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X. Obseroations on Atmospherical Refraction as it affecls astro-
nomical Observations ; in a Letter from S. Groombridge, Esq.
to the Rev. Nevil Maskelyne, D. D. F. R. S. Astronomer
Royal. ~Communicated by the Astronomer Royal.

Read March 28th, 1810.

DeAR Sig, Blackheath, 222d January, 1810,

?T HE great advantages we derive from the labours and
writings of those learned men, who have preceded us; the
profound researches in physical astronomy by the mathema-
ticians of the last century ; and the improvements in the con-
struction of instruments, effected by the ingenuity of our
modern artists: these circumstances should stimulate all those
who have inclination and opportunity, to the endeavour of
contributing to the common stock of knowledge. Ibeg leave
to add my tribute of admiration to the general voice, for the
large share you, Sir, have taken in the promotion of science,
not only by your learned publications, but also by the liberal
encouragement and assistance you have given to those who
have been honoured with your acquaintance. Iam, therefore,
induced to commit to your protection the inclosed paper, ac-
knowledging myself indebted to your friendly communica-
tions for much useful information. I could have wished the
‘task had been performed at an earlier period ; but as you are

well acquainted with the labour required in the reduction of
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30 many observations by one person, it will appear to have
been impracticable. I remain,

Dear Sir,
Your obliged and very obedient servant,

STEPHEN GROOMBRIDGE.

To the Rev. Dr. Maskelyne,
Astronomer Royal, &c. §c.

WHEN I had fixed my four feet transit circle, made by
TRrRoOUGHTON, it was my intention to make observations of a
sufficient number of circumpolar stars, at different altitudes,
to ascertain the latitude of my observatory with the greater
precision ; and also to endeavour to settle the true quantity
of refraction: especially as my instrument was better adapted
for that purpose, both from the construction and convenient
size thereof, than those which had been herctofore made.
Being fixed on stone piers, it is not so liable to partial expan-
sion, as those instruments which are supported on brass
frames: and having both sides divided, with two microscopes
to each face; the same observation has the advantage of four
made with a quaudrant. I have also contrived, by means of
sliding shutters in the roof, to prevent the rays of the sun
from falling on any part, excepting on the object glass. By
these means I flatter myself that, the observations having
been made with great care and attention, the result will prove
both satisfactory and useful.

Having proposed to myself the above course of observa-
tions, I selected the fifty stars contained in the first table for
that purpose, the observations of which, exceed in number

Cce
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1000. On the quantity of refraction to be assumed at 44°,
astronomers not having been agreed, and Dr. MASKELYNE
having suggested in the precepts to his folio tables, that Dr,
BrapLEY having supposed the sun’s parallax 101", from which
he inferred the refraction at 45° to be §7”; if he had used the
true parallax 82", he would have found the refraction at the
altitude of 45° to be 563" I therefore assumed, and have con-
stantly applied that quantity, correcting the same for the ba-
rometer and thermometer: the whole by the formula of
Dr. BRADLEY. ‘ |
" In the above table, the third column is the mean of the
observed zenith distance corrected by the equations to 1st
“Jan. 1807 ; the fourth is the mean of the computed refraction,
for each observation; the sixth is the sum of the third and
fourth colums, which gives the mean double zenith distance
of the Pole, according to the assumed refraction in the
seventh column ; the eighth is the correction of the assumed
refraction by the factor found ,02845, which is applied
to the seventh column, and gives the true double zenith dis-
tance of the Pole in the ninth, the half of which is the cor-
rected co-latitude in the tenth column. Itappears that so far as
9 Ursae majoris, the sum or difference of the zenith distances in
the seventh column are sufficiently uniform to be used for the
correéﬁor;i of the refraction. Ithen proceed to compare the first
thirteen stars, where the zenith distance below the Pole is less
than 6oe, thh the twenty-one. following. From the former
thirteen, the mean of the seventh column is 77° ¢ 537, 0908 ;
and the mean sum of the refractions in the. fifth column is
94,'9377 5 from the latter twenty-one the means of the same

columns pre 77° 50, 5248 a_nd\185,"1 857 The difference



Tasre L. Circumpolar Stars

Sfor the Refraction, reduce:

21 Comected | Coms. Sum Mean Sum : ! Sum or dif. Co -
2z Zenith Refrac- or Zenith or 224 eftrae Latitude.
Star i distance. tion, difference. dustance. difference. |~ l Zen dis

e zw o 4 ! ' :;__ﬁ._ “ Lo _9__r . RN 4 4
PR B I R R LR R e
il It EIANr B ool Db rrcd IR TECH E1abre T2 177 5 5230 | 261|775 sa9n| 38 31 570
Polaris. :i ig ﬁ; Zgﬁz g ii’;gi 1 29,67 43}2 ‘{;’ ;t’;g 77 3 §3:79.] 2556 ; 773 56,351 38 31 58,
24 Ursis e e jf;‘;f A e | 1 ;: jj,jé:fg' 77 3 5333 | 258 | 773 55,01 | 38 31 57
f,,f{,:j,;” 7 3555 e gfj: 1o | 30 5‘; 53:2‘2' 773 5313 | 259177 3 5572 | 38 31 578
S T R A B R LA B
o Cephei. | S| 33 4 10S0) 0 3BT | 1 g0y |33 48 42T 97 5 5389 | 257775 5646 38 31 58
Ciwelop- [ 70132 5SS B0] sy |35 3 45|77 52| 265|773 558 58 5 57
s Urse | 14 el RS I RLE BH gi’;’f 773 s32r| 2,67 | 77 3 55,88 | 38 31 575
Sivor | 5|51 53 3505 ]% 1e| 1 398 |3 5 Aves |77 3 53,35 | 284|773 5619 38 31 58«
G I T RIS et vl IR B 00|77 5 5334 | 287|775 561 | 38 3t 58
Vi | a|A 3 R R vasss |35 3 LN |77 5 526 oo |77 5 55,26 38 31 57
Yrem | s kel ahIs | s |25 3 iaos| 773 5207 | ser| 773 5578 38 51 ST
T HEE R I R I L L
Dracon. | 3|53 8 SR L g [3337 25| 175 suss | w69| 77 5 ssae 38 51 s
R T R T R B
» Dracon. 22 56 ;2 ;Z?ﬂg;?fg 2 2045 | 45 ;z ;:% 77 3_52,36 402 77‘3~56z'38 3?;'\3‘{ 58
$ Dracon. [ 33| 67 gi;%;gg : Zg%g 2 3723 | 60 3% sgjgj 773 51,32 | 448|773 55580 | 38 31 ;7
2Ly, | 2] h 3 RS TR s s o) 3 00|77 3 500 | e8| 775 sere ] 58t 57
O ] 2 alS it e |5 5 [0 s[5 some] e 3
8 Cassiop. 2; 72 ii %g:gz ‘2 3?1?2 2 41,95 172% 4%;:_” 77‘ 351,86 | 4,61 77 3,,56,>50 38 31 58,
S ] ] e R L e

o | 218 B aRSE|S ez sen |3 3 R s g w7 s

ol R THE | EE ER I ETEIr b
w Persei. | 1013 2223;9 5 g;?g 3 775 |3 35 4§:;§ 77 3 5567 | 534 |77 3 5601 | 38 31 5




reduced to fhe mean

W Distance on the First of January, 1807,

[To face

SO N A oral I =l Bl B R B I

Star. ° distance. tion. | difference. distance. difference. Zer. dis, La
31 57,61 7‘,,_?5;? DY IEDTAR Eor ol DA S I TR LR fs irea 773 507 556177 5 5573 | 38 3
31 5745y ¢ Auriga. | 2 2 AT 33010 Qe IERERE i/ 4‘2’; 77.3 48361 549 177 3 53,85 | 38 2
31 58,17/ 8 Cassiop. [ 101 % 39 22;33 ; Gag| 31956 |2 32 sogs | 773 48871 568177 5 su55| 38 3
31 5795 IBootis. | 304 10 P70 Bat] gy usgn |8 K0 A 00 s Sous | 646 |77 5 56,9t 35
315786 y Persei, | 71 TR0 20RO L2 5 g608 |1 M0 200 0y 5 w0ty | 67|77 5 sses | s
3t 588 smgjr;f 5l st s 4223 3438 |0 F 33R8 1773 4885 [ 65 |75 sseol 5 s
3t 58,23 8 Deacon. | 33| @ 57 53;2’? © 0% ssmar |2 S0 3532197 5 w98 | 66 177 3 55,691 38 3
31 57,64 v Dracon. | 53| 8 2 573710 293 4 795 |0 2304|775 4954 | 105 |77 3 s6ss ] 38 3
3t spoy) nonE |STL LAl NET] 0 bas| e 2ese |y 1 TR 7 5 e8| pee |77 5 601 a8
31 58,00 « Persei. f‘; 7; :? igigg 40.42:32 ;444,60 7; ;: l;j;g 77 3 43,711 8,09 177 3 56,80} 38 3
3t 58.10) 9 Persei. | '3 .3 2;‘3?3 0 oTeals w8 gl 230e177 3 4828|867 (77 5 56,95 38 3
31 57,63) 7 Herculis. | 5 | g4 40 W02 8 4716 annp |k 4L IR0 0y 5 4708 10,56) 77 5 5804 ] 38 3
31 57:89) Capella. | 341 5 49 4574 2 ;:g; Guzzg | g3 B2 17 s 4nrn | 1naa| 77 3 5905 38 3
31 s8oal VSR t] 5 55 0950 0 S5y a8y |53 33 B gy 5 4766 | 1206|775 sor2 ] 58 3
31 5767 gaurigs. | 9|53 33 18850 G50l anss |03 2030 0 s segy Laae] 77 5 sest| 38 3
31 57,84] « Cygoi. 22 ,83 i; 33:% e zg’iz ‘ 8 16,60 8“;’ zg ’g’gg 77 3 46,56 1 141377 4 0,69| 38 3
31 58190 ?ngfff | 2id % 2::% 5 g;?; 8 58,03 §h 3 gg;gi 77 3 48871533 77 4 420] 38 3
31 '5_7:“,99 : Aurige. | *] si?g? 3835 1 o ,?;’Z 9 944 | gl 3] g;’;§2 77 3 46,68 1 15.63| 77 4 2,31 38 3
315736 ’&SJE’” - 2 sf i%ig;ft?l 1?1% 118,59 s? §§ ﬂ’,gi 77 3 57,79 [ 19:02] 77 4 16,81 { 38 3
3 sBool K | e amas | 1 3o |58 O T 77 5 5585 | 1964|774 1540 38 3
3 58,25y Androm. 2 e o i s aess |10 St 7 4 e anas| 77 4 2436 58 3
31 ;’8,67 ;3 Bootis.. 2;;’ ’13 ;g:;g 1‘;"3;?; | 14 50,15 ;;; ;i 22’,?3 77 4 1,89 25,331 77 4 27.22) 38 3
31 58,13 nAurigée; 11, g‘;%;;;’;g ‘los‘x;:gg 14 52,22 %; ';: ﬁ:ég 77 3 53451 25:38) 77 4 18,831 38 3
31 s7.99) LAurige | 910 41 A4 91090 as g | g0 K 1533 g7 5 soi09 | 26.94| 77 4 1703 | 38 5
31 58,00 8 Persei. ‘lé é; If 2';32 1?3;2;2 18 13,44 é; igigig; 77 3 54,08 3611 77 4 2579 38 3



7

Ts face pege 192,

——

!

~

P

>} 38 31 57.90

i1 38 21 58,35

Co-
Latitude.

! o ’ v

38 31 57,86

38 21 56,02

38 31 57,27
38 31 58,45
38 31 57,60
38 31 §57.84

28 31 58,29

38 31 58,40

R

~a

38 31 58,47
38 31 59,02

38 31 59,57

S MRS I Ml IR s

38 31 59,86
38 31 59,75
38 32 0,34
38 32 2,10
38 32 1,15

38 32 8,40

w
[+

38 32 774
38 32 12,18
32 13,61
38 32 g1

38 32 8,51

38 32 12,89




- on Atmospherical Refraction, &e. 193

of the polar distances, divided by the difference of the sum of
the refractions, quotes ,0284485; which being increased by
unity, is the factor to be multiplied into the assumed refrac-
tion, viz. 56%". Then the mean refraction at 45° will be 56,"5

% 1,02845 == 58,"10%7g4: the co-latitude
- 77° 8 53,0998 + 94,9377 % 102845 __ 580 84/ sm
> 1" 57,897
and the latitude = 51 28 2,103,

which will be found the same, from the mean of the corrected
co-latitudes in the tenth column, as given by the above thirty-
four stars.

I have made these deductions from the fixed stars onlys
and therefore it will be required to compare the result with
the sun at the solstices. I have preferred the former, from
the greater number of observations to be so obtained, as well
as from the more accurate bisection of a star, than the appli-
cation of a wire to the limb of the sun; I have, however, en-
deavoured to render the observations of the sun, of equal con-
sequence, by means of two fixed, and one moveable wire;
the latter measures a space to one of the fixed wires, distant
29 45,74 from the other, the sum of which is the diameter;
the sun passing at the same time through the centre of the
field. These wires are applied to the upper and lower limbs-
of the sun, by direct vision, the eye glass having a vertical, as
well as a horizontal motion. The centre of the sun is found,,
knowing the distance of the extreme fixed wires, from that
in the centre of the field ; but the refraction must be applied
for each limb, the difference of refraction at the winter sol-
stice being 8”; therefore this diminution of the diameter must
be noticed. The few opportunities I have had to observe the:
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solstices, have produced only eighteen observations at the
summer, and thirteen at the winter, solstice. The proof re-
sulting from this small number is, however, satisfactory ;
these being reduced to the same period, 1st January, 1807,
are as follow:
App. zen, dis. Refraction. Correct.  True zen. dis

sum. sols. 2%° 59’ 83,00 o 29,83 4 085 28° o 8,68
winter do. %4 52 24,16 g 26,34 552 7455 56,02

102 56 440

Latitude 51 28 2,35

The mean obliquity of the ecliptic for the same period will be
74 55 56,/02
28 o 8,68

48 55 47.84

28 27 53,07
The new solar tables state the obliquity of the ecliptic for
18c0 at 2g° 27’ 57", and taking the decrease at half a second
per annum, shews the above result to be very near the
truth.

I shall now compare the observations of Lieut. Col. MubpGE,
made at the Royal Observatory in 1802, with his zenith
sector, to ascertain the difference of latitude between that
place and my cbservatory : the following stars being reduced
to the same epoch 29 45, 46, 51, Draconis ; «, 1, Cygni; v, 1,
Ursae majoris ; 1, Herculls, and Capella. The mean difference
of the zenith distances of these stars, and my own observa-
tions, s g5,"49; which being added to my latitude, shews
the latitude of the Royal Observatory to be j51° 28 87,"59;
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and this subtense of the arc agrees very nearly with that of
y Draconis, by Dr. MaskeLyNE, which he has communicated
to me, being g5,"31. Several of those made by Lieut. Col.
MupeE were single observations, with the zenith sector in
one position only, and therefore were reduced by the mean
collimation, found from the other stars; but the result shews
the accuracy of his observations. The latitude of Greenwich,
when corrected from the mean of circular instruments, as
proposed by Mr. Poxp, and by the refraction for the excess
of 57", will not differ more than half a second, from the above:
determination. '

Having found by this hypothesis, the mean astronomical
refraction at 45° I shall proceed to compare the same, with
the observations of other astronomers. M. Prazz has very
ingeniously, and with great labour, made his deduction of the
mean refraction, from the observations of Procyon, a Lyre
and Aldebaran at equal altitudes, from g8° to 8g° go’ zenith
distance, in addition to several circumpolar stars, for his latitude:
this advantage having been obtained from his instrument
moving in azimuth. The result thereof gives the mean re-
fraction at 45° == 57,"g into the formula of Dr. BRADLEY, tang.
z-—-——:;,—f:-,: which I have found, as above, 58,/107. M. Prazzi,
therefore, shews in his table of mean refractions, that at
45° = 57,3 x tang. 45°— g7 == 57,"2; which will be = 58,01
in my table. On a comparison with the present French tables,
the latter give 58,”2, at 45°, which is in excess of my own.
The formula of M. pE LA Pracs, as givenin his Mecanique
Celeste, which is very elaborate and ingenious, being applied
to a constant quantity, 60,616, as determined from obser-
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vation, will produce a table of refractions, nearly the same as
Dr. Braprey’s, though the latter is effected by a more simple
formula. M. Piazzi has shewn from his observations, that
the actual refractions, so far as 8o° from the zenith, are greater
than those assumed by Dr. BRapLEY ; and thence to the horizon,
the formula of the latter produces an excess, therefore re-
quires a reduction in the quantity. The ninth and tenth
columns of the above fifty stars, will show the same result as
that of M. Piazzr1; viz. that below 80° the assumed refraction
is greater than will be given from observation : and the mean
correction required for the four last stars, from 8%° to 89°
will be — 0,027, which he determines — o0,029. Those stars
from the zenith to 80°, I have already corrected, by assuming
a greater constant quantity ; whence it follows, that all those
equations will be plus, as compared with Dr. BRapLEY ; but this
will not happen with those at lower altitudes, since his for-
mula thence fails: and it is the correction thereof, which I
shall next proceed to investigate.

This problem of the mean refractions, so important to prac-
tical astronomy, which has occupied the attention of many
mathematicians, has always had in view, to reconcile the
known laws of the refraction of a ray of light passing through
different media, with the actual quantity deduced from observa-
tion. The investigations of various authors are given inthefirst
volume of Mr. Vince’s Astronomy ; and that of Mr. Simpson,
in his Mathematical Dissertations. It has been proved, that
the refractions vary nearly as the tangents of zenith distance,
into a constant quantity; and assuming the variation directly
as the tangents, the approximation will not be sensibly affected
so far as 60"; but comparing these, with those at lower alti-
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tudes, as found from observation, it will appear that the re-
fractions vary, as the tangents of zenith distance, minus some
multiple of 7 (the refraction), which call y. Now the value
of y will be found by the formula drawn from the investigation
given at large in Mr. VINCE’s Astronomy, by comparing the
observed refraction, at different zenith distances, putting r =
refraction, @ = zenith distance of the highest star; 7’ and o' of

the lowest star: then

r % cot. @ — 1’ ¥ cot. a'
Y= o .

Applying this formula to the mean refraction of Polaris below
the pole = 49",105, compared with the corrected or observed
refraction of each of the last three stars; the mean value of
y == 8,3625. Dr.BrapLEY found by comparing the refraction
at 60° with that at go°, which he supposed gg’ 0”, the value of
y==2,996; he therefore assumed g. M.Cassini found the same
to be g,226; M. BouGUER 8,323; and Mr. StmpsoN e,75: this
difference arises from their having supposed the horizontal re-
fraction greater than it appears to be from observation. In the
dissertation of the last author, he proves, that above %° alti-
tude, it matters not whether you assume the refraction, ac-
cording as it would be found from the increased density of
the air, at the low altitudes, and which would give the refrac-
tion at go® about 52’, or by an uniform density, which agrees
better with observation ; since, in the former case, it would
only affect the refraction about two seconds.

Having thus assumed a greater value of y, than g, for the
coeflicient of 7, the mean refraction at 45° will vary inversely,

as tang. z — gr : 58”,10734 : : tang. x — yr: x . therefore,

tang. 45°—3r X 58,10734 "

x

= g 15— 7 = 58,1193.
MDCCCX. Dd
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The table of mean refractions by the proposed formula, com-
pared with the observed refraction, differs with the lowest
star, less than ¢”; but the refractions at those low altitudes
having always been found uncertain, we may presume that
the result so nearly approximates the truth, that we may not
possibly ascertain the refractions more correctly. However,
since my deduction will soon be submitted to the test of some
excellent circular instruments, it will be seen, whether more
accurate tables can be formed.

M. Bror, in the report of the National Institute, observes,
that a third correction of the refractions having been supposed
to arise from the vapours at low altitudes, and therefore an
equation might be found from the hygrometer, he was in-
duced to make some experiments with a prism containing
warm air dried by potash, the outside of which was charged
with the natural moisture of the atmosphere; but he could
discover no alteration in the refraction. He consequently in-
fers, that the hygrometrical state of the atmosphere has no
sensible effect on the refractions. Supposing an effect really
to exist, a standard hygrometer would be required; since
‘those instruments, which show the comparative state of hu-
midity or siccity of the atmosphere, give no scale of the velo-
city of the current of air which causes the change.

The mean astronomical refraction being determined in this
manner, it will be further necessary to investigate the equa-
tions for the barometer and thermometer; and I must pre-
mise, that I have always applied those for the latter, from the
temperature shewn by the thermometer attached to the tele-
scope. Some astronomers have applied the correction for the
external temperature, others for the mean of both; but I believe
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the majority have adopted the temperature within the obser-
vatory. ‘

It is to be regretted, that astronomers have not informed
us, by what methods they have deduced these corrections of
the mean refractions ; I shall therefore explain that which I
have adopted, in order that this hypothesis may be investi-
gated ; and any error therein, be the more easily detected.
‘I have taken all those stars in the table, below the Pole, from
B Urse majoris to ¢ Aurigae, both inclusive, having noticed
that those observations made in winter, when the correction
is additive, the assumed correction by Dr. BRADLEY’s formula
appears to be too great ; and this difference will be seen by the
comparison in Tables II. and III. To these I have added Fo-
malhaut, containing in the whole 210 observations. Having
determined the mean place of the star at a certain epoch, I find
the apparent place; the difference between which and the
observed place, is the apparent refraction, which call a; put
b = mean refraction, ¢ = to the correction for the barome-
ter, and w = to the correction for the thermometer: then

—_ — =W,

The following observation of « Cygni will suffice for an
example. Observed zenith distance 83° 4/’ 58”,34,; apparent
zenith distance 83° 56’ 2%7",12 ; apparent refraction 8 28,8 ;
mean refraction 8’ 7",83; barometer 30,13 ; correction by

BrRADLEY + ,01%9; thermometer within 41, without g4 : -then

3. 28",78) — b (8'.7",83) _
a( 2b7(8’.7”,8§) 783 = +4-,0480—c¢ (4,0179)=w(4-,0251)

for the thermometer within at 41, or without at g4.
Proceeding in this manner with the above 210 observations,

I obtained equations for the thermometer within, from g1 to
Dde
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7g; and for the thermometer without, from 24 to 8o. The
difference of these extremes being divided by 8, will show
the corrections for the former to every 6°, and for the latter
to every %°; and assuming that the variations are in a reci-
procal ratio to the degrees of the thermometer, I propose the
following formula. Putting % for the degree of FAHRENHEIT S

thermometer, then 49" — &° x ,0024, when below the mean ;
49° — I x ,0023, when above the mean; will be the correction

for the thermometer within; and E?_:'i? % ,0021, the cor-
rection for the thermometer without. The Tables II. and III.
show the near agreement of the observed and the equated
factor, found as above. The barometer at its mean state may
continue to be taken at 29,6 inches; and the mean point of
the thermometer without, will then be at 45°. The thermo-
meter within, which has been assumed at 50° for the mean
state, from observation, appears to be at 49°; and supposing the
barometer and thermometer to vary reciprocally, as the for-
mer in inches and the latter in degrees, the mean point of
each is in an inverse ratio to the other, and might be changed
if thought expedient. Indeed it appears from the mean of
more than 1000 observations of these circumpolar stars, at
all seasons, that the mean state of the barometer is 29,85,
and of the thermometer 52°; yet, as the sum of the tWo cor-
rections would still be the same, there cannot be occasion to
alter the mean point of the former, especially as this might
not be a general rule for every climate. It has very rarely
happened, that I could make any observation, when the baro-
meter has been below 29 inches, which causes the mean state
to be so high as 29,85; but it may be otherwise in places,
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where the atmosphere is not so charged with vapours, as that
of this country. |

I have, in the Table IV. shewn the mean refractions, ac-
cording to various authors ; the first column contains those of
Mr. SimpsoN, from the observations of Dr. BEvis; the second,

those of Dr. BRapLEY, by his formula, tang.z — gr x 57"; but
this quantity having been found, from later observations, to
have been too small; the third column contains the same
formula, into 58”,10%7; yet the refractions, at low altitudes,
will be found too great, and this excess has been corrected
by M. Piazzi, using arbitrary equations, which will bring
them nearer to the truth, as shown in the fourth column.
The more uniform correction of the whole will be, as I have
proposed in the above theorem, by increasing the coefficient
of r; a corollary from which will be drawn, that the incre- -
ment of the tangents near the horizon will cause the equa-
tions of M. P1azzi to vanish. The fifth column contains the
refractions ‘of the French tables; and the sixth, my own ; viz.

tang. ¥ — g,36257 x 58",119¢2.

On inspection of this table, it will appear, that the refrac-
tions by different formula do not vary considerably, so far as
80°; and thence to 8~°, my deductions are rather in excess
of the French tables; below which, mine are rather less.
Whether this arises from the defect of the formula, I cannot
determine ; since the wall of Greenwich park being above
my horizon, I cannot observe lower than 881°: however, so
far as 88°, the formula I have proposed, agrees with obser-
vation.

S. GROOMBRIDGE.

Blackheath, 22 Jan. 1810,
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Factors for the correction of the Refraction, the mean result
of 210 observations.

"Thermometer within,

Thermometer without.

Bradley. | ©bserved. | Equated. Observed. | Equated.
31 |4,0499 |+.0487 |+.0436 241,046 |-+,0436
87| 0330 | ,0425| ,0295 31| <819 ,0289
48| 0178 | ,0155| ,0155 38| ,0153| ,0142
49| ,0025| ,0000| ,0014, 45| ,0007 |—,0005
54 [=—0125 |—,0182 |-—,0126 52 |—,0101 | ,0152
61| ,0275| ,0286 | ,0267% 59| ,0291| ,0299
67| ,0425| ,0444| ,0407 66| ,0420| ,0440
78| s0575| 0512 | ,0548 73| 0587 | ,0593
79| ,o725| ,0688| ,0688 8ol ,o741| ,0740

Factors for the correction of the Refraction, equated from the
mean of the above, according to the proposed formula.

Table II. Table III.
28|4-,0504 20|4-,0525
32 ,0408 25] ,0420|
36| ,031¢2 30| ,0315
40| ,0216 851 ,0210

s 441 ,0120 ‘g‘ 40| ,0105
£ 481 ,0024 S 145] ,0000
g 49 ,oogo ; 50 |—,0105
£ |52 |—,c0b9 5 |55| ,0210
E 56| ,0161 g bo| ,0315
£ 60 025 £ 65| ,0420
= 0253 =
B |64] ,0845 B |70] ,0525
63| ,0437 75| 0030
72| 50529 8o\ 0735
76| ,0621 8z ,0840
8o| ,o0713
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Table IV. The mean astronomical Refractions, according to
several Authors.

P braaley.

i o —— - < o0
p gd tang. g—3 r § é; o
g / 2 x 57" lx 58/107. | & = %
N

o ‘ / 1y l 7 i ’ 7 7 I / 173 ’ 12 ! Y] ”
10/ o g | o 1000]| 0 10,19| 0 10,2| 0 103! O 1024
20| 0 19 | 0 20,50 | O 21.10| 0 20,8 |0 21,2| O 21,13
80| € 80 | 0325010 3354| 0 3820 33.4| © 3351
40| © 44 | © 47800 45731 ¢ 48,1] 0 48,9| o 48,69
4510 52 | 0 56,90 | 0 58,00 0 57,2| 0 58,2| o 58,01
50l1 e |1 %001 gri|1 Bel1 93| 1 9,11
5511 14,5 1 21,20 1 22,77 | 1 22,4| 1 23,1 | 1 22,771
6ol 150 | 18840|14081|1998]|1 406| 1 40,29
65152 |2 1502 4,02l2 85|2 43| 2 3898
wo|l 2 23 | 2 385502 5850| 2 87,82 88,8 2 g8,41
72| 240 |2 5392 2 57,28 2 56,5| 2 576 2 57,18
7419 1 | 316704 20,44| 8 18,3\ g 206]| g 20,22
7613 27 | 845508 4979 3 47:3| 8 49.8| 8 49.44
781 4 2 | 4 2818 | 4 28.23| 4 24,3 | 4 27,9| 4 27,68
ol 4 50 | 5 14,031 5 20781 5 16,1 5 19,8 5 19,85
181 5 21 | 5 48,45 | 5 55:00| 5 47:4| 5 53:5| 5 53,74
82| 5 59 | 6 20.55| 6 386,85| 6 28,31 6 34,4 6 85,00
8316 48 | 7 20841 7 28987 19,5| 7 24,7 | 7 26,46
840 %7 49 | 8 20,418 g5.01| 8 24,9( 8 29,9| 8 31,85
18519 10 | G 52,50 10 3,181 9 4549 54.8| 9 57,27
8611 5 |11 49,77 12 1,95 (11 42,6 {11 48,3|11 52,21
87 19 44 |14 84,01 |14 48,78 |14 5,1 {14 28,1 |14 31,75
83117 48 '8 84,89 18 50,59 18 2,7 118 22,2 |18 19,19
|89 28 50 174 28,14 24 46,42 23 46,1 |24 21,2 |23 46,77
90038 © (82 5u.48 38 18,52 152 38,0133 46,3 |81 27,87
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