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A reviev uf asatrometrics in the last 50 - 70 years shows that, in spite
of great progress in the tneoretical fisld, impronved methods, and great
accumulation of olservaticnal data, the systematic errore of observation re-
main practicelly at the same level, namely inm the range 0.2" tc 0.L". The
FL reagons for surh a long siardstill in the field of improving accuracy can-
re ) wot '@ sccidental; and so long as they are not made public and exnaustively

3 o anslyznd, it {s useless to expect further progress in this d‘ rection.

As i& well known, the precision of as'romsirical vbeservetions ‘- rovernel
by thres principal fastors: the csad.tion ¢f the earth’s atmosphers, the
quality of the asirometric inetrument, ané the charucteristics of the re-
cording apparatua (eyepleces and photogrepaic piates or pnotnelemeats). In
thie article we shall cuitlcally examine the weak points of present-day
astrosetrical instruments, not dwelling on their specific role 1n specialized
opsraticnae, aas 1n the caas of vervical and meridian circles, translt Insiro-
menta, otc.

Brrors Assosiated with Graduating a Tircle

Normally, & circle has 10,800 or 21,600 divisions. Ia the moet favore
able instance, individual corrections are deterained for only a few hundrei
of them. In the cese of the 7ery large number of remaining marks, from which
rendings =2re actually taken, corrections are averaged according to a curve
qesoriting the behavior of errors in the i1ivestigated aro of the circle.
Thus, the calculation of errors ia the pusition of the marks is basically - .
statistical, and even then arrors can only partially cancel by msans of a .
very large number of observations. But even numeroue observaiions cannot com- .
vletely eliminate error, sluce in detormining the deciinatirn (aititude)
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of & star nvs mora ohan 32 wivin ere ag- , among which there may noi be a
ccelaglewariwithca inalr . worrectl v Tt may be sald witaoul exaggeratlon
that eash instrument must gives Las own “aystem” of star peslitions. :

The quality of the marks drawn upon sllver dogs not permlt tracing lines
for microsccple reading with s linear error less than 0.5 - 1 micron; in case
of a glass cirale, it gives an srror not iess than 0.2 - 0.5 micron. These
errors are approximatsly equal in effect since metal oircles are about one
meter in dlameter and glass circles are about 40 ceatimeters. (Here we are
not taking into conelderation the difficulty of uniting glass and metal in
high-temperature intervals.) In terms of angular memsurs, this linear eryor
glvea an error of C.2" to O.4" £or both cases. In astronomical practice the
error ig closer to the latter figure, O.4".

Errora of a "Curvsd” Tube

The problem of tube curvature ig one of the most dlfficult in astrometric
practice. This i completely natural, inasmuch as "curvature” depends, In nne
way or. another, on the following factors: N

1. The form and elastic properties of the material of the tube and the
tube's position r: lative to the dirsction of gravitational force;

2. Temperature, influsncing the dimensions and etagtic propsrtles of
the tube;

3.. Deviatlon of the optical axis of the objective relative to the geo-
metrical axis of the tube, and the reletive displecement cf the cbject glass
due to a difference in coeffliclents of thermal expansion and to the different
thermal conductivity of the materlials. Errors of thie sort are not compensated
by displacement of the center ocular wire grid, where, during temperature
ohange, the symmetry relative to the tube axis shovld nct be disturbed. (Pre-
limipary calculations have indicated that errors due <o relative iisplacement
of the cbject glass in the course of a day during unfavorable conditions may
amount to a tenth or more of an angular second.)

4. Iocal heating of yu-ts of the instrument, due to the heat radiated by
the observer. Thie influence would be especlally strong during coid weather
and alaso during observation of stars at the zenith, when the cbserver 1s lo-
cated beneath the instrument and a current of warm zir flows up around it; this
neat may also affect vefractica

At piesent, the aprearancs of "eurvature" is ona of the chlef ohstacles
to increasing the optical strength of meridian !nstruments.

Honuimuluaneity in Determiningz the Collimation Errvr and the Inclination
of the Axis During Observations

Corrections, introduced during obaervatioﬁ, for collimation errors acd

. 1nclination of the axls are chiefly based upon the preliminary study of pivot
forms. The form of the pivot is necessarily adopted ovnce and for all, and is
indepandsnt of considerrtions of time, tempexeture, und other conditions
accompanyling cbservation. Chance errors due to dust in the bearings, con-
gealing of lubricant, etc., are not considersi. It can be assumed thai, for
exaxple, the congealing of tiua lubricant due to .temperature decrease may
introduce sonsiderable error. For small, specific pressures between the
pivot and bearings customurily used in astrometric lnstrumeuts, tie congsaled
lubricant may not flow sufficiently from the space bsiween the bearing sur-
faces, and the instramert will "swim."” This floating lniroduces a certain
indeterminateness in its poasitiou:. In instruments of ordinary construoticn
1t {s difflcult to detect acd correct these errorsa.
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Sach, in a shert outline, nre the baslc shortoomings in astronomical
instruments of the present tims. Theme ehoricomings hinder the wide appli-
oation of objeotive methods of resording phenomena, lnassnoh sz they
effostively limit the weight and dimensions of any reoording oguipaent set
on the movable part of an iasstrument.

Congideration of Basically New Designs

How that we bave established the causes that hinder further scourany and
refinsment in determining steller ouordicates by msridian lngtrnments, we
can contemplats various schemee for {ostruments whioh are Lo s considerabls
extent free of the abore-mentioned shortoomings. Thiz artiols will descrike
one auct system. . ' .

Basically, the system oonsists of & plane miryay rotating about s
horizontal axis, in oonjunction with a rigid tudo. From the history of
astronomical lostimments it is known that emch an fdsa wes first sonceived
by Bauffart in 1682; but a practical statement of the problea eonosrniag
this coebination for sccurate astrometric measureuents decsame possibles only
mudh iater, thesks to experisnoe gained Suring work on Yraneit inatruments
vwith the Bambérg-type artioculated tube, in which a prisa, inserted detwesn
ths objective -and the filar grid, asts as a reflectur. Prastical application
aloo hed to aweit improvemsnt in the mestallurgy of stslnlems stesls sod for
other techniocsl isprovemsnts.

Profesgor H. K. Pavior of the Palkovskiy Observatory hecans couvinoed

of the expediency of operating transit instruments possessing a rotating re-
flsotor and rigid tube, and proposed his own design for suoh an .netrument.

(. X. Pavlov, "Photoeleotrio Reoording of Star Passage,” ;gﬂm_uzﬂ,
197, p 662. A. A. Ilinioh raised the question of applying this principle
to a meridian circle. ’

Ths author of this artiols studied this queation in 192h; oaly after &
lapse I 20 years, however, 414 he find it possible ¢o begln work, wkioh
inolnded the following inveatigations: deterainpation of right agocnalicn,
time oorreotion, ard tho deviction cf stars. swever, the posaibiilty cf
deternicing separately the coordinates and partially the tenith observations

wag not exclnded. Further discuseion will be devotod to one of the attmepts
to make a rational solution of thio prcdlea.

7igure 1 shows the basio schems of & horizontal maridian instrumsnt
with the following designations:

G 18 tho plaus reflector with a central aperture, rotating sbout tha
horizoatal axis Z&';

T(8) and T(N) are the main tubes, sonth and north (oorresponding to
¢he 1ndices within the pareathesss);

0(8) and O(N) ere the obiectives of the main tubes;

F(8) and F{N) are the focal planes -.f the objectives 0(S) ant O(K);
M(8) and M{N) are the sonth and north illuminetion sources:

oM(8) and OM(N) are the collimator lenses;

C and C!' are the rings of the instrument;

0*'(8} ecd G'{N) are the obJuosivél of the autoscllimation tudee;

0'K(8) and O'E(X) are tua eysp'ecss of ihe sutnoollimation tudes;
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P.and P' ere pent-orl

L and L' are bearings; and

H is the flosating horizon.

We will begin the review of the dlagram with a discuselon of the optical
patha. !

The light rays from the stey under study are incldent upon the mirror G
&nd are refracted by sither lens O(S) or O(W) as ome chooses. Let us assume
that they are reflected in ©(3), as shown in Figure 1. Refracted by the lens,
thes. rays form a real image of the star on the focal plane F(S), where the

star 1s actually observed. Tne zenith interval ie read on cirelez J and ct,
to which we shall return.

Lot us consider for a moment the problems conceraing the azimuth control
of the malin tubes, the calculation of the axls movement of the maln reflector
@, and the determinatlion of the nadir polat on the circles.

The main tube's change 1n azlmuth can be determined at the moment
directly preceding or following observatlon. For thie purpose, a colllmatlon
lens OM(N) 1s placed in front of the illuminatlion source M(N). This lens
veflects the illumination asource on the surfuce F(N) at the intersection of
the wires nf the ocular grid {durlng this time, the eyepiece 1s moved aslde).
The obJjectivoe O(N) and C{S) tracsfer thls image (through an aperture in the
malp mivror) to the focal surface F(S) along the optical axie or close to
1t. Measurement of the amcunt of Fluctuations in azimuth of tudbe T(S) zan
be made with the same ocular micrometer which is employed for etellar
obgervatlon. The illumination source at the time when the star le being
observed can be extinguished from the eyeplece with the help of a key which
gwitches off the fllumination lamp.

4 Control of the axje posltlion of the main mirror during observation ls
also posaible 1f this matter is considered during the deslgn of the mirror.
It ls very imgortant that the connection between mirrors and axis Z7' be
reliable. For this purpose, tiae mirror may be of staluless steel (or any
other alloy of high reflection capacity and the necessary mechanical
propertlies) cast as a unit with the axis 2Z'. In this case, the ends of
the axis cen be polished and employeé as mirrors which may be regarded
firmly bound ap vith the main mirror.

After we have set up a pentapriem in front of this butt mirror and
got up behira the pentaprism an autvcollimation tube X(S) with an eysplece
0'K(S) drawn ont toward the observer, we look ' > it {n the direction of
the ray reflected by the end <f the axls ZZ' and at awy wiwent it is
possible to judge the change in direction of axis Zi' reiutive to a certsin
referance positicr. The presence of two maln tubes ia caajunction with a
flnating horizon makes it poesible, as indicated by theoretical investi-
gations, to solve fully the problem concerning the movement of axis Z2'
and to determine its position at any moment that the observer desiros,
vithout constderation of pivot form.

Fadir position on circles C and C' can be detormlned with the help
of a mercury level, whichk is slightly modified by introducing into the
mercury a flat gisse mirror acting as en artificisl horigzon. This
artificial horizon -- let us call it "floating” -~ will give a better
image as compared with the usual msrcury one with its constantly moving
surface. In addition, the high position of the centrold of the floating
mirror above the mercury level vill contribute to the whole system com-
peusating features in regard to obrlating horizontal discurbancea(of a
gseisaic or some ctuer nsture) which are transmitted to the mirvor by the
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mercury. Actually, Ip the .usence 7 aush disturbing Jorces, frictional
“'forces arise between the merciry anu -.hé .iocatlng part of the mirror; and
there arises an lnertial force that rotetes the mirror in the direotion
of rotation of the mercury surface, whlch in its turn tends to rotate the
mirror in the opposite direction. To brinsg the upper aurface of the mirror
into a parellel positlon with the mercury surface is difficult to accompllsh,
1f in this manuer one soeks to impart an ideal geometrie form and severely
uniform thickness to the mirror. It is much easier to achieve this by
creatiny the necessary conditions of squilibrium, which 1s done be re-
moving material from the side of the mors protruding part. Any remaloning
declivity, 1f technically impossible to eliminate, can be cancelled during
observations by rotating the mirror 18C degrees.

Above we have only consldered tue negative aspects of presen. -day
¢i13les, the practical Impossibllity of iavestipating individual inaccuracles
in graduation marks, end, firally; the insufficlent accuracy in placing in
solnotdence the micrometer filer wires and the markes. From the stardpoint
of principles, circles preferably should have a small number of marks,
which permit making adjustments for each »f them, and have a micwsmeter
arrangement for measuring within an interval of one divialon.

About 12 years ago, while investigating precislon-measurlog lnetig-
ments, the suthor discoveved a way of obtalning and vtilizing a physiosl
straight line, which 1s undistimguighable In any practical way from a
geometrioal straight line and which permits one, un’or specific conditlions,
to transfer from a geometrical combinati~n uf the micrometer filar wirs to.
photometric "division” [Fiaeibeixovauigf, obtainable on the principle of
2lald-lsvelling and greatly lncreasing the accuracy of placing lines in
coincidence. Thals atraight line serves as an edge for the metallic prism,
wvhich is polished with optical precision. If the reading microsoope
(Flgure 2) 1s d’rected on thae edge of such a prism (at an angle of about
90 degrees), aligning the axis of the miscroscope with the bisectrix of the
prism angle, and 1f one utilizes special vertical illumination, then the
1ight incident on the prism is reflected from ite face in directione
perpendicular to the original direction, but on the edge of the prism
will ve seen a bright line which is due tc %he insignificantly small
ourvature of the eage and to diffraction phenomena. If the filar wire
of tLle ocular micrometer is placed in coincidence with this line, then
the 1ine will seem to be c~mpletely covered and only the narrow gaps
along the side of the filur uire will be visible (shown In Figure 2, in
the circle). Under these conditions, the es._gutest movement of the filar
wire from the axis abruptly cuts out the gap on one side and increases it on
ths other.

Testa conduated in 1934 - 1936 showed thau the mean sguare error of
one-line coiacidence 18 equal to 0.C26 microa DY laboretory measurement.s.
The laat measurements of this kind were made in 1945 and are set forth ion
Table 1 where columne 1 to 10 ars independent series cof nwasuraments. They
are expressed in the divieions on the ovlinder of the vedge-shaped micro-
mster and are combined in three groups (series L - 5; € - 3; 10) depending
wpon the circumstancss under which they were obtained (each cape ia described
in :he note f:zllovwing *l:e tabls). A comparison of these data with the data
of placing ir coincidenco the mark op the glaws Indicut.s iae posalsility
ve Jeoveasiay mesasurements five to ten times.

The practica. application of this idea ln meridian instruments involves
the form of a toothed circle resembling a tootted ring. Filgure 2 1llustrates
the toothed ring in ccnnection with the reading microscops and the spevcial
vertical *lluminator. The teeth should be sne degree apart and the error
in poeition fo' each sbruld be determined. The legths of the degree intaer-
val cen bte measured by a wedge-shaped micrometer. This instrument wme
‘employed successfully by tne author for similer work, since the relative
ancuracy of the measurements will nct exceed 10-5 1if one obtaine readings
up to 0.03% - 0,04".
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The problem of the "L._.thed™ ¢irs-. cannot at prisent be consldered
ac definitely solved,. cince tine avthor oo n.had to limit himself to a test ..
of only one element of the toothsd clircle. In view of the importance of
thie problem, bowever, it deserves a very energetic treatment in the
immedlate future. The "toothed™ circle may be made of stainless steel.

Table 1. ZErrors During Repeated Applicetions Made by a Wedge-shaped Micro-
meter Under Various Conditions

KOTE: Readings are given in divislions of the cylinder of the misrometer
! screw, vhile the mean sguare error of one application is glven
both in cylinder divisions end in fractions of a micron.

Series Number
1 2 3 4 5

Average reading 6.0 1.2 3.8 3,0
Mean ggaure srror
of ons colinci-
dence reading
In divisionel.1h 0.17 0.12 0.16 0.09 0.39 0.35 C.49 0.38 0.49
In microns 0.725 0,032 0.022 0.023 0.016 0.070 9.063 0.088 0.068 0.017

NOTE: Series No 1 - 5. The colngcidence readings were made very carefully
but with weak Lllumination of the prism ridges of the wsdge-shaped
micrometer. The value of ons divieion on the micrometer cylinder is
0.18 micron. Series No 6 - 9. The coincidence resiings were made
quickly and not especially carefully {attempts tu obtain resulis
close to the probable manufacture'e results). The valus of one
division on the micrcmeter cylinder is 0.18 micron. Series Ro 10.
Measurements were made after the ridge of the prism was polished,
whish gave a good result. Series Lo 10 was made especially care-
fully. The value of one division on the micrometer cylinder is
0.034 micron.

The stumbling hlocks in the way of developing present-day meridian Zn-
atruments, as ve have geen, are the "curvei" tubes. In vur case, the prob-
lem of carvature axtends only to the main flaxible mirror. Preliminary
caloniations indicate that with a ridge design on the mirror and with a 1:15
ratio. of width to dirmeter, the mirror's curvature exerts less obvious in-

‘uence during observations than the tube's curvature. There are ways of de-
oreasiog it in the future.

The inatallation of lsns and osular network directly on the foundation
opens new posslbilities. The lens dlameter can be increaged at lsast dy
250 - 300 millimeters and iater inoreases oan perallel the growth of techni-
cal possibilities of preparing large sli-metal moveable mirr rs. The ga- s
between the objective lenses ocan be increased tc a dimension necessary .or
creating more advantageous conditions for heat exchange in the intraiens
gape with the outside 4ir. An lnoraace in dianeter of the objsotive will
make it poselble to try in practice the singlo-lens aaspheriocal objlectiveas
in ocabination with an pcular light filter for excluding the influence of
atmoapheric dispersion on measarements. Such cbjectives are free of the
errors posseassd by a doubie-lens oblective in connection with the relative
shift of the lenses with temperaturs changes, unavoidable even with a amall
difference. in coefficient of thermal expansion and heat-conduction componente.
The fixed ocular part opens an uplimited field for avplying objective methods
of reocording phenomena in regard to size and weight of the recording apparatus.
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To sum up, we see tka‘ the horiusot2l design of the inatrument
possesase & number of Importent advantarus over fnstruments with flexible
tubes. The most important of them are: (i) the possibility of ocalcu-
lating, during observatfon, the errors due to variaticns in the poeition
of the tube's optical axis and the mirror's rotational axia, {2) reduction
in the error of calculating anglss, {(3) improvement of the conditions for
appiying obJective methods of observation, and (%) importaut reduction of
the influence of survature and the resulting increase in the optic~l powsr
of the instrument.

An voayoidable peculiarity of the system is the presence of two tubes,
slnce one cannot perform observations slong & meridional are greater than
120 - 130 degrees.

Space doss not permit examining the mé.w questions of {ntereat, such
ap: further redvction of mirror curvature, strengthening lenses in large
objectives, investigating horizont:l refraction, etec.

Modexn met.allurgy and optlcal technles possess the necessary tools
for. suoceaafully solving the proolems of prsparing a horizontal meridian
1nstment, but they ‘still must splve grest probleims of improving pre-
oigion, which requ;ro 8kill and technology for solution.

‘The sohems of the horizontal meridian instrumeént which vwe have
) exmn.imd 18 not;, of touree, tdeal. The combination of metal and glass
lmat camlex matter, ‘aince both have completely different thermal -con-
duotivi:leés &nd consequently react with different rates to changes in
atmospharic'tempemture‘.’ A% present, there 1s still no completely
definite prospect for eolving this problem.

[Kppended ftmres follow./
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