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SUMMARY

Since 1972, observations with the PZT have been carried out
regularly in Potsdam. The principles of construction and

the operating mode of the instrument are described. From the
fundunentul relations betwveen image point coordinates, star
positions and station coordinates, the imaging equations are
developed and the basic formulas for the evaluation are de-
rived therefrom. The influence of azimuth and reversal errors
on the time and latitude determination is examined from the
point of view of error theory. For the reduction of the obser-
vations, star locations are used since 1974, which were improved
on the basis of the results of 1972 and 1973. In an accuracy
analysis, the influence of various sources of error are examined
and the efficiency of the instrument is estimated. The random
errors obtained in time and latitude determinations are com-
pared with the values which can be expected theoretically.

The results for 1972 to 1974k are summarized in the appendix.

l. INTRODUCTION

The photographic zenith telescope (P2T) is used as an efficient
instrument for geodetic-astronomical time and latitude determi-
nations at fixed stations for the determination of data for
the investigation of the rotating behavior of the earth. 1In
comparison with other types of 1uatrunentl, vhich are used for
the same purpose, the PZT has some advantages.

Because the observation process is performed automatically and
is controlled by & program circuit, human errors have no effect
in the observation and the observer is largely relieved. His
activity consists of the preparation of the instrument, of the
time recording apparatus and of the program controller, the
insertion of the cassette, the starting of the program at the
predetermined point in time, the control and monitoring of the
program operation and the removal of the cassette at the
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completion of the observation.

Because of the observation in the immediate vicinity of the
gsenith, refraction errors play a subordinate role. Their in-
fluence is further reduced by the method of evaluation and by
the configuration of the star program. Influences of instru-
ment errors are also largely eliminated by the principle of
construction of the PZT, The specified tolerances for instal-
lation and adjustment can be maintained without difficulty.
Last dbut not least, the PZT is superior to the other types of
instruments because of its greater dimensions in comparison

with the passage instrument and Astrolabd.

One disadvantage of the PZT results from the fact that the odb-
servation is carried out only in the immediate vicinity of the

zenith and stars can therefore only be observed in a small de-
clination zone. Therefore, fundamental stars are hardly avail-
able and the program must be composed of stars of which the lo-
cations and inherent motions are initially not known with ade-
Qquate accuracy and must still be improved with the aid of PIZT
observations and special observations. Another disadvantage
consists of the use of the photographic plate as intermediate
storage, wvhich makes the evaluation process very time-consuming.

The PZT, which was dbuilt in the institute workshop of the obd-
servatory Babelsberg (Figure 1), wvas tested by the Geodetic~-
Astronomical Observatory of the Central Geophysical Institute
following acceptance. Some instrument improvements have been
carried out on the basis of experiences accumulated during the

experimental observations. The instrument is installed in the

west meridian house on the grounds of the observatory in Babdbels-
berg. Bice 1972, it has been used regularly for time and ;
latitude determinations. ’
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The Photographic Zenith Telescope
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| 2. PRINCIPLE OF CONSTRUCTION AND OPERATING MODE OF THE
‘ INSTRUMENT

In comparison with other instruments for the geodetic-astrono-
mical locus and time determination, the PZT is excels by the
optimum elimination of the influence of instrument errors.

All more accurate observation methods of geodetic astronomy
are based on the stabilization of the azimuth circles or almu-
cantars defined by the observation instrument during the tran-
sit of the star. In the case of the PZT, which has a vertical
optical axis, the stabilization is carried out by a mercury

- horizon located in the half focal distance. The image plane
is located in the image-side principal plane of the objective,
which assures that depth errors between mercury horizon and
objective can have no technical effect. They would only have
the effect of a deterioration of the image quality on the pho-
tographic plate.

The fundamental optical configuration of the PZT is illustra-
ted in Figure 2. After the rays have passed the objective 1, |
they are reflected on the mercury horizon 2 and produce an :
image on the photographic plate 3, which is located in the image-
side principal plane of the obJecti#e and can be moved in the
west-cast direction. The evaluation principle of the P2ZT re-
quires that four images are produced for each star transit,
vhereby, betwveen the individual exposures, the head of the
instrument must be turned by 180°. Follow-up of the photo- ]
graphic plate and rotation of the hea? of the instrument bet-

veen the individual observations are carried out automatically
during the observation cycle.

As shown in the following chapter, the zenith distance and the
meridian transit time can be determined from the coordinate
differences of the four images, vhich are produced during a
star transit, if the mean time of the four exposures is given.
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The time pattern of the observation of the transit of a stear

is illustrated in Figure 3. The total observation cycle takes

120 seconds, each exposure 20 seconds, and the instrument head

is turned within 10 seconds. All necessary motions and control

: conmands are carried out sutomatically by the drive mechanism
F (Figure 4). '

When the starting impulse is initiated, the starting magnet 5
pulls in the gear coupling 15 and connects the cycle drive &
vith the second shaft 2, The speed reduction from the second
shaft to the cycle drive is 30:1. After 5 seconds, the contact
is closed by the cycle drive. In this manner, the bevel gear
return drive 3 for the transport of the plate stage is coupled |
through the coupling magnet 9. At the same time, the exposure %5
shutter is opened. The coupling of the bevel gear return drive ;
takes place through follower pins 14, whereby the coupling 1

takes place for left-hand or right-hand operation, depending
on the position of the instrument head. With respect to the
second shaft, the bevel gear return drive is operating at a
reduction of 2:1. The drive spindle T, which rotates with the
bevel gear, moves a nut 8, through which the plate stage 13,

e A A A Ot L ST S

which is pressed against the moving mechanism by means of spring
force, is moved. The drive spindle has a pitch, which is adap-~
ted to the géogruphical latitude of the location of the |
| installation. é;

In addition to the plate stage, the drive spindle rotates a y
shaft, at a ratio of 20:1, with cams 6, which are used to ener- !
gize the stop contact and the relay circuit for the reversal

of the instrument head. After reversal, vhich takes T seconds,
& nev exposure cycle is initiated after 3 seconds. The obser-

vation is stopped through a time relay in the control device.
A piacrylic disc 11 is connected with the drive shaft, serving
as time contact generator. This piacrylic disc has a light
gap, permitting the passage of light, wvhich comes from a lamp
with optical imaging device 12, at an appropriate position of

the disc and thus makes possible the imaging of the lanmp

. . - a . T ——
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Optical Comstruction of the PZT
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Figure 4., The Drive Mechanism (schematic) of the PZT Plate

Stage (according to Engelbrecht (1))
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§ coil on a photodiode. This produces a starting impulse, which
; initiates an electronic time interval hetering device. It ob-

tains the stopping impulse through the second contacts of the
time service of the geodetic-astronomical observatory. During
the rotation of the drive spindle, the fractions of seconds
of a point in time are recorded per exposure in this manner. ;
The mean of the four recorded times corresponds to the frac-

tions of seconds of the mean time of the observation cycle. |
The second shaft 2 is driven by a 1000 Hz synchronous motor 1, ?g
which is controlled by the normal frequency of a quarz clock. ji

The functional diagram of the PZT is illustrated in Figure 5.
The components illustrated below the dotted line are located
on the instrument, while those above the line are accomodated

in a separate control room. ;

The observation cycle can be initiated for each star by manual
starting, or it can be initiated for the entire program of a
night by means of the program generator. The above-describdbed :
configuration of the drive mechanism and its association with
the time contact generation assure a realtionship of the star
images with the time contact, which is largely uninfluenced

by adjustment errors.

If, during an exposure, & time interval At elapses from the
beginning of the motion to the time contact generation, the
time interval in the instrument head in the position which is
rotated by 180°, amounts to 28 -~ jt. The mean of the time
recordings of all four exposures would thus result in the time
mean of the exposures, which are displaced by 1 second. How-
ever, this necessary correction has no significance for the
evaluation of the PZT observation, because fractions of seconds
are taken into consideration anywvay.

In a manner similar to the time interval from the deginning
of the motion to the time contact generation, the different
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positions of the follower pins 14 (Figure 4) are compensated
by the opposite motion in the two positions of the imstrument
head. Irregular errors in the drive are equalized by time

summing during the exposure.

8. THEORY OF THE EVALUATION

3.1. Fundamental Relationships Between Image Coordinates,
Declination, Hour Angle and Geographic Latitude

We specify an image coordinate system, of which the y'-axis
points south and the x'-axis west. A spatial rectangular co-
ordinate system is so oriented that its positive z-axis

points to the north pole, the x-axis is parallel to the x'-axis
and the y-axis lies in the meridian plane.

Figure 6. Image Coordinate System and Spatial Coordinate System

Figure 6 shows the relative position of the various coordinate
systems. In the spatial coordinate system, the unit vector
in the direction of the star becomes

(1) s « Jeosgoos t

cos 8§ sin ¢
sin 8
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The telescope axis (imaging constant q) is illustrated by
the vector

(+]
() e =68 un1q
sin ¢

The image coordinate system is defined by the unit vectors
in the direction of its coordinate axes:

e

The position vector of the star image in the image plane is
obtained in accordance with the vectorial realtionship

(4) g =r8 =¢,
vherein A results from the scalar product
T et=AS .c<.ez-xo-

as
2
(5) A o —S—

s F IO

The image coordinates are obtained from (L) on the basis of
the relationships

x'* e ge.t' =25 od' = 02:'"?2'.'0
(6) '
{7' e ge4" = as .4’ '°2:_:Jc_.

In consideration of formulas (1), (2) and (3), the following
relationships result from (6) between the image coordinates,
the astronomical equatorial coordinates and the geographic

latitude:
2 - oI e s et
m{ - 3 :

In the following, (7) will be designated as imaging equations.
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3.1.1. Considerations of the Influence of Diffraction

Formula (7) represents the purely geometrical relationship
between the astronomical and the image coordinates. In it,
the actual pattern of the light ray, which, as is known, is
?ﬁrved due to astronomical réfraction, is not yet tsken into

consideration.

In order to make it possible to consider the influence of re-
fraction, we derive the relationships between the image coor-
dinates and the horizon system in accordance with Figure 6.

These become:

(8) x' = £ tan s sin s, J' e ftanzcost .

In (8), fxc is the focal distance of the PZT and z the zenith
distance. It is known that the relationship between the actual
zenith distance z and the zenith distance Zp vhich is altered
due to the refraction, is

) .-.’.r.tlli.

wherein Ty = 0.000 294 is the coefficient of refraction. Be-
cause only stars are observed with the PZT, which are near the
zenith,

s ™ tu{l.
so that, from (9)

(10) g..'.' « (1=1,) tans

results. It follows from (10) that the relationships (8) re-
main valid when ’

e = (‘l-t.)t.

Consequently, refraction need not be taken into consideration
if the evaluation method of the PZT is so designed that c is
also determined as an unknown.
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Any linear proportion of the diltortiqp of the objective,
which may be present, can be compensated in the same manner.
Because of the slight inclination of the principal rays with
respect to the optical axis, the influence of distortion pro-
portions of a higher order can be neglected.

3.1.2. Series Developments of the Imaging Equations

Because zenith-near stars are observed with the PZT, it is
possible to introduce series developments for the angle func-
tions of the hour angles in (7). If we set

cost = 11-53. sin ¢t = g‘.ig

and take into consideration that, for the meridian zenith dis-
tance /

.-.’-‘
applies, then

oh:.uuna»¢1un'oaooa « coss, ~ 1 -;; *
s>
singcos b ~cosgsin 8 = sing =~ Sy -8 o

If we now illustrate the still remaining functions of § as
functions of the geographic latitude ¢ and of the zenith dis-
tance z , the following is obtained from (7), after some ele-
mentary transformations:

[ x' o« ccosgtecsines t+ § cos @ (coszo - ;) £ .o .
(1)

y' = cs - § sin 2 ¢ ta + § cos 2 ¢ 2, ¢+ § ‘2 eee

We want to investigate which errors develop by neglecting the
terms of the third order. The following parameters apply to
the Potsdam PZT:

cos g = 0,617,

- 52%2%¢
- - sin g = 0,7923.

B I L P va o T I ey
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The maximal zenith distance, which can still be observed,
amounts to ;

S = 1,

and an hour angle cannot exceed

. t = 6°

With these values, the following terms of the third order
result:

§ cos o (cos®® =Pt - 3,2:90° ma,

goolzos.tzogsz - 1,800 mn .

Both terms provide maximum errors, wvhich are far belowv the
standard deviation of the image corrdinate measurement (about
Plus or minus 2’1!). Further investigations can be based on
the equations

(12) =x° -« ccosptecsaings, t, ¥ .gg.-*mg.tz

3.1.3. The Modification of the Imaging Equations Resulting
from the Motion of the Plate Carrier During Exposure

A static imaging process was assumed in the investigations so
far. As a result of the finite exposure time and the follow-
up of the plate, which is thus necessary, the imaging process
is actually dynamic. This must be taken into consideration in
the equations, which are the basis of the evaluation.

We introduce the following quantities for the further inves-
tigations: to as the point in time of the beginning of the ex-
posure, ¢ as the exposure time (time of follow-up), ty =ty

+ 7/2 as the middle of the exposure and t, &s the point in time
of the meridian transit. In the following, t is the continu-
ous time recording. With the above designatious, the following

results in accordance with (12):
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L

{f’c.uq»(t-q.)4>15!|ancnq.(i-t-)
(13) g - .
3..-§lf§.ua.<t-e.>3

Iy has also been taken into éonsideration in (13) that t is
introduced in time seconds and L in angle seconds.

From (13), ve obtain the velocity of motion of a star image
in the image plane

Jflcolq»oﬂfglmnllq.
(1) .. - & = .
-Q?fgunao(t-t_)

(14) gives the speec of motion of the PZT plate carrier, which
is necessary to produce a point-shaped image of the star. Be-
cause a straight-line motion in the direction of the x' axis
of the image coordinate system takes place in the PZT with a
speed of 15 c cos w/f, strictly speaking, an & priori point-
shaped image is not assured. In addition to this error influ-
ence, vhich is a function of the construction, it must also be
taken into consideration that the direction of motion of the
plate carriage can include an angle « (plate stage azimuth)
with the x' axis. The actuil speed of motion v, can also de-
viate from the above nominal value, If ve designate the velo-
city vector of the plate motion with

" o8 &
(15) .’ ™ ’
-ﬂblﬁll

the necessary condition b‘ - bp = 0 is not fulfilled as a rule
and wve must expect a velocity difference

L . -

e i Mt e s il




T ST

as & result of which ve obtain a positional error of the
centroid of the star image

. & OT n
“1?) & = 1'1 o at
%
With
. ?m.fiaimoo.-v’mcj

iy -gi.q-uu(t-t.)ov,m-

the result is, in accordance with (17)

P

(18) A < ;
S TTEIIORTRS ATl

If we set
\ 3?00000".
thén
'mm0501§dl.l.§-(1?m.*")“¢!
10 L : '

(19 & -

..r??dl!O('.-t.fi)o(?m005v) sing §

For 6 = 0 and « = 0, we obtain, from (19), the positional
error, vhich is a function of the comstruction

Ljenond
-§Bjane (- e ®

(20) &g -

With (13), the result is, in accordance with

t’. - g.(i.) ¢
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the modified imaging equation. In consideration of small
angles &, ve obtain for its components:

) e J?(c.-c.jo"%mo “.-'.)'5’5“,._"-"‘.,
@0 Jop - Ba - gunze st - BRI smre (ot

: ,gugo&vhvu.

The adbove equations are the imaging equations of tﬁe PZT with
consideration of the dynamic exposure process., In order to
obtain equations, which can be made the basis of the evaluation
of the PZT observations, the pattern of the observation cycle
must first be analyzed more closely.

3.2, The Observation Cycle

Four exposures are made in the observation of the star transit
with the PZT. Between exposures, the plate is rotated dy 180°
(rever.al). In general, the observation cycle starts wvhen the
drive motor for the plate follow-up is located to the east of
meridian (position-east). In this situation, the position of
the image coordinate system (positive image), which is illus-
trated in Figure 6, should prevail. PFigure T shows the develop-
ment of the four exposed star images in accordance with the

time pattern given in Figure 2.

The first exposure (v = 20 seconds), during which the plate
stage follows up, begins 5 seconds after the initiation of the
observation cycle. If, at the beginning of the exposures,
genith image and plate time (2 = Z') coincide, 2' is moved in-
to the (2' = Zi) position as a result of the plate motion,

The amount of the displacement is 15 ¢ cosp 3/p. Due to the
reversal, the plate zenith reaches the position (2' = ZiI) and
is transported into the initial position (Z = 2') during the
next displacement. The process is repeated in the same

manner for the third and fourth exposures,
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Figure T. The Relative Position of the Star Images

The star positions (1', 2', 3', 4') in the image plane at the
beginning of fhe exposure sré illustrated in Figure 7. The
exposure of positions 1' and 3' takes place in the position-
east, 80 that their images on the photographic plate have the
same position as in the image pltnc{ The exposure of 2' and
k' takes place with the plate rotated by 180° and displaced
by 15 ¢ cosg 2f » vith the result that the photographic images
are in positions 2 and &.

If the image coordinates in the initial position (Figures 1
and 3) are designated x; and y3, then, on the basis of the

% . VSR
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rotation and dilp;scclent of the. plate,

@) sj » «j-YPemor, 3 . o

The image coordinates given py (21) must be introduced in (22)
for position I. I

3.2.1. The Influence of the Reversal Error

In the above derivations, we had quietly assumed that the re-
versal takes place without error, i.e. the head of the instru-
ment is rotated by exactly 180°. Howvever, this assumption
will not be fulfilled in practice and we must assume that the
angle of rotation deviates from 180° by an amount & (reversal
error). This error influences the image coordinates im two
different wvays:

1. The direction of motion of the plate stage has a different
azimuth error in position II than in position I. As a
result, the imaging equations (21) change for this posi-
tion.

2. The transformation between the image coordinates in posi-
tions I and II must be carried out with an angle of rota-
tion 180° + ¢ '

We take the first effect of the reversal error into considera-
tion by replacing in (21) by (¢« + &), and the transformation
between the image coordinates is carried out in accordance
‘with the formulas

2y * -(z')m.o(y')da--:’zmét = ‘_‘"”"":"P“""
(”) G 3 .. - 0 .
Yy = =) cony - (x') sin w = =(y') = (x*) =— .

w i e B B T
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An :I.avoit:l.n.tion of the order of magnitude of the coefficients
of &« and » shows that it is possidle to limit to linear terms
in our imaging equations because of the small values of these
angles. With consideration of (22) and (23), the following
imeging equations result from (21): :

! r'i .Jilm..(t.-c_)oﬁfimq(t.-t.)s-Q v,

5 - .g..-gi-:,ngtto-t.)z-%fz-uzg(t,,-‘e_)-: .
ogieuovs, |

(%) 1 2y = 3'2.“’(t,-t.)-afﬁlinq(t.-t.)s.¢§&voiz:.; -

.'-1-22“”10. .
g _,"g,_,gz.:z.,.'z,(eo-e_)zoz-iif,mzo(t,,-t.‘)c-
1 : -gigﬁ..,v.u-.-.-‘.‘giun: (t°-t.)-.’

In (24), we introduce the following designations for the coef-
ficients, which are a function of the location and of the con-
struction of the PZT:

g‘.;’a“.. .“'.’ﬁm.o

.’-*. b,-?:zlha'-

(25)

Thus, the following form of the imaging equations is obtained
from (2k):- ‘

fx} = o (5, =) ¢b (ty=t) s, ~Fav,
g o= a8, - ,{(tOOt.)!Q(t“—t.)‘l}*?pfvl °
il 3 -.:‘tO-t.)-‘:('.-t.)..’i‘VQ'&v -ar

v - -,n.n,{«,-e,)’o(c,.-s.).:}-;;u-;!(e.-e,u-
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3.3. The Relationships Between the cqordinate Bystem of the

Evaluation Apparatus and the Indge Coordinate System

-

The evaluation of the PZT plates is carried out in the Geodetic-
Astronomical Observatory Potsdam, using the coordinate measur-

s ing apparatus "Ascorecord" of VEB Carl Zeiss Jena. In this
manner, coordinate values in the system of the measuring appa-
ratus result. The measurement is carried out on the exposed
negative plates of the PZT observation.

e m————, .
R 9 s SR e 0 retamiob Nl ot A AR S S0, s il

i For a closed form of the evaluation, it is appropriate to form i1
the imaging relationship betveen measured coordinates - in the ;
system of the coordinate measuring apparatus - and the spheri-
cal values Zn and tm' Figure 8 illustrates the relationships
between the coordinate systems of the positive image, of the

negative image and of the coordinate measuring apparatus. i

x! ﬁ
x! o 5 e
ﬁhsuw ’”* y S
VWest A !
2 /
- 16
South ¢ y '
Sdden i y (] y
2 x'
Positivbild 5 Negativbild Ascorecord
Positive Image g Negative Image

Figure 8. The Relative Position of the Coordinate Systems of
the Positive Image, of the Negative Image and of
the Coordinate Measuring Apparatus

If we nov still take into consideration that, generally, an
orientation error 0 exists betveen the image coordinate system
and the apparatus coordinate system, the following transforma-

tion equations are easily read from Figure 8:
~\ _
(27) 3* © goos® - xslab ¢y, , ‘2 @ axo0@~-ysialex .




3.k, Dirivation of the Fundamental ro;!ult for the Evaluation

The determination of the geographic latitude and‘flnc correc-
tion is carried ogt in acoordaunce with formulas

. (28) o= 8+, A'v'-"kh-t-“.a)-'-“"m'

wvhere & is the declination, « the right ascension, 4 the geo-
graphic longitude, szo the star time for zero hours earth
time, kX = 0,997 269 576{8 the conversion factor of star time
intervals into intervals of mean time and 0.021 second is the
correction as a consequence of daily aberration. Zn and t‘
are used in the derived imaging equations and must be deter-
mined in the evaluation process.

In addition, wve had established in Section 3.l1l.l1l. that it is
necessary, for the purpose of excluding the proportion of the
astronomical refraction, which is constant during the observa-
tion, to determine the imaging constant ¢ in the evaluation
process. ¢ is contained in the coefficient L (scale factor)
in the system of formulas (26); we want to introduce it as a
further unknown in the evaluation.

A priori, the transformation relationship (27) is also unknown
to us. Howvever, we wish to give its coanstant only in so far
as it 1a‘ngceslary for the evaluation process.

Because of the structure of the matrix resulting from the imag-
ing equations for a star transit, w and & cannot be determined
in the evaluation process, but only dy additional measuring
means or especially arranged observation processes. As the
observation values, the measured image coordinates (:1’ 11)

and =- at least in fractions of a second -=- the registered

time of the middle of the observation cycle are the bdasis of
the evaluation process.

s s LaVesll sl b o By b
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3.4.1. The Imaging Equations for a Star Transit

During s star transit, exposures of images 1 and -3  take place
in position I and images 2 and U in position 1I. If this is
taken into consideration, the folloving imeging equations are
o'bttinod for the four images of a star transit:

By =Ep 0007 8in @
(29e) ;
8.-:’.“. .-’,dﬂ.

x,-gno.-:‘mc

.

(3, ¢ 74 008 6 - x, 6in ©
3, *+ 7,008 0-x8in0
:,oysu-O-x,uno

’.07‘0010-:‘01:0

[Ro=mono-gyotne o o (ty=t) ed 5, (4 -t )-Fav,

- (=t =By n, (4 ~t) ¢ Fove
‘;z‘.' i

o (=t en m (4, ~t) ~Fav,
-u‘(t.-t_)-bx-.(tu‘-t_)ogm+
0"33-. -0t ,

LR CRA AT RLY B
Q?P'I. o ;

~- 5, e {(tz-t_)zo_(z,,z-t.)s} -
";5"';“2"*-" .

8, s, = b {(t,-t.)zo(tn"v- t.)r} +
031’(&, -
Gney {0t -wn]) -
-;%tc- ;3(1:‘-@.)6 .

In the above equations, the points in time of the beginning
of the exposures vere designated as tl’ tz. t3. th and the time

of the mean exposures s t)(l’ tua. tll3‘ *’l(lc' The exposures
take place in intervals of T = 30 seconds, 8o that the follov-
ing relationships can be taken into consideration in the

folloving derivations:




S = ST, W, " qh'-s. E
(30) t’ -ﬁ’as ‘H,"I."a'

3.4.2. Orientation Unknown & and Scale Factor a

The calculation of the orientation unknown is carried out with

the aid of the system of equations (29b). By appropriate sub-
traction and addition, the following equation is obtained:

(G =747, -73) 0080 = (x, =% ¢y =3;) 8120 =

o byt = 0% - (g = 57 ¢ (55 = 1% - (g Tt')z .
’(‘"‘-tua‘tl’-'n‘)‘} -’k(t‘-tz). °

The term multiplied by b’ in the above formula can dbe brought

into fhe following form, with consideration of (30):
(W'-.if!-(qz-.if’.(q’-th!-(g‘-thto(ﬁ%-q&<>qb-q“)t -
- a(q;tzot’ot‘-Qt.fzr). :

On the basis of the system of equations (29b), this time expres-
sion can be illustrated as a function of the image coordinates.

With
(32) ¢ = g‘otaot’tt‘

"the result is A
'.-“-QR - ?Jﬂ‘{(:’- .1.&"’).“_..’('2-’1.'.-_,’).‘..}o

If we insert this in (31) and consider the relationships
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s o ® T1=T2=73+3, X, X ey ey e,

’t .q10’2-’,”‘. g ._‘1‘32-"’“0

ve obtain the following fornuln for the determination of the
orientation unknown: ]

o0 e - Bogty G FE.

The values L bx’ b. and L which are used in the above for-

y
mula, are sufficiently accurately calculated on the basis of

the approximately known geographical latitude, the focal dis-
tance and the declination of the star.

For the purpose of determining the scale factor, we form, from
(29a), the expression

(:1-:3- !%*tl‘)ONI.';(’1-,5-,h~O,‘)lﬂn’ =
o ag by =ty ety =tp) s by gy by =ty ¢ty = ty)
Under consideration of (30) and (33),
(35) o, = h(x‘ cos 0+ 3, 8100 ) = by (z) »

From (35), we obtain the scale factor, which is necessary for
the calculation of the latitude

(36) o = 1;%%71

and the imaging constant

UEERYER = 1k




3.4.3. Time and Zenith Distance of the Meridian Transit

The meridian transit time is obtained from (29a) under consi-
deration of (30), (32) and (233) as

008 © + y_ 8in © ()
o8 4 - du iRt - denty - i hp b

In the above formula, 1/4% ts + %Z/2 is the middle of the time
of the observation cycle. This value is obtained as the mean

of the time recordings during the four exposure processes.

For the calculation of the zenith distance, the following equa-
tion is derived from (29b); under consideration of (33):

(39) =y, €08 6 ¢+ X, 8in 6 = 4-, 8y - b’ {(t1 - t-)2 + (¢ - t.)2 +
+(t5-t.)2+(t4-t.)201(tn1¢tnzot“30tnu-dt.)}O-??fco

For the calculation of the bracketed expression, which is mul-
tiplied by by' all exposure times, except tl' are illustrated
by the relationships (30). 1In eaddition to the known values T
and v, only the difference tl el is contained in the trans-
formed expression. Because 'by is & small value, we can, in

the calculation of this difference, neglect the small angle §
and the terms in the system of equations (29), which can be
ascribed to the curvature of the parallel. Then, approximately

1% - a;(!c-&.)-

The summation of equations (29a) results in

e dmenenex)-3re,
vith vhich we obtain

et - t(ﬁ_’ﬁ.;j_’-:&-g‘)-i




%

e v R b o 2.2

For the purpose of simplification, ve set

(0) t,-t, = -87at,

wherein

; ) At-ﬁ.;(x‘"f-;”‘:‘-x,)or

If the above train of thought is taken into consideration in
(39), the result is for the zenith distance

(a2) 3, t:—’(.;teouo-o:tunO)o%(S!;oztzo&cAto‘Atz)-

3.5, The Formulas of the Arithmetical Program of the PZT

Evaluation

The formulas derived in Section 3.4 form the basis for the
establishment of the arithmetic program. In them, the influ-
ences of azimuth and reversal errors are also taken into consi-
deration. As results from the theoretical error investigations,
which will still be illustrated, the errors of these values
influence the result to only a slight degree, so that the
required tolerances of azimuth and reversal are easily main-
tained and W= 0 and 4= 0 can be assumed for the evaluation.
The same assumption is also jJustified for the error of the
follow=up speed.

The definitive formulas, illustrated in the following descrip-
tion of the arithmetic process, apply especially to the lo-
cation of the Potsdam PZT. The following values vere the basis
of the calculation of the constants:

(:) 4 ::fvw. ¢ = 3773,5 ma, T - 305 « 30,082 137,

The programmed calculation serves, in each case, for the evalua-
tion of a group of about 10 to 12 stars, of which the images

AR

A A ML AR s A T e
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are located on a plate. By means of measuring the image coor-
dinates, ve obtain, for each star, the coordinates

By Eps X3 Tl Tae T20 T30 I

Dyring the observation, the difference betveen the time mean
of the observation cycle and the second signal of the Potsdam

electronic time servide

e

.

dt, = 2 (P2?) - UTC (2IPE)

ijs recorded. For a group, the mean from the recordings of all
star transits is always introduced into the evaluation.

On the basis of the approximate value ( ) of the geographic
latitude, an approximate value of the meridian zenith distance

is calculated for each star

() = ()-8

From the image coordinates of each star, the values

Yg = T =T2=T3 % X, = X=X X3+ Xi

,t..’1”2-’5"4' &-*0&-;,*&-

result, With the above expressions, the prientation unknown
is obtained in accordance with (34)

P / 2T o o L B y o L R
“ﬁ C—!- - -0001 a )o
i % m (‘t i -z-‘) i: et (x. % —:3—!
From all values &, vhich result for a group, the arithmetic
mean is formed and introduced in the further evaluation.

In accordence with (35), the scale factor

oy - l,(h.cnco oai-uno)-ng,) =
. 0,831 057 91072 (x, 008 8 + 7, 818 8) = 0,105 471°10™(s,),




results, for wvhich the mean of all values of the group is also
formed and introduced into the further evaluation. For the
calculation of the meridian distances, ve form the value

5'15-:&'6'97153'7@'5

upd

e = 206 264,81 a, .

from the above formula.

In order to determine the time correction, we first calculate
the earth time of the meridian transit for all stars. 1If all

values are introduced in seconds, the result is

t° - (’ - = Bzo.m.)' og”? 269 57!

vherein &« is the right ascension, A the geographic longitude
and SZo Gr the star time for zero hours earth time. 1In accord-
ance with (38), we calculate

o

g.;-‘_.('_:.rm {§u|00 1tm0}-
. _____2.% {zteouOQ\:t.uO}.
(] : :

& (s, + 0,105 471

We thus obtain the time correction as

au = (t, ¢ 03021 = ¢ + dtp).

Of the above value, only the fractions of seconds are usable,
because the mean of the observation cycle is established only
with respect to these fractions.

For the determination of the zenith distance, the value

At a; {"" "5‘ﬁ-..,} «? o

. 3,97 {a_:a.,_z_':,,} . 30
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is first calculated, wvith wvhich wve obtain the zenith distance

5 - ‘:.;(.,t...o ::,-hs)*%

- l%(”t cos © oxtlinﬁ) + 0,35" + O

(52 + 22 ¢ avat ¢+ 4atF) =

,005 298¢ + 0,000 ZGﬁAtz

On'the basis of the zenith distances, a value of geographic
latitude
..Gfl.o

results.

A mean value of the geographic latitude and of the time correc-

tion is calculated for each group. In accordance with known

formulas of error theory, the program is supplemented by cal-
culations of the mean errors of the individual and mean values

for 0, a s du and p.
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4. THEORETICAL ERROR CONSIDERATIONS

4.1. The Influence of Azimuth and Reversal Errors on Time

Correction and Zenith Distance

Let us assume that the orientation unknown is influenced only
by the reversal error and let us apply formulas (3L4) for this
case, then we directly obtain the error of the orientation
unknown, which is caused by ®

‘.z.’;:.o

With this value, the error of the time correction results
from (39)

y ? b
(a3) at, = -3 {E%W%’ g 8'-} b

From formulas (29),

X, = ST, 7t--la’s.
is approximately obtained, where the factor of VW/p disappears
in (43). In the first order, a reversal error therefore has
no influence on the determination of the time correction. The
influence of the azimuth error also disappears. From (42),

a, - :{;’%-i;;:(ﬁao-nicik.)u .

is obtained for the influence of the reversal error on the
zenith distance.

If the influence of the reversal error on the orientation un-
knowvn is taken into consideration in the above formula, and
if, as an approximation,

x, - 8y (84 ¢ £ ¢ t3 ¢ & = 8%,

is used, the result is, for the influence of the reversal




Bt dei oot o o

L“—-—-

error on the zenith distance

) 1, - -};:s; -

The influence of an azimuth.grror on the zenith distance can
be read directly from (¥2):

(a5) u“ » "':’

If we insert the values for L ay. T and ,resultinf from the

construction paramsters and the location of the PZT, in (4i)
and (45), then

}“o

She

CORC -3,33.07%

4?) dtﬂ - 4,“‘010'411 .
If we admit an error of 0.01", caused by both influences, in
the zénith distance, then

e S 30 and ' o € 20"

The influences of systematic error proportions of « and &

are illustrated by (43), (44) and (45). An irregular change
in the azimuth error in the course of the observation cycle
cannot be expected. In comparison, we can assume that the re-
versal error changes by irregular amounts after each change in
postition. The influence of irregular changes of the reversal
error is ebtained by the assumption of different values of w
for each position of the observation cycle. This is taken
into consideration in formulas (29) and the error propagation
lav is applied to (38) and (42). The following is obtained

“o) m - o3ZRa,

and

gl el b 0

B
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If the values a ay are inserted anduthe maximal possible

zenith distance z = 15' is assumed, the result is

L and - L - °
m, T T A By e = SN

‘

fhe above values show that even relatively large irregular
changes of w have only an insignificant influence on the de-
termination of meridian zenith distance and meridian transit
time.

4.2. The Theoretical Error Relationship Between the Image Co-

ordinates and the Determined Values of z and t

It is assumed that the image coordinates are subject to only
random errors and that the evaluation is carried out in ac-
cordance with the formulas summarized in Section 3.5. As the
weighting unit error, the mean error of the coordinates is as-
sumed, which has the same magnitude for both coordinate values.
We thus obtain the weighting coefficients

QB-Q,,-‘l.

With these values, the weighting and correlation coefficients
of the values x_, ¥,, X, and y, result in accordance with (33)

k. Ve o =™ 2 G . i
Sr, * ™ . Y S - O

Yo © . Y ®
L p * St :

(50) 1

Through the formation of the differenctial of (34), we obtain

(5) & « .E'-,Q.-:.‘:&-q.
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In the above formula, and also in those which are still to be
derived, wve can limit ourselves to the principal terms because

the error influence of the image coordinates on the correction
terms is meaningless. We want to assume that the observation

is made symmetrical to the meridian, so that we can set

: Ja o= Iy X = E v B

From this follows

3, * O x, = 2 (:1‘- x); ¥ = 2@2=) o=

In addition, approximately

y cos® » 1, sin @ =» O.

In this manner; (51) becomes
1 1
® cIZnen Y

from which the following weighting and correction coefficients

are obtained:

% 1 2 1
b L S e

i 1_1
G &y, = % &y, - IgTEH Yy, " EIG

%,& - 0 %,t - 0.

From (35), the result is

(53) da, = #pox,

or

G Q‘x'x i “-qu'.’. 5 #.

After the calchlction of 0 and L the group means of these
values are introduced into the further evaluation. For a group
of n stars, the following weighting and correlation coeffi-
cients thus result:

Lt it




a

& - n;,—,f %, - digtge
(55) ‘T&‘ Q..?:.:T' ; ]
? g~ Q;x*t = g, ° o

In addition, i

Q
(56) Q.:.’-—zﬁr- ;

15 e08' ®

From the formule for the calculation of the meridian transit
time (38)

(57) dt, = -g—(-.-l,.—g—.—, (dxt +7, as) ;
n

is obtained, from whith

: 1
i Q‘.tn T (ay + by : (Q‘txt

follows for the weighting coefficient. After some elementary

transformations,

2

a2 1(’1"2)
9 - 1 .
O %t " Eenr i en

results from (58).

In the same manner,

(60) Q 1 1+ 1 (’2 o ’1)2
Zatn ;E 900 n T° cos“e ug

is obtained from (42).

With the parameters of the PZT, the followving numerical values
for the weighting coefficients result for a group of n = 10

stars:




Qo = 107,

%:.x - 2'78010-5. Q"" = ’.”.10.7.

q‘.t- e 9 (14103 7 - ’1)2)'

ths- = 0,74+10° (1 + 0,246.1073 G, - ,1)2),

In the PZT, the maximal value of the ordinate difference amounts

L (y2 ” yl)max
tm and 2y fluctuate within the following range:

= 30 mm, whereby the weighbting coefficients of

1. ’2-’1 = O, Qt.t. - 9, Q.... - 0.7‘0105.

e e ,2 -’1 -~ 30' Qt.t- - 17' Q’-'- @™ 0.”010”

In the coordinate measurement with the "Ascorecord", a mean
error of m g ¥ 0.0015 mm is obtained, from which the mean errors
of the zenith distance and of the meridian transit time

. = - 2050045, n, - 203081,
2. m = £0%0062, L e
are obtained.

These mean errors represent the influence of the coordinate
measurement. As a rule, they will be significantly smaller
than cean actually be obteined with the PZT. In addition to
the measuring errors, error influences must also be expected,
vhich can be found in the distortions in the photographic
emulsion and in the variations in the geometry of the imaging
process through changes in the refraction influence. As will
be shown later, the mean error of the image coordinates can
be estimated as

a - 40,006 =m
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under consideration of all apparent conditions. With this

value, the following mean errors of tn and z, result:

1. =, = 2070180, iy - 20316,

2. m - 2050247, m,, = 2008

5. OBSERVATION PROGRAM

The star program for the observation with the PZT consists of
a total of 257 stars up to a brightness of 9?5 from the catalog
of the Astronomical Society AGK (7). 24 groups are formed of
the total number of stars. In order to keep the influence of
an error in the plate scale small in the calculation of the
geographical latitude, the stars of a group were so selected
that the sum of their zenith distances is as small as possibdle.
For a group of 10 stars, the plate scale can, on the average,
be determined with a relative accuracy of about 1 x 10‘“. So
that errors greater than 0702 cannot develop in the latitude,
the zenith distances z of the H principal stars of a group
must fulfill the condition

(61) ilt s1€ 3
The shortest time difference of two successive stars is instru-
mentally a function of the duration of 120 seconds for the
observation cycle of one star. In some cases, the progran
contains stars with very small right ascension differences
-(..i 14‘j; which can be recorded with the same observation
cycle.

For each group, Table 1 gives the total number of the stars,
the number H of the pricipal stars, the number Z of the secon-
dary stars, the right ascension area ¢ and the observation
period. The average number of principal stars per group
amounts to 10 (minimum 8, maximum 12). 1If possible, three
groups of stars are observed during each clear night. 1In the
normal case, only one group is recorded on one plate. Figure
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9 shovs the program sequence in the course of one year. The
program change takes place half—nonthl& by the principle of
the chain method. Thus, each group is observed in a period
of 1-1/2 months and the combination of two adjacent groups
for one menth.

The average loci and the characteristic motions of the PZT
stars are summarized in the star catalog for the Potsdam PZT
(). The right ascensions and declinations were corrected on
the basis of the results of the PZT observations of 1972 and
1973. The determination of the star coordinate correctionmns
was carried out in two steps:

1. 1Individual corrections were derived from the residual er
errors of the groups. In connection with this, the reduc-
tion of incomplete groups to the corresponding group
center was carried out.

2. By the principle of the chain method, the group corrections
vere calculated from the differences between the groups

observed during the same night.

The determination of the star coordinate corrections from the
Potsdam PZT observations is illustrated in detail in (4). As
an average, the accuracy for the total corrections, composed
of individual and group corrections, amounts to *0V08 for the
declination and 203010 for the right ascension.

Together with five additional catalogs, observed at various
times since 1915, the declinations obtained from the PZT obser-
vations were used to calculate nev characteristic motion com-
ponents in declination for the PZT stars. As an average, the
mean errors of these nevly calculated characteristic motions,
with 207004, are only half as great as those of the character-
istic motions of the AGK 3.
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Table 1., Number Stars and Observation Periods of Groups
|

Group ¥ E® 2 Rt Observation Period
‘9 2 10 2 P02 - OPac® 4. Okt, = 15. Nov.

2 2 0 2 05 - 137 16. Oxt. = 30. Nov.

’ 10 9 1 1 ” - 226 ‘4. Nov, - 1’0 Dot.])ec

a 1 10 1 23 - 311 16. Nov. = 31. Des.

5 “w 12 2 319 = 401 1, Dez. = 15. Jan.

& 3 10 3 41 - 497 16. Dez. - 31. Jan.

? 2 12 - 506 - 557 1. Jan. = 15. Pebr.

8 0 10 - 6™ - 658 46. Jan. = 28. Pebdr.

9 9 9 - 213 =« 747 1. Pedr. - 15. MirsMarch

10 10 10 = 809 - 91 16. Yedbr. - 31. Mirs

1 10 10 - 9 32 = 1043 1. Kirs ~ 15. Apr.

12 1 10 1 10 53 - 12 18 16. Mirs = 30. Apr.

13 M M - 1247 -1 09 1. Apr. = 15. Mai May

.® M1 10 1 1420 - 15 22 16. Apr. = 31. Mai

15 10 8 2 15 42 - 16 36 1. Mai = 15. JuniJune

16 8 8 - 720 =171? 16. Mai = 30, Juni

17 9 9 - 17 30 =18 19 4, Juni = 15, JuliJuly

18 0 10 - 18 31 =19 09 16, Juni = 31, Juli

19 9 9 - 19 18 = 19 43 1, Juli = 15. Aug.

20 2 10 2 19 55 = 20 46 16. Juli - 31. Aug.

21 . 12 12 - 2059 - 2131 1, Aug. = 15. Bept.

22 0 10 - 2142 =22 13 16. Aug. = 30. Bept.

23 1 10 1 2225 -22 % 1. Sept. = 15. Okt.Oct

0 10 - 2308 -2348 1 te =
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Program for the Observation of Groups 1 to 24

Figure 9.
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6. RESULTS OF THE TIME AND LATITUDE DETERMINATIONS

In the evaluation of the PZT observations, the rectangular co-
ordinates of the star images on the photographic plate must
first be determined. For this purpose, a ccordinate measuring
qbparatus with automatic data recording of VEB Carl Zeiss Jena
is used. Prior to the measurement, the plate is approximately
oriented in the measuring apparatus; the remaining orientation
error is determined from the measured values by calculation.
Additional starting data for the calculation of the time cor-
rection and of the latitude are the time position of the obser-
vation cycle in the time system UTC (ZIPE), which is measured
during the observation, the apparent loci of the observed stars,
as well as the star time for zero hours earth time. For the
geogrphical longitude, the value

A - 52%25%200 3
is assumed. The arithmetic evaluation is carried out with the
aid of the Robotron R 300 computer. The programming is based
on the formulas summarized in Section 3.5.

For the evaluation of the observations of 1972 and 1973, the
star loci of the AGK 3 (7) were initially used. The results

of these observations served for the calculation of corrections
for the AGK loci, which was already mentioned in the previous
chapter. The revised catalog of the PZT stars (4) is the bdasis
for the reduction of the observations since 19T4. 1In addition,
the observations of 1972 and 1973 were again reduced with the
use of this catalog. The results for the years 1972 to 197k
are summarized in the appendix. Tables 2 and 3 give overviews
of the groups and group combinations observed in the individual
Years. After consideration of the pole motion, using the pole
coordination published by the Bureau International de l'Heure
(BIH), an annual period shows clearly in the pattern of the
latitude results of the years 1972 to 19T4. An analysis in
accordance with the equation

(‘3) Qe .. +8,

fes - -

VLT T TNE Y TSR T tu 7 R TP R PV PRRRRT Vi




(t = fraction of year) led to the following results:

SeadEiA

2 = 3 sl -
. 2 7 2 1 2 22 s 15
1973 «0,171 0,020 0,088 0,016
2 M”22 1B g 17 g B

At (ad =0,236  -0,017 0,009 0,028

2 W 2 16 : 15 2 1

Possible causes for the local z term could be, for example, re-

sidual declination errors of the form 55* or meteorological in-
3 fluences. Following the consideration of the pole motion and
| of the rotational variations, the results of the time determi-

nation shows no annual priods as obvious as the latitude de-

terminations.

The quantities publisﬁed in the BIH were used for the correc-
tion due to the pole motion and the rotational variations. Im-
provements for the assumed geographical latitude can be deri-
ved ffom the corrected time determinations. In this manner,
the following mean values of the latitude of the P2T location

are obtained for the individual years:

Longitude of the PZT station

3972 5282582307 3 090013
1973 25,2303 & 0,0015
1974 25,2534 3 0,0019

The difference between the longitude values of 1972/1973 on
the one hand and 1974 on the other hand is obviously caused
by & change in the recording system at the beginning of 197Tk.

If the mean latitudes for the individual years is calculated
from the corrected time determinations, the following values

w PASN
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are obtained, once with and once without consideration of the '

z term:
Latitude of the PZT station
. ]
1972 52°24'243861 3 05020 529241247853 3 03013
‘ 1973 24,882 ¢ 0,015 24,891 & 0,013 '
3 1974 24,925 ¢ 0,021 20,915 ¢ 0,011

The conventional coordinates of the PZT station, obtsined from
earlier observations, were used for a comparison with the

PZT results (5): i
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Figure 3. Number of Observed Group Combinations
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The longitudinal values obtained from PZT observations evidence
a satiafuctori agreement with the conventionul'value, wvhile
there is a significant difference in the latitude. To clarify
this discrepancy, the latitude was independently determined

in accordance with the Sterneck method, using a Universal In-
strument Wild T4, From this measurement, the latitude resulted

as 4
© @ = 52°24'25%03 ¢ 0308,

This value can be considered a confirmation of the PZT result,
while the conventional latitude, which was used for comparison

purposes, is obviously defective.
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T. ACCURACY INVESTIGATION

T.1. Errors of the Plate Dimensioning

The measuring error om the "Ascorecord", which is composed of
ﬂhé error of the alignment of the star with the measuring mark
and the reading error, was calculated from differences of
double measurements. The analysis of an extensive data store
from the years 1972 and 1973 resulted in the total average for
the mean error of an individual measurement & 0.0032 mm.

Apart from stars, which are brighter than 6?0, there is no
clear brightness dependence of the measuring error. 1In the
case of stars, which are brighter than 6?0, the measuring un-
certainty is clearly greater (}0.0046 mm). If these bright
stars are excluded from the considerations, the average error
of an individual measurement amounts to ! 0.0028 mm and has
equal magnitude for both coordinates.

A better quality of the photographic image was obtained from
May 1974 on, by the use of the ZU2 plates and the improved fo-
cussing which was .connected therewith., In this manner, the
measuring error was reduced by about 30 percent and, for the
one-time measurement of a coordinate, amounts to ¥ 0.0020 mm.
In the evaluation of the PZT observations, the mean values of
double measurements are introduced for the rectangular coordi-
nates of the star images on the photographic plate. 1In ac-
cordance with these investigations, the measuring uncertainty
of these quantities for both coordinates results as

.: b 5 {30.&15-.

T.2. Positional Errors of the Images on the Photographic Plate

The errors in the positions of the images on the photographic
plate were deteruined by two different ways: on the dne hand
from the x differences of tvo images recorded in the sanme
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position of the rotating head and, on the other hand, from

the differences of the centroid coordiiutel, respectively the
coordinate sums of the four images of a star. For the x
differences, only the error component in the x direction can be
determined. Starting with equation (29a), under consideration
of the fact that \

% t‘-tz.t’-t1 and '-‘-ﬁz.t.3-'.1
the relationship

(“) (:1"’)“..0(,1-,3).“.. (“-’é)m.’("-,z:
respectively

‘65) ’10‘2-83-:“ - ("’1.",2”"’“)“390

is obtained.

For the estimate of the amount of the expression (-y1 =¥, *¥q
+yh), we set the values of {0 and & equal to zero in equations
(29b), and we obtain, through the formation of sums and differ-

ences
Ty =T+ T34 = b {(t1 - t.)z - (¢, - t.)z -ty ~ ‘-)2 + (¢, - t.)z} g

Through the insertion of the numerical values in (25), the

result is for by

b, = ©,48:1072,

%.%n the assumption that the star transit was observed symmet-
rically.
(4 = 8% = (t, =t)2 « 2025
and
2 2
(tp = 8)° = (85=t)° = 225,
applies and thus

T1=32¢33473, = 0,017 m.

In the evaluation, the PZT plates are generally so oriented

S e ks
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in the coordinate measuring apparatus that tan O is less than
2 x 10'3. so that the term (-y1 -¥o ty3 +yh) tan @ can be neg-
lected in formula (65). As a result, the condition

(“) q’&-x’-x‘. - o..

is obtained from (65).

As a result of errors in the x coordinates, this condition will
not alvays be fulfilled by the measured values and, as an aver-
age, the mean error of an x coordinate can be determined, from
the deviations 4, for n stars, according to the following for-

() = --Qr‘g

The evaluation of about 250 stars resulted in

mula:

.; - :O.m BB

If the me;suring error, which is still contained in this value,
is eliminated, the positional error in the x direction amounts to

.i‘ - to.m | 1

In the second method of the calculation of the positional errors,
the coordinate sums of the four images of one star were used.

In this case, the quantity @ can be neglected in equations

(292) and (29b), because it is generally sufficiently small
prior to the measurement on the basis of the mentioned orien-
tation of the plate, We then obtain the following relationships:

o =2y = 8 (= t) et 0, (4 ~t),
- ‘8,-:3 - -c,(tz-t.)-b,-.(e.a-t_)..

Xy =Xy = l,(t,-t.)«»\‘q.(ﬁh‘-ti)o

To =% o ag (ty - ty) = by 5, (4, -t)
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and

ot 71 =ty m =ty f00 -0 o (o - e,

- "o"’z . oy, +d {(tz:-‘-)z’(t"-t.)t}.
; Tot73 = 83,0 f",'-t.)’ou.‘-t_)g},
ot t mymeny {hofety 0],

Through summing and transformation, the result is

(70) R PR E R W 4:,42(.,.»,..):
and

(71) 3443243543, = -ﬁvoob’!{a o(t.,-t.)¢(t2-g.).(g’-¢-),

+ (g, - t.)} .

For (70), we can wvrite
(72) XY+ 4Ty e X, 5.:\,52.

whereby Kx = hxo + 2nxT is a constant value for all stars of a
group. From (69), with sufficient approximation,

Tq =7
ﬁ.%
is obtained, and thus from (72)
| T
() X » 810820:’0"--&(,1-.’2)
respectively, after the insertion of the numerical values

(7) X, = g‘oqo-‘x,oz‘-OJ?)Gﬂo’z @4 - 72).

Under consideraticn of equations (68),

(-t e(tg-t)e(ymt) ety = Ll -xmex-3)
can be written in (71l) with adequate approximation. 1If,
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, it follows from (T71)

furthermore, -kyo = x’

(75) ’1”3”,”; - 5’2’(&'310&-8’)0

Because the recordings a-e generally symmetrical to the me-

yidian, the expression in parenthesis in (75) becomes very small,

so that the second term on the right side of formula (75) can
be neglected. Thus

(76) By © 3443247343,

Thz possibility of calculating mean coordinate errors results
from equations (74) and (76). For this purpose, the average
values must be formed from the values Kx and Ky for all n stars

of a group:

(77) -1::“ ;.gz.,‘.
: i

11

With the deviations of the individual values from the mean
- - ) / - -
q &‘ and " ; &‘

the mean coordinate error for one image is obtained as

(78) i';.;f:.?x., oak '.';-;J ;-'?4; g

As an average, the followving errors resulted from the evaluttion
of 50 plates, euch with at least 10 stars:

& =« 10,0063 ma, & = 10,0064 m.

If the measuring error is again eliminated,

“"‘x ® 20,0061 m regpectively ib’ e £0,0062 ma.

remains as the positional error.

It is shown that both coordinates are obtained with equal
accuracy. On the basis of the slight influence of the measuring
error, a further improvement of the measuring accuracy is not
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necessary. The principal error sources can obviously be found

in refraction anomalies, scintillation, distortions of the
photographic emulsion and instrumental error influences.

H@G (2) gives the following}formula for the influence of the
image motion (directional scintillation):

(79) @ = 0333 (T+ 0,65)70v%

(with = integration time). In the PZT, the integration time
for one image amounts to ¥ = 20 seconds and, in accordance with
(79), the influence of the directional scintillation becomes

o = 208155

or, in the linear measure on the plate ¥ 0.003 mm.

T.3. Errors in Time Recording

The random error of time recording was calculated from differ-
ences of the of the time impulses of the PZT, with reference
to the time scale UTC (ZIPE), for the first and third, respec-
tively the second and fourth exposure. The accuracy of the
recording an individual impulse amounts to Y0.2 ms. Four im-
pulses are recorded for each star and, in the evaluation, the
mean of the recorded impulses for all stars of a group is in-
troduced. The random error of this mean value is less than
0.1 ms and plays a subordinate role in comparison with other
error influences.

7.4, Errors of Time and Latitude Determinations

The influence of the positional errors on the final results,
wvhich vas determined in Section 7.2, has already been investi-
gated in Section h.2.. The mean errors obtained in the theore-
tical error considerations will novw be compared with the

errors resulting from time and latitude determinations. The
mean errors for the observation of a star wvere calculated from
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the deviations of the individual values from the group mean,
The following average values reiulted for the various years:

-Ah Re
1972 +0183" 03167

! 1973 0,0173 0,166
197  0,0200 0,177

These results are in good agreement with the theoretically
expected values, if it is taken into consideration that, in
addition to the positional error, the final results are also
influenced by the star corrdinate errors mentioned in Chapter
S. From the given values for the accuracy of the observation,
the internal accuracy for a group of ten stars, which can be
expected on the average, can be estimated at

oy, = 2070059 s ny, ° 09054

The external accuracy was calculated from the deviations of
the group means from the annual mean, whereby a reduction was
first carried out because of the pole motion and the differen-
ces between the astronomically determined time and the coordi-
nate earth time with the quantities published by the BIH. The
external mean errors for the observition of a group have the
following magnitudes: :

..An ...

1972 ofo125 03189
1973  0,0185 0,196
1974 0,0184 0,209

Considering the local seasonal variations of the results, as
taken into account for the latitude determinations according
to formula (63) and for the time determinations in an analogous
manner, these errors are reduced to the following values:

- 7 R

1972 o%o108 02110
1973 0,0161 0,156

amans. - assen _~ AN
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The average values of these errors for the years 1972 to 197k,
in comparison with other PZT ltations; are illustrated in
Figure 10. The outer mean errors of the other stations were
determined from the residual errors in the system of the BIH
(6) for the year 1973. The errors of the time determination
were reduced to the equatorsror all stations and transformed
fnto seconds of arc. The cross in Figure 10 designates the
average value of alloobservatories. It is shown that the qua-
lity of the Potsdam observations is equal to that of the other
PZT stations when the local annual variations are taken into
consideration, as this was done in the same manner in the BIH
for the other stations.

All of the estimated values of the mean errors were determined
with such a large number of degrees of freedom, that they can
be considered expected values. Information about confidence
intervals are therefore not necessary.
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§ ATTACHMENT: Results of Experiments

Column 1 Sequential Number

2 Date: Month, Day

3 Modified Julian Date for the Mean of the
Observation
Group Number
Number of Stars of the Time Determination
UTO(PZT) - UTC(ZIPE) / 0.0001 second_/
Mean Error of the Time Determination / 0.001 second_/
Number of Stars of the Latitude Determination
Observed Latitude
L 10 Mean Error of the Latitude / 0.001 second_/
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1 2 3 & S 6 ? 8 9 10
1972 52%4
1 2 o2 a1 349,83 ? 7. <1094 59 ? 243677 28 |
2, 0 o 349,87 8 6 =1206 61 6 24,631 70
3° o3 389.80 9 9 -2 56 9 24623 53 |
'Y 03 13 380.86 10 8 =250 a5 8 24592 53
5 03 13 389.90 1 ? -2092 102 7 28,547 €7
(3 03 M 390.86 10 6 <2168 52 6 28.496 83
? 03 N 390,90 " & 2034 7% & 260866 B
Y 03 390.95 12 6 -2555 73 6 28,524 &4
9 03 24 400.83 10 ? «2910 93 ? 24,500 32
10 03 24 400.88 11 8 <2816 &9 8 23,509 &7
1M 03 26 400.93 2 9 2656 & 9 28,045 37
2 o 26 431.84 2 1 380 7?7 M 28,357 A3
3 o 28 431.96 13 6 -3840 ” 6 24,306 66
“» o 25 432,00 " 9 =3890 33 9 24,237 5
15 os 25 432.84 2 10 =385 51 10 24,365 38
16 o 28 435.83 12 6 <3962 22 6 24,350 %0
1 o8 30 437.82 1.? 9 3713 a 9 24,222 &0
8 o 30 437.92 13 8 =3756 66 8 28,216 51
19 o8 30 437.98 » 9 3826 51 9 24,438 a7
20 05 05 M2 43 11 3786 40 1M1 24,283 &2
21 05 05" 442,97 W 10 3862 21 0 24,382 24
22 05 06 3,02 15 10 -3987 33 10 24,638 56
23 05 07 844,90 B 1M1 4225 30 M 24,558 19 5
24 05 07 844,96 4 11 -a238 29 1M 24,896 37
25 05 08 445,01 45 10 4170 30 0 24,665 &5
26 05 08 A45,96 % 8 -3989 66 8 28,425 92
2? 05 09 446,01 1 8  =3965 52 8 24,400 25
28 05 25 462,92 @ 8 4581 a5 8 25,248 52
29 06 20 488.93 16 7  =5663 69 ? 28,527 50
30 06 20 488,96 17 5 <5635 7 S 20.560 57 ,
31 06 25 493,92 16 6 =5597 50 6 20,682 72 ]
32 06 25 493.95 17 6 =5495 "2 6 24,726 &9
33 06 25 493.99 18 6 =550 95 6 23.67% 48
35 06 26 494,95 17 8 <5651 97 6 24,48 22
36 06 26 494,98 18 6 5802 39 6 24.861 75
37 o7 13 511,90 .17 8 #3892 an 8 28, 3
] 07 13 511.9% 8 90 3727 432 10 .2eM2
a5 07 13 511.97 19 9 3881 96 9 24602 36
40 07 18 $16.92 18 9 3864 63 9 23,600 82
" 07 18 $16.99 20 12 3809 109 2 2095 S
a2 07 20 $518.91 a8 ? 3599 106 7 2.7 "
a3 0? 20 $18.95 19 3 3739 3 6 26486 M
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Nre D MJD a AU By B ® a,
1 2 3 8 5 6 2 g8 9 10
1972 - 82%2¢¢
a8 0? 20 41 518,98 20 71 +36A3 67 1" 263880 &4
a5 08 07 536.97 21 8 3269 ” 8 20.7%0 53
a6 0 27 $87.86 22 9 1776 % 9 2522 9N
a7 09 27 587.89 23 10 1805 109 10 25.237 78
a8 09 27 S87.92 26 9 174 7 9 25215 M
a3 10 o0& S48 2 9 1503 & 9 25,127 52
50 10 O& §94.87 23 10 1560 48 10 25.07M 31
$1 10 04 594,90 a4 10 1565 4 10 28,992 30
52 10 04 594,94 1 1?2 1540 78 172 25.016 31
s3 10 05 595,84 22 9 1522 33 8 25135 ™
S4 10 05 $95.87 23 10 1623 &4 10 25,161 36
55 10 05 595.90 24 .10 1550 26 10 25.189 a5
56 M 05 595.94 1 ‘10 1517 72 . 10 25.050 56
57 10 o8 508,83 22 9 1567 a2 9 25,109 M
58 10 08 598.86 23 10 1540 S5A 10 25.063 28
59 10 08 $98.89 24 9 1521 &8 10 25.056 82
60 10 08 598,93 1 10 14458 90 10 25.124 52
61 10 13 603,88 28 10 1185 82 10 25.170 &0
c2 1 13 603,92 1 10 1032 83 90 25.1%2 &8
63 10 16 606,84 23 7 4220 75 6 25.087 s6
o4 10 918 €08.86 24 10 1127 () 10 25.018 93
65 10 18 608.90 1 12 1138 &9 1°? 24,895 89
66 10 18 €608.94 2 9 152 73 9 25. %0 13%
€7 M1 0 622.83 26 9 0470 61 9 25.183 96
68 9 0 622,86 1 1M 0563 87 M 25.091 46
& “ o1 622,90 2 9?2 059 53 9 25.427 87
70 "1 O 622,94 3 6 0584 55 6 25.169 174
71 M 1% 635.83 1 1.2 0276 45 1?2 25.188 a5
72 " » 635.87 2 12 0295 27 12 25,166 88
73 M » 635.90 3 9 oM 6 9 2507 31
™ 12 M1 662.79 b M «0795 a3 1M1 24,980 30
75 12 M ' 662,83 3 9 «0892 60 9 26,958 56
2?26 72 M1 662.86 8 ? «0707 80 2 25.093 48
77 2 1 662,90 ] " «0834 &6 " 26,915 &9
78 2 12 663.83 3 9 <0768 $1 9 25000 7
» 2 12 €63.86 4 11 0828 64 11 2.9% 35
80 2 12 663.89 5 " <0728 58 L] 25,035 53
M . 12 16 667.78 2 11 <095 6 1 2525 M
82 2 16 667.82 3 10 <1035 6?7 10 25.292 34
83 2 16 667.85 & 10 «1106 a5 10 25.078 61
o 12 16 667.88 5 44 <0953 54 " 25,27 &
85 2 20 éM.04 & M" «1131 $? 1" 25.227 4]
86 2 20 671.87 s 13 M8 S 43 25.230 60
87 2 20 €71.91 6 13 M €& 43 25.200 S5
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" By. (5] @z a au =, 2 e n,
! 2 2 s Bt omsidinitioeion I
: 97 : 52%2¢¢ |
.- 0 @ 41 684,80 & 1M a5y 8 4 2%%021 72¢
”® o0 o 684,84 S 10 o 2 10 25.073 &2 j
90 0 o 684,87 & 8 837¢ 109 e 2.0 7
%1 0 G 8.9 ?7 12 2 165 2 25.025 @82
92 o 193 695.81 s M 8126 ” 1M1 25064 64 |
93 0 3 695,88 6 13 e 2 143 25.008 S8
94 0 13 695.88 ?7 8188 ” 2 25.097 &5 |
95 o 22 708,81 6 M 715 58 M N8 a3
96 0 2 206.81 6 ? 7830 €1 7 20993 6 !
9 o 24 706.85 7 "M 7667 48 1M1 20,89 35 3
9 01 » 206.89 e 5 2 96 5 2095 75 f
99 @ 13 926.80 ?2 10 2108 39 1 24,890 32
100 @ 1B 726.84 8 ] €934 L 9 24,869 &2
10 0 13 726.88 9 ] 716 &4 9 20.837 52
M0 & % 72779 ? M 7130 68 M1 N85 a5 :
103 R % 727.84 8 10 70 65 10 2.7 33 :
108 R » 727.87 E 9 7005 40 9 .23 56 ]
105 @ 26 739.81 ] 9 6726 a2 g 2M,661 43
106 R 26 739.84 3 9 6727 %4 9 2.6 N
7 R 26 739.90 0 10 6708 3 10 24.588 &
108 R 27 740,80 e 10 6563 a5 9 20,603 68
109 @ 2 740,84 9 8 €561 a3 8 20,653 &
110 R 27 240,89 90 6620 a0 10 20,602 39
" 03 09 750.81 9 9 6342 2?7 9 24,603 28
112 03 09 750.87 10 ? 6266 58 ? 22,508 81
"3 03 13 754,80 9 9 ewe X & 9 20751 38 :
1 03 13 754.86 10 [} 6126 3 8 2074 56 J
415 o3 13 754.91 M 90 6061 0 10 .76 27
1?7 0 15 756.79 9 9 5998 28 9 24,791 38
118 03 15 756.85 0 6 6025 33 6 20,703 &5
119 03 15 956.90 M 910 5088 2s 0 20,725 35
120 03 23 264,83 0 9 $790 52 0 24,602 55
21 0 23 764,88 4 1 5734 80 10 20,692 26
122 03 23 764,93 2 " 5881 40 1M 2067 &0
123 03 28 269.81 1 3 5506 7 6 2.677 36
424 03 28 769.8?7 M 10 5580 25 0 20.781 M
125 03 28 - 769.92 2 M 5659 37 M 7B
126 03 2 770.81 0 10 $570 29 ° a8 6
127 03 2 770.86 “ 10 5485 30 0 20,90 35
128 0 29 770,92 2 9 5614 sa 40 6N 92
29 O 03 e7759% 42 10 57 25 10 3% 3
430 o8 03 275.99 'y s32¢ 54 & 259 a2
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Nr. ) ] nJyo Gr a AU LR a ) L
4 2 _3 I 5 6 2 8 Q 10
9 59%2e¢
131 o 08 41 780,84 1M = 9  +5H6 as 9 237582 30
1732 o 08 280,89 2 "M 5297 28 M 0,528 37
133 o 13 785.82 M 10 5111 53 0 22,717 2»
134 o 13 785.87 2?2 8966 81 1M 24,608 61
135 o 13 785.97 3 1 5122 37 M .62 &5
136 o0 23 795.84 2 10 a4880 19 0 28,512 57
137 o 23 795.94 3 N 4907 a1 M 26478 29
138 05 06 808.92 13 6 4856 63 ? 24,760 53
139 05 07 809.02 15 10 4557 7? 10 24,683 38
%o 05 15 817.89 13 6 3931 59 6 23,518 1
"1 05 16 818.88 23 N 4270 56 1 26,560 53
n2 05 1€ 818.94 “w N 4220' a4 M a6 M
w3 o5 16 818.99 15 8 4219 &1 8 28,730 57
LYY 05 17 819.03 16 6 40N 108 6 23,785 S2
ns 05 17 819.9% “w 1M 4098 a5 1M1 28,617 51
ns 05 17 819.98 5 10 4167 60 10 28,751 a2
"7 05 18 820,03 16 8 3888 33 8 28,95 95
1us 05 18 820,93 “ 1 4288 30 M 8,722 62
19 05 18 820,98 %5 10 4224 39 M0 264,95 &8
150 05 19 821,02 16 8 4122 &40 8 23,782 &
153 05 23 825,92 %M 11 4029 ag M 24,8414 35
152 05 23 825.97 S5. 9 84128 53 9 24,694 a4
%53 05 2» 826.01 16 5 3934 - 60 S 28,847 31
155 05 29 831,90 “ 1 21 34 M 28,682 27
155 05 29 831.95 5 10 84196 33 0 28,747 &6
156 05 29 831.99 16 ? 3888 a2 ? 24,801 35
157 06 05 838.93 15 9 3545 50 9 24,658 55
%8 . 06 06 839.00 17 ? 3232 9 ? 28,628 58
159 06 W 847,91 % 10 3136 €7 10 28,537 33
160 06 W 847.95 1%6 & 3194 41 6 22,.7% 9
.11 06 16 849,90 %5 10 3458 53 10 26,363 46
162 06 16 849,94 16 -} 3359 31 8 28,609 %
163 06 16 849,98 7 9 3234 95 9 24,672 63
168 06 17 850,01 18 (3 3151 90 6 24,69 8
165 06 18 851.93 16 3 2961 26 3 28,857 ?
466 06 18 851.96 w9 2989 S ?7 2.7 9
67 06 19 852,01 %@ 7 3026 8 7 a7
168 06 19 852,93 16 5 3080 163 5 20,610 98
169 06 19 852,97 1? 9 3009 L4 9 24,802 115
7 06 20 853.00 18 7 2983 83 ?7 2,71 3
7 06 20 854,00 18 & 2925 85 6 20,673 107
a2 07 Os 867,96 18 8 2559 79 8 2.7 5%
173 07 O6 867.9% L ] 6 2726 5?7 6 24,708 (<}
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. Ere » nD @r Ay %y s ® "
1 2 3 Y z 6 2 8 ___9 10
1973 : : 52%2¢ ¢
7™ L 07 o 41 868,93 7” ?2 216 . # ‘9 242800 82
5. 07 & 968,96 1 'Y 2810 110 & 20,772 126
176 ?» & 868.99 19 ? 2690 &? 6 24.7% 138
- o © " 8RN 1 8 2063 &9 8 20.593 &7
178 o7 09 872.95 18 S 268% 72 S 24,670 53
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