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SOME REMARKS TO THE CALIBRATION AND USE
OF PRECISE LEVELS
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The plumb line (Vertical) is a general datum for geodetical and astro—
metrical measurements, For its detection pendulous compensators, liquid surfaces,
—prisms or —lenses built in the optical system of the instruments and levels on the
instruments are used. It is an inherent feature of levels that the damping of the
bubble movement causes smoothing effect concerning the vibrations of the
instruments, Thus it seems to be useful to discuss some problems of the levels,

Referring to a letter of the French scientist Thévenot (see [1]), bubble
levels have been known since 1661. An uptodate and detailed description,
however, of the physical principles ruling their function is first given in [2].
Unfortunately these are not generally familiar even today. Therefore it can have
interest to repeat summarizing that the equilibrium of the bubble is determined by
the hydrostatic buoyancy, by the surface tension and by the distribution of pressure
in the filling liquid (see also [3]). Only the first one is generally considered as
directive force, although the neglection of both other factors leads to significant
errors.

From this point of view a statement of Zagrebin [4] seems for us of
interest that the Coriolis force can influence the equilibrium of the bubble,
Zagrebin explains this statement by a Coriolis force appearing in the suspension
level when rotating the passage instrument around its vertical axle. |n consequence
of this force a deviation of the bubble position is generated by the liquid streaming
in the level vial. Zagrebin interprets by this effect the inclination differences
between the arrays of EW and WE measurements on passage instruments. This
would mean that so—called early level readings were made in course of these
measurements, i.e. the bubble was slowly moving yet when read. As early readings
are cautiously avoided at measurements with levels and the movement of the bubble
stops after one or two minutes even in case of levels with a scale value of 17/2 mm,
it is more likely that the inclination differences discussed by Zagrebin and
previously investigated by other authors (see e.g. Brkic [5] and Kriger [6]) are
related to other sources of errors. The most significant effects have among these
manufacturing failures of levels ; accordingly the careful examination of levels
represents an important problem of astrogeodetical measurements (e.g. Sardy [7]
and Teleki [8]).
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The so—called geometric failures of levels were examined in details by
Barnes and Mueller [9]. These investigations deserve special attention if compared
with the instruction of the US Army Map Service ‘’Calibration of Level Vials” [10].
The authors have not considered, however, some earlier Europearn  publications
dealing with this topic and thus they re—discovered so certain phenomena, and
others were omitted. Namely the dependence of the level constant (mean sensitivity)
on the position and length of the bubble have been examined by Wanach already [11].
Further from the conclusions of the investigations by Wyss {12] only the first
item should be quoted here : “Der Parswert ist eine Funktion der Blasenlénge
und des Blasenortes”. (The scale value of the level is a function of position and
length of the bubble), which proves the fact of the re—discovery. Disregarding
further remarks on parallelisms and priority, anly problems shall be treated here
that are not generally known in this field as it comes evident e.g. at A.R. Robbins [13].

As a general rule in measurements with precise levels the so—called mean
sensitivity or level constant is still used. So e.g. Harin [14] and Dulian [15] give
methods to determine the level constant neglecting the curvature failures of levels,
The method of Harin is suitable also for the determination of the so—called
periodic failures of the micrometer screw of the level trier. The failures of the
micrometer screw of modern level triers are, however, much smaller thar the
curvature failures of the levels to be examined and the method proposed gives
thus — in spite of its mathematical interest — not much new for the practice in
comparison to the most simple method known, Very similar situation arises for the
method of Dulian, where the level constant is determined with the help of star
observations. In this connection it should be mentioned that for this purpose
theoretically all astrogeodetical methods can be used which are based on the
observation of stars and simultaneously the level is used for the measurement of
angles. B. Dulian described in [15] a method for the determination of the constant
of the suspension level by measurements with a passage instrument suitable for the
photoelectric detection of star transits. The examination of the curvature failures
of the levels has been neglected, too, and instead here the failures of the level
trier, the manufacturing failures of the slot system on the reticule of the passage
instrument, those of the refraction, of the star position and of timing appear.

The computations with individua! division values of levels are even in case
of diagrams proposed in [9] (or according correction tables) not free from certain
neglections. Moreover, this computation method is less comfortable than the use of
the angular values computed for the graduations as proposed earlier by Wyss [12]
and by Tarczy—Hornoch [16]. These latter methods use namely the integral
curves (“summenlinie”) of the correction diagrams or tables proposed in [9], thus
simplifying the computation of the angular value of bubble displacements to one
substraction, In addition Wyss enables by an approximative solution, Tarczy—
Hornoch by the method of the least squares the computation of the angular value
of bubble displacements between bubble positions with different bubble lengths,
Thus the consideration of the variation of the bubble lengths is during the
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measurement rendered possible, t00.

Besides geometric failures, the most important error sources of levels are
their so—called temperature errors. These arise from dilatational movements of the
metallic casing, further the effects of small temperature gradients in the liquid of
the level. In this connection it is to mention that a dilatation difference of
1 micron on the edges of the casing produces an angular desadjustment of 1 by
usual form and size of precise levels (see [3]). Further, in consequence of a small
temperature gradient in the liquid of the level the equilibrium of the surface tension
forces on the perimeter of the bubble are disturbed. Thus the final equilibrium of
the bubble is determined by that of the buoyancy and result of surface tension
forces. Such errors arise from inhomaogeneous illumination, from the breathe of the
observer and from unequal cooling of levels due to wind effects. These latter errors
are of varying magnitude which depend on the circumstances during the measure—
ment, but their value is commensurable with the geometric failures, 1t must be,
however, considered that geometric failures influence primarly the effect of
temperature errors, t00. The correction of temperature errors can be carried out
only in the knowledge of the geometric failures (see [3]). The different sources of
temperature errors, as well as their connection with the geometric failures renders
rather problematical the correction of temperature errors by a single so—called
temperature constant. In our opinion the most powerful defence against tempera—
ture errors is better temperature insulation and better arrangement of the
measurement environments {(illumination, bubble observation).

As a conclusion it can be stated that in connection with the calibration
and use of precise levels investigations are carried out in different places without
adequate coordination. It would be adviseable to compare the results of all these
investigations in the framework of an international working group to promote the
efforts for the unification of astrogeodetical measurements.

-]

[ o

REFERENCES

(1] G. MULLER : Zur Geschichte der Rohrenlibelle. (Zeitschrift fir Vermessung—
swesen, 1906, pp. 673—-678).

{2] M. DRODOFSKY : Libellen mit Anzeige durch Gasblasen. (Verdff. d.
Deutschen Geodatischen Kommission bei der Bayerischen Akademie
der Wissenschaften, Series C, No. 17, Minchen, 1956).

[3] Gy. ALPAR : Libellsk pontossigénak vizsgilata. (Examination of the
precision of levels). (Dissertation, Sopron, 1966).

[4] D.V. ZAGREBIN : O proishozdenii sistematiceskoj osibki pri opredeleni]
naklonnosti osi passaznogo instrumenta. (Trudy Astronomiceskoj
observatori Leningrad, XXI, pp. 163—173, Leningrad. 1964).

377



GY.ALPAR & GY. TELEKI

[6] Z. BRKIC : Contribution aux études des influences systématiques a la
détermination astronomique de |'heure. (Publication de I’'Observatoire
Astronomique de Beograd, No. 7. pp. 39—40, 1961).

[6} H. KRUGER : Die Wirkung des Windes auf ein Zeitsystem, (Verdff. d.
Geodatischen Instituts in Potsdam, No. 24, 1963).

7 A SARDY : A miszer kdrnyezetében keletkez6 hSmérsékletkilonbssg
hatésa a Horrebow-—Talcott médszer eredményeire. {The influence of
temperature differences in the civinity of the instrument upon the
measurement results obtained by the Horrebow—Talcott method).
(EpitSipari és Kozlekedési Miszaki Miszaki Egyetem Tud. Kdzleményei,
VI1/1861, No. 2).

[8] G. TELEKI : Neka novija iskustva sa libelama. (Zbornik Geodetskog Instituta,
Br. 6, Beograd 1965).

[9] G.L. BARNES, and |.I. MUELLER : The dependence of the level—sensitivity
on the position and length of the bubble on the Wild T—4 theodolite.
(Builetin Géodésique, 1966 ; No. 91 ; pp. 277—286).

[10] U.S. Army Map Service : Calibration of level vials. (Field Instructions,
chapter 10. 1964).

[11] B. WANACH : Untersuchungen von Sekundenlibellen. (Zeitschrift fir
Instrumentenkunde, 1926 ; pp. 221-238).

[12] N. WYSS : Neigungsbestimmung mit Berlicksichtigung systematischer Libe~
llenfehler. {Schweizerische Zeitschrift fir Vermessung, Kulturtechnik
und Photogrammetrie, 1957 ; pp. 153—164}.

{13] A.R. ROBBINS : Azimuth Controll in Canadian Latitudes. (The Canadian
Surveyor, 1969, Sept.; pp. 389—398).

[14] AS. HARIN : Sposob sovmestnogo opredelenija ceny delenija urovnja i
periodiceskih osibok vinta ekzamenatora. (Vorposy Astrometrii, lzd.
Naukova dumka, Kiev, 1966, pp. 107—110). '

[156] B. DULJAN : Determination of the angular value of a graduation interval of
hanging level tube on transit instrument by observations of stars.
{Bulletin Géodésique, 1967, No. 83, pp. 27-32).

[16] A. TARCZY—HORNOCH : Uber die Messung mit Sekundenlibelien, (Vermes—
sungstechnik, 1961, pp. 363—370).

378



