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ABSTRACT

The Kern § Company Limited of Aarau, Switzerland recently
developéd a liquid compensating méchanism which replaced the standafd
double image coincidence bubble. They combined this feature-with'thé
already proven design of Dr. Heinrich Wild into a.new Second Order
Theodolite which would hopefully provide the small engineer and survey-
ing company with second order capabilities and possibly first ovder at
a lower COst;_ Assessment of this instrument's gapabilities were under-
taken in as complete a manner as possible. The reading errors were
found to Be nominal? the graduation errors in the circles were found
to vary at most by + 1.3" which corresponds to a displacement of only
0.05 mm.. The micrometer was found to deviate in run only by 0.012v
plus a medérately flat scale variation curve. The instrument perfofmed
admirably in the fie;d Qnder adverse conditions though it did tend to
be unreliszble at colder temperatures, 50°F to 60°F, and down. The |
absolﬁte measures as cémpized by the instrument were not commensurate
with its prediéted capabilities. This variation is umnder investigation
and will be haﬁefully remedied soon. The vertical circle collimation
compensating mechanism did perform according to predicted values and

beyond,
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CHAPTER 1
INTRODUCTTON

The quality of a theodolite is not determined by its size nor
be the least reading of the micrometer. .The best measure of excellence
.is the instrument's‘pe?formance in actual field work. For an untried
theodolite being used for the first time it is necessary to apply other
tests. . |

A preliminary examination will show a great deal abouz1workm$n»
ship and accuraéy in the instrﬁment. The five structural features which
must be evaluated to form a rational estimate of accuracy of the instru-
mént are: (1) graduation of the circles; (2) gradﬁation and constructiqn
of the micrometer; (3) quality of the'telescope{s'optics; f4) ease of
operation with respect to tangent screws; and.(S) the,construcﬁionAof
the centers. |

In the last 50 years precision engineering has undergane‘many
advances. The most revolutionary change came in the development of
glass circle theodolites of high precision. The traditional theodolites .
rvequired circles having diameters of 228.6 mm to achieve a usually
debatable least reading of 01.0". The optical theodolite has‘changed'
this by employing a circlerf dianeter equél}to 75 mm and giving é
precision to ¢ 0.5" or better. |

‘The Kern DKM2-A is an instrument out of this era. It remains
only to be tested, and proveé in the field.®

1



CHAPTER 2
DESCRIPTION OF THE INSTRUMENT

The DKM2-A Double Circle Theodolite is designed for triangula-
tion, traversing, simple geodetic astronmomy, precise industrial_measure»b
ments, and optical tooling. The design is based primarily on principles

introduced in the DKM3 by Dr. Heinrich Wild,

Telescoge

The telescope can be plunged in both directions, its objective
iens has an aperture of 45 mm, a minimum focussing distance of 1.7 m, a
stadia wmultiplication constant of 100 and an addition constant equal to

0. The eyepiece provides a magnification of 30X.

Circle Reading

The instrument is a reiterating one; the horizontal cifcle caﬁ
be displaced in either direction. The diameters are: vertical = 70 mm,
horizontal = 75 mm. |

Both circles are ﬁade.of optical glaSé° Each circle consists
of two concentric sets of sexagesimal graduations; the outer set con- .
sists of single lines and the imner set of double lines. The imageé of
diametrically opposed portions of the circles are viewed in the ﬁicro}r
meter ayepieﬁe, one superimposed on the other. The opticai miérometer

moves each image optically with respect to one another. Settings for
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readings are made by ''symmetry" rather than 'coinecidence.' The single
graduation is placed symmetridélly within the double graduation. Tﬁeo~
retically this.system of réading ensures greater pregision as. the
observer balances the micrometer éetting in the éame manner he balances
the telescope.ccllimation.- It also givesfdiractly the mean of two |
diametripally opposed circle readings-in a single reading which is free’
of eccentricity. With the DKM2-A thereiis 1no need tercbunt circle
graduation lines. Setting the micrometer causes a bracket to automati-
cally frame the appropriate ten-minutes interval number (the final zeTo
is omitted for easier reading); The balance of the feading is taken
from the micrometer scale whicﬁ is used for eitherﬂcir¢1é. The value of
the angle to tﬁe nearest minute is taken f%om the'lérge digits on the
upper side of thelmicrometer scale. The vemainder of the reading to the
ﬁearest second is taken from the smaller numbers on the lower side of
the micrometer scale plus the count from the scale. This may be made to
the neavrest. tenth of a sécond by estimation (see Figure 1).

‘The light required to read both cireles is furnished by a single
mirror‘which can be rotated and tilted. When electrié illumination is
desired, the mirror ma& be folded down and a lighting,fixturé plugged
into the illumination opening.

The images of the circles and the micrometer scale are seen

through a green filter which veduces eye fatigue.



Figure 1. Optical Micrometer



Levels and Compensator

. The plate level, sensitivity of 20" per 2 mm, is set deeply into

the alidade to protect it from external influences. |

The vertical collimation level has been réplaced with a new
mechanism. It is based on the ﬁrinciple of toial reflection of light
rays from the surface of a liquid. This type of compensator is used
because of its favorable damping properties and its simple éﬁd rugged
construction. The range of inclination over which the compensator will
operate is £ 01', the compensator precision is better than * 0.3" and -
the compensator adjustmen% time is approximately 3 seconds

A striding level will be provided at extra cost and has a

sensitivity of approximately 6" per 2 mm.

Optical Plummet

The instrument has an optical plummet mounted in the alidade.
1f the plummet is not in proper adjustiment the mean of two diametrically
opposite positions locates the prolongation of the vertical axis. The

elimination of an adjustment system means greater stability.

Physical Features

The instrument is painted a yellow green, weighs 6.8 kg and the

vertical axis measures 17.1 cm.



CHAPTER 3
LABORATORY ANALYSIS

The examination of the quality of a theodolite is dependent on
a knowledge and understanding of the instrument's innate characteristics.
Knowledge of the values and locations for graduation errors intrinsic in
the graduated circles and micrometer scales is paramount. Hence the
first steps in this examination were aimed at studying the precision in
reading the micrometer, micrometer scale graduations, circle graduaiions,

and the vertical collimation system.

Reading Error

The reading error, that error intrinsic in every measurement
attributable to the visual resolution limit of graduation coincidence,
was examined in the following manner.

It was assumed that due to the symmetry involved in the physical
construction of the DKM2-A that a mean errvor based on readings taken on
only one circle would be representative. The horizontal circle was
chosen primarily because of the ease and convenience of reading the
micrometer over a wide range of actual circle graduations. It is clear
from the design of the instrument that in order to read over the entire
vertical circle would be largely impossible unless the instrument were
equipted with diagonal eye pieces. Readings on different portions of
1the circle were angularly equidistant to eliminate graduation errors.

6



This program was implemented by taking four series of ten
readings. The mean reading error and the maximum deviation from the

mean for each series is tabulated below.

- TABLE 1,

Reading Error

Series Mean Error Maximum Deviation
i + 0.961" + 1,67 - 1.4"
1T % 0.777" + 1.0 - 1,87
i1t - + 0.769" + 1.7 - 1.8"
iv + 0,552" + 0.6" -~ 0. 8"

The mean reading error of the horizontal circles was:
+ 0.778"

Optical Micrometer

The optical micrometer was considered in two steps. Firstly the
angular value of the overall graduation of the micrometer itself was
verified and secondly the graduation error of various divisions of the
micromete; scale was determined.

The value of the whole graduation or the micrometer rum was
gffected in the following manner. The micrometer was set to zero; then,
using the circle setting slow-motion screw, the horizontal circle gradu-

ations were set to coincidence; next, using the micrometer, a coincidence



was madelon the adjacent graduation and a readiﬁg taken. The micro-
meter wa3>reéd twice in each position and the mean used. The operation
was applied in.18‘positions of the circle spaced 10° apart to aid in

~ elimination of horizontal circle graduation error. This error tends to
be periodic.

The micro&eter run was taken tec be the mean of all observations
and its mean error waé computed from the means éf the double readings,
using the equation (Examination of the Preoisioﬁ‘aj’Kérn DKM3 Theodo-
Zites, Military Geographic Institute, Florence, Italy, p. 10, [FondelliD

1955]).

m = i/ZVE/Zn(n-l) .

 The angular value found was:
10" 00.012" % 0.090" ,

The déterminationxof the graduation error of the various
divisions of the micrometer scale was accomplished by comparing the
micrometer scale with the inte¥v31 between the two lines of the gradu-
ations on the inner horizontal graduated circien “The diametrically’
opposed single graduation of the outer horizontal graduated circle was
'used aé an i:ﬁdex° |

_The scheme of observation was as follows: (1) with the micro-
meter set to Zeré, coincidence was made between the selected index and

the left hand line of the double graduation using the circle setting



slow motion screw; (2) coincidence was then set:exactly with thé micro-
.heter and the écale read; (3) coincidence of the index and the right
hand 1ine'of the double graduation was made with the micrometer and the
scale read; (4) the circle setting slow motion screw was then used to
displace the left hand line back to tﬁe index)without affecting the
m&crometer; (5) coincidenée was made ekactly'wiih the micrometer and

the scale read; (6) this procedure was repeated nine times to cover the
run of the micrometer. Bach setting of the micrometer was executed
twice so that each reading is the mean of three séttings. The complete
sequence was then reversed working from right to left, starting from the
10" division.

It was assumed that the mean of all the values obtained was the
most probable value of»the interval between the two lines of the double
graduation,

If miland % .1 are the readings at the ends of an interval, Ei.
and €541 the relative graduation errors, and Vs, +1 the &ifferance
between the mean interval, o, aad.%he difference in readingé, L, .0 = R

‘ i+]1 et
then '

(g - giﬂ) - &y - 8i) =0
and

2,

- &, = » Y., ¢
isl i & Vl’ 1
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The graduation errors of the micrometer divisions working from left to

right (0' to 10') are then given by

£, +1

= g, %
i+l 81

Vi’

The graduation errors working from right to left (10' to 0') are given

by

s 4 B &, -~ V., *1 .
81+1 el vz, 1

The initial graduation, 0', was assumed to be correct. The
error in the 10 graduation was taken as the excess determined from the
micrometer run measurements. The resulting values for two complete such
studies were meaned hence aésuring a good representation. The graduation
errors found are plotted in Pigure 2. The two graphs (right to left),
(left to right) were avéraged yielding a curve which vepresents a plot of

the most probable values of the graduation error of the micrometer scale.

Horizontal Circle Graduation Ervor

The method suggested by the United States Coast and Geodetic
Survey (see pages 38 to 41, Special Publication No. 247, U. §. Dept. of
Commerce, Coast and Geodetic Survey, Manual of Geodebic Trzangulatton,
[Gossett, 1959]) was chosen for evaluatlon of the horlzontal circle
graduations.

8ix prominent radio, television transmission towers equally
spaéed around the horizon were cﬁosen, These towers ars 1-1/2 miles or

more from station C. E. (U. 8. C. and G. S. 1st Order Triangulation).
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Table 2 is the abstract of directions resulting from occupation of
station C. E. with the theodolite, Sixteen‘positidns were taken with Q
rejection limit of ¢ 5.0" from the mean. This limit resulted in 9
fejectéd directions which were redetermined the same eﬁening. All
 observations were madé from about 7:30 P.M. to 9750 P.M. Though the
vertical angles to the towers were aﬁout 1° tﬁe instrument was lévélgd'
with the striding level (2mm equals 05.3"). |

The méans of ail directions were computed to the nearest tenth
of é.secand, vTha residuals, the amounts necessary to -correct each obser-
vation to the mean, are tabulated in Table 3. In column "A" these are

zero, as Tower 1 was used as the initial. Column 6 is a list of the
averagelresiduals for each position, with the sign reversed. This
average value was determined by adding up the six residuals algebraically,
multiplying by - 1 and dividing by six. Note that this sum includes the
residuals for all directions including the initial.

Table 4 contéins the corrected residuéls. These values were
derived by applyiﬁg algebraically for each position the values in Column’
6 to those in the othef columns. The numbers in parentheses indicate
the portion of the horizontal circle, té the nearest degree, at which
each residual was generated, In the general application of this method
the portion of the circle sﬁudied is from 0 to 180 degrees because the
residuals are the result of the combined portions of the circle 180

degrees apart. Due to the concentric circle design intrinsic to the

DKM2-A the entire,cifcle (0 to 360 degrees) was analyzed.
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TABLE 2.

Abstract of Dirvections

Position Tower 1 Tower 2 Tower 3 Tower 4 Tower 5 Tower 6

No.: 0° 00" 39° 13' 109° 58' 204° 42' 239° 47' 327° 59¢
1 0.00 05.6 27.9 35.5 49.4 22,7
2 0.00 03.5 31.9 - 31.8  47.4. - 20.3.
3 0.00 08.1 34.8 35.4 52.2 17.7
4 0.00 03.9 28.8 33.3 51.7 19.6
5 0.00 06.4 29.9 34.4 46.8 20.6
6 0.00 08.6 33.4 35.8 46.8 25.9
7 0.00 08.3 35.6 37.5 46.1 22.9
8 0.00 05.4 29.7 33.5 52.8 23.0
9 0.00 05.4 35,2 34.5 46.0 19.2

10 0.00 02.1 31.7 35.1 51.1 23.2

11 0.00 10.0 28.7 31.3 51.6 21.9°

12 0.00 04.3 31.6 30.8 45.4 17.1

13 0.00 03.7 28.7 . 31.3 50.0 19.0-

14 0.00 03.3 31.3 32.8 44.4 .. 20.3

15 0.00 05.7 32.1 35.7 48.0 19.7

16 0.00 02,0 29.6 31.8 52.8 18.4

Sum | 86.3  500.9 540.5 782.5 331.5

Average 05.39 31.31 33.78 48.91 20.72
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TABLE 3.
Residuals
A B C D E F G
Pos. Tower 1 waer 2 Tower 3 | Tower 4 Tower 5 Tower 6 - —S%mw
1 0.0 -0.2 +3.4 -1.7 0.5 -2.0 +0.,2
2 0.0 . +1.9 -0.6 +2.0 +1.5 +0.4 0.9
3 0.0 -2.7 -3.5 -1.6 -3.3 +3.0 +1.4
4 0.0 +1,5 +2.5 +0.5 -2.8 +1.1 -0.,5
5 0.0 ~1.0 +1.4 -0.6 +2.1 +0.1 -0.3
6 0.0 -3.2 -2.1 -2.0 +2.1 -5.0 +1.7
7 | 0.0 -2.9 -4,3 -3.7 +2.8 -2.2 #1.7
8 0.0 0.0 +1.6 +0.3 -3.9 -2.3 +0.7
9 0.0 0.0 -3.9 -0.7 +2.9 +1.5 20,0
10 0.0 +3.3 -0.4 -1.3 -2.2 -2.5 +0.5
11 0.0 -4.6 +2.6 +2.5 -2.7 -1.2 +0.6
12 0.0 #1.1 ~0.3 +3.0 +3.5 +3.6 -1.8
13 0.0 | +1.7 +2.6 ©2.5 -1.1 +1,7 -1.2
14 0.0 +2.1 0.0 +1.0 44,5 +0.4 -1.3
15 0.0 -0.3 ~0.8 -1.9 +0.9 +1.0 +0.2
16 0.0 +3.4 +1.7 2.0 -3.9 +2,3 -0.9




TABLE 4,

Corrected Residuals

15

Pos. Tower 1 Tower 2 Tower 3 Tower 4 Tower 5 Tower 6
1 +0.2(000) +0.0({039) +3.6(109) -1.5(204) -0.3(239) -1.8(327)
2 -0.9(011) ‘+1.Q(osb) ~1:5(120) +1.1(215) +0.6{250) -0.5(338) .
3 #1.4(022) -1.3(061) -2.1(131) -0.2(226) -1.9(261) +4.4(349):
4 —0.5(033}. +1.0(072) +2.0(142) 0.0(237) -3.3(272) +0.6(000)
5 -0.3(044) -1.3(083) +1.1(153) -0.9(248) +1.8(283) -0.2(011)-
6 +1.7(055) -1.5(094) -0.4(164) -0.3(259) +3.8(294) -3.5(023) -
7 +1.7(066) -1.2(105) -2.6(175) -2.0(270) +4.5(305) -0.5(033)
8 +0.7(077) +0.7(116) +2.3(186) @1.0{28i) -3.2(316) -1.6(045)
9 0.0(088)  0.0(127) -3.9(197) -0.7(292) +2.9(327) +1.5(055)
10 20,5(099) +3.8(138) +0.1(208) -0.8(303). -1.7(338) -2.0(066)
11 +0.6(110) -4.0(149) +3.2(219) +3.1(314) -2.1(349) -0.6(077)
12 41;8(121) 00.7(160) -2.1(230) +1.2(325)} +1.7(000} <+1.8(088)
13 -1.2(132) +0.5(171) '¢1.4(241) +1.3{336) -2.3(011) +0.5{099)
14 ~1;3(143) +0.8(182) -1.3(252) -0.3(347) -3.2(022) -0.9(110)
15 +0.2(154) -0.1(193) -0.6(263) -1.7(358) ¢1.1(033) =1.2(121)
16 ~0.9(165) +2.5(204) +0.8(274) +1.1(009) -4.8(044) +1.4(132)
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Figure '3 shows the plétting of the residuals at the correspond-
ing portions of the circle. A series is plotted for each column and the
points connected by straight lines. A series of mean values were then
computed at intervals of 10° and a mean curve plotted; Figure 4 is the =
resulting mean curve,

Better results could have been obtained in a-laboratory, emp loy-
ing collimators as sighting targets. The results obtained are a very
good approximation to the true situation and it is felt that these
graduation errors would be the ones most probably '"seen'" by the engineer

or surveyor purchasing this instrument.

Vertical Collimation - -

The most significant feature of the DKM2-A is the vertical
circle collimation mechanism. To study this mechanism a vertical angle
test range was constructed in the patio area e-_f the Civil Engineering
Building, University of Arizoma. All measurements were made at night

‘with lighted targets.

The targets were marked on paper, and affixed to the north wall
of the building with paper cement. Three such tavgets were set. Targef
A was 1,60 meters; Target B was 5.79 meters; and Target C was 10.15 |
meters above the patié floor. The instrument was set up 38.47 meters
distant to the south from the line of targets. The instrument was care-
fully leveled with the plate level and then refined with the striding
level. A wooden ruler was glued'to an existing coﬁcre&e wall some 3 to

4 meters distance from the instrument and once the instrument was
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readied the relative orientation was checked by sighting on the ruler
with the vertical circle set to 90° 00' 00". By caiefuily bucking the
instrument in, the relative height of the instrument was maintained to
within * 0.01 cm. The tripod feet fit firmly into holes drilled into
the patie floor, and finally the ingtrument was constrained to being
centered over a reference maxk to within * 0.1 cm.

The values of the angles were determined with an instrument
whose reliability for precision and acceptability as a one second theo-.
dolite was béyond quesfion, The DKM2-A was then used to measure these
angles. The deviation between results is insighificant for angles A
and B. The deviation for aﬁgle C appears large but is still within the

standard deviation of the field results. The results follow in Table 5.

TABLE 5.
Vertical Angles

A and B

i+

Record: + 0° 18" 10.1" % 0.5" + 6° 31' 13.4" % 0.3"

53

DKM2-A: + 0° 18' 10.0" # 0.2" + 6° 31' 14.0" % 0.9"

T

C

Pt

Record: «+ 12° 49' 16,0" + 0.7"
DKM2-A: ¢ 12° 49! 14.6" + 0,6"

Number of measures: Record: 3, DKM2-A: 18




Once the instrumént's capabilities had been proven a target
wés set and the angle measured under increasing angles of inclination.
The inclination was'carefully monitored with the instrument's striding
.level up to a value of 20". The tilting was extended to the limits of
the plate vial or about 40", -

The inclination angle of interest is the angle measured in the
plane of'ﬁhe.créss hairs'when the in#trument is on the target. No in-
~ crease or decreasevin circle index error or change in the value of the

angle could be seen for the entire inclination range. It should be

20

noted that at 35" of inclination the mechanism appeared to hang up and

2 Qariance of some 20" was seen in the direct reading. The cross hair
was moved off of the target and placed on again, the readingrtaken and
found to back at the accépted value. All measurements for this test
were made inside of the Civil Engineering Department's surveying

laboratory.



CHAPTER 4
FIELD ANALYSIS

Once the intrinsic properties and precision of the instrument
were mapped the next logical step was to field test it. During the
field testing careful attention was paid to the ease of setting and
centering the instrument over the monuments, ease in handling, effect
of wind and sun and the effect on the human element.

The work consisted of three operations this grade of instrument
would ﬁrobably be purchased for. These were: Azimuth determination by

astronomical means, triangulation and trigonometric leveling.

Azimuih

Observation of Polaris for azimuth was chosen as an ideal field
study of the DKMZ-A. Striet adherence to first order techniques as out-
lined in Special Publication No. 237, Manual of Geodetic Astronomy,
U. 8. Department of Cbmmérce, Coast and Geodetic Survey, [Albert J.
- Hoskinson and J. A. Duerksen, 1952], was maintained on the assumpiion
that by being over cautious the true merits of the instrument would
not be masked by other sources of error.

The observation program copsisted of generating 34 separate
observations over two nights observing time. Eighteen positions were

observed the first night and sixteen exactly one week later;
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Upon compietion of all reductions a range of from 111° 05'
55.5" o 111° 06' 13.9'" (based on South equal to 0° 00°' 00.0") resulted.
Taking the premise of first order the rejection limit of # 5.0" was
applied resulting in rejection of 10 of the 34 positions. The result-
ing probable error of the mean azimuth was found to be % 0.40". The
criterion for first order azimuth is % 0,.30". That for second order,
Class I being also * 0.30". The value determined did qualify as second
order, Class II as the criterion is % 0.50".

It is felt that several possible sources of error were at work
here. Under the conditions of observation, that is cold enough to
modify the efficiency of the lubricant used on the coarse horizontal
circle setting dial, the instrumental error due to inclination tended
to grow during each position. To be more explicit it appeared as
though the torque generated by setting the circle to a new intial
tended to compromise the "level' status of the instrument. In the
beginning of the observation cycle the presence of circle drag appeared
to be non existent but as the temperature dropped the readings began
to indicate some form of either unsystematic dragging or hanging up of
the circle. At any rate it is felt that these two factors aided in

the compromise of azimuth accuracy.

Triangulation

Por this study a long time established quadrilateral, located

in a local aerial camera calibration range control net, was chosen.

\



23

Each direction was measured eight times, as suggested for
second order work. The prcbable errors computed for each direction
varied from * 0.66" to % 0.27", There were 6n1y two rejected directionéb
in the entire program. The geometric angular closures wereAnot at all
commensurate with these values., The‘error of closure for the quadri-
lateral was + 18;07”, that for each of the four included triangles
were + 19.48", - 1§.88”-% 27.95" ‘and - 1.41". These results raised .
many questions as to possible sources of error. All targets were
centered and plumb as was the instrument hence ruling out any large
eccentricity. All observations were made during the late afternoon,
The instrument was not shaded as this test was to resemble the field
conditions imposed by the ;onsumer. It should be noted that the sky
was overcast about 6b% of tﬁe observing time.

Due to these dismal results the DKM2-A waﬁ used to measure
other angles in the control net and was found éo vary a consistent ¢ 5"
to ¢+ 6" from the accepted values.

A careful study once again indicated an apparent unsystematic
dragging in the horizontal motion. It is not evident at this time as
to what the cause of this variation is, but the instrument will be
returned to Kern in hopes that this is just the malady of a particular
instrument,

The triangle whose error was only - 1.41" was adjusted and alll
distances computed. The agreement with record was on the order of one

part in 40,000. This value is quite respectable.
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It should be noted that the angles which were compared with

record consistently varied as much as 10" on the average, with

reasonable closures being observed only in the above adjusted triangle.

Trigonometric Leveling

In conjunction with the»triangulation test the DKM2-A was
employed to‘measure the vertical angles to each station for the reason
of determining their elevations by trigonometry.

Trigonometric leveling has taken on a new face with the ever
increasing demand for high density lower order elevations in photo-
grammetric control systems. The DKMZ-A is particularly well suited to
this application as are all second order theodolites. The author has
witnessed results qualifyihg for high third ovder accuracy generated
trigonometricallyland being checked closely by higher order data. The
method does requiré good ground conditions and optimum station loca-
tions, however, before such work is possible. The conditions do exist
on the camera calibration range and in particular on the test quadri-
lateral previously studied.

Reciprocal vertical angles were observed, contributing to the
highest possible accuracy. The previously discussed triangle was used
and the loop closure calculated. The error was + 0.04". The ihird

order criterion for a loop of this length (6,000 feet plus) is % 0.06',



CHAPTER 5
CONCLUSIONS'

The DKM2-A proved to be very étable under adverse wind condi-
tions,- It operated.rathef sluggishly at %emperaiures below 60°F though
'this is probably due to the lubricants used. Thé‘instrumené is a very
comfortable one to use from the standpoint of reading micréscope
organization and eye pleasing yellow;green light. The two speed tangent
sCrews are cértainly assets. The locks and tangent screws were located
in a symﬁetrié fashion though a good observer soon develops a éixih
sense agbout his instrument and their location ceaées to be of great K
importancé. ‘Possibly because of the lubricant again but no appreciablél
out - of balance could be noted in the telescopeo' The small finder cci4
limator proved té be very usefuly especially at night.

Features of the DKM2-A which were not favorsble were few in
number. The most significant being the coarse circle set. It is
' felt that the present location is notvtﬁe best nor is its design com-
mensurate with predicted applications, The fact exists at leasf for
the particuiar DKM2-A under evaluation'thaf under adverse weather
conditions the setting of new initial directions tended to generate a
level destroying torque., This change was observable through monitor-

ing the inclination of the striding level axis. It is felt that by
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»relocaﬁing this motion so that the fine motion and coarse motion sets
would operate co-axially to be to the bestladvantage° The proposition
of having two such motions is definitely a step toward better accept-
ance of the ingtrument. Another feature needing modification was the
mirror used to illuminate the cross hairs. It was too sensitive to
position and the slightest brush of the hand set the telescope into
darkness.

If the previously referred to malady of high relative precision
but poor absolute accuracy can be overcome the DKM2-A will find much
use as a second order theodolite. It was found that best results were
obtained if ﬁhe micrometer was read to the nearest * 0.5". This is due
to the large reading error intrinsic with graduations so closely spaced

on the micrometer scale.



APPENDIX I

PHOTOGRAPHIC DISCUSSION OF THE DKM2-A
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DKM2-A Canister and Pyramid Carrying Case.



DKM2-A, Tripod.



Back view,
graduation,
light source,
optical plummet,
power input,

DKM2-A - striding level,
(b) horizontal axis clamp,

(d) horizontal axis tangent screw,
leveling cam control knob,
vertical axis clamp.

5.8" per 2mm
(c) electrical
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Side view, DKM2-A - (a) vertical axis tangent

screw,

(b) battery pack.
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