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ECLIPSE or toE SUN. 251

ral days before, was fo cloudy that I attempted in vain to
regulate my clock, though I watched every favourable
opportunity. On the day of the eclipfe I got it pretty
well adjufted by feveral correfponding altitudes of the fun.
About 1" p. M. the clouds gathered fo much round the
fun, that I was apprehenfive they would prevent any ob-
fervation. But being pretty much {cattered, at 1* 36" 42"
apparent time, I could very plainly perceive that the
eclipfe was juft begun. This I judged was very near the
beginning, if not exaétly fo, though it was attended with
fome uncertainty. In a few minutes the fun was wholly
covered with the clouds, and remained thus till 31", when
they began again to fcatter, and left that part of the hea-
vens in which the fun appeared, perfeétly clear. The
weather continued thus till the end of the eclipfe, which
by a good obfervation was at 3" 47 2”. Thefe obfervati-
ons were made with a refleGtor made by Nairne, magni-
fying as near as I could judge about fixty times; but as
to the guantity of the eclipfe, no obfervation could be made,
the {un being obfcured by the clouds the biggeft part of
the time.

—
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N° XXXIIL

An eafy and accurate Method of finding a true Meridian
Line, and thence the Variation of the Compals.
By ROBERT PATTERSON..

Read Apr. F the various methods which aftronomers
7 1786. employ for finding a true meridian line,
none feems fo well adapted, as could be wiihed, to the
common ufe of {urveyors, in finding the variation of the

Compafs.
To find the azimuth of the fun by a fingle obfervation
of his altitude, befides a quadrant which is neceflary {?
thi
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252 Ax EASY METHOD OF FINDING THE

this purpofe, requires the previous knowledge either of the
latitude of the place, or hour of the day, at the time of
obfervation; neither of which can, by the common ap-
paratus of a furveyor, be found with fufficient accuracy.

The fun’s azimuth may, it is true, be found without
knowing either the latitude of the place or hour of the
day, by taking equal altitudes before and after noon; but
this requires time, attention and inftruments, which fur-
veyors can but feldom command.

That method, which is perhaps the moft exa&, viz.
meafuring the time between the paffage of two ftars which
differ confiderably, in declination and but little in right
afcenfion, over the fame vertical circle, is ftill farther out
of the reach of common furveyors.

The following table of the pole ftar will, it is prefum-
ed, furnith a more eafy, and yet fufficiently accurate me=
thod of determining this problem; free from all the
above inconveniencies, and requiring no difficult calcula-
tion, nor any other inftrument than the common theodo-
lite, or circumferentor. For though the latitude of the
place fhould not be known within a whole degree, nor
the hour of the night within 2 or 3 minutes, this table,
by a fingle obfervation of the magnetic azimuth or bearing
of the pole ftar, will generally give the variation of the
needle true to a fingle minute of a degree. Nay if the ob-
fervation be made (as it may be every night) when the ftar
is near its greateft elongation, an error of 10, or even 20
minutes in time will, as is plain from the table, produce lit=
tle or no fenfible error in the azimuth, And as thefe obfer-
vations may be repeated at pleafure during the night, and
a mean of all taken, the variation may, by this means, be
found to any degree of accuracy that can be defired. Be-
fides, the needle is not at this time affeed with any di-
urnal variation; which in the day-time is very uncertain,
and frequently amounts to more than one quarter of a
degree.

The
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VARIATION or Tue COMPASS., 253

The beft inftrument for obferving the flar’s magnetic
azimuth is a theodolite, furnithed with fpirit-levels, and a
fmall telefcope with a perpendicular wire. A common
circumferentor may, however, anfwer the purpofe. When
this inftrument is ufed, a fine thread or hair muft be
firetched along from the top of one fight to that of the
other, direGtly over the center of the compafs; and the
obferver muft be very careful to place the fights perpen-
dicular to the horizon when he makes the obfervation;
for this purpofe a fmall pocket fpirit-level, in the form of
a carpenter’s {quare, would be very convenient.

By the common circumferentor we cannot, indeed, take
the bearing of an obje& with very minute accuracy ; for
though the eye can very well judge of the coincidence of
two lines, or of the point of the needle with any whole
degree on the compafs, yet the parts of a degree cannot
readily be obferved to greater exaCnefs than one third or
one fourth of the whole. This inconvenience may, how-
ever, be eafily remedied, and at a very trifling expence,
in the following manner.

Let one of the fights, by means of a fcrew, be made
movable at right angles to the index ; and on the end of
the index, clofe to the movable fight, fet off, on each fide
of the central line, the tangent of three degrees to a radius
equal to the whole length of the index, or diftance between
the two fights. Let each of thefe degrees be divided into
fix equal parts; then will a nonius divifion on the fight,
where ten equal parts muft correfpond with eleven on the
index, {ubdivide thefe parts into minutes of a degree.

It will be unneceflary to make the fight move in the
arch of a circle, the difference between this and the tan-
gent, in fo fmall an arch, being quite imperceptible. With
this fimple improvement the common circumferentor will
take the bearing of an obje&t true to a minute, thus: Let
the end of the needle be made exactly to coincide with the

Kk neareft
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254 AN EASY METHOD or FINDING THE

neareft whole degree, then move the fcrew till the object
appears in the diretion of the fights, and the nonius on
the movable fight will point out the odd minutes.

Explanation and Ufe of the T ABLE.

The left hand double column of the table contains the
time before the ftar’s paflage over the meridian above the
pole, for every twenty minutes of its whole diurnal circuit.
The firft column, under each particular latitude, fhews
the azimuth of the ftar at thefe times, refpectively, in de-
grees, minutes and tenths of a minute. The fecond co-
lumn fhews the difference of azimuth in every twenty
minutes of intermediate time, in minutes and tenths.

To find the true azimuth of the ftar in any latitude, at
any given time.

From the ftar’s right afcenfion, viz. o* 49, increafed by
24" if neceflary, fubtra& the right afcenfion of the fun
computed to the time of the ftar’s paflage over the meri-
dian, above the pole, nearly, the remainder will be the
time of faid paflage, reckoned from noon. From which,
increafed by 24" if neceffary, fubtra& the time of the ob-
fervation, reckoned alfo from noon, the remainder will
fhew the time before the ftar comes to the faid meridian.
Look for this time in the left hand column of the table,
oppofite to which in the column of azimuth, under the
proper latitude, you will have the true azimuth of the ftar
at that time.

If the time before the ftar comes to the meridian be lefs
than 12 hours, its azimuth will be eafterly ; but if more
than 12 hours, its azimuth will be wefterly.

If the magnetic azimuth, and the true azimuth at the
time of the obfervation, be both eafterly or both wefterly,
their difference will be the variation of the needle. But
if one be eafterly and the other weflerly, their fum will

be
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VARIATION or Tue COMPASS. 255

be the variation. And if the magnetic be to the weftward
of the true azimuth, the variation will be wefterly ; butif
to the eaftward, the variation will be eafterly.

If the time before the ftar’s paflage over the meridian
be fome intermediate minute, or the latitude of the place
fome intermediate degree, not found in the table, a pro-
portional intermediate azimuth, by means of the differ-
ences, muft be taken.

The right afcenfion of the pole ftar annually increafes
10 feconds of time, and its polar diftance decreafes 20 fe-
conds of a degree, therefore to its prefent right afcenfion
(in 178%,) viz. 0" 49™, muft be added one mmute every
year; and from its prefent polar diftance (1° 50'.5) one
minute muft be {ubtra&ed, and a proportional part from
all the numbers in the columns of azimuth, every three
years. The effet of aberration and nutation may be
fafely neglected; as the error arifing from thefe caufes
can never amount to more than half a minute of a degree
in azimuth.

In computing the fun’s right afcenfion to the time of
the ftar’s paflage over the meridian nearly, the following
little table will be ufeful.

Kka TABLE.
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T A B L E

Time, Star paﬁesl Meridian
nearly at

April 2 Noon

19 11 A. M.
May 5 10

20 9
June 4 8

18 7
July 3|6

17 5
Auguft 2 4

17 3
September 3 2

19 {
O&ober 6 Midnight

22 11 P. M.
November 6 1o

21 9
December 5 8

19 7
January 1 6

15 5

29 4
February 13 3
March I 2

17 1

ExampLEL
Suppofe on the 12th of September 1785, at 8 o’clock
in the evening, in the latitude of 40° N. the magnetic
azimuth of the pole-ftar had been obferved to be o° 38’
eafterly ; required the variation of the needle at the time

and place of obfervation.
Star’s
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VARIATION or Tue COMPASS. 237

Star’s R. A. increafed by 24 hours, - 24 49
Sun’s R. A. computed to 1" A. m. (taken

from the nautical almanac, or any other

table of the fun’s R. A.) fubtra& - 11 2§

True time of ftar’s paflage over meridian,
reckoned from noon, - - 13 24
Hour of the night {ubtra&, - - S o

Time before ftar’s paflage, - - 5 24

Which correfponds to true azimuth, 2° 23 E.
Magnetic azimuth, - - o 38 E.

Variation of the needle, - 1 45 W.

Examrere IL

In the latitude of about 32° north, on the 4th of July
1785, at 48 minutes after 12 o’clock at night, fuppofe the
magnetic azimuth of the pole ftar, to be 2° 40 eaft; re-
quired the variation of the needle.

H M
Star’s R. A. + 24" - - - 24 49
Sun’s R. A. - - - - 6 54
Time of ftar’s pafling meridian, - 17 5§
Time of obfervation, - - - 10 48
Time before ftar comes to meridian, = 7 7
‘Which correfponds to true azimuth, 2° 4 E.,
Magnetic azimuth, - - 2 40 E.
Variation, - - o 38 E.

Ex-
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Examrre IIL

Latitude of the place 42° north, time of obfervation,
January 17th 1785, at 2" 40™ A. M. Magnetic azi-
muth, 1° §' eafterly.

H. M.
Star’s R, A. + 24" - - - 24 49
Sun’s R. A. - - - - 20 1

Time of ftar’s pafling the meridian, - 4 48
24

28 48
Time of obfervation reckoned from noon, 14 40

Time before ftar comes to meridian, - 14 8

Correfponding to true azimuth, 1° 16 W,
Magnetic azimuth, - - 1 sE

Variation, - - - 2 21 E.

A TABLE

This content downloaded from
184.23.227.251 on Sun, 22 Nov 2020 16:08:12 UTC
All use subject to https://about.jstor.org/terms



VARIATION or Tue COMPASS.

259

A TasLe of the Azimuth of the Pole-ftar for every 20
Minutes of its diurnal Motion round the Pole.

| Latitude 3o¢|Latittde 35| Latitude 40° Latitude45° |Latitude 50° [Latitude §5°
! i )
Timebeforethe} & ) S, 1.+ . I ENONS o
far comes to | 55 F E S 52 53
(themeridiana-l w2 g 5 ||| 58 | 58 | |56l | E
bove the pole. | & alla a1l e Atz als a2 |5
H. M. H. Mo ! r o v i o ¢ 1 o v 1o 4 ;o
o «cl24 oo oo o 0.0 o ©.0 o 0.0 o 0.0 o 0.0
ac|23 40| 1r3[fT3 [ 12012 O 12,9 1"‘% 14.1|M T pg6(18:6 L 17,6
40| 20| 22.6/"03] 240 'Y 25.7|T*C] 28.0['39) 31.0{"54| 350
ILI | I1.5 p 12.6° 13.7‘{ 7 15.2
I o o 337 357 38.3 47| | 462 S22
20022 4o as4lio 7| 47213 s0.8|1%3f ssx|134n 1o 1481 78
20 20 54.8]7%4| 8.2/ Ot Ta.s|TTOr T80\ %9 15.3 [*43] 249
. 10.0 Y 10.6 5 11.3] 12.3 5 '13.6
2 O ol 4. 1 8. 13. i 20.3 28.9 . 40.3
2021 40| 14.3 %5 18.8 OO0 2.7 ;ggi 32.1 i;'g 41.8-.;:"?) I 54.8:
a0l 20| 23.2] %9 28.a] P4 34.7/"°°f 4309 53.87*°|2 8.3 !
8.2 8.8 9.3 ; 10.1 1.2 Y
o of 31.4 37.0 44.0 53.1 2 5.0 | 20,
3 2020 40| 39:0 2‘6 i 44.8 7‘? 52.5 gé lz 2.2 g; 15.0 Io.g l 32.0
40| 2o as.7| 7| spg| 7'Ml Too| 75| 10.4] S| 24.0] 9°l 42,0,
215013 6.3 P 6.7 - 72—t 7.7 )
4 o o SI. t 582 -7 . 3L7 50.7°
2019 40| 56.6 5'? 2 3.4 520 122 ig 23.6 Z; | 383 62 I 58.0,
40 acfa Tog| AT 7 43 16 28.5| 49| a3.7] 54li3 4.6
3 31 3.3 . 3-6i ~137 40 = |
5 o© o 3 11.0 20.3 32 47.7 ' .2
2018 40| 6.0 i"' 13.3 :'3 22.7 ;"4 34.7 i'5 50.3 :'6 borrg
20 ac) 7.3 B3| 17| T4 240 T3] z6x| T4 spn]| T4 | 12.6
; | o
6 o of 7.6 14.8 24.2 1 36.2 51.8 12.5 !
‘ .7 .6 9 1.0 I.I '
20{t7 40} 6. 14.2 23.3 1 352 50.7 ‘ 11.0
40 7 20 5.2 L7L 1] MOl 213 ”'O:' 3z.0f *2fl 282 5|l 81
2.5 2.8 p 3.0 " 3.3 3.9 | 5
7 © of 2.7 9.5 18.3) , 9-7] 4. 44.3 3.
20\16 40l s9.2| 33| 57 3‘§ 14.2 gé: 25.2 ;g 39.4| £912 58.2
4 20 s4.7| 435 il 4 9.2| 5N 1971 S| 33.2] 3| 312
. 5.1 5.6 6.0‘ 6.5 2 7.1
8 cf 49.6 I 55.5 32 1 132 26.1 | 43.0
2015 40f 43.4 gg 49.1 g‘; I 56.3 gg sl B3 177 g‘; | 337
40 208 30. : 41.81 7* 48.7 1 5724 O 8.5 i 233
7.5 7.9 8.5 3 9.2 3 ‘Io.z 5
c of 291 33.9 g0.2) o 1 48c 1 58.3 . § 3
? 2014 40] 20.9 278' 252 8‘; 30.8 g; 38.1 gg 47.3’,-:;‘; iz 59.7
40, 2c) r2.a{ * 16.0| 9%l 20,9 27.3 356 46.5
9.3 . 9.8 10.4 —8— II1.3 ‘12.4
10 ¢ & 2.8 V2 10.§ 16.cf ol 232 32.7
9.7 10.3 11.0 S 16,1129 H
2c|13 4¢]> 534 lo 559 > 595 (11, s 1930154l 182
o 2| 29 27 o7 48 afs s1olt23'l5 56,9134 3.3
J 10.§ 11.0 - I1.7 12.7 14.0
1 ¢ o| 32.4 34.2 36.4 39.2 | 42.9 0 47.7
2citz 40| 21.7 :g'g 22.9 ::i 24.4 i:g 26.3 :;’g §8.7 ;:; ;Igz.o
c 20{ 10. D B ¢ 1 12,2 13.2).9° 4.4 . L
12 4c o] o.g 0.9 | o35l oof'2] ool Toof*4| oo

4.5
14.9
15.6
157

15.9
16.1

This content downloaded from
184.23.227.251 on Sun, 22 Nov 2020 16:08:12 UTC
All use subject to https://about.jstor.org/terms



	Contents
	p. 251
	p. 252
	p. 253
	p. 254
	p. 255
	p. 256
	p. 257
	p. 258
	p. 259

	Issue Table of Contents
	Transactions of the American Philosophical Society, Vol. 2 (1786) pp. i-xxxii+1-397
	Front Matter [pp. i-xxxii]
	Advertisement [pp. iii-iv]
	Laws and Regulations of the American Philosophical Society, Held at Philadelphia, for Promoting Useful Knowledge [pp. v-x]
	An Act for Incorporating the American Philosophical Society, Held at Philadelphia, for Promoting Useful Knowledge [pp. xi-xvi]
	A Law to Encrease the Annual Subscriptions of the Members of the American Philosophical Society Held at Philadelphia for Promoting Useful Knowledge, and Also to Encrease the Deposites of Newly Elected Members on Their Admission into the Said Society [pp. xvii-xviii]
	Extracts from the Minutes of the American Philosophical Society, Respecting a Donation Proposed by Mr. J. H. de Magellan, of London [pp. xix-xxii]
	A Letter from Dr. B. Franklin, to Dr. Ingenhausz, Physician to the Emperor, at Vienna, on the Causes and Cure of Smokey Chimneys [pp. 1-36]
	Explanation of an Optical Deception [pp. 37-42]
	Description of the White Mountains in New-Hampshire [pp. 42-49]
	Description of a Remarkable Rock and Cascade, near the Western Side of the Youghiogeny River [pp. 50-51]
	Letter to Mr. Nairne, of London, from Dr. Franklin, Proposing a Slowly Sensible Hygrometer for Certain Purposes [pp. 51-56]
	Description of a New Stove for Burning of Pitcoal, and Consuming All Its Smoke, by Dr. Franklin [pp. 57-74]
	A Theory of Lightening and Thunder Storms, by Andrew Oliver, Esq. of Salem, in the State of Massachusetts [pp. 74-101]
	Theory of Water Spouts [pp. 101-117]
	Experiments on Evaporation, and Meteorological Observations Made at Bradfield in New-England [pp. 118-141]
	A Letter from J. Madison, Esq. to Dr. Rittenhouse, Esq. Containing Meteorological Observations [pp. 141-158]
	Description of a Machine for Measuring a Ship's Way through the Sea, by F. Hopkinson, Esq. [pp. 159-166]
	Account of an Electrical Eel, or the Torpedo of Surinam [pp. 166-169]
	Observations on the Numb Fish, or Torporific Eel [pp. 170-173]
	A Letter to David Rittenhouse, Esq. from John Page, Esq. From David Rittenhouse, Esq. to John Page, Esq. Concerning a Remarkable Meteor Seen in Virginia and Pennsylvania [pp. 173-176]
	Description of the Grotto at Swatara, by the Rev. Peter Miller, of Ephrata; Communicated by William Barton, Esq. [pp. 177-178]
	An Account of Some Experiments on Magnetism, in a Letter to John Page, Esq. at Williamsburg, from Mr. Rittenhouse [pp. 178-181]
	New Method of Placing a Meridian Mark, in a Letter to the Rev. Dr. Ewing, Provost of the University [pp. 181-183]
	Account of a Worm in a Horse's Eye [pp. 183-185]
	An Improved Method of Quilling a Harpsichord, by F. Hopkinson, Esq. [pp. 185-194]
	Observations on a Comet Lately Discovered; Communicated by David Rittenhouse, Esq. [pp. 195]
	Extract of a Letter from the Rev. Jeremy Belknap, Containing Observations on the Aurora Borealis [pp. 196-197]
	A Letter from J. Madison, Esq. to D. Rittenhouse, Esq. Containing Experiments and Observations upon What Are Commonly Called the Sweet Springs [pp. 197-199]
	A Letter from the Rev. Jeremy Belknap, on the Preserving of Parsnips by Drying [pp. 199-200]
	An Optical Problem, Proposed by Mr. Hopkinson, and Solved by Mr. Rittenhouse [pp. 201-206]
	An Enquiry into the Cause of the Increase of Bilious and Intermitting Fevers in Pennsylvania, with Hints for Preventing Them [pp. 206-212]
	An Account of the Late Dr. Hugh Martin's Cancer Powder, with Brief Observations on Cancers [pp. 212-217]
	Mayeri Observationes Astronomica [pp. 217-225]
	Observations on the Cause and Cure of the Tetanus [pp. 225-231]
	Letter concerning Chimneys, Addressed to His Excellency Benjamin Franklin, Esq. L. L. D. President of the State of Pennsylvania, and of the American Philosophical Society, &c. [pp. 231-235]
	Observations on the Annual Passage of Herrings [pp. 236-239]
	Observations on a Solar and a Lunar Eclipse, Communicated to the Society by M. M. de Grauchain, Major General of the French Squadron [pp. 239-246]
	An Account of the Transit of Venus over the Sun, June 3d, 1769, as Observed at Newbury, in Massachusetts [pp. 246-251]
	An Easy and Accurate Method of Finding a True Meridian Line, and Thence the Variation of the Compass [pp. 251-259]
	Astronomical Observations, Communicated by Mr. Rittenhouse [pp. 260-263]
	A Letter from Mr. Otto, to Dr. Franklin, with a Memoir on the Discovery of America [pp. 263-284]
	The Antiseptic Virtues of Vegetable Acid and Marine Salt Combined, in Various Disorders Accompanied with Putridity; Communicated in a Letter to John Morgan, M. D. F. R. S. and Professor of the Theory and Practice of Physic at Philadelphia [pp. 284-289]
	Medical History of the Cortex Ruber, or Red Bark; Communicated to John Morgan, M. D. Professor of the Theory and Practice of Physic at Philadelphia, and F. R. S. London, &c. [pp. 289-293]
	A Letter from Dr. Benjamin Franklin, to Mr. Alphonsus le Roy, Member of Several Academies, at Paris. Containing Sundry Maritime Observations [pp. 294-329]
	Account of Two Hearts Found in One Partridge [pp. 330-335]
	Conjectures concerning Wind and Water Spouts, Tornados and Hurricanes. Communicated by Dr. John Perkins, of Boston, to John Morgan, M. D. &c. &c. [pp. 335-347]
	The Whole Process of the Silk Worm, from the Egg to the Cocon; Communicated to Dr. John Morgan, Physician at Philadelphia, in two Letters from Messrs Hare and Skinner, Silk Merchants. in London, July 27, 1774, and February 24, 1775 [pp. 347-366]
	The Art of Making Anatomical Preparations by Corrosion [pp. 366-383]
	Of a Living Snake in a Living Horse's Eye, and of Other Unusual Productions of Animals [pp. 383-391]
	Some Account of a Motley Coloured, or Pye Negro Girl and Mulatto Boy, Exhibited before the Society in the Month of May, 1784, for Their Examination, by Dr. John Morgan, from the History Given of Them by Their Owner Mons. Le Vallois, Dentist of the King of France at Guadaloupe in the West Indies [pp. 392-395]
	Extract of a Letter from Bernard Romans, of Pensacola, Dated August 20, 1773, on an Improved Sea-Compass [pp. 396-397]
	Presents Made to the American Philosophical Society, since Its Revival and Incorporation in 1780, with the Names of the Donors [pp. -]



