

8T ar
M- = n + xBl + %62
e 8a

oder in Matrizenform
8T

da
8T
de

8T
800

It
>

8T
di
8T
8il
8T
8M

m=aecoi ,M.

Die Anderungen der 6 Bahnelemente folgen dann mit
t
n = \ic dt.
o
Weil man in der Satellitenaltimetrie die Mittelwerte der Geoidundula-
tionen fir 1° X I°-Kompartimente bestimmen will, hat man auch vorgeschla-
gen, die Stérungsrechnung durchzufihren in Abhdngigkeitvon Parametern des
Schwerefeldes, die ebenfalls als Mittelwerte dieser Kompartimente von
1° X 1°.Ausdehnung zu verstehen sind.
Man kann das Stdrpotential darstellen als Funktion der Mittelwerte der
Schwereanomalien Ag der 1°X I°-Kompartimente.

T = <Pi(S,Q)da.
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Die zeitlichen Anderungen, der Bahnelemente w erhalt man dann nach der
Gaullschen Form der Lagrangeschen Stdrungsgleichungen

(KA

k 2\.

k]

u-= B

K3 ist die Ableitung des Stdérpotentials in Richtung des Radiusvektors r.
K 2 zeigt in die Bewegungsrichtung des Satelliten, diese Komponente K2 liegt
in der Bahnebene des Satelliten und ist senkrecht zum Radiusvektor r. Die

Abb. 4. Die Satellitenbahnebene mit den beiden in ihr gelegenen Komponenten der Stor-
beschleunigung kK 2 und Kk 3, die durch das Gravitationsfeld der Erde hervorgerufen werden

dritte Komponente ist senkrecht zur Bahnebene und ergé&nzt die beiden
Vektoren K3 und K2 zu einem rechtwinkligen Dreibein.

Weil in der Satellitenaltimetrie die N-Werte zu bestimmen sind, kann
man das Stdrpotential T auch als Funktion der Mittelwerte der N-Werte
fir die 1°x I°-Kompartimente ausdricken.

T= ffN #On(S, Qda=? " 2 N-02S,Q)da.
4n JJ 4n

a

Durch Ableitung dieses Ausdruckes nach der Richtung der drei Komponenten
Kx, K2 K3erhdlt man diese drei Komponenten der Stérbeschleunigung als
Funktion der N-Werte fur die 1° XI°-Kompartimente.

Den geozentrischen Radiusvektor r des Satelliten erh&lt man also aus
der Storungsrechnung als Funktion der N-Werte, r = r(iV). Dieser Wert muf
gegeniubergestellt werden dem fehlerfrei bekannten Radius des mittleren Erd-
ellipsoids, der Geoidundulation und der beobachteten Héhe H. Die Fehler-

gleichung lautet dann folgendermalen, wenn die zuféllige Verbesserung
von H ist:
1 H .
VH = — H — Q§" —eeev aEe% — SIN22cpS + r —N
8 r
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Die Bedeutung von gs ist der Abb. 3 zu entnehmen, das dritte Glied ist
ein elliptisches Zusatzglied, das nur wenige Meter betrdgt und durch die Ab-
plattung der Erde auftritt.

Geht man unvoreingenommen an die Auswertung der Fehlergleichung
der Satellitenaltimetrie, dann wird man die Erdoberflache in 15°x ~ “-Kom-
partimente Fpeinteilen, und diese weiter unterteilen in jeweils 225 Komparti-
mente der GroBe I°x1°, in die Flachen Fp.i, (i= 1,2,... ,225); und man
wird die Mittelwerte der Geoidundulationen Npj der Fldchenelemente Fpj
als die zu bestimmenden Unbekannten einfiihren.

FalRt man das absolute Glied unter der Bezeichnung S zusammen,
dann hat man

(@w) p.i oi + r(AL1IT A2 iV, N, N p.n pl"
Die Linearisierung fuhrt zu folgendem Ausdruck

(YyH)p.i — ~p.i + Arz xp.iah. — NPi;

p->*=

1, 2,
i-+8= 1,2

2, 225
Berilcksichtigt man noch eine eventuelle Erhebung des Meeresniveaus lber
dem Geoid, dann folgt

(vhypa — “pJ+ 2 2 xpiaBNxB— NpJ—Cpt
oder as

N)p.i = “PpPi+ 22& Xp.i.a.8 N'.B (Xp.i.p.i — 1) ij — Cp.,»
a

*bedeutet, daB nicht iber «x= p und B = i zu summieren ist. Die Koeffizien-
ten Xp.ixBwerden mit p.i.x.B variieren, daher kann man annehmen, die Unbe-
kannten Npj, Cp, lassen sich voneinander trennen und damit auch durch
Auflésung des Normalgleichungssystems bestimmen.

Es I4Rt sich aber zeigen, dall die Koeffizienten xp.ix8 wesentlich kleiner
als eins sind, etwa um 2 bis 3 GréfRenordnungen

Xp.i.a.B < 0,0l .

Dann ist der EinfluR der Werte NxB,a » p, 8 i; auf den Restfehler (vh)p.i
wesentlich kleiner als der Einfluf von iVp.,, und Cpi- Es geniigt dann, fir die
Unbekannten

a1 * P, R 1,

bei der Berechnung des Radius r des Satelliten N&herungswerte einzufiihren.
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Man wird dann zweckmé&Riger gleich die Mittelwerte N p der 15°x 15°-Flachen-
elemente nehmen, wie man sie z. B. aus der Bahnmethode der Satellitengeo-
désie erhalten hat. Man mufl dann nicht unbedingt auf die N p-Werte zuriick-
greifen, man kann die &quivalenten Schwdreanomalien Ag nehmen oder auch
die dquivalenten Kugelfunktionsentwicklungen. Diese Ndherungswerte Np
der 15°x 15°-Kompartimentegelten dann als feste Werte, sie werden zum
freien Glied a mit hinzugenommen.
Die Fehlergleichung hat damit folgende Form

(VH)p‘] = - (Np, + q)r')'
Es soll zundchst noch nachtrdglich der Beweis erbracht werden, daR
Xp.bl.p < 0,01 .

Dazu gehen wir von folgendem Gedanken aus:

Bei den bisherigen Bestimmungen des Schwerefeldes der Erde aus
Satellitenbeobachtungen nach der Bahnmethode bestimmt man die Position
des Satelliten im Raum auf etwa +5 m genau. Aus diesen Satellitenbeobach-
tungen folgen die Mittelwerte der Geoidundulationen der 15°x ~ “-Komparti-
mente, also die Np-Werte mit einem mittleren Fehler von ebenfalls etwa
+ 5 m. Bei der linearen Beziehung zwischen der Beobachtung und der Unbe-
kannten,

vp+Hp: x* «ONp,

wird der Koeffizient x* also genédhert gleich eins sein; denn fir die mittleren
Fehler gilt
mp= K* * mNp

Ist das Flachenelement aber nur 1°X 1° groB, dann ist der Einfluf des Mittel-
wertes der Geoidundulationen in diesem Bereich entsprechend kleiner.

Das Flachenelement ist jetzt 15x15 = 225mal kleiner. Daher ist auch
der Koeffizient x in der betreffenden Fehlergleichung bei einem I°xI°-Kom -
partiment entsprechend kleiner. Man findet auf diesem Wege als Mittelwert
fir die Koeffizienten xpj,aB,:

X -X* otd 0,005 .

225

P-ia.l w

Die betrachteten Koeffizienten sind also wesentlich kleiner als eins, und die
Normalgleichungsmatrix ist in gentgender Anndherung bei praktischen An-
wendungen gleich einer Diagonalmatrix.
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Ist die Streuung der Geoidundulationen N innerhalb eines 15°xI5°-
Kompartimentes im quadratischen Mittel gleich mn, so interessiert noch, wie
stark sich diese Streuung der JIF-Werte innerhalb eines 15° X~ “-Komparti-
mentes auf die Satellitenbahn auswirkt (Abb. 5). Fir eine ungestdrte Bahn

Abb. 5. Die Abhéangigkeit der BeobachtungsgroBen H der Satellitenaltimetrie von den ver-
schiedenen Approximationen der Satellitenbahn und den Geoidundulationen

Np.i= Np+ 6Np.j -« Np+ Np.,- ~ 2 Np,

ml: Abweichung durch mittl. Fehler der N p-Werte
ms: Abweichung durch Streuung der N-Werte innerhalb eines 15°XI5°. Kompartiments

hat man die Kepler-Ellipse. Aus den Mittelwerten der Geoidundulationen fiur
die 15° X 15“-Kompartimente, aus den Np-Werten, ermittelt man mittels der
Storungsrechnung die Rechenbahn 1. Beim Ubergang von der Rechenbahn
1 zur wirklichen Satellitenbahn muB man zunéchst die mittleren Fehler der
Np-Werte berlicksichtigen. Das sind die Streuungen mN. Wirde man vom
plausibelsten Approximationswert Np zum wahren Wert Gbergehen, dann
wirde man von der Rechenbahn 1 zur Rechenbahn 2 ibergehen. Der Abstand
beider betrdgt im Mittel m/; m, wird im Mittel etwa gleich Tar = +5 m sein.

Acta Geodaetica, Geophysica et Montanistica Acad. Sei. Hung. 10, 1975



2 KANDD

Geht man von der Rechenbahn 2 zur wirklichen Satellitenbahn uber,
dann muB also noch der EinfluB der Streuung der Npj-Werte innerhalb eines
15° X 15°-Kompartimentes abgeschétzt werden.

Mit

225
vp+ Hpoz 0,005 «6Npj
/=1

folgt als Abschdtzung im Mittel

mses; 0,005 ¢5-"225 — + 0,4 m o

Der Mittelwert der 6Np mist mn = +5 m; msist also wesentlich kleiner als m,,.

0,4
= 0,07 < 1.
5

Fur die genauere Untersuchung der Struktur der m/-Werte, also fir die
Bestimmung der Abweichungen der wirklichen Satellitenbahn von der Rechen-
bahn 1, die aus den Stérungen der Np-Werte ermittelt worden ist, geht man
am besten zu einer Stdrungsrechnung Uber. Es liegen keine Beziehungen
zwischen den Stérungen der Satellitenbahn in Abhé&ngigkeit von den Geoid-
undulationen vor. Ich kann aber diese Stérungen als Funktion von den
Schwereanomalien entwickeln:

Uberfliegt ein Satellit ein 15°XI15° groRes Kompartiment mit einer
Schwereanomalie von 10 mgal in 1000 km Hohe, dann wird dadurch die
Satellitenbahn auf einem 600 km langen Bogen um lediglich 1,5 m gestort.
Ist der Mittelwert der Schwereanomalie des 15° X 15°-Kompartimentes auf
+ 3 mgal bekannt, so folgt die Bahnstérung +0,45 m.

Ubergang von der Rechenbahn 4 zur wirklichen Bahn durch Beriick-
sichtigung der Streuung der zlg-Werte innerhalb der 15°X " “Komparti-
mente:

Sind die zlg-Werte der 1° X1°-Kompartimente innerhalb eines 15°XI15°-
Kompartimentes wie zufdllige Variable (+20 mgal) verteilt, dann ergibt sich
beim Uberfliegen eines 1° X I°-Kompartimentes eine Stérung von +0,015
Meter, bei einem 600 km langen Bogen. Beim Uberfliegen von 400 —I°X|°-
Kompartimenten folgt die Stérung

+ 0,015 400 meter = +0,3 m.

600 km, die obige Ladnge der Satellitenbahn, ist etwa der mittlere Abstand
zweier Punkte eines 15° X 15°-Kompartimentes. Diese Varianzen, +0,3 m,
+ 0,4 m, sind eine GrdéRenordnung kleiner als die Varianz der Npj-Werte,
+5m.
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Daher kann man die Satellitenbahn in genligender Ann&herung aus den
Mittelwerten der 15° X 15°-Kompartimente errechnen. Will man die 6Npj-
Werte in der ersten lIteration berechnen, dann genugt es, die Bahnstérungen
aus den Np-Werten der nullten Iteration zu ermitteln.

Die Np-Werte der ersten Iteration erh&lt man im Anschlufl an die
Bestimmung der 6Npj-Werte durch eine besondere Ausgleichung (ca. 200 Un-
bekannte) (keine Diagonalmatrix). Die Varianz der beobachteten H-W erte ist
also in erster Linie die Varianz der N pj-W erte. Die Satellitenbahn ist wesent-
lich glatter als das Profil der iV-Werte.

Damit gestaltet sich die Auflésung der Normalgleichungen zu dieser
Fehlergleichung mit den Unbekannten Npj + tpj relativ leicht. In jeder
Fehlergleichung tritt nur eine Unbekannte auf. Die Normalgleichungsmatrix
hat die Form einer Diagonalmatrix. Man muf nicht in einem GuB ein System
von 200x225 = 45 000 Unbekannten auflésen. Man wird aus den so gefunde-
nen Npj-Werten die Betrdge

1
ONpj = Npi YN,
errechnen; denn nur diese wird man nach den vorstehenden Betrachtungen
mit Signifikanz bestimmen kdnnen. Das mittlere Niveau der N p-Werte in
einem 15° X 15°-Kompartimente ist durch eine besondere SchluRausgleichung
zu ermitteln. Gegebenenfalls ist die Ausgleichung zu wiederholen.

W éren die Koeffizienten xpjMp alle etwa von der GrdéRenordnung 1,
dann kdnnte man die Npj-Werte und Cp.rWerte voneinander trennen und
das Verfahren der Satellitenaltimetrie ware noch weit effektiver, weil man
auch die Abweichungen des Meeres vom Geoid finden kdnnte.

So kann man nur die Summe Npj + Cpj ermitteln. Will man N pj haben,
dann mufl man Npj nach anderen Methoden bestimmen, z. B. aus Schwere-
messungen. Will man N aufetwa +10 bis +20 cm bestimmen, eine Genauig-
keit, die in diesem Zusammenhang notwendig wé&re, dann braucht man
Schweremessungen auf der ganzen Erde mit einer Genauigkeit von etwa 1 mgal
alle 10 km, oder man bendtigt die betreffende Kugelfunktionsentwicklung
bis etwa zur Ordnung n = 180 (3 ¢ 104 Koeffizienten). Mit der SchluRaus-
gleichung kann man folgenden Gedanken verbinden:

Vor der SchluRausgleichung kennt man die Werte: Np (erste Ndherungs-
werte fur die 15° X 15°-Kompartimente) und

225
ENpJ+ tpj) = »Xpj, 2 6%=10

(siehe Abb. 6).
Die Topographie des Meeres relativ zum Ellipsoid wird damit durch
die Werte

Np+ OXpi = N pj
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beschrieben. Np ist aus der nullten, dXpj aus der ersten lteration und ent-
sprechend genauer. Bei der SchluBausgleichung setzt man daher fir die Topo-
graphie des Meeres

Np + aNp+ &p+ axpj

NP und 6Xp'i sind bekannt und werden dem absoluten Glied beigefiigt. 6Np
und dCp sind die Unbekannten. Sie gelten fiir ein 15° | 15°-Kompartiment.

Die Fehlergleichung fir die Beobachtungen in einem 15° X" “-Kom-
partiment wird damit:

*

200 225%
vpi+ HPI= 2 2 xp.i*B[Nx+ + &N LB]+
<= 3=
+ [xp.i.p.i — 11 [Np + dNp+ 0&6Np'j] kp — <Cp — aGp.i + S pi
—1
(Der Stern* bedeutet, dal nicht uber a = p und 8 = i zu summieren ist).

Weil Xp.i.pj 0,005, weil Cp = 0, und weil die Np-Werte und 6XpA bekannt
sind, folgt

200 225+
vo.r mHpT = o wpiak  aNp aCp+ “‘pe

Die Bahnstérung durch die Varianz der N-Werte innerhalb eines 15°xI15°-
Kompartiments betrdgt nur etwa +0,4 m = ms und kann vernachléassigt
werden oder aus den ONpA-W erten berechnetwerden, wenn man sie durch die
Ap.i-W erte approximativ ersetzt, oder wenn man sie gravimetrisch berechnet,
wie spdater behandelt wird. Es folgt

200 (ohne p) 225
vpi+ Hp.i~ 2 2 XP--*R +
a=1 13=1
1+ 2 Ko
+ ONp + UCp + “ p.i
R=1
Wegen Xp.iaB = 0,005 ist
225
2 xp.i-p-B — 225 « 0,005 —y von der GrdRBenordnung 1.
/3=1

Die Koeffizienten bei 6Np und 6Cp sind damit deutlich voneinander unab-
hdngig. Dam it lassen sich die Unbekannten 6Np und 6Cp voneinander trennen
und bestimmen.
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Hat die Einzelmessung die Genauigkeit +2 m in 4, dann folgt fir die
Genauigkeit von 6Np und 6Cp: +2 m/~225 = i0,14 m. Man kennt damit
das mittlere Niveau des Geoids und die Gestalt der Oberflaiche des Meeres.

Es sind noch die Abweichungen des Geoids von seinem mittleren Niveau
zu bestimmen. Diese erhdlt man mit der Seegravimetrie. Im Bereich des unter-

Abb. 6. Die Meeresoberflaiche und das Geoid mit ihren mittleren Niveaus relativ zum mittle-
ren Erdellipsoid

suchten 15° X 15°-Kompartiments und in einem Giurtel von etwa 1000 km
Breite um dieses Kompartiment herum findet man mit der Seegravimetrie
die Schwerewerte auf +2 bis +3 mgal (alle 10 km). Aus diesen Schwerewerten
findet man die Anderungen der Héhenanomalien oder Geoidundulationen
ONp.i im Bereich des 15° X 15°-Kompartiments. Zur Ableitung des mittleren
Niveaus des Geoids in diesem Bereich braucht man nicht die Schweremessun-
gen auf der ganzen Erdoberflaiche mit der Genauigkeit von 1 mgal fur die
1° X I°-Kompartimente; denn das mittlere Niveau, Np-f- 6Np, wird aus
Satellitenbeobachtungen bestimmt.
Es gilt die Bedingung:

225
ydN p,= 0.
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3

Der Vorteil der Satellitenaltimetrie liegt darin begrindet, daBR man
diskrete Werte der Geoidundulationen direkt bestimmen kann, die MeRge-
nauigkeit der Satellitenaltimetrie kommt direkt zum Tragen, ohne dal} sie
durch Unsicherheiten in den Satellitenbahnstérungen wesentlich abge-
schwédcht wirde. Wenn die Satellitenaltimetrie eine Genauigkeit von +1 bis
+ 2 m hat und die Geoidundulationen etwa mit der gleichen Genauigkeit zu
bestimmen gestattet — schon aus einer Einzelmessung —, so erscheint es
zunédchst verwunderlich, dall man bei der Bahnmethode der Satellitengeodasie

Abb. 7. Quasimultanbeobachtungen eines Satelliten in den Positionen Sland S2an den beiden
terrestrischen Stationen Q, und Q2 und Simultanbeobachtungen eines anderen Satelliten mit
dem parallaktischen Winkel Yy

wohl die Entfernung zum Satelliten mit Lasergerdten auf +1 m bis +2 m
genau bestimmen kann, dagegen die Entfernung zwischen zwei Stationen auf
der Erde aus einer Einzelmessung zum Satelliten nur auf etwa +10 bis +15 m,
und erst aus sehr vielen Wiederholungsmessungen mit einer Genauigkeit von
+ 3 m bis +5 m.

Der Grund ist darin zu suchen, dall die Entfernung zwischen den beiden
Stationen Cj(L nicht direkt bestimmt werden kann, sondern indirekt aus den
Beobachtungen sx und s2 abgeleitet werden muf}, ebenso wie aus dem Bahn-
bogen der Satelliten S1S2, der voll mit den Unsicherheiten der berechneten
Bahnstérungen behaftet ist; ferner wirken die Unsicherheiten in den Winkeln
yl und y2 die indirekt aus den Beobachtungen abzuleiten sind. Die Fehler
in den Satellitenbahnbdgen und in den Winkeln y1 und y2 dominieren Uber
denen in den Strecken und s2

Besonders vorteilhaft dirfte daher eine Methode sein, bei der der Satel-
litenbahnbogen die Ld&nge Null hat und daher fehlerfrei bekannt ist, und bei
der die Winkel®und y2bzw. der Winkel y fehlerfrei gegeben sind; denn dann
fallen die groBten Fehlerquellen fort, und es wirken nur noch die Fehler in
den Streckenmessungen.
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Eine solche Methode stellen die Laserentfernungsmessungen zum Mond
dar. Das Prinzip der Laserentfernungsmessungen zum Mond sei hier kurz
Umrissen, soweit es zum Verstdndnis der geoddtischen Anwendungen wichtig
ist.

Durch die Apollo-Mondfédhre und durch die Mondfahrzeuge »Lunochod«
wurden Sétze von Tripelspiegelreflektoren auf dem Mond installiert. An der
Beobachtungsstation werden mit einem starken Rubin-Laser Lichtblitze mit
der zeitlichen Dauer von 10_8s und mit einer sehr hohen Energie von 10 Joule
zum Mond geschickt. Sie durchlaufen nach dem Lasergerdt zundchst einen

Mond

Abb. 8. Die Entfernungsmessungen zum Mond s in ihrer Abhéangigkeit von der raumlichen
Position des Mondes und der Lage der Beobachtungsstation Q auf der Erdoberflache

Kollimator, so daR der Strahlungskegel nur einen Offnungswinkel von etwa
2,7" hat. Dieser Kegel beleuchtet auf dem Monde eine Fldche, deren Durch-
messer nur wenige Kilometer betrdgt. Der Strahlungskegel wird zuné&chst
genau auf den Reflektor auf dem Mond ausgerichtet. Das einfallende Licht
wird dann zum Sender zuriickgesandt, in paralleler Richtung. Damit ist der
Winkel y in der Abb. 7 fehlerfrei gegeben. Er ist gleich 0,00". Wird die Lauf-
zeit des Lichtes auf 10~8s genau ermittelt, dann kann man die Entfernung
von der Erde zum Mond auf etwa 1,5 m genau aus einer Einzelmessung
bestimmen. Integriert man tGber 100 Laserblitze, so hofft man, etwa 0,15 m
zu erreichen.

Die Refraktion an der Atmosphdare ist bei Entfernungsmessungen erheb-
lich weniger bedeutungsvoll als bei Richtungsmessungen. Bestimmt man hei
den Laserentfernungsmessungen zum Mond den Refraktionskoeffizienten an der
Erdoberflache aus meteorologischen Daten — aus Messungen des Luftdruckes
und der Luftfeuchtigkeit an der Erdoberflaiche —, dann kann man den Refrak-
tionseinfluf, also den EinfluR der Atmosphére auf die Streckenmessung zum
Mond, mit einer Unsicherheit von nur etwa 0,06 m genau bestimmen. Die
Zenitdistanz des Mondes soll dabei 70° nicht Ubersteigen.

Acta Geodaetica, Geophysica et Montanintica Acad. Sei. Hung. 10, 1975



228 KMD

Betrachten wir zun&chst Entfernungsmessungen zum Mond an einer
einzelnen Station.

Man beobachtet die Entfernung zwischen der Station Q und dem Mond.
"Wegen der Erdrotation wird s eine tdgliche Periode von 24 Stunden haben.

Fir die Strecke s gilt dann

|\(X\ _ )
s= V(xQ— XS)2 = Y —S(, ) Rz(6) y
\zjQ U /S)
Fihren wir hier Polarkoordinaten ein, dann gilt — wenn zundchst f, 7, 0 als
fehlerfrei angenommen werden — s2= r2-f- g2 — 2rg cos .

Dricken wir r, g, ip durch die rAumlichen Polarkoordinaten der Station
aus und durch die Bahnelemente des Satelliten, dann folgt

s = /g, p A a, ecoi, A,v*)

und die Fehlergleichung lautet nach Linearisierung

an an an an ..
VS - og ocp -) 0A f- > ——o- ou — s + S0, n= a,e,e,i, n,v
8¢ ap 9A Ny

wobei v die zufdllige Verbesserung bei der gemessenen Strecke s ist.
In gentgender N&herung kann man hier setzen

an . 9N an .
V = dp 4 nep 4 OA -f- OT — S -p Sf), (1)
89 dtp 9A
mit
6r= — du
n Qu

Man findet durch Ableitung der Funktion /1 nach g und wenn man bei kurzen
Mondbahnen v* w konst, setzt:

v — xlcostp mdg — m g esinipedp X2egcosgeoA-)-dr—s SO
cos ¢ -f- A mcos v*
fed konst, bei 8 Stunden

xr und x2 sind sinus- und cosinus-Funktionen von den Bahnelementen des
Mondes und der Sternzeit 0. Es folgt:

v= x15gcos¢) + x20cosDe SA+ or — s -f- sO. 2)
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Der Querstrich tUber 6r bedeutet, daR hier zu 6r noch konstante Teile hinzu-
getreten sind. Diese Fehlergleichung gilt, solange die Bahnelemente des
Mondes als konstant angesehen werden kénnen, insbesondere die wahre Anoma-
lie v*. Diese Voraussetzungen sind erfullt, wenn man nur einen Monddurch-
gang beobachtet, wenn also die Beobachtungen nur Uber 8 Stunden sich
erstrecken, or ist gewissermaBen ein konstanter Fehler in der Entfernung zum
Mond. Setzt man voraus, dal in der Entfernung zum Mond keine periodischen
Fehler mit der Periode eines Tages auftreten, dann kann man g cos ¢, dA, or
voneinander trennen und schon aus einem Monddurchgang bestimmen, g cos
ist die Entfernung der Beobachtungsstation von der Rotationsachse der Erde,
g und o lassen sich auf diese Weise nicht trennen.

Nimmt man an, dafl wéhrend eines Monddurchganges von 8 Stunden
4 Beobachtungen jeweils im Abstand von 160 Minuten ausgefuhrt wurden,
so erhdlt man bei einer Genauigkeit der Entfernungsmessung von +1 m aus
Modellrechnungen folgende mittlere Fehler fur die Unbekannten:

«hecos9) = + 22 m

1,6 m

cos@em;
mf= + 1,8 m.

Dehnt man die Beobachtungen der Entfernung zum Mond an einer
Station einen Monat und l&nger aus, dann sind die Bahnelemente des Mondes
nicht mehr konstant; der Mond durchlauft namlich in einem Monat einmal
seine Bahn. Die wahre Anomalie variiert zwischen 0° und 360°. In diesem Fall
kann man g und g voneinander trennen.

Fuhrt man wéhrend 30 Tagen tdglich wéhrend 6 Stunden 6 Entfernungs-
messungen aus, so hat man insgesamt 180 Beobachtungen, 6g, o6cp, <A Or
lassen sich herausfiltern, und man findet folgende mittlere Fehler bei mO0=
= +1 m als mittlerer Fehler der Gewichtseinheit:

mQ= + 0,58 m
Rm,p= + 0,66 m

R cospmx= + 0,28 m
mr= + 0,75 m

W are die Neigung der Mondbahn gegen den Aquator nicht i = 29°, sondern
groBer, z. B. i = 90°, dann lieBen sich die Unbekannten noch besser trennen.
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4

M it man simultan an zwei Stationen Q1 und Q2 die Entfernungen zum
Mond, und s2, dann kann man die Differenz bilden:

S2—S2 Sle

s12ist mit der Zeit veranderlich, auf Grund der Rotation der Erde, es hat eine
tdgliche Periode. Durch die Bildung der Differenz fallen alle Glieder fort, die
Sj in gleicher Weise beeinflussen wie s2 Es fallt vor allem die GroRRe 6r heraus.

* Mond

Abb. 9. Simultane Entfernungsmessungen zum Mond

Diese GroBRe hat konstante und zeitlich verdnderliche Glieder. Durch die
Differenzbildung kann man also bestimmte Parameter, die die Bahn des
Mondes charakterisieren, nicht mehr bestimmen, weil sie herausfallen. Das
scheint ein Nachteil zu sein. Flr die geodadtischen Anwendungen ist es aber
wichtig festzustellen, daB die Elimination der Mondbahnparameter nur Vor-
teile mit sich bringt, weil geodétisch uninteressante Parameter herausfallen
und damit die Bestimmung der geoddtischen Parameter um so leichter und
besser maoglich sein wird.

Die beiden gemessenen Strecken sx und s2 bilden miteinander einen
W inkel, der nicht groBer als 1/60,3 Radianten ist, d. h. nicht gréBer als etwa
1°. Fir die Betrachtung der erreichbaren Genauigkeit, fir Fehleruntersuchun-
gen, kann man beide Strecken als parallel ansehen.

Bei parallelen Strahlen, also bei einem unendlich entfernten Ziel, hat

man die folgende Beziehung zwischen der Beobachtung s12 und den Unbe-
kannten

(XQ2 — xQ.)aM = — s12i
wobei xqg.2 und Xg-1die réumlichen geozentrischen Koordinaten der Beobach-
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tungsstationen sind, sim ist der geozentrische Einheitsvektor, der vom M ittel-
punkt der Erde zum Laserreflektor auf dem Mond zeigt.

Eine Beziehung fur die Beobachtung s12von der obigen Form féllt auch
bei der Beobachtung eines Quasars mit einem Radiointerferometer an. Die
geoddtische Verwertung beider Beobachtungsverfahren soll daher zusammen
diskutiert werden. Zu diesem Zweck mussen aber zunédchst die Beobachtungs-
methoden beschrieben werden, mit denen in der Radiointerferometrie die
Quasare beobachtet werden.

5

Ein Radiointerferometer besteht aus zwei Radioantennen, dieim Abstand
d voneinander aufgestellt sind und die gleichzeitig eine kosmische Radioquelle
beobachten.

Eine einfallende Wellenfront wird mit dem Phasenunterschied I

1 2n .
§12------- 20 = -—--- dsinR=T=nn; n= 13,5 ... ;
4 4
beobachtet.
1st T = n, 34, 549, ..., dann tritt Interferenz auf. Ist der Winkel B

klein, dann entspricht dem Auftreten von Interferenzen die Beziehung
n—1,3/5 ..

Weil der Winkel R sich mit der Zeit auf Grund der Erdrotation verandert,

Abb. 10. Beobachtung eines Quasars mittels eines Radiointerferometers mit den Antennen
Q, und Q2 Die vom Quasar einfallende Wellenfront bildet den Winkel 8 mit der Basis
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&ndert sich auch die Phasenverschiebung . Die Anzahl der pro Zeiteinheit
beobachteten Interferenzstreifen ist

dr
dt

Schon seit langen Jahren beobachtet man in der Radioastronomie
Radiosterne mit Interferometereinrichtungen, ohne daR diese Beobachtungen
fir den Geoddten besonders interessant gewesen wdaren. Wenn diese Methoden
heute auch in der Geoddsie diskutiert werden, so liegt das an der erheblich
gestiegenen Genauigkeit, und es ist in der Tatsache begrindet, daB man jetzt
sehr lange Basen mit mehreren tausend Kilometer Lé&nge einrichten kann.

Fir die Bestimmung des Zeitunterschiedes

mussen die Uhren auf den Stationen ()j und Q2auf 10_7 bis 10"9s genau mit-
einander verglichen sein. Solange die Entfernung d zwischen den beiden Anten-
nen nur wenige 100 Meter oder wenige Kilometer betrug, konnte man die

Lange d der Basis des Interferometers fur den Fall einer nicht punktférmigen Radioquelle

beiden Antennen mit einem Kabel verbinden und die an den beiden Stationen
einfallenden Wellen in einer Zentrale registrieren. Die Verzégerung der Lauf-
zeit der Radiowellen aufihrem Weg durch das Kabel hat man mit genligender
Genauigkeit beherrscht.

Man beobachtete Radiosterne, die eine GroBe von 10" oder 10' im Win-
kelmaR haben. Wére der Radiostern eine punktférmige Lichtquelle, die mono-
chromatische kohdrente Strahlung aussendet, dann wére die Intensitdt der
Interferenzstreifen, wie man sie beobachtet, unabh&ngig von der Ldnge der
Basis d, und man kdnnte sie auch mit Interferometerbasen von einigen tausend
Kilometer L&nge beobachten. In Wirklichkeit aber sind die Radioquellen
nicht punktférmig, sie haben eine erhebliche rdumliche Ausdehnung, und sie
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senden inkohdrente Strahlung aus auf einem breiten Frequenzspektrum. Je
groRer die Entfernung der beiden Stationen ist, um so unterschiedlicher wer-
den auch die an den Stationen und Q2 ankommenden Strahlungen sei.
Um so gréRer wird auch die Zahl der Wellen sein, die in Qlund Q2ankommen
und miteinander interferieren. Die relative Intensitét der Interferenzstreifen
(y) wird daher mit wachsender Entfernung der Interferometerantennen immer
schwaécher.

Aus dem Verlauf der y-Kurve kann man Rickschlisse ziehen auf die
Verteilung der Quellen im Radiostern. Bei einer einzelnen punktférmigen
Quelle ist y konstant gleich 1. Es hatte bisher also gar keinen Sinn, die Inter-
ferometerbasis sehr weit auszudehnen, weil die Streifenintensitit dann zu
gering geworden wére, als daB man sie hdtte beobachten kénnen, wegen der
réumlichen Ausdehnung der Radiosterne.

Nun hat man vor nicht allzu langer Zeit punktférmige Radioquellen
entdeckt, die mit relativ grofer Intensitdt ausstrahlen. Es sind die Quasare
(quasistellare Radioquelle). Sie sind so klein, dal man ihre Interferenz auch
noch bei Basisldngen von mehreren tausend Kilometern beobachten kann.
Die Synchronisation der Uhren auf den beiden entfernten Stationen erfolgt
nicht mittels eines Kabels, das wére zu ungenau. Die Registrierungen auf den
beiden Stationen werden jeweils auf ein Magnetband genommen; dabei wird
gleichzeitig jeweils eine von einer Atomuhr gesteuerte Zeitskala auf das Magnet-
band Ubertragen. Die Synchronisation der Uhren erfolgt nach der Methode
der »fliegenden Uhren«. Dabei wird zwecks Uhrenvergleich eine dritte
Atomuhr nach den beiden Stationen transportiert.

Die Wellenfront, die zum Zeitpunkt im Punkt Qx eintrifft, erreicht
den Punkt Q2 zum Zeitpunkt t2-t2—h = T die Phasenverzégerung. Zur
Bestimmung von

werden die Registrierungen “q(t), tpXt) auf den beiden Magnetbdndern einer
Kreuzkorrelation unterworfen. T wird so bestimmt, daB die Kreuzkorrelation

\ Wi(*) + T) dt—mMaximum
t

ein Maximum wird.

Als direkte BeobachtungsgrdRe gewinnt man also die Zeitverzdgerung
T, oder daraus abgeleitet die Strecke s12

Ferner kann man unabhéngig davon die sogenannte Streifenfrequenz f
gewinnen, f ist die Anzahl der Interferenzstreifen, die in einer Zeiteinheit
beobachtet werden.

0 ds12
J~ X dt

i>__
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Integriert man Uber die Zeit, dann erhdlt man wieder eine Strecke

U

= ¢ J o a

ds12 ist die Anderung der Strecke zwischen den Zeitpunkten tu und toO.

Das Auflésungsvermdgen der YLBI ist etwa gleich 1" «10_3, d. h.
Quasare, deren gegenseitiger Winkelabstand grdoRer als 1" « 10_3 ist, werden
als 2 getrennte Quasare noch wahrgenommen. Wellenfronten, die einen Winkel
von # = 1" «10_3 miteinander bilden, werden als solche wahrgenommen.
Wegen

ds2= d « &

erhdlt man fir <&12 die Genauigkeit

6s12-> + 0,06 m .

Oder, rechnet man mit einer Genauigkeit in der Bestimmung von T von
10-8s,

5i2 “m10-9 sec «c = 10-9 « 300 000 000 m = --0,3 m.

0,3 m bezieht sich auf eine Einzelmessung, 0,06 m auf das Mittel zahlreicher
Beobachtungen.

Fur die Streifenfrequenz nimmt man eine Genauigkeit von +10-5 Hz an.

Es soll schlieRlich auf die Frage eingegangen werden: welche Unbekann-
ten kénnen aus Radiointerferenzmessungen bestimmt werden; welches ist die
glinstigste Konfiguration der Stationen zwecks Bestimmung dieser Unbekann-
ten, und welche Genauigkeit ist etwa zu erreichen?

Linearisiert man die Gleichung

(XQ2 xQhaM = si2 &
dann erhdlt man die Fehlergleichung
vh = A Aubu —sI2+ (s120
n
n= Jy2_" Fg— 22", o yjit% %

Als Unbekannte treten also auf: die Differenzen der Koordinaten X, Y, Z
der Beobachtungsstationen, die Deklination und Rektaszension des Quasars,
die Elemente der Polbewegungsmatrix, eine konstante und eine linear mit der
Zeit fortschreitende Verbesserung der Zeit.
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Diese 9 Unbekannten sind nicht alle unabh&ngig voneinander, unter
ihren Koeffizienten bestehen vielmehr 4 lineare Beziehungen.

Statt 9 Unbekannten hat die Fehlergleichung in Wirklichkeit nur 5 unab-
hédngige Unbekannte. Die Ursache liegt darin, dal Rotationen der gesamten
Erdkugel um ihre 3 Achsen (£, rj, x) zu bestimmten Lagednderungen der geo-
datischen Punkte Anlall geben, und dall andererseits auch Verschiebungen der
Festlandsblécke oder der Erdkruste zu bestimmten Verschiebungen der geo-
datischen Punkte AnlaB geben kdnnen. Diese kénnen erscheinen gerade, als
wéren sie durch die Rotationen der gesamten Erdkugel verursacht. Man
beobachtet als Verschiebungen der Stationen, ohne unterscheiden zu kénnen
zwischen einer Bewegung der Kruste relativ zum Mantel oder einer solchen
des gesamten Mantels.

Es soll nun ein allgemein gangbarer Weg zur Ausgleichung der Beobach-
tungen eines globalen Netzes von Interferometerstationen aufgezeigt werden.
Dabei soll darauf hingewiesen werden, wie die Polbewegungen | und r] und
die rezenten Bewegungen der Erdkruste ermittelt werden kénnen, neben der
Deklination des Quasars.

Berlcksichtigt man die 4 linearen Abhé&ngigkeiten, dann wird man auf
folgende Fehlergleichung gefihrt:

vizar o8 WOV -f- s12 — (s12)0 — 0 , 4)

iv = av a2 03 0, V*.

Es gilt

<4 = bZ2x+ - (X 2- XRdi- ia. (Y2- Y orj. 5)
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Die funf Unbekannten (3al5 6a2 6a3 6(6), 6(x*) sind voneinander unab-
hé&ngig, sie lassen sich trennen und durch eine Ausgleichung nach dem Prinzip
27Vyi — Minimum bestimmen. Damit kennt man auch in den Gleichungen
(5) die linken Seiten.

Setzt man die 8 X A~ dY 2-ii AZ2-i auf den rechten Seiten der Gleichun-
gen (5) gleich Null, d. h., die Anderungen der Koordinatenunterschiede auf
Grund tektonischer Verdnderungen seien gleich Null, dann hat man drei Glei-
chungen zur Bestimmung der drei Rotationen der Erde, d|, 6r], 6x. Bei mehre-
ren Basen treten Uberbestimmungen auf.

W ill man noch die tektonischen Verédnderungen herausfiltern, dann fihrt
man 6X2-i, OY2-v 6Z2-x als zuféllige Grolen ein, die minimisiert werden.
Man falRt die Gleichungen (5) als Fehlergleichungen auf, die nach der Methode
der kleinsten Quadrate aufgeldst werden,

(6Va-j)2+ ((5Y2_:)2+ (<5"2—2)2—" Minimum.

Statt dieser Ausgleichung in 2 Stufen kann man auch eine Ausgleichung in
einem GuR durchfihren, indem man (5) in (4) substituiert.

n12 + MX2-1 X 2— + Ny2—1<EY2 ! -j- Az2— 322 + AGOE + Aqorj +

+ A x0x-j- A0B(8) -f- Ax,6x* + sI2— (*120 = O.
Unter Beachtung der Gewichte setzt man

Vi2P1 + (BX2—)2p2+ (OY2-i)D3+ (" 2-i)2P i -*mMinimum.

Man bestimmt also die rdumlichen Verschiebungen der Stationskoordinaten
AX2-r1,4Y2-1, 6Z2-v feldert dann das alte Netz durch Rotationen um 3 Achsen
an das neue Netz an und bestimmt so die Rotationen, wahrend die restlichen
Klaffungen in den Stationskoordinaten den rezenten Erdkrustenbewegungen
zugeschrieben werden.

Es sei betont, daB man vorteilhafterweise zahlreiche Quasare in den
verschiedensten Deklinationen beobachten kann.

6

Schlieflich sei noch hingewiesen auf einzelne Untersuchungen Uber die
glnstigste Verteilung der Stationen.

Hat man nur eine Basis und will man die Anderung der Entfernung
beider Stationen y>neben den Polbewegungen £und rj bestimmen, dann durfen
die beiden Stationen nichtin O st—W est-Richtung liegen. Es ist am glnstigsten,
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wenn die Basis sich in Nord Sid-Richtung erstreckt, die Stationen also auf
dem gleichen Meridian liegen, hei einem gegenseitigen Abstand von tp 110°.

Verzichtet man auf die Bestimmung von |, bestimmt man nur die Ande-
rung der gegenseitigen Entfernung und ry, dann kénnen die Stationen auch in
Ost—W est-Richtung liegen, also etwa auf dem gleichen Parallelkreis.

Untersuchungen anderer Autoren (Walter) besagen, dall eine in Ost—
W est-Richtung verlaufende Basis gut ist fiir die Bestimmung der Anderung
der Erdrotation, der Prdzession, Nutation und der Schiefe der Ekliptik. Eine
in Nord-Sud-Richtung verlaufende Basis ist gut fir die Ermittlung der Pol-
bewegung.

Beide Untersuchungen harmonieren also. Zur Bestimmung der astrono-
mischen Parameter: Pré&zession, Nutation, Schiefe der Ekliptik muB die
Beobachtungszeit aber 5 bis 10 Jahre betragen. Man kommt dann auf eine
Genauigkeit, die um eine GroRenordnung besser ist als bei klassischen
Verfahren.

Durch praktische Messungen wurde das hohe Auflésungsvermdgen der
VLBI wiederholt bestdtigt, durch Messungen in den U.S.A. und Verbin-
dungsmessungen zwischen den U.S.A. und Europa (0,001").

Die entsprechende hohe geodatische Punktgenauigkeit von wenigen
Zentimetern konnte noch nicht erreicht werden. Die Genauigkeit der mit den
VLBI bestimmten Punkte war lediglich etwa 3 Meter bis 5 Meter. Der Grund
dafur durfte in folgendem zu suchen sein: Bei der Bestimmung des Auflésungs-
vermdgens beobachtet man gewissermallen Quasare, die sehr nahe beieinander
liegen, die Refraktion beeinflult beide Sichten in gleicher Weise. In der Diffe-
renz fallt sie heraus. Bei der Bestimmung der geoddatischen Koordinaten-
unterschiede dagegen wirkt die Refraktion fast voll ein. Wenn man kurzperi-
odische Anderungen der Koordinatenunterschiede bestimmen will, ware die
Refraktion stédrker eliminiert. Bei der Bestimmung des Auflésungsvermdgens
dirfte auch ein Zeitfehler wesentlich geringeren EinfluR haben als bei der
Bestimmung der geodatischen Koordinatenunterschiede.
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N3MEPEHUWE PACCTOAHWIA 4O NYHbl JIA3EPEM,
PAONONHTEP®EPOMETPNYECKWE HABIHOAEHWA
KBA3APOB W CMNYTHUKOBAA
ANTUMETPNA B UX 3HAYEHUW ANA TEOAE3IMMN N TEODPUINKN

K. APHObA

PE3IOME

OfHUM U3 CYLLLEeCTBEHHO HOBbIX Hanpas/ieHWi B reoje3nn ABAsSeTCA TPeXMepHas reofesuns.
OfHa 13 ee camblX BaXKHbIX COCTaB/AKOLWMX eCTb CMYTHMKOBAA reofesus.

Ecnu Mbl X0TUM onpefennTb ApUET KOHTUHEHTOB B COOTBETCTBUM C AB/IEHWEM CMELLLEHUS,
KOPOTKOMepuoaMyecKre BapnaLmn ABMXXEHNSA MOMOCOB Y BpaLleHua 3emMnn, fanee, KOHMYecKue
(DyHKUMY B rpaBUTaLMOHHOM Mosie 3eMAU C NOPAAKOM CBbiwe 20, TO HAcTOALLME METOAbl CyT-
HWKOBOW reofesun OyayT He MOAXOAALLUMW.

CnyTHMKOBass a/TUMETPUA MO3BOMISAET OMNPeAe/NTb CPpefHMe aHOMaIMM CUMbl TSXKECTU
KOMMapTUMEHTOB [0 BefMuMHbl 1°X 1°. [pu NepBOM BbIYUCAEHUWN ONpefensieTcs opbuta cnyT-
HUKa W3 CpefHUX reouayHAy saumMin komnaptumeHta 15°X15°, 3aTeM nNpuHMMaeTcsi Kak 6e30-
wunboyHasa. 3aTeM BbIYMCASAKOTCA BbICOTbI MOpsS Haj anauncouioMm BHYTPUM KOMMapTUMeHTa
15°x 15°, B3ATOr0 Kak YacTHYI CUCTEMY, OTHOCUTE/IbHO CPefHero 3HayeHus 3TUX BbICOT. [Mpu
MOMOLLM CNeLMabHOro YypaBHMBaHMA MOyYaeTcs cpefHWI YpoBeHb reomga M BbicoTa Mops Hag
reonfjom Ana KomnaptumeHTa 15° X 15°. PasHOCTU YHAYASUWIA reovga B nepegenax Kommnap-
TumeHTa 15° X 15° cnefytoT MOPSIHOM rpaBUMETPUK. STUM MOJIydaeTcs U BbicoTa MOpPS Haf reo-
VoM.

Mi3MmepeHWe paccTosaHWs nasepeM 0 JIyHbl Ha OfHOIM CTaHUMM MO3BOMSET MpPU OLHOM
nepuoge HabnwaeHWIA 0KONO 8-1 YacoB ONpeaennTb reorpaduyeckyo 4oAroTy cTaHuMmn Habnwge-
HWIA, ee paccTOsHMe OT OCYM BpalleHUss 3emnan U paccTosHue [0 JlyHbl. Ecnn HabnwogeHus
NpoTArnBaroTCA 60MblUe YeM OLMH Mecsl, TO MOXHO OnpedenuTb LONTOTY, LUMPOTY WU reo-
LEHTPUYECKNIA pagnyc CTaHUUN HabMAEHWIA.

CuMMybTaHHble HabloaeHnsa Ha JTyHY Ha ABYX CTaHLMAX MOXHO TakXXe obpabaTbiBaTb
KaK pafuovHTeptepomMeTpryeckme HabnogeHns KBasapo. Mpu aToM onpegensieTca TpU rpynnbi
HeU3BeCTHbIX: BpalleHns 3emnn BOKPYr Tpe3 OpTOroHasbHbIX OCeli, 0THOCUTE/bHbIE Bapuaunm
CTaHLMM Ha OCHOBEe CMELLEHUA KOHTUHEHTOB N KOCMWYECKUE MOJIOXKEHNS KBa3apoB.
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ON THE DIURNAL VARIATION
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[Manuscript received January 10, 1975]

Data of thirteen years (1961 —1973) were used to analyze the diurnal variation of
geomagnetic and earth current activity in Nagycenk observatory. It was found that signifi-
cant changes occurred in the ratio of different components during the day and also in dif-
ferent seasons. It is argued that a noon anomaly can be caused by back-flow currents of the
auroral electrojet in the earth’s crust. The diurnal changes affect also magnetotelluric im-
pedances.

1. Several problems emerged in recent years which induced a detailed
investigation of diurnal changes in the activity of the geomagnetic field. An
analysis of geomagnetic variations showed [1] that there exists an activity
peak in earth currents around local noon (in the period range of hays, i.e.
in the hand 24—60 min of the processing of data of the Nagycenk obser-
vatory). This peak seemed to be connected with pulsation activity. In years
when the noon-peak of activity was significant, the pulsation activity had
a summer maximum.

Induction methods are also faced with unexplained phenomena. The
scatter of magnetotelluric impedances is in this range hardly explicable. A sig-
nificant diurnal change has been detected in the length of induction (Wiese)
arrows [2].

2. In the present investigation data of the Nagycenk observatory
{p= 47°38', X= 16°43"; & = 47.2°, N1 = 98.3°) of the years 1961 —73 were
used [3], mainly average values of the ranges in three-hour intervals of the
magnetic and telluric components. These ranges have linear scales, a unit
corresponds in the magnetic components to 7y, in the electric components
to 1.8 inV/km.

Figure 1 shows averages from the whole material for two-months inter-
vals of the year. Each graph contains the average values of mutually perpen-
dicular pairs of magnetic and electric components (D = Hy and Ex; H = Hx
and Ey). Theoretically, the8 points (meaning the 8 three-hour intervals of the
day) should lie on a straight line crossing the origin. The graphs of H—Ey
differ from this rule to a lesser, those of D —E x to a greater extent. It is charac-
teristic in both cases that a smaller activity corresponds to the same magnetic
activity during local night (points 7, 8, 1, 2) than during local day. The dif-
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Fig. 1. Mean values of three-hour ranges from the years 1961 —73 in two months intervals for the component pairs®-E”/D
and EylH: numbers refer to the three-hour intervals of the day (e.g. 1 means 00—03 hLT)
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ference is most pronounced in D—EXx in winter months, when a daytime ratio
of 0.5 is contrasted with a nighttime value of 1.0. This anomaly appears between
06—15 hLT, i.e. it includes the “noon activity peak” [1]. The difference is
in summer much smaller between nighttime and daytime ratios and the ratio
itself corresponds nearly to the winter daytime value (0.5—0.7).

Since ratios differ from the average around local noon in the same
direction in both graphs, they cannot compensate each other, i.e. the change
of the ratio is also present in the ratios of the full field vectors.

Figure 2 represents distribution of the earth current activity (Ex—EYy)
in two-months intervals. In winter and equinox months the graphs lie approxi-
matively in radial direction from the origin. In summer months, however,
they lie tangentially (nearly perpendicularly to the others). In the latter case
the overall activity does not change very much during the day, but the ratio
of the activity in the two components does change much. As in summer the
dawn values (00—09 h, points 1—3 in Fig. 2) lie approximatively at the same
place as on other graphs, a summer dusk anomaly (09—24 h) could be sup-
posed (increase of Ey activity).
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The changes of the ratios ExEy and D/H are shown in Fig. 3 during
a year (activities here are corrected, as an activity 0 corresponds in average
to a range of 0.5, etc.). The ratios change little in Ae and winter, but in sum-
mer in both cases a highly significant change occurs. The activity ratio ExX/Ey
is between October and March 1.23 + 0.02, the summer minimum is at 1.09,
that means a drop of 10%. In D/H the comparable figures are 0.93 + 0.03 in
winter, 0.74 in summer, the drop is about 20%.

Fig. 3. Changes of the ratios ExjEy and DIH during the year

Summarizing, it can be stated that in addition to the well-known Ae-
maxima of geomagnetic activity a significant yearly variation could be detected
in the ratio of activities of corresponding magnetic and electric components
as well as in the ratio of magnetic and electric component pairs. Extrema are
around summer and winter solstices. In summer the activity of the magnetic
H and of the electric Ey component is increasing in respect to the other ones,
further, there is a difference between daytime and nighttime hours in the
activity ratio D—Ex. During the night a certain activity in the magnetic
D component corresponds to smaller Ex activity than during day.

3. Electric components can be expressed by magnetic components in
form of a tensorial equation:

E=2Z W 1)

where Z is the impedance tensor. As the elements Zxx and Zyy are generally
not equal to zero, there is a connection not only between the pairs D —Ex
and H —Ey, but also between pairs of the same direction. Therefore, activities
can strictly be compared only by correlating both electric components with
both magnetic ones. In that case only the absolute values of the impedance
play a role, as phase situations are neglected.
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It should be remarked that the activity was identified in the present
case with the activity of the band 24—60 min. This is naturally an approxima-
tion, since shorter period variations (even pulsations) can contribute to the
range. The daytime maximum of shorter period variations can increase in
a certain degree the ratio E/H. The anomalies described, however, cannot be
explained by that, as, on the one hand, the amplitude of pulsations has no
yearly variation or its maximum isin summer, and, on the other, the amplitude
of pulsations is greater in the component Ey.

Computations were made using the following formulae:

Ex= aH -(- bD

Ey= cH + dD

Fig. 4. Changes of the coefficients a d of Eq. (2) during the year left, from all intervals
of the day; right, from intervals 1, 2 and 6—8 (15—06 h)
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Figure 4 shows the values of the coefficients a—d for two-months intervals
of the year, separately from all intervals of the day and from the intervals
1, 2 and 6—8 (15—06 h). The values computed from full days yielded in
winter negative values for the coefficient 6, in spite of its being a main im-
pedance. In such cases coefficient a is greater than 1. Coefficients c and d are
of a more regular behaviour. Computation made by omitting the hours around

Fig. 5. The surplus activity around noon in the components Ex and Ey in different parts
of the year

local noon yielded more reasonable results. Coefficients b and ¢ are about 1,
a and d are quite small. Due to the small number of data, the scattering is
naturally rather high.

The electrical activities of the intervals between 06—15 h have been
computed using the coefficients from the adjustment with the omission of the
hours around local noon. The deviation of the measured values from these
computed ones have been averaged and plotted in Fig. 5 during a year. Day-
time electrical activités in the component Ex are in winter about 35—40%
higher than expected.

4. The investigations have been continued by comparing apparent
impedances in the critical intervals.

A dozen of appropriate variations have been chosen from June and
November 1973, both around local noon and midnight (Fig. 6). In spite of
a rather important scatter mainly around noon, some approximative curves
could be drawn. Taking nighttime values in November (at 50 min) as unit,
the following values have been found (for comparison the ratios of the corre-
sponding activities are also given):

Impedances Activity ratio
Ex/D EylH EJD EtIH
November night 1.00 1.00 1.08 1.00
November day 1.3 0.85 1.62 1.20
June night 1.15 1.2 15 1.04
June day 1.6 1.15 1.47 1.14

Acta Geodaetica, Geophysica et Montanistica Acad. Sei. Hung. 10, 1975



DIURNAL VARIATION OF GEOMAGNETIC ACTIVITY 245
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Fig. 6. The apparent impedances Zxy (EJD) and Zyx(EylH) for variations recorded in June
and November 1973 around 00 and 12 hLT

There is a certain conformity in these data. Nighttime and winter values are
generally lower than daytime and summer ones. As the quantitative data cor-
respond also rather well with Fig. 5, it can be said that the previous results
have been confirmed by the impedance values.

5. There are two different ways to describe the regularities found in the
diurnal and yearly distribution of geomagnetic activity.

A) There are three different effects influencing the activity.

1. The ratios ExEy and D/H have a yearly variation with maximum
in summer and minimum in winter. The ratios ExD and Ey/H have also
summer maxima.

2. The ratios ExEy and D/H have dawn maxima and dusk minima.
The ratios ExD and Ey/H have maxima around noon.

3. In the ratio Ex/D there is an anomalous increase in winter between
06 —15 h, of about 40%.

B) There are two different effects influencing the activity.

1. The electrical activity corresponding to the same magnetic activity
is greater around noon than in other times of the day.

2. This surplus activity is strongly dependent on seasons: in winter it is
more important (mainly in EX).
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The essential difference of the two descriptions is that in case A the
anomalous winter interval is between 06—15 h, in case B between 15—06 h
(night).

In our opinion the first possibility is more probable and an explanation
should be looked for on that basis.

6. The effects Al and A2 can be caused partly by changes in the distance
of the source (of the auroral electrojet), partly by changes of the spectrum.

The effect A3 has several characteristics differing from those of Al
and A2. The main differences are:

a) Only the ratio Ex/D is affected, in EylIH it is very small.

b) Its appearance is a temporal one. It is most characteristic for quiet
intervals of years with high solar activity [1], naturally only in winter.

As explanation, the changes of the magnetospheric convection were
suggested in [1]. The new data seem to contradict this idea. It is inexplicable
so, why does only the ratio EXID change. (In [1] only data of the electric
components were used.)

A second possibility would be flow-back currents of the auroral electro-
jet in the earth’s crust. This explains its appearance mainly in the Ex com-
ponent; all other characteristics can be explained supposing that the surplus
electrical activity is the greater the stronger the electrojet and the more to
the north it is flowing.

7. The anomaly described has a certain influence on magnetotelluric
sounding. In that case explanation B could be accepted according to which
longer period variations (bays) cannot he used in winter between 15—06 hLT,
as the source parameters are different. Since winter months (November—
February) are at moderate latitudes less suitable for such measurements, this
means no major difficulty.
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O CYTOUHOWN BAPUAL NN FEOMATHUTHOM AKTUBHOCTMU
N. BEPE-A. BAJIIHEP
PE3IOME

Ha ocHoBe maTepuana 13-u neT 6blia NpoaHaaM3npoBaHa CyTOYHas Bapuauus CbeMKM
reoMarHMTHOrO M 3eMHOr0 TOKOB HaabueHKCcKon o6cepBaTopun (1961—73 rr.). Haxogunu, uto
BO3HWKa/N 3HaYMMble Bapuauuy B OTHOLLEHUWN Pa3/INYHbIX COCTaB/IAOLWNX KaK B CYTOYHOM TaK
N B Ce30HHOM xofe. MOXHO npefnonararb, YTO HOXHYIHO aHOM&/IMIO B CYyTOYHOM X04e NPUUYUHAET
TOK, TEKYLLWNA B 06paTHOM HanpasfeHUN s NOASPHON 3eMHO Kope. CyTo4YHas Bapuauus mmeet
B/IMSAHUE W Ha MarHUTOTEeN/TlYPUYECKUIA MMMejaHc.
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A mechanism is suggested which can explain the variations in the period of geomagnetic
pulsations during and after si-like impulses. It is supposed that the outward motion of the
plasmapause plays even in such cases an important role in the excitation of short period
pulsations.

It has been supposed for a rather long time that geomagnetic impulses
mwhich mean a distortion of the magnetosphere by the solar wind, have effects
also on geomagnetic pulsations. As first, Hirasawa et al. [3] gave a detailed
analysis of the effect on Pc5 pulsations. The period of these pulsations de-
creased in the first phase of the impulses, corresponding to a decrease of mag-
netospheric dimensions. During the second, recovery phase, periods return to
the pre-impulse level. This variation could be well expained by the changes
of the dimension of the magnetosphere.

Troitskaya et al. [2] supposed a similar effect in the shorter period
types (Pc 3 and 4) of pulsations, too.

Investigations in the Geodetical and Geophysical Research Institute of
the Hungarian Academy of Sciences have been started independently. Early
results have shown [4] that in case of short-period pulsations, two independent
phenomena occur. The first one is rather common: longer period pulsations
(Pc 4 and 5) disappear during or after impulses. The second phenomenon is
more seldom; after certain impulses (be negative or positive) shorter period
pulsations (Pc 3) appear. These pulsations begin during or immediately after
the impulses, and last about one hour afterwards. Fig. 1 shows average activ-
ities in the bands 40—320 sec and 10—40 sec, typical of these phenomena,
following an impulse (appearing in the half hour denoted by 0).

This picture cannot be described in terms of the Hirasawa phenomenon:
at first, the change of the period begins only in the maximum phase of the
impulse, secondly, the short period pulsations last significantly longer than
the impulse and do not follow the changes of the dimension of the magneto-
sphere.

It has been supposed that pulsations before and after impulses have
different origin and that the shorter period pulsations (after the impulse) are
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Fig. 1. Changes in the activities of pulsations with periods of 10—40 and 50 —320 sec around
geomagnetic impulses. The impulse occurs in the half hour denoted by “0”

connected with the plasmapause. In order to check this explanation, records
of observatories in the auroral zone (at the surface section of the plasma-
pause) are needed. As such observatories, records from Nurmijarvi and Sodan-
kyld were used for further investigations. Nurmijarvi (Nu, ® = 57.8°) lies
somewhat to the south from the plasmapause, Sodankylad (So, ® = 63.8°) to
the north of it. The cases studied were the same as in [4].

A typical example of the pulsation activity in the three observatories
is shown in Fig. 2. The pulsations, both before and after the impulse, are very
similar in Nagycenk and in Nurmijédrvi, in both observatories the amplitude
of the long period pulsations decreases, and instead of them, shorter period
pulsations appear. In Sodankyl&, however, only the first part of the event can
be traced, i.e. the disappearence of the long period pulsations. Shorter period
pulsations (Pc 3) do not appear. In most cases (the record shown in Fig. 2 is
not clear enough to see them) Pc 1 pulsations appear immediately after the
impulse, thus substituting the lacking Pc 3 activity.

Though 5 cases are very few for statistical investigations, Fig. 3 tries
to illustrate the activity of the three types of pulsations in these observatories.
It is remarkable, that no important differences exist between positive and
negative impulses in this respect. In Fig. 3, the approximative position of the
plasmapause is also shown (denoted by Pp). There Pc 3and Pc 1seem to change
their roles.

The following model seems to be acceptable for these changes in the
activity of pulsations.

Small inhomogeneities in the solar wind cause overall geomagnetic im-
pulses (Fig. 5a). (Fig. 4 shows parts from geomagnetic recordsin Nurmijarvi
and Nagycenk. The general similarity is rather poor, but the small impulse
causing the described phenomenon, denoted by an arrow, is present in both
stations.) These impulses interrupt the excitation mechanism of longer-period
(Pc 4) pulsations (e.g. Kelvin—Helmholtz instability). This can be due to the
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Fig. 2. Typical example of the changes in the pulsations around impulses. Top (A)-. earth-
current record of Nagycenk observatory, bottom (B and C): induction records from Nurmi-
jérvi (Nu) and Sodankyld (So)

decrease of the curvature of the magnetopause, as proposed by Troitskaya
et al. [1], or by any other agency. Fig. 5b shows the situation immediately
after the arrival of the impulse at the magnetopause. Later, the whole magneto-
sphere gets compressed, and also the plasmapause moves inward, similarly
to the initial phase of geomagnetic storms. This inward motion causes Pc 1-type
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Fig. 3. Relative importance of different effects in pulsations around impulses in the three

observatories Nc, Nu and So. Pp denotes the approximate position of the plasmapause.

Top: all impulses, bottom: positive and negative impulses separately (the number of cases
is very low)

02.06.1972  Nu BJ

Fig. 4. Geomagnetic records of an impulse in Nc (A) and Nu (B)
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Fig. 5a History of the pulsation activity around a geomagnetic impulse: situation before
the impulse in the solar wind reaches the magnetopause
Fig. 56 The impulse reaches the magnetopause and stops the Kelvin—Helmholtz instability

Fig. 5¢c The compression reaches the plasmapause and excites Pc 1 pulsations outside of it
Fig. 5d The plasmapause begins to recover and moves outwards. Inside of it, Pc 3 pulsa-
tions appear, outside Pc 1 activity continues. Magnetopause in original position already
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pulsation outside the plasmasphere (Fig. 5c). This inward motion lasts, how-
ever, for a short time, and afterward an even slower outward motion begins.
The outward motion of the plasmapause increases the activity of pulsations.
This can be proven by the increased activity of pulsations on quiet days fol-
lowing geomagnetically more disturbed days (Fig. 6). The situation during
this outward motion is presented in Fig. 5d. After about one hour, the initial
situation is reached, and the longer-period pulsations return.

The picture outlined here is naturally only a first approximation. Some
conflicting ideas also exist. The most serious one concerns the region where
Pc 3 and Pc 4 are excited. It is supposed that shorter periods originate at the
magnetopause or at least outside of the plasmasphere, whereas Pc 4 in the
plasmasphere. This question is, however, not yet completely solved, and
results of the satellite ATS yielded contradictory evidences.

Another open pointis the similar effect of positive and negative impulses,
which needs also explanation.

Fig. 6. Spectra of pulsation on quiet days following days of different activity; 1 after dis-
turbed days, 2 after average days, 3 after quiet days

The impulses which provoke the phenomenon described, are not all
clearly si-s. It is not evident under which circumstances can these effects
present themselves. The disappearance is much more common, the appearence
of the short-period pulsations occurs about once in a month. Fig. 4 shows
that the impulse has not much greater amplitude in the Northern station.
There are cases when the situation seems to be advantageous for the whole
phenomenon (longer-period pulsations are present, geomagnetic activity is
rather low), and the impulse does not induce changes in the pulsation activity.

Acta Geodaetica, Geophysica et Montanistica Acad. Sei. Hung. 10, 1975



GEOMGHICRLSATIONS AN IMUSS 253

The pulsations after the impulses cannot be identified with the quickly
damped pulsations described by Lanzerotti et al. [5], as those have periods
of about 40 sec, present themselves only at the plasmapause (in Nagycenk,

I 2mv/km 21.12.1971 1820 UT

Nc

10 20 30 40
| | | L

Fig. 7. The single sinusoidal pulsation, which could be detected in the Nagycenk observatory
out of the four treated by Lanzerotti

from 4 cases only in 1 such pulsations could be detected, Fig. 7), and they
have a very different pattern of activity. The pulsations discussed in the
present paper are more characteristic of lower latitudes.

A further point is that a rather great part of these phenomena appears
around local noon.
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FTEOMAITHUTHBIE NYNbCALINN BO BPEMA NMMYNbCOB (PO/Ib NMNA3ZMAMAY3bl)
. BEPE
PE3IOME

B cTaTbe paccMaTpuBaeTCs MeXaHM3M, MOTYLL U 06BbACHUTL W3MEHeHWe nepuoaa Nnyb-
cauuit 3a Bpems Si-06pasHbIX UMMYNLCOB M Nocne HUX. Mpeanonaraetcs, 4To ABUXKEHUE BO BHE
nnasmanaysbl M B TaKWX CMy4yasx WrpaeT BaXHYH poNib B BO36YXAEHUM KOPOTKOMEpUoau-
UeCKNUX MynbCcaLnii.
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The Gaussian curve, suitable for the general characterization of the development, can
be used for the explanation of several phenomena in mining, too. The quantitative distribu-
tion in time of a certain activity of definite aim (mining of minerals, exploitation technics,
etc.) can be characterized by a curve corresponding to the kind of activity. On the basis
of the maxima of the curves it can be stated that the technical development expressed in
the qualitative change of the activities has an accelerating trend.

The total volume of an activity of definite aim increases so that the proportion of
qualitatively more developed technics increases in it simultaneously, causing not only a
quantitative, but also a qualitative development of the total activity.

The paper gives as first a study on the laws of the development of demands for minerals
in the mining of energy sources.

Some laws of development interpreted as a certain constant trend of the
change ofthe various material systems [1] have general validity for all systems.
Our investigations under progress have the aim to study their influence on
mining and on satisfying the demands for raw materials, respectively.

In the development of satisfying the mineral demands, two processes can
be distinguished:

— the development of demands, resp. consumption (production), re-

spectively,

— the development of the technics and methods of satisfying the demands

(production technics).

These two processes of development are notindependent of each other,
but they interact. Mutual general motives can be recognized in the laws of
their development, too. From the two development processes the first one will
be studied in this paper and even that reduced to energy carrying minerals.
Other minerals will be referred to only in so far as to demonstrate that pro-
duction and consumption of the energy-carrying minerals have paramount
proportion in the total consumption of minerals.

As for the history of the development processes studied, the literature
contains an extremely large amount of primary information and of informa-
tions derived with different aims of investigation. On their basis, many kinds
of prognostics have been produced. Worldwide summaries and evaluation
are given only in relatively few reference works: they are not uniform in
methodics and some of them are only indirectly in abstracted form available
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for us. This mass of informations of “uneven firmness” referring to a broad
scale in space and time, has been put in order with the aim, as a first object,
to recognize large-scale (in space at least countrywide but rather continent-
wide or even global) trendlike relations with respect to the nature of develop-
ment. More exactly: we try to widen somewhat the recognitions in this respect.
In the knowledge of the laws of past development, as a second object, we
critically analyse the known prognostics according to technical-economical
considerations and are anxious to explain and motivate our own ideas. (Our
first aim by appreciating the global trends is to try, comparing them with our
national conditions, to make statements for shorter or longer view concerning
the trends in degree and methods of the exploitation of the national mineral
resources. Since, however, in the first line national professional circles are
interested in latter, these statements will not be presented here.)

For a more exact study of such problems a very large mathematical
apparatus is needed [2] on account of the uncertainties of the informations
at disposal, simple mathematics will do in our case: development rates and
structural changes can be analyzed and characterized by the simplest ratios
as well as graphically.

Laws of the development of mineral demands

The recent development of the worldwide production of mineral materials
(from the years 1950, 1963, 1968) was reviewed in [3], where the data from
abroad are mainly based on the publications and analyses of Blondel, Ven-
tura and Callot [4, 5, 6, 7, 8].

In the course of these investigations the production of 53 kinds of raw
materials and mining products, respectively, was analyzed in the following
arrangement:

— energy sources,

— metals and ores,

— non-metallic minerals.

The study was not extended over quarries and gravel-pits as well as over
the mining of raw materials representing a total production value of less than
100 thousand $ pro year.

The basic concept of the mineral raw material cannot be defined in
a theoretically exact way. E.g., both bauxite (i.e. an ore) and iron (i.e. a metal)
are regarded as minerals. This is obviously incorrect from the point of view
of systematization, since they are products appearing at different phases of
the process mining — enrichment — smelting. Several problems arise from
this. Different figures will be obtained for the “in-situ” value of the mineral
reserves, when starting from products appearing at the end of different pro-
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cessing phases or rather the different minerals (more exactly: mining product)
with more components will be put into a quite new light with respect to the
more and more successful processes of complex exploitation [9, 10]. The
newest considerations for a system-theoretical approximation of the problem
in Hungary [11] promise an advancement towards the solution of the problem
by means of a distinction between “primary”, “intermediary” and “ultimer”
mining products. Due to the difficulties mentioned, the “total production of
minerals” cannot be nowadays determined by summing up the products of
the different “minerals” (or the change of “total production” cannot be deter-
mined from the change of these sums). It must be also taken into account
that the less advanced the processing of a mineral, the broader the limits
within the qualitative characteristics ofthe mineral vary. These facts are taken
into account when the “total production of minerals” are rather given by the
sum ofthe production values and the quantitative change of “total production”
is characterized by the development index of the sums of production values.
This index has been developed by the mentioned authors of [3] by taking
into account the 15 mining products which come to 90—95% of the total
productivity on prices characteristical of the year of investigation. On such
a basis arather constant development of a round 5% ofthe worldwide “total”
production of mineral raw materials since 1950 has been found (which means
the doubling of the rate in each 15 years), but within that the development
of the production of the different raw materials was by far not the same and
of constant rate. The total and the yearly mean change (in per cent) between
1950 and 1968 is shown in Table | (prices are rounded values calculated on
unchanged $ value of the year 1968).

Tabic |

Indices of the Yearly mean increase

total change (+) or decrease (—) of
quantity price V\é?&rjﬁe quantity price V\é?ﬂlrjﬁe
Energy carriers 248 80 197 + 51 —13 + 3.8
Metals, ores 225 105 236 + 4.6 + 0.3 +4.9
Non-metallic materials 318 98 312 + 6.6 —0.1 +6.5
Total and mean, resp. 245 85 209 + 5.1 —0.9 +4.2

From the data in the table it can be seen that the development in
quantity and value of the energy sources is the same or nearly the same as
that of the total raw material production. Energy sources are namely predom-
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inant in value-volumes (72.7% in 1968). This predominant position is the
reason why we deal more detailedly with the development characteristics
of the mineral group of energy sources.

Laws of the development of energy demands

The “outside” laws of the development of energy demands and produc-
tion of energy carriers, respectively, can be generalized over each mineral
because the value-volume of their production makes, as said, the 3/4 part
ofthe value-volume of the total mineral material. At the same time the “inner”
structural laws of the development of the production of energy sources has
particular characteristics, because the common feature of all energy carriers
(in which they differ from other mineral raw materials) is that they can sub-
stitute each other (theoretically without limitation) in the proper consumption.
Many scientists and experts all over the world contributed to the disclosure
of the “general” and “special” laws in this interpretation. These relative new
adaptations will be used as basis in the following.

Quantitative development of production and consumption of energy sources

The common property of the energy-carrying minerals, namely that they
can substitute each other, is based on their energy content expressible in heat
quantity. Their processing into heat processes a raw material of “ultimer”
character. Their role in satisfying the energy demands of mankind is pre-
dominant but not absolute. Besides minerals, other energy sources take also
part in satisfying the demands. It is reasonable therefore to include latters
into the investigation, too, so much the more, because energy-carrying minerals
have taken part in satisfying the demands as energy sources only since 3—4
centuries.

The shadowed part in Fig. 1 [12] shows that the inaccuracy of inter-
national data used for the diagram as well as the various possibilities to con-
vert different energy sources from one into another, make even the “actual
data” inaccurate.The degree of inaccuracy, however, is not too high and thus al-
lowes the recognition of trends: while a yearly rate of increase of5.1% is shown
in this study for the last 25 years, the mean yearly rate of increase for the first
half of the century is given as 2.0—2.2%. Hence, the total demand had an
accelerated increase in the first three quarters of the century. The consumption
pro person increased in the last fifteen years in average by 3% yearly and
is in these days more than 15 MWh/year. The amount of this value is well
perceptible if converting it into human work [12]. The energy consumption
of 15 MWh/year means for each member of mankind a 150 times increase
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of his working capacity, i.e. the activity of 150 “robots” lies behind each
human being from babies till greybeards. The average covers the characteristics
of countries on very different levels. In the US the present value is nearly
85 MWh/year (850 robots) and 175 MW h/year (1750 robots) are expected for

Fig. 1. Worldwide consumption of energy sources (after Vajda [12]).
On the vertical axis MWh/year

the year 2000, while in some weakly developed countries it is only 0.2 MW h/year
(2 robots).

The value in Hungary lies at 30 MW h/year (300 robots), that means
that at a yearly average increase of 5% the present level of the US can be
reached till the turn of millenary.

On the basis of these figures one has not to reckon with any kind of
saturation for the present. The figures also demonstrate that the increase
of production, the increase of national income also depend on the increase
of energy consumption. The investigations showed a correlation between the
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two latter characteristics. According to an analysis [13] covering the member-
states of the UNO, the characteristics of the states lie around the function

Ilge= a blgn

where e is the energy source consumption pro person (in kp of standardized
fuel), n is the global national product pro person (GNP in $), a and b are
constants. In the case of the dimensions chosen here a= —0.34, b= 1.21.
The energy consumption for 1 $ national product scattered between 44 and
6 kW h according to the economic and geographic conditions of the countries
studied.

In connection with that, attention can be called here to the connection between
a steadily affecting law of the development in mining, namely, the accelerated
increase of the produced quantity and a general law of development, namely the
dialectical connection between quantitative and qualitative development. The in-
crease of the national income generally means the growing of material goods;
the growing of material goods helps, under socialist distributing conditions, to
bring the communist society into being, while among capitalist conditions it
further intensifies the contradiction between the social character of production
and the non-social character of distribution. All that has to lead at last to the
socialization of distribution. Hence, in the period of the accelerated development
of the production of energy sources, in some way or other, the development of the
production conditions will speed up for the advantage of mankind. The close cor-
relation hints at the present importance of the mining of energy sources in the
development of production conditions.

Main marks of the development of energy structure

Parallel to the quantitative increase of production and consumption of
energy sources, the proportions of different energy sources change within the
increasing consumption. In the followings, we should like to come nearer to
the laws which explain how and why does change in the course of time the
energy structure composed from the produced, resp. utilized quantities of
the different energy sources.

Knowledge of energy sources

The knowledge of the utilized and potential energy sources of mankind must
also be studied in its development. This makes, on the one hand, the problem more
difficult, on the other, however, it preserves one from false conclusions due to
a static view.
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We approach the problem either from the point of view of the content
of knowledge (quantity, quality, areal distribution etc. of energy sources) or
from its characteristics (way, quantity, quality etc. of their exploitation), it is
suitable for both cases to divide energy sources into two main groups: repro-
ducible-self-reproducing sources and “in situ” irreproducible ones. Such
a distinction has importance mainly from the point of view of the quantitative
and structural development. The reason why we also start from this classi-
fication is to draw almost all energy sources being the object of mining activity
(and irreproducible “in situ”) into one group and separating them from other
ones. In this way a more intense study of the laws of development in mining
seems more possible, — whereby mutual effects with other sources must be
naturally taken into account, too.

Different coals (inclusive peat) and hydrocarbon occurrences (inclusive
oil-schists and oil-sands), the ores of radioactive materials and the elements
of radioactive materials in sea-water belong to the group of “in situ” irre-
producible energy sources for the time being. Thus, with the exception of
latter, the energy sources exploitable by means of mining methods are defined,
too.

Human muscular strength, agricultural refuse, wood, geothermal energy,
earth tide energy, the directly usable energy of Sun and the energy source
group arising due to its effect, continental water flow, the thermal motion
of wind and sea-water can be classed into the group of self-reproducing energy
sources.

Opinions differ with respect to classification of the energy sources —
at first, in consequence of their heterogeneous occurring forms. The above
distinction is commonly accepted and suits our special mining view-points.
Here, namely the primary energy sources, which are the objects of mining —
with exception of water-carrying geothermal energy — are classed into the
same group. Only one energy source of other character not exploitable by
means of mining methods, namely the radioactive material content of sea-
water, occurs in this group. In the more exact formulation of the different
classifying principles we can start from the fact that almost all presently
known energy sources can be traced back to a common property of some
elements in their materials which reveals itselfin the radioactive phenomenon.
The respective role of the Earth’s constituting elements with such property
is of minor importance for the time being. The ores of radioactive materials
are exploited only in a small degree, radioactive materials of sea-water, not
at all. A relative small energy quantity is similarly represented by the geo-
thermal energy, assumably self-reproducing by radioactive decay. Radioactive
phenomena taking place on the Sun have an importance by several orders
greater in developing and reproducing the energy sources: the photo-synthesis
in the flora of the Earth became the basis of the “conservation of energy”
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during the geological ages since the Carboniferous. Apart from the fact that
the so created coal and hydrocarbon occurrences (inclusive peat, oil-schist etc.)
attained a basic role in satisfying the energy demands, this process is not
finished and will not cease in the future, either. Thus, these are actually self-
reproducing energy sources, too, but their reproducing speed is almost insignif-
icant with respect to their exploitation speed. Exactly this speed difference
is the reason why their reproduction has no importance from the point of
view of mankind. Similarly relative is the situation, of course, with respect
to the “irreproducibility” of the ore deposits of radioactive materials: the speed
difference between formation and exploitation is so great that there is practi-
cally no reproduction. Each reproducible-self-reproducing energy source is in
connection with the radiation of the Sun (except geothermal energy): the food
reproducing the human muscular power from day to day is due to that;
there is neither flora (fluel wood) nor agriculture and therefore no agricultural
refuse representing an energy source either without it. The radiation of Sun
also manifests itself in the energy of flowing water, in the wind energy, in the
temperature difference between different layers of sea-water and, moreover,
its heat content can he even directly utilized.

Earth tide is the only phenomenon that cannot be practically brought
into connection with radioactivity for the time being (or we are not informed
whether the problem is investigated). At the same time, this circumstance
draws attention to gravity energies as well as to the energy background of
earth’s crust movements having a speed dimension of geological age and being
possibly in connection with gravity [14].

This summary has, in the first line, the aim to demonstrate that the
delimitation of “irreproducible—self-reproducing” and “reproducible—self-
reproducing” groups of energy sources is theoretically only relative and the
basis of separation is the difference of several orders between their self-repro-
duction speed and exploitation speed. The order of speed differences is, how-
ever, great enough to make such a separation quite sufficient for the practice.

Energy sources exploitable by means of mining methods differ from the
“irreproducible-self-reproducing” energy sources inasmuch as from the “self-
reproducing” ones geothermal energy must be ranged here, from the “irre-
producible-self-reproducing” energy sources again the radioactive material
content of sea-water must be ranged among the sources “unexploitable by
means of mining”. Energy sources “exploitable by means of mining” are, after
all, occurences of minerals.

In the following, the energy sources have been grouped according to
whether they are “exploitable by means of mining methods” or not, i.e.
whether they are mineral energy sources or not. The differing character of
the knowledges of energy sources has been pointed out. Geology, a science of
great history, givesthe method to acquire these knowledges. Concerning the
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non-mineral energy sources the importance of geonomy, an up-to-date way
of view and integration of scientific disciplines (involving geology, too) became
fundamental [14]. This is a basic circumstance with respect of both quantity
and quality of knowledge.

The development of the content of knowledge corresponding to mineral
energy sources is in the first line quantitative nowadays: in consequence of
the broadening geological exploration activity (its quantitative and qulitative
development) the amount of known mineral reserves is increasing. This justifies
to speak about expected resources besides the more or less known ones (similar
to other mineral resources). The development of the content of knowledge
of non-mineral raw materials has, onthe contrary, qualitative characteristics
in the first line: if the energy source itself (e.g. the earth tide phenomenon
as energy source) has been recognized, the “quantity” of the energy source
recognized can be directly calculated without any further “exploration” (e.g.
similar to geological exploration). One has to keep in view, however, that
while the quantity of mineral energy source can be systematically and con-
tinuously increased by means ofwell-developed and further developing methods
in case of non-mineral energy sources, new recognitions of primarily qualitative
sources, obtained by the study of the phenomena of nature may be the only
way of expanding their field, and the planning of this activity is more limited
than the former.

Concerning the reliability of the knowledge of quality, quantity (geo-
graphical extension, etc.) there is a very great qualitative difference between
the data of “known” and “expected” resources of mineral energy sources.
The newest data and a kind of our own estimation are given in the compilation
of [12]. In the evaluation of the global data of estimated resources of mineral
energy sources the date of estimation has very great importance, since the
critérium of economicity, technical level etc., prognosed for a certain period,
can considerably vary.

As for the dynamism of the data, e.g. “in 1952, 15 «3 « 10® t was the
estimated sure oil reserve, which would have covered the consumption on
contemporal level for 26 years. This oil quantity was completely produced
between 1952 and 1965. In the meanwhile, the consumption pro year increased
to its 2.5-fold and the recently explored reserves were sufficient for 33 years
on the level of 1965” [12]. If the inevitable subjectivity of the different
“static” estimations (referring to identical time) is also taken into consider-
ation, the order of inaccuracy in the knowledge of the quantity of energy
sources can be very well perceived. It is characteristic that about ten years
ago “two leading scientists of the world of oil made an estimate of the total
oil resources of the world independently from each other and ... one’s was
3 1/2 times higher than the other’s” [15]. The reliability of quantity data of
non-mineral energy sources should be theoretically better than that of estim at-
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ing the resources of mineral energy sources. However, this is not the case yet.
At any rate “if we want to size up the probable reserves in mineral energy
sources, our measuring basis will quickly vary, depending on whether it is the
reserves in generally used energy types or future technologies are taken into
account, and whether latters mean the detection and application of known
or quite new products or processes” [15].

A lengthy discussion of the inaccuracy problems in estimating the
amounts of the world’s energy sources is superfluous. Even a less profound
review of the problem shows that, although different global estimations of
the quantities of the individual sources gave results amounting to a manifold
of each other, these quantities of resources exceed the present production by
several orders. Thus they can he used, in spite of the considerable inaccuracy
in reserve calculations, as a basis of predictions of demand-satisfaction, and
they are not less reliable than predictions of other vital factors of the future
of mankind (as food supply, environment hurts etc.).

Having mentioned all these in advance, let us examine the different
estimates of various energy sources.

In Table Il two kinds of data are compiled for the coal, petroleum and
gas resources of the world in the category “explored” (known) and one in the
category “potential”.

Table 11
Statistical year book Publication
1972 of the UNO of Vajda [12]
Energy source Unit of measure
»explored” exploitation  potential
resources (known) coefficient  resources
Coal “Standardized”
109 t 6641 8600 0.5 7600
Petroleum 109t 76 80 0.4 600
Natural gas 1012m3 50 49 1.0 340
Petroleum extractable from
oil schists and oil sands 109 t 1.0 600

The two kinds of data estimated presumably on the basis of identical
sources, show agood agreement for the category “explored” (known). Uranium
reserves of the world are given in [16] as0.76 « 10et, while according to [12],
the explored uranium quantity exploitable at expenses lower than 80 $/kg
amounts to 2.3 «10°t and the potential one to 5 « 10° t. (As for the quantity
of thorium ores exploitable cheaper than 25 $/kg, the figures are: 0.5 « 10et
the known and 1.5 « 10et the expected.) The energy content of coal resources
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is estimated to 60—120 « 10® TWh [12] “what surpasses the total primary
energy demand of the year 2000 by almost three orders”. The energy content
of hydrocarbon resources can be estimated as about 1/10 of that of coal re-
sources. The energy content of the radioactive materials mentioned comes
to the double of that of coal resources (by supposing multiplying reactors).
In connection with formers the compilation of data of “some possible energy
sources of the future” according to [12] are worth of attention.

Concerning the potential significance of the order of deuterium in sea-
water the realization of the fusion by deuterium—deuterium reaction would
have an almost unpredictable importance: “The deuterium content of one

Table 111
. Energy content Potential energy
Concentration Total reserves of resource resources
108TWh 108 TWh

Uranium and thorium in 1 km of
the earth’s crust 12 ppm 4 « 1012t 10« 10
Uranium content of sea-water 3 ppm 4 +108 t 103 0.1
Deuterium content of sea-water 156 ppm 19 «10m t 1.3 « 108 101

m3 water represents a fusion energy equal to the heat getting free during
burning of 300t coal .. .The total water masses ofthe oceans come to 1500-10®
km3.Assuming an exploitation which would decreasethe original concentration of
deuterium of the oceans by 1%, we would get, by means of fusion, an energy
quantity 500 thousand times more than all the energy reserves of fossile origin
of the Earth” [16].

As to the non-mineral, resp. continuously reproducible—self-reproducing
energy sources, the data in Table IV are characteristic, where it must be
mentioned that “the potential energy of muscular power reproduced from
food, agricultural refuse and fuel wood ... soonly does not even reach the

Table IV
103 TWh/year

According According

to [12] to [16]
Energy of earth tide 576
Energy of continental water flows 23—33 3
Geothermal energy 17
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energy demand of mankind” [12] and the wind energy comes only as a local
energy source into question.

The quantity of geothermal energy is a rough estimate related to the
known occurrences. According to another estimate [12], the geothermal energy
content of the 3.5 km thick upper layer of the earth’s crust is by three orders
greater than this, and the total geothermal heat content of the Earth sur-
passes that of the fossile fuel reserves by one order. An energy of 1.5 « 109
TW h/year radiates from the Sun to the Earth, “about 30% of it is directly
reflected into the interplanetary space, 47% is absorbed in the atmosphere,
earth and ocean and transformed into heat. Further 23% serves for evapora-
tion in connection with water circulation. A little part, about 0.2% maintains
the motions, currents in atmosphere and ocean. Finally, a still smaller part,

about 0.02% . ..is the source of the increase of all living materials hy means
of photosyntesis (and is, in a small fracture of it, the source of fossile energies,
too)” [16].

One has to point out already even here the very high investment demands
of the exploitability ofreproducible-self-reproducing sources. A single example
is cited in this respect: “Solar energy can he theoretically utilized in all its
forms. The classical solution would be, however, to intercept a small fraction
of the 47% otherwise heating the soil, the surface waters and the atmosphere.
This could be utilized either as direct thermal energy or by transforming it
into mechanical or electrical energy. Supposing an interception and trans-
formation effectivity of 10%, 2% of the area of the USA could deliver the
total energy demands of the country in 2000” [16].

Regarding some summarizing quantitative data of the energy sources
known nowadays, we are justified to refer to our above statement that,
although the inaccuracy is not small, the forecasting of utilization is not
hindered by it, since the reserves available today in coal, e.g., by three orders
surpass the production by several orders.

Trend and rate of structural change

Figure 2 shows the past development of the structure (percentual dis-
tribution) of energy sources used by mankind as well as its prediction until
the middle of the next century by presenting the results of three different
authors.

Several important conclusions can be drawn from the study of the figure.

— In such calculations, resp. in the data based on and in their processing,

even the “facts” are uncertain, not only the “predictions”. It can be
seen, e.g., that three different shares of coal are given by the three
authors for the beginning of this century, and three different shares
of hydrocarbons for the beginning of this decade, i.e., the answers of
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- V0jda [12] e G.F. Ray [15] E.Caok [17]

Fig. 2. Development of the structure of energy consumption of the world.

On the vertical axis per cent, on the horisontal years a. C.

the three authors to the question, when did the coal consumption
or the hydrocarbon consumption reach the share of 50%, diverge so
that there are 25 and 20 years, respectively, between the two extreme
values. This “margin oferror” is obviously not less either in prognostic
assumptions, on the contrary: it is reasonable to be even greater !
Regarding the sequence of energy sources succeeding each other, it
strikes the eye that the trend of development points from the energy
sources of smaller specific energy content towards those of greater
specific energy content. The data of specific energy content (kWh/kg)
are presented in Table ¥ [12].

— The decrease of the share of a certain energy source doesn’t set in

as a consequence of its beginning to run short. The doubtlessly dimin-
ished growing stock would have been “exterminated”, if coal had
not been discovered. In the period of maximum coal consumption
(in the first quarter of this century) the coal resources of the world
were estimated by one order less than today [18]. Thus the reason
of “change” was not the exhaustion of reserves, but (besides volu-
metric reasons to be discussed later and in interaction with them)
chiefly the pressure of economical effects.

This is fundamentally suggested by the tendency of change of
“specific energy content” discussed in the foregoing paragraph, hut
most of the authors dealing with the problem have contributed a
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Table V
Coefficient of norming
kWh/kp to standardized fuel
Fuel wood 2.3- 45 0.38
Brown-coal 1.6- 6.6 0.67
Stone coal 6.6- 9.0 1.00
Crude oil 9.2-11.0 1.30
Natural gas 9.8-11.0 1.33
Uranium and thorium in thermic
reactor (1.2—2.4) m105 2.8 « 106
(theoretical
equivalent unit)
Uranium and thorium in multi-
plying reactor (4.1-12.2) «10° 2.8 106

(theoretical
equivalent unit)

great deal of data for the recognition of the mainly economical
reasons of the “change of energy sources”.

An acceleration of the structural change is indicated by the decrease
with time of the distance between the share curves. Since the period
investigated in the figure represents the period during which mineral
energy sources became almost general, it can be stated that this
acceleration phenomenon is the reflection of the scientific-technical
revolution of our age in mining.

Further considerations concerning the character of the structural change
will become clear when representing separately the change in share of different
energy sources by means of curves with density-functions character.

Such curves presented in Fig. 3 refer to the following:

The accelerated development towards better energy sources can be
naturally recognized (the maxima approach each other) but it can
be clearly seen that a certain energy source can reach only a 50—
70% share as maximum in the structure. This is, besides several other
causes, obviously in connection with the inequal geographical dis-
tribution of mineral energy sources of the world under exploitation
for the time being as well as with the uneven character of the general
development, the latter being partly in interaction with the former.
Consequently, a projection of general development laws can be
spoken about.

It can be seen from the character of different prognostics that Cook
[17] assumes, besides the long-term stabilization of the share of coal
and besides a considerable increase of the share of oil schists and
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— — Vajda [12]
Ray [15]
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Oil and gas
(Oil schists and oil sands)

oil schists etc

Fig. 3. The worldwide change of the share of different energy sources in the energy structure.
On the vertical axis per cents

sands, a relatively slow increase of the share of nuclear energy.
According to Ray [15], the decrease of the coal share will be the most
intensive till the turn of the millenary and the slowest the decrease
of the share of hydrocarbons, the latter corresponding to an increase
of “medium rate” of the nuclear energy share. The prediction of
Vajda [12] lies somewhere between these “extreme” opinions, which
we accept not only for that and for the “regular” character of its
curves (what is the most reasonable in such cases), but mainly because
we know its convincing argument [12] in detail.
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Connection between quantitative and structural development

Combining the prognostic data of Vajda [12] in Figs 1 and 2, Fig. 4 is
obtained. It can be observed from the figure that the absolute volume of the
production of each presently used mineral energy source will increase till the
turn of the millenary. This must be assumed for coal, too, since coal production

Fig. 4. Distribution of the worldwide consumption of energy sources (after Vajda [12]).
On the vertical axis 1012k W h/year
remained at about the same level between 1960—1970 in spite of an increase
of 50% of the energy demand of the world and a redoubling of petroleum and
gas production within that. Though coal production in Western Europe showed
steep fall, this was compenzated by the increasing production in the Soviet
Union and the USA (and let us add Poland, too), [15]. It is known from state-
ments of leading personalities that a considerable increase of coal production
is planned in Poland till the turn of the millenary, while the coal production
planned in the Soviet Union for 2000 is 1000 million t, in comparison to
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670 million t in 1973. “The increasing rate of crude oil demand lies at about
7% in world relations (i.e. a redoubling within 10 years)” [15]. In possession
of such and similar informations, many economists dared to forecast the time
of the exhaustion of the individual minerals. Concerning the fossile energy
sources, the best known pessimistic diagnosis is that of the so-called “Club
of Rome”, according to which the coal resources will be exhausted in 2083,
the oil resources in 1992 and the gas resources in 1994. Optimistic estimates
are also given in the literature [16]; one of them [19] gives the above years
of exhausting as 2500, 2100 and 2015. Apart from extreme estimations, it can
be stated that mankind turned from the first into the second third of the
“coal epoch”.

It can be said with great probability that this statement also holds for
all energy sources produced by mining methods. Namely, hydrocarbon re-
sources will run out sooner than coal resources, on the one hand, and the ex-
haustion of radioactive ores can be awaited between 1980 and the end of the
century, on the other. “This time, however, will he considerably postponed
by the application of the so-called multiplying reactors” [16].

By extrapolating other predictions [12] (Fig. 3), the exhaustion time
will be postponed in the latter case till about 2100, whereby, however, only
multiplying reactors will be run from about 2050 on. Thus, if we estimate
the “coal epoch” of mankind as 9 centuries, this will include about 2 centuries
of hydrocarbon age, exploiting oil schists and sands, too (see prediction of
[17] in Fig. 3) and about 1.5 centuries of radioactive ore epoch.

Thus, the mining of energy sources means a relatively short historical
period, and within this the utilization of hydrocarbons and radioactive mate-
rials is only an “episode” in the life of mankind.

According to most of the predictions, the application of fusion energy
will arise soon (between 2000 and 2100), and that will probably be charac-
teristic of a historically longer period than mining. It must be assumed that
at the end this will replace the coal consumption predominantly and on
a worldwide scale.

In connection with this problem we can point out some laws of develop-
ment and some conclusions drawn from them, partly for longer (millenary-
century), partly for shorter (century—decade) perspectives.

— With regard to the parallel between social conditions and “epochs of
energy sources” and starting from the fact that primitive energy sources
(muscular power, wood, agricultural refuse) were characteristic of the
primitive community, the slave society and the feudalism, and mineral
energy sources (coal, hydrocarbons and the ores of radioactive metals)
have dominated during the building up of capitalism and socialism, we
may risk the assumption that fusion will be the characteristic energy
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source of the developed communist society. The *“society of abundance"
must obviously be based on the most abundant energy source. In the
process of the worldwide formation of this society (in the series of basic
phenomena disclosed by historical materialism), the development of
productive forces has a very important role. Characteristic for their
present state is,from our point ofview, that in the process of the accelerat-
ed worldwide development of energy demands no kind of “saturation”
can be spoken about, and this will be assumably the situation till a
world-wide utilization offusion energy on a large scale.

The inner structure of the three great “energy epochs” (primitive,
mining and fusion) is, of course, not homogeneous. Though coal is the
predominant energy source of the mining epoch, other very important
energy sources have their role, too. They can be regarded as innovations
of orientation which appear inevitably during the period of the develop-
ment ofthe large-scale innovation characterizingfinally the nextperiod.
These “innovations oforientation™ are not only historical necessities,
but some general laws of development mentioned above are also valid for
them (e.g. that they are economically more advantageous than those
replaced and that they have a shortening cycle, what means the accelera-
tion of development), as well as they represent a kind of “transition”
between two predominant cycles (the mining of hydrocarbons represents
a higher degree of the general development of;minig, the utilization of the
ores of radioactive minerals contributes to the development of the utili-
zation offussion energy). Thus, the transitional role of innovations in-
tensifies the “charge” ofpredominant cycles. Since they appear histori-
cally simultaneously with the cycle becoming later predominant, it is a
very important task of science to recognize that one of the simultaneously

occurring solutions which is perspective and will become really pre-
dominant.

Both optimistic and pessimistic predictions of the satisfaction of the
dynamically increasing energy demands are known. The pessimistic
forecast of the ““Club of Rome" already mentioned is nothing else than
the “translation” of the Malthusian thesis from *“food"” to *“‘energy".
The optimists are uniform in reasoning their predictions. There are
standpoints saying ‘“generalities” as “it was proved of most of energy
sources to be extendable or substitutable during the history. Shortages
often occurred and were mostly solved by new technology" [Ib], but “all
shortages were eliminated by the largescale application of new energy
forms™ [20]. In other words: “The development of energetics is deter-
mined by two fundamental circumstances. One is the continuous in-
crease of energy consumption, the other the ingenuity of mankind, that
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allows to satisfy the increasing demands with technically and economi-
cally more and more advantageous energy sources"1[12].

The realists [11] and [15] startfrom the standpoint that only a small
part of the Earth has been properly explored and the developing sci-
ences and technics of geology, geophysics and geochemistry as well as
the improving effectivity of exploitation and utilization furnishes the
hope of large reserves for a long time.

— In the present period of predominating mineral energy sources, there
is a hard economical competition among different energy sources. Each
state and economic integration strives to satisfy the energy demands at
minimum costs and maximum economic efficency. It follows from the
mining character of the production that the mineral reserves of a mine
failing this competition will be irreversibly inexploitable. This has the
appearance of wasting the energy sources, in fact it means, however, the
loss of sources that turned invaluable. This is true, however only, if the
non-competitiveness has been objectively proved.

The only real way of avoiding a “final loss” is to secure competitiveness
by means of decreased exploitation costs.

Parallel to the danger of final loss, another danger occurs, namely a
“sparing” exploitation of competitive occurrences, i.e. the “conservation of
good sources”. This danger has also been recognized by our National School
of Economy of Mining Resources by urging an intensive exploitation of still
economical occurrences, due to the forecast of a general aggravation of the
conditions of economicity [21]. This concept coincides with the opinion of
several foreign authors, even though they put it in somewhat different way.

For instance, they prove it with convincing argument that “each kind
ofenergy has to be exploited to the utmost in its due time, otherwise it becomes
non-competitive with respect to a new kind of energy source” [22]. Further
“this argumenting is supported by the historical development of energy con-
sumption. Both in England and in the continental Europe large coal reserves
remain unexploited probably for ever, because their exploitation is no more
economical” [15]. Hence, the fact that our time is the age of mineral energy
sources and within it predominantly that of coal, does not absolve the coal-
miners of the countries from the duty of a more intensive reduction of produc-
tion costs; moreover: it means a loss for the whole mankind if — as con-
sequence of failing it — exploitable reserves of energy sources will be lost for
ever, due to economical compulsion. The tasks of the mining of energy sources
in Hungary must be defined mainly in accordance with this concept and the
kind of energy used by the new energy-consuming plants must be chosen
with regard to their interaction.
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OCYLWECTB/IEHVE HEKOTOPbIX OBLWMWX 3KOHOMEPHOCTEW B TOPHOW
PA3SPABOTKE HOCWTENEW 3HEPIUMN

K. wnumoH

PE3IOME

MpurogHoii ana o6weint oxapakTepusaumn pasBUTUSA [ayCCOBCKOM KPUBOM MOXHO
06BbACHATbL U MHOFOUMC/IEHHbIE SIBMIEHUSI B FOPHbIX pa3paboTkax. PacnpefeneHune BpemMeHHOM
BE/IMYUHbI HEKOTOPOI AesATeNIbHOCTU C ONpefeneHHoON Lienbto (pa3paboTka nosesHbIX UCKOMaeMblX,
TEXHMKA NPOM3BOACTBA W T. [.) B COOTBETCTBUM C KA4YECTBOM 3TOW [eATeNIbHOCTM 0XapaKTepusy-
eTCs1 KaKol-HUbYAb KpuBol. Ha ocHoBe MakCMMyMOB 3TUX MPUBbLIX MOXHO YCTaHOBUTbL Xapak-
Tep YCKOPEHWUSI TEXHUYECKOrO PasBUTUA, BbIAB/IAIOLIErOCA B M3MEHEHUM KauecTBa [esiTesb-
HOCTEiA.

MonHbIA 06beM [eATeNbHOCTU C OMpPeAeNieHHON Lenblo pacTeT TakMm 06pasom, 4YTO Mo-
BbILLAETCA B HEM W 4acTb KauyeCTBEHHO 60/ee PasBUTLIX PeLLeHWN, SIBAsOLWACS NPUYMHON He
TONbKO KOJ/INYECTBEHHOr0, HO Ka4eCTBEHHOr0 Pa3BUTKS MOJSTHOM AesTeNIbHOCTW.

3aKOHOMEPHOCTU pa3BUTUA MOTPEGHOCTE B MOMIE3HbLIX WMCKOMAaeMbIX paccMaTpuBatoTCst
B CTaTbe CHaYasa f/151 TOpHbIX Pa3paboTOK HOCUTENe s3Heprun.
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THE ELECTRIC CONDUCTIVITY ANOMALY
IN THE CARPATHIANS

I. . ROKITYANSKY-S. N. KULIK-L. M. LOGVINOV-V. N. SHUMAN

[Manuscript received February 1, 1975]

The induction vectors discussed by Wiese [19], Jankovsky [6], Adam [1], Ritter [10],
Calota et al. [4], Adam et al. [2], Bondarenko et al. [3] clearly mark the electrical con-
ductivity anomaly in the folded Carpathians all along their strike at more than 1000 km
distances (Fig. 1).

In 1973 the Institute of Geophysics of the Academy of Sciences of the Ukrainian
SSR performed additional magneto-variation and magneto-telluric observations in the frame
of KAPG, for the specification of the parameters of the anomalous body under the Car-
pathians. The observations included synchronous registration of the magnetic field com-
ponents of the variations at seven points (on the S—P profile 5 points, and at points Y and R
(Fig. 1), in the southern part of the Soviet Carpathians and also magneto-telluric observa-
tions in a wide range of frequencies (T = 15 sec—1 day) above the axis of the anomalous
body in point R.

1. The Wiese vectors

Figure 1 presents the summary map of the Wiese vectors plotted by
previous investigations and by the present authors. It should be kept in mind
that Wiese vectors are oriented from the anomalous conducting body per-
pendicularly to its axis.

In the western and Soviet Carpathians the vectors are clearly oriented
away from the line passing through the folded Carpathians, that allows to
draw the anomaly axis with certainty. In the Southern Carpathians the obser-
vational point network is the most dense, the vectors display contradictory
behaviour in some places, that may be due to a structural change of the source
ofthe variation, to the complex configuration ofthe anomalous body (branches)
or to plotting error.

2. The profile curves

Estimations of the maximum possible depth of the upper edge of the
anomalous body, carried out by Rokityansky [11] according to the Wiese
vector projections, gave the following values: in the Western Carpathians
(along DSS profile VI) 20 km, in the Southern Carpathians 40 km. This result
may be interpreted as an increasing depth of the anomalous body in the south-
ern direction, or as the extension of its width. The latter explanation is more
probable.
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Fig. 1. Map of the induction vectors of wiese in the Carpathians. 1. Surface electric conductivity anoma-

lies; 2. deep electric conductivity anomalies; 1. Carpathians; Il. Forcarpathian depression; Ill. Pannonian
Basin; IV. Transylvanian Basin; V. Hungarian Central Mountains; VI. Dinarides; VII. Ukrainian Shield; VIII.
Belorussian massif; 1X. Alps; X. Foralpine depression; XI1.Bohemian massif; XII. North-German—Polish

basin; XIII. Pripyatian basin; XI1V. Dnieper —Donets depression; XV. Voronezh massif
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Fig. 2. Dependence of the variations of the magnetic field component on position along the

profile S—P (Fig. 1), normalized with respect to the Kiev observatory. The calculated

curves were received according to the formula for a circular cylinder with its centre being
at h = 30 km depth

Bondarenko et al. [3] reported the results of the profile measurements
of the Z and H components of the bay-like variations on the territory of the
Soviet Carpathians. The maximum possible depth of the upper edge of the
conductor, according to these graphs, is about 30 km.

Synchronous observations performed on the S-P profile (Fig. 1) in the
South of the Soviet Carpathians in the same frequency range made it possible
to determine the depth of the upper edge which is 30 km (Fig. 2).

3. Magnetotelluric soundings

The depth of the upper edge of the conducting body, detected by the
magnetovariational investigations can be defined more precisely by the MTS
data. For instance, MTS data, received by Praus [9] in the Western Car-
pathians on DSS profile YI, give a depth of 15—20 km.
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Fig. 3. The MTS longitudinal curve over the anomalous body axis in the point R (Rakhov);
1 — Qrp values received on separate variations from the rapid run records; 2 — the same
from the Bobrov station

Fig. 4. The induction vectors Cu and Cv for the observation points Y and R
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In order to place the MTS point on the anomalous body axis, we carried
out special magnetovariational profile investigations with a small step (3—
4 km) that made possible to determine the position of the axis of the anomal-
ous body with great accuracy. The MTS station was supplied with quick and
slow recording facilities that allowed to process the variations from 15 sec
to 1-day period rangs. The received longitudinal (with respect to the anomaly
strike) MTS curve (Fig. 3) is characterized by a reliable left descending branch,
by a minimum in the 70—200 sec range and by its clear ascending right branch.

The depth of the upper edge, according to this curve, is 16 km, and
the body’s apparent longitudinal conductivity is 1000 Q~I.

4. Processing of the point observations

Besides processing the point observations by Wiese’stechnique, we also
used amplitude-phase processing based on the linear relation

Z=AH + BD (1)

where all values figuring in Eq. (1) are complex.

The relations Cu= ReAi -j- ReBj, Cv= ImAi -(- ImBj determine the
real and imaginary induction arrows [15].

Figure 4 gives an example of such a presentation of the processing
results for the observational points Y and R in the period range T from 23 sec
to 120 min.

5. Frequency response of the anomalous field

In point Y a large anomalous field is observed in the Z component,
while the horizontal component of the anomalous field does not exceed 10—
15% of the normal field. This fact gives the possibility to consider the coef-
ficients A or B of Eq. (1) as the approximate frequency response of the anomal-
ous field. Figure 5 presents A as function of J[T «It is characteristic that from
Y21 = 60 the vertical component of the observed field begins to increase
sharply which is probably due to a considerable growth of the normal com-
ponent Zn. To exclude the influence of Zirii the synchronously recorded com-
ponent Z was subtracted in point R, where Zais close to zero. The results of
the calculation of the normalized anomalous field hz with such subtractions
for each individual case are shown in Fig. 5 by points. After subtraction,
however, the anomalous field in the low-frequency range decreases slower
with the growth of period than the Kirovograd anomaly frequency charac-
teristics and the normal global impedance [12]. Note that the eddy type
anomaly decreases more quickly than the normal impedance, thus the anomal-
ous field observed at long periods may be considered with certainty as an
anomaly of conductive nature.
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Fig. 5. Frequency characteristics of the anomalous field in the observation point ¥ (Yasinya)
1. Modules A (Eq. 1)
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Fig. 6. Graphs of the dependence between the layer’s fictitious total conductivity .Sj = Ojh

and the longitudinal cross-section conductivity G = 0OjQ of elliptical cylinders with different

axis ratios. The index of the curves at their left end is the minor semiaxis of the elliptical

cylinder in km, values on the right of the curves are S total conductivity of the layer with
thickness h = 2a
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Having compared the obtained experimental frequency characteristics
of the anomalous field with the theoretical responses of two-dimensional
anomalies of conductive nature [13], for the total longitudinal conductivity
of the two-dimensional conductor Gmn=—aiQ =1 —2 1081 2 m was
obtained.

In the low-frequency range the decrease of a conductive type anomalous
field is determined by the impedance. The slow decrease of the anomalous field
may be due to a high impedance value, which is confirmed by the MTS curve
obtained in point R (Fig. 3). This fact, indicating the increased value of the
electric field in this region at low frequencies, may be accounted for by sug-
gesting that the Carpathian electric conductivity anomaly connects larger
conductors than itself. Such conductors may be the North German electric
conductivity anomaly in the north and the Black Sea in the south. Indeed,
the electromagnetic field is formed in some volume V, the size (L) of which
is comparable to the wavelength of the field in the earth. For small periods,
the size L is not large and these two large conducting zones do not appreciably
effect the current system determining the impedance in the observational
point. But L increases with the period and the distant conductors mentioned
may influence the measured magnetotelluric field in the Carpathians.

6. Estimation of parameter G according to MTS results

The longitudinal conductivity G can be also estimated by using the
ascending branch of the MTS longitudinal curve in point R over the axis of
the anomalous field. For that purpose we use the longitudinal curves qt pre-
sented in the book [7] over conducting elliptical cylinders buried in
a horizontally stratified medium and determine the empirical relationship
between the fictitious total conductivity Sf of the layer obtained from the
ascending branches of the curves Q, and the total longitudinal conductivity
G of the elliptical cylinder. The obtained dependencies Sf and G for cylinders
of different rations of their axes to the burying depth are shown in Fig. 6.
According to these graphs, the value G= 1 — 2 «10812-1 m corresponds to
the fictitious longitudinal conductivity Sf= 1000 i2-1, determined according
to the ascending branch of the MTS curve in point R, what confirmes the data
of magnetovariational profiling.

7. Geological interpretation of the Carpathian electric conductivity anomaly
based on the ideas developed by Hyndman and Hyndman [5}

The position of the axis line of the anomalous body on the tectonic map
(Fig. 1) shows that the conducting body is located in the Carpathian flysch
zone, i.e. in highly dislocated sedimentary formations of 10—20 km thickness.
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According to seismic data, seismic wave velocities sharply increase in this zone
with depth, which indicates the metamorphic transformations of the rocks, in
particular, the decrease of their compaction and porosity. As it is known, the
electric conductivity of great masses of rocks is due to the presence of mineral-
ized porous moisture, the quantity of which decreases with the rock’s com-
paction. It is not too probable that in such conditions the narrow zone of
highly mineralized porous waters would extend for many hundred km in the
subsurface layers. The Carpathian electric conductivity anomaly appears to
be connected with the metamorphic changes of the sedimentary rocks under
the influence of temperature and pressure at depths of 10—25 km. The sedi-
mentation included two steps of the Alpine géosynclinal stages: the first step
in the Mesozoic era, the second one (that of flysch) — from Cretaceous to
Eocene-Oligocene — the geosyncline being displaced from the inner zone of
the Carpathians towards the outer zone [18]. At the end of the Eocene the
stage of uplift begins that has brought the Carpathian region to its present
form. It is possible that the velocity of sedimentation in the geosyncline
considerably exceeded the velocity ofwarming up of young sedimentary strata.
Therefore, although the lower layers of the sedimentary complex were dipping
at 15 km depth and more, at first there were only low temperature facies of
metamorphism which preserved considerable quantity of volatile substances
in the rocks, water in the first place [17]. Due to gradual warming up, the front
of metamorphism progressed upwards. A considerable time having passed,
the temperature in the lower part of the sedimentary complex has increased
up to relatively high values, as the overlying sedimentary strata have low
thermal conductivity and screen the heat outflow. The progressing warming
up to the lower part of the sedimentary complex leads to metamorphism
facies of ever higher temperature with water release and formation of inter-
granular melting. Experiments have been conducted [16], showing that at
temperatures as low as 300—450 °C melting may occur coexisting with highly
mineralized water solutions. The meltings are the most abundantin the amphi-
bole facies of metamorphism, taking place at 400 —700 °C. These meltings are
formed with water present, the sufficient quantity of the later being about
1—2% . The whole volume of the rocks cannot be subjected to melting, but
the most fusible component in the presence of water, which is located inter-
granularly between the grains of infusible components, may form the bound
system. With melting formation the electric conductivity of rocks sharply
increases. Experiments on granit specimens in water vapour [8] show that
under pressures, corresponding to 10—20 km depths at temperatures of
600 —650 °C, the specific electric conductivity rises up to 1 12-1 m _1. Thus,
the suggested electric conductivity of the anomalous body under the Car-
pathians may be accounted for by the occurrence of melting in the process
ofregional metamorphism. Deeper facies of regional metamorphism (granulitic
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and eclogite) are characterized by the absence of water in the rocks, therefore,
the layers having passed through the amphibolite facies may not contain
the fusions despite the higher temperature and pressure. Hence the layer
of increased conductivity of such nature is of limited thickness and the under-
lying layers may be of high resistivity.

Proceeding from this assumption, we try to explain the narrow localization
of the conductive layer in the horizontal plane that is characteristic of the
W estern and Eastern Carpathians. In the work of Scheffer [14] data are
presented on the geothermal gradient of the Carpathians and the framed
Pannonian and Transylvanian Basins. The Pannonian Basin is characterized
by a very high geothermal gradient, in the region of the Western and Eastern
Carpathians it decreases up to the normal values typical of the platform
when passing from the inner zone of the Carpathians to the outer zone. Thus
the heat flow source warming up the sedimentary strata is more intensive
in the inner zone and less intensive in the outer one.

As stated above, sedimentation in the inner zone of the Carpathians
took place earlier than in the outer one. Thus it is plausible to suggest that the
sedimentary strata of the Carpathians’ inner zone had been warmed up earlier
and passed through the active phase of regional metamorphism connected
with fusion formation and electric conductivity increase. The Carpathians’s
outer zone, characterized by younger sediments and the least active heat flow
source, does not appear to have been warmed up to the active phase ofregional
metamorphism as it was the case with the central zone of the flysch Car-
pathians. Naturally, departures from this general picture may take place due
to the heat flow inhomogeneities in different tectonic blocks.

The geothermal gradient in the Transylvanian Basin approximately
equals the values on the platform. Therefore, the sedimentary strata in the
Southern Carpathians must be warmed up more uniformly in the horizontal
plane. This is in agreement with the great width of the electric conductivity
anomaly under the Southern Carpathians.
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Geomagnetic induction theory has been so far formulated only in a deterministic way,
using Maxwell’s equations and solving them for distinct incident primary fields in connec-
tion with special conductivity structures of the Earth, or by solution of the inverse geomagnetic
induction problem. These approaches do not account for the stochastic distribution of con-
ductivity, a situation which seems to be more realistic in most practical cases. The present
paper reconsiders geomagnetic induction theory on the basic assumption that the conduc-
tivity of the Earth is the sum of two parts: a regular slowly varying conductivity cr)(x), and
a stochastic contribution <7,(x) varying on a much smaller scale. It is shown that Maxwell’s
equations can be split into equations describing the regular and the stochastic fields, respec-
tively, but the equation for the regular fields contains a term arising from the contribution of
the stochastic conductivity distribution. Solving the equation for the stochastic field in
“linear” approximation, the correlation tensor of the geomagnetic induction field is introduced.

It can be conveniently used to calculate the mean-square deviation /ctOx)2 of the conduc-
tivity fluctuation. Being expressed by the correlation tensor, this information can be con-
veniently achieved using a measurable quantity appropriate for the real situation. For sim-
plicity the results are given for an infinite medium. In that case the correlation to the equa-
tion for the global fields is explicitely calculated. The equations which arise are complicate
integro-differential equations from which neither B0 nor EO can be eliminated. Consequently,
for real interactions simple model calculations of the conductivity are only of minor impor-
tance since their result is strongly influenced by the stochastic distribution of conductivity.

The progress in the theoretical and experimental study of the electric
conductivity or(x) of the Earth has its fundaments mainly in the computation
of the induction of a primary magneto- or ionospheric magnetic field in some
more or less simple conductivity models of the earth, due to the persistent
efforts of magnetotellurics and magneto-variational sounding (see, for instance
Schmucker [9], Ashour [1], Jones—Pascoe [2], Weaver—Thomson [15],
Weidelt [16], Treumann [10; 11; 12] and, for the older literature, Riki-
take [5]; for a review of the magneto-variational sounding method the reader
is referred to Roicityansky’s [6] monography). Presumably, the most effective
version of that theory, where the model character ofthe conductivity structure
enters only through the assumption on its one-dimensional depth dependence,
is the inverse analysis of the geomagnetic induction problem given by Wei-
delt [17]. It allows for a direct calculation of the vertical spatial dependence
of conductivity from the surface values of the magnetic and electric induction
fields, respectively, the magnetotelluric elements. This method is based on the
solution of an integral equation familiar from quantum spectral analysis. In
principle, the extension of the inverse method to three dimensions seems to
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be possible. Such a procedure would become free from any a priori model
assumptions on the conductivity structure. Since, however, the inverse geo-
magnetic induction problem is ill-posed in the sense that its solution very
sensitively depends on the exact knowledge of the field distribution at the
Earth’s surface, the question arises if it will give the real structure of the con-
ductivity in the case when the latter is considerably complicated by statisti-
cally distributed conducting inclusions differring from the over-all conducting
structure. The application of the inverse theory to practical problems shows
that the result is a smooth dependence of conductivity on depth which —a
in the examples of Weidelt [17] —is very well approximated by the magneto-
telluric stratified Earth models.

It is, of course, natural to assume that the conductivity in the Earth is,
at least to a certain degree, randomly distributed. In that case, however, the
over-all conductivity structure which we denote by <m(x) and which is found
by magnetotellurics or by the inverse method, can be considerably influenced
by the fluctuating part ffj(x). Moreover, as it will be shown below, the system
of equations on which both the magnetotelluric and the inverse methods are
based, changes due to the stochastic part of the conductivity.

Both these arguments, the dependence of the inverse method on the dis-
tribution of the field quantities on the surface and the statistical structure of
the Earth’s conductivity necessitates a statistical formulation of geomagnetic
induction theory. In its most simple version such a formulation has been
recently put foreward by Treumann [13] and Schafer—Treumann [7] for
an infinite conducting medium. Of course, such a model is not appropriate
for application to the real problem of the determination of the Earth’s con-
ductivity distribution, for that goal one had to solve the induction problem
for a finite Earth. Calculations in this directions are under way. On the other
hand, it has been shown that given a known over-all dependence of the con-
ductivity, which, for instance, can be obtained from magnetotellurics or from
inverse theory, the mean square deviation of the conductivity in depend-
ence on space can be determined. A crucial role is played in such a calculation
by the correlation tensor Ky = B,B; of the geomagnetic induction field, where
the bar indicates space-time average.

In the present paper we derive the general equations for the statistical
treatment of the geomagnetic induction problem. We show that the basic
equation of geomagnetic induction, Ampere’s law, is considerably changed
ifthe conductivity structure has a stochastic part o®. For an infinitely extended
medium the newly arising terms will he explicitely calculated.
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1. Electrodynamic fundamentals

The general analysis of the geomagnetic induction problem is based on
Maxwell’s equations and Ohm’s law

3 9 0
— X B = Hoi* *B= — (1)
oX X 0x
oB . .
j = OE
0t

Here, all the field quantities are assumed to be the sum of a global field
BO, EOQ, denoted by a suffix 0 and reflecting the over-all response of the con-
ductivity structure to a primary incident field, and a stochastic part Bx, Ex
The latter include all fields which can be attributed to the additional action
of the fluctuating part of the conductivity. Hence, we have assumed the
conductivity itselfto be the sum of an over-all conductivity cro, and a stochastic
part cq:

ff(x) = <O(x) + 0-i(X) @)

Since Oj™x) fluctuates in space, we assume that its mean value taken
over the characteristic dimensions of the fluctuation vanishes: ajx) = 0.
Then we have

B(x) = BO(x) + Bxx). E(x) = EO(X) + Ex(x),
B (x) = Bo(x) » E(x) = EO(x), <r(x) = Q0(x). 3)

Introducing the first rows of Egqs (3) and (2) into Eq. (1), and taking
the average shows that the global fields satisfy the following system of dif-
ferential equations [7]:

<) . 8 0 .
— X B0 - flgjg, — «B0O—— jo—0
0X 0X 0X
(4)
0 0Bn .
— XEq— —, Jo  (lEq-J- CJEN
0X of

The basic assumption underlying this treatment is that the scale length
over which a remarkable change in the over-all fields occurs is much larger
than the characteristic dimension of the fluctuation. In such cases products
of the type FOFt average out, since FOcan be considered as constant during
the averaging procedure. For strongly inhomogeneous cases, however, where
the over-all fields change rapidly in space, such products have to be taken
into account.
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By inspection of Eq. (4) we find the mean field satisfies the usual Max-
well’s equations, where only the definition of the mean current density has
been changed. This behaviour is clear since j is the only nonlinear quantity
which enters Eqs (1). However, with the modified current jO, the right-hand-
side of Ampere’s law differs from the usual first Maxwell equation used in
geomagnetic induction theory

3
— X BO= /rO(l0E 0 (5)
0X

by the additional term o1lEj. This term reflects the global response of the
stochastic part ofthe conductivity and contributes to the over-all field distribu-
tion. The fundamental equation is then for BO

NBO  &000(x — Whoko X Fo 1 6
(x) Ot oX oX )

Similarly, for EO we have the equation

9 9 9EOQ 9 =
X XEOQO—7/co Vo NN (7)
X IC) ot at

Assuming the media to be free of space charges, i.e. neglecting jumps in the
conductivity distribution and restricting ourselves to sufficiently low fre-
quencies, Eqs (6) and (7) become, after replacing the time differentiation
by — ico.

ZIBO(x, co) + ijudoxro(x) BO(X, W)  yHdEo(x’ to) X o X (8)
X

JE O(x, m) + ifi0ioe0(x) EQ(x, c0) = — i<w0alEx 9)

respectively. These are the equations describing the mean over-all field in
a medium of a spatially fluctuating conductivity. Of course, as so far nothing
is known about the term ctjEj, Eqs (8) and (9) are of little use and must be
supplemented by equations for Ej and a rule for taking the average of the
product ctjgEj. In addition to this, also the usual electromagnetic boundary
conditions have to be supplied at the surface of the Earth. The remainder
of this paper is devoted to the calculation of the term ojEj for the most simple
case of an infinite medium.
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2. The fluctuating fields

The equation for the fluctuating fields can be easily found by subtracting
Eqs (4) from (1). The result is [7]

— XxBj = NOffiEo+ /AOEi + /VAEi - [“offiEi
0X
(10)
SBj

9t

The solution of Eqs (10) requires the knowledge of the fields EO, BO which
appear in the equations as inhomogeneities. Since these fields themselves
depend on Etin the manner given by Eqs (8) and (9), respectively, the systems
of equations for the over-all and the fluctuating fields are coupled. Without
some simplifying assumptions, the solutions would lead to difficulties which,
in view of the complicate spatial dependences of ~,(x) and ff1(x), would make
the analysis untractable. One such simplifying assumption is the already
mentioned supposition of different scale lengths for the global and stochastic
quantities. Consequently aQ EO and B( can be considered as constant when
solving Eqs (10) for Ej, Bj. We note however that such an assumption is not
necessarily required for EQ, BO, since these quantities appear only in the in-
homogeneity of the system (1). A more serious difficulty arises from the “non-
-linearity” in the space dependence which enters through trlE1 and o”Ej. To
avoid it, we introduce the linearizing assumption that <Tj/a0 1. Then Et,
Bj are first-order quantities in the parameter ojcr0, and hence GEj, (tjEj,
in a first approximation, can be neglected compared with the remaining terms
in Eqs (1). By this assumption the first order problem for the fluctuating
fields becomes linear, which can be solved by linear analysis for any given
<7, BO, EO and geometry of the Earth:

8
— — X Bj = lio°o0E i -f- "MQO'JE g
(0.4
9Bt ()
—_ oB’ =0
91 X

For an infinite medium the solution can be achieved by Fourier analysis [8J:

B1(X,t)= _ oy ks €T BOO) 12
oed (zn)4]| P e —imiiod0 © )
Here

“— dlek xA(x) (13)

Acta Gcodaetica, Geophysica et Montanistica Acad. Sei. Hung. 10, 1975



292 B TRROMMNNad K SHER

is the Fourier transform of the fluctuating conductivity. The equations for
a conducting half-space situated at r >0 are

/JBj = 0 forz< O

NB! — L0a0 = y0al-"2-for r> 0 (14)
dt dt

subjected to the appropriate boundary conditions at z= 0 and r= +°0
(Treumann — in preparation).

3. Statistical treatment

It has been shown by Schafer and Treumann [7] for the case of an
infinite medium that the fluctuating fields can be conveniently used for the
determination of the modulus of the conductivity fluctuation. The quantity
of interest is the statistical field correlation tensor Ky defined as

Kij-=BB = BWO-f BOB1-)- B.Bq-(- BIB1 (15)

Since the characteristic fluctuation scale length is small compared with the
characteristic dimension of the zero-order field changes, the mixed products
BdgBj*and BjBqgaverage out. So we have

Kij= BoB0+ B A (16)
where

B A = BAx+ f,t+ r)BLx, tj. (17)

Carrying out the integrations involved, one finds that Ki] is a function of B
and IcTj"k) 12 which can be considered as an integral equation for the latter.
For the case of an infinite medium this integral equation is of the type of
Fourier integrals [7] and can be solved for |ax(k) |2 Then, transforming back
to the (Q-space:

k4
f(C,rylacc —-— (dcodk O(k) + + . Bor(w)
aren e (zﬁ)fJ( o ! ovulai

(18)
Kij(k, co)-B 6 - co)I

Here the average is taken over the characteristic period and fluctuation
length, respectively, and Kuy(k, co)is the transform ofthe field correlation tensor
Kij(C, r), which is a measurable quantity characteristic of the natural situation
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in the measurement of the components of the geomagnetic variation field, in-
cluding the statistical properties of the field and the method of measurement.
The dependence of a~ vs. r, the frequency co reflects the fact of the finite
penetration depth for an inducing field into a conducting medium, which
leads to the result that information from the correlation tensor can only be
achieved down to a certain finite depth, depending on the used real time
respectively period of the variation field.

The possibility of determination ofthe mean properties ofthe fluctuating
part of conductivity from the correlation tensor of the geomagnetic variation
field suggests a practical use of this so far neglected quantity.

In a note subsequent to the paper [8] it was shown that the Parkin-
son—Wi.iese vector of geomagnetic deep sounding is a direct consequence of
the invariance properties of the field correlation tensor for two-dimensional
conductivity structures. One can therefore expect that the recently proposed
geomagnetic induction tensor [3; 4] which connects the primary incident
magnetic field with the secondary induced part of geomagnetic variations,
is directly related to the geomagnetic field correlation tensor. An investigation
in this direction would be of interest since the derivation of the induction
tensor from model calculations seems to be an extremely difficult task [4].

4. The equation for the global field

In this last section we consider the question how the fluctuating con-
ductivity structure influences the over-all geomagnetic field. In other words,
we determine the structure of the term cgEj* in Eqs (8) and (9) for the global
field vectors. Such a calculation is based on the knowledge of the first-order
fields. Since it will be turn out that a very complicate nonlinear integro-dif-
ferential equation arises, we will restrict ourselves to the most simple case
of an infinite medium for which the analytical results have already been given
in the previous section.

So far, the equations for the global fields have been given in implicite
form. To proceed, we first eliminate Exfrom the term 01E1by use of the expres-
sion resulting from Eq. (11)

Ei= - X Bj— — EO (19)
*oMo  9x °0

Taking into account that cr*x) is a real function of space and recalling the
definition of the average as an integral over space, the first Maxwell equation
(4) becomes

X BO(eo) = (i0 \a0 ——— ) EQ(<0) + — X B”co) (20)
X | qo } b 9x
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From this equation it can be realized that, having obtained the solution for
the first-order problem and being able to express of by measurable field-
dependent quantities, and cr0, Eq. (20) represents a closed equation for the global
field in which the influence of the fluctuating conductivity is taken into
account. Clearly, this equation replaces the usual basic equation of magneto-
tellurics and geomagnetic induction theory in the case when the over-all depth-
dependent structure of the conductivity of the earth is superimposed by a
space-dependent stochastic part. Note that a homogeneous d1does not change
the usual magnetotelluric situation after averaging over a scale larger than
its characteristic variation length. In that case the second term in Eq. (20)
vanishes since Bj becomes space-independent after averaging, and the global
conductivity o0is shifted only to the slightly smaller value Og= d0— a\ /cf0
where a\ s= <r?(co) depends on the frequency spectrum of the variation
field through the field correlation tensor Ky(£, co) in Eq. (18). The Earth
behaves like a less conducting medium.

In the case of an infinite medium we are already in the position to
determine the explicite form of the right-hand side of Eq. (20). Identifying
C with the global scale x, erf is given by Eq. (18). The remaining term
0i(3/8x) X Bj/Cfl is easily calculated, using Bxfrom Schafer and Treumann [7]
and taking the average. The result is

ik2
— XB dk X
< 3x ) (Zm wfiCe0 (21)
X [BO1(co, x) *k Mo, K) *BO4(— to, x)] X [k X BO(co, x)]

This is the expression to be used on the right-hand side of Eq. (20). Integrating
with respect to co, we find finally

O 3 xgj= ‘]dk doo 1— K2 [B(4(co,x) mK.y(co.k) BBO4co, X)] X
x (2ny’ COMHCe (22)
X [k X Ba(co, x)] exp ( — icot)

In this integration the first term on the right-hand side of Eq. (20) becomes
an operator acting on E0O(co). On the other hand, the co-dependent version of
oi,
K4
X

i)s to2/oCo
X [Bag4(co) *K ,;(co, K) *Bgx(— co)] X (23)

= 0%l(e, x; Bg K,7),
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together with Eq. (21) can be used in Egs (8) and (9), respectively, to express
the term 01E1(co) trough K¢y(co, k) and the global fields themselves:

S>AW = —  — X Bx(0>) - E 0(co) (24)
0o ao °X ao

Such a procedure closes the equations for the over-all field distribution. These
equations are, however, very complicate, and no longer separable for E 0(eo)
and BO0(co) as in the case of the usual geomagnetic induction theory. The full
system of equations consists now of the equation (8), (9), (24), (18), and (21),
replacing Maxwell’s equations, the first of which (20) has the form

0
— X BO(co) = M0<0[1 — I(ft>, x; BO; K,;)] EO(co) + equ. (21), (25)
(0),4

where | is given by the right-hand-side of Eq. (23), and is a function of B 0(co)
and of the field correlation tensor. These expressions, together with Faraday’s
law, form the basis of geomagnetic induction theory in an infinite medium.
For the finite Earth they have to be replaced by the appropriate expressions.

5. Conclusions and summary

In the present paper we have reconsidered the fundament of geomagnetic
induction theory, taking into account that the conductivity in the Earth might
be statistically distributed. Such an approaeh offers the possibility to deter-
mine the modulus of the statistical part of the conductivity and its space
dependence from a measurable quantity, the field correlation tensor. On the
other hand, it shows that the existence of such a stochastic part in the Earth’s
conductivity considerably changes the equations which underly the geo-
magnetic induction theory, probably making them almost intractable for
model calculations. However, since we must expect that the conductivity
structure within the Earth is only in some rather rare cases a simple one, the
assumption about its statistical distribution seems to be dictated by nature.
Consequently, the information about the conductivity from field measure-
ments and model calculations or the solution of the inverse problems can be
considerably falsified due to the presence of a<x and the fluctuating fields EX,
Bxconnected with it. Of course, an extremely precise measurement of the field
components would allow for an accurate determination of a by means of the
inverse method. Since such measurements are impossible in practice with the
required precision, the statistical treatmentseems to be more appropriate than
the usual deterministic induction theory, at least until the inverse theory has
been based on equations (8) and (9). The statistical procedure starts out from
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the field correlation tensor, which comprehends the statistical properties of
the fields in dependence on the chosen correlation lengths and times. By means
of this tensor the method offers the possibility of a direct determination of the
space dependence of the mean square deviation of the conductivity from
a global value a0Owhich is free for elevation. Hence, one can suggest that in
a first approximation it would be convenient to determine a0from the inverse
problem of magnetotellurics or a model calculation. This done, the next step
would be to use the field correlation tensor of the geomagnetic variation field
and the value a0 of the over-all conductivity to calculate the amplitude of
the statistical deviation ( a\ )X2and its spatial dependence to find the regions
where aais a reasonable approximation of the conductivity structure of the
Earth and to exclude those regions where it is not.

In the present paper, however, theory has still not been brought to
a direct applicability to the Earth. This would require the solution of the
problem for the finite Earth instead of an infinite medium, which will be given
in a subsequent paper.

The calculations of the electromagnetic induction in thin sheets were
also successful. They will be published as soon as possible elsewhere [14].
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CTATUCTUYECKOE OBOCHOBAHME TEOPUN MTEEOMAMHUTHOW MHAY KL
P. TPANMAHH-K. WWE®GEP

PE3IOME

Teopusi reOMarHUTHON MHAYKLUMM 6blna chopMynMpoBaHa A0 CUX Mop TONbKO Ha AeTep-
MUHUCTUYECKOM OCHOBaHWM, MPUMEHEHWeM ypaBHeHW MakcBenna, nmyTeM pelleHus ux ans
NepPBUYHbIX MOMEN CNPUNOXKEHNEM CTPYKTYP 3eM/N CO CneuyanbHol NPoBoasALLEei crocobHOCTbIO
VAW Ke NyTeM peLLeHns 06paTHOM Npo6/iemMbl reoMarHUTHOM UHAYKUMW. 3TV MeToAbl He YYUTbI-
BalOT CTOXacTMUECKOe pacrnpefesieHne MPOBOASLLENA CMOCOGHOCTM, XOTS 3TO B 6O/bLUMHCTBE
CMlyyaeB MPaKTUKU 6MXKe K WUCTWMHEe. B HacTosileil cTaTbe ONsATb paccMaTpMBaeTcs Teopust
reomMarHUTHOM MHAYKLMW Ha TOM OCHOBaHWM, YTO MPOBOAALLAS CMOCOGHOCTL 3eM/N-CKNaabIBa-
eTca U3 IBYX YacTeii: ofHa cucTemaTuuecKasi, MeAsieHHO M3MeHsiolasaca <0(x), a BTopasi CTo-
XacTumueckas <7i(x), M3MEHSIIOLLAsiC B HAMHOrO MeHblleid Mepe. loKaxeM, 4UTO ypaBHEHMS
MakcBennia B 3TOM C/lydyae MOTYT 6biTb pasfefieHbl Ha YpaBHEHWs, OMUCbIBAOLLME CTOXACTU-
yeckoe Moje M Ha ypaBHEHWs, COOTBETCTBYIOLLME CTOXACTUYECKOMY MO0, HO ypaBHeHUe Ans
CUCTEMATMYECKOM 4YacTU MOMSi COAEPXWUT UfieH, BO3HWKAMOLIMIA BCMEACTBME CTOXACTMUECKOro
pacnpefeneHns NpPoBoAsiLLEN CrOCOBHOCTU. PelLMB ypaBHEHME CTOXaCcTUYECKOro Nosis B IMHENR-
HOM MPUGAVKEHUN BBOAUM KOPPENSIUMOHHbIA TEH30p FeOMarHUTHOrO WHAYKLMOHHOIO Mons.
Ero MOXHo Lien1ecoobpasHo NpUMeHsTb ANl cpeaHeli KBaapaTuUecKon Be/IMUMHbI U3MEHSIeMOCH

NPoBOASALLEN cnocobHocTU /0,(X)-. 3Ty MHGOPMaUMIO0, BbIPKEHHYH) KOPPENSAUWNOHHbIM TeH-
30pOM, MOXHO MCMOMb30BaThb f/11 ONUCAHWUS WUCTUHHOTO MOJSIOXKEHUSI U3MePSIEMOW Be/IMUMHOIA.

Mna npocToTbl pe3ynbTaThbl fa0Tes A58 6eCKOHEYHO cpefbl. B 3aTom cnyyae Koppensuus
C YpaBHeHMEM, [eACTBUTENbHBLIM /151 106abHOr0 MO, MOXET ObITb BbIUMC/IEHA B SIBHOM BUfe.
MonyyeHHble YpaBHEHUS1 SABAAIOTCS 0OYeHb CHOXHbLIMU MHTerpanbHO-AUddepeHLManbHbIMMI
YPaBHEHUSIMU, U3 KOTOPbIX He MOTYT 6bITb UCK/OYeHbI HU BO, HU E,,. CnefoBaTtenibHO, B Cy4vae
WUCTUHHbIX B3aUMOJENCTBMIA MpPOCTble MOfeNbHble BbIYUC/IEHUSI MNPOBOAsLLE/ CNOCOBHOCTU
MMeIT TO/IbKO Masioe 3HaudeHue, M60 Ha pe3ynbTaTbl CYLUECTBEHHO B/USIET CTOXacTUYecKoe
pacrnipegeneHune NpPOBOAsLLEA CMOCOGHOCTL.
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A PHOTOGRAMMETRIST’S VIEW OF REMOTE SENSING*

E. E. DERENYI

ASSOCIATE PROFESSOR
DEPARTMENT OF SURVEYING ENGINEERING, UNIVERSITY OF NEW BRUNSWICK FREDERICTON, N.B.,
CANADA

[Manuscript received May 8, 1975]

By the various Remote Sensing techniques it is always necessary to establish an
appropriate mathematical relationship between the object space and the image space. This
way we can locate geometrically the informations gathered by remote sensing techniques.
The most general expression ot this mathematical relationship is called here sensogrammetry
which is the main working field of the photogrammetrists.

Introduction

“Remote Sensing” essentially means to acquire information about
distant objects without coming into physical contact with them. This type
of information gathering is of course an ancient practice since seeing, hearing
and smelling can be considered a primitive form of remote sensing. Recent
technological advances, however, made it possible to amplify and extend the
capabilities of the natural sensory perception by the development of a variety
of instruments to serve as sensors. Thus, remote sensing is evolving into an
increasingly sophisticated art.

The signals received by sensors are waves of energy reflected or emitted
by objects. By analysing these returns, valuable information can be gained
about the physical, biological and chemical properties of the objects in question.

Many sensors are capable of recording only the amplitude of the signals
in a point-by-point mode and displaying it in a digital or graphical form.
A profile record may be obtained by scanning the object with the sensor.
Some sensors also permit to measure or determine the direction from which
the signal is emanating. The intensity record of the signals may then be ar-
ranged into two-dimensional array or image. Such a display is actually a projec-
tion of the object. Now, it can be determined from which point in the object
or scene has the signal originated and one can also reconstruct the shape, size,
position and orientation of the object, provided that the geometric relations
of the projection are known. To derive such information from images is the
responsibility of photogrammetrists, who must therefore concern themselves
with all types of sensors, which are capable of image formation.

* Dedicated to the 75th birthday of Professor A. Tarczy-Hornoch.
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Image forming sensors

Table | summarizes the principal characteristics of image forming
sensors currently available.

Table |
Image forming remote sensors

Angular
Sensor Type R,?,gggl errt]egtlon resolution, Mode of operation
mrad
Photographic frame 0.35- 1.0 fim 0.1 Passive, directional
camera strip 0.35- 1.0 /im 0.1 systems
panoramic 0.35- 1.0 fim 0.015
vidicon 0.35- 0.7 fim 0.2
Scanner multi-spectral 0.3 - 3.0 fun 0.05 Passive, directional
infrared 3.0 - 140 flin 3 systems
ultraviolet 0.15- 0.35fim 3
microwave 0.1 - 100 cm 10
Radar real aperture 1.0 - 100 cm 3 Active, ranging
synthethic aper. 1.0 - 100 cm 2 systems
Sonar side-looking 1 cm 5 Active, ranging

By far, the most widely used sensor is the photographic camera. Image
formation occurs in an emulsion by a chemical process. This chemical reaction
is initiated by electromagnetic radiation reflected from objects and projected
onto the emulsion through lens systems. Photographic emulsions are only
sensitive to radiation in the A= 03 yT to A= 1.0 fim wave-length region
with the exception of X-rays (A= 0.03 nm to 10 nm) at a very close range.
It is possible, however, to produce images not only in grey levels but also
in colour.

An alternate product to the photographic emulsion available for image
formation in the aforementioned wave-length region is the vidicon imaging
tube, on which phosphor particles produce a luminescent image and store it
for a limited time period. The face of the tube must be photographed to obtain
a permanent record. Yidicon cameras are being used when images are trans-
mitted over long distances. In this case the luminescent image is first electron-
ically scanned to obtain point-by-point densities. This signal is then trans-
mitted to areceiving station, where it is reconstructed on the face of a cathode-
ray tube and recorded photographically.

Most photographic cameras expose the emulsion bounded by the focal
plane frame almost instantaneously. In some, however, the projection takes
place through a narrow slit and an image of a larger format is produced by
scanning. The continuous strip and panoramic cameras fall into this category.

Outside the A= 0.3 /tm to 1.0 fim wave-length region of the electro-
magnetic spectrum the registration of an image in two-dimensional array by
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direct projection becomes difficult or impossible, since the photographic
emulsion and phosphor particles are insensitive to such radiation. Therefore,
quantum detectors or demodulator circuits of various type must be employed
for sensing the intensity of the received radiation signal. A detector can
process only a single signal at a certain instance. To be more specific, all
signals received at a particular moment are integrated. The size of the spot
on the object from where signals are received at the same moment define
the spatial resolution of the system. Naturally, it is desirable to keep the spot
size as small as possible and thus the radiation from objects of extended
dimensions must be collected by scanning. In one direction this is achieved
by the forward movement of the sensor it self. Scanning at right angles to this
path is accomplished by mechanical means, such as rotating prisms for the
passive infrared and ul traviolet sensors and rotating antennas for the passive
microwave radiometers. T his scanning action provides the directional informa-
tion. In active microwave systems, such as sidelooking airborne radar, the signals
are separated by the measurement ofthe time interval between the transm itted
and the received energy pulse. These devices provide range information rather
than directional data.

A visual two-dimensional image is produced by modulating the intensity
of the electric current through a glow tube or cathode ray tube by the signal,
coming from the detector. The intensity modulated light spot is then focused
on a continuously moving photographic film in synchronism with the scanning
action of the receiver. The result is a strip image.

Sensogrammetry

The analytical relationships between object and image space is defined
by the collinearity condition, which expresses the fact, that an object point,
the corresponding image point and the projection centre all lie on the same
straight line. The projection itself can be described mathematically by the
projective equation.

M ;X - x0) (XN
Yi = S[M]  zi- yo + YA 1)
Zi) \- /- 0] {zJ
where X Y, Z- = coordinates of a point in the object space coordinate
system,
Si = scale factor,
m = three-angle rotation matrix,
xhy(f = coordinates of an image point in the image coordinate
system,
x0,yi, 0 = coordinates ofthe perspective centre in the image system,
X0, Y0 Z0= coordinates of the perspective centre in the object space
system.
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Numerous object points are projected onto the image plane at the moment
of exposure if the imaging is done with a conventional frame camera and M,
x0,y0, f, X0, YO Z0have values which are valid for all of these image points.
However, when dynamic imagine systems are employed, only a single point
or a small group of points are projected at a given instant. Consequently,
certain elements of the projective equation become a function of time and the
two-dimensional array of image points becomes also time dependent, which
is expressed by the equation:

(xt) Xi-* 0 "
. Si[AMj] [MO] 51 - 30 + | +1 I
Vi 0l' \AZj)

where X0, YO0, Z0

coordinates of a perspective centre at the time t0 which
is used as a reference for the strip (initial perspective

centre),
AXj,AYj,AZj = coordinates of the perspective centre at the time tj
(instantaneous perspective centre) with respect to X0,

\IO»ZJ()D
[MQ] = rotation matrix at the time t0, the orientation of the
projection associated with the initial perspective centre,
[zIMj] = rotation matrix which expresses the orientation of the

projection at the time tO with respect to that at tj.

Equation (2) clearly indicates that, in photogrammetric terminology,
the exterior orientation of the projection system is continuously changing
as a function oftime. It is no longer possible to relate a large array of image
points to the object space by a single set of equations. The real-time image is
a dot or a line and a strip image is a composite of these elements, each with
its own unique values for the projective equation.

The solution of this geometrical problem presents a unique challenge to
photogrammetrists. It is an important task, since proper correlation and com-
parison of data obtained by various kinds of sensors is only possible if all
images are brought to a common geometrical base. The problem is compounded
by the fact that some of the photographic cameras used for remote sensing
are not constructed to such rigid standards as the precision mapping cameras.
Other sensors contain moving optical and mechanical parts and electronic
components. Thus, the internal geometry of many sensors is rather complicated,
at times unstable and can cause significant amount of distortion. Indeed,
a strict solution by a conventional photogrammetric approach is no longer
possible.

Even the name “photogrammetry” does not express accurately the
activities involved. It is derived from the Greek words “photos” meaning
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“light”, “gamma” meaning “that which is drawn or written” and “metron”
meaning “to measure”. The composite of the root words therefore signifies
“measuring graphically by means of light”. Several remote sensors operate
far outside the visible light region or, like the side-looking imaging sonar, do
not utilize the electromagnetic spectrum at all. Therefore, it is proposed to
replace the root word “photo" with “senso”, which is derived from the Latin
word “sensus”, the past participle of “sentire” meaning to perceive or feel
and adopt the expression “sensogrammetry” * to identify all activities pertain-
ing to the geometrical aspects of remote sensing. Similarly, the product of
a non-photographic image-forming systems should he called “sensogram”.*

It is impossible to present the elements of sensogrammetry in details
in such a short paper, only the basic principles can be outlined. Essentially,
the task is to evaluate equation (2), and while doing so, the main difficulty
to overcome is the time dependency of the elements. Three alternatives are
open:

1. To install the sensor on a stabilized mount, whereby changes
angular orientation elements become negligible. Consequently, matrix [My]
reduces to a unit matrix and the rotation angles in [MO] are zero or have
known values. Constant speed, altitude and direction are maintained by auto-
pilot. Clearly, this is the most convenient alternative, since a geometrically
correct image is readily available from the output of the sensor. On the other
hand, stabilization is a very costly proposition, especially, if the sensor has
a large mass.

2. To record the exterior orientation parameters and/or their changes
during flight, whereby the elements of the rotation matrices and the coordi-
nates of the perspective centres become known quantities. It is a desirable
alternative, since it provides all the data necessary to produce a geometrically
correct image. On the other hand, a collection of sophisticated instrumentation
and a suitable vehicle to install it, are needed, thus cost is again rather high.
In addition, a complex hardware and software facility is required for data and
image processing, which is an added expense.

3. To model the changes of the orientation elements by mathematical
functions and then use these to compute the values of the rotation matrices
and the perspective centre coordinates.

This is certainly a valid approach, however, it cannot provide an exact,
strict solution, since values of the orientation elements may oscillate at a high
frequency and in a random fashion which makes an exact modelling impos-
sible. In addition, considerable amount of control data is needed to evaluate
the mathematical functions.

* According to the author’s knowledge, this terminology is being proposed in this
paper for the first time.
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It is evident that, under present circumstances, none of the alternatives
can, by themselves, provide a feasible solution to sensogrammetry and a combi-
nation of the three choices appears to be the best alternative. Therefore, it is
recommended

— to dampen the high frequency oscillations of the orientation elements
by stabilization;

— to record at regular intervals the changes in those orientation ele-
ments, which have the most critical influence on the image geometry;

— to reinforce the orientation data with ground control data and
employ an interpolation procedure to generate a continuous record
of the exterior orientation.

The data thus obtained can then be used

— to correct analytically the coordinates of individual points;

— to produce a geometrically correct graphical plot under computer
control;

— to produce a rectified print in acomputer controlled rectifier-printer;

— to produce a geometrically correct digital image.

The above four items are the principal products of sensogrammetry.
The last one would require an integrated digital image processing technique,
whereby both the qualitative and quantitative information content is proces-
sed and stored simultaneously. It would certainly be the most advanced product
and is the ultimate goal of sensogrammetry.

So far, the exterior orientation of the sensor was only considered, how-
ever, the interior orientation must also be known for the evaluation of Equa-
tion (2). Therefore, procedures must be established for the calibration of
sensors and for the correction ofthe imagery. Furthermore, many sensors do
not have a proper internal geometric reference system and thus some instru-
mental design changes are also required. The internal geometry of sensors
poses a considerable problem and must be dealt with, regardless ofthe approach
taken for handling the exterior orientation.

Presently, activities in sensogrammetry are rather scattered and rest
with a few interested individuals. The only concentrated, organized effort
being made is by the Working Group on the “Geometry of Remote Sensing
Systems” of Commission Il1l of the International Society of Photogrammetry
which was organized in 1973. So far, a few of the problems were dealt with
and many remain unresolved. Sensogrammetry is the photogrammetry of the
space age, a unique challenge and has yet to be explored and developed.
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MHEHWE OAHOI0 ®OTOFrPAMMETPUCTA O “REMOTE SENSING”
9. 3. LEPEHMW
PE3IOME
PaznnuHbiMn TexHMKamu “remote sensing” Bcerga BCTaeT Heo6X0AMMOCTb C€03AaTb
CBAI3b MEXAY MpoCcTpaHCTBaMu NpeamMeTa 1 KapTuHbl. Tak, reoMeTpUYecKn MoXKeM (rMKcMpoBaTb
MECTO COOpaHHbIX C MOMOLLbBH ,,remote sensing” nHgopmaunin. Camoe 06LLee BbipaXKeHWe 3TOM

MaTeMaTMYecKO 3aBMCMMOCTM HasblBaeM CEHCOrpaMMeTpUen, SABNAIOLLelAca rnaBHOW 0611acTbio
paboTbl (PoTOrpaMMeTpPUCTOB.
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EXPERIMENTAL RESULTS
WITH THE CHARACTERIZATION
OF GEOMAGNETIC MICROPULSATIONS

V. COMPARISON OF THE GEOMAGNETIC PULSATION ACTIVITY
AT THE OBSERVATORIES NAGYCENK, NIEMEGK AND SODANKYLA
c .

L. TAKACS
GEODETICAL AND GEOPHYSICAL RESEARCH INSTITUTE
OF THE HUNGARIAN ACADEMY OF SCIENCES, SOPRON

[Manuscript received June 10, 1975]

Using the pulsation data and indices defined in the previous part of this series, com-
parisons were made with the records of three European observatories. Conclusions are drawn
about the applicability of the method for such comparisons as well as on the distribution of
pulsations at different latitudes. It is shown that a three-hour index would be necessary for
detailed investigations.

1. Introduction

The study of the geomagnetic pulsations provides valuable information
about the processes in the magnetosphere. It is very interesting in that respect
to compare pulsations recorded at different observatories, in particular at
observatories at different latitudes.

We have compared the pulsation activity character figures of the obser-
vatories Nagycenk, Niemegk and Sodankyld. Those three observatories are
at very different magnetic latitudes, Nagycenk at 47.2°, Niemegk at 52.2°,
Sodankyld at 63.8°, in the vicinity of the auroral electrojet.

We used for our investigations the 6 mm/min paper speed earth current
records of the first 17 days of March 1973. Amplitudes were determined in
12 period bands by the method described in the first part of this series ([1],
Table 111).* One of the purposes of our investigations was to test the appli-
cability of the characterization method for comparative studies of the data of
different observatories.

The comparison was made more difficult by the subjective elements of
the characterization. The data of the observatories Nagycenk and Sodankyl&
were determined by the personal of our institute, but those of the observatory
Niemegk were determined there according to the same method but somewhat
different conventions. The most important difference was that at our institute
only the most typical two or three period bands were picked out in every half
hour, in Niemegk, however, sometimes the activities of even five neighbouring
period bands were identified, causing strong correlations between the neighbour-
ing period bands.

*The limits of those bands are shown in Fig. 1 together with the limits of the Pc
bands.
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We have compared also the pulsations of the first 17 days of March 1974
at Nagycenk and Sodankyld. The geomagnetic activity in that particular time
internal was much higher than in March 1973. (The average 27 Kp value was 24,

01
Pl Pel
5--5
P2 Pc2
10 --10
P3
15 -
Pi
20-
P5 Pc3
25-
P6
30-
P7
40- 45
P8
60-
P9 Pc4
90-
P10
120- 450
P11
300- Pch
P12
600- -600
T[sec]

Fig. 1. The limits of the period bands

while it was only 17 in March 1973.) We have compared the earth current
record at Nagycenk with the Grenet type record at Sodankyl4d. The results
showed that our characterization method makes possible the comparison of
different type of records.

2. The choice of the data preparation interval

For studying the connections between the pulsation activities at various
stations, correlations have been computed. Because of the large amount of
data, we did not use the amplitudes in every half hour immediately, but we
have summed them up for a longer period.

Figure 2 shows the correlation between the amplitudes of the 15—30 sec
period pulsations (P4-P6) at Nagycenk and Sodankyld as a function of the
interval of summation. It can be seen that a strong decrease of the correlation
coefficient takes place between the intervals of 3 hours and 1 hour. (There are
some indications [2] that at much shorter intervals of preparation — at some
minutes — the correlation increases again.) We have chosen a summation
period of 3 hours for the further investigations, because in that case
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Fig. 2. Correlation coefficient between the amplitudes of 15—30 sec pulsations at Nagycenk
and Sodankyla as a function of the summation interval of amplitudes

— the interval is not too long and so it can follow the changes of the
activity,

— we could get nearly as strong correlations as in the case of daily sums,

— we have had 136 data in every period band, which was enough for
statistical investigations.

There are systematic errors in the record preparation because of the sub-
jective elements and the different recording systems. The influence of them
could be reduced by using character figures instead of the summed ampli-
tudes [1]. Correlations between character figures show the similarities of the
general course of the pulsation activity, while the correlations between the
amplitudes are too sensitive to the coincidence of the extremely large activities,
although the differences between them are not too large.

Therefore, forthe further investigations the pulsations have been charac-
terized by five-step character figures determined in 12 period bands in every
3 hours.

3. Investigation of the correlation matrices in 1973
3.1. Correlations between the period bands at the same observatory

Correlation coefficients have been computed between the period bands
of the same observatory. The correlation matrices are shown in Tables la—c.
Naturally, they are symmetrical with 1-s in the diagonal. (Only correlations
of absolute values higher than 0.2 are indicated.)

The distance betweep Nagycenk and Niemegk is not too large. Therefore,
the differences between the correlation matrices of those observatories are not
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Table la

Correlation coefficients between the period bands at the same observatory in March 1973

Band Pl P2

pi 1

P2 I

P3 .33
P4

P5 -.20
P6

P7

P8

P9

P10 .30
Pl

P12

Band Pl P2

pi 1 .30
P2 .30 1
P3 31
P4

P5 .29
P6 .29
P7 .36
P8 45
P9

P10

Pl

P12 .31

P3

.33

A1

P3

31

47
.50
.53
49
43
.26

.33
.38

P4

41

48

-.22
-.21

P4

A7

.54
.34
.37
.37

-.20
21
42

P5

-.37
-.21

P5

.29
.50
.54

57
.52
.54

.23
.28

Nagycenk

P6

.58

A7

-.31
-.25
-.22

Table Ib
Niemegk

P6

.29
.53
.34
.57

.66

.57

.24
.26

P7

A7

32

-.33

P7

.36
49
37
.52
.66

.62

.23

P8

-.22

.32

P8

45
43
.37
.54
.57
.62

.25

.26

P9

-.21
-.37
-.31

40

P9

.26

.25

P10

.30

-.21
-.25

40

-.22

P10

-.20

.28

Pl

-.22
-.33

Pl

.33
21
.23
.24

.28
31
.36

P12

-.22

P12

31
.38
42
.28
.26
.23
.26

.36

0T¢€
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Band Pl

pi
P2
P3
P4
P5
P6
P7
P8
P9
P10
PIl
P12

Band Pl

pi
P2
P3
P4
P5
P6
P7
P8
P9
P10
P11
P12

Table Ic

Sodankyla
P2 P3 P4 P5 P6 P7 P8 P9 P10 Pl P12
I 75 23 .29 41 48
.75 1 .20 .20 .28 41
.20 1 .61 .35 .25
.61 | .59
.35 .59 1 42
42 1 .23
.28 1 .26
.23 .26 1 .24
.29 .24 1 .36 .25
41 m .28 .36 1 .30
.48 41 .25 .25 .30 1
Table lia

Correlation coefficients between the period bands at different observatories in March 1973
Nagycenk—Niemegk

Nagycenk
P2 P3 P4 P5 P6 P7 P8 P9 P10 PIl P12
.28 .29
.24 .35 .22 .22 .23 -.20
.20 .38 .54 41 .23
46 43 .23 —.31
21 .50 .62 .52 .24 -.32
44 .58 .49 .24 -.29
.30 .53 .57 .45 .24 -.25
.33 A7 45 .33 s
.20 31 .32
.27 .34
.26 .24 42 .20 41 .26
.30 42 .22 .30
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Boa

Band

pi
P2
P3
P4
P5
P6
P7
P8
P9
P10
Pl
P12

pi
P2
P3
P4
P5
P6
P7
P8
P9
P10
Pl
P12

PI

21
21

.24

PI

.29

.32

.22

P2

40
42

.23
.24
.22

P2

.27
.32
31
.34

.24

P3

42
40

.26
.27

P3

.29
.24
47
.30
.27

.22
.29
.24

P4

.52
44
31

.21

P4

49
45
.38

Table lib
Nagycenk —Sodankyla
Nagycenk

P5 P6
41 31
46 .39
.51 A7
.25 .37

Table lie
Niemegk—Sodankyla
Niemegk

P5 P6
A7 43
45 51
.54 .60
.29 42
.24

P7 P8
22
-.28
29
38
24 32
33
P7 P8
35 40
31 32
42 40
43 33
25
26
31

P9 P10
-.22
-.25
.20
P9 P10
.20
.24
27
.30 .25

.24

Pl

.22

-.20
-.22

.29
.35

PIl

.21

.26
.29
.22

.33
.38
.37

P12

.25
.26

P12

.30
.28
.34

.29
.25

(4%
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caused mainly by the differences in the micropulsation activity, but by the
different preparation conventions, mentioned in the introduction. The cor-
relations are much stronger in Niemegk, in particular between the sub-bands
of the Pc 3 hand.

The elements of the correlation matrices near the diagonal show that
the neighbouring period bands are not independent. Correlations are the largest
between the sub-hands of the Pc 3 band, indicating that more of them are
generated under similar conditions. The boundaries are the sharpest in the
Pc 4 band.

In Niemegk and Sodankyld there are higher positive correlations between
the shorter-period Pc 3 and the Pc 5 bands. In Nagycenk they are not, but
there are some significant negative correlations between the Pc 4 and Pc 3,
Pc 5 bands. (Using character figures, determined from daily sums, there are
high correlations between Pc 3 and Pc 5 hands in Nagycenk, too. Also some
negative correlations appear between the Pc 3 and Pc 4 bands in Niemegk and
Sodankyl4 too, but with smaller absolute values. (They show that the activities
in the period bands Pc 3 and Pc 5 occur together, while that in the Pc 4 band
generally occurs alone.)

3.2. Correlation matrices between different observatories

Investigating the latitude dependence of the pulsation activity, the most
important tool is the analysis of the correlation matrices between period
bands of two different observatories. They can be found in Tables Ilo—c.

Most of the high correlations are near the main diagonal, showing the
connections between the activities in the same — or adjacent — period bands.
The correlations are the highest in the sub-bands of the Pc 3 band, in agree-
ment with earlier similar investigations between the observatories Firsten-
feldbruck and Nagycenk [3]. We have obtained high correlations in a quite
large period range, in agreement with the fact that the different period Pc 3
pulsations are generated under similar conditions. The Pc 2 (identical with
P 2) band is not isolated from Pc 3, but it is seen — in particular in Table IlI»
but also in Tables Ic, lie and lia — that there is a quite sharp separation
between the pulsations with periods shorter or longer than 15 sec. That tend-
ency is the strongest in Sodankyld and it is not seen in Niemegk at all.

We have got the lowest correlation coefficients between the pulsation
activities in the Pc 4 band, showing the more local occurrence of that type.
In the Pc 5 hand there are medium correlations. Those results are in agreement
with [3], too. The sensitivity of our recording system is low in the Pc 1 band,
so the occurrence frequency of the Pc 1 pulsations is only considerable in the
vicinity of the polar cap. (There were only two Pc 1 events in Nagycenk.)

Acta Geodaetica, Geophysica et Montanislica Acad. Sei. Hung. 10, 1975
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There is medium correlation between the Pc 1 band of Niemegk and Sodankyl&
(Table lie).

Interpreting the elements of the correlation matrices far from the main
diagonal (Tables Ha—c), one has to take into account the different record-
processing conventions. The best example of this is the interpretation of the
correlation matrix between Nagycenk and Niemegk. The sense of the high
correlations between the shorter-period Pc 3 pulsations in Nagycenk and the
Pc 5band in Niemegk or the significant negative correlations between the Pc 4
band in Nagycenk and the Pc 3 in Niemegk is the same: the pulsation activity
is high either inthe shorter-period sub-bands of the Pc 3 band and in the Pc 5
band together orin the Pc 4 band. The connection between Pc 3 and Pc 5 pul-
sations decreases with the increasing distance of the observatories. That
becomes more obvious taking into account that the correlation between the
Pc 3 and Pc 5 bands is the highest in Sodankyld (Table Ic).

3.3. The latitude dependence of the Pc 3 pulsation's period

The study of the latitude dependence of the Pc 3 pulsation’s period is
very important from the point of view of magnetospheric processes. It was
investigated by a lot of researchers, comparing the average period of the
Pc 3 pulsations recorded in observatories at different latitudes [4]. Using our
correlation matrices, we could try an other approach for studying the latitude
dependence of the period.

The correlation coefficients are high in a quite wide range in the Pc 3
period band. The maximum ofthem is not exactly in the main diagonal, show-
ing the latitude dependence of the period. For example, the 0.51 correlation
between the P 5 band in Nagycenk and the P 6 band in Sodankyld is higher
than the neighbouring ones (Table Ha), thus, whenP 5 pulsations were recorded
in Nagycenk, then pulsations with somewhat longer period were found in
Sodankyla.

We have estimated the period dependence between the pulsations at
Nagycenk and Sodankyld in the following way: We have represented the
correlation coefficients as a function of the difference between the serial
number ofthe period bands, i.e. along lines, perpendicular to the main diagonal
(Fig. 3).

By fitting of a parabole, the maxima of the curves have been deter-
mined. (They are indicated in the figure.) Their distance from the diagonal
is a measure of the latitude dependence of the Pc 3 period. In average, the
serial number of the Pc 3 sub-hands at Sodankyld is greater than that at
Nagycenk with 0.23, corresponding here to a period increase by 1.2 sec.

The investigations of Cz. Miletits, J. [4] showed that there are both
latitude-dependent and latitude-independent pulsations. Therefore, that value
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Nagycenk

a; b;

Fig. 3. Correlation coefficients between Nagycenk and Sodankylad along lines, perpendicular
to the main diagonal
a: the order of representation; 6: the correlations as a function of the difference between
the serial number of the bands

may not be interpreted as the period change of individual pulsations, but only
shows the existence of pulsations with latitude-dependent period in this
17-day-interval.

Similar investigations of the periods at Niemegk failed because of the
highly different preparation, although they would be very interesting, because
it would make possible to control the method, comparing the three dif-
ferences.

4. Correlations between Nagycenk and Sodankylda in 1974

We have determined the matrices formed from the correlation coeffi-
cients between the different period bands at the same observatory (Table Ilia,
b). They are very similar to the corresponding matrices in March 1973 (Table
la, c), in spite of the fact that a Grenet-type recording system was used in
Sodankyld. Thisisvery important asit proves that our characterization makes
possible the comparison of pulsations recorded by systems of different fre-
quency characteristics.

The correlations between the neighbouring bands at Nagycenk became
somewhat less than those in 1973. Because of the same recording system and
preparating person it was attributed to the greater geomagnetic activity. The
decrease of the correlation coefficients is observable also in Sodankyld, in
particular between the Pc 5 and P 2, P 3 bands; even there are some negative
correlations between the P 6—P 7 and the P 2 and P 12 bands.

Acta Geodaetica, Geophysica et Montanistica Acad. Sei. Hung. 10, 1975



G/6T ‘0T ‘BunH ‘185 "peoy eonsiueluoly 18 eolskydoss ‘eonnseposs eloy

Band

pi
P2
P3
P4
P5
P6
P7
P8
P9
P10
Pl
P12

Band

pi
P2
P3
P4
P5
P6
P7
P8
P9
P10
Pl
P12

Table Ilia

Correlation coefficients between the period band at the same observatory in March 1974

PI P2 P3 P4
1 25
1
25 1
I
23
-.23
-.24
-.31
-.23
34
PI P2 P3 P4
1
| 35
35 1 31
31 |
49
-.36
-.34
22 27
20
22 20
20

P5

.23

.63

.27

.37

.27
.21

P5

49

31

Nagycenk
P6

.54

Table IHb
Sodankyla

P6

-.36

31

A8

-.30

P7

-.23

.54

-.23

P7

-.34

48

21

-.21

P8

-.24
-.27
-.21

.23

P8

21

.23

P9

-.31
-.37
-.32

.23

.36

P9

.22
27

.23

21

P10

-.23
-.27

.36

P10

.20

.21

.45

Pl

-.21
-.29
-.23

PIl

.22
.20

45

.21

P12

.34

P12

.20

-.30
-.21

.21

SOYMVL
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The decrease of the correlations as a consequence of the increase of the
geomagnetic activity is the most striking in the correlation matrix between
the period bands at Nagycenk and Sodankyld (Table 1Y), We have determined
the latitude dependence ofthe Pc 3 period by the method described in part 3.3.
The periods were longer in Sodankyld by 3.7 sec, indicating that there
were more pulsations with latitude-dependent period or (and) the period
dependence was stronger in that interval with higher geomagnetic activity.

Table Y shows the same correlation matrix as Table IV, but using charac-
ter figures determined from daily sums. It is a nice example of non-appli-
cability of daily character figures for investigations, dealing with the latitude
dependence of pulsation activity or period.

5. Connections between the geomagnetic activity and pulsations

We have investigated the connections between the geomagnetic activity
and pulsations. Correlation coefficients have been computed between the geo-
magnetic Kp index and the 3 hourly character figures in every period band.
Because of the different preparation, the data of the observatory Niemegk
were not used.

Figure 4a shows the average of the results, determined from the data
of the two 17-day-intervals. The correlation coefficient between Kp and the
character figures at Nagycenk (full line) is the highest at the period bands
from P 2 to P 5 (5—25 sec). Between the period bands P 6 and P 10 (25—
120 sec) there is no connection between the pulsation activity and Kp. (It is
interesting that the P 6—P 8 sub-bands of Pc 3 behave in the same way as

Fig. 4. Correlation coefficients between the 3 hourly pulsation character figures at Nagy-
cenk (full line) and Sodankylda (broken line) and the geomagnetic K p index. The averages
(a) and the differences (b) of the correlation coefficients in March 1973 and 1974
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Correlation coefficients between the period bands at Nagycenk and Sodankylda in March 1974

P7 P8 P9
.34
.23
-.32 -.30
.20 -.21 -.22
.33
.23

The same as Table 1V but using daily character figures for the computations

Table TV
Nagycenk
Band Pl P2 P3 P4 P5 P6
pi 41
P2 -.40 -.32
P3 .21 -.21 —.20
P4 43
P5 .35 40
P6 48 40
P7 31 .39
P8
P9
P10 21
Pl .20 .20
P12 -.21
Table V
Nagycenk
Band Pl P2 P3 P4 P5 P6
pi .56
P2 .33 .57 41
P3 .36 .35
P4 49 41
P5 -.32 .78 .65
P6 -.35 42 .60
P7 * .30
P8 -.30 43
P9 -.39 .37 .60
P10 .57 .33
Pl .53 .36

P12 49 31

P7 P8 P9

.33

.32
.51 .58
.58 .53
.62
.56

-.51
-.46

P10

P10

-.30

Pl

.32

.50

.33

.50
.69

P12

.28

P12

43

.33
.57

8T¢
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the Pc 4 band.) The amplitude of Pc 5 (P 11—P 12) increases with the in-
creasing geomagnetic activity again. The correlations between Kp and the
pulsation character figures at Sodankyld (broken line) are generally greater
than that at Nagycenk. The difference is the most significant in the Pc 4 and
Pc 5 bands.

The difference between the correlation coefficients determined from the
data in March 1973 and 1974 indicates the influence of the greater geomagnetic
activity in the second interval (Fig. 46). The correlations decrease, in particular
in the P 6 band. The pulsation activity at Sodankyld (at higher latitude) is
more sensitive to the increase of the geomagnetic activity.

6. Conclusions

The main purpose of the presentinvestigations was to test the applicabi-
lity of our characterization method for the comparison of the pulsation activity
at different observatories. The results show that the introduction of character
figures practically eliminates the influence of the different frequency character-
istics of the recording systems. It reduces the subjective errors too, but the
example of the data at Niemegk directs attention to the necessity of an objec-
tive preparation method, which is realizable by using digital recording systems
and unified evaluating programs.

The comparison of Table IV and V (and some other examples, not
reported here) shows that the daily character figures give too rough information
for such investigations. Using 3 hourly character figures, we have got better
results, even the latitude dependence of the period of Pc 3 pulsation could
be studied.
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OMbITHbIE PE3Y/IbTATbI, CBA3AHHbLIE C OAHM HOBbLIM
MWKPOMYNbCAUMOHHBIM NHAEKCOM

V. COMOCTABJ/IEHUE AKTUBHOCTEN FTEOMATHUTHBLIX MNY/bCALUA B
OBCETBATOPUAX B HAAbUEHKE, HUMEIKE U COAAHKWNE

N.TAKAA

PE3IOME

Mpu NOMOWM MYNbCALMUOHHBLIX [aHHBIX U MHAEKCOB, OMNpPefeneHHbIX B MNpPeablayLux
yacTsaX 3TOW Cepuu, COMOCTABAANUCL PErucTpauum Tpex eBponerckux obcepsaTopuit. Bbinu
cfienaHbl BbIBOAbI KaK O MPUMMEHSeMOCTW MeToda ANs TakKWX COMOCTaBMEHWHA, Tak O pacnpege-
NeHUM Nynbcaynit Ha pa3nMyHbIX WKPOTax. BbiNo [0Ka3aHo, uyTo Ans 6onee NOAPOGHbLIX Uccne-
[OBaHWl Tpe6oBaNNCh bbl TPEXHUACOBLIE MY/bCALMOHHbIE UHAEKCHI.
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ON GRAVIMETRIC GEOID COMPUTATIONS*

D. NAGY

GRAVITY DIVISION, EARTH PHYSICS BRANCH, DEPARTMENT OF ENERGY,
MINES AND RESOURCES, OTTAWA, CANADA

[Manuscript received May 10, 1975]

Preliminary investigations using gravity data available for Canada and the northern
part of the United States were carried out to obtain numerical estimates of the truncation
error in the calculation of the “residual” geoidal height due to the variations of the “local”
gravity field.

Computations for 20 stations placed along two profiles indicate that the average
truncation error amounts to —5.8 m, —4.2 m and —0.8 m if the integration is carried out
to angular distances of 8°, 10° and 20°, respectively.

Introduction

Due to several factors, such as satellite technology, increased demand
for geodetic accuracy and extension of surface gravity coverage over large
parts of the globe, there is a renewed interest in geoid computation both
from astro-geodetic and gravity data. In this paper our discussion will be
limited to geoid determinations using surface gravity data.

Although surface gravity data are used, in a sense it may be called
a combination solution because usually a satellite derived geoid is used as
a reference surface to which the geoidal height changes caused by “local”
gravity variations obtained from surface gravity data are calculated. Whereas
the computational procedures of the various investigators are basically the
same, there seems to be some difference of opinion as to what constitutes
“local” variations, i.e. how far to carry out the integration of surface gravity
data. As the limit of integration plays a major role in the accuracy of the
“residual” geoid, some results obtained during the geoid computation for
Canada will be given with some recommendations for the limit of integration.

Computational procedure

The geoidal height, N, can be calculated from Stores’ well-known
formula:

N = -~-[s (V=)Agdcr = K\]S(y>)Agda, (1)
4nC J

* Dedicated to the 75th birthday of Professor A. Tarczy-Hornoch.
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where R is the mean radius of the earth,
G is the mean gravity of the earth,
is the Free Air Anomaly,
da is the surface element of the unit sphere

and
S(ip) = cosec ipl2 — 6 sin ip/2 -f- 1—5 cos ip — 3 cos ipIn (sin y=]2  sin2ip/2)

ip being the angular distance between the computation point and the
particular surface element.

Equation (1) can be rewritten into the form:
N = K J S(ip) Agda + K J S(ip) Agsda - K J S(ip) Agsda ,

where Ags is the satellite derived gravity anomaly and can be calculated
from the corresponding spherical harmonic coefficients.

Then
N = K J S(ip) Agsda + K J S(y) {Ag - Ags}tda. (2)

The integration must be carried out over the whole surface. The first term
is obviously the satellite geoidal height, N's, the second term is the “residual”
geoidal height due to the difference between surface and satellite gravity
anomaly. To evaluate the integral in (2), the second term will be split into
two regions: Dt the “local” region centered around the computation point
and D2the “distant” zone which is the remaining surface area. Thus equation
(2) becomes

N = Ns+ K fS(ip){Ag - Zgs}da + K j S(ip){Ag - Ags}da . ?3)
D, D,

Apart from some variations in computational procedures, equation (3) is the
basis of most recent geoid computations, for example Marsh and Vincent [2],
Kahte and Talwani [1], Nagy and Paul [3].

The usual simplification for equation (3) is achieved by assuming that
for the region D2 the satellite derived gravity anomaly is a sufficiently good
approximation to the surface gravity, i.e. Ag = Ags, thus further reducing
equation (3). Introducing the residual geoidal height Nr, due to local gravity
within D1, one gets (integration replaced by summation):

Nr = N Ns= " £ S(v>){Ag-Ags}da (4)
4nG

The region D1can be defined by the angular distance ipldrawn from the
computation point to the limit of region. Our purpose here is to show the
relation between ipl and the expected accuracy of the residual geoid.
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The computations

The data set used in these computations consisted of 1/2° equal area
averages over the surveyed part of Canada and the northern sector of U.S.
and 1°x 1° means at the southern part of the area. The positions of the centers
of blocks are shown in Figure 1. The residual gravity anomaly (Figure 2) over
Canada is shown together with the position of 20 points discussed later. For
each point using equation (4) a histogram was prepared with one degree inter-

val. Using the notation
max

smex= 2 -
then from the histogram the desired partial sums could be obtained. The
upper limit of summation, max (in degrees), was obtained during the com-
putation as the limit of areas was reached (varying from 28° to 36°). A plot
of the accumulative sum of residual geoid height for each station is given in
Figure 3 for stations at latitude 60° and in Figure 4 for stations along longi-
tude 90° W. The partial sums and some differences are given in Table I.

Table |
Ne ® A S Sio SD «Amex  @TBX S8 Amex Sio “mia $0 max’
1 60.0 115 059 —161 — 431 — 554 -6.13 —393 —123 36
12 600 110 —044 —3.08 — 646 — 7.39 —6.95 —431 —0.93 36
13 600 105 —123 —235 — 703 — 7797 —654 —542 —0.74 33
14 60.0 100 —4.46 —522 — 966 —1038 —592 _g5q1 —072 31
15 600 95 —7.63 —866 —1323 —1375 —6.12 —509 —0.52 28
16 600 9 —6.15 —7.71 —1201 —1260 —6.45 —489 —0.59 27
17 600 8 —6.46 —876 —1186 —12.74 —628 —398 —0.88 30
18 600 80 —7.01 —906 —1235 —13.15 —6.14 —409 —0.80 32
19 600 75 —193 —495 — 834 — 882 —689 —3.87 —048 35
20 600 70 —433 —6.45 —1053 —10.80 —6.47 —435 —0.27 36
1 605 9 —6.48 —811 —1219 —1287 —6.39 —4.76 —0.68 28
2 610 9 —7.14 —908 —1262 —1347 —633 —439 —0.85 28
3 615 90 —7.52 —9.44 -12.64 — 1364 —6.12 —420 —1.00 28
4 620 9 —7.94 —981 —1277 —1375 —581 —394 —098 28
5 625 9 —817 —9.78 -12.67 —1361 —544 383 —0094 28
6 630 90 —7.67 —9.02 —1175 —1272 —505 —3.70 —097 28
7 635 90 —670 —7.80 —1045 —1138 —468 358 —0093 28
8 640 9 —595 —675 - 926 —10.18 —423 343 —092 29
9 645 90 —597 —653 — 883 - 978 —381 325 —0.95 29
10 650 90 —6.17 -6.71 — 887 — 987 —370 _316 —1.00 29
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Discussion

For all points in Figures 3 and 4 the correlation between the residual
gravity map and the change in geoidal height is very clear in the vicinity of
the computation points. These profiles were selected at about the center of
the map area where use can be made of the maximum amount of data. In
Figure 3 the points are spaced about 2.5° angular distance. Although a rule
cannot be stated, it seems that the summation picks up most of the con-
tribution at V = 20°. The shapes of the curves and the magnitude of partial
sums are quite different within that range. Figure 4 shows the same basic
characteristics except that due to 0.5° spacing of the points, the changes
between neighbours are not as pronounced. Numerical information is given

10* 20° 10° 20° 30°
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Fig. 4. Accumulative histogram of residual geoidal height along longitude 90°W with dtp = 0.5°

about the points in Table |I. The coordinates of each point are given. Then
the partial sums up to (and including) 8°, 10°, 20° angular distances and the
maximum at which data were available, are listed. Next, the differences be-
tween the total contribution and the above-mentioned partial sums are given.
These differences indicate the contribution missing from the residual geoid if
the summation stops at the particular angular distance. For example, for
point Ne 14, if the summation is extended to xp = 8°, then a —5.92 m contri-
bution is neglected. The average missing contribution for Smax — S8is —5.8 m
decreasing to —4.2 m for Smax — S10. It amounts to —0.8 m for Smax — S?0.

11* Ada Geodaetica, Geophysica et Montanistica Acad. Sei. Hung. 10, 1975
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This behaviour is of course expected from the examination of the func-
tion F(ip) = S(ip) sin ip implied in equation (4). This function has a local
maximum at about tp = 8°; at about ip= 18° it has the same value as at the
origin and after ip = 20° it decreases rapidly becoming zero at about 40°.
Thus, unless the residual anomaly is identically zero outside of 8°, i.e. Ag =
= Ags which is not a reasonable assumption, there is a sizable contribution
up to the first zero of the Stokes function, the biggest part of it being in the
range of 8°—20°.

In their global detailed geoid computations Marsh and Vincent [2]
used a 20°x20° area centered around the computation point. Using the
enclosed area, this corresponds to angular distances of about 11.3°, 10°, 8° and
4.7° at latitudes of 0°, 40°, 60° and 80° respectively. The accuracy of the
detailed gravimetric geoid was assessed by them at 2 m on the continent of
North America. On the basis of the present study such a claim seems to be
highly optimistic.

Although the computational results for arbitrarily selected model and
computation points cannot be taken as conclusive, it seems that, in order to
achieve an accuracy of about 2 m and with allowance for some other sources
of errors as well, the limit of integration should be extended to an angular
distance of 20° or more.

As the truncation error may be the largest source of error in calculating
the residual geoidal height, it seems a more thorough investigation based upon
computational results is needed.
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O BblHNCNEHNIN TPABUTALUMNOHHOIO N'EONAA
AO. HALb
PE3FOME

Mpyn NOMOLLM NPOUCXOASALLLMX C ceBepHbIX YacTen KaHaabl n CoegnHeHHbIX LLITaToB rpa-
BUTALMOHHbIX AaHHbIX MPOBOAUNNCL NPeABapUTebHbIE UCCNef0BaHNA ANst MOMYYEHUS UYNCIEH-
HbIX OLLEHOK 00 OLWM6Kax yCeuKn B BbIYMCIEHMN «pe3nayanbHbIX» BbICOT reounfa, BOSHUKAOLLNX
BCNEACTBNE M3MEHEHWI NOKa/IbHOr0 rpaBUTaLMOHHOrO MNoss.

Ha ocHoBe BbluncneHunii gnsa 20 ctaHumin, nexawmx Ha geyx npounsax, cpefHss owmnbka
coctanser —5,8 M, —4,2 m 1 —0.8 M Np1 NPOBEAEHNN WHTErPUPOBaHUS A0 YrNOBbIX PacTos-
HWi 8°, 10°, 20° COOTBETCTBEHHO.
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The paper presents ideas for the modification of horizontal pendulums with Zéliner-
type suspension, in order to improve the reliability of records with these instruments. The
problems of suspension, calibration, mounting and recording are discussed, then a new instru-
ment type is proposed which would eliminate several problems of these pendulums.

From among high-precision clinometers, horizontal pendulums with
Z06llner-type suspension are the most common instruments of clinometric
tidal recordings. The two most typical constructions are the metal-based
Tomaschek —Ellenberger pendulum (in the following TE) and the Verbaandert—
Melchior (in the following YM) pendulum, using quartz techniques (see e.g.
Melchior [9]). Both types are connected to photo-recorders, using the Poggen-
dorj principle and they can record tilt angles with an accuracy of about
2 +10~4 in adequate conditions. (The accuracy is meant here in the sense
of Lecolazet [8] as an “inner mean square error”.)

These pendulums do not record, however, always and everywhere iden-
tically (see e.g. [2]). Such problems have also emerged at the clinometric
recording of earth tides in the Geodetical and Geophysical Research Institute
of the Hungarian Academy of Sciences (and, earlier, in the Geodetical Research
Laboratory of the Academy), mainly with the TE pendulums used in the early
phase of the recordings.

This necessitated to investigate the construction of Zdllner-suspension
pendulums and then, based on these experiences, to take steps to improve
them.

The problem of suspension

The equation of motion of Ztd/ner-suspension pendulums have been
treated in details by Jobert [7]. Mittelstrass [10] studied the problems
of the suspension construction and he also dealt with the further development
of TE pendulums used in our Institute.

His results show unambiguously that the suspension geometry of TE
pendulum could be significantly improved with a new construction. Fig. 1
shows a sketch of the suspension of TE pendulums with approximate dimen-
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Fig. 1

sions. Mittelstrass [10] aimed at only minor changes of the construction
of TE pendulums, thus his improvements included only a shortening of the
suspension basis b to about 8 mm, further a change of the original suspension
bands to steel wires Y4AS of 0.05 mm diameter being artificially aged, in
spite of the rigidity of the steel alloy.

By the reduction of the basis 6, however, the otherwise high stress of
the upper suspension band further increases, setting quickly a limit to this
possibility. It is well-known from different investigations and also from our
own experiences that by choosing the angles « and R possibly small between
the theoretical axis AB and the suspension bands which are equally loaded
for torsion and in the vicinity of the clamps also for bending, then due to
the decrease of the shift of the so-called momentaneous rotation centres
in the vicinity ofthe clamps,'the geometry of the suspension becomes more advan-
tageous. This can be advantageously influenced also by increasing the height h.
The torsional restoring moment of the longer bands, necessary for such
suspension geometry, also gets smaller. It can be expected that a horizontal
pendulum construction with great height h and with the shortest possible
basis b, determined by the elasticity limit of the suspension bands used (in
the following h b) should have more advantageous operation characteristics
than present constructions.

The problem of calibration

The determination of the scale values of horizontal pendulums and of
other high-precision clinometers is a much discussed problem which would
naturally require angle étalons of an accuracy corresponding to the accuracy
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of the measurements. The present practice uses either an indirect method
based on the observation of swing-times or a direct method to be realized by
a tilt of the instrument with a “known” angle.

The problems of the determination of the scale value by observing the
swing-time are partially inherent in the measurement of swing-times, partially
they are caused by the special construction of the pendulum body (remov-
ableness, accessory edge-bearing, justifiable band-clamping). The accuracy of
the measurement of the swing-time could be instrument-technically increased,
but the oscillations of horizontal pendulums are modulated by different dis-
turbances, and just these disturbances limit the accuracy of the measurement
of swing-times. It can be expected that the construction h > b proposed here
will result in an improvement also in this field, as the suspension geome-
try approximates better the ideal case.

In case of the direct scale value determination horizontal pendulums
lying on three plate-screws are tilted with the aid of a crapaudine (pressure-
box with membrane, Druckdose) below one of the plate-screws and being
under the pressure of mercury column of changeable height around the axis
of the peak of the other two plate-screws by a small angle (some hundredth
of an angle second) [9]. The “arm” of the tilt, i.e. the length of the tilting
angle-arms is in case of the usual dimensions of the instrument about 300 mm,
therefore the necessary mean square error of the calibration angle, +0.0001"
means a mean square error of +0.15 m[i at the measurement of the arc with
the crapaudine. The calibration of the crapaudine is made with a special
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interferometer. Little attention is paid, however, to the vertical micromove-
ments of the axis constituted by the peaks of the plate-screws, a construction
being already out of date in precision mechanics, not mentioning the opposi-
tion of this calibration method to the basic principle that horizontal pendu-
lums should be possibly put immediately on the solid basement rocks. As such
a direct scale value determination has the undeniable advantage of theoretical
simplicity, it would be expedient to substitute the weak parts of the practical
solution — first of all, the outdated axis, by better constructions. Most evident
solution would be the so-called crossed spring-joint [6] which is now extensively
used at the precise axis solutions of small rotations. In case of the suspension
geometry with h b, there is an obvious possibility to place the legs of the
calibration angle into a nearly vertical position instead of the present nearly
horizontal position. The construction is represented in Fig. 2. The figure shows
front and side views ofthe crossed spring-joint (cs), the pendulum body (i), the
frame of the Zol/ner-suspension (K), in the lower part of the front view p
symbolizes the force carrying out the determination of the scale value.

The problem of mounting of the instrument

In connection with the scale value determination, we hinted already at
the problem of the stable connection of horizontal pendulums with basement
rocks. Horizontal pendulums are brought without exception into measure-
ment position with three plate-screws according to the known rules of stable
instrument-mounting. The connection between plate-screws and basement

Acta Geodaetica, Geophysica et Montanistica Acad. Sei. Hung. 10, 1975



Z0I NRS SENIONHORZNAL FENDULLMNG 333

rocks is, however, even now a much discussed problem and mainly immediately
after mounting the horizontal pendulums, sometimes still later great instru-
mental drifts are caused by the slow stabilization of this connection, and
by the equalization of the Hertz stresses in solid bodies put one above the
other [5]. The study of this problem lead to the idea to put the h b con-
struction into a vertical tube-like instrumental casing and to mount them
similarly to precision water tube level instruments [3] vertically, when the
complete weight of the instrument is carried by a spherical headed globe
cock being fastened to a vertical wall cut from the basement rock. This method
of the mounting of the instruments is represented in Fig. 3. The expected
advantage of the solution is that the stabilization process and the equalization
of the Hertz Stresses in the spherical headed globe cock (/) and in the upper
part of the instrument casing can result only in vertical movements if the
small friction on the adjusting screws tis neglected. This solution proved good
at water tube level instruments and it will meet the demands of the mounting
of horizontal pendulums.

The problem of recording

We have already mentioned in the introduction that horizontal pendu-
lums with Zo¢'iiner-suspension use generally photo-recording. A single exception
is the Ostrovsky pendulum [11], which uses photo-electric recording and means
a way-setting construction. These pendulums are, properly speaking no more
Zdllner-suspension types, but they are nearer to the Rebeur—Paschwitz solu-
tion. The most up-to-date precision clinometer constructions using simple ver-
tical pendulums apply electric recording realized by the so-called capacitive
transducers (see e.g. the Bohrlochgezeitenpendel of the Askania [1] and the
DIAX Broadband Tiltmeter-Horizontal Accelerometer [4]). The great advan-
tage of this latter construction is that the place demand is small in the instru-
ment casing, no heat sources like electric bulbs belong to the instrument, and
the electric signal produced by the instrument can be recorded by commercial
electronic recording instruments by intermediating appropriate interfaces
(even at greater distances). Capacitive transducers are in these vertical pendu-
lums three-plate differential condensers in AC bridge-circuits and in the best
existing constructions (e.g. DIAX) displacements of 0.05A = 5 ¢« 10~9 mm
can already be recorded. Since the newest versions of other instruments are
also made with such capacitive transducers (gravimeters, precision mano-
meters, generally micrometers), its use seems also obvious for the Zdllner-
suspension pendulums.

The capacitive transducers (CT) must be used with horizontal pendulums
in form of differential condensers with wider than usual air-gap due to the
circumstances of their operation (Fig. 4). The increase of the air-gap d results
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Fig. 4

in a decrease of the displacement resolution. At the same time a minimum
air-gap of 5 mm must be used in Zdéllner-suspension horizontal pendulums
during their installation, and also later on, due to the zero-point drift of the
band suspension, in contrast to the d value of 1.52 mm in the mentioned
D1AX construction. In our experimental studies d values of 10 mm were used
in connection with a simple Zdiiner-suspension, the angle magnification of
which (astatization) could well compensate the decrease of the CT-scale value.
This solution has conserved all advantages of the electric recording, from
among which the abandoning ofthe 5 m long light-arm necessary for the photo-
recording should be mentioned from the point of view of the location of the
instruments, as this meant many expenses and difficulties in forming the
recording rooms.

A synthesis of development possibilities

It is clear from what has been said above that the variant h b of
Zdllner-suspension horizontal pendulums can be well combined with the direct
calibration in a vertical arrangement, and such a construction can be well fitted
into a vertical tube-casing, which can be stably and simply mounted to the
basement in a “wall-clock mounting” (the arrangement of the instrument in
Fig. 3 can be called shortly so). Combining it with the advantageous recording
possibilities allowed by CT the production of a new pendulum type shown in
Fig. 5 seems possible. Its main characteristics are the following:

The head F for the suspension of the instrument can be rotated with
respect of the casing so that clinometric recordings can be made with the same
instrument in any azimuthal direction. The circle level L on the instrument
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head which can be rotated around a simple cylindrical axis, serves for enabling
a quick installation of the instrument. Its rotation is necessary for the adjust-
ment of the circle level and for checking its adjustment, but at the same time
it makes the observation of the bubble more comfortable mainly, in confined
space. In the proper tube-like casing H would be located the body of the
horizontal pendulum with the suspension h b carrying the middle plate of
a CT three-plate differential condenser (Fig. 6). For simple current-input

Fig. 5 Fig. 6

supply metal-wire suspension is preferred which can be taken of equal value
with the solutions based on the quartz techniques in case of carefully aged and
dimensioned, rost-free steel-wires.

The outer plates of the differential condenser are mounted in casing H
electrically isolated from it, where the distance d is suitably adjustable from
outside in order to promote the final installation of the instrument which had
been approximately already installed with the help of the circle level. The
shielded cables of the differential condenser are connected to the electric
module E in the bottom of the casing where the elements of the AC bridge
are put. Present circuitries allow to design solutions being fully independent
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of the electric network. This would considerably increase the security of
continuous recording by eliminating momentaneous “network black-outs”
and other network disturbances, while at places far from inhabited areas this
would be the only economical solution. From the electric module further
connections lead to the energy supply and to the amplifier-recorder modules.

The data carrier of the recording should be cassette magnetic tape, on
which the signals from the CT would be recorded with adequate density in
digital form, together with the corresponding time-marks. It seems to be
a realistic possibility to sample signals from the CT at such a rate that each
oscillation of the pendulum could be reconstructed and checked, respectively.
Thus, the swing-time could be continuously controlled, meaning an informa-
tion important from the point of view of monitoring the scale value of the
horizontal pendulums, further the undisturbedness of the oscillations could
also be monitored, and in case of a disturbance a warning signal should also
be recorded, signalizing that the continuity of the record has been disturbed.
These control functions could be realized with the help of a microprocessor
on the level of a scientific pocket-calculator and this technique would also
enable arbitrary digital filtering, resulting in a recording which would contain
in addition to clock-marks only “smoothed” CT signals. The digitized data
series could be then simply fed into computers for further data preparation
and for the usual analysis. There are no obstacles carrying out a simulta-
neous analog (pencil) recording controlled by the continuous electric signal of CT.

The usual automatic execution of the calibration could be also updated
in case of the proposed vertical construction. As the frame K in Fig. 2 is in
normal operation in a near-equilibrium position, a very small force p is suf-
ficient for the scale value determination. For this purpose a piezoelectric
crystal can be used. Its deformation due to electric voltages can substitute
the crapaudine. This would eliminate the mercury technics uncomfortable
from many aspects. It is, however, necessary to calibrate the piezoelectric
crystal and the stabilized voltage used. For this purpose an interferometer
mirror | can be mounted to the bottom of the frame K in Fig. 5, which could
be the reflecting surface of one arm of a Michelson-type multiple beam inter-
ferometer to be treated elsewhere. A continuous interferometric calibration
cannot be used, asthe climatic conditions of clinometric recordings are generally
not favourable for such delicate optical solutions.

Conclusion, future vistas

The horizontal pendulum construction proposed in this paper offers im-
portant advantages due to its more scrutinized precision-mechanical construc-
tion and, mainly, to the possibility of electric (CT) recording. It should also
be mentioned that a coordination of the ZdlIner-suspension and CT magnifica-
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tion includes possibilities which stimulate recording with different angle-
magnification due to different swing times, and, on the other hand, experi-
mental recording with maximum magnification. The tube-like construction
is also advantageous from the point of view of perspective planning of clino-
meters for borehole use. In a less sensitive variant such clinometers can also
be used for the recording of tilting movements of big buildings and construc-
tions, similarly, they could be used for the detection ofrock movements. In the
latter case, care should be paid to the solution of the problems of thermal
insulation.
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WCCNELOBAHUA ANA AANTBHEVLWWENO PA3BUTUNA HAK/IOHOMEPOB
C MOABELINBAHMEM LIENTHEPA

Ab. ANNAP

PE3FOME
B cTaTbe paccmMaTpuBaloTCA CO0BPaXeHUs1 AN AaslbHELlero passMTUS HaK/IOHOMEepOoB
C nogselumBaHvemM LIgnnHepa ¢ nenblo ob6ecneveHnst yyllero TOXAECTBa perucTpauuii, caenaH-
HbIX 3TUMU NpMBopammn. PaccMaTprBaloTCs NpobieMbl NoABELUMBAHWS, 3TaNoOHWPOBAHUSA, yCTa-

HOB/NEHWs1 1 perucTpauumn. MpeanaraeTcs HOBbI TUN NpuGopa ANs ycTpaHeHUsi NnoGiem aTuX
HaK/IOHOMEpOB.
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UBER DIE ZWISCHENORIENTIERUNG
YON OFFENEN THEODOLITPOLYGONZUGEN
DURCH KREISELMESSUNGEN

A. TARCZY-HORNOCH

GEODATISCHES UND GEOPHYSIKALISCHES FORSCHUNGSINSTITUT
DER UNGARISCHEN AKADEMIE DER WISSENSCHAFTEN, SOPRON

[Eingegangen am 1. September 1975]

Wenn der im Anfangspunkt orientierte gestreckte offene Polygonzug entsprechend
lang is, so kénnen auch die im Vergleich zur Winkelmessung wesentlich ungenaueren Zwi-
schenorientierungen an den, oder in der Nahe der glnstigsten Seiten mit dem Kreisel eine
merkliche Genauigkeitssteigerung und so bei einem zu erreichenden mittleren Querfehler
des Endpunktes eine merkliche Arbeitsersparnis geben. Wird aber zur Zwischenorientierung
eine von der gunstigsten weiter hegende Seite verwendet, so kann der entstehende mittlere
Querfehler des Endpunktes gréRRer werden als jener des nur am Anfang orientierten Polygon-
zuges. Die Zwischenorientierung ist dann nicht vorteilhaft, sondern nachteilig. Ahnliches
gilt, wenn die Anzahl n der Polygonpunkte die Bedingung (8a) nicht erfllt.

Die zur Orientierung ginstigste Seite wird je nachdem, ob der an die Kreiselmessung
angeschlossene Polygonzugteil im Vergleich zur mit Kreisel orientierten Seite einseitig
(Abb. 1), oder symmetrisch (Abb. 2) hegt, mit Hilfe der GIl. (5) oder GI. (8) ermittelt. Fir
mehrere Zwischenorientierungen gilt die GI. (8c).

Einen merklichen Fortschritt bedeutete im Vermessungswesen das Er-
scheinen der Kreiselinstrumente. Dies betrifft besonders die Polygonzige und
Polygonnetze, wo auch hei Sichtverhinderungen Orientierungen madglich sind.
Deshalb erhielten die Kreiselorientierungen auch fir die unterirdischen Mes-
sungen, so auch fur die Einrechnungsziige eine erhohte Bedeutung. W ir selbst
haben hierliber drei Arbeiten verdffentlicht [1, 2, 3], zu denen noch die Arbei-
ten [4, 5] von Halmos und Satti [6] angeflhrt werden mdgen.

Aus den angeflihrten Untersuchungen geht hervor, dal sowohl beim
im Anfangspunkt nicht orientierten offenen Polygonzug, als auch im Ein-
rechnungszug — gleich genaue Polygonwinkelmessungen vorausgesetzt — zur
Kreiselorientierung jene Seite am glnstigsten ist, deren Projektion auf die
Verbindungslinie des Anfangs- und Endpunktes den Halbierungspunkt der
Verbindungslinie enthadlt (Vgl. [1; S. 143]).

Nun, bei den obertdgigen Polygonzigen, aber auch beim Stollenbergbau
ist es sehr leicht, den Polygonzug im Anfangspunkt des Polygonzuges durch
Winkelmessung an einen gegebenen Punkt zu orientieren, da ja die Ausgangs-
punkte meist trigonometrische Punkte sind und so Sichtverhinderungen kaum
auftreten. Bedenkt man, dafl die Winkelmessung in der Regel viel genauer
als die Kreiselorientierung ist und auch viel weniger Zeit in Anspruch nimmt,
so ist es nicht uninteressant zu untersuchen, ob und in welchem Bereich eine
Kreiselorientierung die Genauigkeit des Theodolitpolygonzuges erhéhen kann.
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Zur Ubersichtlicheren mathematischen Behandlung sollen hier im fol-
genden gestreckte gleichseitige offene Zuge mit gleich genauen Winkelmes-
sungen vorausgesetzt werden, in welchem Falle nur der mittlere Querfehler
des Endpunktes des Zuges zu untersuchen ist, da die L&ngenmefRfehler, die
in der Richtung des Zuges wirksam sind, von den Stellen der Orientierung
unabhdngig sind.

Es sei auf Abb. 1 der offene gestreckte Polygonzug mit dem Anfangs-
punkt A und mit dem Endpunkt n dargestellt. Die gleich angenommene
Seitenldnge sei s. Die Seite A, 1 wurde durch Winkel-, die Seite X, x 1
durch Kreiselmessung orientiert. Alle Ubrigen Seiten sind durch Winkel-
messungen angeschlossen. Bis zum Punkt x soll der Polygonzug x Seiten
haben: dann ist A, x = sx. Die Anzahl der Seiten von x bis n seiy, weshalb
X, n = sy wird.

Wie soll nun x gewdhlt werden, dall bei diesem Polygonzug bei Mes-
sungen von der gleichen Zeitdauer der mittlere Querfehler des Endpunktes n
am kleinsten werde? Man kdnnte zundchst meinen, dal hierzu jene, nach
den x Seiten folgende Seite x, X -j- 1 am gunstigsten waére, bei der die durch

Addition der Brechungswinkel entstehende mittlere Fehler der Seite x, x -j- 1
den mittleren Fehler der Kreiselorientierung erreicht, bzw. Uberschreitet.
Bezeichnen wir den mittleren Fehler der Brechungswinkel mit -“rmw, jenen
der Kreiselmessung mit +m”, so kénnte nach Abb. 1 dieser x Wert aus der
Beziehung

- m 2
I mwi > Imk, bzw.x —— (1)

m |

errechnet werden. Nun ist aber zu bedenken, dafl wir den mittleren Quer-
fehler des Endpunktes n suchen und darin ist der mittlere Fehler des Win-
kels in A linear um so mehr wirksam, je weiter x von A liegt. Ahnliches gilt
auch vom Winkelfehler in 1 usw. So kann in bezug auf den mittleren Quer-
fehler des Endpunktes eine andere als die durch GI. (1) bestimmte x Seite
wesentlich glnstiger sein.

Bekanntlich ist der mittlere Querfehler mgx des Punktes x eines gleich-
seitigen Polygonzuges nach Abb. 1 aus der Reihe:

m* = + 2-+ ...*>)= A _g,+ ) («+ )«
p2 P2 6
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hier

x+ 1)(2x+ )r~ £ s x I x»
mgx = * — 'BLSX (2
6X Q 3

Fur unsere Untersuchungen genlgt es meistens, die einfachere zweite Gleichung
zu verwenden.

Ahnlich erhalten wir auf die Seite x, x + 1 bezogen den durch die
W inkelmessung verursachten mittleren Querfehler mgw des Punkte n:

m,,
g.n.w — = " s(y -) (Za)
1
Der durch die Kreiselorientierung verursachte mittlere Querfehler ist
weiters:
W - £ — >-y (2b)
Q

So wird das gesammte mittlere Querfehlerquadrat mgan des Punktes n:

'2*3+ s2(y —1)3 +oox sy 3)
Q

mg,n — m@Xx  mqg,nw “t* mag,nk

Berlicksichtigt man, daf
y —n —X (3a)
ist, so wird aus GIl. (3)
. . —1—x)3 _, 2. .
b it T3 e k)
3
3b
x3 (h — 1 —sn3 (30)
N + mKn —x)2
Die extremen Werte als Funktion von x nimmt m\n bei
dm.on .
02" =0 = — {mi(x2+ (N —1—x)2+ (—1)) + M22(n —X) *(—1)}=
4)
= ~j{m'i2h — 1)t —(n — 12 —2m\(n —n)}
an. Da — nicht Nullist, setzt man den grofRen Klammerausdruck gleich Null.

Q
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Daraus wird der einzige Wert fur x:

2nm2-f-(n —1)2ml

2(m 1 + (n —!)ml)

DaBR es sich dabei um ein Minimum handelt, zeigt der positive Wert
(2(n — 1) ml -- 2m2) des zweiten Differentialquotienten von GI. (3b) nach x.

Es sei hier hervorgehoben, dall die zur Kreiselorientierung zu verwen-
dende gunstigste Seite im Falle der Abb. 1 die nach x folgende Seite ist und
die nach GI. (5) berechneten nicht ganzen Zahlen auf- oder abzurunden sind,
weil in unseren Untersuchungen nur die ganzen Zahlen einen geometrischen
Sinn haben. Auch negative x-Werte haben keinen geometrischen Sinn.

Es ist nicht uninteressant, einige Sonderfélle der GI. (5) zu untersuchen.
Wenn mw gleich Null ist, so wird aus GIl. (5) x = n, d. h. im Polygonzug selbst
ist in diesem Falle keine Seite mit Kreisel zu orientieren, da ja man hier alle
Richtungen von A aus fehlerfrei erhdlt. Erreicht dagegen mw den Wert mft
+ 1 1
2n =T + 2n
sem Falle die Anfangsrichtungen (A, 1) und (ar, ¥ -)- 1) gleich genau und so
die an diese angeschlossenen Polygonteile gleich groR. Der nicht abgerundete

so ergibt sich aus GI. (5) x =- — . In der Tat sind in die-

n 1

Wert a= ) ) hat seinen Grund darin, da die Ausgangsgleichung nach
n

Gl. (2a) eine kleine Abrundung enthdlt. Wenn dagegen 0 ist, so wird

n—1 n 1

aus GI. (5) a= = = — Deretwas kleinere Wert von x erklart

sich dadurch, daB hier die fehlerfreie Richtung (ar, ;T j—1) nicht mit (A, 1)
sondern mit der fehlerfrei vorausgesetzten AnschlufRrichtung in A als gleich-
wertig anzunehmen ist.

Auf Grund der angestellten Untersuchungen kann festgestellt werden,
dalR im Falle der Messung nach Abb. 1 die zur Kreiselorientierung gunstigste
Seite in der zweiten Halfte des Polygonzuges liegt und zwar um so ndher dem
Halbierungspunkt des Polygonzuges, je mehr sich der WinkelmeRfehler dem
Orientierungsfehler m/E ndhert.

Es sei hier bemerkt, dal es zur Zwischenorientierung noch eine bessere
Seite als die nach s folgende x, x -f- 1 Seite gibt. Auf Abb. 2 ist diese Seite

S X Sy

A 1 2 X P r n
Fig. 2
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in der mittleren Seite p, r von s ey angegeben worden. In diesem Falle wer-
den die Winkel der Polygonseiten von der orientierten Seite p, r beiderseits
symmetrisch gemessen und das mittlere Fehlerquadrat verkleinert sich
dadurch auf:

man mAf o+ 2
02 Q@
2 (6)

- 1ZIUIl(y-m +—U-52y2
@ \3+ 12 )

Wenn y geradezahlig ist, so unterscheiden sich die Seitenzahlen beiderseits
. 1
durch eins: 12 und-y? — 1. Deren Mittelwert ist Wieder-x---é----, so daB dieser

Wert mit guter Ndherung auch in diesem Falle verwendet werden kann.

Der Vergleich von GI. (6) mit GI. (3) zeigt sofort, daB das auf s ey ent-
fallende, durch Winkelmessungen verursachte mittlere Querfehlerquadrat des
Endpunktes hier nach Abb. 2

ml s21ly- |f
tp2 T [— \]’
dagegen im Falle der Abb. 1:

-T ’-C v -1)3
B3

ist. Letzterer Wert ist viermal gréBer als das erstere mittlere Querfehler-
quadrat. Im mittleren Fehler selbst bedeutet die Kreiselorientierung nach
Abb. 2 noch immer die Verminderung des durch die Winkelfehler in s ey
verursachten mittleren Querfehlers auf die H&lfte. Die Ubrigen Fehlerteile in
GIl. (3) werden dadurch allerdings nicht vermindert.

Die starke Verminderung des durch die Winkelfehler in s ey verursach-
ten mittleren Querfehlers des Endpunktes bei der Wahl der Seite p, r zur
Orientierung verdndert auch den ginstigsten Wert x. Um den gunstigsten
W ert von x fur den Fall der Abb. 2 zu erhalten, ersetzen wir in GI. (6) wieder
y nach GI. (3a) durch n — g;. So wird:

n—1—x\31

min=n m'l— + 2m2 + ml(n —xf =
(6a)
; C T e —
= — mi— + m - mi(n — X
12
Um die Stellen der extremen Werte von zu erhalten, setzen wir auch
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hier den ersten Differentialquotienten nach » gleich Null:

dmi
db-n = 0= — bm@K2+ 2mI(n —K)(— 1) oM MN — 1 —a)2 (— 1)1 =
X

3x2
ml+ 2\-r (n —1)m&+ mR —-(re—1)2  -f-2nm )
4
Da -— nicht Null ist, wird aus dem Klammerausdruck

B2

3m\,x2+ (2(re — 1) nit, -f- 8TE)x — ((re — 1)2ml, + 8remf-) = 0 (7a)

Daraus wird unter Beriicksichtigung, daB nur ein positiver x-Wert einen geo-
metrischen Sinn hat:

- 2(n Nm2+ 8m)4- f(2(re-)ret2+ 8m)2+12m|,((re  I)2mjj,+8rewi%)
6T%
(8

Man erh&lt trotz der quadratischen Gleichung fir » nur einen brauchbaren
W ert. DaR dieser ein Minimum ist, zeigt der zweite Differentialquotient aus
Gl. (7):

dzmin - __ i %+ (e- hm2+ 2m]|>0
dx2
Dam it diese Orientierung zur Genauigkeitssteigerung beitrage, muR der aus
dem offenen nicht zwischenorientierten Zug gerechnete Wert nach GI. (2)
groBer sein, als der nach GI. (6) bzw. (6a) mit dem durch GI. (8) bestimmten
X berechnete Wert. Wir suchen deshalb, welchen Wert re annehmen muR,
damit diese Bedingung selbst hei der Kreiselorientierung an der letzten Seite
erfillt werde. Wir verwenden hierzu die genauere GIl. (2), wobei fur den, nur
am Anfang orientierten Polygonzug x = re, flir den, auch an der letzten Seite
orientierten = rr— 1 wird.
Mithin

2 e+ HY@re+ 1) > "4 (re- Dre2(re- 1)+1) + m™i_s2.p bzw

@ 6 Q 6 Q@

2re3+ 3re2-f-re — 2re3 -f- 3re2—re 2 i
m ;> mk, daraus n*m,, >

oder

re > 18a)
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Damit eine Kreiselorientierung den Wert des am Anfang orientierten
Polygonzuges herabsetzt, muB also die Anzahl n der Punkte der Bedingung
(8a) entsprechen. Je grdéBer n ist, um so gréfer wird m2ndes nur am Anfang
orientierten Zuges im Vergleich zu des anderen Zuges.

Man kann zur Zwischenorientierung auch 2 Seiten verwenden. Wir
wollen im folgenden nur die der Abb. 2 entsprechenden symmetrischen Mes-
sungen untersuchen, in welchem Falle nach Abb. 3 die Ausgangsleichungen

m | X3 —
myn T —s2 42— sa2s 4 MW 20 —1)3 (6b)
'3
und
n — X
Y =
sind.
Bei b Zwischenorientierungen werden:
~3 2 2 W2 1 |3
N s2— + b— s2y2+ 2b — (6¢)
02 3 p2 p2 3
und

Durch Einfihrung der letzteren Beziehung in die vorangehende ergibt sich:

2 A my_(% (n—~;|;)2 "{__mISZ (n—b—x)3

m&n = a2 "o 120 (6d)

Der Null-gesetzte erste Differentialquotient nach x wird daraus nach Kirzung

s2
durch —;

1- mix2+ ("- bym2 X_I{n-bfml + 2nTU=0 (?b)
4b2 2b2 \ 4b2 b j
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und aus dieser:

—(2(re—6)m|,+86Wi£)+"(2(re —6)reif,-f86mf)2+ 4 (46 2—I)mE,((re—6)2m£E,+86rereif)
2(4fc2-1)ym =
(8b)

Bei 6 = 1 entsteht daraus die vorherige GI. (8). Bei 6 = 2 die folgende
Gl. (8c):

(2(re—2)ntE,-|- 16 TE+)|/ (2(re —2) mw+ 16m|[)2+60m~” ((re —2)2ni£,+ 16rerei2)
30reif,
(8c)

Es sei hier sogleich bemerkt, daR der kleinere Wert mqgy, noch nicht
besagt, daB der zwischenorientierte Zug immer auch ginstiger ist. Eine Krei-
selmessung braucht ndmlich viel mehr Zeit, als eine Winkelmessung, so daf
oft der kleinere Wert rdj),, an Stelle der Kreiselorientierung wirtschaftlicher
durch Wiederholung einzelner Winkelmessungen erreicht werden kann. Dies
soll in einer eigenen Studie noch ausfihrlicher behandelt werden.

Es ist nicht uninteressant, die Ergebnisse an Zahlenbeispielen zu demon-
strieren. Es sei hier ein offener Polygonzug mit s = 100 m, mw= +3" und
reift = +10" (alte Sekunden) angenommen.

Damit die Zwischenorientierung an der glnstigsten Seite eine Ver-
kleinerung von m@n im Vergleich zu jenem des nur am Anfang orientierten
Zuges bringe, mufR nach der Bedingung (8a) hier re+ 4 sein, da bei re= 4

bereits 4 erflllt ist. Je grofer reift und je kleiner mvist, um so groéRer

mufl re sein, damit die Zwischenorientierung erwogen wird. Wir wollen in den
folgenden Beispielen re = 20 annehmen.
Wenn der Polygonzug keine Zwischenorientierung hat, so wird in
Gl. (2) X = 20 und man erhdlt hier den mittleren Querfehler des Endpunktes
rein mm:
100 000 20

M N— 4+ e ©3 20 = + 0,485+60+2,582 = + 75,1 mm
q 206 265

Wenn jetzt der Polygonzug im Sinne der Abb. 1 auch zwischenorientiert
wird, so ist zundchst nach GI. (5) der giunstigste Wert x zu berechnen:

- + -
L 40-100 + 192:9 7249 _ .o
2(100 + 19-9) ~ 542
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Mit diesem Werte erhalten wir aus GIl. (3b):

mgn — + 0,485 16591 + 648 + 4900 = 0,485f 12139 = 0,485-110,18 =

= +53,4 mm

Im Falle der Zwischenorientierung nach Abb. 2 wird hier der glinstigste Wert
x nach GI. (8):

(389 + 800) + V(38 +9 + 800)2+ 12+9(361+9 + 16000) _ 19 Q n4
54

Der hiesige A£-Wert ist etwas kleiner, als der vorherige, doch erhalten wir in
unserem Zahlenbeispiel durch Aufrundung den gleichen Wert x = 13. Es wird
jetzt der mittlere Querfehler + m9i,, des Endpunktes nach GIl. (6a):

mgn= +* 0,485 Y6591+ 162 + 4900 = %= 0,435107,95= + 52,4 mm

Ein Vergleich dieses Wertes mit +53,4 mm zeigt, dal die Orientierung an der
in der Mitte von s ey gewd&hlten Seite den mittleren Querfehler des End-
punktes hier nur unwesentlich herabsetzt, obwohl der Anteil der Winkel-
fehlerquadrate in s my sich von 648 auf den Viertelteil 162 vermindert hat.
Der Grund hierfur liegt darin, daR die beiden anderen Fehlerquadratanteile
etwa um eine GroRenordnung gréBer sind und so die Verminderung von 648 auf
162 sich nur sehr wenig auswirken kann.

Ganz bedeutend ist der EinfluR der Zwischenorientierung in Vergleich
zum mittleren Querfehler des Endpunktes im Polygonzug ohne Zwischen-
orientierung. Der Wert +75,1 mm ist im Vergleich zu +52,4 mm und +53,4
mm absolut genommen ein rund | 2-mal gréBerer mittlerer Fehler. Wollte
man daher die mittleren Fehler +52,4, bzw. +53,4 mm in unserem Falle
im Polygonzug ohne Zwischenorientierung bei gleichmé&Riger Winkelvertei-
lung erreichen, so mufRte man alle 20 Brechungswinkel rund zweimal messen
(wie wir darauf im anderen Zusammenhang zurickkehren) und die so erfor-
derlichen 40 Winkelmessungen erfordern in der Regel mehr Zeit, als die 19
Winkelmessungen und eine KreiselOrientierung.

Die vorherigen Feststellungen gelten allerdings nur dann, wenn zur
Zwischenorientierung die glnstigste, oder dieser naheliegende Seite verwen-
det werden kann. Wenn z. B. in unserem Beispiel an Stelle von x = 13 nur
X — 4 verwendet wird, so isty = 20 — 4 = 16, und man erhdlt in diesem
Falle nach GIl. (6) bei einmaliger Messung der Werte mgn = +81,6 mm, also
einen groReren Wert, als beim nur am Anfang orientierten Polygonzug. Die
Zwischenorientierung ist hier nicht vorteilhaft, sondern nachteilig, ebenso,
wie im Falle, daB n der Bedingung (8a) nicht entspricht.
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Andererseits, wenn zwei Zwischenorientierungen vorgenommen werden
und beide an den gunstigsten Stellen, so wird zun&chst nach GI. (8c) fur
b= 2 der glinstigste Wert x:

- (2wl8+9 + 1600) + V(2+18+9 + 1600)2+ 60 «9(324 +9 + 320 +100)
3(b9

= 1 = 1M6 * 10

Damit werden

und mgn nach GIl. (6b):

mgn= £ 0,485Y3000 + 22500 + 96 = = 43,6 mm .

Durch die zweite Zwischenorientierung an der glnstigsten Stelle verkleinert
sich Imgnl um weitere 9 mm. Wenn man aber bedenkt, daR die erste Zwi-
schenorientierung an der dieser entsprechenden gilinstigsten Stelle den mitt-
leren Querfehler des Endpunktes von +75,1 mm mit +22,7 mm auf +52,4
mm vermindert hat, so ersehen wir daraus, daB bei der Orientierung die
erste Zwischenorientierung am wirksamsten ist.

W as geschieht nun, wenn der Polygonzug nur zwischenorientiert wird
und so die Theodolitorientierung am Anfang des Polygonzuges fehlt? In die-
sem Falle entfdllt in den Abb. 1 und 2 der Teil s *x und es wird im Polygon-
zug nach Abb. 1 die Seite A, 1, im Polygonzug nach Abb. 2 die mittlere
Seite p, r durch Kreisel orientiert. Die mittleren Querfehlerquadrate wer-
den in diesem Falle:

Nach Abb. 1:

-t- + mkn*l 9)
In unserem Beispiel:

magn= 0,485Y20577 + 40000 = = 0,485 +246,1 = 1194 mm

Nach Abb. 2:
i + mRn G- D3 (9a)
" : 12
Mit unseren Werten:
mqgn = 0,485175143,8 + 40000 = + 0,485+212,5 = + 103,1 mm
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Aus den erhaltenen Zahlenwerten ersehen wir, dall bei einem entspre-
chend langen Polygonzug weder die Anfangsorientierung mit Winkelmessung,
noch die Zwischenorientierung allein, sondern nur beide zusammen einen
relativ guten mittleren Querfehler des Endpunktes geben. Es ist Ubrigens
interessant, dalR bei der Zwischenorientierung allein die Unterschiede der
mittleren Querfehler des Endpunktes zwischen den Orientierungen nach Abb. 1
und Abb. 2 schon grofer sind.*

Auch bei den Punktbestimmungen mit Polygonziigen strebt man eine
mdglichst genaue Ermittlung der Punkte an. Es kommen aber Félle vor, wo
man erreichen soll, daB der mittlere Querfehler des Endpunktes einen be-
stimmten Wert nicht uUberschreitet. Die Grofe dieses Wertes entscheidet
dann, welche Form der Messung des Polygonzuges man wahlt. Entspricht
auch der mittlere Querfehler des nur am Anfang orientierten Polygonzuges,
so kann man diesen verwenden. Sind kleinere mittlere Querfehler des End-
punktes erforderlich, so verbindet man den entsprechend langen Polygonzug
mit Zwischenorientierung. Die Zwischenorientierung ohne Anfangsorientie-
rung hat nach den erhaltenen Zahlenergebnissen bei den geoddatischen Messun-
gen relativ selten praktische Bedeutung.

Wenn die Genauigkeitsforderungen noch gréfer sind und auch der
sowohl am Anfang, als auch durch Kreiselmessung im Zug orientierte Polygon-
zug einen groReren mittleren Fehler, als der zu erreichende, liefert, so kann
die Herabsetzung des mittleren Querfehlers des Endpunktes durch Messungs-
wiederholung, oder durch weitere Zwischenorientierung erreicht werden. Eine
Methode hierzu wére die folgende. Aus dem Polygonzug mit je einer Mes-
sung erhalten wir den mittleren Querfehler n des Endpunktes. Wenn
der erforderliche mittlere Querfehler - meqgn ist, so ist die erforderliche
Zahl k der Wiederholung in bekannter Weise:

k= ™mYn (10
,q'n

Doch ist die obige Lésung nicht die beste, da die Wiederholungen nicht
tberall gleich wirksam sind. Es ist daher oft besser, die Wiederholungszahlen
durch die beste Verteilung der Messungen, sowohl auf Winkel, als auch auf
Richtungen, also durch die glnstigste Gewichtsverteilung zu bestimmen, wie
wir darauf in einer eigenen Studie noch zuriickkehren.

* Noch groBer werden diese Unterschiede, wenn der mittlere Fehler m/( der Kreisel-
orientierung kleiner als 10" sein kann und so das Glied 40 000 unter dem Wurzelzeichen in
den Gin. (9) und (9a) sich stark verkleinert. So waren z. B. bei m = +5" die Werte im ersten

Falle: mif,, = + 0,485 /20 577 + 10000 = +84,8 mm, im zweiten Falle: mgn = + 0,485-
*/5144 +° 10000 = +£59,7 mm.
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w

O MPOMEXYTOYHOM OPUMEHTUPOBAHWWN CBOBOAHbLIX TEOAOJ/INTHbIX
Xo40B rMapPoOCKOMMYECKNMN MSMEPEHUAMIN

A. TAPUMN-XOPHOX

PE3IOME

B cnyuae cooTBeTCTBYtOLLel ANNHBI TEOLOMIUTHOIO X04a, OPUEHTUPOBAHHOIO B Havaslb-
HOI1 TOUKe, 3HAYMTENbHO MEHEE TOUHbIE MO CPABHEHUIO C YI/I0BbIMU U3MEPEHUSIMU NMPOMEXYTOU-
Hble OPUEHTUPOBAHMS TMPOCKOMOM Ha HauBbIFOAHEMWLLUE CTOPOHe WM BGAU3M ee MOTYT npu-
BECTW K 3HAYMTENIbHOMY MOBbILLEHNIO TOYHOCTY U TaK, NP OCTUTaeMoli cpefjHeii KBaapaTMyecKo
OLIN6Ke KOHEYHOM TOYKM X04a AaTb CyLLEeCTBEHHYHO 3KOHOMMUIO B pa6oTe. Ho ecnm npomexy-
TOYHOE OpPWMEHTMPOBaHWE MPOBOAUTCS AasIeKO OT HauBbIFOAHENLLIEeA CTOPOHbI, TO Nosy4vaemas
CpefHss KBafpaTuyeckasi oLIMGKa MOXET OKasaTbCs 60/bLUe YeM NpU Xoae, OPUEHTUPOBAHHOM
TO/IbKO B HaYaslbHOM TouKe. B 3TOM c/lyvae NpOMEXYTOYHOe OPMEHTUPOBAHUE HE TO/IbKO UYTO He
NMeeT NPeMMYLLECTBO, HO JaXke BpefHO. Mofo6Hoe MMeeT CUAy, eci YMCI0 N NYHKTOB Teono-
NINTHOTO X0Aa He YA0BNeTBOPSIET YCN0BULO (8a).

HavBbIrogHeiilasa cTopoHa ANsi OPUEHTUPOBaHUSI onpeensieTcss no copmyne (5) wam
(8) B 3aBUCKMMOCTM OT TOFO, YTO MPUMbIKaIOLLAs K TMPOCKONUYECKOMY M3MEPEHMIO YacTb Xofa Mo
CpPaBHEHWIO C MMAPOCKONUYECKN OPUEHTUPOBAHHOM CTOPOHOM 3aHUMaeT OAHOCTOPOHHee (puc. 1)
WUAN CUMMETPUYHOe (pyc. 2) NoNoXeHWe. Fpy 6OMbLUIMX NMPOMEXYTOUHbLIX OPUEHTUPOBAHUSIX
MOXXHO MPUMEHSITb ypaBHeHue (8c).
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V. S. Vutukuri~R. D. Lama—S. S. Satuja
HANDBOOK ON MECHANICAL PROPERTIES OF ROCK
TransTech Publications, 1974. 280 paper, 200 figures. $ 40

TransTech Publications has given a pleasure to specialists by publishing a series on
rock- and soil mechanics edited by Professor Dr. WOHLBIER, a well-known scientist in the
field of rock mechanics. The sixth volume of the series presents techniques and methods for
the determination of mechanical properties of rocks and the results of such investigations
in two volumes.

The authors of the Handbook on Mechanical Properties of Rock — Y. S. Vutukuri
(University of New-South-Wales), R. D. Lama (University of Karlsruhe), and S. S. Saluja
(Banaras Hindu University) are well-known scientists.

The first volume introduces the preparation of specimens for laboratory tests (11
pages), then presents the inner reactions and the compression strength of rocks under the
influence of high pressures in great details (73 pages). It discusses and compares the methods
for the determination of tensile strength (54 pages), and the methods of the study of shear
strength (33 pages). Biaxial and triaxial tests and general results arc summarized in 76 pages.
The first volume is supplemented by appendices, devoted to “Stiff” instrumentation. The
chapters are closed by summaries, conclusions and well-chosen references, but no critical
comparisons are generally made. This task is left to the reader absorbed in the study of the
references.

Those interested in equipment, instruments and accessories applicable and necessary
for the investigations may hope that the second volume would meet their demands.

This does not mean simply the lack of catalog-like enumerations. Those familiar with
rock mechanical laboratory tests know how much their results depend on the experimental
equipments and conditions, specimens, while a superficial observer would attribute them to
the properties of rocks. This is why many reader will miss the detailed description of the ex-
perimental equipments.

Another question which cannot be answered before the publication of the second volume
is how does a piece of rock become a “specimen” brought into the laboratory to obtain
informations of its properties about the mechanical parameters of the environment of
its place of origin. This important question will be dealt with in all probability.

The first volume of the “Handbook on Mechanical Properties of Rock” is recom-
mended by the recensent to the specialists, as it gives a good and nearly complete account
on test methods, should they belong to the European or the Anglo-Saxon routine, and also as
he expects much of the second volume.

I should like call attention to the following, well-written sections:

Stress distribution in cylindrical specimens under uniaxial and biaxial compres-
sion;
— end-surface effect;
— change of the strength in case of specimens of identical height-diameter ratios,
but of changing diameter;
— testing of irregular specimens in strength investigations;
— the effect of liquids on strength;
the changes of strength in case of high and very high rate of loading;
- the effect of rock temperature on strength.
The experimental results and conclusions may count on general interest.
An actual problem in our country too is the post-failure behaviour of rocks intensively
studied in countries with developed mining — this question is dealt with in a 9-page sum-
mary and in an appendix.
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Finally, for sake of the arrangement and application of the experimental results, the
first volume shortly summarizes Mohr’s, Coulomb’s and Griffith’s failure criteria.
After the first volume of the Handbook on Mechanical Properties of Rock we look
forward with great hopes to the second volume.
R. Richter

M. Schulz—L. J. Lanzerotli
PARTICLE DIFFUSION IN THE RADIATION BELTS
Springer-Verlag, Berlin—Heidelberg—New York, 1974. 215 pp. 83 figs

The authors summarize those phenomena, which are of primary interest from the point
of view of radiation-belt investigations. After a short review of the basic knowledge in the
first chapter (Adiabatic invariants and Magnetospheric Models), the processes resulting in
radiation-belt evolution are treated. The relation between the violation of adiabatic invariants
and particle diffusion, as well as the phenomena accounting for the violation (collisions, wave-
particle interactions, cyclotron and bounce resonance, magnetic and electrostatic impulses)
are dealt with. The theoretical discussion in the first part of the book is supplemented by
studies of observational results and by a description of the methods of empirical analysis.

P. Bencze

S. J. Bauer
PHYSICS OF PLANETARY IONOSPHERES
Springer-Verlag, Berlin—Heidelberg—New York, 1973. 230 pp. 89 figs

The 6th volume of the succesful series “Physics and Chemistry in Space’’ represents,
on the basis of the physics of ionized media, the interaction of solar electromagnetic and
corpuscular radiation with the Earth’s upper atmosphere, as well, as with the atmosphere
of other planets. The obvious manner of discussion (neutral atmospheres, sources of ioniza-
tion, chemical processes, plasma transport processes, models of planetary ionospheres, each
treated in a separate chapter), assures an easy review of the complicated processes taking
place in planetary atmospheres. Of special interest are the chapters on experimental tech-
niqgues and the observed properties of planetary ionospheres.

P. Bencze

Ch. B. Officer
INTRODUCTION TO THEORETICAL GEOPHYSICS
Springer-Verlag, Berlin—Heidelberg—New York, 1974. 385 pp. 118 figs

The author of this unique monograph tries to summarize the most important theoret-
ical relations, which the reader meets in geophysics. All the different branches of geophysics
(geothermics, oceanography, seismology, gravity and geomagnetism) are approached from
the side of physics. Each of these topics is preceded by a short section, devoted to basic
physical laws which are then applied for the discussion of geophysical problems. At the same
time, the book shows the interdependence of the different branches of geophysics as regards
their fundamental equations. For a better understanding of the book there are problems
given at the end of each paragraph.

P. Bencze

t<
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Prof. Dr. h. ¢c. Dr. ISTVAN HAZAY 75 JAHRE

Prof. Dr. |I. Hazay feierte am 15. April seinen 75. Geburtstag. Die
Geod&ten Ungarns beglickwinschen ihn zu diesem AnlaR aus ganzem Herzen
und winschen, dall er noch lange Jahre hindurch in guter Gesundheit und
in voller Tatkraft zu Gunsten der ungarischen und der internationalen geoda-
tischen Wissenschaft in seinem so geliebten Fachgebiet tdtig sei.

Professor Hazay wurde im Jahre 1901 in Budapest geboren. Dort ab-
solvierte er seine Schulen. Sein Ingenieur-Diplom erwarb er an der Technischen
Universitdt Budapest i.J. 1922. Seine Tatigkeit begann er 1923 beim Staat-
lichen Vermessungsdienst und bestand, 1929 die damals dbliche Ingenieur-
Fachprifung fur Triangulierung. Wéahrend seines 30-jdhrigen Wirkens in der
Praxis nahm er an sdmtlichen vermessungstechnischen Arbeit teil, so in der
Triangulierung hdherer und niederer Ordnung, im Préazisions-Nivellement,
in der Astrogeoddsie und in der Stadtvermessung. Infolge seiner hervorra-
genden F&higkeiten wurde er schon ganz jung mit leitenden Funktionen be-
traut: so von 1932 an in der Triangulierung und Detailvermessung der Haupt-
stadt Budapest, spater von 1938 im Finanzministerium in der Zentralen Auf-
sichtsbehdrde des Staatlichen Vermessungsdienstes. Vom Jahre 1942 an leitete
er den Staatlichen Vermessungsdienst.
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372 HAZAY 73 JAHRE

Neben diesen Aufgaben begann er schon sehr jung seine wissenschaftliche
und Lehrtétigkeit. Seine ersten Arbeiten erschienen i. J. 1930. Seit 1929 hielt
er an dem Fachkurs der Ingenieure fur Triangulierungen Vortrdge tUber Aus-
gleichungsrechnung, spdter auch Uber Astro-Geod&sie. Er promovierte (Dr.
techn.) i.J. 1934.

Zur Anerkennung seiner wissenschaftlichen und Lehrt&tigkeit wurde er
an der damals in Sopron wirkenden Berg- und Huttenméannischen Fakultat
der kgl. ung. Palatin Joseph Universitdt fiur Technische- und Wirtschafts-
wissenschaften zum Privatdozent habilitiert. Seit dieser Zeit hielt er regel-
mé&Rig Vortrdge in Sopron. Die Ausbildung der Vermessungsingenieure begann
nach dem zweiten Weltkrieg zuerst in Sopron. Seit 1951 wirkte er am Lehr-
stuhl fur »Angewandte Geoddsie« der Fakultdt fir Vermessungswesen vorerst
als Gastprofessor, seit 1953 als Lehrstuhlinhaber der Lehrkanzel. Seine Ver-
dienste in der Ausbildung der Vermessungsingenieure sind hervorragend.

Nach der Umsieclung der Abteilung fir Vermessungswesen im Jahre
1959 nach Budapest wurde er mit der Leitung der Lehrkanzel fiir »Hdhere
Geodasie» betreut. Er beteiligte sich sehr aktiv an der Fihrung der Fakultat
und der Universitat. In den Jahren 1960— 1964 war er Dekan der Fakultat,
nachher bis 1967 Bektor der Technischen Universitat fur Bau- und Verkehrs-
wesen Budapest. Als Professor erwarb er grofes Ansehen und Achtungim
Kreise seiner Studenten. Seine klaren und leicht verstdndlichen Vortrage,
sowie seine Liehe zum Fachgebiet haben seine Studenten stets sehr beeindruckt.

Nebst seiner hervorragenden Lehrtdtigkeit sind auch seine wissenschaft-
lichen Forschungsergebnisse sehr bedeutend. Die neuen theoretischen Grund-
lagen der statischen Ausgleichung sind mit seinem Namen verbunden. Diese
Forschungsresultate wurden 1938 in seinem Buch »Ausgleichungsrechnung
der praktischen Geoddsie» verdffentlicht. Dieses Werk wurde seitens des ehe-
maligen Vereins der Ingenieure und Architekten mit der Goldmedaille ausge-
zeichnet.

Unser Triangulierungsnetz hdéherer Ordnung wurde wdahrend des zweiten
Weltkrieges teilweise vernichtet, die MeRRprotokolle sind verloren gegangen.
Seine Methode der dominierenden Punkte gab die Mdglichkeit, aus den, an
den Netzpunkten dritter Ordnung durchgefihrten Messungen ein fingiertes
Netz erster Ordnung zu berechnen.

Seine Forschungen auf dem Gebiete der Anwendung der GauB-Kriger
Projektion in Ungarn und die Zusammenstellung der damit verbundenen
Tabellen seien eigens hervorgehoben. Die diesbeziiglichen Forschungsergebnisse
ermdglichen die Darstellung groBer Gebiete in einem einheitlichen Koordi-
natensystem. Auferdem schuf er zahlreiche bedeutende neue Methoden zur
Lésung anderer geodé&tischer Probleme, so z. B. die Anordnung der Knoten-
punkte von Polygonzigen, die Bestimmung der gegenseitigen Lage von ver-
schiedenen terrestrischen Ellipsoiden, usw. Seine Ergebnisse auf dem Gebiete
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der Berechnung der Nivellierungsnetze zur Bestimmung der vertikalen Erd-
krusten-Bewegungen sind ebenfalls sehr bedeutend.

Zur Anerkennung seiner hervorragenden Verdienste wurde er 1955
mit dem Kossuth-Preis, spédter mit der Jubildums-Medaille der Befreiung
ausgezeichnet. Er erhielt zweimal die Goldmedaille des Verdienstordens der
Arbeit und zweimal den Titel eines hervorragenden Mitarbeiters des Unter-
richtswesens. Er wurde mit der »Lazar—Dedk« Medaille des Geoddatischen
und Kartographischen Vereins und der, seitens des Budapester Unternehmens
fur Vermessung und Kartographie gegriundete »Fasching Antal« Gedenks-
Medaille ausgezeichnet.

Zur Wirdigung seiner wissenschaftlichen Tatigkeit wurde er im Jahre
1967 zum korrespondierenden Mitglied der Ungarischen Akademie der Wissen-
schaften gewd&hlt und als Vorsitzender mit der Leitung der akademischen
»Geodatischen-Wissenschaftlichen Kommission» betreut. Im Jahre 1972 wurde
er seitens der Technischen Universitdt Budapest zur Anerkennung seiner Ver-
dienste im technischen Hochschulwesen und in der Wissenschaft mit der
Jubildums-Medaille der Universitdt ausgezeichnet. Die Technische Universitat
Budapest verlieh ihm den Titel Dr. h. c. im Jahre 1975.

Professor Dr. I. Hazay verdankt es seinem liebenswirdigen Wesen und
seinen aullerordentlichen Fachkenntnissen, daB er als fiuhrende Persdnlichkeit
des ungarischen Vermessungswesens geliebt und geehrt wird. Mdge er noch
lange Jahre hindurch in unserem Kreise wirken !

J. Somogyi

1* Acta Geodaetica, Geophysica et Montanistica Acad. Sei. Hung. 10, 1975
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SOME NOTES ON THE TRANSFER PROPERTIES
OF TWO-DIMENSIONAL POLYNOMIAL-FITTING

F. KOVACS-A. MESKO
GEOPHYSICAL PROSPECTING CO OF THE HUNGARIAN OIL AND GAS TRUST, BUDAPEST

[Manuscript received December 1, 1974]

This paper is a reply to the previous paper [2] entitled “The proper use of gravitational
filters”. The order of presentation follows that of the discussed paper. It will be shown that
a) all sets of coefficients suggested in [1] do have disadvantageous transfer properties,

b) the so called w function defined in [1] cannot be used for choosing suitable filters,

c) the equation used in [2] (Eg. (1) in the cited paper) has no role whatever in deriving
filters and cannot be used in examing the performance of filters, and

d) the transformations t4, t2, t0 do have directivity while  has no directivity.

It is also pointed out that the uninterpretable maps obtained by the filters published
in [1] are not the failures of the present authors but the failures of the formulas. Other for-
mulas may give slightly worse or better maps but the general conclusion still must be that
none of the formulas published in [1] are advantageous in routine processing.

Derivation of two-dimensional numerical filters
(Some reflections on Section 1 of the discussed paper)

The necessity of transforming gravity maps in order to make possible
geological interpretation is a commonplace since the exploration industry has
been using such transformations for the last 40 years.

It is duly mentioned in [2] that Dean was the first who wrote down ex-
plicitly that all linear transformations can be considered as linear filters. Dean,
however, did not computed actual transfer functions belonging to any practical
formulas, though he derived the general expressions which can be used in the
case of an arbitrary set of coefficients. One of the present authors was the first
who published transfer functions of practical formulas [4] and discussed their
properties by using transfer functions. Later on new sets of filters have been
suggested and have been put into productive use [7], [10]. For various reasons
two-dimensional non-directive Gaussian functions were suggested, i.e. the
transfer function of the lowpass is S(f') =-exp [ (fc/)2]. One of the reasons is
that in the spatial domain the filter size for a given bandwidth is minimum if
the transfer function has Gaussian shape. The Gaussian function has been
used previously for smoothing purposes but its application as the transfer
function of regional filters and its counterpart as transfer function of residual
filters was again first suggested by one of the present authors. E. C. Bullard
who combined Gaussian smoothing with analytical downward continuation
never intended to use it for computation of residual fields [7].
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The sets of filters satisfy the following requirements:

a) Zero-phase without any phase reversals (because the transfer function
is real and positive).

b) Direction independency (because the transfer has circular symmetry).

c¢) Sufficiently smooth transition between pass-band and reject hand
(which assures that the actual transfer does not show the Gibbs’ phenomenon).

d) Sufficient wversatility (because with the parameter Kk the cutoff
frequency, orin the case of a bandpass with kland k2the tw o cutoff frequencies,
can be controlled).

These properties are additional to the “minimum size for a given band-
width” property.

It has been repeatedly pointed out that sampling the continuous weight-
ing function (i. e. producing a set of weights on a regular grid) and truncating
the set to a finite size may influence the actual transfer function. Sampling
involves aliasing and truncation involves convolution with the cylinder

tr) = 1 if r<Rt
= 0if r< R.

Aliasing and the convolution may introduce phase reversals as well
as directivity or may set up Gibbs phenomena.

Therefore arange of parameter Kk has been determined where these effects
are negligibly small.

The adjustment of the proper cutoff frequency for given geophysical
problems has been investigated by model computation as well as by analyses
of reflection seismic measurements, geological structures (supported by bore-
hole data) and filtered gravity maps. More than a dozen prospection areas
have been used for these investigations. These also have been reviewed many
times. (See e.g. [11] [14], [15].) Therefore the present authors feel that the
connection between filtered maps and geology or practical geophysics is sound.
It is based not on gravity fields of mass points as in [1] or [2] but on real
situations and realistic model computations.

Geological conditions should be taken into consideration but as a matter
of fact gravity fields are not produced by separate mass points but are mainly
due to the undulations of interfaces between layers with different specific
densities. The filtered maps are supposed to reflect the undulations. The
measure of performance is whether one can draw valid geological conclusions
from the filtered maps or not. Therefore the filters should remove a part of the
input but should not distort what is left. Phase reversals, Gibbs’ phenomena
as well as directivity in the transfer function are distortions and do have geo-
physical consequences. The first two may give rise to spurious anomalies, the
latter suggests fictitious structural trends.

Acta Geodaetica, Geophysica et Montanistica Acad. Sri. Hung. 10, 1975
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All these properties can be established by analysing the actual transfer
functions.

The essence of paper [1] what we commented in [3] is summarized now in
[2] as follows “the basic idea” is that “we must give fundamental role to eq.
[9], when examining and deriving the transformation.” This Eq. [9] reads in
both papers

r(xiy) = ¥=>~) w(x X,y —y,z)dx dy dz. (1)

The transformations t0, t2, t4, however, were derived by polynomial
fitting (see [1]) and Eq. (1) obviously has nothing to do with polynomial fit-
ting. The same equation was not used in “examining the transformations”
either. Density distributions are not investigated in [1], only gravity fields of
single mass points at fixed depths.

There is an obvious reason why this equation has never been used in
spite of its so-called “fundamental role”, the three-dimensional w(x X,
y y, z) has, as a matter of fact, never been properly defined.

According to [2] resolving power is not so important after all and it was
used to show that filters “really differ from each other” and “the reasonable
spacing of filter size for the four sets of filters investigated being about 2S; S,
as usually, means the grid spacing”. (Quotation from [2]).

One can fully agree it could be proved that “this three map transforma-
tions” ‘"differ from each other and from </°. The only remark may be that it
could be guessed without any investigation that adjusting fourth-, second-
and zero degree polynomials to a surface would give different results.

Filter size, on the other hand, is always (2k -f- 1)S therefore it would be
rather difficult to change the size by anything else but exactly 2S.

Discussion of Section 2

Sub-section 2A of [2] enlists some properties of the filters which it con"
siders essential. These are lateral effects, interval of depth and the size of the
filter. The present authors think that all properties (including these and many
others) are contained in the transfer function of the filter. Therefore it seems
to be sufficient as well as necessary to investigate the transfer functions in-
stead of defining many clumsy properties.

It may be mentioned e.g. that filters with arbitrary small lateral effects
can be constructed. Lateral effects for the depth h approach zero if the transfer
function is

271 F +1
ly) = e

Filters with these transfer functions, however, are not used in practice

because they produce fictive anomalies, enhance random noise, etc.
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Sub-section 2B discusses directivity. First it claims within one sentence
the “no one of the four transformations” are directive and that “all filters are
directive” . Then it asks whether directivity can he detected hy “nothing else
as the drawing of the two-dimensional transfer function” and at last it chances
the remark that “their (i.e. the present authors’) method is unable to tell the
rate of directivity”. (Quotations from [2].)

These statements are not supported by any computational evidences.
Though directivity has been very clearly defined and the connection between
directivity and two-dimensional transfer function has been described in many
standard university textbooks and in lecture notes, e.g. in [14], [15], besides
in a series of papers [4], [6], [8], [9]., a short review is given below.

A two-dimensional transfer function S(fx, fy) describes how the ampli-
tudes and phases of the (two-dimensional) harmonic components of the input
are changed by the filter. If the transfer function is real the phase can he
changed by 0, where S(fx,fy) is positive or by n,2 (phase reversal) where
S(fx, fv) is negative. Any given harmonic component can be unambiguously
characterized by fr (radial-frequency) and a (direction angle or azimuth) in-
stead off xand fy. Correspondingly, the transfer function can also be considered
as a function of fr and a. The transfer function is direction independent or
non-directive if it does not actually depend on the variablea. Obviously for
S(fx-fy) = S(fr) the contours of the two-dimensional S(fr, a) really become circles.

The physical interpretation is also straightforward. Non-directive filters
do not behave differently against components with the same fixed radial-
frequency even if they have different azimuths. As a result a non-directive
filter does not favour any direction. Figuratively speaking, the filter conserve
the relative weights of components with a given radial frequency fr and with
various azimuths.

Directivity, therefore, can he unambiguously described by the transfer
function. The rate of directivity can also be obtained from the transfer func-
tion. There are ways to visualize the rate of directivity more clearly. One of
the present authors used such a method [4], [6], [9]. [10]. The way of presen-
tation, however, is insignificant, the two-dimensional transfer function con-
tains all the informations (including the rate of directivity).

The transfer functions of t0, t2, t4 show directivity very clearly, those of

do not. Therefore the cited sentences of point 2B of the discussed paper [2]
are not valid.

We may comment at last that the input has nothing to do with the direc-
tivity of the filter. Experimentation with various models is very apt to illus-
trate directivity or can be used to convince the novice of two-dimensional
filter theory that such effect exists but it is not a proper tool for investigating
directivity. If e.g. the input do not contain such radial frequencies where
directivity is significant the result will not show that the filter is directive.
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This type of experimentation can lead to unpleasant surprises. It might hap-
pen that a filter is believed non-directive due to the insufficient experimenta-
tion and is then applied to practical data which contain radial frequencies up
to the Nyquist frequency when strong directivity unexpectedly reveals itself.

Discussion of Section 3

This section begins with the promise that “illustration of the ie-functions”
will be given. No illustrations of the ic-functions follows, on account of the
difficulties of the calculations involved. No comment is necessary to deal with
this paragraph exceptthat Eq. (1) does not show how w(x"',y", z') “isto compute”
because it rather shows how w(x', y', r') is supposed to be used.

Fig. 1. Residual gravity obtained by <410s
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“Rectangle diagrams” are shown with the intention to illustrate the
“interval of depth” of the filters.

The present authors do not think that this way of presentation reveal
much of the action of the filters. There are also serious doubts that the di-
mensions of the prisms are correctly indicated.

Fig. 2. Residual gravity obtained by i412s

We do not tvant, however, to go into such details in the present discus-
sion and accept that t4is not a good filter for the geological situation in the
Szeged area. Actually we also came to the same conclusion in [3]. We disagree,
however, that results are had only because the wrong filter has been used.
We claim that the filter in itself has disadvantageous enough properties as its

Ada Geodaetica, Geophysica el Montanistica Acad. Sei. Hung. 10, 1975
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transfer function shows, see in [3]. This filter has heen chosen because so much
emphasis was laid on resolving power in [1] and this filter has the largest
resolving power. In order to be sure of the conclusion we actually computed

the output maps corresponding to t4 10s, 12s and 14s as well but did not
publish them.

Fig. 3. Residual gravity obtained by i414s

These maps are given now as Figs 1 3, t2 8s is shown in Fig. 4. According
to [2] in the region (Szeged area) tO transformations give the good filters i.e.
the author realizes that the so much emphasized resolving powerisnot nec-
essary after all.

The impressive sounding {,-transformation means that the regional is
the average of gravity values within a circle. The {,-transformation is equi-
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valent with subtracting this average from the original value. This “newmethod”
was devised at the very beginning of gravity exploration, more than 40 years
ago. It is usually good for a rough estimation of the regional effect but of
course it has been out-dated for at least the last two decades. Coefficients are

Fig. 4. Residual gravity obtained by 12 8s

given for removing the average as if there were any geophysicists who could
not compute 11V and 1 — (1/iV); N being the number of points within a
circle of given radius, (where 1 (1/N) gives the central coefficient, —1/IV
gives all the other coefficients.). To print these tables took 3 and a half pages!

An old method, however, isnot necessarily a bad one. The present authors
agree that if one has a desk calculator only and wants to estimate regionale
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Fig. 5. Transfer function of the transformation t0 4s

Fig. 6. Transfer function of the transformation t0 8s
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4s tn(x,y)
Fig. 7. Residual gravity obtained by t0 4s

the computation of the averages is an advisable, easy way to do it. Never-
theless as soon as multiplication is not a problem weighted averages work
better. In order to prove that point the transfer functions of 4s and tn 8s
are shown as Figs 5 and 6.

These transfer functions show directivity and oscillations in the pass-
band. There is an improvement with respect to the transfer functions of the
t, and t, series, but properties of these filter are still far from being ideal.

The residual maps obtained by the filter t0 4s and t0 8s are shown in
Figs 7 and 8. Directivity and the presence of fictive anomalies is still ob-
vious.
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Fig. 8. Residual gravity obtained by I, 8s

The last example of Section 3 could not be dealt with because of the
lack of data.

Concluding remarks

We maintain and emphasize that the transfer functions unambiguously
describe the properties of any linear filter, reveal directivity and other disad-
vantageous properties such as e.g. oscillations in the passband. The filters
suggested by [1] do have these disadvantageous properties. Though computa-
tions of any number of input cannot give anything else, for the sake of com-
parison, a set of filtered maps was given. These illustrated the disadvantageous
properties of the formulas published in [1] on practical data.
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We also maintain and emphasize that filters derived directly from filter
theory are free from these disadvantageous properties, because care can be
taken to make them free of these properties. The cutoff frequency for a high-
pass or the two cutoff frequencies for a bandpass give appropriate control
to adjust filters to the geological problem. The present authors have reasons
to know that these statements are valid not only because they are based on
sound theoretical principles but from their own practical experiences collected
during the last six years of processing and interpreting gravity data.

Dr. Steiner is right when saying that the application of his coefficients
results in failures. These are, however, not the failures of paper [3], discussing
the formulas but the failures of the coefficients.

Taking into consideration any physical relation or geological informa-
tions would not remove directivity or decrease the ripples of the Gibb’s oscil-
lation by one bit.

The conclusion has to be again that the coefficients suggested in [I]
could not be effectively used in processing gravity data.
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HEKOTOPbIE 3AMEYAHWA K TMEPEHOCHbLIM CBOWCTBAM MPUNOXEHWUSA
ABYMEPHbBIX TMOAMHOMOB

®. KOBAY A. MEWKO
PE3IOME

3Ta CcTaTbsl ABNAETCA OTBETOM Ha CTaTbio «O NPaBUILHOM WMCMOMb30BAHUW TPABUTALMOH-
HbIX (UALTPOB» [2]. MOPSAAOK U3N0XEHUS COOTBETCTBYET NOPAAKY CMOPHOM CTaTbu. [oKaxem,
Y10

a) Kaxgas, npeanoxeHHas B [1] cepusi koepMUNEHTOB MMeET HEBbLIFOLHOE NEPEHOCHOe
CBOWCTBO,

6) T. H. i0 - (yHKUKMA, onpegensemas B [1], He MOXeT 6bITb NPMMeEHeHa ANa Bbibopa co-
OTBETCTBYHOLMX (PUILTPOB,

B) Mcnonb3oBaHHOe B [2] ypaBHeHue (ypaBHeHMe [1] cTaTbh) He UrpaeT ponb Npu BbIBOAE
OUNbTPOB U He MOXET OblTb MPUMEHEHO NPU OMNeHKe 3P PHeKTUBHOCTU DNbTPOB, HAKOHEL,

r) npeobpasoBaHus t4, i2,t0 3aBMCAT OT HanpaBneHus, a (, - HeT.

MMoKaXeM, YT HEMHTEpNpPeTUPYeMble KapTbl, MOMYUYEHHble PUNLTPAMU, U3N0XKEHHLIMU B
[1], sBnstOTCA CcneAcTBMEM He OWMOGOK aBTOpOB, a topmyn. Apyrue Gopmynbl MOryTb AaTb
HEMHOr0 NyYWWiA UAM XyALWKWiA pe3ynbTaT, HO 06WMM cneacTBuem Oyaet, 4To W3 (opmMy”n, u3-
NOXEeHHbIX B [1], HM 0AHA He NpUroAHa B PYTUHHON 06paboTKe.
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PLASTIC STATE AND DETERIORATION OE ROCKS

I. BOUNDARY CONDITIONS OF ROCK PLASTICITY
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R. RICHTER
TECHNICAL UNIVERSITY FOR HEAVY INDUSTRIES, MISKOLC

[Manuscript received July 10, 1975]

In this series of articles consisting of three parts, the authors have traced the changes
of the mechanical state of rock environment around mining spaces from the elastic state
through plastic state till deterioration.

The sequence of ideas of earlier published papers [1, 2] giving a general description of
material behaviour due to different mechanical effects, i.e. the generalization with respect to
the moving material is highly suitable for rock-mechanical applications. In this paper reference
will he made already to the idea that the analysis of energy transport and energy equilibrium
gives a possibility to fit the different kinetic (deformation) states into a uniform system and
to reveal causes and conditions of their development. The conditions of the extreme states
- plastic flow, material deterioration, failures — are given by the conventional theories
separately, as failure and plasticity theories generally based on working hypotheses and
empirical connections. The aim of this series of arcticles, together with the papers [1, 2],
is to prove the possibility of describing and explaining the mechanical behaviour of a given
material system (here the domain of the earth’s crust disturbed by mining openings) by means
of a uniform theory, whereby it does not matter whether the deformation is small or great,
the change of form slow or rapid, and elastic or plastic state is to be dealt with.

The first paper gives the boundary conditions of plastic state, the second, the behaviour
of the material in the plastic state, while the conditions of the failure or rocks are discussed
in the third one.

It was shown in paper [2] that the mechanical state of a system exposed
to mutual mechanical effects, such as the rock mantle surrounding the mining
openings being displaced in space and time, is determined by the energy trans-
port (taking place in the system as a consequence of opening activity). Energy
and momentum flow will start with the opening activity under the effect of
the gravity field and the potential energy accumulated in the earth’s crust
respectively. The occurring change tends to compensate the inhomogeneity
of the system in the sense “rock”-“opening”, i.e., it acts towards the homo-
genization of the kinetic field caused by opening activity. The reason, why
this tendency of material behaviour does not succeed is, in general, the material
built in (supporting equipment, rubble, detritus) that behaves differently as
the environment on the one hand, and the gravity field, which can be regarded
as the steady source of momentum on the other, and these tend together to
maintain the inhomogeneous distribution.

The momentum transport including that of kinetic and internal energy
can take place in the material structure in both convective and conductive
ways. For liquids and gases, the convection flux (with macroscopic displace
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ment) is characteristic, whereby the momentum is transported by the mate-
rial parts themselves. In case of solid bodies the material parts cannot be
freely displaced, thus they are forced to pass their energy and the mechanical
momentum to the neighbouring parts in diffuse way from the spot of mo-
mentum input on. In other words, for solid bodies the conductive transport
(without macroscopic displacement) is mainly characteristic.

In this concept it is well understandable what stress is [2]: the conductive
momentum flux flowing through a surface element of a given normal. Since this
definition expresses the essence of the concept of stress, it allows not only to
determine the state of stress on objective physical bases, but it also gives the
reasons in its arising and change.

Each change of mechanical character is in connection with energy trans-
port. as follows from the basic physical laws given in the papers cited [1, 2].
The momentum transport of the solid earth’s crust has conductive character.
Will, however, a level in the energy transmission be reached, at which the
energy cannot be conducted by the material in a diffuse way, convective
transport has to take place; the material starts to flow, plastic state is setting
in [2].

What we have to say in connection with this subject, has been divided
into three parts.

In the present paper, the conditions of the development of plastic state
and the mathematical form of the boundary condition are given. The treat-
ment will have a dual character. We consider the material below the flow'
boundary to be describable by the simplest homogeneous-linear material law,
i.,e. by the standard model of Poynting Thomson, partly because we have
proved the applicability of this model in earlier papers, partly because in
this way the reality of plasticity condition on the basis of actually measured
results can be proven. Newertheless, the results deduced are not limited to
materials describable by the standard model. We deduced a general plasticity
condition which is the only possible plasticity boundary condition of mechani-
cal continua, based on energetics.

In the second part of the series of articles, the determination of the mate-
rial equation of the rock passing into plastic state is dealt with. Here the
rock is regarded as a standard medium within the elastic range and we try to
describe the behaviour of the material in plastic state. Concretizing the in-
vestigations on the standard body suggests the restriction of general validity.
However, we could not follow any other way, since we strive for the determi-
nation of the concrete material equation. The method of synthesis and the
results to be fixed, however, can be generalized to materials differing from
the standard model, too. In this second part we will show a possible synthesis
for the constructive comparison of theoretical conclusions and practical ex-
periments. By investigating the resulting possibilities, on the basis of elimi-
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nation, the function class of the material laws coining into consideration,
in certain cases even their actual form can be found.

The third part of the series deals with the failure and deterioration of
rocks. The statements in this paper are quite general and give the definition
of the failure condition of a continuum of arbitrary state equation.

The publication of the investigation results in three parts was necessary,
among others, on account of their volume. One must not forget, however,
that the behaviour of the very same material (namely, rock environment)
will be traced in all three parts from elasticity through plasticity till deterio-
ration.

In the present series, inclusive papers [1, 2], we have established and
made available for researchers and users of geomechanics the theoretical
bases of a uniform theoretical system that opens the deeper recognition of the
reasons of phenomena occurring as consequence of mining activity. Thus it
even gives a qualitative orientation for the solution of practical problems,
if the actual mechanical characteristics of the rock and the support equipment
are not known, from the disturbance of the equilibrium of rock mantle till
the deterioration of rock: its closing, its splitting.

Preliminary remarks

Nearly all of the classical boundary conditions of plasticity are in con-

nection with one of the following assumptions:
in elastic state, the material can be described by Hooke’s law,
the plasticity (flowing) condition can be defined with a definite stress
state.

In the papers published on this topic we proved that

the rock mantle shows, even in elastic state, rheological (creeping, relaxa-
tion etc.) properties, consequently Hooke’s law does not mean an accept-
able approximation,

the setting in of plastic state is not connected with the stress state, but
-with the level of energy introduced into the system (with the deformation
work).

It follows already hence that the conventional plasticity conditions
need-to-be checked and determined on reliable physical basis.

The investigation of the energy transport in solid bodies, the develop-
ment of convective flux show that the setting in of plastic state is connected
to a threshold value of energy alone. In other words, the energy introduced
into a system (the deformation work) produces permanent deformation, if it
exceeds a threshold value. The permanent deformation indicates a change in
the structure of the material, at which it cannot regain, in spite of relieving
the loading, its original form and state, respectively. l.e., the reversibility of
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the mechanical process ceases. This condition is naturally connected with
cases, where the existence of a plasticity boundary within the continuous
deformation range is supposed and permanent deformations occur only after
exceeding this limit.

Actually, one has to count with the following cases:

1. Plastic and permanent deformations occur within the total deforma-
tion range continuously or gradually, but together; hence plastic distortions
already occur at very small deformations.

2. Deformations below the threshold of plasticity are totally elastic
or can be regarded as elastic, and plastic (permanent) deformations occur
only after exceeding the threshold. Even within this case, further possibilities
exist:

2.1 Deformations occurring beyond the boundary of plasticity are
entirely permanent.

2.2 Only a part of the deformations occurring beyond the boundary
of plasticity will be permanent.

The question, which of the cases mentioned is to be accepted, can only
be decided in an experimental way.

We omitted from the list the third case, in which the deformation is
entirely irreversible, the energy introduced into the system cannot be regained
even partially, because the rock is unable to store potential energy and there-
fore all deformation is permanent. The reason, why this possibility has been
neglected is double:

— on the one hand, we found elastic properties in each of the rock materials
investigated,
on the other hand, the material constants must anyway be determined in
experimental way, and in such cases zero value would anyway be obtained
for the elastic constants, thus we can relate our investigations to the gener-
al case, from which a special case can always be derived.

For the sake of uniform treatment we will shortly review in the follow-
ings the energy relations of the elastic state in order to establish the formal
basis for the mathematical formulation of the plasticity condition.

The energy relations of the elastic state

According to our investigations hitherto nee consider the rock as de-
scribable, in the elastic range, by the so-called standard model of Poynting—
Thomson, the material equation of which is:

oottt Il
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where T and E are the deviation tensors of stress and deformation, character-
izing the state of distortion, T,‘ and | [] spherical tensors describing the iso-
tropic volume change, G the sliding elastic module, rj the viscosity coefficient
(internal friction coefficient), T the relaxation constant, K the compressibility
module. (Point above means derivation according time.)

The stress (F} and deformation [D] tensors can he produced by means
of the well-known addition:

bl T and ) R

The work of the internal forces referred to the volume unit, i.e. the so-
called deformation work can be deduced from the connection [2]:

T

| 2
dt dt )

where U is the displacement vector. It follows from the symmetry of the stress
tensor that (2) can also be written in the following form:

Xt D wout uovy Fl (2a)
dt dt
resp.
Foo) = oxex b ayey cfad, torxyjxytoryajyztoroxgox (2b)

From the efficiency connection (2a), the deformation work will be

dVv. : F :D dt
and

4)

(oxdex + a dev + (Adti2+ rxvdy -f r zdy + rzxdyzx)

respectively.

The energy introduced into the material system (let us consider e.g. the
pressure experiment of a test body) will be partly transformed into elastic
potential energy, partly spent to overcome the internal friction, i.e.:

= o 4-£ (5)
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where ® is the potential energy (the work of elastic deformations), which can
be regained at the cease (release) of loading, £ the dissipation energy that will
be scattered during the work.

In another form we can divide the deformation work into two parts,
too; namely into the distortion work OrI:

IR i)

M )T, i

where
4 - Of + OO. (8)

According to our suppositions, isotropic volume change (deformation made in
hydrostatic state) does not produce permanent deformations, therefore the
following connections exist:

or = ¢ + £,

at,, — @O0, ©)

where @ = @' -)- ®0, i.e. one part of the energy spent for distortion will be
stored as potential energy, another will be transformed into heat; the energy
spent for volume change will he entirely stored as potential energy.

Uniaxial stress state

When determining the plasticity threshold, we shall compare our theo-
retical results with those of uniaxial experiments in laboratory, and therefore
it is suitable to investigate some energy storing and transporting properties
of the standard model in uniaxial stress state.

The material equation of the Poynting Thomson body will be, in
case of uniaxial stress state:

a = Ee -f Xe — Da,
Em (10

a= + 2e,),
m 2(e )

where e is the extension in stress direction, evin transversal direction, E the
elasticity module, X the linear viscosity coefficient (creeping coefficient), D
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the relaxation coefficient, m the Poisson number and
E = “ x|
+

A= oy MH 1

0=2rm 1-f— ——-2

3m G 3m
The deformation work is:

il | Fl \ode. )

0 6

Fig. 1 Relaxation of stresses in case of different deformation velocities

Acta Geodaetica, Geophysica el Montanistica Acad. Sei Hung. 10, 1975



3v6 G AN RRGER

Let us study two experiments and determine hereby the different kinds
°f energies.

Relaxation experiment. Let us subject a test body to a pressure experiment
according to the following program:

Phase I:The test body should be loaded with constant deformation
velocity é = é0 as long as it does not reach the extension
value

Phase 2: The deformations should be freezened at the value e = f*
and the relaxation of the stress recorded.

Phase 3:The test body should be unloadened gradually.

The connections of the relaxation experiment were discussed and deduced
in detail in the papers |9 11]. Here we show only the results on Fig. 1 for
three different deformation velocities.

In the course of the experiment, the stresses will gradually decrease
after the loading phase (1) to the stress values determined by Hooke’s lawe
and the test body will regain its original form, if the plasticity boundar,(
has not been exceeded. y

The shaded area on the figure denotes the energy introduced into th
system, the deformation work, the extent of which is in the three cases as
follows:

e*
. . 14 2
T| * <» = J Ode = J 1 ede: >
iy 2 0
0 0
U 1E e+ - - # 1l—e o
J E
0 (12)
= 1 Eel+ E
2 E
*% €*
= jode= jEede= "Eel,
0 0

and
(13

That is, the work spent for the deformation of the body is the function of
deformation velocity; it is the greater, the quicker the prescribed deformation
ought to be reached.

The energy released at unloading, which is equivalent with the potential
energy stored in the system, — will be in each case

— o= loge= —1L (14)
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Fig. 2. Potential energy preserved in the material and the distribution of disperse energy in
case of different deformation velocities

Following from the comparison of the connections (12) and (14), we will
obtain for the energy spent to overcome the internal friction of the material
which can be considered as a loss in the present case and will be transformed
into heat during deformation:

£=dl - . (15)

The distribution of the potential energy and the energy dissipation is
shown in Fig. 2. On its basis, the following conclusions can be drawn:

1. The work needed to the deformation of a body describable by the
standard model is the greater, the quicker the deformation ought to be per-
formed.

2. A minimum energy level exists at which the deformation work will be
entirely transformed into potential energy. This minimum energy level occurs
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Fig. 3. Energy distribution in creeping experiments of different deformation velocities

at standard models in case of very slow deformations. In this case the inter-

nal parts in the material have time to be arranged, and in this case the mech-

anical change of state can be regarded as perfectly reversible or free of loss,
in a way that satisfies the requirements of practice.

3. The potential energy @ belonging to a given deformation level has
to be calculated according to Hooke’s law.

4. The dissipation energy £ belonging to a given deformation level is
always a function of deformation velocity.

Creeping experiment. The above statements have also been proved by
creeping experiments. Fig. 3 shows the curves &€ e corresponding to the
following program of experiment:

Pl,ase 1:The test body will be loaded with constant deformation velocity

£ = eO0till the loading value a,..
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Phase 2: The loading will be kept constant at the value a = c*, i.e.
it will not be increased, and the extension, that is the creeping
of the test body, recorded.

Phase 3: The test body will be gradually unloaded.

Fig. 3 shows the phases loading, creeping and unloading at different
deformation velocities. On the figure one can see the energy conditions, too,
and draw the conclusions corresponding to the relaxation experiment.

For the determination of the boundary condition of plasticity, we also
want to use the data of the uniaxial pressure experiment, since the plasticity
condition corresponding to the spatial stress state must be, in extreme case,
in agreement with the flowing condition deduced from the measurement
results of the uniaxial experiment. It is therefore useful to quote the energetic
connections of the uniaxial stress state.

The stress and deformation tensors and deviators, respectively, are in
case of the one-axial pressure experiment the following:

2
a 0 O a a, 0 0 c 0 0
b= ! x 1
= 000, .,y g = 0°"«0 = _a 0
1
0 0 0 0 0 4o 0 0 ;@
f 0 0
) 0 o 0
0 0 e,
2
0 3( O 0 0
1
0 ff e O 0 3 (e, e O
1
0 « 8, «0 0 0 3 c, f)

and the energies referred to a volume unit can be calculated as follows:
The deformation work:

e

Uf I|DFdD = \ ade.
0 (
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The distortion work:
E
nr = | T:dE j [ex o0 d(e - e0) - 2cr0d(ev e0)]

0 0,0

e.ev

The work of (elastic) volume change:

EO €0 e ev

= ®= jTO:dEO= 3J addsO= " Jode+- ] adev.

0 0 0 0

The elastic deformation work:

e

®= [Eede= *Ee2
0

The elastic distortion work:

Plasticity condition at uniaxial stress state

(16)

(17)

(18)

(19)

For the determination of the boundary condition of plasticity nee make
use of the results of an experiment series carried out for other purposes; thus
it can be assumed that it does not contain such distortions as the results of

laboratory measurements carried out definitely for proving a hypothesis.

KbECZEK discusses in his paper [6] a rheological deterioration experi-
ment carried out on a test body from Silesian coal. It had the aim to determine
the extreme stress of deterioration and to define; the correlation connection
expressing the extreme stress in dependence on deformation velocity. The

measuring results are compiled in Table I.
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Let us take from the table three data series corresponding to three
different deformation velocities: to the greatest, to the smallest and to a
medium one, and study them closely. Fig. 4 shows the values received at these
three experiments as well as the approximation curves drawn to them. The
figure suggests the following considerations:

1. Different stress-deformation connections are obtained in case of each
different deformation velocity, thus the material investigated has rheological
properties.

2. In case of the deformation velocity ¢ 0.5 min-1, a linear connection
with good approximation (with 24.60 kp/cm2and 3.8% relative error) is receiv-
ed, thus the extreme case

£ —mo0

is approached in an acceptable manner by this case, thus corresponding so to
the material equation of the standard medium, too:

[in case of £ —* oo0],

3. In case of the deformation velocity s = 3 ¢ 10-6 min-1, the connec-
tion a e can also be regarded as linear until a certain limit (in the range
under the plasticity threshold; standard error; 5.4 kp/cm2 relative error:
1,68%), hence the experiment approaches in this case £ —< oo, in correspond-
ence to the connection

a = Ee [in case of £ — o00]

and the material reveals properties corresponding to the standard model.

4, In case of the deformation velocity s — 1.93 «10-4 min-1 > 0, the
form of the stress-deformation curve corresponds to the standard model.

Summing up: The experimental results can he well approached by the
standard model.

In the followings the three measurements mentioned will be closely
studied again.

Deformation velocity ¢ =% 0. The measured results of the slowest experi-
ment are represented in Fig. 5. The last measured points show a flattening
of the function, i.e. passing the plasticity threshold; so we left them unregarded
in the correlation analysis.

The result received from the calculation is:

a = Ee = 47 474 e.
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Table |

Measured data of Kleczek’s

E—kopa/gfnf‘g] Deformation velocity [ 10 *min 1J
0.0:n 0.062 0.146 0.316 0.728 1.93 3.16
0.0 0 0 0 0 0 0 0
71.4 13 13 13 li " 10 5
142.8 30 26 24 23 22 19 11
214.2 45 43 36 36 32 28 17
285.7 6i 54 52 46 41 40 26
357.1 75 66 61 57 51 48 33
428.5 89 81 70 67 63 59 40
500.0 105 97 83 81 5 68 51
571.4 122 114 96 92 86 80 62
642.8 137 129 113 103 96 89 72
714.2 161 147 130 121 108 100 84
785.7 184 170 148 135 122 111 95
857.1 197 181 159 138 128 108
868.0 240 — - — -
900.0 231 — — — -
918.7 207 — — -
928.5 — 160 143 120
930.0 181 — — -
973.8 183 — —
1000.0 — 136
1016.2 167 -
1039.5 152

The interpretable interval of the straight line extends to the value

sk0o= 13.7...15.0 m10-3

then sets in the plastic state, thus one of the values lying in this interval can
be accepted as the plasticity threshold of the case g—=0. At a very small de-
formation velocity (as we have seen in the foregoing paragraph) the total
energy introduced into the system will be stored as potential energy.
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laboratory experiment [6]

Deformation [10 ‘]

iza/g;]g Deformation velocity [10 4min ']
5.38 8.87 27.2 54.1 109 1670 5000
0.0 0 0 0 0 0 0 0
71.4 5 5 6 6 6 6 6
142.8 11 10 " 10 " " 13
214.2 20 18 16 15 18 17 19
285.7 27 26 25 22 26 24 26
357.1 35 34 32 29 34 31 33
428.5 41 41 39 35 43 35 40
500.0 48 46 48 42 46 42 47
571.4 51 55 55 49 53 47 52
642.8 67 63 61 54 60 56 57
714.2 75 69 67 61 65 60 62
785.7 85 76 75 67 73 67 68
857.1 99 84 82 73 76 73 74
928.5 113 92 89 80 83 79 82
1000.0 129 100 99 87 87 84 86
1071.4 113 105 93 92 91 92
1079.9 143 —
1112.3 122 - —
1142.3 — 101 99 97 97
1153.3 118 -
1193.3 108 - —
1214.2 106 - 103
1239.0 114 —
1273.3 104 —
1285.7 106
1330.4 112

Deformation velocity & -> o0o. The results of the most rapid experiment
and the corresponding correlation straight line are shown in Fig. 6. The last
result was left unregarded in the analysis, since the value measured at last
will anyway be uncertain due to the sudden deterioration of the test body at
this great deformation velocity. The connection received is:

a Ae= 114991¢,
8
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Fig. 4. Measuring results of uniaxial pressure experiment and the approximating curves

Fig. 5. Measuring results and correlation function in case of an experiment with very slow
deformation velocity
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Fig. 6. Measuring results, correlation function and energy distribution in case of measure-
ments at very high deformation velocity

and the specific extension corresponding to the deterioration value:
£* 10.6 «10-3

It can he seen from the straight line in Fig. 6 that in case of a very high
deformation velocity the material cannot pass into plastic state. Namely, would
the test body have been unloaded before deterioration, the return to the origin
would have taken place along the same equation. Thus we can suppose that
in case o/ & — oo the plasticity condition is equal to the failure condition.

Deformation velocity € > 0. The results of the experiment carried out
with the deformation velocity 6 = 1.93 « 10~1min-"1 and the approximating
curve are shown in Fig. 7. At the standard model the stress-deformation curve
tends towards the asymptote with the pitch angle arctan E. Therefore the
limit of the elasticity range was taken, in case of this measurement, at the
point where the curve bends back from the asymptote, i.e. at the value

ek = 120 ...129 «10-".

Possible plasticity conditions. Comparing the results received in the three
experiments we can see that e.g. the differences between the areas below the
curves (the values of deformation work) are not too great. On this basis, the
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condition of plasticity in case of one-axial stress state could eventually be as
follows:

The material is able only to a defined deformation

work without permanent change in its structural

elements, resp. arrangement of its elements.

Accordingly, the boundary condition of the transition into the plastic state is

| ade = s\lk.
o}

If, however, the distorting deformation AT was determined in the above
three experiments, a similar accordance can be observed, thus the condition

Of = \T:dE = vk

could also be accepted as plasticity condition on the basis of the measurements.

The measured results give the threshold value of plasticity but with a
certain divergence, i.e. error; the boundary condition can be determined only
with an approximative character from the system of discrete a - € values
received from the experiments with different deformation velocities. In Fig. 8
the enveloping curve of the possible plasticity boundary curves is-shewn.
In the following we shall investigate, which of all the possible energetic condi-
tions can be accepted from theoretical point of view and which show satis-
factory accordance with the boundary curves obtained from experimental
data.

*
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Fig. 8. Plasticity boundary curves probable on the basis of Kleczek’s experiments [6]

As we have seen, the connection between the energy introduced into the
system the work of internal forces and the different kinds of energies
divided into the parts causing purely distortion, resp. purely volume change,
is as follows:

Of - “IM+ -tl0= ® + £,

W= o+ £, = 90.

In correspondence to this, the possible boundary conditions are the fol-
lowing:
1. The setting-in of the plastic state is the function of the elastic energy:
1.1 The function of the elastic distortion work [®']
1.2 The function of the elastic volume change work [®0]
1.3 The function of the elastic potential energy the total elastic de-
formation work [ = ' -j- d(]
2. It is the function of the dispersion energy £.
3. It is the function of deformation work:
3.1 The function of the distortion work [“1l' = &' -j- £]
3.2 The function of the volume change work [11(; ®0]
3.3 The function of the deformation work [l = “11'-)- “I1f0]

1. Investigation of the plasticity condition as
function of elastic deformation work

In the course of our investigation we shall discuss the cases of the uni-
axial experiment in more detail: very slow and very quick deformations, be-

Ada Geodaetica, Geophysica d Montanistica Acad. Sei. Hung. 10, 1975



408 G AN RRHER

cause the connections are here much simpler and the deductions for the case
0 < e< oo can be done analogously.

Deformation velocity & —0. In case of very small deformational changes
the material equation will be, in a uniaxial stress state, simplfied into

a = Ee (20)

Hooke's law, and from the volume change equation

cr- Emw (e + 2e,), (21)
m 2

by substituting Eq. (20) into Eq. (21), the connection

VR (22)

well-known from elasticity theory, can he derived for the transversal extension.
In case of elastic state, the total energy consumed will be stored as po-
tential energy, hence
<
M= j ode=-1Eel0= @[O0 (23)
0
where ekl denotes the extension belonging to the plasticity boundary in case
of £ —0.
On the basis of Eqs (16) and (17)

W = | Eeflo+ X—40= | E m+ (24)
3 3 m 3 m
and
e ev
No= 1 lode+ 2 lodev= 1 —~ 40 = (ol«o- (25)
3 J 3] 3 2m
0 0

Fig. 9 shows, at different Poisson numbers, the division of the elastic deforma-
tion work into distortion and volume change parts.

Deformation velocity & — oo. In this case the material equation correspond-
ing to the one-axial stress state will he:
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Fig. 9. Distribution of potential energy as a function of the Poisson number

and the transverse extension can be written from Eq. (21) by using Eq. (26)
in the form:

1 1A m 2
2 i Em

1 (27)

Let us denote the specific extension corresponding to the boundary of
plasticity by ekwo in case of & —»<». Then

0\s,, = 2 E4, (28)
and, according of Eq. (17):
ek 6®
1 TA 2 2
= — B rA e ! T 1 df =
3J 0 3~ 2 O ET
0 0 (29)
1 /A12 T 2
4«
76 (&) ET
1 1/ (30)
=[® &0 A4. eR>e
[ 2 6 £ ET

Let us investigate on the basis of Eqgs (23) (25) and (28) (30) the
oundary conditions expri m able by the elastic deformation work.
Plasticity condition expressed by the potential energy

The boundary condition of plasticity determined by the elastic defor-
mation says:

The boundary of the plasticity of rocks is determined
by the threshold energy level ®k that can still be
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absorbed by the material through elastic deformation.
In other words: the rock remains in elastic state as
long as

®=2G f E:dE + 3K f'E,:dE, < o«. (31)
(0] 0

In accordance with this, the condition
‘\

must be fulfilled on the boundary of j)lasticity. This gives, by using Eqs (23)
and (28), the connection

2 Eel, = JEeIO

and the condition
oo = (32)

respectively; i.e. in this case the setting-in of the plastic state is independent
from the deformation velocity or time factor.

In Fig. 10 the deformations sfo taken on the basis of the data of
the one-axial experiment, further the boundary condition (boundary curve)
corresponding to (32) are drawn with a thick line, and the boundary condition

Fig. 10. Plasticity boundary (continuous line) belonging to the condition ® = &/ compared
with results of the experiments
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interval taken as probable from the experimental «lata, with a thin line. On
the basis of the curves (considerably differring from each other) visible in the
figure, it seems probable that the plasticity bountlary is not a function of the
elastic potential energy stored in the material anti hence (31 32) cannot be
accepted as a boundary condition.

This statement is sensibly not convincing enough. Keeczek’s experiments
do not support this hypothesis indeed, but it may happen that it can be
accepted as a correct and probable condition when investigating other mate-
rials. This also means that accepting or rejecting the plasticity condition can-
not be based on laboratory experiments alone. If the hypothesis discussed is
theoretically permissible (namely, if it does not hurt any physical law), then
it may be possible that it cannot be applied to the material investigated, but
means a real plasticity condition for other materials. On the other side, if its
application cannot he permitted on the basis of theoretical considerations,
it cannot be accepted without reserve even in cases when it has been proved
or seemed to be strongly probable, and can be used at most only temporarily,
for lack of a better plasticity condition, but can by no means regarded as a
real boundary condition.

On the basis of this sequence of ideas we can reject the supposition
that the setting-in of plasticity state is the law of elastic deformation work
alone. Fig. 10 shows clearly, namely, that this boundary conditmn is, in case
of the standard model, not an energy condition in fact, but a deformation
condition, the principle of maximum deformation, so it does not belong
to the theories of energetics. Thus its rejection as plasticity boundary condi-
tion is reasonable from theoretical point of view, too.

Plasticity condition expressed by the work of elastic volume change

It is generally accepted that the hydrostatic stress state producing volume
change alone, never proiluces either plastic deformation or deterioration in
the material. This follows from the experimental results, too. Namely, from
the condition

®. [0 = dx |i—

by means of formulae (25) and (29) the connection

«lE

is obtained, the boundary curve of which is presented in Fig. 11. This shows
the irreality of the boundary curve obtained on the basis of the supposition.
In other words: the principle of elastic volume change work cannot be accept-
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Fig. 11 Plasticity boundary curve corresponding to the condition ®0= &0

ed as the boundary condition of plasticity, because it is disproved by both
practical experiments and
experimental results shown.
Such a boundary condition does not correspond to
— theoretical premissae,

since this is not an energetical, hut a stress boundary condition, as proved
by Fig. 11.

Plasticity condition expressed by the elastic distortion work
From the condition

®' = constant = @K
by making Eqs (29) and (30) equal to each other, we can deduce the connection

1 2|
3am (m 2 (33)
2 m »E

The boundary curves corresponding to (33) are shown in Fig. 12. It can he
seen from here that the experimental data contradict to the condition. In
case of Poisson numbers satisfying the condition

3m > (m 2)
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Fig. 12. Plasticity boundary curve belonging to the condition &' ®f as a function of the
Poisson number

(cca abovem = 5), (33) has no real solution and cannot be accepted theoret-
ically either. Thus, this condition has to be rejected, too, and consequently
the statement can be made that the development of plastic state is not deter-
mined by the elastic distortion work.

2. Plasticity condition as function of energy spent to
overcome internal friction

The dissipation energy, the heat released in the material in course of
doing work, cannot be characteristic for the plasticity threshold of the mate-
rial. 1t can be seen in Fig. 2, namely, that in case of slow deformation velocity
(e »0) £ 0, i.e. it would follow from condition

£(8) = £f

that in case of & %0 the material could not pass into plastic state due to the
effect of any loading and deformation, what, on the one hand, would contra-
dict to well-known facts and, on the other, its generalization would lead to
the absurd condition £ 0.

3. Plasticity condition as function of internal forces

As a result of the analyses in points 1 and 2, it can be stated that the
plastic state can he a function of deformation work (elastic and dissipation
energy together) alone.
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For sake of analysis let us recall the connections of deformation work:
In case of deformation velocity g—0:

-- Eelo, (23)
HRoU->0 — A3 ¥ m2 " Bko1 (24)
m
Wlho=14 ™" B (25)
In case of deformation velocity g
1 A
Oil 2 0 5 (34)
/ =
A li— 2 Em (29)
1 A 1 Am 2
Of'lv- (35)
2 0 3~ Em

Plasticity condition expressed by deformation work

We have already seen in the foregoing part that, on the basis of the ex-
perimental data,
V, = constant = eitk (36)

can be taken with probability as boundary condition.
By using Eqs (23) and (34), the connection

0 (37)
OE £"”

can be deduced. The corresponding boundary curve can be seen in Fig. 13.
This curve comes near to the upper limit of the possible interval, and the differ-
ence could have been eventually attributed to measuring errors; nevertheless,
it cannot be accepted as boundary condition. Making an experiment in mind,
namely, we shall find a contradiction which is not in accordance with our
practical knowledge.
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Fig. 13. Plasticity boundary curve belonging to the condition

Is the body hydrostatically loaded, the deformation work

et. tit, 9
A 3 1ame0 9K ) elde0 Ker = TEn @0
0 6 4

will be entirely transformed into elastic (volume changing) potential energy
that cannot bring about a plastic state, as commonly known. Thus also hypoth-
esis (36) must be rejected, too. It is worth, however, of studying the hydro-
static stress state from energetic aspect more closely.

According to equation

(M =3Ks0 KB

the specific volume change B is proportional to the stress causing it. The
hydrostatic pressure experiments showed, however, the existence of a boundary
deformation, depending on the material beyond which the volume of the
material cannot be decreased, i.e. beyond that boundary the material can he
regarded as “incompressible”. This boundary is shown for different Poisson
numbers in l'ig. 14.

The literature dealing with plasticity generally assumes the incompres-
sibility of the medium in case of a well-developed plastic state.This, however,
does not mean the plasticity boundary at all, because, e.g. according to Fig.
14, in case of a Poisson number m = 2, a plastic state could never develop,
this, however, contradicts our experiences. Whereas the existence of aboundary
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Fig. J4. The material equation of volume change in case of different Poisson numbers and
the limit of compressibility

state can be supposed which can be described with the condition
®0= d™ax (38)

and this divides the plastic state into two parts, namely
the plastic range in case of

$do< C N -
and the range of totally developed plastic state in case of
P0= ¢p™ax,

Plasticity condition expressed by deformation work

After the analyses carried out so far only this energetic condition remain-
ed, suitable to determine the plasticity threshold:

= constant = . (39)

All other working hypotheses have contained theoretical contradictions,
and most of them contradicted practical facts, too. Even for this only reason
we should have already found that we have to accept the theory of distorting
deformation work as threshold value, even if the experimental results of [6]
would not prove this. In this case the reasons of deviation ought be looked
for in the experiment.
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Let us study Eq. (39) in the light of Keeczek’s laboratory results.

Between the deformation values belonging to the plastic state, the
following connection can be deduced from Eqs (24) and (35):
'rr oA r
- (m 2 (40)

gre 2 ED m+ 1 DE
By taking both extreme values of m into consideration, this equation will
take the forms
A0 Im=2

A 1 A

ek m—
DE 2 DE

N W

In course of Keeczek’s experiments the Poisson number of the rock samples
has not been determined, hence an exact comparison is not possible. Sub-
stituting the values

114 991 kp/cm2, E = 47 474 kp/cm2

ek,, 10.6 «10-3 ek0 = 13.7 ... 15.0 - 10-3

received from the experiments into connection (40) one obtains for m:

m= 296 ...4.32;

Fig. 15. Plasticity boundary curves belonging to the condition “1t' = in case of different
Poisson numbers
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This means that (39) can be taken as real plasticity condition on the basis of
measured data. On the other side, following from theoretical considerations,
(39) is the only real energetic condition.

The possible boundary curves for the different Poisson numbers are
shown in Fig. 15.

Summary

In course of the investigation of the developing conditions of plastic
state we started from the basic physical assumption that the setting-in of
plastic state is not in direct connection with the stress state and the deforma-
tions, but with the working (energy absorbing) capacity of the material.

Having analyzed all energetic possibilities, a single condition could have
been found which fulfilled the theoretical considerations as well as proved
to be probable on the basis of experimental data. This plasticity condition is
as follows:

The material remains in an elastic as long as the
distortion work oj the energy introduced into the
material system (in dependence of the material-
characteristics) does not reach a boundary
value, since the strctural elements of the material
cannot bear greater energies without permanent
deformation. Thus, the conditions of the develop-
ment plastic state is:

Mes TR D ik 1]

Accordingly, the following ranges can be distinguished within the inter-
val of continuous deformations:

Range of elasticity. Within this range mechanical changes of state are
reversible in the sense that the body will regain its original form after unload-
ing. (Theoretically, however, the work spent to deformation can only be

regained without loss in the loading case of & — 0.) The condition of elastic
deformation is:

I IR 1]
Range of plastic state. The body comes into a plastic state, if

REEER S I AR 'S 1]

0
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Range of totally developed plastic state. If the body is unable for further
volume change (is incompressible), the work of elastic volume change has
reached the maximum energy level preservable by the material:

D» 'T,, :dE,, ®rax
o

then we can speak about the totally developed plastic state.

At the beginning of the paper, in the part “preliminary remarks”, all
possibilities of the separation of elastic and plastic states were enumerated
and we referred our investigations to the most general case, i.e. we supposed
that over a certain energy level the material comes into a plastic state. This
includes the special case, too, where elastic and plastic deformations occur
already beginning from very small deformations, since then

of.- 0.

In Fig. 16 the boundary energies and the corresponding elasticity and
plasticity intervals are illustrated for the case of steady energy input.

Fig. 16. Elasticity and plasticity intervals in case of steady energy input
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COCTOAHME TMNACTUYHOCTN W PA3PYLUEHWE TMOPO[

I. MPEAENBHBLIE YCNOBUA NAACTUYHOCTW MNOPOA
Y. ACCOHMWN-P. PUXTEP

PE3FOME

ABTOpbI B CBOE/ TPEXUACTHOCTHOM CTaTbe MPOBOXAKT W3MEHEHWS] MeXaHU4ecKoro co-
CTOSIHASI MaHTUWM MOPOJ OKOJ/I0 TFOPHbIX BbIPaGOTOK OT YMNPYroro COCTOSIHWSA Yepe3 COCTOSIHUE
NAacTUYHOCTW BM/IOTb A0 paspyLUeHus.

Xog mblicnen ctatbn [1—2], parouweii obuiee onncaHme BeLLLECTBEHHOMO NMOBEAEHUS NOPOAbl
BC/MIEACTBME Pa3IMUHbLIX MeXaHWUYeCcKMUX BO3AENCTBUIA, 06006LLEHNE YUYACTBYIOLLEr0 B ABUKEHUN
BELLLECTBA OUeHb NPUrogHa 4151 annanKalMm MexaH1K1 nopoj. B cTaTbe yXKe HaxoAuTCs CCblIKa,
4YTO aHanu3 TpaHcropTa U 6anaHca 3HepruM AaeT BO3MOXHOCTb [/11 BK/IHOUYEHUSI OTAE/bHbIX
COCTOSAHUI [ABWXeHUS (gedopMaunin) B eanHYH0 CUCTEMY, AN PAcKPbITUS NPUYMH U YCNOBWiA
nx o6pasoBaHuns. YCnoBusi NpeaebHbIX COCTOSIHUI — MIacTUYHOE TeYeHWe, paspyLLEeHUst, paso-
Mbl — 3afjaBa/IUCb KOHBEHLIMOHA/IbHLIMU TEOPUSIMM B pa3fenibHOCTW, KakK Teopuu pasfoma u
NAacTUYHOCTU, MOAAEPXKaBLUMCb B OCHOBHOM Ha pabouue runoTesbl U 3MMUPUYECKME 3aBUCK-
MocTW. Hawla cepusi cTaTbeid BMecTe €O cTaTbeil [1—2] vMeeT Lenb foKasaTb, YTO AaHHast MaTe-
puanbHas cucTeMa — B Hallem criydae 061acTb, BO3MYLLEHHAs FOPHbIMY BbipaboTKamMy —T. €. ee
MeXaHMYecKoe NoBeAeHVe MOXET ObITb OMMCAHO U O0BSCHEHO efVMHOW Teopuel, He3aBMUCUMMO OT
TOro, YTO peyb MAET MB0 0 MasbIX UK 6OMbLUMX AedhopMaLusiX, G0 0 MeIeHHbIX U BbICO-
KOCKOPOCTHbIX M3MEHeHUsIX (uUrypbl, M6o 06 ynpyrom uam naacTUHHOM COCTOSIHUM.
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AZIMUTBESTIMMUNG HOHER GENAUIGKEIT
MIT SONNEN-BEOBACHTUNG

GY. ALPAR-GY. SZADECZKY-KARDOSS
GEODATISCHES UND GEOPHYSIKALISCHES FORSCHUNGSINSTITUT DER UNGARISCHEN
AKADEMIE DER WISSENSCHAFTEN, SOPRON

E. BOI)
INSTITUT FUR VERMESSUNGSWESEN, BUDAPEST

[Eingegangen am 22. August 1975]

Mit der Anwendung von neuen instrument- und meBtechnischen Mdéglichkeiten kann bej
der Azimutbestimmung mittels Sonne eine hohe Genauigkeit erzielt werden.

Der Mittelwert der 40 MeRsatze dieser Methode weicht von dem in 12 S&tzen mit Polar-
stern-Beobachtungen erzielten MeRergebnis nur um 0,28" ab.

Die Azimutbestimmung mit Hilfe der Sonne wird allgemein nicht fir
eine genaue Methode gehalten. Schadlich berichtete bereits in seiner Arbeit
[13] von der Azimutbestimmung der Dreiecksseiten I1. Ordnung mit Sonnen-
Beobachtung, hei welcher Versuchsmessungen mit einem Wild Theodolit T4
und einer Quarzuhr durchgefuhrt wurden. Man kann Uber dhnliche Unter-
suchungen auch in der Arbeit von Husti [9] lesen, bei welchen aber die Ver-
suchsmessungen mit einem, mit Roelofs Prisma versehenen Theodolit Wild T2
und dementsprechend mit geringeren Genauigkeits-Anforderungen durchge-
fihrt wurden. In beiden Féllen wurde die sog. Zeitazimut-Methode (siehe
Abschnitt 1.1) angewendet und die Ergebnisse der Versuchs-Messungen wur-
den mit dem, mit Hilfe des Polarsterns (bzw. mit verschiedenen Methoden)
bestimmten Azimut verglichen. Dieser Vergleich weist auf das Vorhandensein
von ungekldrten Fehlerquellen bei beiden Messungen hin und so schien die
Durchfihrung von weiteren Versuchsmessungen fir berechtigt.

Bei unseren Untersuchungen zur Bestimmung des Sonnen-Azimuts
dachten wir auch die Einfuhrung von solchen neuen mefR- und rechentech-
nischen Mdglichkeiten (siehe in diesem Zusammenhang z.B. [4]), die die bis-
herigen, zweifellos umstdndlichen MeR- und Berechnungsarbeiten wesentlich
vereinfachen. So treten die arbeitsorganisatorischen Vorteile der bei Tages-
licht durchfiihrbaren genauen Azimutbestimmung wieder in den Vordergrund.
In diesem Zusammenhang soll noch eigens erwdhnt werden, dal unléngst
(1973) die Studiengruppe 6E der FIG schon die Konstruierung von Kreisel-
theodoliten mit einer Azimutbestimmungs-Genauigkeit von ~ 1" — A2"
vorschlug. Bei der Bestimmung der Instrumentenkonstante von Kreisel-
theodoliten so grofRer Genauigkeit, bzw. hei deren zeitweiliger Kontrolle, be-
steht eine vorteilhafte Mdglichkeit zur Azimutbestimmung mit Sonnen-Be-
obachtung.
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Die Methoden und Instrumente der mit Hilfe der Sonne durchgefiihrten
Azimutbestimmung sind in der Fachliteratur eingehend erdrtert (siehe z.B.
[12]). Die im Laufe der hier zu erdrternden Prifungen aufgetauchten prak-
tischen Probleme geringerer bzw. groRerer Bedeutung rechtfertigen die aus-
fihrlichere Beschreibung unserer Methode, des Instrumentes und des MeR-
verfahrens. Damit soll auch die Einfuhrung der Sonnen-Azimut Bestimmung
in der Praxis gefdrdert werden.

1.1. Die Theorie der Zeitazimut-Messung mit Hilfe der Sonne

Die Zeitazimut-Bestimmung mit Hilfe der Sonne ist in die Gruppe der in-
direkten Methoden einzureihen [5]. Bei dieser Methode wird bei der Anzielung
der Mitte der Sonnen-Scheibe mittels Theodolit gleichzeitig die Uhrzeit (U)
abgelesen, und es wird sowohl bei der Sonnen-Anzielung (Vp) als auch bei
der Anzielung des terrestrischen Punktes (VT) am Theodolit eine horizontale
Kreisablesung durchgefihrt.

Vor und nach der Messung wird durch Zeitsignal-Empfang der Uhrstand
festgestellt, der bei der Anwendung einer in Sternzeit gehender Arbeitsuhr
mit folgender Formel berechnet werden kann:

AU = UTO + 00Gr+ rinUTOh Xe- U0+ (UT2 UTC) +
+ (UTC Sign) AX ATS+ UM-A(N'"+ N") + v
worin:

UuTo das registrierte Zeitsignal (oder der Mittelwert der registrierten

Signale),

die im Zeitpunkt des Zeitsignals an den Arbeitsuhren abgelesene

Zeit (oder der Mittelwert mehrerer Zeitsignal-Ablesungen),

scheinbare Sternzeit um Oh Weltzeit (Apparent Sidéral Time),

der Multiplikationsfaktor bei der LTmrechnung von mittlerer Zeit

auf Sternzeit (Wert: 9,856 47s/h),

genauer Wert der geographischen Lé&nge des Standpunktes,

(UT2 UTC), (UTC Sign) = die auf UTC bezogenen Zeitsignal-Korrek-
tionen,

t"W .
AX AT xsin/.  y cos X) (2)
15

die Korrektion wegen der Polschwankung
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J(iV' -(- N") = tdgliche Anderung der Gleichung des Aquinoktien (Equation
of Equinoxes)

ATS - Verbesserung fiur Schwankungen der Rotationsgeschwindigkeit der
Erde
v — durch die Ausbreitungsgeschwindigkeit der Radiowellen verursachte

Laufzeitverbesserung

bezeichnen.
Der Wert des Uhrgangesj wird aus wenigstens zwei Zeitsignalempféngen

berechnet:

‘<th AU., /1U,
jsIn — (3)
UTo02 UuTo1

Somit kdénnen die Durchgangszeiten s&mtlicher Sonnen-Beobachtungen mit

der Formel:
A1= U+ AU.+AU 1/n) (4)

berechnet werden. Danach werden die Durchgangszeiten auf Ephemeridenzeit
umgerechnet:

E 771 + e 0QG ru(m + JI,- 000)h+ AT (5)
worin rn = 9,82956s (Umrechnung von Sternzeit auf mittlere Zeit),

AT Ephemeriden-Korrektion ist.
Der Stundenwinkel der Sonne wird mit der Formel:

berechnet, worin (R4) die Rektaszension der Sonne im Zeitpunkt der Messung
bezeichnet. Der Azimut der Mitte der Sonnenscheibe ist im Zeitpunkt der
Messung:

sin (T1)
tg(,13) ) (7
sin e cos (T1) — OOSChetg(D4)
worin < -- den genauen Wert der geographischen Breite des Standpunktes
und

(744) die Deklination der Sonne im Zeitpunkt der Messung bedeuten.
Es sei bemerkt, dal die auf die Ephemeridenzeit E bezogenen Werte von
(774) und (D4) aus dem Astronomischen Jahrbuch durch Interpolation abge-
leitet werden mussen.
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Der nach Siden orientierte Azimut-Wert des terrestrischen Punktes
kann mit der Gleichung:

A = A3 -)- VT — Vp i ectg z -)- abb (8)

berechnet werden, worin:
VT = die auf den terrestrischen Punkt bezogene horizontale Kreisablesung,

Vp = auf die Sonnen-Beobachtung bezogene horizontale Kreisablesung,
i Quer-Komponente der Stehachsenschiefe bei der Sonnen-Anzielung,

sinz= v 7 - (9)
sin (A3)

abb = Verbesserung wegen der taglichen Aberration

bezeichnen.

Zur Klarung des Vorzeichens des erwdhnten Quer-Komponenten der
Stehachsenschiefe soll Abb. 1 in Betracht gezogen werden. Hier bedeutet
Z20 die Richtung der Lotlinie, worauf die Horizontebene rechtwinkelig ist.
ZxO bedeutet die augenblickliche Position der Instrumenten-Stehachse, und
die in E, Z, Wx Vertikale fallenden Komponenten der Achsenschiefe soll mit
i bezeichnet werden. Zwecks einfacherer Ubersicht sei vorausgesetzt, daR sich
die Sonne wéahrend der Beobachtung in der SZXN Meridianebene befindet,
ferner, dal die rdumliche Lage des Instrumentes festgelegt ist, und dall die
(i =ctg 2) Korrektion zum Richtungsewrt Vp addiert wird, um den richtigen
Richtungswert zu erhalten. Dies bedeutet laut Abbildung soviel, daB anstatt
der Richtung 1, in der Tat die mit 2 bezeichnete, fehlerhafte Richtung einge-
stellt wird. Laut unserer Abbildung ist dies nur in jenem Falle mdéglich, wenn
der dstliche Ast E.,W2 Uber dem Horizont liegt.

Falls das 0 Ende der mit durchlaufender Einteilung versehenen Alhida-
denlibelle auf der Seite des Hohenkreises ist, so sind in ostlicher Hohenkreis-
Lage IE1, die Ablesungen der beiden Enden der Blase. In der néchsten
Fernrohrlage, d.h. wenn der Ho&henkreis (und das 0 Ende) in die westliche
Fernrohrlage gelangt, so sind lw xund Iw,,die abgelesenen Werte der Blasen-
enden, und so ist nach der im Seitenril dargestellten Skizze der Abb.:

sgi = -f-, falls (lwg f- IW2) > (0;,i + "£2) (HO)

und die auf die Sonnen-Riclitung bezogene Quer-Komponente der Stehachsen-
schiefe:

i 4‘)w‘1+ 2~ Uel+ ~E£2)] - (11)
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Falls aber das 0 Ende der Libelle auf der Seite des Hohenkreises liegt, die
Bezeichnung der Kreislage jedoch wé&hrend der Messung mit der Lage des,
an die entgegengesetzte Seite montierten Ableseokulars erfolgt, dann be-
deuten IExund Ip2 die Ablesungen der Libellenenden in dstlicher Okularlage
und Iw j und IwJ die Ablesungen der Libellenenden in westlicher Okularlage.
In diesem Falle, und dies ist die Lage im Falle des Theodolits Wild T3, ist laut
Abbildungs-Skizze 2b:

sgi = &, falls (IEi + Ip:-) 2> Ow,lI hv:i) (1)
die betreffende Quer-Komponente der Stehachsenschiefe, aber
Y MJed + b2~ vwi + W) ()

worin r den in Gl. (11) und (13) vorkommenden Libellen-Parswert bedeutet.

12

Mit Berlcksichtigung unserer Mdéglichkeiten und Gegebenheiten zur
Sonnen-Azimutbestimmung, wurde der Theodolit Wild T3 No. 26851 des
Geodatischen und Geophysikalischen Forschungsinstituts der Ungarischen
Akademie der Wissenschaften so umgeédndert, da die Sonnen-Anzielungen
bequem und mit groRer Genauigkeit durchfiihrbar seien. Zu diesem Zwecke
wurde das Fernrohrokular des Instrumentes abmontiert und an dessen Stelle
ein, bei friheren Instrumenten-Untersuchungen sich bereits gut bewé&hrtes
Prismen-System, zur Koinzidenz-Anzielung mit Halb-Bildern eingebaut [11].
Das Prismen-System und der optische Strahlengang wird auf Grund der
Arbeit [14] in Abb. 3 gezeigt. Hier sei bemerkt, daf auch beim Fernrohr des
Kreiseltheodolits MOM Gi-C2 vor dem Okular ein solches Prismen-System
angewendet wird. Das Prismen-System selbst ist in der Schwingungsbeoabch-
tungs-Einrichtung des Kreiseltheodolits MOM Gi-Bl, sowie in der Kreisablese-
Optik der Theodolite MOM Te-E6 und Te-E7 ebenfalls angewendet.

I)a aus technischen Grinden die Faderkreuz-Platte des Fernrohres des
Theodolits Wild T3 nicht ausmontiert werden konnte, und bei der Anwendung
des Prismen-Systems laut Abb. 3 die Bildebene auf die Seheidekante V an der
Okularseite fallen mufBte, haben wir das Fernrohr auf Grund der in Abb. 4
gezeigten Skizze »umfokussiert.« Glicklicherweise konnte dem genannten
Wild T3 Theodolit das, der Bildeinstellung dienende negative Glied (0,,) noch
Uber die, der unendlichen Zielcntfernung entsprechenden Lage zum fisén
Glied g" des Objektives angendhert werden. So konnte die Sonne in der Ebene
F abgebildet werden, ohne daR die R Fadenplatte die Abbildung bemerkens-
wert gestort héatte.
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Dieses Teilproblem wird deshalb erwdhnt, weil wegen der geschilderten
Notldsung nicht erwartet werden konnte, dal bei der Sonnen-Anzielung die
Vorteile des Koinzidenz-Prinzips in vollem MaRe ausgenutzt werden kdnnen.
Wiahrend der Messungen konnten wir tatsdchlich eine gewisse Anderung des
Kollimationsfehlers des Fernrohres wahrnehmen, die mit groRer Wahrschein-
lichkeit auf die provisorische Art der von Uns angewendeten optischen Ldsung
zurickzufuhren ist. Fir Kollegen mit Experimentier-Geist sind ev. diese
Erfahrungen trotzdem von Nutzen. Mit dhnlichem Zweck sei bemerkt, daR
zur bequemen Bedienung des Theodolits das neben dem Fernrohr befindliche
Kreisablese-Mikroskop mit einem gebrochenen Okular ausgeristet werden
mufite. Nach der Uméanderung war aber die Mdglichkeit gegeben, daR man
durch die Koinzidenz der im Okular sichtbaren zwei, in entgegengesetzter
Richtung sich bewegenden Halbbilder der Sonnen-Scheibe, unmittelbar die
Mitte der Sonne anzielen konnte (Abb. 3); dieselbe optische Ldsung konnte
auch bei der Anzielung der terrestirschen Punkte angewendet werden. (Bei
der Sonnen-Anzielung bedeutet der auf das Okular gesetzte Turmalin-Filter
den einzigen Unterschied; dies hatte aber gar keine Wirkung auf die Zielachse
des Fernrohres).
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Abb. 5

Bei der Anwendung der Zeitazirnut-Methode ist naturgem&R auch Zeit-
messung erforderlich; bei der Bestimmung des Sonnenazimuts ist sogar die
Genauigkeit der Zeitmessung von ausschlaggebender Bedeutung. Zu diesem
Zwecke stand uns leider nur ein, zu den Wild Theodoliten T4 fruher Ublicher
Nardin Chronometer und ein Favag Chronograf zur Verfigung. Es soll aber
erwédhnt werden, daB heutzutage bereits solche ZeitmeReinrichtungen zu haben
sind, wie das in Abb. 5 gezeigte Chronofax 103 der Firma Newtek, in welchem
eine Quarzuhr, ein Radiosignal-Empfénger, und ein Druck-Chronograf in
einem Gehduse untergebracht sind. Diesbezigliche Einzelheiten kénnen aus
der Arbeit [8] entnommen werden. Als eine interessante Mdglichkeit soll der
HP-55 Taschen-Computer der Firma Hewlett-Packard erw&hnt werden (Abb.
6), der auch als digitale Stoppuhr mit ~ 0,01% Genauigkeit, (Anzeige bis
0,01 Sekunden, Speicherung von 10 Teilzeiten) anwendbar ist. Da der Zeit-
signal-Empfang heutzutage keine eigene spezielle Einrichtung erfordert, wére
es winschenswert, die Genauigkeit der Zeitmessung im Felde auch mit einem
entsprechenden transistorisierten Radiosignal-Empfanger und mit Hilfe eines
HP-55 Taschen-Computers zu prifen.

1.3. Praktische Ausfuhrung der Messung

Der Vorteil der mit Hilfe der Sonne durchgefiihrten Azimut-Bestimmung
ist, dal man auch bei Tage beobachten kann. Ramsayer erwdhnt in seiner
Arbeit [12] (Seite 664) noch als Nachteil die wesentlich geringere Genauigkeit
dieser Methode im Vergleich zum Messen der Fixsterne. Unter den wichtigsten
Grinden der geringeren Genauigkeit werden jene regelmé&Rigen Fehlerquellen
erwéhnt, die in Folge der einseitigen Erw&rmung der Libellen, des Theodolits
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und ev. des Statives auftreten, ferner die stark eingeschridnkte Mdglichkeit
zur Auswahl der vorteilhaftesten theoretischen Lage der Sonnen-Beobachtun-
gen, sowie die im Vergleich zu den Sternkoordinaten geringere Genauigkeit
der Sonnen-Koordinaten. Er meinte 1970 noch, daf die, mit Hilfe der Sonne
durchgefiihrte Azimutbestimmungs-Methode nur in jenem Falle zu empfehlen
sei, wenn das Genauigkeitserfordernis nicht strenger als ist.

Die Kritik der von uns entwickelten und vorgeschlagenen Methode wird
in Punkt 3.1 erdrtert. Zur Durchfuhrung der praktischen Messung wird fol-
gendes Programm vorgeschlagen:

1. Nach der sorgféltigen Einstellung der Stehachse des Theodolits in die
Lotlinie, wird in erster Fernrohrlage der terrestrische Punkt angezielt und
der Horizontalkreis (Vr) abgelesen;

2. Die Anzielung der Sonne in erster Fernrohrlage; die Beobachtung der
Durchgangszeiten (17) im Moment der scheinbaren Koinzidenz der beiden
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wegen der Fernrohr-Optik sich in entgegengesetzter Richtung bewegenden
Halb-Bilder der Sonnenscheibe; Ablesung des Horizontalkreises (Vp); zur
Berechnung der auf die Richtung der Sonne bezogenen Quer-Komponenten der
Stehachsenschiefe Ablesung der beiden Blasen-Enden der Aufsatzlibelle oder
der Alhidadenlibelle (z.B. IFI und 1E2);

3. Nochmalige Anzielung der Sonne in der ersten Fernrohrlage wie im
Schritt 2 beschrieben;

4. Anzielung des terrestrischen Punktes in der ersten Fernrohrlage,
Ablesung des Horizontalkreises;

5. Anzielung des terrestrischen Punktes in der zweiten Fernrohrlage,
Ablesung des Horizontalkreises;

6. Anzielung der Sonne in der zweiten Fernrohrlage wie im Schritt 2
beschrieben, Ablesung der beiden Blasenenden der Libelle (z.B. lw x und

7. Wiederholung der Anzielung der Sonne in der zweiten Fernrobrlage
laut Schritt 6.

8. Anzielung des terrestrischen Punktes in der zweiten Fernrohriage,
Ablesung des Horizontalkreises.

Die in den Schritten 1 8 beschriebenen Operationen bilden eine Serie.
Es ist zweckdienlich die ndchste Serie in der dem Schritt 8 entsprechenden
Fernrohrlage fortzusetzen, aber im Falle der Messung von n Serien wird der
Horizontalkreis vor jeder Serie mit dem Wert (180°/n) weitergestellt, damit
die Wirkung der regelmdRigen Teilungsfehler vermindert werde.

Bei der Anzielung der Sonne muB unbedingt ein dunkler Farbfilter an-
gewendet werden, weil die unmittelbare Anzielung Augenbeschwerden her-
vorrufen kann. Die Fernrohreinstellung auf die Sonne (d.h. «Aufsuchen» und
.,Grobeinstellung”) darf auch nicht ohne Farbfilter geschehen, sondern man
soll z.B. hinter das Okular des Fernrohres ein weiles Blatt halten und das
Fernrohr so einstellen, daB das auf das Papier projizierte Sonnen-Bibl in die
M itte des mitprojizierten Bildes des Fernrohr-Gesichtsfeldes falle.

Die Methode wurde in der Praxis erprobt. Mit dem, in Abschnitt 1.2
beschriebenen umgeédnderten Theodolit Wild T3 wurden 40 Serien gemessen:
29. August, 1971 Nachmittag, Serien (1 8); 30. August Nachmittag, Serien
(9 28); 31. August Vormittag, Serien (29 36); Nachmittag, Serien (37 40).
Die Bezeichnung der Fernrohrlage erfolgt mit Angabe der Lage des Ablese-
okulars.

Es sei bemerkt, daB sich die umgeé&nderte Fernrohroptik~bei der Sonnen-
Anzielung sehr gut bewdhrte. Wir konnten sogar bei schleierartig bedecktem
Himmel sehr gute MeRergebnisse erzielen.

Als weiterer Vorteil sei bemerkt, daR man weder Hohenkreis-Ablesungen,
noch Temperatur- und Luftdruck-Ablesungen, die zur Berechnung der Héhen-
refraktion ndtig sind, durchfihren muf, wodurch die MelRzeit verkirzt wird.
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Da die genaue Zeitbestimmung ein Haupterfordernis der Methode ist,
missen wir uns damit ndher beschdftigen.

Bei der Anzielung der Sonne wére die Anwendung einer, die mittlere
Zeit angehenden Quarzuhr am zweckdienlichsten gewesen, da aber eine solche
nicht vorhanden war, bedienten wir uns eines in Sternzeit gehenden Nardin-
Chronometers. Nebst den rythmischen Zeitsignalen registrierten wir auch die
Zeitsignale der dauernd sendenden Stationen mit der Koinzidenz-Methode»
Im Falle einer in Sternzeit gehenden Uhr kann man mit Dauer-Signalen in
ungefédhr je 6 Minuten eine Koinzidenz herstellen; die zwei Zeit-Arten ver-
schieben sich ndmlich je Sekunden gegeneinander um 0,002738s. Der Unter-
schied zwischen den beiden Empfangs-Methoden ist aber jener, daB bei den
rhythmischen Signalen zwischen den Signalanfdngen weniger, bei den Dauer-
signalen aber mehr Zeit vergeht, als zwischen den Signalanfdngen der in Stern-
zeit gehenden Uhren, so daB man bei dem rhythmischen Empfang das Ende
der Koinzidenz, bei den Dauersignalen aber deren Anfang beobachten muRB.
Bei einem rhythmischen Zeitsignal verursacht die Unsicherheit in AU einen
Fehler von 0,014's, bei dem kontinuierlichen aber 0,0027s.

Zur Beobachtung der Durchgangs-Zeitpunkte diente uns ein Favag
Chronograph mit zwei Schreibstiften. Bei einer Bandgeschwindigkeit von 1
cm sec-1 konnten die Durchgédnge 0,018 genau ausgewertet werden. Zu einem
Schreibstift des Chronographs wurde ein Chronometer, zum anderen ein
Taster angeschlossen, mit welchem im Zeitpunkt des Sonnendurchganges der
Stromkreis des Schreibstiftes geschlossen wurde. Zur Ausschaltung der Schreib-
stift-Parallaxe wurden die Rollen der Schreibstifte je Fernrohrlage umge-
tauscht.

2.1 Datenverarbeitung

Um die Zweckmé&Rigkeit der Datenverarbeitung zu veranschaulichen,
soll ein vollstdndiges Zahlenbeispiel angefihrt werden. Zur Auswertung der
MeRergebnisse der Messungen n 1, r 1 sei vorerst die Berechnung des
Uhrstandes und des Uhrganges angefiihrt. Im weiteren werden die Nummern
der Berechnungsformel, und falls ein Wert von einer Tabelle zu entnehmen
ist, die bezogene Literatur und die entsprechende Seitennumer in der Spalte
der Bemerkungen angefihrt.

2.11 Die Bestimmung des Standes und des Ganges der Arbeitsuhr

Vor der Messung war um 29,612 August 1971 ein Zeitsignal-Empfang,
Sender-Station DIZ.:
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uTo 14h 40m 44,000s = 14,6789"” Bemerkung:
Aus Zeitsignal-Empfang
rw UTO = + 2 24,680 [1] p.485.
®0.Gr 22 26 11,849 [1] ©p.482.
K + 1 20 19.119
= 14 29 39,648
-u o 14 29 53,000 = 14,498” Aus Zeitsignal-Empfang
2N = — om 13,3520s (14)

Zur Berechnung der Formel (2):

—sin 4= + 0,0243; |— ~~"cosdA= -(-0,0666 .
15 15

Zur Berechnung der Formel (1) werden die Werte der Glieder (UT2 UTC),
x,y , ATSin je funfTagen angegeben; so ist die Berechnung wesentlich einfacher,
wenn sie in ein einziges Glied zusammengezogen werden, und die Summe

(UT2 UTC)- Al — ATS

wird auf UTO'linterpoliert.

1971 1971
August 26,0 August 31,0 Bemerkung
X = +0,249" + 0,225"
y = +0,377 + 0,378 [71 p. B -18.
(UT2—UTC) 0.0963s 0,0986s
- NTs
(UT2 UTI) = +0,0184 + 0,0210 [7] p. B-15.
Al = +0,0311 +0,0306 aus (2)
12 = —0,0468s 0,0470s

Aus den beiden Werten auf August 29,612 interpoliert:
2:2 = 0,0470s. (15)

In der Formel (1) ist der Wert von (UTC Sign) -)- v von der Sende-
station abhdngig; diese wieder zusammengezogen: Fir Sendestation DI1Z, fir
August 1971:

(UTC Sign) = +0,0000s [7] p. C-13.
v _ -f0,0030

2:3 +0,0030s (16)
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SchlieBlich wird die Aquinoktien-Gleichung téglich angegeben:

1971 1971
29. August 30. August
N' = 4-0,808s +0.807s | [1] p. 482.
N" = -0,014 0,010
(N" 4- N") = + 0,794s + 0,797s
zI(iV' + N7) 4-0,003s

Dieser Wert wird auf 29,612 August interpoliert:

ACA (N T+ JV") = +0,0018s (17)
24

SchlieRlich erhalten wir den Wert (1), falls die Ausdriicke (14, 15, 16, 17)
zusammengezogen werden:

Far 14.498" AU - 13,394s. (18)

Der Zeitsignal-Empfang nach den Sonnenazimut-Messungen erfolgte
am 29,751" August 1971, Sendestation RWM.

uTo 18h 01m 00,000s
u,, 17 50 43,966 = 17,846"

Der Wert von (14) ist nun:

21 15,4170s

Fur August 1971, Sendestation RWM:

(UTC-Sign) = +0,0752s [7] p. C-13.
v = 4-0,0060
23 = 4-0,0812s

Der auf 29,751, 1971 interpolierte Wert:

E L w + N") = 4-0,0023s
d. h. der Wert von (1):

fur 17,846" AU = 15,380s (19)
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Der Gang der Arbeitsuhr nach Formel (3) auf Grund von (18) und (19):
j = 0,5932s/h.
2.12. Umrechnung der Zeit der Beobachtung auf die Ephemeriden-Zeit

Die an der Uhr bei der Messung abgelesene Zeit sei mit U, die mit Formel
(4) berechenbare Durchgangszeit der Sonnen-Beobachtung mit HI, die mit
Formel (5) berechenbare Ephemeriden Zeit mit E bezeichnet.Den besten
Wert fur die AT Ephemeriden-Korrektion in der letzten Formel findet man
unserer Meinung nach in [3] (Seite 643) mit der Bezeichnung JT O:

Far 19715 ATn= + 42,002s

L .
Fir 19725 JTn= + 43,011s Jahrliche-Anderung 1,009sa

Auf Grund dessen ist unser Wert fir 29. August 1971 1971,66

AT - =+ 42,02s. (20)
Die bei Messung n = I,i= 1 abgel»;sene Uhrzeit:
Bemerkung
n = 15h 43m 02.28s = 15,717h Zeit der Mtissullg
= 13,39 aus (18)
au - U,) = — 0,73
HI = 15h 42m 8 °3 (21)
no,Gr +0 13 29.03
rn(HI + G ®0GrH = — 2 36,66 [1] p. 488.
AT = + 42,02 Aus (20)
E 15h  54m 22.5 55= 15.9C621 (22)

Die auf Grund der Formeln (6) und (7) erfolgte Berechnung, die Inter-
polation der Sonnen-Rektaszension (R4) und Deklination (D4) inbegriffen,
erfolgte mit dem Mikro-Computer Compucorp Beta 326 Scientist, deren be-
sondere Vorteile flr diese Berechnungen nachstehend erdrtert werden.

2.13

Zur Durchfuhrung der Rechenarbeit der genauen Sonnenazimut-Bestim-
inung schien die Compucorp Beta 326 Scientist Mikrorechenmaschine sehr
geeignet. Ein Exemplar wurde uns vom Ungarischen Flandelsvertreter der
Firma HUNICOOP zuvorkommenderweise zur Verfigung gestellt. Damit
wollen wir nicht behaupten, daR ein anderes Rechengerdt &hnlicher Kapazitét
zur Anwendung bei Sonnenazimut-Berechnungen nicht zweckdienlich wére
(Bennet hielt in [4] z. B. den HP 45 Taschencomputer fiur diese Zwecke am
geeignetesten), aber wir wollen im Nachstehenden die Aufmerksamkeit der
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16
17
18
19
20
21
22
23
2t,
25
26
27

28

30
31
32
33
34
35
36

37

3\
39

AO
Al
A2
A3
a4
45
46
47
A8
A9
50
51
52
53
5A
55
56
57
56
59
60
61
62
63
64
65
66
67
68
69
70
7
72
73
74
75
76

7

KEY

CsD

INPUT

INPUT

INPUT
©
©
©
INPUT
U a)
©

[clear)

INPUT

©
©

[clear]

INPUT

©
©

[clear]

INPUT

©
INPUT

©
©
©

(clear)

INPUT

©
INPUT
©
©
©

[clear]

INPUT

©
INPUT

©
©
©

[clear]

©

o O © 0O © © © © © ®© © © © © © ©®© © © © O ® © © ® O ©

® ©

©

Tabelle 1/A

DISPLAY STO ST, ST2 ST3 ST* ST5 ¢y ST,

3
3
yb 45
Ug 45
4B 45 55. HOD

.

Fi

ID Cl 34.0000

DL

oL FI Dl

5 4D 35.4000 =
D2
D2 Fl DL D2

5 15 05.1000

D3

D3 Fl D1 D2 D3
10 31 34.1000
15.
156 51 10.5000

R2

R2 Fl D1 D2 D3 R2

ID 31 03.4100

15.
151 45 51.1500
R3

R3 F1 DL D2 D3 R2 R3

15.5063

El
34.

E2
E2 =

E2 Fl DI D2 D3 R2 r3 E2

D2
D2-
D2-C
D2-CC
D2-CC
ccD2
ccD2-
ccb2-
cCcD3
CCD2-D3)
CCD2-D33X
CCD2-D37X
CE2
CCD2—D33X E2) = CD6
D2-CD6+
D2-CD6+C
D2-CD6+CC
D2-CD6+CC
cco?
cCD2X
3 3.000000000
cc2D2-
cc2p2 -

D3
CC2D2-D3-
CC2D2-D3-

DL

CC2D2-D3 - DI3=CD7
CD7X
CD7X
CE2
CE2X
CE2XC

STg

Tabelle 1/B
KEY display st0 ST, g1,
7% © (E2XC Fl D1
9 © CCE2
80 cCCc-E2
81 © cc-E2+
82 ', 3 1.0
83 © CC1-E2)
A @ CC1-E23/
85 1 3.0
86 (© CD7XE2XC1-E2)/2 = D8 r
87 © D2-CD6+D8)=D4
88 GUD TAN D4
89 ¢ 0 . 166353650
90 D5 Fi D1
91 (clear)
922 ©
93 © R 2
mn © R2 +
95 R2+C
96 © R2+CC
97 o R2-KC
98 CCR3
99 4 CCR3-
100 ¢ CCR3-
101 © CCR2
102 CCR3-R2)
103 © CCR3-R27X
10A o CCR3-R23X
105 ¢ E2
106 © (CR3-R2JXEZ2)
107 R2+CCR3-R2)XE23=R4
108 o 4, R4
109 o R4 Fli D1
110  (clear)
w © c
2 weur 115 43 40 1500
m @© (H1X
ua weur |15,
15 @ CH1X15)
116 © CH1X15)-
17 © CH1X153-
me © Ri
119 © CH1X153-RA = T1
120 © T1 F1 D1
121 © T F1 D1
122 (clear)
123 ©
1A © T1
125 SINCT1)
126 © SINCT13/
1271 © SIN CT1D/C
128 © SIN CT1D/CC
129 © SINCT13/CC
130 @ ccF1
131 GUEI (CSINCF1)
132 © CCS1INCF13
133 © CCSINCFDX
134 © ceT1
135 (TOM cccoscTi)
136 © tCSINCFDXCOS CT133=CT2
137 Q (T2-
138 © cT2-c
139 © cT2-C
no © (CD5
LNNG) ccopsx
1A2 o ccosx
143 © CCF1
144 (cos) CcCCOSCF13
145 © CCD5XCOSCFm=CT3
1A6 © CT2-T3)
147 (HD -CT2-T3)
1A8 © A2E-SINCT13/IT2-733
s CD EB.333B1B543
150 B1.9119565B8B
151 CD
152 & Bl 50 40.5431
153  [reset] F1 D1

IST* 6 s:7 S-,g

ST5 st

D2 D3 R2 R3 E2

D2 D3 R2 R3 E2

D2 D3

D2 D3 R2 R3 E2

D2 D3 R2 R3 E2

D2 D3 R2 R3 E2

D5

R2 R3 E2 D5 R4

D5 Ri

D5 T1

D5 T1
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sich mit Berechnungen der hodheren Geodésie befassenden Kollegen auf
einige solche Eigenschaften des Compucorp Beta 326 Modells hinlenken, die
bei anderen Fachgebieten ev. von geringerer Bedeutung sind, fur uns aber
einen entscheidenden Vorteil bedeuteten.

Die Tastatur und die Anzeige-Einheit des Compucorp Beta 326 Micro-
computers werden an Abb. 7 gezeigt. Als erste wesentliche und unseres
Wissens in der Kategorie solcher kleiner Rechenmaschinen alleinstehende
Eigenschaft ist die Mdglichkeit der unmittelbaren einfachen Tastatureingabe
der Winkelwerte im Format von 360° Grad, Minute, Sekunde (im Folgenden
GMS), bzw. der Zeitwerte in &hnlichem Format. Die gut Gbersichtliche Erschei-
nungsform dieses GMS Formats an der Anzeige-Einheit kann in Spalte »dis-
play« der Tabelle IA, B betrachtet werden. Es sei nur nebenbei erwédhnt, dal}
wir die aus gut lesbaren, 8 mm groBen Ziffern bestehende Anzeigeeinrichtung,
gegeniber anderen Losungen fir sehr bequem halten.

Als eine andere vorteilhafte Eigenschaft sei erwdhnt, dafl alle vier Grund-
rechenoperationen im GMS Format ohne Einschrdnkung durchfiihrbar sind,
man kann sogar die Daten in diesem Format speichern und aufrufen und auch
die sog. Register-Arithmetik (siehe z. B. [6]) kann angewendet werden. Das
Addieren und Subtrahieren der Winkelwerte ist im Vermessungswesen oft
angewandt; die gegenseitige Umrechnung der Winkel- und Zeitwerte ist aber
bei den Berechnungen der héheren Geodé&sie eine hdufig vorkommende Auf-
gabe. Wenn hierzu noch beriicksichtigt wird, dall alldies mit diesem Micro-
computer mit 0,0001" »Rechenschdrfe« durchgefuhrt werden kann (siehe
wieder die »display« Spalte der Tabelle IA.B),so ist es offensichtlich, dafl den
Erfordernissen der hdheren Geoddsie hier weitgehend entsprochen werden
kann.

Ein weiterer, ev. nicht in solchem MaRe alleinstehender Vorteil der Com-
pucorp Beta 326 Mikrorechenmaschine ist. dal die Mikroprogramme der
W inkelfunktionen erstaunlich genau sind (wahrscheinlich ist die Lage bei den
tUbrigen mikroprogrammierten Funktionen &hnlich; diese waren aber bei dieser
Arbeit nicht erforderlich) und sie sind laut unseren Untersuchungen z. B. mit
den zwdlfstelligen Tabellen [10] gleichwertig. Es bedeutet einen grofen Vor-
teil und eine rechentechnische Sicherheit bei den mit Mikromaschinen durch-
gefiihrten trigonometrischen Berechnungen, daB es sich bei dem Aufsuchen
der Winkelfunktionen bzw. deren Argumenten kaum um ein Suchen, sondern
eher um die Betdtigung von einer bzw. von zwei Tasten handelt, und die Inter-
polation, die Gbrigens oft die Quelle von ,menschlichen” Irrtimern ist, absolut
entfallt.

Die Ubrigen allgemeinen Kennwerte des Compucorp Beta 326 Scientist
Mikrocomputers kénnen wir kurz folgendermafRen zusammenfassen: Er kann
mit einfachen Tastatureingabe-Sequenzen programmiert werden man pflegt
dies wegen dem, in Tabelle 1A, B sichtbaren Programm-Schreibformat auch
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»Notizbuch-Programmierung« (english scratchpad programing) zu nennen,—
das Uberaus leicht erlernt werden kann; im Kern-Speicher des Microcomputers
kénnen 160 Programmschritte (d.h. Taster-Betdtigungen) und 12 Zahlenwerte
mit 10 Dezimalstellen gleichzeitig gespeichert werden; es ist auch eine An-
schluBmdglichkeit eines Kasetten-Magnetband-Speichers vorhanden (die
Peripherie-Einheit Typ 392), an der ungefdhr 100 000 Programm-Schritte,
oder 9000 Zahlenwerte so gespeichert werden kénnen, dal zwischen dem Mikro-
computer und dem Magnetband-Speicher eine interaktive Verbindung hohen
Grades hergestellt werden kann; der Microcomputer ist mit mehr als 100
sehr wirkungsvollen, allgemein brauchbaren, auf Tastern »konfektionierten«
[d.h. in sog. ROM (Read Only Memory) vorprogrammierten] Mikroprogram-
men versehen, von welchen z.B. die auf QMS Format und auf die trigo-
nometrischen Funktionen bezogenen schon besprochen wurden; die Hand-
habung des Mikrocomputers ist algebraisch orientiert, sie ist auch zur
Anwendung bei vierfachen Klammerausdricken unmittelbar geeignet und
ist ausgesprochen auf wissenschaftliche Berechnungen eingestellt [6].
Der Mikrocomputer ist mit den eingebauten und aufladbaren Batterien
auch im Felde, samt den Kasetten-Magnetband Peripherien arbeitsfahig und
kann mit Hilfe der entsprechenden Programme (die von der Firma Compucorp
auch fertig geliefert werden) auch als digitale Stoppuhr angewendet werden.

2.2 Sonnenazimut Berechnung

Wie bereits am Ende von Abschnitt 2.12 erwahnt, wurde die Inter-
polation der R4, D4 W erte, sowie die Ldsung der Gleichungen (6) und (7)
mit dem Compucorp 326 Scientist Mikrocomputer durchgeflihrt. Die Taster-
sequenz des Computers, die am Anzeige-Register (display) nacheinander er-
scheinenden Werte und die in den Daten-Speichern vorhandenen Zahlen-W erte
werden in Tabelle 1A, B gezeigt. In der display-Spalte werden die bei der
Berechnung der Messungen Nr. n= 1, i = 1 erscheinenden Werte angegeben.

Die ausfuhrliche Eingabe der Winkelwerte haben wir in den Schritten
3 6 gezeigt, bei weiteren input-Stellen wurde die ausfiihrliche Winkeleingabe
nicht mehr angegeben.

Die Schritte 11, 15, 19 geben die Werte der scheinbaren Stelle der Son-
nendeklination fur die mit (X 1), rund (m -\- 1) bezeichnten Tage auf die
Oh Ephemeridenzeit (DI, D2 und D3) an, vorausgesetzt, dal die Messung
am Xx-ten Tag im Zeitpunkt EI erfolgte. Die Schritte 23 und 30 sind die Werte
der Sonnen-Rektaszension auf die Oh Ephemeridenzeit des mit x und (x -|]- 1)
bezeichneten Tages (R2,R3). (Die genannten Werte wurden den entsprechen-
den Spalten von [2] Seite 20 und 21 entnommen.)

In den Schritten 37 42 wurde die Umrechnung der Ephemeridenzeit
El auf Zehnteltage durchgefihrt.
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In den Schritten 44 87 erfolgt die Berechnung der Sonnen-Deklination,
auf Zeitpunkt (*d -f- E2) bezogen, mit Interpolation zweiten Grades mit der
Formel:

D4 12 ((D2 - D3)xE2) + ((D2. x2 - D3 - DI) xK2 x(I  E2)/2)=
= D2 (OF+ 1)8). (23)

In den Schritten 92 107 wird die Interpolation der Sonnenrektaszension auf
den Zeitpunkt (8;1-f- E2) durchgefihrt:

R4 = R2 + ((R3 - R2) x E2). (24)

In den Schritten 111' 119 erfolgt die Berechnung des Stundenwinkels der
Sonne auf Grund der Formel (6); in den Schritten 124 148 wird mit Hilfe
der Formel (7) der Tangens des auf die Sonnenmitte bezogenen Azimuts be-
rechnet.

Es sei bemerkt, daB der Schritt 147 zur Berechnung bei i — 1 nur in
jenem Falle ndtig ist, wenn der Winkelwert auf das zweite oder vierte Viertel
fallt; in diesem Falle muB man diesen Schritt wegen Eindeutigkeit der
weiteren Berechnungen anwenden.

Im Schritt 152 erhalten wir den Wert von A3. Nach Beendigung der
Berechnung der Beobachtung Nr. i — 1 (Schritt No. 153) erfolgt die Berech-
nung der weiteren Messungen von gleichem Standpunkt aus am seihen Tag.
In diesem Falle kehren wir zu Schritt 37 zurick und die Berechnung der
Beobachtung Nr. i = 2, 3...n wird hier beginnen. Wenn die Berechnung
von Beobachtungen am gleichen Standpunkt, jedoch an anderen mit x be-
zeichnten Tagen, durchgefuhrt wird, dann werden die neuen (x — 1), x und
{x -f- 1) tdglichen Deklinationen und Rektaszensionen vom Schritt Nr. 11 aus-
gehend eingefihrt und die Berechnung so weitergefihrt.

Es wurden sdmtliche input-Werte der Messungen i 160 in Spalten 3
und 4 und die mit Computer berechneten A3-Werte in Spalte 5 in Tabelle 11
zusammengestellt. Der Schritt Nr. 147 wurde von der Messung i = 7 angefa-

ngen in derBerechnung angewendet.

3. Die Zusammenstellung der mit Hilfe der Sonne erfolgten
Zeitazimut-Beobachtungen

In Spalte 6 der Tabelle Il wurden die Werte (Vr Vp) »je halbe
Fernrohrlage«, d. h. je Messung zusammengestellt; naturgemdB wurden bei
einer jeden Orientierung die Summen von je zwei Ablesungen voneinander
subtrahiert. In der letzten Spalte der Tabelle wurden die Werte der Formel

AS = A3 + (VT- Vp) (25)
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+ 87°58'40,6437"

88
88
88

-f 89
89
-89
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88
88
87
87

-86
86
86
86

-85
85
84
84

84
84
83
83

83
82
82
82

81
81
81
81

+ 68
69
70
70

06 23,6750
49 54.8137
57 13,8346

40 20,1021
46 55,3976
24 19,9227
16 58.2788

18 29.2259
11 03,0348
34 41,8087
28 35,8785

53 11,1305
46 48.9112
09 35.0787
03 37.3012

35 33,9793
29 26,1658
58 20.9651
51 45.4174

12 18,7340
06 29,7871
35 00,6849
29 48,6707

04 26.6307
56 41.6278
23 04.0219
16 51.2981

45 46.4591
39 24,4527
09 14,7495
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11.58.0567
03 00,9550
10 21,0710
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n

08'12,93"
08 01,69
07 57,73
08 07,78

08 06,98
08 10,47
08 15,11
08 12,79

08 14.08
08 12,26
08 08,58
08 09,89

08 10.91
08 11,31
08 01.86
08 07,97

08 11.99
08 08,83
08 06,84
08 12,09

08 05,49
08 06,30
08 09,59
08 09,67

08 10,63
08 08,59
08 09,57
08 10,40

08 03,62
08 08,36
08 10,92
08 06.45

08 11,38
08 08,77
08 10,42
08 10,36
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19

20

21

22

23

24

25

26

27

73
74
75
76

77
78
79
80

81
82
83
84

85
86
87
88

89
90
91
92

93
94
95
96

97
98
99
100

101
102
103
104

105
106
107
108

*o

16.0843*'
16,0938
16,1358
16.1440

16,1899
16,1982
16,2448
16,2533

16,2909
16,2995
16,3403
16,3484

16,3884
16,3965
16,4464
16.4553

16,4931
16,5018
16,5470
16,5551

16,5939
16.6018
16,6444
16,6521

16,6886
16,6993
16.7401
16.7472

16,7908
16,7996
16,8435
16,8523

16,8939
16,9011
16.9351
16.9435

15h57"'27,638

15
16
16

16
16
16
16

16
16
16
16

16
16
16
16

16
16
16
16

16
16
16
16

16
16
16
16

16
16
16
16

16
16
16
16

58
00
01

03
04
07
07

09
10
12
13

15
16
19
19

22
22
25
25

28
28
31
31

33
34
36
37

39
40
43
43

46
46
48
49

H,

02,01
33.60
03,04

49.99
18,87
07.00
37,66

53,69
24,30
51,73
21,16

45,24
14,78
14,64
47,04

03,20
34,50
17,91
46,90

07,18
35,68
09,59
37,13

49,41
27,56
55,24
20,57

57,87
29,40
08,34
39,72

09 97
36,05
39.02
09,20

O’ ABRd d

+ 89°43'57,2330"

89
—89
89

-89
89
88
88

-88
87
87
87

- 86
86
86
86

- 85
85
85
85

—84
84
84
84

-83
83
83
83

-82
82
82
81

-81
81
81
80

A

50 11,9473
42 17,5620
36 57,3403

06 43.1295
01 29,6449
31 06,0394
25 33,7770

01 00,6050
55 28,7978
28 54,7874
23 36,6711

57 40.1825
52 21,2168
20 00,3174
14 10,8582

49 42,8712
44 05,5330
14 44,9497
09 32,7174

44 22,1387
39 15,3040
11 38,5495
06 42,1460

42 58.5011
36 07,9614
09 38,6756
05 06,0896

36 53,1333
31 13,7466
02 42,6694
57 04,7953

30 06,5713
25 25.6088
03 20,5100
57 55,2122
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136°

136
135
135

135
135
134
134

134
134
133
133

133
133
132
132

131
131
131
131

130
130
130
130

129
129
129
129

128
128
128
128

127
127
127
127

24'11.5"

18 01,6
50 26,7
45 04,0

14 55,5
09 37,9
39 17,2
33 48,0

09 10,0
03 42,2
37 03,8
31 45,3

05 53,2
00 30,2
28 09,0
22 24,6

57 56,2
52 19,0
22 57,8
17 40,1

52 37,0
47 23.0
19 50,5
14 56,1

51 09,3
44 20,6
17 51,3
13 10,9

45 05,1
39 20,0
10 55,1
05 17,5

38 16,4
33 40,5
11 30,1
06 04,2

226°

226
46
46

46
46
46
46

46
46
46
46

46
46
46
46

46
46
46
46

46
46
46
46

46
46
46
46

46
46
46
46

46
46
46
46

A

08'08,73"
08 13,55
08 09,14
08 06,66

08 12,37
08 08,26
08 11,16
08 14,22

08 09,39
08 13,40
08 09,01
08 08,63

08 13,02
08 08,98
08 08,68
08 13,74

08 13,33
08 13,47
08 12,85
08 07,38

08 14,86
08 07,70
08 11,95
08 13,95

08 10,80
08 12,64
08 12,62
08 04,81

08 11,97
08 06,25
08 12,43
08 12,70

08 09,83
08 14.89
08 09,59
08 08,99



28

29

30

31

32

33

34

35

36

109
110
111
112

113
114
115
116

117
118
119
120

121
122
123
124

125
126
127
128

129
130
131
132

133
134
135
136

137
138
139
140

141
142
143
144

E

16.97771
16,9852
17,0260
17,0341

6,2934
6,3075
6,3551
6,3657

6,4302
6,4396
6,4931
6,5037

6,5544
6,5625
6,6087
6,6189

6,6555
6.6651
6,7139
6,7238

6,7688
6,7786
6,8225
6.8323

6.8781
6,8861
6,9368
6,9450

7,0234
7,0315
7,0699
7,0791

7,1283
7,1364
7,1764
7,1843

16h51m12,50s

16
16
16

o oo o o oD O O o o oo o o o o o o D OO O o D O O o oo O o o
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f,

51
54
54

12
13
16
16

20
21
24
24

28
28
31
31

34
34
37
38

40
41
44
44

47
47
51
51

56
56
59
59

02
03
05
05
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39,68
06,97
36,31

20,55
11.36
02,78
41.26

33,86
08,20
21,33
59,79

02,46
31,60
18,65
55,33

07,61
42,40
38,38
14,01

56,21
31,71
10,12
45,42

31,00
59,95
02,96
33,26

15,66
44,62
03,50
36,43

34,19
03,48
27,80
56,42
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80
80
79

78
77
77
77

76
76
75
75

-75
74
74
74

-73
73
73
72

72
72
71
71

70
70
70
70

- 69

68
68
68

67
67
67
66

—80°35'45,7747"

30 52,6135
04 23,3007
59 06,5622

08 48,9384
58 48,8024
24 57,0500
17 19,4058

31 01,1351
24 09.1384
45 23,1491
37 38,1033

00 40.7649
54 45,7193
20 43,1134
13 12,9406

46 04,3576
38 54,6917
02 32,5703
55 08,9648

21 21,6806
13 56,2386
40 40,8266
33 14,4243

58 11.8272
52 02,7228
12 58,9622
06 29,1905

05 31,3825
59 13,7164
28 55,7569
21 43,0393

42 35,9144
36 07.3317
04 04.9486
57 42,1763

V1-Vp

126°43'56,2"

126
126
126

304
304
303
303

302
302
301
301

301
301
300
300

299
299
299
299

298
298
297
297

297
297
296
296

295
295
294
294

293
293
293
293

38 58,6
42 32,3
07 14,8

16 49,9
06 46,9
33 07,6
25 31,2

39 13,4
32 23,5
53 24,3
45 40,3

08 43,5
02 46,5
28 57,7
21 28,7

54 215
47 08,4
10 37,4
03 08,5

29 24,2
21 53,6
48 54.6
41 29,2

06 26,3
00 19.6
23 114
14 31,8

13 33,0
07 135
37 15,2
30 00,3

50 53,6
44 31,3
12 09,2
05 51,6

A

46°08'10,43"
46 08 05,99
46 08 08,90
46 08 08,24

226
226
226
226

226
226
226
226

226
226
226
226

226
226
226
226

226
226
226
226

226
226
226
226

226
226
226
226

226
226
226
226

08
07
08
08

08
08
08
08

08
08
08
08

08
08
08
07

08
07
08
08

08
07
08
08

08

08
08

00,96
58,10
10,55
11.79

12,26
14,36
01,15
02,20

02,74
00.78
14,59
15,76

17,14
13,71
04,83
59,54

02,52
57,36
13,77
14,78

14,47
16.88
12,44
02,66

01,62
59,78
19,44
17,26

17,69
23,97
04,25
09,42

, 1975



442 O(APRed

n i E, H, —1» VT-Vp A
145 15,0836 h 15I01"'11,708 + 78°13'44.7048" 147°54'24,5" 226°08'09,20"
37 146  15.0915 15 01 40,42 78 19 22.4101 147 48 50.2 226 08 12.61
147 15,1383 15 04 29.13 78 52 20.2568 147 15 55,7 226 08 15,96
148 15,1466 15 04 59,15 78 58 11.1594 147 09 55,9 226 08 07,06
149 15,1841 15 07 15,66 + 79 24 46,7919 146 43 27,4 226 08 14.19
38 150 1.5,1935 15 07 48,64 79 31 06,5900 146 37 00,4 226 08 06.99
151 15,2576 15 11 39,76 80 15 45,1044 145 52 23,5 226 08 08,60
152 15,2656 15 12 08,88 80 21 21,3896 145 46 46.4 226 08 07,79
153 15,6578 15 35 44,72 + 84 49 05,0806 141 19 06,0 226 08 11,08
39 154  15.6661 15 36 14.46 84 54 37.1796 141 13 36.1 226 08 13,28
155 15,7035 15 38 29,50 85 19 42.8068 140 48 31.9 226 08 14,71
156 15,7120 15 39 00,09 85 25 23,3365 140 42 45,4 226 08 08,74
157 15,7493 15 41 15,03 + 85 50 23,2605 140 17 51.9 226 08 15,16
a0 158 15,7571 15 41 42.97 85 55 33,3645 140 12 40.4 226 08 13,76
159 15,8032 15 44 29.30 86 26 16.3965 139 41 53.5 226 08 09.90
160 15,8117 15 45 00.13 86 31 57,4480 139 36 20,2 226 08 17.65

je Messung zusammengestellt; dies ist ein solcher vorldufiger Azimutwert der
terrestrischen Richtung, der den Aufstellungsfehler der Stehachse, einen ge-
wissen Teil der Fernrohrkollimation und die Wirkung der tdglichen Aberration
enthélt.

In Tabelle 11l wurden satzweisen Mittelwerte derA5 Werte zusammenge-
stellt, die schon von dem Kollimationsfehler des Fernrohres befreit sind, woraus
auf Grund der Formeln (8) bzw. (13) die satzweisen Azimutwerte, sowie deren
M ittelwerte berechnet werden; dies soll vom momentanen Pol auf den mittleren
Pol mit der Formel

dap = (XsinA - y cosA) sec 9 (26)
umgerechnet werden.
Der Mittelwert der 40 Sé&tze ist:
46° 08' 08,72" (fur August 30,74; 1971)
zlap = - 0,67"
A = 46° 08 08,05" £ 0,46" (27)

Es sei bemerkt, daB der aus n = 40 Satzen berechnete mittlere Fehler
eines Satzes laut unseren Berechnungen den Wert ~ 2,89" ergab.
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40

Ab

46°08'11,49"

08 09,25
08 07,14
08 08,80
08 08,22
08 06,76
08 08,91
08 10,29
08 07,62
46 08 05,03
08 11.34
08 11,20
08 08,01
08 09,94
08 07,76
08 09.80
08 07,34
08 10,23
08 09,52
46 08 11,50
08 10,11
08 11,11
08 11,76
08 12,12
08 10,22
08 10,84
08 10,83
08 08,39
08 05,35
46 08 07,49
08 08,47
08 08,81
08 07,11
08 11.61
08 09,53
08 13,83
08 11,21
08 09,39
08 11,95
46 08 14,12

Mittelwert:

AANUBSTNVNC

Tabelle 111
Mittelwert

-(‘«K r'd:‘:»

2,34"
*153
+ 0.66
+0,21

0,57

0.26

0,22

0,08

143

3,74
+ 1,10

0,48

2,38

0,91

112

1,46

1,88

1.42

172

1.05

0,71

0,52

0,57

0,46

0.43

0,34

0,25

0,16

4,51

1,20
-0,68

1.16

2,70

183

0,40
+ 1,16

2,70

2.44

122

1,46

A

46°08/13,83"

08 10*78
08 07,80
08 09,01
08 07,65
08 06,50
08 08,69
08 10.21
08 06,19
46 08 01,29
08 12,44
08 10,72
08 05,63
08 09.03
08 06,64
08 08,34
08 05,46
08 08,81
08 07,80
46 08 10,45
08 09,40
08 10,59
08 11,19
08 11,66
08 09,79
08 10,50
08 10,58
08 08,23
08 00,34
46 08 06,29
08 07,79
08 07,65
08 04,41
08 09.78
08 09,13
08 14.99
08 08,51
08 06,95
08 10,73
46 08 12,66

46 08'08,72"

—5,11"
2,06
10,92
0,29
- 1,07
+ 222
+ 0.03
1.49
+ 2,53
; 7,43
3,72
2,00
* 3,09
0,31
+ 2.08
+ 0,38
+ 3,26
0.09
10.92
1,73
0,68
1.87
2,47
2,94
1.07
1.78
1.86
+ 0,49
+ 7,88
+ 2,43
+ 0,93
+ 1.07
+ 431
1.06
0,41
6,27
+ 0,21
+1,77
2,01
3,94

+ 046"
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3.1 Vergleich der Sonnenazimut-Beobachtung mit den Beobachtungen des Polar-
sterns

Auller tien in Punkten 1.3 beschriebenen Sonnenazimut-Beobachtungen wurde
vom gleichen Standpunkt aus am 26. August 1971 mit einem Theodolit Wild
T4 die Azimutbestimmung mit Hilfe des Polarsterns durchgefihrt (siehe
Tabelle 1V. Es wurde derselbe terrestrische Punkt angezielt; der Mittelwert
der n = 12 Sétze ist:

46° 08' 09,01" (fur August 26,24; 1971)

zlap — 0,68
A = 46° 08' 08,33" + 0,24 (28)

Bei den Polarstern-Messungen ergab sich der mittlere Fehler eines Satzes
aus n — 12 Satzen fur ~ 0,85".

Die Werte (27) und (28) verglichen, konnten wir die Folgerung ziehen,
daB im Falle von gentigenden Wiederholungen auch die mit Hilfe der Sonne
durchgeflihrte Zeitazimut-Beobachtung ein &hnlich gutes Ergebnis liefert,
wie die Polarstern-Beobachtung, vorausgesetzt, dafl die geographischen
Koordinaten des Standpunktes, vor allem der prézise Wert von X bereits
bekannt sind, weil der aus der Sonnen-Beobahctung berechnete Azimut mit
dem Wert von X sehr stark korreliert ist.

In diesem Zusammenhang erwdhnen wir unseren Vorschlag: In Kenntnis

Tabelle 1V

Mittelwert
(Azimut-Messung mit dem Polarstern, die Zusammenstellung der Mittelwerte der Séatze)

n 4, -(ictg z-abb) A v
1 46°08'09,89" -1,80" 46°08'08,09" + 092"
2 08 03,84 +2,10 08 07,94 + 1.07
3 08 08,24 + 0,69 08 08,83 +0.18
4 08 07,73 + 1,27 08 09,00 =0.01
5 08 04,71 + 2,73 08 07,44 + 1,57
6 08 09,45 + 0,09 08 09.54 -0,53
7 08 09,43 + 0,69 08 10.12 —1,11
8 08 07,84 + 1,91 08 09,75 -0,74
9 08 05,78 + 2.84 08 08,62 + 0,39
10 08 07,53 + 1.73 08 09,26 - 0,25
11 08 07,13 + 2,75 08 09.88 -0,87
12 08 06,69 + 2.95 08 09,64 -0.63
Mittelwert: 46°08'09,01" + 0.24"
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des Né&herungswertes X0 des Standpunktes, sowie mit geniigend viel Sdtzen
von Sonnenazimut-Beobachtungen und Polarstern-Beobachtungen, aus den
Differenzen der berechneten Azimute, kann der Erg&nzungswert AX der
geographischen L&nge und der genaue Azimutwert A abgeleitet werden. Aus
der Fehlergleichung auf S. 667 in [12] kann man nach Substitution von dcp 0,
dé = 0 und dt dX folgendes aufschreiben:

dA = (sin @ -(- ctgz cos Adcos ¢p) dX (29)

worin Ad die nach Siiden orientierte Azimutbezeichnung ist.

Falls berechnet wird, welche Anderung im Wert dA der Anderung d).
= Is =15" entspricht, so ist bei der Messung Nr. (i = 1) der Azimutbestim-
mung mit Hilfe der Sonne B, +11.02"7*simd bei der Messung Nr. (i 52)
.Bj = +-10,79'/s. Bei Polarstern-Messungen entspricht dem dX = 1Is bei dem
Satz (re 1) aber eine Anderung von B., = -f- 0,31"/s und bei dem Satz (re
= 12) eine Anderung von B2= -)- 0,28"%s.

Zur tatsdchlichen Bestimmung des Ergdnzungswertes der geographi-
schen Lange wird folgendes empfohlen. Man berechnet auf Grund von (29)
fur sdmtliche Sédtze der Sonnenazimut-Beobachtungen die auf Is bezogenen
R, Anderungen und bildet fiir samtliche Sitze die Differenz (A, AX). wo
Al den aus den Sonnenazimut-Beobachtungen stammenden satzweisen
Azimutwert, A., aber den aus Polarstern-Messungen stammenden, aus s
Satzen berechneten Azimut-Mittelwert bezeichnet. B., sei die auf den M ittel-
wert der Polaris-Beobachtungen bezogene Azimut-Anderung fir AX = 14
So kann man aus dem auf die Sonnen-Beobachtungen aufschreibbaren Zu-
sammenhang

dX AL A (30)
B R'[k

satzweise jene (//.-Werte berechnen, deren Mittelwert den wahrscheinlichen
Ergdnzungswert der geographischen L&nge angibt.

4

Man kann mehrere nitzliche Folgerungen aus unseren Versuchsmessungen
fur Sonnenzimut-Bestimmung ziehen.

Zuerst kann festgestellt werden, daB wir trotz der provisorischen Instru-
menten-Zusammenstellung einen so genauen Azimutwert erhielten, der die
praktische Einfuhrung der mit Sonnenanzielung verbundenen Zeitazimut-
Methode rechtfertigt. Die Anwendung einer endglltigen und gut justierten
Instrumenten-Konstruktion, sowie die Einbeziehung der zeitgemé&fRen Zeit-

Acta Geodaetica, Geophysica et Montanistica Acad. Sei. Hung. 10, 1975



446 O(ABfRetd.

meRtechnik ermdglicht die weitere Steigerung der Genauigkeit der Sonnen-
azimut-Bestimmung. Eine wichtige Rolle spielt hierbei die Verwirklichung
der von uns angewendeten Sonnenanzielung mit Invert-Koinzidenz wodurch
eine bessere Synchronisierung der Sonnenanzielung und der Zeitmessung als
bisher verwirklicht wurde.

Die mit der Sonnenanzielung verbundene Zeitazimut-Methode ist wie
bekannt  zurgleichzeitigen Bestimmung der geographischen Breite, L&nge und
des Azimuts geeignet. In unseren Prifungen wurden zwar mit anderen Metho-
den bestimmte, und fur endgiltig angenommene geographische Breiten und
Langenwerte angewendet, der Zusammenhang

dA = (sin @ -|- cotgs cos ipcos AD) d). — ctgz sin A Ddep

stellt jedoch einen wichtigen differentiellen Zusammenhang zwischen den
geographischen Koordinaten dar. Dies ist also bei dem von uns erzielten
Genauigkeitsniveau der Sonnen-Beobaehtungen bereits zur Verdichtung der
Werte (/ und 2. zur Bestimmung der Lotabweichungs-Netze, bzw. zur Azimut-
Kontrolle der Triangulationsnetze gut anwendbar. Hinsichtlich dieser Arbeiten
ist es nicht ohne Bedeutung, daR man diese auch am Tage durchfihren kann.

Schlieflich kann man im Zusammenhang mit der Anwendung der
Kreiseltheodolite die Kontrolle der Instrumenten-Konstanten vorteilhaft
auch mit der Sonnenazimut-Bestimmung durchfihren. Mit dieser Methode
kann man die Instrumenten-Konstante der Kreiseltheodolite groler Genauig-
keit auch in der Ndhe der MeRstelle bestimmen, und dies ist wegen der vom
Transport herrihrenden Dejustierungen eine vorteilhafte Madglichkeit. In
diesem Zusammenhang muB eigens darauf hingewiesen werden, dal der MOM
Aufsatzkreisel-Theodolit Gi C2 bereits mit einem solchen Fernrohr herge-
stellt wird, mit welchem die Mdglichkeit der Koinzidenz-Anzielung gegeben
ist. So kann die Sonnenanzielung mit demselben Instrument durchgefiihrt
werden, womit auch die Kreisel-Azimutbestimmung erfolgte. Da der Theo-
dolitteil dieses Instrumentes eine Kreisablesung von 1" Genauigkeit (ge-
schétzt 0,1") ermdéglicht, kann zu einer Sonnenazimut-Bestimmung von dieser
Genauigkeit ohne jede Umé&nderung vorteilhaft angewendet werden.

Zum Schild! soll noch bemerkt werden, daf die Untersuchung der
genauen Sonnenazimut-Bestimmung noch weitere Forschungsmdglichkeiten
bietet, worauf noch in einer anderen Studie gegebenenfalls zurlickgekehrt
werden soll.
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OMPEAENEHMNA A3VMYTA C BbICOKOW TOYHOCTbLIO MNP MOMOLLN
HABNIO JEHNA COJNTHUA

Ob. ANMAP [b. CAAELKU-KAPIOWL 3. BOJ
PE3IOME

C nNpyMeHeHVeM HOBbIX WHCTPYMEHT&/IbHbIX U METOANYECKNX BO3MOXHOCTEM npu onpe-

feneHusx asumyTta nocpeactsomMm CosHLUA MOXHO ,L'J.OGI/ITI:CH BbICOKOA TOYHOCTW.

CpefHee 3HaueHne 13 40 cepuii U3MepeHUii 3TUM METO/IOM OT/INYAeTCs OT MOJTYYeHHOro ¢

nomoLLbo HabnoaeHnii 3a MonspHoii B 12 cepusix ToNbKo Ha 0,28”.

Acta Geodaetica, Geuphysicu et Montanistica Acad. Sei. Hung. 10, 1975






irta GeodartGeophys. et Montanist, lead. Sei. Hung. Tomas 10 ( 4 pp. 449 458 (1975)

ON CONNECTIONS BETWEEN IONOSPHERIC
ABSORPTION AND ATMOSPHERIC
ELECTRICITY BY INVESTIGATING DATA OF
SEVERAL PARAMETERS

F. MARCZ
GEODETICAL AMI GEOPHYSICAL RESEARCH INSTITUTE OF THE
HUNGARIAN ACADEMY OF SCIENCES

[Manuscript received August 28, 19751

The connections between ionospheric absorption and atmospheric electricity have been
investigated by using absorption data measured at three transmission paths and potential
gradient data of two observatories. The selection of absorption events was checked on the
basis of three independent data series. The increased potential gradient following certain
enhancements of ionospheric absorption has been revealed for the year 1966, too. An analysis
of several atmospheric parameters (potential gradient, air-conductivity, condensation nuclei)
has shown that the increase of potential gradient can hardly be understood on the basis of
variations of local factors, thus a tentative interpretation given earlier [1] may be preserved
for the recent results, too.

1. Introduction

Certain events of ionospheric absorption can be folloAved by an increase
of the atmospheric electric potential gradient measured near the ground. This
was shown by several analyses described earlier (Marcz [1]). The analyses
were based on potential gradient data of two observatories (Nagycenk, @ =-

47°38' N, Hungary, and Swider, = 52°07' N, Poland) and on absorption
data derived from measurements at the Nagycenk Ceskoslovensko (272 kc s)
transmission path. In these investigations night-time observations from the
1967 1970 interval were used.

It seemed appropriate to check whether the potential gradient would
also reveal the effect mentioned when selecting absorption events on the
basis of data derived from measurements at several other transmission paths.
In order to extend the investigations to a further interval, data of a year not
included in the previous analyses [1] have been used in this case.

Additionally, it seemed reasonable to investigate the behaviour of other
atmospheric parameters available from periods during which the Swider
potential gradient showed an enhancement associated with extraterrestrial
influences [1].
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2. Results

2.1 Analyses of potential gradient data in dependence of ionospheric absorption
measured at several transmission paths

Night absorption data derived from measurements at three conveniently
located transmission paths vvere chosen to select key days for three simulta-
neous superposed epoch analyses. The transmission paths and the frequencies
used are:

1. Prdhonice-Ceskoslovensko 272 kc/s (49.6° N)

2. Kiihlungsborn-Kalundborg 245 kcls - (54.9eN)

3. Kuhlungsborn Deutschlandsender 185 kc/s (53.4 N)

(The geographic latitude of each reflection point is given in brackets.)

Data measured in 1966 were used for the analyses. At first, like in previous
analyses [1], an excessive absorption of at least 30 per cent above the actual
monthly mean was required for selecting a day as key day. Since this criterion
was not fulfilled in a sufficient number of cases by the data of the third trans-
mission path (185 kc/s), the criterion was changed in this case. Demanding
only a 20 per cent absorption enhancement, 14 key days could be collected.
Using the original criterion for the first two paths, the number of key days
was 17 for the first transmission path and 6 for the second. Night averages
(0000 4000 GMT) of the Nagycenk and Swider potential gradient were used
again in the analyses. The mean departures of these values from the monthly
mean are shown in Fig. 1. Seven days before and after the key days were
investigated. Nagycenk data did not reveal the effect at all. A clear increase
of positive departures after key days was found for Swider, if the selection of
events had been carried out on the basis of anomalously high values of absorp-
tion measured at 245 kc/s. The peaks on days and “-(-3” indicate an
association of Swider potential gradient with extreme absorption events in the
year 1966, too. Results of the two remaining analyses show, however, smaller
effects.

In a further study, a simultaneous investigation of the absorption events
observed at the three transmission paths was made. Only those absorption
enhancements were considered where quite simultaneously an appropriate
increase of absorption occurred on at least one out of the two other transmis-
sion paths. Lags of not more than ~3 days, however, were permitted. The
applied criterion was fulfilled in 1966 in seven cases. The date of the absorption
enhancement occurring first was regarded as key day in a superposed epoch
analysis. Mean values of potential gradient departures (determined similarly
as earlier) are shown in the left part of Fig. 2 for the intervals preceding and
following the selected key days. As expected on the basis of previous results
(Fig. 1), Nagycenk data do not show any effect but an increase of Swider
potential gradient can be seen between the days “-j-2” and “-(-5”. According
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Anomalously high ionospheric absorption ( 272, 245 and 185 kc/s)
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Fig. 2. Mean departures of potential gradient night averages from the corresponding monthly
means around key days selected on the basis of three simultaneous absorption series measured
in 1966

to a "2-test this is significant at the 90 per cent level. (Applying the test to
departures of the interval between the days “+ 1” and “-(-5” like in the
majority of previous cases [1] the significance did not reach even the 80 per
cent level, because of the rather large negative departures on day

In Fig. 2, geomagnetic activity is represented by ,4,,-indices of the Niemegk
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observatory. In the left part of the Fig., the mean level of activity between
clays “ 7”7 and “ 1”7 is quite similar to that following the key clays (from
clay to day as indicated by the horizontal lines. Activity on key
clays is rather enhanced. This is shown by the mean value of ,4*-indices becom -
ing about two times larger on these days than the mean levels of adjacent
intervals.

Results presented in the right part of Fig. 2 were derived from another
superposed epoch analysis. In this case, the date of the last absorption event
out of those parallel ones in the three data series (272, 245 and 185 kc/s)
was accepted as key clay. The Nagycenk data do not show any effect. The in-
crease of Swider potential gradient is similar to that in the left part of Fig. 2,
but it begins already on the “0” day and after a three-day-duration the effect
is over. In the interval between clays “0” and the positive departures
are significant at the 80 per cent level. The earlier start of the effect (as com-
pared to the results in the left part of the Figure) is connected with the different
arrangement of key days. This also resulted in a slightly higher mean level of
Ali-indices before key days, than after them. The peak value once more occurs
on the “0” clay, it is not so high, however, as previously.

2.2 Analyses using data of potential gradient, air-conductivity and condensation
nuclei

At the Swider observatory, the continuous recording of potential gradient
is supplemented by the measurement of positive air-conductivity. In the
present studies conductivity data of the interval between 0000 and 4000 GMT
have been averaged for characterizing night conditions of conductivity near
the ground in 1967 1968. Similarly determined night averages of the potential
gradient were available for the same years from earlier analyses [1]. In addi-
tion, the number of condensation nuclei measured also at Swider each morning
between 0550 and 0620 GMT (i.e. close to the interval where the conductivity
and potential gradient data were taken from) has also been analysed.

Fig. 3 shows the mean departures of potential gradient, positive air-
conductivity and number of condensation nuclei from their monthly averages
in intervals around certain absorption events observed in 1967 and 1968,
respectively. Relations between extraterrestrial effects and conductivity
measured near the ground, as well as between the former and condensation
nuclei are not supposed. Both parameters were used to enable a comparison
of their variations with simultaneous changes of potential gradient following
selected absorption events. Positive air-conductivity fluctuating during
the interval from day “ 77 till day *-)-2” around the mean level in 1967
and being mostly above it in 1968 suddenly decreases on day *“-)-3” in
both years. The decrease lasts four days in 1967, being, however, rather mod-

6* Ada Geodaetica, Geophysica el Montanislica Acad. Sei. Hung. 10, 1975



454 F I\m

Anomalously high absorption 272 kc/3 Anomalously high absorption 272 kc/s

Fig. 3. Changes of potential gradient, positive air-conductivity and condensation nuclei
measured at Swider around days with anomalously high ionospheric absorption in 1967 and
1968
erate after day*-)-4”.1In 1968 days “4-3” and “-|-4” are characterized by
conductivities well below the normal level. At the same time the number of
condensation nuclei shows increased values (Fig. 3). These latter could partly
explain the decrease of conductivity [2], the lack of ion data, however, does
not allow a detailed interpretation. Nevertheless, it can he supposed these
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conductivity changes observed near the ground are due to influences of local
factors.

3. Discussion

The results of Section 2.1 have shown an association of Swider potential
gradient with certain absorption events for the year 1966, too. In an earlier
study investigating this association for several other years [1], the selection
of key days was always based on absorption data measured at the Nagycenk
Ceskoslovensko (272 kc/s) transmission path. The present analyses have shown
that a selection taking into account simultaneous absorption data of several
transmission paths supports the results of previous investigations [1]. It
turned out, however, that no uniform criterion can be set for the choice of
absorption events. Demanding an excessive absorption of at least 30 per cent
above the actual monthly mean was suitable to select appropriate key days
in case of two different transmission paths, while for the third path the cri-
terion had to be changed. It seems reasonable that the choice of an acceptable
criterion should be supported by a preliminary test of the data series used.

It should he mentioned that absorption events are not equally frequent
at the different transmission paths. According to Fig. 1, the number of events
at 245 kc s was about the third (6) of those observed at 272 kc/s (17) in spite
of using the same criterion of selection in both cases. Though the enhancement
of the Swider potential gradient has been the clearest following the former six
events observed at the Kiihlungsborn-Kalundborg transmission path. Its
reflection point is situated at the highest geographic latitude (¢ = 54.9° N)
out of those included in the analyses. Due to this geographic location, the
selection of effective absorption events might be more advantageous in this
case than in the other ones.

As also shown in Fig. 1, the Nagycenk potential gradient did not indicated
any effect at all. This is in accordance with earlier results [1] and supports
the assumption of the latitude dependence of the effect.

The analyses of Section 2.2 intended to check whether the enhancement
of potential gradient found in selected intervals were merely a result of appro-
priate conductivity changes, or other e. g. extraterrestial factors could
contribute to this effect, too.

Earlier investigations [2] of Swider data hinted at a quite similar behav-
iour of positive and negative conductivities. In Fig. 3, changes of average
values of different atmospheric parameters were shown. Consequently, the
knowledge of variations in two out of the three principal atmospheric electric
parameters (i.e. E field strength and A total conductivity determined by
the sum of the polar conductivities: A+ -~ A- = .1) could allow some calcula-
tions, without a possibility of control, however, because of the lack of air-
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earth (iL conduction and ic — convection) current (density) data. We have
been aware of the fact that calculations using average values of principal
atmospheric electric parameters cannot be regarded as necessarily accurate,
since Ohm’s law is not satisfied for average values in each case.

Thus, only qualitative considerations could be given on the basis of the
equation [3]:

where the meaning of the symbols has been given earlier.

According to equation (1) an increased potential gradient can be derived
from an increase of iL, and/or from a decrease of conductivity. The latter case
is more obvious if one assumes the constancy of iL, (of course, the constancy
of iLis a rather arbitrary assumption, anyway, its variability can be overruled
by that of the conductivity near the ground). As regards the results of Fig. 3,
in 1967 the potential gradient enhancement between days “0” and
was not accompanied by an appropriate conductivity decrease. In 1968 the
conductivity on day “-(-1” barely differs from the normal level while at the
same time the potential gradient significantly increases. Negative departures
of conductivity like those starting in both years on day “ 4-3” partly explain
the corresponding potential gradient enhancements, but they are insufficient
to account for the total effect.

Consequently, the increased potential gradient observed during inter-
vals following ionospheric absorption events cannot be attributed to local
conductivity variations alone. Thus, factors being more effective during these
periods than local ones should also be sought for. Without repeating the
considerations given in [1], they are most likely influences of extraterrestrial
origin.
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0O CBA3AX MOHOC®PEPHOIO MOrNoWwEHMA N ATMOC®PEPHOIO
3NEKTPUYECTBA HA OCHOBE WCMbITAHNA HECKO/IbKUMIW MAPAMETPAMU

L MEPL,
PE3FOME

LN uccnefoBaHUs CBA3EH MeXAy WOHOCHEPHBLIM MOT/OLIEHUEM W aTMOCHEPHBIM 3MeK-
TPUYECTBOM BbUIM UCMO/b30BaHbI JaHHbIe MOT/IOLLEH NS, ONpeaeNieHHble Ha TPeX IMHUSX u3Mepe-
HUSA 1 JaHHble 0 rpaAueHTe NoTeHLMana 3/1eKTPMYECKOro Nosst aTMoctepbl B BYX 06CepBaTOPUSIX.
Bblfa NpoBepeHa BO3MOXHOCTb BbIGopa COGbITUI MOr/OLIEHUS (CYTKW, XapaKTepHble 60/bLLINM
MOr/IOLLEHNEM) HA OCHOBE TPeX He3aBUCUMbIX CEpUit AaHHbIX. Bcned 3a PoOCTOM MOr/OLWEHNS!
B HEKOTOPbIX CMy4Yasix v Ha 1966-0i1 yaanocb BbISIBUTL MOBbILEHHbIE 3HAYEHWSI TpagueHTa Mo-
TeHumana. COBMECTHOE MCC/ejoBaHNe HEKOTOPbIX aTMOCHEPHbIX NMapamMeTPoB yKasano Ha To, UTo
yBe/IMUeHNe rpaaneHTa MnoTeHumana TPyaHO O6bACHUTL W3MEHEHUAMMW /WLLb NOKa/IbHbIX (haK-
TOPOB, U TakK, 0fHa paHHsAA MHTepnpeTaums [1] okasanacb CNpaBef/IMBO U HA OCHOBE HACTOSA-
WX Pe3y/bTaToB.
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DETERMINATION OF THE POSITION OF THE
MAGNETOPAUSE FROM GEOMAGNETIC PULSATION
INDICES

1. VERO
GEODETICAL AND GEOPHYSICAL RESEARCH INSTITUTE OF THE
HUNGARIAN ACADEMY OF SCIENCES, SOPRON

[Manuscript received September 2, 1975]

A compaiison of 56 magnetopause positions (Prognoz and Prognoz 2) with geomagnetic
pulsation data shows, that the former can be determined with an RMS error less than 1.0 RR
(Earth radius) using the latter.

1. Vinogradov et al. [1] compared data on the position of the magneto-
pause with simultaneous geomagnetic pulsation periods (Pc 2 4). Data of
the satellites Prognoz and Prognoz-2 were used from the interval April
December, 1972. As the orbit of the satellites was changing (with a longitudinal
drift rate of 4° per revolution, i.e. per 96 hours), deviations from a mean mag-
netopause position (10 Rf at 12 h, 14.3 RE at 6 h) were used. Data of 56
magnetopause crossings were selected (no multiple and unclear crossings),
and a correlation coefficient of 0.56 ~ 0.18, significant on the 1% level, was
found between the deviations from a mean magnetopause position (zR) and
simultaneous pulsation periods (T). The pulsation data are derived from the
records of the observatories Irkuts and Borok.

It is interesting to note that the correlation coefficient between AR
and Kp (0.58) is nearly the same as that between AR and T, and data grouped
according to Kp-values have considerably weaker correlations. Vinogradov
et al. concluded that there is no clear dependence of pulsation periods on the
magnetopause position.

2. As pulsation indices were proved to he useful tools for the determina-
tion of certain interplanetary-magnetospheric parameters (e.g. solar wind
velocity, Vers [2]), an investigation was started with these data, too. The
data set was significantly smaller than for the solar wind (from the 56 crossings,
only 46 could he used due to the lack of pulsation amplitude indices), therefore
the same method could not be applied (for the pulsation indices see Hollo
et al. [3] and Tatrallyay Veré [4]).

Mean values of the pulsation indices in the 12 bands used in the processing
of Nagycenk data (both occurrence frequency (/) and amplitude (a) indices)
are shown in Fig. 1 for 6 different groups of the magnetopause distance. In ad-
dition, mean values of Kp. T (Nagycenk linear telluric activity index) and t
(pulsation periods in Irkutsk and Borok) from Vinogradov et al. [1J are also
given.
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Fig. 1. Changes of some parameters in function of AR (horizontal axis), the momentanous
deviation of the magnetopause position from an average, in Earth radii

a) t, period of pulsations in sec as given by Vinogradov, 2T Nagycenk earth current linear

activity index, FKp planetary geomagnetic activity index; b—f Pulsation indices PIl—P12
dotted: amplitude indices, continuous: occurrence frequency indices
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The numbers of cases in these groups are as follows (numbers in brackets
indicate “spurious” data, i.e. cases when two magnetopause values were
given by Vinogradov et ah, or when the R-values surpassed 20 i.e. when
crossings take place at early or late hours).

Jn Total number ofcases ~  Spurious”
cases
less than 2.0 6 3)
2.0 1.0 7 5)
0.9 0.0 6 @)
00- 09 13 @)
+10- +1.9 8 )
More than +2.0 6 @)
Total 46 (16)

Next, the same set of days was grouped into 6 groups of the same sizes
according to the following criteria:

a) EKp; in this case the limits between groups are 9o, 13+, 150, 17+
23_

b) t as given by Vinogradov et al.; limits are 20, 25, 28, 31, 37 sec.

c) ET, the Nagycenk linear telluric activity index; limits are 6,7, 12, 15,
24,

d) A combination of values deduced from pulsation indices. The following
indices were used: P3(/), P5(a), P5(a /), Pl 1(a). PlI(a /). Letters in brack-
ets refer to the type of the index used, a means amplitude, f occurrence
frequency index, a f their difference.

The RMS deviations of ranks (groups) formed on the basis of Prognoz
magnetopause crossings and of criteria a d are the following (as the limits of
the R-groups differ by 1in RE, RMS deviations are given in R,.;).

Accepted da Number of cases
All days (Withoue “spurious”  With errors
days{J more than
+1 A

EKp +1.65 + 1.2 (+ 1.0) 8(1)
t +1.55 +1-3 (% 1-1) 7(1)
ET +1.15 + 0.8 (+0.9) 2(1)
P1-P12 +1.4 +0.95 (+ 1.3) 3(3)

Since “spurious” days have much higher RMS errors than the other
days, they will not be taken into account in what follows.

Errors are great in case of EKp and t, they are significantly less in case
of PI —P12, and smallest for ET.
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The superiority of the local ET activity index over EKp is rather surpris-
ing; no unambiguous interpretation can be offered. A tentative argumentation
might be that short-period variations are better expressed by ET, being a tel-
luric activity measure, than by EKp, and the actual magnetospheric dimension
is better indicated by these shorter period variations (“short periods” mean
here periods shorter than the characteristic period of substorms, i.e. some
minutes to some tens of minutes). This argumentation, of course, is not too
convincing.

The position ofthe magnetopause can be determined from the period of
the simultaneous geomagnetic pulsations with about the same accuracy, as
from Kp. A similar conclusion has been made by Vinogradov et al. (op. cit.).

A subjectively chosen sample (d) taken from Pl P12, containing only
5 indices out of 24, yields much better results than the simultaneous period t.
Based on them, the position of the magnetopause could be determined with
an accuracy of about %1/J", more than ~17% error occurring only in 10%
of all cases.

3. We have also tried to compute AH from the pulsation indices PI P12
(/* «) by mcans of discriminant analysis. The results were not superior to that
described earlier, but tinlnumerical coefficients of the indices deserve some
attention. The RMS error of AR was in case of both/and aindices %1.1— 2.1,
none of them was much better. This is rather surprising, as in case of the dis-
tance of the magnetopause spectral-type (/) indices ought to yield better
results.

A trial was also made with a set of both a and/indices (P2, P3, P5, P6,
P9, PII). The coefficients of the a and / indices always were of opposite sign,
th ose of a being some 3 5 times greater, showing that index a and the differ-
ence a f have rather independent information.

Fig. 2 contains the coefficients of the discriminant analysis. It shows
that a decrease of the indices of the bands 5- 10, 25 30, 40 60 and 300 600
sec hints supposing the constancy of all other indices — at a contraction of
the magnetosphere, in all other cases magnetospheric contractions are accom-
panied by increasing indices. Greatest information from this pont of view is
contained by P3 P5, P7 and PIl (6 15, 30 40 and 120 300 sec). Two
points should be especially mentioned: the greater activity of the 5 10 sec
band hints at greater dimensions of the magnetosphere, in spite of a rather
close positive connection with geomagnetic activity. P2 had low correlation
with solar wind velocity, too [2]. The band of 30 —40 sec has an opposite
character: it accompanies geomagnetically quiet periods, hut its activity
increases when the magnetosphere is smaller (cf. also Fig. 1).

4. As the sample of magnetopause crossing data was too small, it cannot
be definitely concluded that pulsation indices are more suitable for the deter-
mination of the position of the magnetopause than traditional activity mea-
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Fig. 2. Coefficients from the discriminant analysis for Pl P12
Thin: from occurrence frequency indices
Thick: from amplitude indices
Triangles: from a combination of amplitude and occurrence frequency indices

sures. It is, however, clear that pulsation indices of whole days are more effec-
tive tools for the estimation of the distance of the magnetopause than the
simultaneous periods of pulsations. This means that short period fluctuations
in any of the two phenomena (magnetopause and pulsations) are less important
than the improvement due to the statistically more stable pulsation data of
whole days. As Kp and T yielded quite different results, no unambiguous
comparison can be made with geomagnetic activity, it can be stated, however,
that the accuracy obtained in not much lower than when using geomagnetic
pulsation indices. A part of the deviations can be attributed to energetic
particle events: having omitted data on crossings when their flux was high,
the RMS error of the magnetopause position with Pl P12 decreased by
about 30%, from 0.95 RE to 0.65I?E.
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OMPEAENEHWMNE TMONOXEHNA MAIMHNTOIMAY3bl MO TFEOMAIHNTHbIM
NYNbCAUNOHHbIM MHAEKCAM

. NEPE

PE3IOME
CpaBHeHue 56 MoMoXeHUi MarHuTonaysbl (Mporuo3 n MporHo3 2) ¢ reoMarHUTHLIMM

Cy/bCALMOHHBIMU MHAEKCAMU MOKasaso, YTO MepBble MOryT ObiTb OMpefesieHbl M3 MOCMefHUX
HO cpefHel KBagpaTUyecKoli ownbKon, meHbllen + 1,0 KE (paguyca 3emnn).
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VERBINDUNG VON ZWEI NIVELLIERUNGSNETZEN
ZUR BESTIMMUNG VON
VERTIKALGESCHWINDIGKEITEN

W. K HRISTOV
MITGLIED DER BULGARISCHEN AKADEMIE DER WISSENSCHAFTEN, SOFIA
EHRENMITGLIED DER UNGARISCHEN AKADEMIE DER WISSENSCHAFTEN, BUDAPEST

[Eingegangen am 10. September 1975]

Es seien zwei doppelt nivellierte Netze zur Herlcitung von Vertikalgeschwindigkeiten
beobachtet. Zu deren Verbindung missen mindestens zwei Verbindungslinien vorhanden sein.

Es seien zwei Nivellierungsnetze zur Bestimmung von Vertikalge-
schwindigkeiten beobachtet werden. Diese sollen miteinander verbunden sein.
Das erste Netz mufl einen Punkt véllig bestimmt haben (H6he und Vertikal-
geschwindigkeit) oder fir zwei Punkte je eine Hohe, oder Hohe und Vertikal-
geschwindigkeit; es sind also zur Berechnung des ersten Netzes zwei Daten
erforderlich. Das zweite Netz mufl von dem ersten Netz wiederum zwei Daten
erhalten. Mehr als zwei Daten erfordern eine Ausgleichung. Die Anzahl
der Bedingungsgleichungen ist nach der Regel bestimmt: Anzahl der Beob-
achtungsgrofen (Hohenunterschiede) minus Anzahl der Unbekannten fur
jeden Knotenpunkt zwei (HO6he und Vertikalgeschwindigkcit), wobei zwei
Daten als bekannt gelten missen. Wenn jedes Nivellierungsnetz doppelt
nivelliert wird, so entsprechen jedem geschlossenen Polygon zwei Bedingungs-
gleichungen. Siehe die Arbeit [1].

Es sollen die beiden selbstdndig nach Bedingungen ausgleichenen Bldcke
A und B. (siehe Abb. I)1miteinander verbunden werden.

19 20 2
16 17 18
15

0 1 ©

7 8 9
A* 5 6
@ 2 3

Der Block A hat
24 (18 2) 8

12,5,8 und 11, 14, 17, 20 sind zweimal, wogegen 7,10 und 9,12 einmal gemessene Linien
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Bedingungsgleichungen, né&mlich 24 Nivellierungslinien minus (9 1)x2
Unbekannten, da samtliche Daten des Punktes 1 bekannt sind.
Der Block B hat

34 - (24 2) = 12

Bedingungsgleichungen, na&mlich 34 Nivellierungslinien minus (12 1)x2
Unbekannten, da der Block B durch die beiden Verbindungslinien zwei Be-
kannten vom Block A erhélt.

Fur die beiden Blécke A und B haben wir insgesamt

60 (21 12 = 20
Bedingungsgleichungen.

Es ist klar, dafl wir: im ersten Block A 12 Verbesserungen w(mder Unter-
schiede hjj fir das erste Nivellement und 12 Verbesserungen #,; der Unter-
schiede h'jj fiir das zweite Nivellement erhalten. Im zweiten Block haben wir
17 Verbesserungen vt] der Unterschiede h:j fur das erste Nivellement und 17
Verbesserungen r der Unterschiede /i'iy fur das zweite Nivellement. Die
Hoéhenunterschiede hg12 und h710 erhalten keine Verbesserungen.

Héatten wir eine dritte Verbindungslinie 8 11. so wére eine zuséatzliche
Bedingungsgleichung erforderlich.

Mit TO bezeichnen wir die Normalepoche und mit

fTjj = T0 - tjj

[Tij — TO+ i

bezeichnen wir die Beobachtungsepochen.

Um das Nivellierungsnetz berechnen zu koénnen, d.h. die Hdhen //,
und die Vertikalgeschwindigkeiten V] abzuleiten, missen wir im ersten Block
die Hohe //, fur die Normalepoche und die Geschwindigkeit F, als bekannt
voraussetzen. Diesbezlglich gilt der Zusammenhang:

C_ T (it + v i+ M)
Vi Vi r ..
lij i
und weiter:
Hi= Hi+ (ly+ vu) - (vi F)t7
= I{ + (Wjj+ Vi) - (Vi F,) «tij.

Um den zweiten Block zu berechnen, errechnen wir zunachst die Geschwin-
digkeitdifferenzen F,, V-j und VI2 Vy. Zu diesem Zwecke werden die
zwei Gleichungen fir die auf die Normalepoche reduzierten Hohenunterschiede

Ada Geodaelica. Geophysica d Montanistica Acad. Sei. Hung. 10, 1975



\HENDNG\ONNAA LIER NCENETAN 467

und fur die Geschvvindigkeitsunterschiede aufgestellt:

A7,10 (F o ~ K) *710 "b (**10,11 “b «10,11) “F (~11,12 “b *M1,12) ~t~
~t* 12,9 (V» A12) ' %129 “t (98 “b «9,8) "b (™87 V «8,7) = A
(VD- V) + (Vn -viD+ (V, M)+ (V7- V) =0
Hier sind
V7- va
und
T/ I/ (~10,11 “b «10,11) (Vio,Il ~b «10,11)
V2 *10—

)
*10,11 *10,11
(*il12 + «11,12)  («11,12 + «11,12)

*11,12 *11,12

bekannt, und V10 V7, Vg— V212 unbekannt.
Weiter haben wir die Gleichungen:
W, V,+ M, vy, v2= v9~(v9 vip
Hio 1 ~7 “I~7p0 (VU, V7) <710 ALR= Hy “h aonr (VU A 9) %9 12-

Wenn die Verbindungslinien 7 10 und 9 12 an der Lmandesg:renze (siehe
Abb. 2) abbrechnen und die einzelnen Abschnitte zu verschiedenen Zeiten
beobachtet worden sind, so missen ldngs der Grenze parallel laufende Linien
beobachtet werden. Dann haben wir 6 Beobachtungslinien minus 2 x 2
Koordinaten, also 2 Bestimmungsdaten, die uns gerade reichen.

10 12

7 *9

SCHRIFTTUM

1. Hbistov, W. K.: Uber die Ableitung der Vertikalgeschwindigkeiten der Erdkruste aus z we
Nivellierungen nach Bedingungsgleichungen. Acta Geod. Geoph. Mont. Hung. 10
(1975).

COEAVMHEHUWE ABYX HWBENWPHbLIX CETEW ANA OMPEAE/EHUNA
BEPTUKAJ/IbHbIX CKOPOCTEN

B. K. XPUCTOB

PE3IOME

MycTb 6yAyT OTHAGMOAEHbI [1Ba, ABaX /bl N3MEPEHHbIX HUBENMPHbIX CETU /15 BblBEAEHNS
BEPTUKANbHbLIX CKOPOCTEeA. [N UX COeAMHEHWS HeoBXoAMMO WMeTb MO KpanHel Mmepe [nge
NPUBA30YHBIX NUHUN.
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DER EINFLUSS DES ZINSFUSSES AUF DIE GROSSE
DER RERGWERKSBETRIEBE

J. ZAMBO
O. MITGLIED DER UNGARISCHEN AKADEMIE DER WISSENSCHAFTEN

[Eingegangen am 10. Oktober 1975]

Die beiden meist kennzeichnenden optimalen Parameter der Bergwerksbetriebe: die
Forderkapazitat (in 106t (Jahr) und der dem Betrieb zugehorige, abbaubare Mineralvorrat
sind vom Zinsful abhéangig, wenn fir den Rucklauf der Investitionskosten das verzinste
Verfahren angewendet wird. Je hoher der Zinsful® ist, umso grofRere Werte ergeben sich fur die
optimalen Parameter.

Die Erfahrung lehrt, daR die Investitionskosten der Bergwerke durch
die Regressionsformel
((4<

gut angendhert werden, worin die Funktion K die Investitionskosten, q
als unabhéngig variable GroRe die Férderkapazitidt des Bergwerks (in t/Jahr)
bedeuten. Der Koeffizient a und der Exponent // kbnnen mit dem Regression-
verfahren ermittelt werden. Der Koeffizient a ist von der Wé&hrung, sowie
von den geologischen und Lagerungsverhéltnissen abh&ngig, wéhrend der
Exponent /i im allgemeinen einen Wert von 0,8 hat und von den geologischen
Verhéltnissen praktisch unabhdngig ist (Siehe: 1.S.68).

Vorerst sei angenommen, daB die Investitionskosten samt Zinsen in
der Betriebszeit wieder eingebracht werden. Der besseren Ubersicht halber
wird die interkalarische Zeit der Investition auBeracht gelassen. Ferner sei
auch von der An- und Auslaufszeit des Betriebes abgesehen und angenommen,
daB sich die Forderkapazitdt in der Betriebszeit (N Jahre) nicht &ndert.
Dementsprechend hat diese Untersuchung nur grundsdtzliche Bedeutung.

Unter solchen Prédmissen betragen die jahrlichen, verzinsten Ricklauf-
kosten der Investition

. o P"
Ki,o = bKi _
Darin ist
/1
P=1% 400
6=0p - |
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A al)er der Zinsfull in %, (J der gewinnbare Mineralvorrat.
Die spezifischen, verzinsten Rucklaufkosten betragen:

0a pN
gl~~ pN 1

Ebenso zeigt die Erfahrung, dall die jahrlichen Betriebskosten mit guter
Annédherung durch die Invariable (q und Q) Regressionsformel

K, bg’Q'

ausgedrickt wird. Der Koeffizient bist hier auch von der Wahrung, den geolo-
gischen und Lagerungsverhdltnissen abhdngig. Der Exponent v ist allgemein
kleiner als Eins und groRer als Null; sein Wert liegt meist bei 0,9. Der Exponent

o ist groBer als Null und kleiner als Eins; sein Wert ist im allgemeinen né&her
bei Null.

Fur die spezifischen Betriebskosten gilt die Beziehung

k2

fur die gesamten verzinsten spezifischen Kosten aber

A= A 4—k2 +p Q
Sind grundsétzlich sowohl die Forderkapazitdt, als auch der abzubaut
ende Mineralvorrat unbegrenzt und kénnen sich frei verdndern, so kann mi-

Analyse der extremen Werte nachgewiesen werden, daB die spezifischen
Kosten dann minimal sind, wenn die folgende Gleichheit erfullt wird

¢! p)(PN 1) + 1 v = |
N Inp o0

Die N Jahre kdénnen unter den angegebenen Bedingungen als optimale
Betriebszeit betrachtet werden. N ist von den Koeffizienten (a und b) der
Regressionsfunktion nicht abhdngig, also unabhédngig von der Wé&hrung.

Wird die Substitution

1 p
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durchgefiihrt, dann ist

pN= AN Inp f 1
Zwei ZinsfiiRe seien gewadhlt, uzw. A = 12%, bzw. A = 6%. Bei A = 12%, ist

1,12n = 0,11333 A N + 1
Bei A = 6% aher ist

1,06~ = 0,05827 A N + 1

Die graphische Ldsung der letzteren beiden Gleichheiten ist in Abb. 1,
bzw. Abb. 2 zu sehen. Aufgrund von diesen kann Abb. 3 entworfen werden.
Die Kurve p 1,12 zeigt bei einein Zinsfull von A = 12% die dem Minimum
der verzinsten spezifischen Kosten zugeordnete Betriebszeit in Jahren, wéh-
rend sich die Kurve p = 1,06 auf den Zinsful A = 6% bezieht. Abb. 3 zeigt
auch die Anderung der Yerhéltniszahl

N, N c

= <=

N, N u

Man erkennt, daB die optimale Betriebszeit in hohem MaRe vom Zinsfufl und
der GrolRe A abhéngig ist.

N

Abb. 1
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Abb. 2

Abb. 3
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Die der optimalen Betriebszeit zugeordneten optimalen gewinnbaren
Mineralvorrdte (Q), sowie die jdhrliche optimale Foérderkapazitdt (q) kénnen
durch folgende Gleichungen ausgedrickt werden:

Rv+w-p _y BN
MA2N i+1-Tlnp

gvAdw -fl _ y ppN
ftb42Y1+“ Inp

Wie man sieht, sind die optimalen GréBen Q und q unabhdngig von der Wéh-
a
rung, da y = - eine dimensionslose Zahl ist.

Werden die zu zwei verschiedenen p-Werten gehdrigen optimalen abbau-
baren Mineralvorrdte mit Qj und Q2 bezeichnet, und ist

<22
dann st

OH—M= il yl+#vv P I'InPI
02 P2i]nPI

Werden aber die zu zwei verschiedenen p-Werten gehdrigen optimalen
jahrlichen Forderkapazitdten mit <, und g2 bezeichnet, dann lautet bei

die Gleichung

_ A Ll+«. P"'InP*
02 P2ilnPlI

Solch groRe Vorkommen, bei denen Q unbegrenzt ist, sind im allgemeinen
selten. H&ufiger sind jene Vorkommen, bei denen der C-Wert gegeben, d. h.
Q = konstant ist. In diesem Fall kann die optimale Betriebszeit aus folgender
Gleichheit errechnet werden:

1o v N -z Ve e eN s D =T

Hieflir ein Zahlenbeispiel:

Als Ergebnis des Regressionsverfahrens sei p = 0,80, v= 0,93, (0 = 0,14,
y = 7,5,wenn die Dimension von und K2 10e Geldeinheiten entspricht, die
Dimension von Q 106t, die Dimension von g aber 10°t/Jahr ist.
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Bei A= 6% ist

N6 = 27,8 Jahre
QB= 28,5 « 106t
g6= 1,0 «10° t/Jahr

bei A = 12% aber:

N 12 = 14,3 Jahre
QU = 269,2 « 1061
qt2= 18,9 «10ct/Jahr
mithin also
| = 9,5; C= 18,8; P = =2

A
Anders verhdlt es sich, wenn der abbaubare Mineralvorrat gegeben ist

und hierzu die optimale Betriebszeit gesucht werden soll. Es sei Q = 10 « 10ct.
Dann ist die optimale Betriebszeit durch folgende Beziehungen gegeben:

75 h PNN°W rglfinp — 0,2(pN — 1)] = 1000727
007 (pN- 2L F

>
I

6%: Ae = 23,5 Jahre; qC = 4,26 < 106t/Jahr
A= 12%: N 122= 159 Jahre; ql2= 6,29 «106t/Jahr
<p=1= 1,48

Istp = 1, d.h. Z= 0%, dann gelten fur den Fall ohne Verzinsung die
Gleichungen

N %v+l=y P B
a V) Q™*ii+v
N g 08 087 — 39:9 Jahre.
0,07 <1000

Zusammenfassend kann festgestellt wrerden, dafl ein erhdhter Zinsful3
zur Ausgestaltung eines umfangreichen Bergwerksbetriebes von grolRer For-
derkapazitdt und relativ kurzer Betriebszeit antreibt. Handelt es sich aber
nur um einen beschrankten Mineralvorrat, so ibt der ZinsfuB nur einen schwéa-
cheren EinfluR auf Erweiterung der Produktionseinheit aus.

SCHRIFTTUM

1. Zambs, J.: Optimum lication of mining facilities. Akadémiai Kiadd, Budapest, 1968.
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BAIAHWE CTABKW MPOLEEHTA HA BEJIMUMHY TOPHbIX MPEAMPUATUIA

. 3AMBO

PE3IOME

[lBa cambIXx ONTUMasbHbIX MapameTpa FOpPHbIX MNPeAnNpPUATUIA, NPOM3BOACTBEHHAs eM-
KocTb (10f TOHH/rOA) ¥ BblpabaTbiBaeMoe Ha MpPeanpuATMM MUHepanbHoe 6GoraTcTtBo (10e T.),
3aBUCAT OT CTaBKW MPOLEHTA, eCNvi MPUMEHSITb MeTOZ MPOLEHTOB MpY BO3BPALLEHUN KanuTasib-
HbIX B/IOXKEHWIA. YeMm 6osblue CTaBKa MPOLEHTa, TeM 60/bLUe Y ONTMMasIbHble MapameTpbl.
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ADDENDUM

NUCLEAR MINING OF POUPUYROUS CHALCOPYRITE ORES UNDER IN SITU
CONDITIONS

Acta Geod. Geoph. Mont. Hung., 10 (1975) 173 —188.

G. TARJAN

A recent paper of R. L. Braun and R. G. Mallon: “Combined leach-
circulation for predicting in situ copper leaching of primary sulfide ore”
Transaction SME/AIME (258) June 1975, pp. 103 110, can be considered as
continuation of the publication by Lewis and Braun, referred as [3] in my
above-quoted article. In the following discussion | would like to review the
main conclusions of this paper, without specifying the applied method of
calculation.

Sketch A of Fig. 1 shows the flow-diagram of in-situ leaching by oxygen.
From the water-flooded chimney the cuprous solution is delivered by a low-
pressure pump running under water level to the chemical copper recuperating

Chemical
| n Cu - récupéra-
oy tion
I=0U= Surface
r
Water level
K
Fig. 1.A — Scheme of the in situ leaching process using oxygen. B — Oxygen bubble!

ecction (shaded) and bubble-free section of the chimney for 3 feeding pipes
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plant operated by solvent extraction or cementing methods, while the liquid
free from Cu and the cuprous solution of not adequate concentration is circu-
lated by a pump located on the surface which delivers them to the chimney
bottom. The circulated oxygen accumulated on top of the chimney, as well
as the fresh oxygen (i.e. the “leaching” agent) can be fed e.g. by injection to the
descending branch of the pipe.

The amount of copper leached out in situ was calculated in paper [3] by
separating the process of leaching from that of circulating the solution. The
calculation was based on an 02 concentration, considered as constant during
the complete period of leaching, which had been obtained from the oxygen
consumption of chemical reactions and from its average distribution during
the circulation of the solution within the chimney. In the recent paper of
the authors a decreasing amount of 02 consumption is assumed for the pro-
gressing process of leaching, while the oxygen concentration in these sections
of the chimney containing O., bubbles and free from them, respectively, are
assumed as different (to the bubble-free section dissolved oxygen will be added
by circulating the solution within the chimney).

The equation for the chemical reaction process of dissolution of sulfide
minerals can be written for a mol ratio of P/Kp - 2 as CuFeS2-|-2FeS2 -

+ 44- 02 + 463 H2 - Cu-+ + Fe3(S04)2(0H)3 m2H2 + é SH+ -31 SO** +
6 . . 15
FI+ and for a mol ratio of P/Kp = 1 as CuFeS, -j- FeS2-)- B o, -)-

+ -BHD - Cu2+ +  Fe3(SOHA0H)52H0 + S° + 7SO|" + j H+.

For P/Kp = 1 both the 02 consumption and the volume of the acid
formed are lower than for P/Kp = 2. If many calcite and other acid consuming
stones are present, addition of sulfuric acid may become necessary. By the
reactions of calcite or other not useful minerals the produced H + ions will be
consumed by simultaneous calcium sulfate formation, and e. g. by Mg2+
and AFi+ exchange. So, the pH value will be stabilized at about 2 on account
of the buffer effect of H + reactions. This value is low enough to prevent the
basic copper sulfate Cu2+ from being removed as precipitate, and high enough
to decrease the rate of decrepitation of ore. If the ores also contain ferro iron
(Fe2+) the 02consumption is somewhat higher, since Fe2+ will be oxidized by
0.25 mol of 02to 1 mol of Fe3+.

Leaching starts on the external surface of ore pieces and the nearby
sulfide minerals, then it continues in their interior, into which the leaching
agent may penetrate through the already existing cracks or through those
formed during the process of leaching.

In calculating by computer the volume affected by leaching, the 02
concentration, the stochiometric oxygen-to-copper ratio, the Cu content of
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ore, its size distribution and the degree of partial decrepitation of pieces for a
long lasting leaching process were all taken into account.

The calculations have been performed for three ores of various granulo-
metry 1-11-3 as shown by drawing A) in Fig. 4 using different other parameters
as Cu percent, P/Kp mol ratio, chimney size (R m), rate of circulated solution
(g cu.m/min), number of oxygen feeding pipes (re), which also gives the bubble
ratio in the chimney (B percent).

Data on the size ranges 1-11-2 are also listed on Table 1(1: stones from
an open-cast monzonite mine, Il: standard distribution, 2: size distribution of
(Piledriver) granite from a 61-kt nuclear chimney).

The rate of chemical reactions, the diffusion coefficient and solubility
of oxygen have all been affected by the temperature. For the calculation
60 QC initial temperature was assumed which gradually increased by de-
ducting the heat loss of chimney to 90 °C due to the heat evolved during
leaching. By the oxidization of pyrites and chalcopyrites, for mol ratios of
P,Kp = 2—1 0.5 the amount of evolved heat were 4.39 2.93 2.20 Mega-
joule mol of Cu. Having reached 90 °C no further increase in temperature was
considered. There were two reasons to select 90 °C “as top limit value” : 1) the
surface treatement of the cuprous solution is easier and 2) there is a reduced
possibility that deleterious secondary reaction occurs within the chimney.
Sulfide dissolution is proportional to the concentration of oxygen and depends
on the degree of solubility at given temperature and partial pressure on the
amount of 02 fed in, on the geometric dispersion of the latter, on the rate of
internally circulated oxygen-containing solution and on the consumption of
this solution due to chemical reactions. In the computerized calculations all
these factors had been taken into account (for small dissolved oxygen contents
the already dissolved copper may precipitate from the solution as secondary
sulfides).

Table |
Size range Il 2 and 1
»r%
x cm 1l 2 1
Hrex 0 190 5
0.1 6 5 18
| 12 9 36
10 60 40 71
30 85 70 93
60 97 86 100
90 100 93 100
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The system used for oxygen feeding (and at the same time for circulating
the solution) consists of one or more perforated pipes in nearly horizontal
dispositions, located on the chimney bottom. Ascending oxygen bubbles go
partly into solution and as they move between the rock pieces they may also
laterally deviate from the vertical. The volume-fraction of the part of the
chimney containing dispersed oxygen bubbles can he calculated in function
of the size distribution of ore of the cross-section of the chimney and of the
path length of the gas bubbles entering at the bottom. The fraction of cross-
section containing 02 bubbles in the chimney’s half-height — which also can
be considered as the average volume fraction for the chimney is shown for
three oxygen feeding pipes by the shaded section on drawing B) of Fig. 1
For oxygen feeding pipes varying in number (n — 1 to 5) the calculated frac-
tions of the volume of chimney containing 0., bubbles (B percent) are compiled
for the 1-11-2 size ranges in Table Il. It is seen that these volume fractions
hardly vary under practical conditions with the radius R of the chimney and
with the L/R ratio.

Data on the relevant chimney are listed in Table Ill. (F sq. m is cross-
section of the chimney, T, in i, weight of the blasted rocks, Q cu. m volume
of liquid within the mass of rocks of porosity p of the chimney. On top of
the chimney the partial pressure of oxygen was taken as 3.62 m106 Pascal.)
E. g. for R = 40.45 m the value of “bubbled” volume B = 24.6 percent for
n = 3, size range II, is given by the shaded strip of 60 -|- 81 -(- 60 = 201 m
length and 6.3 m width shown on drawing B) of Fig. 1 (FB = 201 «6.3 = 1267
sq. m, F — 5140 sq. m, B = Fb]JF = 1267/5140 — 24.6 percent).

Table 11

0 2-bubbled volume fraction of the chimney (B percent) for oxygen feeding pipes of varying number
(n) for size ranges 1-11-2

n= 1 2 3 4 5
1 6.6 11.4 16.4 21.6 26.6
11 9.9 17.2 24.6 32.4 39.9
2 13.0 22.6 325 42.6 52.6
Table 111

Chimney data

R M L m L/R F m2 T 106t Q 103n3 P

25.96 145 5.60 2120 0.65 73 0.23
40.45 345 8.56 5140 4.1 277 0.15
48.30 491 10.20 7330 8.4 472 0.13
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Because of the differences in density between the bubble-containing
and bubble-free liquid “columns”, there occurs in the interstices of rock mass
an internal upward movement of liquid in the bubbled zone and a downward
one in the bubble-free zone, due to which the amount of oxygen having gone
into solution in the bubbled zone is transferred by convection to the bubble-
free zone. At any point of the chimney the concentration of dissolved oxygen
can be calculated, provided that the amount of locally dissolved oxygen, the
rate of liquid flow, depending on both the granulometry and porosity of the
rock mass, as well as the volume of oxygen consumed by chemical reactions
are known.

The various parameters and the results of calculation obtained for the
dissolving - circulating process (recovery data in me percent on the dissolv-
ing process lasting 5 1/2 resp. 7 1/2 years) are presented in Table IV.

For the case No 1 the required volume of oxygen will be fed to the cir-
culated liquid, pumped at a rate of p = 5.28 cu. m/min from the top part of
chimney, prior to its flowing back to the bottom. As indicated by the calcula-
tions the rate of oxygen feeding ((\ kg/min) and the a mountofcopperrecov-
ery (mCu percent) vary with time as shown in Table V. In columns a and b
recovery data for the bubbled zone (B 24.6 vol < percent) and the bubble-
free one (75.4 vol «percent), are separately given. Differences in the extent
of dissolution in zones a and b, (84 percent and 67 percent Cu recoveries,
respectively, in 5 1/2 years) result from the different oxygen concentration
in these zones.

Table IV

Parameters and results of the calculation of the dissolving — circulating process

mCu%

No. Cu % P/Kp Size range R in qm“/p n B%

5 1/2 712
| 0.5 1 " 40.45 5.28 3 24.6 70.8 80.3
2 0.5 1 2 40.45 5.28 3 325 63.7 69.9
3 0.5 1 1 40.45 5.28 3 16.4 53.9 67.6
4 0.5 1 2 40.45 11.30 5 52.6 67.3 72.3
5 0.5 1 1 40.45 8.10 4 21.6 70.8 82.4
6 0.5 0.5 1 40.45 3.42 3 24.6 70.8 81.3
7 0.5 2 11 40.45 8.88 4 32.4 70.8 78.8
8 0.5 1 11 48,30 10.38 5 39.8 70.8 80.2
9 0.5 1 11 25.96 0.50 1 10.0 70.8 80.3
10 1.0 1 11 40.45 5.28 3 24.6 49.8 61. 1
11 1,0 1 11 40.45 23.25% 3 24.6 57.5 67 .5

* foi 3.58 years then q —7.55
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As regards the whole chimney 70.8 percent copper recovery is given in
size range Il for 5 1/2 years (Table IV, No 1). This amount is decreased for
size range 2 (No 2), to 63.7 percent since copper is leached out at a slower rate
from larger pieces of the coarser fraction and for range 1 (No 3) to 53.9 per-
cent, since liquid is flowing (by convection) at a lower rate due to the higher
frictional resistance of the mass of rock containing more fines. Accordingly,
the presence of a large amount of extra-fine grains (</ 1 mm) in the rock mass
has a more deleterious effect than that of the too coarse ones (>1 m). The data
of Nos 4 and 5 shown the favourable effect of a more intense liquid circulation
(q) for size ranges 2 and 1, respectively, while in cases 6 and 7 the influence
of pyrite content of the ore on the circulated liquid gq are pointed out. To
achieve the same amount of copper recovery (m = 70.8 percent), for the
respective mol ratios 0.5 and 2 P/Kp, 64 percent resp. 168 percent of the value
given under No 1 are required. Nos 8 and 9 represent the effect of the size of
the chimney, while Nos 10 and 11 give the effect of Cu content of the ore on
the rate of liquid circulation q and on copper recovery, respectively. For 1 per-
cent Cu content it proved to be advantageous to use a higher liquid circulation
rate g at the initial stage of of the dissolving process (for ~3.5 years during
which there is a relatively high chemical oxygen consumption in the bubbled
zone) than subsequently.

Table V
Decrease in the volume offreshly-fed 02 and inc_rease in copper recovery with increasing dissolving
time
" %
Year 0Zg/min mCu% 6
0 36.0 0 0 0
| 30.6 17 26 14
2 26.4 33 53 27
2 22.2 47 69 39
4 18.3 58 77 52
5 14.4 67 82 63
' 13.2 71 84 67
6 12.0 73 85 70
7 9.6 79 87 7
i 9.0 80 88 78
8 84 82 89 80
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Within a few years after Modssbauer’s discovery of the recoil-free y resonant absorption,
this interesting effect became the basis of a new, widely applicable spectroscopic technique.
A great number of excellent books and articles describe the basic aspects and possible appli-
cations of this method but most of them are written for experts actively engaged in applying
this tool. This book is primarly aimed at the non-expert, i.e. at chemists, biologists, geologists,
metallurgists who are interested in the possible applications of the Mdssbauer effect on their
own field.

The first chapter is a brief but very clear summary of the basic principles. In the follow-
ing five chapters the wide applicability of the method is demonstrated in chemistry, magnet-
ism, biology, geology and metallurgy. As it is impossible to discuss all the possibilities in such
a short book, the most important and impressive problems were selected. For example, to
show the applicability in geology and mineralogy the analysis of lunar samples is discussed.
Valuable information could be gained about the oxidation state and site preference of iron in
different minerals and — through the analysis of ordering processes - about the thermal
history of rocks.

This short introductory book may be useful for all of those people who are interested
in what have been done and what can be done with this tool on their own field.

L. Takéacs
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