
Aatronomy. - "On a chrmge witlt the declination in the pe1'sonal 
equation in me1,idian-observations." Hy C. H. HINS. (Com­
munir,ated by Prof. W. DE SITTRR). 

(Communicated at the meeting of September ::l4, 1921). 

In the preliminary reduelion of the RA. in the CIllTent program me 
of the Leyden meridian eircle, the question arose as how to deal 
with the elock rale. 

The first diffieulty that arises is that the registel'ing clock KNOBJ.lCH 
is not the same as the principal c\oek of Ihe observatOl'y, HOHWÜ 17. 

We shall therefore first gi ve a brief accoun t of how the reduction 
was made in fOl'mer observations. 

Before the beginning and aftel' the end of the observations the 
beats of HOHWÜ 17 were regislered for one and a half minute, with 
intervals of three seconds, on the slips upon which the KNOBLICH 
clock registers ever)' two seconds. In this way the value of the 
differenee of time Kn.-H. 17 was obtained at two epoehs. Even 
when these eomparisons were made three or more times in one 
evening, they were always represented by a straight line, (See 
PANNRKOEK, Annals of the Leyden Observator,)" Vol. X pal't I). 

At regular intervals of about ten days determinations of time were 
made which gave the dail)' rate of the c10ek HOHWÜ 17, This 
"rough" rate observed in Ihe interval bet ween two determinations 
of time was redueed by the formula : 

p = daily rate -Os,0153 (b-760m .m ) + 08,0263 (tO- l00) - -0,37 (t-t') 

to the so called reduced daily mte p at t = 10°, b = 760m.m and 

t-t' = O. 
In the above formula 
b represents the mean bal'ometer in the interval. 
t the mean temperature in the interval. 
t- t' the mean diif'erence of the temperatUl'es at the top alld the 

bottom in Ihe case of rhe eloek. 
daily mte: the rough rate as explained aho,-e_ 
From this l'educed daily rate the aclual rate of H. 17 dnring the 

observations was deri\'ed by the above fOl'lnula and the obsel'\'ed 
vallles of b, tand t-t'. 

All transits expressed in (he time of the Kil. doek could be reduced 
to H. 17 time hy means of the int.el'polated differenee Kn.-H. 17, 
or, which eomes 10 the same thing, from the observed relative rate 
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Kn.-H.17 and the caleulated absolute rate of H. 17 the absolute 
rate of the Kn. dock was derived. 

Hy this method the obsel'ved trallsits of the fundamental stal's 
give only the mean doek cOl'l'ectioll at a mean sidereal time and 
did not give any data fOl' fillding Ihe I'ate of the elock. 

The question now arose, whethe,· it wOllld not be possible, excluding 
the cloek H. 17, to derive from the registered tmnsits of the fllnd. 
stars not only the mean cloek eorl'ection, but also t.he rate, both 
expressed in time of the Kn . clock. 

In order to arrive at a solution of this qllestion 1 hel'e gi\'e the 
. postulates underlying each of the methods. 

I : (by means of H. 17). 
1 . rhe times of transits of the fund. stars must be sufficiently 

accurate to give a reliable doek cOl'l'ection by their mean . 
2. The relative rate KII. - H 17 obtained must be accurate, from 

whieh it follows th at : 
a. The rate of the Kil. cloek must be constallt during the obser­

vations. 
b. The register'ing of the beats of H. 17 must be accurate. 
c. Ther'e must nof be a systematie difference between the registratioJl 

of these beats before and aftel' three or four hoU/'s of observatiolls. 
3. The rate of the H.17 clock must eOllform to the formula give~1 

above, not only ill the meall for several days, but must do so 
without any retardatioJl, in other words it llIuSt reaet immediately 
to evel'y change of tem peratU/'e and barometer. 

Jl: (without the H. 17 cloek). 
1. The transits of the fundamental stars must have sufficient 

accl1racy to give by their mean areliabie eloek correction and at 
the same time areliabie cloek rate . 

2. The rate of the Kil. dock must be eonstallt during the obsar­
vations . 

A comparison of the two grollps of pOBtulates shows that 1I, 2 
ano J, 2a are the same. 

The only difference between 11,1 alld I, '1 is that in the second 
llIethod the obsel'\'ations of the tl'ansit s of fund . stars require a 
higher degree of refinement and the question is reduced thel'efore 
to the following : 

What conditions must be laid down fOl' obsel'\'atiolls 10 make 
them sllitable for the deduction of a clock rate ? 

In th e th'st place it is desirabie that the stal's of the obsel'\'ation 
program me should all be inell1ded between fundamental stars, so 
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that 11Owhel'e an extl'apolation of the eloek I'ate takes place-; tlle 
night's work therefore shonld always begin and end with a numbel' 
of fund. stars. 

In the seeond plaee it is IIeeessar')' that the fund. stars, or rather 
their' gl'onps, be at a suffieient. distanee fl'Om eaeh other, so that 
the aeeidental errors ill the times of transits shall have às little 
influence as possible. 

Theol'etica lly it is always possible to fuifti these l'eqllirements by 
a weil ehosen pl'Ogl'amme of observations. 0111)' on nights intenupted 
by cl ouds it lies outside the power of the observer to fuiftl them. 

It is, therefol'tl, neeessary to examine more closei)' the aeenracy 
of Ule times of transÏts ·obta ined . 

The cloek COlTeetions as del'ived from the separate stars al'e alreeted 
by two kinds of el'l'ors, aeeidental and systenlatic. 

Of th e influenee of the fh'st an idea ean be obtained by computing. 
t he mean erl'ol' of t he ti me of tr'allsH del'i ved from t he transÏts of 
Ihe separate threads (irr Leyden numbering eleven). Gell,erally speaking 
this e1'1'Ol' will not exeeed ± OS.024. If we had two groups of four 
fund . stal's sepa rated by an interval of two houl's, Ule mean errOl' 
of the elock rate , dne exclnsi"ely to the aceidental errors would 
thns be aboul 

VO.012' + 0.012' . 
± = ± 08.00014. 

120 
The seeond categoI')' of el'l'OI's plays, however, at least as impor­

tant a pad and it is therefore neeessary to make the times of Iransit 
as completely indepenrlent of them as possible . 

Under these errors we incltlde : 
1 . The magnitnde equation . 
By a suitable use of gratillgs it is possible 10 eontine this el','or 

within nanow Iimits . What I'emains must be removed as mueh as 
possible by del'iving the magnitude equation of the various observers 
and correeting for it. 

2. l'he errors ill the assumed positions of the fundamental stars. 
Sirree it is pmcti eally impossible to ('online oneself to the small 
number of accllrately estaolished fundamental stars, it is neeessal'y 
to use as fund . stars some thai al'e of doublflll vaille, so that these 
errors must have a gl'eal inflnenee not only on the mean cloek 
eorre~tion , bllt even mOr6 on the rate of the eloek as derived from 
the observatioll s (see Ihe large pl'obable errors given by Boss' P. G. C. 
for val'ious stars for the epoeh 19:1 0,0). 

3. Pel'sonal el'l'ol's of Ihe different observers. 
Assuming that the error mentioned uIlder 1. be removed, I shoall 
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endeavoul' to avoid as lOuch as possible those menlioned under 2. 
and 3 ., beginning wilh 3 . From Ihe whole of the observations of 
all the obsern~rs, fl'eed t'l'om their individual personal errors, it will 
then perhaps be possible to estimate t,hose given under 2. 

A brief account of the Leyden progr'amme mllY pl'ecede. The stars 
of lhe programme al'e, as fal' as possible, divided into zones, whence 
in view of the somewhat restl'Ïcled maleria! (1600 slars distributed 
over 24 hout's of l'ight ascension and declination _ 2° . to 52°, and 
the dislribulion in R.A. still \'8ry irregulal') it was impossible 10 

take the zones ver)' narrow . 
In genet'al lhe zones are chosen with lhe limiting declinations of 

0°_20°, 20°-30°, 30°-40° and 400 -zenith, but it was of ten neees­
~ary to include in a zone stal's of slighlly different declination. The 
fund . stars are so chosen Ihat Ihey lay below, in and above the 
zone so Ihat Iheh' mean declination was as much as possib!e at the 
middle of the zone. 

As, therefore, fllndamental stars diffel'ing by 25~ in deelination 
are somet,imes observed on the same night, the question al'Ïses , 
whelher the different observers registet'ed stars with su eh different 
declinations, i. e . . of different veloeities, all in the same way . 

Ir a syslematic difference of this kind existed, il would be desi-
• 

rable to reduee the times of transit of Ihe sepat'ate slars to a hypo-
thetical star with a declination equal to the mean declination of 
the fund. sta.rs used . The times of transit of the programme stars 
could then be redllCed also 10 the same hypolhetical star, ànd by 
a purely differential redllction the l'esuIts of the program me stars 
would be freed f'rom this systematie error. 

For this plll'pose the separate nights of the diffel'ent observers are 
treated in the following way : 

Let obsel'ver X on one night obsel've n fund . stars . 

Times of transit Tl'" T", mean l' 
Deelinations dl ' " dil, mean d 

Cloek correction derived from each star al . . . all , mean a . 
As unknowns may be taken the rate of the cloek = ,,/:9 pel' 

minute and the possible influence of Ihe deelination on the time of 
Iransit = + y9 per 1° deviation from the mean deelination . 

E\'ery night gives n equations of thc form : 

(T-Tj):cs + {d-t$j)ys=(a8 - aj s) i = I , . . . . n 
Fl'om these n equations Ihe unknowns x and y have been solved 
by least squares. 

The x as found in this solution can be regal'ded as a lirst approx­
i mation 10 t he rale of the cloek. 
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We will now consider the values of y. which al'e obtained from 
different nights for the same obset'vel'. 

Observer H. 
The table below gi"es the results fol' '!I from 39 nights during 

the years 1920 alld 1921. The list is arl'anged accol'ding to incl'easing 
mean declination of the fund. stars used . 

Ist column date of observation. 
2nd mean declination of fund . stars used . 
3rd result for y . 

1920 MéK'ch21 3°.9 
I 

+0
5 

.00147 1920 Febr. 
I 

+0
8
.00065 8 21 ° .8 

.. • 29 3° .9 + 0.00123 .. .. 15 23°.9 +0 .00274 

• May 23 10°.0 +0 .00263 .. March21 27°.6 +0.00151 

• • 13 11°.8 - 0.00160 .. Febr. 21 29°.3 +0 .00304 

1921 Febr. 23 13°.2 +0.00235 1921 March 3 29°.4 +O.'?0319 

1920 • 14 14°. 4 -0.00163 1920 Febr. 11 29°.9 +0.00268 

.. July 14 16°. 3 +0.00250 

.. .. 15 16°.3 +0.00307 

• May 18 18°.8 - 0.00030 

1920 Jan. 21 30°.6 + 0
5
.00181 1920 May 16 40°.4 

s 
+0 .00312 

1921 Febr. 20 3()0.7 +0.00283 .. .. 13 41° .0 +0.00381 

1920 .. 17 32° .5 + 0.00544 1919 Dec. 15 41°.6 +0.00863 

1921 March 10 32°.8 + 0 .00169 1920 Jan. 25 41°.8 +0.00597 

1920 Aug. 14 34°,4 + 0.00162 .. March21 43°.0 +0.00519 

1921 Febr. 14 34°.8 + 0.00317 .. Febr. 23 43°.2 +0 .00620 

1920 April 23 35°.9 +0.00430 .. Jan. 14 43°.5 +0.00642 

.. Febr. 6 35°.9 + 0.00343 .. Febr. 20 43°.6 +0.00638 

.. May 3 35°.9 +0.00145 

• • 21 36°.5 +0.00149 

• April 16 37°.9 +0 .00247 

.. March29 38°.4 + 0.00356 

.. .. 18 38°.9 +0.00203 

• April 10 39°.2 + 0.00322 

.. Febr. 26 39° .7 +0.00465 

• • 19 
I 

39°. 9 + 0.00504 
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1t is elear by the predominatillg of Ihe positive 'sign , that Ille 
systematic error looked fol' exists, but aIso, that the error is not 
constant in the different declillations, and shows a marked increase 
fOl' inereasi ng decJi nation . 

'fhe following table gives the mean valnes of y, for the zones 
according to whieh Ihe programme stars are divided: 

Zone 0°_ 20° 12°,1 +°8 ,00108 ± 61 

20°- 30° 27°,0 0,00230± 42 

30°- 40° 35°,9 0,00301 ± 33 

400 -zenith 42°,3 0 ,00572 ± 60 

As the velocity of Ihe stal'S is pl'oportional to sec. (r, I have 
endeavoured 10 represent Ihe resnlting valn es of ?I hy a fOl'mula of 
the form : 

d 
Y = A - sec (f = A tan d sec d. 

cid 

The fom' means given above , give four equations of condition for 
solving the quant.ity A. Eaeh eqnation has been given a weight 
equal to tlle nllmbet' of nights which have contl'ibllted to Ihe equation . 
I filld A = + 08 .00401 . 

Y is thus J'epl'esented by the formula : 

y = -f-- OS.00401 tan d 8ec (J. 

The I'esiduals between lhe observed and calcnlated values · of y 
fol' the four zones al'e as follow s : 

- 08,00020, - 0",0000'1 , + 08,00057. - 08,00079 

The correction for the time of trall sit of a star with deel. di, when 
the mean deel. of the fund. stars is d, 1I0W becomes : 

di 

08,00401j 
z = - - -- tan d sec ddd= 08.230 (8ec dj-8eC d) 

bg 1 ° 
J 

lf di> d the time of th e lrallsit mU8t be eOI'l'ected by a positive 
quantity . 

Jf dj < d the time of the t.ransit must be corrected by a negative 
quantity. 

in other words: 
Stars with high deel. are l'egislered too early . 

" " small " " . " " late. 
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Observer Z. 
List of results for y, obtained and arranged in the same way as 

for obset'\'er H. 

1920 March22 5°.0 +°
5

.00159 1920 June 10 31°.2 +0 .00339 

• Febr. 23 11°.1 +0.00167 " 
Febr. 3 32°.2 +0.00222 

ti May 12 11° .3 -0.00013 
" 

June 8 32°.5 +0.00314 

" 
Febr. 18 14° .0 +o.ocxm • Aug. 27 32° .6 +0.00547 

" 
May 15 18°.4 +0.00095 

" 
Febr. 24 34°.3 -0.00017 

.. . 21 18°.4 +0.00041 .. " 
23 36°.8 +0.00535 

1920 Febr. 12 22°.4 -0 .00275 1920 June 21 40° .0 +0,00132 

" .. 5 23°.6 +0.00377 .. Aug. 17 42°.0 +0.00315 

.. Oct. 28 25° .6 +0.00288 • Jan. 9 42° .2 +0.01195 

" 
Nov. 19 28°.0 + 0.00209 • Febr. 19 43° .2 +0 .01142 

.. " 
8 28°.6 +0 .00505 

The separate results give Ihe following means: 

Zone 0°_ 20° 13°,0 + 09,00088 ± 28 

20°-30° 25°,6 + 08,00221 ± 133 

30°- 40° 33°,3 + 09,00324 ± 86 

" 
400 - zenith 41°,8 + 05 ,00696 ± 276 

Owing 10 tlle smallet· number of nights, the mean error is mueh 
greater, although the same influence is fairly marked. 

Treated as above, y can be represented by the formula : 

y = +- 09 .00497 tan d ,ec d. 

The residuals 0-0 for the four zones are: 

- 05,00030, - 08,00043, - 09,00068, + Os ,001 00 

Tlie correction z becomes: 

,& = + OS.285 ("ec dj - ,tC d). 

1'01' obsel'ver Z. we find the same phenomenon , that stars of high 
deel. are registered too eal'ly, those with small deel. too late. 

Observer G . 
List of the separate results, arranged as before . 
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1920 Febr. 17 4°.9 +°
5

.00022 1920 Febr. 7 35° .1 +°9. 00123 

1921 Jan. 14 6°.1 -0.00158 • 26 35°.9 +0 .00095 

1920 March 4 9°.6 +0 .00260 1921 19 36°.2 -0.00207 

26 9°.7 - 0.00018 1920 May 10 36°.1 +0.00105 

Febr. 6 11° .3 - 0 .00261 • 9 40". 3 + 0.00285 

15 11°.9 +0.00010 June 15 41°.0 +°
9

.00012 

1921 ti 24 13°.3 +0.00090 

• 26 13°.3 +0.00143 

1920 May 14 13°.4 -0.00015 

1920 Febr. 18 22°.4 +0.00113 

• May 28 27° .2 -0.00174 

June 9 30° . 1 +0 .00068 

1921 March 15 30° .1 - 0.00461 

• Febr. 22 31°.2 - 0.00201 

1920 • 3 32°.0 - 0 .00269 

.. May 19 33°.8 -0 .00072 

1921 March 11 34° .2 - 0.00263 

1920 Jan. 23 33°.9 +0.00291 

.. July 17 34°.4 -0.00043 

• March 18 34° .9 +0.00036 

As the different declinalions al'e spread more il'regulal'ly over the 
sepamte nighls, I have ananged the y's in somewhat different groups. 

Zone 0°_20° 10°,5 + OS.00008 ± 53 
" 20°-35° 31 °.3 - 0 9.00088 ± 64 
" 35°- zenilh 37°.6 + 0 5.00069 ± 50 

Since these means are all neady e4uaI to Ol' smaller than their 
m.e., we may coneinde Ihat for observer G. no illfluence of the 
declination on the time of tmnsit exisls. 

The explanatioll of the effect may perhaps be sough t in the faet, 
that tha obsel'vel's H, and Z, endeavour 1.0 make the contact of the 
signal key coincide with tha momellt thai tha star passes a thread, 
which is in agl'eement wilh thei,. own statement as to their melhud 
of registerillg, while Ihe observer G. begins with the movement of 
registering at the moment that he obsarves the star to be bisectad 
by a thread . 
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That actually this difference in the methöd of registering exists 
between G. and Z. is confil'med by special observations, made for 
tlle detenninatioll of their relative personal equation , which is found 
to be positive in the sen se G.-Z. . 

The obsen'ers H. alld Z., therefore, will be influenced in their' 
registerillg by tlle velocity c. sec. ó, will! which the star app"oaches 
tlle thread, the obsel'ver G. will be independent of it. 

As it is al ways possible in zone-ooservations with diffel'ential 
l'edllction to limit the illflllence of the magnitude-equatioll by lIsing 
different gralings, while in practice it is often necessary to take 
the range of the zones relatively lar'ge, it will always be desirabie 
for an observer w ho is a ware t hat he follows tlre thst method of 
registration, to lest hi s observations of tr'ansits for a dependence on 
the declination. Pel'haps we ma)' see in this l'esult once mOl'e an argument 
in favout' of the impersonal micrometer. 

(1'inally we gi\'e a tabie, which shows that rhe cOl'l'ection reaches 
quantities, which are by no means negligible. 

Correction to the time of transit 
Mean deel. fund . Deel. programst. stars 

Observer H. Observer Z. 

20° 10° -Os.Oll -05.014 

20° 15° - 0.001 - O.OOS 

20° 25° + 0.009 + 0.011 

20° 3()0 + 0.021 + 0.026 

30° 20° - 0.021 - 0.026 

30° 25° - 0.012 - 0.016 

30° 35° + 0.015 + 0.019 

300 40° + 0.035 + 0.043 

40° 30° - 0.035 - 0.043 

40° 35° - 0.019 - 0.024 

40° 45° + 0.025 + 0.031 

40° 50° + 0.058 + 0.011 

July 1921. Leyden Observatory . 




