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Abstraet

There are several methods for measuring short (2 m—20 m) distances, but to gnarantee
the value of the standard error about 0.1 —0.15 mm is not easy. The author presents in this
paper a high-precision optical instrument developed and coustructed by the Department of
Surveying, Institute of Geodesy, Surveyving and Photogrammetry, Technical University,
Budapest.

The measurement with this instrument is similar to geodetic levelling, but we measure
horizontal distances. The distance to be measured is divided into parts each nearly 3 m in
length and their connection is provided by a technique similar to geodetic levelling.

In the course of engineer surveyings, it is often necessary to measure
short distances at a high accuracy. Recently developed distance meters enable
measurement of distances with a standard error of 0.1 mm, but the use of
these instruments is limited by the fact that thev cannot measure short dis-
tances at a high accuracy. So there is a need for methods or instruments capable
of measuring short distances with the accuracy of modern distance meters.

Invar tapes, wires and subiense bars are used for measuring the length
of the sides of micronetworks. for deformation monitoring and base line
measurement. The most accurate is the invar wire method, but the manu-
facturing of the special invar wire makes this method very expensive. It is
also disadvantageous that a number of wires with different lengths have to
he made and standardized. For special invar wire measurement methods, the
Distinvar and the Distometer instruments were developed.

One can make a distance measurement with the same accuracy as with
the invar wires with the instrument developed and constructed by the Depart-
ment of Surveving. Institute of Geodesy, Surveying and Photogrammetry,
Technical University, Budapest. The principle of this method is the same as
that of geodetic levelling, hut horizontal distances are measured.

The main idea lies in the combination of two parailel sided attachment
glass-blocks with an optical micrometer belonging te it, These optical micro-
meters enable highly accurate readings to be taken. These parts of the instru-
ment were combined with a Zeiss-type optical plummet. The instrument is
shown in Figure 1.

The two MOM K 321 type optical micrometers were put together in such
a way that the deviations of the light will be perpendicular to each other.
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In this way the line of collimation can be shifted max. 5 mm by two per-
pendicular deviations.
The two optical micrometers are set before the objective of the plummet.
If light hits the first parallel plate at 90°, there will be no deviation. if it hits
the parallel plate at an angle ¢, the shift will be
- n—1
d ~d- -tgo—-
= n
where d is the thickness of the parallel plate,
n is the index of refraction (Figure 2.).
The magnitude of the shift can be read on the micrometer scale. For
constructing a micrometer, formula (1) is accurate enough. The grades on the
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scale are marked so that the middle reading belongs to the position in which
there is no deviation of the light.

The micrometer is divided into 30 parts, accordingly one spacing is
equal to 0.1 mm. By estimating the reading, an accuracy of 0.01 mm can be
reached. The optical axis of the Zeiss plummet and the two blocks is common.
This instrument can be set inte a Zeiss forced centering device. (Figure 3)
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Complementary equipment

A 3 m long invar levelling rod is used for distance measurement. One
graduation line on the rod — in accordance with the graduated micrometer —
is equal to 0.5 cm.

During measurement. only one of the two rows of graduation lines on
the rod has to be used.

The coefficient of thermal expansion of the invar tape for 1 m is about
1 um/°C, the error of graduation is smaller than 0.01 mm/m, so the calibration
of these rods can be done once every six months, or before using, or after any
strong physical force was applied to it. The rod has to be propped up at the
150 and 450 grade. For supporting the rod, there is a support system which

e T =

can be fit into a Zeiss lower part. (Figure 4) The support system ensures that
the rod can be lifted 10 cm, and in this way the rod can be levelled. For this
purpose there is spirit level.

Measuring with the instrument

At one end of the distance, the instrument has to be set up, by levelling
the vertical axis. At the other end, a theodolite has to be set up above the
survey mark. The instrument has to be rotated until one of the optical axes
of the parallel plates locks in the direction of the distance: the axis of the
other parallel plate is now perpendicular to the direction of the distance.
The rotation is done as follows: with the theodolite, the initial point has to
be targeted, and the instrument has to be rotated until the target on the
instrument falls in the vertical wire of the theodolite. On the micrometer
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scale the grades grow in opposite direction as the measurement procedure.
In this way there are no decadic readings.

With the set up instrument the survey mark at the beginning has to be
read off on the micrometer in four positions, each perpendicular to the other.
Every reading has to be done twice. The mean value of the eight readings —
which will not contain due to the parallel and perpendicular errors the axis
of the parallel plate — will be the first “fore sight” reading. After the reading
at the initial mark, the rod has to be put above the mark (as shown in Figure 5),

Shift direction of the
measuring parallel plate
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Fig.

U

t is to be aligned and levelled. One of the grades is setting in coincidence and

a reading has to be made on the micrometer scale. The micrometer scale read-

ing is the mean value of the eight readings in four positions, each perpendicular
to another.

The readings are done with only one of the micrometer scales belonging
to one of the parallel plates, the role of the other parallel plate is only to set
the centre of the cross hairs on the target or the grade. (Upper part of Figure 5).
The verification of rotation at the optical plummet can be done with the index
at 45° and 90°, and this helps accurate setting.

After taking the reading at the beginning of the rod (the “back sight™),
the instrument is set at the end of the rod, and a reading is taken. The next
step is to set the rod in a new position, and after levelling and alignement
the initial and final readings (back and fore sights) are done. This procedure
is done until the end of the distance is reached, and the instrument is put
in the place of the theodolite. Here. first a reading is made on the rod, and
micrometer scale (last *““fore sight™), then the rod is taken away and after
targeting the end point, readings are taken on the micrometer scale (last
“back sight™). The process can be seen in Figure 5.

2%
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The distance ean be calculated by the formula:

n n
2::2st+Bnngj+E @)
j= = J

where

B initial reading (survey mark),
E final reading (survey mark)
F

57
Bs,

Ji

the ““fore sight” readings,
the “back sight” rcadings.

The Looking is shown in Table I. ¥From formula (2) it follows that if
the reading at the beginning is written intc the fore sight column and the
reading at the ¢nd is written into the back sight column, then the double
of the distance (2¢) will be the difference between the sum of the fore sight
veadings and the back sight readings.

The time to complete this process depends on the observer’s practice
nd, of course, the distance itself. To measure a distance of 15 m takes about

™m

Yol

.5—2 hours,
The accuracy of the measurements done until now is -~0.05—0.15 mm,
depending on the distance and number of repeated measurements,

The advantage of this distance measuring instrument is that the pre-
seribed accuracy can be maintained even in the engineer surveving praxis,
wwhere the survey marks are not very precise. At the initial and end points
the micrometer readings can be repeated. and because of this, the different
survey marks have only a minimal effect on the accuracy of the measurement.
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