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PREFACE

This thesis presents the results of a field evaluation
of the Kern DKM3-A Astronomic Theodolite. |

The purpose of the study was to determine if the
DKM3-A could be expected to provide "“first-order™ astro-
nomic latitude and longitude values if the observing
techniques; numbers of obaervations, and methods of data
reduction such as those presently used dy such organiza-
tions as the U, S. Coast and Geodetic Survey ( 7 ), and
the 1381st Geodetic Survey Squadgom ( 23 ), and suggested
by Dr. H. Odermatt ( 14 ) were followed; and to evaluate
the DKM3-A's practicability as a field instrument,

The conclusions reached are primarily based on
observations made in September of 1964 at Station OAFB-60-
B Orlando AFB, Orlando, PMorida, by;experienced observers
from the 1381st GSS.

The text assuaei that the reader is familisr with
the procedures, insgtrumentation (other than the DKM3-A),
and terminology peculiar to su-h work and therefore does

not include detailed accounts or descriptions in thege

regards,
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Chapter 1
DESCRIPTI(N OF THE DKM3=A

1.1 Introduction

The DKM3-A is a variant of the Doudble Circle Trian-
gulation Theodolite DKM3; the principal changes being
those re-essary to facilitate the addition of an astro-
| nomic micrometer, The Kern Company has continued to
modify the DKM3-A, since it was first made availadble, in
an attempt to produce an instrument with "first-order”
capabilities, and has recently developed promising new
striding level and double Horrebow level systems,

The instrument used during this study was pﬁrchased
by Ohio State University in 1962 and was originally
equipped with a striding leve) and a single Horrebdow
level that had been designed for the DKM3, The levels
were relatively insensitive (approximately 44 seconds of
arc per 2 mm division), and tests reveai(d several other
serious inadequacies. The striding level mouant was too
1ight weight and consequentiy very unstable., The single
Horrebow level system was not heavy enough to properly
counterbalance the astronomic micrometer and when it was
attached, the instrument could not be properiy leveled-
thus making the Horrebow level useless,

Immediately prior to this study the instrument was
updated by replacing the original striding and Horrebow
levels with the newly developed systems., Detailed

1
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i, Striding Level 8. Circle Reading Eyepiece

2, Viewing Pzism for 9. Astronomic Micrometer
Collimation Level Clamp

3. Pocug Knobd 10, Reading Micrometer Knod

4, Rheostatic Control Knod 11, Horizontal Circle Drive
of Drum-Scale Lighting 12, Collimation Level Control

3. Trackirng Knnd Knod

6, Telescope Ocular 13, Leveling Knot

7. DrumeScale Neading 14, Optical Plummet
Byeplece 15. Horrebow Levels

Pigure 1 KERN ASTRONOMIC THEODCLITE = DKM3=A
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descriptions of the improved levels are given in Section
1.7. Special low pitch leveling knobs and a single line
tracking wire were also installed.

This chapter contains a brief description of the
DKM3-A; further information can be found in ( 9 ) and
( 10 ). Pigure 1 is a picture of the instrument used
during this study.
1,2 Telescope

The telescope consists of a system of convergent
lenses and concave mirrors so designed and arranged to
provide a high degree of chromatic correction and excel-
lent iluminosity and resolving power, while eliminating
undesirable stray light, (See Pigure 2)

Pigure 3 TELBSCOPE COMPONENTS
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The objective ilens has an aperature of 72 mm and a
focal length of 510 mm. Two interchangable eyepieces
provide either 45X or 27X magnification. Pocusing is
accomplished by a drawtube arrangement controlled by the
focusing screw that moves the entire eyepiece assemdly
parallel to the horizontal axis. Pocus can be effected
from approximately 19 meters to infinity,

The system is quite adequate to permit the use of
stars as dim as 6.0 magnitude for longitude purposes and
7.0 for latitude determinations. Defractica screens are
available for use during observations on bright stars -
such as Polaris, \

1.3 Reticule Patterns

The movable and fixed reticule patterns are shown

in Pigure 3,

Pigure 3 RETICULE PATTERNS
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The movable reticule shown here is of the dbifilar
type commcnly used in Buropean countries. A single line
type, more often used in the United States is also avail-
able,

The fixed reticule pattern is a composite of lines
that are used for various purposes., The five parallel
lines are used for observing star transits by the "eye
and ear" method. The ten "tick marks™ numbered from 03
to 15 correspond to whole turns of the micrometer and are
used in conjunction with the movable reticule to measure
azimuth or genith distance differences, 1In addition,
there is a system of azimuth graduations that may be used
to orient the instrument in azimuth so that a particular
star will pass through the center of the reticule - a
condition necessary for certain observations,

1.4 Astronomic Micrometer

The DKM3-A is equipped with an astronomic, or 1-
personal, micrometer, As usual, the micrometer can be
rotated 90° about its axis to facilitate measurements is
either azimuth or zenith distance, While its dasic fumec-
tions are the same as those performud by any of the tradi-
tional astronomic micrometers, several improvemeats and
observer conveniences have been incorporated into its
design,

The Kern micrometer is completely optically read,

To read the micrometer one first resds the mumder of whole
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turns from the position of the movable wire in relation

to the fixed field of reticules, and then reads the

‘fractional part of the turn, or "drum value", through a

special eyepiece located immedistely adjacent to the
telescope ocular, The drum scale is graduated into 120
divisions and esch division is further divided into half,
(See Pigure 4) Alternate whole divisions are rumbered
from O to 118, The system 3js intefnally lighted, and the
1ighting intensity is controlled by a rheostat convenien-
tly located on the -icronetér housing.

The resulting effect is to make it quite easy for an
observer to estimate the micrometer value to the nearest
1/&0 of a division, which corresponds to approximately
1/10 of a seconé of arc - equatorial value,

Drum scale of the eyepiecs micrometer

» [ »
vebobghody g,

Reading : 79.6 drum units
1 revolution = 120”/120 units

Pigure 4 EXAMPLE OF DRUM-SCALE READING

The movable reticrle is controlled by‘two sets of
tracking knods reciprocally linked and situated at right
angles to one another, Thus, whether the micrometer is
in the azimuth or zenith distance measuring position, and

regardless of the zenith distance at which the measurements
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Pigure S ASTRONOMIC MICROMETER
are being made, one set of tracking knods is comveniemt,
A plug on the micrometesr houcing provides the com-
nections for a chromograph cable. 1In each full turm of
the aicrometer ten scaling breaks and ome identification
break are registered. The scaliag breaks are very uirly
equally spaced at 12 divisioa iatervals, from 0 to 108
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inclusive, and the identification break is at an approxi-
| mate drum reading of 4 , When the registering apparatus
48 mot icquircd. the commutator may be made inoperative
by means of a :witchllocated on the micrometer housing.
(See Pigure 3)

1.3 -Antocollinatin‘ Byepiece
A factory installed autocollimating eyepiece is

available upon request. The illuminator is permanently
mounted ¢ the -ic:o-eter‘housing and is conmmected to the
instrument lighting syste-; The dright 1ines of the auto-
collimating diagram appear against a dark background, |
The diasgram and the fixed reticule are on swrfaces of a
beam splitter cube. The lines of sight determined by
the fixed reticule and bright-line pattetn‘are aligned
‘to each other within 0.3 seconds of arc. Both the fixed
reticule and the movable reticule can be used for auto-
collimation in combination with the bright-1ine pattern.
The autocollimating system does not decrease the total
telescope magnification,
1.6 Cirzcles ,
The DKM3-A is a reiterating theodolite. The horizon-
tal circle can be displaced in either direction any de-
sired amount by use of the circle orienting gear. Both
the horizontal and vertical circles are made of optical
glass and are etched with two concentric sets of gradu-
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ations in the sexagesimal system. The outer set coasists
of single 1ines and the inner set doudle 1imes. The
images of diametrically opposed portions of the circles
appear superimposed in the reading window, and "coinme
cidence” is effected Dy placing the single graduations
sysmetrically within the doudble graduations. The same
micrometer knod is used to bring either the vertical |
or horizontal circle into coincidence. The vertical
circle, borizontal circle, and micrometer reading win-
dows appear from top to dottom in a single reading eye-
piece located delow the telescope eyepiece. (See Pigure 6)

Pigure 6 BXAMPLE REBADING OF VERTICAL CIRCLE
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The least graduation value on the circléc is 10
minutes. The micrometer has a range of S minutes, a
‘least graduation of 0.5 seconds, and may be estimated to
the nearest 0.1 second. A triangular index appears in
- each cirhle reading window, and is used to read the circle
to the multiple of five minutes next below the exact |
reading. The remaining minutes, seconds, and decimal
bnxt of the second are then read from the micrometer,
and added to the above value,

- The horizontal circle graduations increase in a
clockwise direction. The vertical circle reads O at the
zenith and increases in a counter clockwise direction,
Since the instrument is not equipped with any type of
setting circle, the vertical circle must be used to set
zenith distances. The triangular index may be used to
estimate minutes directly for star pick-up purposes., If
the instrument is in an ocular east position, the vertical
circle reads zenith distances of south settings directly,
and 360 minus zenith distances for north settings. The
reverse is true for ocular west, Por precise vertical
circle readings, the vertical collimator bubble must first
be put in coincidence,

Blaborate laboratory tests of thg plates, micrometers,
and reading techniques utilized in the DKM3 and subsequent-
1y the DKM3-A, have confirmed the outstanding precision
and consistency of all the mechanical and optical
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components ( S } and ( 11 ),
1.7 Levels
The DXM3-A is equipped with both a striding level
and d~udle Horrebow levels. (See Pigures 1 and 7)

1, Striding Level 3, Norredow icnl

P 7 STRIDING AND HORREBOW LEVALS
S e IN CARRYING CASE




12

The striding level is not set directly 6n the hori-
zontal axis, but is supported by tio seats that are
parallel to the axis and rigidly attached to the stand-
itd:. The level is heavily weighted for stabiliti, and
can be placed on the instrument in 6n1y one position,
i.e. the level cannot be reversed on the seats, A center-
ing adjustment screw is conveniently located at one end
of the vial housing. The striding level cannot be used
during Horrebow-Talcott latitude determinations because
it interfers with the viewing of the Horrebow levels,

The Horrebow levels are designed to be attached
only after the instrument has been set up. A counter
weight is attached to the instrument during shipment,
and must be removed before the Horrebow levels can be
mounted. Three screws connect the Horrebow mount to the
‘iastruaent directly oprosite the observing ocular. The
bubbles may be clamped to the horizontal axis with the
telescope in any position and a slow motion tangent is
provided for final adjustment., One bubble mount is
provided with a centering adjustment screw to facilaitate
alignment of the two bubbles. The entire budble mount
must be removed in order to adjust the bubbles lengths,

The vials used in both the striding and Horrebow
levels are of the chamber type and have sensitivities
of approximately 1,3 seconds of arc per 2 mm division,
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There are approximately 40 viewadble divisions and every
fifth division is numbered in a continuous scheme through-
out the length of the vial, The striding level's numbering
increases toward the observing ocular. One of the Horrebow
level's numbering is biased by 100 to e<eliminate any
confusion in readings; and the numbdbering increases from
the observer's right to left, i.e, ocular east, the
maximum values are to the south., The bubbles asre all read
as reflected images viewed in overhead mirrors. Lighting
units are availadble for both the striding and Horrebow
levels,

The instrument is further equipped with a plate
level with a sensitivity of approximately 10 seconds of
arc per 2 sm division and a greaduated collimation bubble
for which vials with sensitivities from approximately
10 to 2.5 seconds of arc per 2 mm division are availadie,
The collimation buddle is viewed as a split imaege in o
rotatable prism mounted at the top of the standard near-
est the observer, and is brought into coincidence by use
of the collimation level slow motion screw,
1,8 Leveling System

The DEM3-A eliminstes many of the insgtadilities
inherent in leveling screws Dy the use of Kern's system
of leveling cams. A cam on the inte¢rsurface of each
leveling knob bears on the inclined supporting aurface of
a8 boss provided or the instrument's anchor plate. As the
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leveling k;ob is turned about its horizontal axis the
ingtrument is raised or lowered. The weight of the in-
strument acting on the systéa assures that it comes to
rest at the lowest pqssible_point. and eliminates lateral
motion, (See Pigure 8)

The system provides a limited leveling range, and
therefore requires preliminary leveling of the supporting

(.

base. A Kern tr?vet or tripod meets this requirement,

lii]

!
Pigure 8 SKETCH OP LEVELING KNOB

1.9 Vertical Axis

The DKM3-A utilizes the Kern precision ball-bearing
vertical axis system. (See Pigure 9) The dasic compon-
ents of this syste: are a short ve-tical axis, approxi-
mately 2.5 cm, in length that serves as a centering pivot
only and does not support any of the alidade weight
and a concentric ring of steel ball-bearings that run
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between two optically flat races and svpport the alidade.
The result is a highly stable, free running system
that is particularly insensitive to téaperature varia-
tions and lubricant viascosities. Inherent instabilities

are said to be less than one second,
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1, Vertical axis 4, Leveling Knod
2. Horizontal Circle 5. Anchor Plate
3. Ball-Bearing Raceway

Pigure 9 SECTION THROUGH BASE OF DKM3-A

1,10 Optical Plummet

The instrument has an optical plummet mounted inm

the alidade.
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Chapter 2
TINSTRUMENT CALIBRATION

2.1 Bubdble Sensitivities

The striding level and Horrebow levels bubble vials
sengitivities were determined by Kern's Port Chester,
New York, office at the time of their installation
approximately one week before the beginning of this study,
‘ The calibrations were made against the instrument's
vertical circle, and the final accepted value is the
result of a series of 5 determinations ( 22 ). The

gsergitivities per division were found to be:

Striding level e 2 oro
Horrebow levels 193 ¢ 0110
ira 2 oMo

2.2 Astronomic Micrometer Constants

The astronomic micrometer was examined to determine
the ™mean width of contact', the "lost motion'", and the
"equatorial value", |

2.21 Mean width of Contact

The contact strips used in the astronomic micrometer
time recording apparatus have finite widths that cannot
be considered negligible for precise time determinations.
The individual widths do not vary significantly and a
mean value may be used to make the necessary correction,

A mean width determination was made in the field
during the process of this study. The results of 10 sets

6 -
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of measurements, each set consisting of a reading of the
width of each of the 10 contacts, yielded a mean widil
of 0.713 8 ,008 Jdrum divisions.
2,22 Llost Motion

If the movable wire is set on some fixed object such
as the 10 line of the fixed reticule, once by approaching
it from lesser values and once from greater values, the
two readings will not be identical, The absolute differ-
ance of the readings is defined to be the lost motion qf
the micrometer, |

The lost motion is thought to be effected by the
position of the movable wire within the fieid of view

and the positiun of the telescope in zenith distance.

The DKM3-A is satisfactorily equipped for lost motios

determination only at the center of the field - at the
10 wire.

Por the purpose of this study the lost motion was
evaluated for senith distances of 45°, 30°, and 0°.
(vertical circle settings of 45°, 30°, 0°, 330°, 315°)
Bach determination consisted of a set of 10 readings.
Variations in the 1lost motion were small and yieldsed a
mean lost motion of 0.244 2 ,008 drum divisions,

3,23 Bquatorial Value

The DKM3-A's astronomic micrometer was dcsi;ned‘to
have an equatorisl value of one tura of approximately two
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ninutes of arc or 8 seconds of time, Bach instrument
will have a slightly different value and the value for
any particular instrument will change slightly with changes
4n focus, Por this reason, a best fitting equatoriql
value is computed as part of the least squares adjustment
of each latitude determination by tne Horrebo -Talcott
method. |

The equatorial value for the instrument used during
this study, as derived from thellatitude observations,
is approximately 118YS or 7#9.

2.24 Comments

The micrometer has a rather large amount of lost
motion which is usually comsidered undegirable, |
Hoskinson and Duerksen ( 7 ) warn that the lost motion
may vary unpredictably within the field of view, and
it is possible that the "stationary lost motion"™
(determined here) may differ from what might be called
the "“dynamic" lost motion - this being the lost motion
at a point when the screw is rotating rapidly enough
for itax tracking.

It continues that if the stationary lost =mcotion is
mearly zero it is probable that the effect of dynamic
lost motion may de ignored, but if this condition is not
met, it may be necessary teo determine the dyhanlc lost

motion through much more elaborate procedures. Such an
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investigation is outside the scope of this '.ﬂc'ld study,
dbut it is mentioned here as a pussidble source of micro-

meter error.,




} Chapter 3
OBSERVATIONAL METHODS AND SPECIFICATIONS

| 3:1 Introduction |

oAt present there are several U.S. Government Agencies
doing precigse astronomic latitude and longitude determin-
ations through out the world, while each such organiza-

' tion may have slightly varying techniques and specifica-
‘-tiona that define various accuracy classifications, the
differences are usually insignificant and in general one
- cam group such observations into one of the three following
categories - "first-order", "modified-first-ordez™,

| wsecond-order"™, |
The less precise second-order methods usually do not
require an instrument equipped with an astromomic micro-

- meter and are well guited to instruments such as the wild
T=-3 or the Kern DKM-3 theodolites. Several second-order
methods are descridbed in detail in ( 4 ) and ( 1S ).

The more precise first-order and modified-first-order
position deter-iuations depend on the Horrebow Talcott
latitude method and the Meridian-Trangit longitude method.
Both observations require the use of an astronomic
micrometer and special highly sensitive level systens
~ usually found only on instruments specifically designed
 for such work, |
The following sections give a brief description of

the first-order and modified-first-order procedures and
| . 20
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the specifications followed during the observing and
computing facets of this study.
3.2 Latitude by the Horrebow-Talcott Method

3,21 Description

The Horrebow-Talcott method for precise latitude
determination consists of measuring the difference in
meridian zenith distance of two stars at nearly equal
altitudes and right ascensions that culminate on opﬁo_,
site sides of the zenith, The small difference in
genith distances is measured by an astromomic micrometer,
and Horrebow levels provide a measurement of amy meri-
dional inclination of the instrument during thke observ-
ing period. ‘}

The latitude of the observing station is the meas
of the declimations of the two stars plus the algedraie
sum of one half of the obeerved micrometer difference,
one half of the difference in meridional imclinstion ;f
the collimation axis during the observations, and ome
half of the difference in refraction of the two zemith
angles. If eitkher or both of the stars is odeerved prior
to or after culminatioa a correction term must htiappiied
to reduce the observation to the meridian,

The USCAGS adopted the Horrebow-Talcott l.tlodhon
their standard of latitude determination in 18351, and a -
detailed account of their observational techniques and

computations are preseated ia ( 7 ),
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13,22 Latitude Bquation
While the general Horrebow-Talcott latitude equa-

‘tlon is independent of the instrument uged, the signs

‘?of the micrometer and level terms do depend on the direc -
’”tion and format of the graduations of the scales in-
_volved,.and therefore the exact latitude equation must

be determined for the particular instrument used ( 2 ).
';Tho equation given helow is applicable to observations
medé with the DKM3-A,

P = 8, $q) *d R (Mg - ) ¢

(4 ¢ 4dY)
TIT - ((nen'essst),-(nen’ e sst))e

¢ $(r-z2')ed (mo+nm)

;"., s' are the .ppaient declination of the north and
‘south stars.

Mgy My, are the micrometer readings with ocular cast and
west; expressed in whole and decimal parts of turns.

R is the equatorial value of one turn of the micrometer
in seconds of arc. An approximate value is used for the
initial computation and a best fitting value is determined
as a part of the adjustment,

(2 +a' +84+8')y, (n+n' s34+ s'), are the Horrebow
level readings, north and south ends, with ocular west
and east. |

(r = £') is the difference in refraction of the tub stars,

ia seconds of arc, and will have thi same sign ag the
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aicrometer correction. Tables VIII, VI, and VII of ( 7 )
may be used to compute the magnitude of the correction,
(m ¢+ n') is the sum of the meridian corrections and is
applied only if one or both of the stars are observed
prior to or after transit. It can be directly inter-
polated from Table X of ( 7 ). .
d, d° are the sensitivities in seconds of arc of each
Horrebow level per division,

3,23 Adjustment of Latitude
Individual latitudes differing from the mean 1ati-

tude by more than 310 are first rejected. After a pew
msean latitude, corresponding residuals, and the prodabdle
error of a single observation, ep, have been computed,
each remaining observation is examined for possidle re-
Jection due to an nbdornnlly high residual to e zatio.
Chauvenet derived a set of rejection 1imits based on the
number of observations and the residual to ep ratio from
the theory of least squares. Their appl{gatioa. are |
descrided in detail in ( 7 ). Based on his work, the
following rejection criteris have gemerally beem accepted
as valid when the number of odservations is approximately
20 or more. Any observation with a residual greater thaa
Sep is sutomatically rejected, " In addition, 3*0’ is used
as 8 doudtful 1imit and if additionmal evidence indicates
that an observatioan's validity is questionadble, such as
am observer's field note, contradictions ia the field
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~"y;kceorda. or a large prodabdble errbr of one or both of the
.‘2'i'ltlrs'd¢c1inations as tabulated in the star catalogue,
iiﬁii the observation should be rejected. FPor fewer observa-

| :;;‘gjoéo, refer to "Reduction of Doubtful Observations™ page
136 of (7).

. Subsequent to the above re jections and prior to the
final adjustment the algedbraic sum of the micrometer

differences must be checked to see that it is less than

 the total number of acceptadle pairs, If not, additional

: star pairs must be rejected on the basis of largest

number of micrometer turns and maximum residuals until
a sufficent balance is effected.

The accepted latitudes are then adjusted to
determine the most probable station latitude. The obser-
vntiou»equation set up for each latitude is of the forms

C =M+ Ad a2y

. Vheres |
~ ¢ is the amount in seconds of arc by which the arith-

metic mean latitude differs from the most probadble value,
g is the amount in seconds of arc by which the assumed
half turn value should be corrected,
M is the micrometer difference in turns for the pair,
A9 1is the average latitude minus the letitude determined
by that pair.

A complete derivation of the observation equation
from the latitude equation is given in ( 17 ),




as
If p is the number of accepted iatitudes the normal
equations becone: l& = o
c . uu r -

Using the £ determined by solving the normal equations,
the individual latitudes are corrected and the mean
observed latitude and corresponding residuals, v's, are
computed. The probable error of a single observation,
®po and the prodabdble error of the latitude, ey , are com-

puted from the formulas:

e, = 20,6743

p \-1'-!1-,-’_

ey = 20,6745 T‘ER
[

3,24 Latitude Specifications

A "first-order”™ latitude determination should depend
on approximately 24 acceptadble star pairs, 20 deimg an -
absolute minimum, giving a prodadle error (e ¢ ) equal
to or less than 2 OP10. The observations must be made
o8 two Or more nights with g miaimum of 8 acceptadle
pairs being odserved on any particular aight., The algebraic
sum of the measured micrometer differemnces, in turas,
sust be less than the number of acceptable pairs ohcitvod
that night, No stars should be odbserved at semith dis-
tances greater than 45° , Star pairs may sot be repeated,
but any individual star may be repeated if it is paised
with a different star each time., The stars should de
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. selected from a general star catalogue such as ( 3 ).

A "modified first-order” latitude determination

. should depend on approximately 16 acceptable star pairs,
12 being an absolute minimum, requiring oniy Qné night's
observations with a maximum probable error of & 0120 or
$ Oy2S. All other specificatiste are the same as for

wfirgst-order”™ determinations,

3,3 Longitude by the Meridian-Transit Method
3,31 Description

The determination of an otserver's longitude con-
sists of measuring the dirference between the Local
Sidereal Time (LST) at the observer and thé G:eénwich
Sidereal Time (GST) at the same instant. The GST is
readily attainadble in the form of Universal Time, from
various radio time signals, and the LST can be deter-
‘mined by observing the meridian transit times of starse
at the instant of transit the LST is equal to the star'’s
right ascension, '

In practice, some value is assumed for the observer's
longitude and a sidereal chronometer is set to the correse
ponding LST. The difference Letween this assumed LST
and GST is checked at frequent intervals to determine
the chronometer's correction and rate. The trangit times
of a number of stars are then recorded in reference to
the assumed LST. Anyndifference between the observed

time of transit (recorded time of transit corrected for
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instrumental constants, instrument dislevelment, and
diurnal adberation) and the apparent right ascension of
the star consists of a correction to the assumed long-
itude and a reduction to the meridian., A set of such
star observations, selected to fulfill certain specifi-
cations, (See 3,33) constitutes one longitude determin-
ation or meridian transit,

3,32 Longitude Reductions

An observation equation of the forms

AA- A s (-t -At)ay

is formed for each star and a least squares odjustment is

performed to determine the best fitting AA and s for esch
set,
Where:
_AA 1is the correction to the assumed longitude.
—8 _is the azimuth of the instruments collimation
axis during the observatiorns. (reduction to meridiam)
S __1is the apparent right ascension of the star,
A __1is the star azimuth factor and can be directly
interpolated from Tadle 11X ( 7 ).
.t 1is the observed time of transit,
_ALt is the chronometer correction.

Any star yielding a AAthat is greater than 092
from the set's mean is re jected. The prodadle error of

AN as determined by a single star, eg, and tha prod-




as

able error of the set's mean AA, e, are computed from

the acceptable stars using the following equations.

eg =2 ,6748 J \ad

. nI:-;:

e, =% 6745 J _ [w"I
n (n e«

The probadle error of the mean AA of a s»t should

pot commonly exceed 2 0%025 and if such a determination
also differs from the arithmetical mean of all the sets
observed by more than 0%03, or if some other evidence
indicates that the determination may not be valid, it
‘may be rejected. Any determination differing from the
mean by more than 0304 is automatically rejected.

The probadle error of a single determination, el,
and the probable error of the mean longitude, ef, are
computed from equations of the same form as above, where
the residuals now refer to the arithmetical mean of all
the acceptable determinations,

3,33 Longitude Specifications

A "first-order" longitude is composed of at least
6 (some organizations require 8) longitude determinations
with a maximum probable error of the mean longitude of
2 0110. The observations must be made on two or more
nights with a minimum of two acceptable determinations
being observed on a night different from the others.

Each longitude determination, or time-set, consists
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of from 3 to 8 acceptable stars bracketed dy radio
chronometer comparisons, The stars should be as evenly
Jlsttibuted porth and gsouth of the zenith as possidle,
An acceptadble S star set must contain 2 north (south)
and 3 south (north) stars. The selected stars should
have a maximum A-factor of 2 0,60 and the algedraic sum
of the A's for any determination should not exceed £ 1,00,
The instrument should be within 120 (a) of the meridian
throughout the observations. At least 10 breaks before
transit and the corresponding breaks after trans!tlscosc

sums do nmot vary more than 083 are required for an accept-

able star track. The stars are selected from the
Apparent Places of Pundamental Stars - FX4 star catalogue.
Bach radio-chronometer comparison should be the

" result of about 20 scaled radio breaks and the decimal
- portion of any particular break should mot vary frei the

mean by more than 0%0S,

A "modified first-order™ longitude is composed of
at least 3 (4 being more desiradie) determimations with
s maximum prodable error of the mean longitude of 8 Oras,
All of the observations may be performed during one might.
All other srecifications are the same as the "first-order"™
determinations.
3.4 Computations ,

All of the latitude and longitude odeervations made
during this study were computad by the 1381st GSS's A
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.ilcctron!c computer using the same programs they develop&d
to reduce their precise position observations. The re-
jsctiohs of doudtful observations and the final adjuste-
ments were done by hand, following the procedures pre=-

viously out;ined.




CHAPTER 4
PIBLD OBSERVATIONS

4,1 Station Description

OAFB-60-B is the station designation of the east
pillar in the 1381st Geodetic Survey Squadron's Astromoaic
Observatory located at Orlando APB, Orlando PFlorida,

(See Pigure 10) )
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Pigure 10 STATION LOCATION

The observatory is a small woodem structure with
retracta’ ® roof sections and slot type windows that
when openeu provide a completely unobetructed view of the
meridian from the north to south horigzons. It Bouses two
isolated concrete pillers suitadly designed to support
instruments for precise astronomic odbservations, Pigure

11 is s picture of the obdservatory as viewed from the
h } §
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Pigure 11 THE 1381st GSS ASTRONOMIC CSSERVATORY

The observatory has been in nearly constant use
since its construction for training Air Porce personnel
in the use of the Wild T-4 Universal Theodolite for pre-
cise astronomic latitude and longitude determinations,
The station coordinates may be assumed to be quite ac-
curately known and provide an excellent standard against
which the [KM3-A results may be compared, ¥

The astronomic observations made in the observatory

are reduced to the geodetic station OAPB-60 located 0%004
west and 0936 north of OAFB-60-E. The station elevation

is approximately 30 meters, which means that the reduction
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to the geoid may be considered to be zero. The lstfo- |
nomic coordinates of station OAFB-60 are:

Latitude  28° 34' 03p60 Morth

Longitude 0s® 25® 172353 west
The latitude refers to the B.I.H. pole. The longitude
is refered to the UT2 time system, and includes s
correction to reduce it to the prior 1960 ww¥ gysten,
( Section 4.7) |
2;3 Auxiliary Equipment .

All of the equipment uged during the field observa-
tions, other than the DKM3-A, belongs to the 1381st GSS,
The equipment was purchased specifically loi precise |
astronomic work and is of the highest quality.

"~ A Nardin two-second break circuit sidereal chtoio-atet.
electric drum type chromograph and an astronomic amplifier
wore used for recording the time signals and times of
stnr transits for longitude observations. A Zesith ‘
Transoceanic radio wus uwsed te receive the radio time
signals. A tapeing thermometer and a pocket hcxointc: j
provided field temperatures and darometric ptcslurel;
and the readings were checked frequently against those
odtained from the McCoy AFB weather station, '

(See Pigure 12)
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Pigure 12 DKM3-A WITH AUXILIARY EQUIPMENT
4,3 Obgervers

While the observers were all experienced in making
first-order position observations with the wild T-4,
unfortunately they had no prior experience with Kern
instruments, Changes in instrumentation are especially
effectual to longitude observations, and even minor
changes in such physical items as the spacing and dia-
meter of the tracking knobr and the micrometer's track-
ing ratio create a change in what may be described as

the "™feel™ of the instrument, As a result the observer

T
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may find it difficult to track a star as emoothly as
normal, and the accuracy of the time of transit becomes
~ questionable., Readings from the unfamiliar plates Qnd
micrometer are also more prone to errors, |

The time availadle for the field work portion of this
study was limited and bad weather further restricted the
number of observations that could be accomplished. The
result was that the observers had only the most linited
time in which to become familiar with the DK)3-A, and
some of the first longitude star tracks were rather
inconsistent. As the observers experience with the
instrumert increased, the works consistency also incressed.
4,4 MWeather |

The weather was 8 significant factor during this
study. The observations were begun on the 31lst of August
1964 and there followed about one week of fairly clear
weather in which 3 first-order latitudes snd 2 first-
order longitudes were observed. During this time c'hm
burricane, Diane, was approaching the station from very
pearly due east, and on the 10th of September passed M,,
porth of Orlando bringing winds in excess of 80 niles
per hour and over 8 inches of rais to tle area., Obeservae-
tions were resumed on the 13th, but the weather comtimwed
to be rather unstadble throughout the remaining obnmtieaq.

It is very difficult to determine just what effect

the approach or retreat of such severe weather could have
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on astronomic observations, It is known that the |
phenomenon known as a "tilted atmosphere® (tilted isotherms,
isobars, air densities) can cause significant local

* lateral refraction and ( 1 ) has recorded correlation
between wind conditions and apparent changes of longitude,
Bstimations of the magnitude of such atmospheric effects
vary greatly with investigators, -
4,3 Latitude Observations

A total of 4 first-order and one modified-first-order

1atitudes were observed by S different observers., The
results are tabulated in Table 1 . The mean observed
latitude was computed using a weight of -%g for each
determination,

4,6 Analysis of Latitude Results

The latitude determinations are what might be described
as "typical" Horrebow 'Tncott latitude observations, The.
maximum variation in the final observed latitudes, uncor-
rected for polar motion, is 0'24, The mean correction
to the provisional B,I.H. pole ( 23 ) cver the period of
these bboervations was approximately ¢+ 0v02., If the
correction is added to the mean observed latitude, the
final mean latitude beco-ealza' 34' 03163, The latitude
as determired by the IXM3-A agrees with the station
latitude, as determined dy the T-4, and it seems likely
that no "instrument equation” exists between the two

instruments.




LATITUDE OBSERVATIONS

Mean Observed Latitude of |
Station OAPB-60

Observed
Observer] Date Pairs Latitude ¢ e

1 31 Aug. 18 28° 34

3 Sept, 12 03734 20147 20109

6 ’QP‘. 10 03.22 0.50 0.11
4 13 Sept, 16

17 Sept. 16 03,32 0,38 0.07
L 18 Sept. 16 03.10 0.63 0.16
Mean Observed Latitude as® 34° 03y2s
Reduction to OAFRB=-60 + 0.36

as’ 34' 03ye1 g0vO4

Table 1 LATITUDE OBSERVATIONS AND RBSULTS

4,7 Llongitude Observations

A total of 29 longitude determinatioms (sets) were

observed by 3 different observers during this study,

Table 2 gives a schedule of the odeervatioas and lists

the observations rejected,

Tables 3, 4, and S give suzmaries of the accepted
observations by each obeerver, and contain the final
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reduction to the geodetic station, The observed values
have bDeen corrected to UTO time, and a provisional UT2
| value, based on the provisional correction ( 23 ) is
R also given, The U.T. correction was added to reduce
the longitude to the system used prior to 1960. The
correction is the result of a change in the accepted
longitude on which the WWV radio time signals are based .
C 19 ) and ( 20 ). The mean observed longitude, coiputed

from the provisional UT2 values using a weight °f‘;£$t
for each determination is 05D 25™ 172350 e0%011 .

LONGITUDE OBSERVATIONS
Number o{
Observer; Date Sets Sets Total
Observed | Re jected | Re jected
1 4 Sept. 4 1&4 a3
S Sept. 4 1a4 a
6 Sept. 3 Ncne o
a 7 Sept. 2 None 0
(morning) _
7 Sept. 6 1&3 2
(night)
17 Sept. a 1&2 2
3 16 Sept. 4 4 1
(morning )
16 Sept. 4 3 1
(night)
Total 29 10

Table 2 SCHEDULE OF LONGITUDE OBSERVATIONS
S=—= AND REJECTIONS :
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LONGITUDE DETERMINATION OBSERVER 1

Date Longitude tg ey
4 Sept. | osP 25™ 178316 20%016 | 2c2006
17.319 <042 .017
S Jept. 17.309 047 .019
17.326 .0350 .023
6 Sept. 17.3i8 «079 «032
17.346 047 «019
17.334 037 .01S
Mean oSk 25 178324 202009 202003

Mean Observed Longitude 03D 25 178324 (west)|

U.T. Corzection ¢ 0,044
UTO - Signal - 0,026
Reduction to OAPB-60 + 0,004

Astronomic Longitude (UTO)OS® 25% 178346
Provisional Correction

UTO to UTaQ - 0,010

Astronomic Longitude

Provisional UT2 osb 25® 178336

Table 3 SUMMARY OF LONGITUDE - OBSBRVER 1

hauad R S TR S g s ‘
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LONGITUDE DETERMINATION OBSERVER 2
Date [Dng it\lde .. .r
7 Sept, osh 25m 178208 193057 208025
(morning )
| 17,328 .042 .017
7 Sept. 17.306 .027 .012
' (night)
. 17.321 .046 .019
17.350 <065 .027
17.311 043 .018

Mean osh 2s® 178319 202009 202005

Astronomic Longitude (UTO) OSDR 25® 178340
Provisional Correction

Astronomic Longitude .
Provisional UT2 05 25® 178329

Mean Observed Longitude osh 25® 178319 (west
LU.‘l‘. Correction + 0,044
llJ'l'O-- Signal - 0,027
Reduction to OAPB~60 '0 0,004

UTO to UT2 : = 0,011

Zable 4 SUMMARY OF LONGITUDE - OBSERVER 2
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LONG ITUDE DETERMINATION OBSERVER 3
Date uﬂ‘itu“ .. .r
16 Sept.| o0sb 25 178369 20%027 | #0%011
(morning)
17.319 .031 .m
17,361 <051 .018
16 Sept. 17,396 .028 .011
(night)
17.374 .021 .014
17,399 .062 <029
Mean osh 25 178380 20%11 | 20%c04

Mean Obsécved Longitude oshk 32s5® 178380 (uuq

U.T. Correction ¢ 0,044
UT0 - Signu - 0,031
Reduction to OAPFrB-60 ¢ 0,004

Astronomie Longitude (UTO) oS 25® 173397
Provisional Correction

UTO to UT2 = 0,014
Astronomic Longitude
Provisional UT2 osd 25® 17%383

Table S SUMMARY OF LONGITUDE - OBSERVER 3
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4,8 Analysis of Longitude Results

A total of 10 sets of longitude were rejected after
coaputntion.’ While the number of rejects does seem
éxccptionally high the reasons for the re jections are
significant and must be considered before any conclusionc
cas be made. |

Three sets were re jected due to gross misalignment
of the instrument in azimuth, on two or more stars of a
set, of such magnitude that could only result from the
observer misreading the horizontal plate., These re jections
could be directly attributed to observer inexperience
with the instrument. 1In addition, 2 sets observed.by
Observer 2 on the 17th of September, some ten days after his
other observations, agteed closely with each other, but
differed from the mean of all his observations by more
than 0204, They did agree very closely with observations
made by Obsérvet 3 on the two immediately prior nights.
The marked difference in the observations made by the
same observer might well have been caused by the severe
changes in the weather conditions, particularly a change
in the wind direction, or to changes in the auxiliary
equipment used, or to a comdbination of such unknown
factors. Similar observations have been recorded using
accepted "first-order™ instruments. The remaining re-
Jections were due tc residuvals in excess of 0%04 or a

combination of high residuals and hiagh prodbadble error
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of the set.

No effort was made to rescale the star iransit
times, an operation that can sometimes change the AA
as determined by a set significantly., Mhen such s condie
tion exists it usually is related to observations that
have inconsistant star tracks, which are indicative of
bad visibility or observer inadequacics rather than the
instrumentation. It seems wiser to simply reject such

work,
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CHAPTER 3
PRACTICABILITY OF THE DKM3-A AS A PIELD INSTRUMENT

5.1 Introduction

The design and production of a highly precise field
“instrument is as much an art as an engineering feat,
Accuracy, feasibility, durability, reliability, porta-
bility, compactness, weight, observer convenience, cost,
maintainence, and versitility are just a few of'the factors
that must be considered. It is not always possidble to
find a solution that fulfills all the requirements as
completely as one might desire, and compromises are
inevitable, Indeed, even the most qualified critics may
disagree on the merits and liabilities of the most basic
components of a field instrument,

This chapter contains the favorable and adversé
criticisms and suggestions of the five observers that
used the instrument during this study. They do not
necessarily represent unanimous opinions and I would
expect that other users may disagree with sone.of the
statements,

5.2 Telescope

As a part of thii study, simultaneocus observations
were made on the same stars with a DKM3-A and a T-4,
The star images appeared to be slightly smaller, but of
equal or slightly greater intensity in the DKM3-A,

The instruments superior lighting and focus systems
44
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and the elimination of nearly all stray light (observa-
tions of the stars as dim as 7.0 magnitude were made in
a lighted observatory) makes it possidle to produce
exceptionally sharp star images over a wide range of
magnitudes. |
3.3 Pocusing

Pocusing of both the star image and the reticule
pattern is quickliy, concisely, and conveniently accom-
plished by the focus knodb and ocular focusing ring.

It would seem wise to have the focus knod capped to
prevent the possibility of accidental unknown changes in
focus, since even small changes in focus could have
adverse effects on observations such as latitude,

S.4 Astronomic Micrometer

The DKM3-A's astronomic micrometer has niny sub=-
stantial improvements incorporated into its design,

The optically read "drum scale” is especially praise-
worthy. The bold, easily read numdbers and gradustioans
are very evenly illuminated by the tinted rheostatically
controlled internal lighting system -~ a combination that
not only reduces eyestrain to a minimum but makes mis-
reading very uniikely. The differences between thig
completely optical system and the graduated-kaod system,
such as employed by the T-4, are reminiscent of the

differences in the plate reading systems of the intermally

T e e
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| ligﬁted;optically read theodolite and the double=-circle
vernier read éngineer's transit,

One sgglingly valid adverse criticism of the DKM3-A's
drum-scale is the use of 120 divisions. Wwhile this does

f"nnte each graduation very nearly equal to one second

of arc, equatorial value, any minor advantages that might
result from such a condition are more than offset by the
sacrifice of a decimal relationship between the whole
turns as determined by the reticule lines and the fraction-
al turns 28 read from the drum scale., This adds unnecessari-
1y to the computations and is a possible source of error.
The clanping knod allows the -icroneter to be rotat-
ed from the azimuth to zenith distance measuring position,
or back, without changing focus or using any accessory |
tools. This is wot only an observer convenience, but
a time saver as well,
| The selection of the approximate equatorial value
is a very important consideration in the design of an
astronomic micrometer. The entire tempo of star obsere
vations and the attainable accuracies of certain deter-
minations are directly effected by the equatorial value
selected, |
It is important that during longitude determinations
the observer has sufficient tixe to properly accomplish
all the necessary readings and reversing operations

between the end of the track-in and the beginning of the
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track-out of any star. Common practice is for the
observer to pick up the star slightly outside the S ( 15 )
wire and track the star approximately 24 turns, thuq.
leaving of f at about 24 to 22 turns from transit, Since
he will begin the track-out ftou that same point‘hc must
be able to perform all of the necessary operations and
be ready to begin the track-out in the time required
for the star to travel about 54 turns, With thel DKM3-A
this is about 45 seconds for equatorisl stars. |

During the course of this study numerous stars of
very low declinations were observed. With only a mini.
sum of practice the observers were able to meet the time
requirement, :

The most important, demanding, and fatigue! -4 duty
of the observer during lomgitude observations is the
actual tracking of the stars. It is an adv;ntagg then
to reduce the tracking time to a minimum, cons!sflat with
the required accuracy, decause it i; likely that the
observer efficiency and accuracy will diminish as he
tires., _The DEM3-A requires 20% less tracking than the
T-4 =~ a aigﬁif!cant geduct’! n,
3.3 Horredbow Level System

The Horredow level system in its present form is
adequate, but somewhat cumbersome under field cosditioms,
The actual operating and reading of the levels once they




48

" Bavebeen mounted and adjusted creates no difficulties.

The vials are clearly marked and conveniently read in
the overhead mirror. The internal bubble lighting
system was not used during this study, at the recommen~
dation of the manufacturer, but either the instruments
hand lamp or an ordinary flashlight provided adequate
lighting.

The differences in instrumental meridian inclinaQ
tions as determined by the two different vials were
small, in the order of 2 010 and showed no correlation
to the degree of instrument dislevelment., The major
source of the differences is likely due to random read-
ing inaccuracies.

The Horrebow level mount is not desirable for field
operations., 1In order to adjust the bubbles' lengths
which requires dumping the vials, the entire mount must
be removed from the instrument., With bubbles of such
high sensitivity it is very difficult to accurately
determine the bubbles'’ lengths until the entire system
has been remounted and the bubbles have had time to come
to rest., It may sometimes be necessary to repest the
process several times before both bubbles can be made
the desired length, Thé process can be tixe consuming,
produce excessive wearing of the system and create oppor-

tunities for damaging the instrument and levels., The
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system does have the advantage that the levels cannot
be accidentally dumped during the course of observations,
dbut this is of 1little significance to experienced observ~
ers.

A more desirable system, that could be achieved
through minor instrument modification, would permit the
easy removal of the levels alone, The =cunt would then
be semi-permanent in nature (the entire mount would not
normally be removed in the field) and only the levels
would be removed during transporting., The bubbles' lengths
would be more easily adjusted, danger of instrument
damage would be minimized, and the advantage that the
bubbles could not be accidentally dumped would aot be
sacrificed. The entire system would still be relatively
easily removed for maintainence.

3,6 Leveling Knobs

The leveling knods tend to be slightly stiff to
operate, especially when the heavily weighted striding
level is in place, and make fine leveling a rsther
tedious procedure. Consequently, minor "touch-up™
leveling during an evenings work is not easily accomplish-
ed and if the instrument drifts outside the level toler-

- ance the entire leveling procedure must be repeated,
The disadvantage is mininized Dy the excellent stadbility
of the instrument and the end result is a relatively

denirabdble system,
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8,7 Setting Zenith Distances

It was mentioned in Section 1.6 that the DKM3-A
dves not have an auxiliary setting circle, such as the
T-4, and therefore the telescope must be set to the
proper zenith distance for star pick-up using the vertical
circle,

Any doudbts about the systems adequacy were quickly
dispelled as the observers found that settingscould be
made with an accuracy of about 2 1 minute of az¢ in a
matter of seconds. The exceptionally short telescope can
be manipulated with one hand, leaving the other hand free
to operate the vertical clamp, while viewing the plate
through the reading ocular. A setting circle is not
only not needed, but would most likely prove a hindrance
to the observer,

5.8 Additional Pactors and Conclusions

There are many small items that may not seem im-
portant in themselves, but never the less significantly
effect the DKM3-A's value as a field instrument,

The optical plummet provides a convenient method
for accurately centering the iratrument over a mark -
an important requirement for azimuth determinations,
Prism eyepieces are availadble for use during odservations
such as azimuth or triangulation., The lighting system,

completely rheostatically controlled, is excellent
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throughout the instrument, The instrument's control knobs
are very conveniently located.

The tool kit that is included with the instrument
and located in the base of the‘cartyingrbnse is not
conpletély adequate, The auto-col}imator light housing
tends té interfer with one of the micrometer ttacking
knobs. The deeply recessed aiidade level is rather
difficult to view.

These are just a few of the items that add and de-
tract from the DKM3-A, and effect an observer's overall
opinion of the instrument,

The reactions of the five observers that used the
DKM3-A during this study could only be described as
enthusiastic. The instrument shows every sign of being

an excellent field instrurent.
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CHAPTER 6
CONCLUSIONS

0.1 Accuracy

The results of the limited number of observations
made during this study indicate that the DKM3-A i3 capabdle
of producing both first-order latitude and first-order
longitude determinations as defined in Chapter 3 of this
thesis, |

The instrument's latitude capabilitiss have further
been confirmed by an info;nul test condurted by the
USC & GS in May of 1964 ( 18 ), The Geodetic Survey of
Canada is presently making an extensive field test of the
DKM3-A invclving observations on 27 field stations. The
results of that test should produce more relisdle con-
clusions about its attainable accuracies { 6 ),

6,2 Pield Characteristics

The [XM3-A is an excellent field instruament from
the viewpoints of portebility, versatility, and observer
convenience, whil? very little can be concl»ded about
an instruments duradbility, required maintainance, depends-
bility, and such related long tezm considerations fi:m
a test of such short duration, the DKM-3 has already
proven that the basic mechanical and optical components
are sound, and it is likely that the DKM3-A will pzove
adequate in these respects aiso, The additions of the
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astronomic micrometer, weighted striding level, and
double Horredbew level do add consideradly to the weight
that the vertical axis system must suprort, and its

| effect on the life of the'system could prove significani
A field instrument can only prove itself after years ofJ
use under varying conditions, but the DK¥l-A appears to‘
have all the necesaary ingredients to meXe it a valuab1§

addition to the geodesists' array of tools.
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