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XIX. On the difference of Meridians of the Royal Observatories
of Greenwich and Paris. By Taomas HENDERsoN, Esq.
Communicated by J. F. W. HERscHEL, Esq. Sec. R. S.

Read May 17, 1827.

IN the Philosophical Transactions for 1826, Part II. Mr.
HerscHEL has given a detailed account of observations, which
were made in the month of July, 1825, for the purpose of
ascertaining the difference of the meridians of the Royal
Observatories of Greenwich and Paris, with a computation of
these observations, from which the most probable value of
the difference of longitude appears to be g™ 21*6. But I
have perceived that in the copy of the observations delivered
to him from the Royal Observatory of Greenwich, an error
of one second has been committed ; as the true sidereal time
of the observation made there on 21st July, ought to be
17 88™ 5 7°12 in place of 17" 38™ 56%10, set down in the
Table p. 104, which he informs me was computed at the
Observatory, and officially communicated to him from the
Astronomer Royal. This error seems to have had its origin
in the little Table at the bottom of page 103 ; for, on sub-
tracting the error of the clock, 4737, from the time
18% 8™ g0*40, the true sidereal time is 182 7™ 43%03, instead
of 18" 7™ 4903, there given. The error in the result of that
day’s observations, arising from this cause, has been partly
compensated by a mistake of three tenths of a second, which
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has occurred in calculating the combined observations of the
same day, the gain of mean on sidereal time being stated to
be — 4*54 (pp. 120 and 122), in place of —4*24. On
checking the other observations, a few trifling alterations
appear to be necessary upon the Greenwich Table of side-
real time, from the data given along with it. These seem
to be occasioned by different methods of calculation, and
indeed are hardly worthy of notice. The French astrono-
mers not having given the data on which the calculations of
the sidereal times at Paris are founded, they are assumed to
be correct. ‘

The effect of the alterations thus made upon the elements
of computation, is to redeem the result of the observations
of 21st July from the suspicion which attached to it, in con-
sequence of its disagreement with the results of the other days,
and to produce a change of one-tenth of a second (correspond-
ing to one hundred feet nearly on the earth’s surface,) upon
the most probable value of the difference of meridians forming
the subject of investigation, it now appearing to be 9™ 21%5.
At the same time the chronometer, which was employed for
the observations at Fairlight down, is shown to have kept a
more uniform rate than what previously appeared. In this
important national operation, the utmost accuracy is desira-
ble; and it has therefore been thought proper to subject the
whole observations to a new computation. This will make
more apparent the near coincidence of the results of the
different days observations, and the great precision to be
expected from experiments of the nature of those in ques-
tion, when, as has happened in the present instance, they are
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made with the utmost care and attention on the part of the
observers.
The details of the new computation are as follows.

As mentioned by Mr. HerscHEL, rockets were exploded
at Wrotham, which were observed at Greenwich and Fair-
light down ; at La Canche, on the French Coast, which were
observed at Fairlight and Lignieres; and at Mont Javoult,
which were observed at Lignieres and Paris.

Before the difference of meridians can be eliminated from
the observations, the rates of the chronometers employed at
Lignieres and Fairlight must be ascertained. Let P be the
sidereal time at Paris, L. the corresponding time indicated
by the chronometer at Lignieres (these times being deter-
mined by simultaneous observations of signals) P' and L/,
the same times for a subsequent night, then (P'— P) —
(L'— L) is the retardation of the chronometer at Lignieres
on sidereal time during the chronometer time (L’—1L);

by [(P'—P) — (L'— L .
24t x [ @ i ) ( )] ==, is the rate of the chronometer,

or the equation to be added to 24 hours of chronometer time
to obtain the corresponding interval of sidereal time; and
7 (L' =—L)

24}
nometer time (L’-— L) to reduce it to sidereal time.

In like manner with regard to the chronometer at Fair-
light, let G and F be the corresponding sidereal time at
Greenwich and chronometer time at Fairlight, G’ and ¥’
the same times for a subsequent night, then

h G —G)— (F'=—F .
24" X [( - __)F) ( )] =r' is the chronometer’s rate, or the

is the equation to be added to any portion of chro-
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equation ic be added to 24 hours of chronometer time, to
obtain the corresponding interval of sidereal time; and

r (F'—F
248

) is the equation to be added to any portion of chro-

nometer time (F’— F), to reduce it to sidereal time.

Computation of the rates of the Chronometers.

1. Lignieres Chronometer.

From July 18 to July 19,

' h, m s

L' = 10 29 33°97
L = 10 46 1360

Lo m. s
1gth P' == 18 19 41'83
18th P == 18 32 21'88

P'—P =23 47 19795 L'—L = 23 43 2037
(P’ —P) — (L'—L) = 3" 5958

24 X 37 59"58 . o mgegg,

230 43" 20%37

From July 19 to July 20.

h. m. s h. m. s,
zoth 17 43 31°30 9 49 2960
18 3 32°55 10 g9 27:80
18 23 35°60 10 29 27'20
18 43 42°13 10 49 30°85
Mean Mean
soth P’ =18 13 35'40 L'3= 10 19 2886
19thP =18 19 4183 L =10 29 3397 .
P/ =P =23 53 5357 L'-L = 23 49 54'89

(P'—P) = (L' — L) = 3" 5868
24® % 3™ 5868

=2 o = r=4T 0"36.
23" 49" 54™89

MDCCCXXVII.

From July 20 to July 21.

h. m. s. h,
215t P! =18 14 1518

m. s,
L’ =10 16 1418

2oth P == 18 13 3540 L = 10 19 2886

PP =124 03978 L'=L = 23 56 4262
P'~P)— (I'—L) = 3" 57"16
24" X 3" 57516

— — T By
235 56m 423.62 =r= 3 57 70‘

From July 21 to July 22,

h. m. s. h. m. s
22d P! = 18 11 24'77 L'=10 9 2463
215t P =18 14 1518 L == 10 16 1148

PP =23 57 9359 L'-L =23 53 1315
(P! == P) — (L' — L) = 3= 56"44
24" % 3" 5644

=r = 3" 57"56.
ETERTHIT: 37 575
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2. Fairlight Chronometer.

290
From July 17 to July 18.
h. m. s h. m s
17th 17 12 38'06 9 31 36°15
17 22 39'55 9 41 35'90
17 32 4239 9 51 37710
17 42 44'3? Io 1 37°50
17 52 43'98 10 11 3565
18 2 4909 10 21 3885
18 12 §52°67 10 31 40'85
18 22 5452 10 41 4095
18 42 55°39 11 3855
Mean Mean

F = 50 12 4461
F=10 8 2813

17th G =17 §3 53°33
18th G'= 17 53 32°40

G'— G = 23 59 39.07 F'~-F=123 55 4352
(G' = G) = (FF—F) = 3™ 55555
248X 37 55755 o p = gm g6vzs
237 55™ 43%52 ¥

From July 18 to July 1g.

h. m. s h, m, s
19gth G'= 18 12 2031 F =10 23 1757
18th G =17 §3 3240 F =10 8 2813

G/ G = 24 18 4791 F=F=124 14 49'44
(G'=G) = (F— F) = 3" 5847
242X 3758747 4w c6roy,

24P 147 49744 3

From July 19 to July zo.

h. m s h, m, s
20th 18 4 55°93 10 11 57°8%
18 15 426 10 22 4°4%

Mean. Mean.

F=1017 ri1s

2oth G’ =18 10 o°'10
= F' = 10723 17'57

19th G =18 12 20'31

G'—G = 2357 3979 F-F =23 53 43'58
(G'—=G) — (F'—F) = 3" 56%21
247X 3" 5620 e ey
23}1 53m 43”58 - 3 57 5'
From July 20 to July 21.

h. m. s, h. m, s,
21st G'=17 38 571z F = 9 42 765
2oth G=18 10 o010 F =1017 15

G — G = 23 28 5702 F'~F = 23 25 6°50
(G'= G) — (F'—F) = 3" 50"52

24" % 3™ 50"52
23k 25™ 6"50

=7 = 3" 56°25.

From July 21 to July 22.

h, m, s, h. m, s
22d G' =17 47 5564 F = g 47 89
21st G =17 385712 F = 9 42 76

Gew=G=24 8 5852F-F =24 3 0-9:
(G=G) = (F=F) = 3™ 5758
24" % 3™ 57°58

= = 3™ 56°76.
24" 5™ 0%94 o

Collecting together the rates of the chronometers, we have

Lignieres Chronometer.

From July 18th to July 19th - - 4° :9-38 '
lgth —— 20th - - 4 0-36
2oth ——— 215t - - 3 57°70
218t —— 22d - - 3 5756

- Fairlight Chronometer.

From July 17th to July 18h - - 3 5,68-25
18th —— 19th - - 3 56-04
igth —— 20th - - 3 57°25
z20th —— 215t - - 3 56-25
215t e—— 22d - - 3 35676
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As the rate of the Lignieres chronometer is irregular, it
seems advisable to deduce the rate for reducing the obser-
vations there by interpolation from the two nearest rates,
supposing that each answers to the middle of its interval. In
this manner are obtained the following rates for the observa-
tions at Lignieres.

July 18th. 4™ g%41 ; but as this differs considerably from
the rate which the chronometer had on leaving Paris, the
rate 4™ 2°38, derived from the observations of the 18th and
19th, has been retained, as being probably nearer the truth,

19th. 4™ 1*38.

21st. 8™ 57*683.

22d. 3™ 57"49.

The rate of the Fairlight chronometer being sufficiently
uniform, the mean of the whole, g™ 56* 51, has been adopted
for all the observations there, which cannot produce any
sensible error. ' ,

The difference of meridians is now obtained from the
following formula.

Let P be the sidereal time at Paris, L the corresponding
chronometer time at Lignieres, L' and F, corresponding
chronometer times at Lignieres and Fairlight, and F', chro-
nometer time at Fairlight, and G the corresponding sidereal
time at Greenwich; the intervals of chronometer times
(L'—L) and (F—F) must be reduced to intervals of
sidereal time (/' —/) and ( f'— f) by the formulz given
above. Then P4 (I'— /) 4 (f'— f) — G = difference
of meridians required as is evident, |



292

Mr. HENDERSON on the difference of meridians

Computation of the difference of meridians ; all the observers taken jointly.

July 18.
P L n F F G.
h. m, s. h. m, s, h.m. s h. m. s, h. m, s h, m, s
18 15°40'37 | 10 29 34'40| 954 52°00| 9 46 2975 | 9 41 46'20| 17 26 4617
18 35 41°13| 10 49 32'80| 10 14 §54'00| 10 6 31'40| 9 5I 4960 17 36 50'97
18 45 4413 | 10 59 3360 10 1 5030| 17 46 53'59
10 11 4860 | 17 56 5329
10 21 46'9o| 18 6 5341
10 41 47°20| 18 26 5695
Mean Mean Mean Mean Mean Mean
418 32 21'88| 10 46 13°60| 10 4 53°00 9 56 3057 | 10 8 2813 |-17 53 32°40
+ 115953 =f'—f ] '—l=|- 412757
L' — L =| =— 41 2060 L
+18 44 21°41| Reduction =| — 6°97 FF—eF=| + 11 57°56 |- 18 34 5997
—18 34 59'97 Reduction = 4+ 197
/' —1l=| —41 2757 -
9 21°44 |= Diff. Merid* fl=f=1 + 115953
July 19.
P L L F F G
h, m. s h, m. s. h. m. s. h, m. s. h. m, s, h. m, s.
17 29 2960 | 9 39 30°40| 9 44 49'40| 9 36 3310| 9 42 o45| 17 30 56'55
18 39 52'50| 10 49 41'To} 9 54 49'90| 9 46 33'65| 9 51 53°65| 17 40 51'34
18 49 43'40| 10 59 30°40| 10 34 49770| 10 26 33770| 10 1 56'50| 17 50 55°76
10 54 53'40| 1o 46 3755 | 10 22 245| 18 11 507
10 32 24'75 | 18 21 28463
1o 41 5980 18 31 5'57
10 §1 5960 | 18 41 7°08
11 2 3401 18 51 12°47
Mean Mean Mean Mean Mean Mean
418 19 41'83) 10 29 33°97| 10 17 2060| 10 ¢ 450 | 10 23 17'§7|—I18 12 20°'31
4+ 14 1541 = f' ~— i —l=| — 12 1542
L'—L =| = 12 13°37 Flem F=| 4 14 1307 |——————
+18 33 57241 Reduction= — 2-05 | Reduction = + 2°34 |—18 24 3573
—18 24 3573
Vel =| == 12 15°42 fr—f=1 + 14 1541
9 21°51 {= Diff. Mer®
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July e1.

P L L’ F F G
heomos h. m, s h m s, h, m, s. h. m, s, ho om s
17 37 23'10| 9 39 24'70| 9 54 50'40| 9 46 3895 9 42 7:65| 17 38 5712
17 47 32'10| 9 49 32'70| 10 4 §3'10| 9 56 41'50
18 7 4095| 10 9 3860! 10 14 §1'20| 10 6 3980
18 17 30°30| 10 19 26°40| 10 34 49°6a| 10 26 3825
18 37 40'75 | 10 39 33'20| 10 44 59'40| 10 36 47°90
18 57 43'go| 10 59 33°30| 11- 4 51°80| 10 56 4I'IO

Mean Mean Mean Mean Mean Mean
418 14 15°18| 10 16 11°48| 10 26 3258 | 10 18 21°25 9 42 765 |—17 38 5712
+ 10 2281 |= ¢’ ~1 fl—f=1| — 36 1955
L'~—L =} 4 10 21'1I0 F'e F = — 36 1360
+18 24 37°99| Reduction = + 171 | Reduction = — 595 =18 15 16°67
~—18 15 1667 :
I'—1l= 1] 4 10 2281 f'—f=| — 36 1955
9 2132 |= Diff. Merids, :
July 22.

P L L F B! G
ho m s he m. s. h, m. s h. m,. s, h. m, s. h. m. s
17 31 12215 | 9 29 1860} 9 44 5080] 9 36 39'80| 9 3z 895| 17 32 53°31
17 51 1870 | 9 49 21'90| 9 54 53°50| 9 46 4245| 9 4z 6'95| 17 42 53'38
18 1 1565 9 59 17°10| 10 4 53'10| 9 56 4250 9 52 855 17 52 §6'58
18 11 21'70| 10 9 21*70| 10 15 860| 10 6 5785| 10 2 ggo| 18 2 59'29
18 21 43°60| 10 19 41°70| 10 24 4830 | 10 16 37°50|
18 31 31°80| 10 29 28°40| 10 34 5870 | 10 26 4805
18 51 29°80| 10 49 2300 | 10 44 5750 | 10 36 47'cO

10 54 47°70 | 10 46 37°15
11 4 4880 10 56 37°90
Mean ‘Mean Mean Mean Mean Mean
+18 11 2477| 10 9 2463 | 10 24 54°11)| 10 16 43°36| 9 47 8'59|- 17 47 55764
+ 15 32003\ =1 —1 ff=r=| — 29 3963
L'—L =| + 15 2948
+18 26 56:80| Reduction = + 255 F'—F =| — 29 3477 |- 18 17 35°27
—18 17 35'27 Reduction| = -— 486
= Ul'—l=| 4 15 3203 —————
g 2153 |= Diff. Merid®. S f=|= —29 3963
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These various results differ so little from each other, that
their arithmetical mean, 9™ 21°45, may be assumed to be near
the truth. But it may not be improper to ascertain the
most probable value, and its probable error, by the calculus
of probabilities as practised by Gauss, BesseL, &c. to serve
as a rule for other investigations of a similar nature, in which
it may be more requisite. Each night’s result is liable to an
error occasioned by the errors in the observed times of the
signals, and of the transits of stars, whereby the clocks were
compared with the heavens. The probable error of a single
observation of a signal and a transit, appears from a consi-
derable number of observations, to be one tenth of a second ;
and this divided by the square root of the number of these
phenomena observed at any station, gives the probable error
of the mean of the observed times at that station. But the
results are exposed to other causes of error, such as the
small deviations of the transit instruments from their meri-
dians, the peculiar state of the eyes of the different observers,
atmospheric circumstances, and various others which fluc-
tuate from night to night, but may be supposed constant
during the same night. Each night’s result is equally liable
to these errors, which have no tendency to be diminished by
an increased number of observations upon that night. The
probable error of each result arising from this cause is
assumed to be two tenths of a second, and it is not likely to
be more. Errors in the comparison of the chronometers
employed for the observations of signals at Greenwich and
Paris with the transit clocks, are also to be apprehended,
which errors at each obsérvatory may be supposed to be one
tenth of a second. A probable error of one tenth of a second
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The above rectification of the observations made to ascer-
tain the difference of longitude between Paris and Greenwich,
not only adds greatly to the merit of the distinguished
observers employed in the work, but trebles the value of
their results by narrowing the extreme range of the experi-
ments from o*65 to o*21.

THOMAS HENDERSON.

Edinburgh, 3oth March, 1827.

ERRATA IN MR. HERSCHEL’S PAPER.
Page 85, July 20, for < g 49™39™6” read < gt 49™29*6.”
19, = “9 44 507 “9 54 507
90, 21, == 10 26 283” ——10 26 3837
22, Signals No. 6, erroneously set down. As they stand they are

repetitions of No. 7.
10z, 21, for « clock 1® g™ 50™88” read 17" g™ 50°88.”
104, 17, = =17 32 44°40” —~ “17 32 42°40.”
— et € s 18 22 §2°48 77 e € 18 22 54.°48.7
10g, line 1o from bottom, for ¢ or” read < on.”
111, — 7 from top, for « — read ¢ x.”
Jor < 2? read ¢ Z.”
119, July 19, for « C' gh 46™ 36%65 ” read « gt 46™ 33%65.”
120, = 22, line zd from bottom, for ¢ = 3%03” read  0™03.
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