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T O T H E

R E A D E R .
f| л He following 'fables of the Lunar Motions

JL were atßtß calculated purely for my o-wn
private Ufe; but being informed by federal Friends
•who are more converfant in Books tban my /è/f,

*-J ' О . ! _ . / . / ./

They are conflruSledfrom .SVr Ifaac Newton'j T^-'
cry, oi publifoed by Dr. Gregory /я AM Aßronomy ;
öW though I find, by comparing them with Obfer-
•vations, that the Newtonian Numbers are a little
deficient, they will ( at le aß) have this Ufe, thai

fuch Perfons as deßre farther to rectify the Lunar
Aßronomy, may by being ajjißed with Tables al-
ready framed fron nearly true Numbers, be bet-
ter enabled to compare thoje Numbers with Obfer-
vations, and by that means obtain Numbers ßill
more exaSl.

Inßjewing the Ufe of the Tables, I have infert-
ed a new Method ofcotnputing Eclipfes of the Sun,
as they are feenfrom a given P lace upon the Earth1 s
Surface; wherein I have endeavoured to clear that
Part of Aßronomy from the Imputation o/'Want
of Geometry, to which, notwithßanding the great
Improvements of Kepler, Flamfteed and others, it-
has hitherto been liable.
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A Table of Right Afcenfions.
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A Table of Right Afcenfwn^
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A Table of Right Afcenfiom.
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A 'fable of Right Afienßons.
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Subßrafi from the apparent.
Tbc true Place of the Sun.
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Equation of Time. 7
Suißraiifiom the apparent.

The mean Anomaly of the Sun.
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8 A Table of the Sun's mean Motions.
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3.10.53-3°
3.11.14.30
3.12.59.30
Мот. Лрор.

S G ' ^

0. 0.21. 0

о. 0.42. о
о. ï. з- °
О. 1.24- О

о. I-45- °
о. з-3°' °
о- 5-15- °
о. 7- о. с

о. 8^45- °
0.10.30. о
0.12. 15- 0

0.14- о. о

0.15.45. °
0.17.3°- °
ï. 5- °- о
1.22.30. о
2.Ю. О. О

2.27.3°. °
3.15. °- с

f
ï
2

3
4
5
6
7
8

9
10

il
12

13
14
15
l6

'7
18
J9
20

mean Adot. 0
S O ' I I

11.29.45.40
11.29.3 1.2-
11.251.17. о
o. o. i .49

11.29.47.29
11.29.33. 9
11.29.18.49
о. о. 3.38

1 1.29.49. z8
11.29.34.58
11.29.20.38
o. o. 5.26

11.29.51. 7
11.29.36.47
11.29.22.27
о. о. 7.15

11.29.52.55
11.29.38.35
11.29.24.16
o. o. 9. 4

Months
common

Jatiua.
Februa.
March
April

faay
June

J»'y
jHgHft

Septem.
Oaober
Novtm
Decem.

Mot^îp
I if

l.
2.

3-
4.
5.6.
7-
8.

9-
IO.

1 1.
12.

Ч-

Ч-
»5-
1 6.
Т 7 -
i8.
19.
21.

mean AÍ ot. 0
S 0 ' tf

о. о. о. о
i. 0.33-iS
1.28. 9. u
2.28.42.30
3-28.16.40
4.28.49.58
5.28.24. 8
6.28.57.26

7.29.30-44
8.29. 4-54
9-*9-38-12

10.29.12.^1

3
б
9

12

"Î5
i8
21

£1
27

3°
32зб
39
42,

45
48

51
54
57

о
ар.
ч

о

5
ю
i6
21

гб

31
37
4*
47
5*
58

In Leap-Tear after Febru-
ary, add one Day, and
one Day's Motion.
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A 1'able of the Sun's mean Motions. 9

t-
I
2

3:
4

6

l
9

IO

n
12

*3

Ч
T5
i6
17
18
19
20

21

22

23
24

25
20
27
28

29

3°
31

32

'мели Mot. ©
s o ' w

о, о. 59- 8
0; J. 58. 17

о. 2,57-25
о^ 3^56-33
о- 4- 55- 42
о- 5-54-5°
°- *. 53- 58

°- 7 - 5 3 - 7
о. 8. 52, * 5
о. 9-5ь23
0. IO. 5О. 3-2

о. ïi.49-4o

о. 12.48.48
о. I3-47-57
о. 14-47-11
о. 15- 46- 13
о. 16.45-22
0.17.44-3°
0.18,43- З8

0.19.42-47
ь. .'20.41. 55Í
0.2 1.41- 3
0.22.40. ia
0.23.39-20
о. 24. з8- 28
°- 25-37-37
:о. 20. з^- 45
0.27-35-53
о. 28. 35- 2
0.̂ 29- 34- зо

ï. о. 33- l8

ï. ï. 32- 27

• f .
i
if
i
2

3
4

1
í
9

IO

II
12

13
Ï4

*5
le
17

19
2O

21
22

23
24
25
20

27
28

29

30

mean M ©
о ' »
l ir ni

n Hl tv

О. 2. 28

о. 4.56
o. j. 24
о. 9.51
p. 12. 19

0.14.47

°. i7- 15
0.19.43
0. 22. II.

о. 24. 38
о. 27. 6
о. 29. 34
0.32. 2

o-34-3°'
о. Зб- 58

о. 39- 20
0-4I-53
о. 44- 2 1
о. 4°. 49
о. 49- 17
o.5 J-45
о. 54- 13
о. 56. 4°
о. 59- 8
ï. 1.36
ï. 4- 4
I. 6. 32

ï. 9- °
I. II. 28

ï - 1 3 - 5 5

я.
f
//

31
32
33
34
3ÍЗ6

37
З8

39
40

4i
42

43
44
45
46

8
49
5°
51

52

53
54

íí%
59
6о

mean M ©
о ' ir
f ft in
rr in lv

I. 16. 23
ï. 18. 51
I. 21. 19
1.23.47

I. 20. 15

I. 28.42

1.31. io
МЗ-З8

1.36. 6
I -3 8 -34
I.4I. 2

1-43-30
I-45-57
1.48.25
I-5°-53
r- 53- 2i
ï -55-49
1.58.17
2. 0.44
2. 3. 12
2. 5.40
2. 8. 8
2. IO. 3.6
2. 13. 4
2. 15- 32
2. 17. 59
2. 2O. 27

2. 22. 55
2.25.23

2- 27. 5£



ID A fable of tie Equation of the
;;:: l sig.oSub. \

о

о

I
2

3
4
5
6

I.
9

10

1 1
12

Ч

H
15
IO

17
ï S
19
20

21

22
23
24
25
2(5
27
28
29
3°

О ' "
0. 0. 0

o. i. 59
о. 3.58

°- 5- 57
°- 7-57
o. 9, 56
o. u. 54
°- Ч- 53
o. 15. 51
o. 17. 49
o. 19. 47

o. 2i. 44 :

ю. 23. 41
o. 25. 38
o. 27. 34
c. 29. 29
o. 31. 24
0 - 3 3 - 19
°-35- 13
°- 37- 7
o. 39. о
o. 40. 52
o. 42. 44
o. 44. 35
o. 46. 25
o. 48. 14
0. 50. 2

o. 51.49

°- 53- 36

o. 55.21

_°_^57- 5

%. ï Sue. \
O t ft

°- 57- 5'
o. 58. 50
ï- °-33
I. 2. 15

^ 3-55
!• 5-34
I. 7-:12
I. 8.49
I. 10. 25
I. 12. О

!• 'Ч- 34
I. 15. 6

ï. 16. 37
ï. 18. 6
ï, 19. 34
I. 21. I

I-. 22. 20
1.23. 50

I -25 . 13
ï. 26. 34
!- 27- 53
I. 29. I I
I. 30. 28
I - 3 I - 4 3
1.32. 56
ï- 34- 7
ь 3i llI. 36. 20

1 - 3 7 - 3 2

!-3 8 -371. 39. 40

Sig. 2 S«£. |
o ' ч

!• 39-.40
i. 40. 41
i. 41. 40
1.42.38
I - 4 3 - 3 4 •
i. 44. 28
I. 45. 20

i. 46. .10
1,46.. 59.

I. 47. 46

I.48.30

1 - 4 9 - 1 3
I.49.53

I. 50. 32

i. 51. 9
i... S1- --43
i. 52. 16
i. 52,47
i. 53. 16
i. 53.42
I-54- 7
i. 54. 30
i. 54. 50
1.55. 8
í« 55« 25
М5л19
i- 55- 51

i. 56. i
i'56 ' 9
i. 56. 14
i. 56. 17

1 Sig. 1 1 Add \ Sig. io Add \ Sig. 9 Add

о

3°
29

2'8
г120

,-25
24

23
22

21

2О

^9i8

Тi6
Ч
H
J3
12

I I

IO

1
J

4
3
2

I

O
1 Я11ЯЯ



Sun's Centre, Proßhaphareßf. I I
„,.,» 1
Л» » 1

О

(X

I

2

3

4
Ç
6'

I
19
До

I I
12

Ч
'•H

J5
16

£
19
20

2Ь,

22

23

24

2-5

20

27

28

29

3°

Sig.^Siib.-
o ' "
1,56. 1.7.
ï. 56. 19+
ï. 56. 19'
ï. 56. 16
ï. 56. и
ï. 56. 4
r- 55- 55
1-55.44 :
r - 5 5 - 3 r
ï - 5 5 - '5
ï- 54- 57
ï- 54,- 37
T - 5 4 - 15
'• 53- 52

I. 53. 20

L 52. 57
ï. 52. 27
'• 5.1- 55
I. 51. 20

ь #>. 43
ï- 5P- 5

. ï- 49- 24
ï. 48. 41 .

. ï- 47- 57

. ï. 47. IQ
I. 4,6. 2J

ï- 45- 3°
I .44-37-
ï. 43- 43
ï. 42. 46
1.41.47

\Sig3Add-

Sig,$Sub.
Q 1 It

1:41.47
1.40.47
1.39.44
I. 38. 40.
ь 37- 34
ï. 36, 26

1.35- l6

ï- 34- 5
ï, 32. 51
ï. 3i: 36

ï. 30. 19
ï. 29. о
ï. 27. 40
ï. 26. 18
ï. 24. 54
ï. 23. 29
I. 22. 2

ï. 20. 34
1:19. 4
ï. 17. 32
ï- !5- 59
ï. ,.14- 25
1,12.49
ï. ii.. ii
ь 9, 32
ï, 7. 52
I. 6. 1Г
ï. 4.29
ï-. 2.45
I. К 0
о. 59. 14

Sîg.jAdd

•sig.5Suë.
0 f '/

о. 59. 14
o.,57. 2.7
°-55" 39
Q- 53- 49
o. 5.1. 58
o-.»5o. 6
o. 48. 14
0. 46. 21

o.'44. 26
o. 42. 31
0-.4°- 35
»•.З.8- 39
o. 36. 41
°*-34- 42
°. 32- 43
°- 3°- 4ß
o. 28. 43
0. 2-6. 42

o. 24. 41
0. 22. 39

o. 20. 37
o. i8.'34
o. 16. 31
o. 14. 28
O. 12. 25

0. LO. 2 I;

o. 8. 17
o. 6. 1-3
o. 4. 9
o. 2. • 4
o. o. o.

| Sig.bAàd

о

3°
29
28

27

20

25
24
23
22

21

20

Ï9
i8

Ч\6
'5
H
Ï3
12

I I

10

1
• 1
• • _ 5

4
3
2

I

' О

1 Лч»т.

t

и Л-гт fin. i/ OTtu.



12 A 'table of the Moon's, mean Motions*

-

6-

4 -0 -7 -J o -/o

ïttrt tf
drift
current

I

I^Ol

1601
1681
1701
1721
1741
1761
1781
1801
j8ai
1841
ISO!
1881
1901
200 1

Tears

20

40
60
So

ipo
2OO

300

4OO

600

7OO

800

90Q
tooo
2000
JOGO

400O
5000
6OOO

тел» Long. 2)
s o ' n

4- /• ?2- 45
ï. 29. 39. о
o. 7. /9. 25
6. 1.35-45

IQ. 15. 9. 50
2. 28. 43- 55
7. 12. /8. 0

II. 2£ ?2Л 5

4. 9- гб. IQ
S. 23.. oo. 15
I. 6.34. 20
5. 20. 08. 25

ID. 3.4*. 3°
2. 17- '5- 35
7. oo. 5ч>. 40
5. 8.41. 5
гяели Л/öi. î
S O t n

4- 13* J4- 5
8. 27. 8. IO
i. 10.42. 15
5. 24. 16. 20

io. 7. 50. 25
8. 15. 40. 50
6- 23- 3r. 15
5. I. 21. 40

3- 9- t2- 5
I. 17. 2. 30

ii, 24. 52-. 55
IO. 2. 43. 20

8- Ю- 33« 45
6. 1 8. 24, IQ
i. 6. 4.8\ 20
7. г«;, ia. go
2-' 13. 36/40

^9- a. o.. 50
3, 20. 25, O

Apogee, У>
s Q '. "

9- 1Z> 7- 5
3- *9- 55- 5o
7- 19- 7« 5
8. 4-28. 5

и. 8. 18. го
2. i2. 8. 35
5. 15. 58. 50
8. 19. 49- 5

II. Щ. 39. 2O

2. 27. 29. 35
6. ï. 19, 50
9. "5.-IQ. 5
O. 9. Q. 2O

3- ï2- 5э. 35
6. 16. 40. 50

ro. 5. 5Z. 5
•Л-ícr. ^po^. J
S O ' "

3- 3-5°. 15
б. 7. 40. зо

9- «• 3°- 45
о, 15. sf. о

3- 19- "• J5
7. 8. 22. 30

io. 27. 33. 45
2. l6. 45. 0

6. 5. 56. 15
9. 25. 7. 30
ï. 14." 18. 45
5- 3- 30.- о
8, .22.. 41, 15
o. il. .52. 30
o, 23. 45. о
b 5-37- 3°
1,17.30. о
ï. 29, гг. 3.0
2. ir. 15, о

jifi.N<>d*%-
S О л I'

8- 28. 35. 35
к 25. 46- 5°
9- "• 35' 35
5- 24. 14- 35
4. 27- 24, го
4« .о. 34- 5
3« .3- 43- 5°
2. 6. 53- 35
I. 10. 3- 2О

о. 13- Ч- 5
II. 1б. 22. 5°

to. 19. з2- 35
9* 2г. 4г- 2°
8. 25- 52- 5
7- 19- ï- 5о
3- H- 50. 35
л/«/-, a r«.
S O ' "
ov 26. 50- 15
i. 23. 4°- 3°
2. 20.. 3°. 45
3.. 17-21. о

4- Ч- IL Ч
8. 28. 22. 30

ï. 12. 33- 4Î
5- 25. 45-- о

ío. -ID. 56. 15
2. 2J. 7. 30

7- 9- 18. 45
it. 2.3. 30. o
4. 7.41.15
8. z i. 5^. 30
5- 13^45- °

_11^5_^7-3°
IO; 27. 30. o
7. ip. 22. 3.0
4. li. 15- o



A 'Table of the Moon's mean Motions. 13

1
1
2

' 3
_4
5
6
7
8

9
IO

i l
12

13
J4
15
16
J7
18
19
20

тел» Mat. ÎL
s о ' »

4- 9- гЗ- 3
%. i8. 46. ;
o.'îS. 9. lo
5. 10.41. 49

to. о. 5. 52
г. 9. г8. 5 6
6. i8. 51. ^9

i r. li. as. 38
3. го. 4-8. 4i
8. o. 1 1. 45
о. 9. 34. 48
í: 2. 8. 27

9- "• З1- 3°
i. 20. 54- 34
б. e. 17. 37

IO. 22. 51. l6

3. 2. 14. 19

7- "-.37. 23
II. 21. O. 26

4- 13- 34- 5
Л/оягАг
common

JAWA.
Febrita.
March
ЛргП.

M ĵ~
Jtttte
jHly
A*guß

Stftem.
Ottaber
Novem
Decent.

Aiot. dpog, 2
S Ó ' "

i. .10. 39. 50
2. 21. 19. 41

4- -J- 59- 3 r

í. 12. 46. 3

6. 23. 25. 53
. 8- 4- 5-Ч4-
9. 14. 45. 34

ic. 25. 32. 6
0. 6. II, 56

i, 16. 51. 47
г- «7- .3I- 37
4. '8. i8. 9
5- 18. 57- 59
6. 29. 37. 50
8. lo. 17. 40
9. 21. 4, 12

U. I. 44, 2

e. 12. 23. 53
1. 23. 5.4$
3- 3'5°- M

mean Aíot, J
s ó ' n
0. 0. 0, 0

i. 18. 28. 6
i. 27. 14. 26
5- Ч- 5г. 51.
4. 21. IO. J

6. 9.. 38. 8
7, 4- 55* 39
9. 3. 23. 45

ic, ai. 51
ii. 27. p

r. M. 37
а. го. 54

• 5«
. 1 1
.17
• 58

/tfûf, a «л
S O ' W

о. 19. 19. 45
i. '8. 35». 2<£
ï. 27. 59. 9
2. 17. 22. 5

3- 6. 41. 46

3. 26. I. 19

4- If. 11. 11

, 5. 4. 44. 6

5- 4- 3» 49
6. 13. 23. 32,
7. 2. 45- Ч
7- 22. 6. 9

'8. ir. 25. 52
9- °- 45- 35
9. 20. 5. ï8

ю. 9. 28. it
io. 18, 47. 5|
ii. 18. 7. 38
0. 7. 17. 21

o. 26. 50. 15
Mot. Jípvg. J
s o f "
о. о. о. о
о. з- 27* Ч
о. 6. 34* 23
о. ю. т. j6
О. IJ. 22. 8

о» i6. 49* 1г

о. го. 9- 54
о. 23- з7- 7
о. 27. 4* 2О

ï. о. 24. 51

ь j' 5*- 5
к 7- |2i Î7

Мел. fí rer.
о ^ и
о. о. о
ï. з?. jo
5. 7-^8
4- 45- 58
6. 21. 17

7- 59- 46

9- 3Î- ^
ii. 13- S5
12.. 52. J

14- 27. 24
)6. 5- 54-
i?« 41- Ч

In LfAp-Te<trt after February, aAeL one Daj» and
one Day's Motto».



14 Л 'fable of the Moon's mean Motions.
•b*

I
2

3
4

6

l
9

IO

il
12

13

14
Ч
i6
J7
18
'9
20

21

22

23
24

25
20

27

28

29

3°-
31

32

Wf«í» Jtfítf. J»

S Ó ' "

°- J3- I0- 35
0. 20. 21. IO

I. 9 .3I .45
I. 22. 42. 2O

2- 5- 52- 55
2. 19. 3. 30

3. 2. 14. 5
3. 15. 24. 40
3-28. 35- 15
4. 11.45. 5°
4. 24. 56. 25
5. 8. 7. o
5-21. 17.35
6. 4. 20. IO
6. I7. 38.45
7. 0» 49. 20

7- 13- 59- 55
7. 27. IQ. 30
8. IQ. 2i. 5
8. 23. 31.40
9. 6. 42. 15
9- 19- 52- Я

IQ. 3. 3. 26
lo. 16. 14. i
io. 29. 24. 36
II. 12.35. T I

II. 25.45.46
o. 8. 56. 2i
O. 22. 6. 56

I. 5. '17.3-1
I. l8.28. 6

2. 1.38.41

Motdp. 2
o t it

.0. 6. 41
0. 13. 22

O. 2O. 3

o. 26. 44

°- 33- 25
o. 40. 6
o. 46. 47
o. 53. 29
i,- o. ia-
I. 6. 51
I. 13. 32
I. 20. 13

i. 26. 54
•ï- 33- 35
i. 40. 16
1.46. 57
r- 53- 38
2. 0. 19

2. 7.. O
2. 13.41

2. 2O. 22
2. 27. 4
2- 33- 45
2. 40. 20

2.47. 7
2. 53. 48

3. o. 29
3- 7- I0

3- 13-51
3. 20. 32
3.27. I3

3- 33- 54

Mot» B, rei.
O ' if

o. 3. ii
0. 6. 21

o. 9. 32
o. i2, 43

°; I5v53'
o. 19. 4
0. 22. 14
o. 25. 25
o... 281. 36,
o. 31. 46
°-34-57o. j8. a.
o. 41. i&
Oi 44. 29/
o. 47. 40
o. 50. 50
o: 54. i
o. 57. ii
I. 0. 22

!• 3 -33
i. 6. 43,
ь 9- 54
'• 13- 5
i. 16. 15,
i. 19. 26
I. 22. 37

i. 25. 47
i. 28. 58

.1.32- 9
ь 35- *9>
i. 38. 30
i. 41. 40



A rfable of the Moon's mean Motions. 15

f
t
n

1
2

3
4

1
9

IO

u
12

13

H

15

l6
J7
18
19
20

21
22

23
24

25
26

S
29

3°

тем Mit. J)
о . ' ".

f n in
n ut iv

0. 32. 56

!•• S- S3
i. 38. 49

'2. 13. 46

2. 44. 42

3- 17- 39
3- 5°- 35
4- 23. 32
4. '56. 28
5.29. 25
6. 2. 21

6. 35. 18
7. 8. 14
7.41. lo
8. 14. 7

. 8- 47- 3
9- 20. 0

_> 52- 5&
lo. 25. 53
io.' 58. 49
u. 31.46
12. 4. 42

IJ2. 37- 39
13. ID. 35
*3- 43- 3i
14. 16. 28
14. 49. 24
15. 22. 21

*5- 55- 17
16. 28. 14

'Ире. "í)
l u

П III

I I I f y

o. 17 ;

°- 33
o. 50
i. 7

•1.24
i. '40

1-57
-2.Л-4

2. 30'

2.: 47 -
3-- -4
3-21

•3-37
3-54
4. u
4.27

•4.44
í- i
5.28
5-34
'í- 5i
6. 8
6. 24
6. 41
6.58.
7. H

•7.31
7.48

' í ' 'S
S. 21

ft r«. •
f r^

ff III :

M f f V

0. 8

o. 16
o. 24
0-32
o. 40
o. 48 ;
o. 56
i. 4
i. ii ,
i. 19
1.27
J - 3 5
1-43
I - 5 1

1-59
2. 7:
2. 15
2. 23

2. 31

2-39
2-47
2. 55
3- 3
3. ii
3- '9
3-27
3-34

• 3- 42
3-5°
3-5^



16 АЫ1е of the Moon* s mean Motions.

jS
/
If

3 1 -
32

33
•34
•35
36

37
38
39
40.
•41.
42
43
44

Я
A-
49
5°
5 *
52

53
54
55
<6
57
58
59
60

mean Mot. J)

0 ' "
1 , 1! HI

H lit IV

17;. ï. io
37- 34- 7
18,. 7. 3.
ï 8, 40. о
19. 12. 56
Íi9'v45- 53
jaó. 18. 49
20..5I.. 45,
12I.-24- 42

;2ir.57' 38

22. 30. 35

23. 3 -3 1

,23. 36. 28
24-, .9- 24

124, ~42. 21

25, 15- :i7
25. 48. 14
201 21. 10

26,54- 7
27. 27. 3
27-59-59
28. 32. 56
29- .5- 52

29. 38. 49
3°- 11-45
30; 44. 42
31. 17.38

• 3 1 - 5°- 35
32- 2 3 - 3 1
32. 6 .28

apog.: j
' "

it -tit
III ly

8. 38-
;В. 55

9- "
9- 28

' . 9t 4-5
LÖ. 2

jo. 1 8
#?• 35
io. 52
ii. -8
11 -.^5
ii. 42

> r- ,59
12. 15
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Equation of the Moon's Apogee.

Ля*. Arg.
Л/V«

О

о
I
2

3

4
5
6

1
9
ю
ii
12

13

H

*5
i6

!/
ï8
*9
20

21

22

23
24

25
26

27
28

29

3°

S'V- о.б'аМ

О ' "

О. О. О

О. 21. 5

о. 42. 9
ï. з- л
ï. 24. li
1-45- 7
2- 5-. 59
2. 20. 46

2. 47- 28
3- 8. з
3- 28. зо

3- 4̂ . 49
4- 8- 59
4- 28. 59
4. 4

8
- 47

5
. 8.2

4

5-
 2
7- 4^

5- 46. 5«
6- 5- 54
6. 24. 34
6.

 4
2. 58

7- ï- 4
7. i8. 52
7- З6

-
 20

7- 53- 28
8. ю. 1.4
8. 20.

 3
8

8-42-39
8.

 5
8. is

9- 1-3-
 2
5

9. 2.8. 8
%.[[.,-/:•;£.

iSfV. 1 . 7 add

О ' "

9
. г8. 8

9- 42. 2
3

9- 5
6
- 9

ю. 9-
 2
5

Ю. 22. 9

ю. 34- 21
10
- 45- 59
ю. 57- 2
il. 7- 28
п. 17- 17
I I. 20. 27

"-34- 57
IL 42. 45
IL 49- 51
li. 56. 12 '
12. I. 48

12. 6. 37
12. ю. 38
12. 1

3
. 5°

12. 10. II

12. 17. 4°

12. iS. 15

12. 17. 56
12. 10. 4

1

12. 14. 29

12. II. l8

12. 7- 8

12. 1.58

*
1
- 55- 47

IL
 4
8. зз

п. 40. i6
S ig lo.qjuí.

S ig. z.SaJJ I

О ' "

il. 40. 1 6

u- 3°- 55
II. 20. 29

ii. 8. 59
ю. 56. 23
ю. 42. 41

ю. 27. 54
IO. 12. 0

9- 55- 2
9. 36.

 5
8

9. 17. 50
8. 57. 38
8. 36. 24
8. 14. 8

7-5°- 53
7. 26. 40

7- ï- 3i
6.35. 29
6. 8.35
5- 4°- 53
5. 12. 20

4- 43- i?
4- 13- 3°
3-43- 7
3. 12. 14
.2. 40. 53
2. 9. Ю

ь 37- 9
i. 4. 54
.0. 32. 29
O. 0. 0

Sig.O.íjub.

O

30

29

28

27
20

25

24

23
22
21
20

19
18
1716
*5
Ч
'3
12

I I

IO

9
8

1
5
4
3
2

I

O

Argfi



A Table of the Excentricity of the Moon's
Orbit, to mean dißance j oooooo.
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4- 8-59
4. 12. 56

4. 16. 48
4.20.35
4. 24. 19
4- 27. 58
4 .3L33
4-35- 4
4.38.30
4.41.52
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5.28. 6

5.29.49
5.31-26

5- 32. 57
5- 34- 23
5-35/43
5- З6- 57
5-38. 6
5-39- 8
5-4°- 4
5- 4°. 53
5-41. 37
5-42- Ч
5- 42- 47
5-43- ï2

| S ig. 1 1 Add \ Big. i Q Add \ %. (j4dd

0

3°
29
28
г120

?5
24

23
22

21
20

19
ï8
*7
i6
Ч
14
»З
12

II
10

9
8

?
5
4
3
2

I

О
п. сяк



Proßbapbareßs,for Eccentricity 50000. 27
ntan

О
r̂ -s.

ô
1
2
3
4
S
6

9
ÏÛ

íí
n
Ч
Ч
*s
ï6
ï?
18
19
20

21
22
23
24
25

20
27
28

29

30

Sig.$Sub.
Q ' li

S- 43- i*
5- 43- 32
5- 43 -45
5- 43- 5*
5- 43- 52
5- 43- 40
5- 43- 34
5. 43. 16
5- 42- 5*
5. 42. 20
5- 4i- 43
f 40. 59
5,40. 8
$•• 39- 12
5-38- 9
5- 36- 59
5- 35- 43
5.3.4.21
5- S2- 52
5-3 *• *7
5 29- 36

5. 27. 48
5- 25- 54
5- 23- 53
5.21.47
5- !9- 34
5- !7« Ч
5- H- 49
5. 12, I7

5- 9-39
5- *5Í
&%ЛА№

Sig<4.Subi
ó t it

5- 6.55
5- 4- 5
5. í. 8
4.58. 6
4- 54- 5&
*5M3
4- 48.. 23
4. 44. 57
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5-58- 13
6. o. 15
6. 2, IO
6- 3-59
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Gr. Variation in Oilants. \ \ Variation J) , © in Apogee.

mean
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S 0

0. 0

o7~6
0. 12

o. 18
o. 24
I. 0

I. 6
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1.24
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2. l8
2. 24

3- °
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3- J2

3 . l8

3-24
4. o
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4. 18
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5v 6
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5-24
6. o

mean
Anom. ®

1 П
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33- 5
33- 7
33- I0
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34-41
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35- 8
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З6- 27
36.38
36.48

36.58
37- 6

37- 13
37-1«
37-22

37-24
37-25

s о
12. 0

II. 24

ii. i8
II. 12

II. 6

I I. 0

io. 24
io. 18
IO. 12

IO. 6

IO. 0

9.24

9. 18
9. 12

9- 6
9. o
8.24
8.18
8.12

8. 6
8. o
7.24
7. 18
7. 12

7- 6
7- o
6. 24
6. 18
6. 12

6. 6

6. 0

J

from S.
Jtubl.

O

0

I
2

3
4
5
6

5
9

IO

i i
12

*3
H
*5
16
17
18
'9
20
21

22

23

24

25

20

27
28

29

3°
1
1

S J£. o add

SiS6Çub.

1 If

0. 0

0-35
i. 9
1-44
2. 18

JL.53
3-27
4- 2
4.36
5,10
5-45
6. 19
6. 52
7. 26
8. o
8-33
9- 7
9.40

io. 13
io. 46
11.19
11.51
12.23
I 2 -55
I3-2?
^3- 58
14.30
4- i
4-31
10. 2

IO. 32
s ig. 1 1 ft, t

tV/ç.y add

ò'l£. I C.di

Sig.jßtb.

/ n

l6.32.

I7. 2

17- з1

i8. .i
18. 29
iß. 58
19. 26
'9-54
2O. 21
20. 49
21. 15

21.42
22. 8

22-33
22.58
23-23
23-47
24. 1 1
24-34
24-57
25. 20
25.42
26, з
26. 24
26. 45
27- '5
27. 25

27-44
28. .3
28^*21
28.38

Sig. г add

Sifrífub.

1 II

28.38

28.55

29. 12
29.28

29-43
29.58

30. 12

30.26

30.40

30.52

31- 4
31. io
3^27
31-37
31-47
31-56
32. 5
32-13
32.21
32. 28
S2- 34
32.40
3.2. 45
32-49
З.2* 53
32.56

32-59
33- i
33- 3
33- 4
33- 4

l i 'y. ioyi. i . l úi$.9JHU.

| òts-^adíí \ ò" ig. J add

о

3°
29

28

2£20,
25
24
23
22
21
20

!9
i8
17
16
!5

H
J3
12

I I

IO

9
8
7
6
5
4
3
2
II
О

Í ro m S
doubl.



jA 'íable oftheßxtb Equation of the Moon. 35
Arg. 6th
Equation

S 0

0 . Ó

<Г. 6
0 . 12

o. i8
о . 24
I . О

1 . 6
I . 12

i. 18
1 . 24
2 . 0

2. 6

2 . 12

2. l8

2 . 24

3 • о
3- 6
3 . 12

3- 18
3-

 2
4

4 . о
4 . 6
4 . 12
4. 18
4. 24
5- °
5- 6
5.12
5. 18
5-

 2
4

6. о

Sub.

1 П

0 . 0

о . 15
0
 • 3°
о. 45

°. 59
I . 12

I . 25
1
 • 37
ï . 48
1 • 57
2- 5
2 . 12

2. l8

2 . 22

2 . 24

2 . 25

2 . 24
2 . 22
2. l8

2 . 12

2- 5

ï- 57
ï . 48
ï- 37
ï. 25
I . 12

°- 59
o. 45
o. 30
о . 15
0 . 0

Add

Arg. 6th
E q •at: on

S О

12 . О

II . 24

ii. i8
II . 12

II . 6
II . 0

IO . 24

IQ. 18
IO . 12

IO . 6

IO . 0

9- 24
9 . 18
9 . 12
9- 6
9. o
8. 24
8. 18
8. J2

8. 6
8. o

7. 24
7. 18
7-

 I2

7- 6
7. o

6 . 24
6. 18
6 . 12

6. 6

6. 0



3 6 A 'fable of the fève nth Eg nation of the Moon.
Difl.

D from ©

S 0

Í- о
0. Ó
O . 12
o. 18
o . 24
I . 0

ГГ~6
I . 12
i . 18
1 . 24
2 . O

2. 6

2 . 12

2 . 18

2 . 24

3 • o
3- 6
3- 12
3. 18
3- 24
4. o
4. 6
4 . 12

4. 18
4. 24

5- °
5- 6
C . 12

5. 18
5- 2.4
6. o

&ub.

1 n

0 . 0

~i~5
o . 29
°- 43
°- 57
I . IO

I , 22
1 • 34
i . 44
!• 53
2 . I

2. 8

2. 13

2 . 17

2 . 1C

2 . 20

2 . 19

2 . 17

2. I 3

2. 8

2 . I
1 • 53
i . 44
i. 34
I . 22

I . IO

°- 57
o. 43
o . 29
o. 15
0 . 0

Add \

Dift.
J) from ©

S 0

12 . 0

II . 24

ii . 18
II . 12

II . 6

II . 0

io . 24
io. 18
IO . 12

IO . 6

IO . 0

9- 24
9. 18
9 . 12

9. 6
9. o
8. 24
8. 18
8. 12

8. 6
8 . 0
7. 24
7. 18
7 . 127. 6
7. o
6 . 24
6. 18
6. 12

6. 6
6. 0



'Л 'fable of the Semi-annual or fécond Equation
of the Moon's Nodes.

37

jtr.n.Jrg.

№,ír

О

о
I
2

3
4
5
6

?
9
10

и
12

Ч
1
4

*5
*6
'7
i8
J9
20

21

22
2
3
24
2
5

26
2
7
28

2
9

3°

S ig. o- 6 лЛ/

о ' n
о. о. о

o- 3- 3
0. 6. 6

о. 9- 8
О. 12. 10

0. 15. II

о. i8. il
0. 21. 10

ô. 24. 7
0. 27. 2

- о. 29. 5̂
о, 32. 48
0-35-3

8

о. 38. 25
0.41. 9
o^S-S

1

о. 46. з°
°« 49- 5
о- S

1
- 37

о. 54- 6
о. 56.31
о.

 5
8. 52

ï. ï. 9
1. 3- 21

ï. 5- 30
'• 7-33
ï. 9- 32
I. II. 2/
ï. 13- i6
1.15. °
i. i6. 39
S ig. n. $ /"*•

Sig. l .7 add

О ' "

ï. i6. 39
i. i8. 13
i. 19-41
I. 21. 3

I. 22. 2O

I. 23. 31

I. 24.36

ï. 25. 34
I. 20. 27

I. 27. 14
ï. 27. 54
1.28. 28
ï. 28. 56
ï. 29. 17
ï. 29. 31
ï. 29. 40
ï. 29. 41
ï. 29. 36
ï. 29. 25
1.29. 7
ï. 28. 42
1.28. n
'• 27- 33
ï. 26. 49
ï. 25. 58
ï. 25. ï
*• 23- 57
I. 22. 47

I. 21. 31

I. 20. Ç

ï. 18. 41
Sig.io.̂ /ut.

Sig. 2.8 add

О ' П

i. 18. 41
ï. 17. 6
ï. 15. 26
ï. 13.40
ï. 11.49
ï. 9. 52
ï. 7. 49
ï. 5.42
ï. 3. 29
ï. ï. n
o. 58. 49
0. 56. 22

°- 53- 51

°-5b J5
o. 48. 36
°- 45- 52
0.43. 6
o. 40. 15
0. 37. 22
o. 34. 26
o. 31. 26
o. 28. 25
O. 25. 21

0. 22. 10

o. 19. 8
o. 15. 59
O. 12. 40

°- 9-37
0. 6. 20
0. 3. I3
о. о. о
Sfg. g т, feb.

О

30
2
9

28
2
Z26
25
24
23
22

21

20

Ï8
;s
ч
14
J3
12

II

10

9
8

?
5
4
3
2

I

0

-*?-0



A 'Table of the Inclination of the Maoris Orbit
to the Ecliptic.

Nadt

O

o

I
2

3
4
5
6

?
9
10

ii
12

13

H

Ч

10
J
7
18
*9
20

2Ï

22

23
24

25
20

27
28

29

3°
1

S ig. o. 6

О 1 fr

5- !/• 2О

5-
 I
7- 2°

5-
 1
7-

 J
9

5-
 :
7-

 !
7

5- *7- Ч
5. I/. 12

5-17- 8
5- 17- 4
5. 16. 59

5-
 l6
- 53

5-
 I0
- 47

5- ï6. 4°
5- IÓ- 33
5. 16.25
5. io. 16
5. 16. 7

5- 4- 57
5- J5- 47
5- J5-36

5- 15-24
5. I5. 12

5. 15. o

5- H- 47
5- H- 34
5- 4- 20

5- H- 5
5- 13- 51
5- 13- 36
j. 13. 20
5- 13- 4
5. 12.48

Sig-n.t; |

| S«-i-7

O ' "

5. I2.48

5- 12-31
5- 12. 15
5- 11-58
5. 11.40
5- n-23
5- "• 5
5- I0- 47
5. io. 29
5. io. ii
5- 9- 52
5- 9- 34
5- 9- ï6
5- »• 57
5- 8-38
5. 8. 20
5. 8. ï
5- 7-43
5- 7- 24
5- 7- 6
5. 6.48
5- 6- 29
5. 6. 1 1
5- 5- 54
5- 5-36

5- 5- 19
5- 5- 2
5- 4-45
5- 4- 2«
5- 4- 12
5- 3- 56
Sig.io.q

\ Sig.z.8

O 1 'r

5- 3-56

5- 3-39
5- 3- 24
5- 3- 9
5- 2. 55
5- 2.41
5- 2. 27
5- 2- H
5- 2. ï
5- 1-48
5- ï- 36

5- '!• 25
5- !• Ч
5- ï- 4
5- °- 54
5- °-45
5- °- 36
5. o. 28
5. o. 20
5- °- J3
5- °- ^
5- °- °
4- 59- 55
4. 59. 50
4- 59- 46
4- 59- 43
4- 59- 4°
4- 59- З8

4-59-36
4- 59- 35
4- 59- 35
%9-3 1

1

O

3°

29
28

2
l20

25

24

23
22

21

20

19
18

\l
•Ч
14
J
3
12

II

IO

9
8

?
5'
4:
3 i
2 v

I

O

'̂•? ö



A 'fable of the Moon's Latitude. 39
/írx
Lat

O

0

I
2

3
4
t
6
7
8
9

IO

ii
12

13
H
15
16
i?
i«
19
20

21

22

23

2^

25

26

27
28

20

30

Sig.oNor.

S ig. 6 Sou.

Latlt. to
lèà/t Ind.

0 ' "

0. O. 0

o. 5-!3
0.10.27
0-15.39
0.20.52
0.26. 5
0.31.17
0.36.28
0.41.38
0.46.48
0-51-57
0-57- 5
i. 2.13
i. 7.19
1.12.24
1.17.27
1. 2 2'. 2 9
I.27.Z9
1.32.28
1-37-25
1.42.21

I-47-I5
1.52. 6
^^56.56
2. 1.44
2. 6,29

2 . 1 I .. 1 2

2Л5-.52
2,20-30

2.25- 6

2.29.39

Sig.iiSoii-

Sig. -j Nor.

Part.
ddin
real.

Ind.

t H

0. О

0.19
0-37
о.56
1.14
1.32

1-50
2. 9
2.28

2.46

3- 5
.3.-23
3-40
3-58
4л6
4-34
4-52
5-II
5-28

5.46
6- 3
6.20

6-38
6-55
7-II
7-28

7-45
8. 2

8.19
8-35
8-51

Sig. iNor.

Sig. 7 Sou.

Litit. ta
hafl Ind.

О > II

2.29.39

2-34- 9
2.38.37
2-43- i
2.47.23
2.51.41

2-55-57
3- о. 9
3- 4.i8
3- 8.24
3.12.26
3.16.24
3.20.19
3.24.11
3-27-58
3-.3I-42
3-35-22

3-38.58
3-42.31
3-45-59
3-49-23
3.52.42
3-55-58
3-59- 9
4. 2.16
4- 5-ï8
4. 8.16
4.11. 9
4.13.58
4.16.42
4.19.22
Sïg.ioSou

Sig.^Nof.

Partie.
add in
reatefl

Inclin.

1 U

8-51

9- 7
9.22
9-39
9-54

IQ. 9
10.24
10.39
10.54
ii. 8
11.22

I I-3711.51
12. 4

12.19

12.32

12.45

12.58

13- 9
13.22
13-34

13-47
I3-58
14. 9
14.20
14-3 ï
14.42
'4-53
1.5. 2

15.12
15.21

|

1

S ig. 2 Nur.

Sig. S Sou.

Lati t. to
haß Ind.

0 1 »

4.19.22

4.11.57
4.24.17

4.26.52

4.29.12

4,3 '-i?
4.33.38
4-35-43
4-37-43
4-39-39
4.41.29

4-43- '4
4-44-53
4.46.18
"4-47-57
4.49.21

4.50.40
4-51-53
4-53- i
4-54- 4
4-55- i
4-55-53
4.56.40
4-.57-21

4.57.5б
4.58.26
4.58.51
4.59.10
4-59-4
4-59-3^
4-59-35
Stg.qSou.
Sig. ï, Nor.

Partie.
add in
reateß

I ne lin.

1 П

,5.21

15.30

15-39
I5.48

'5-56

,6. 5
1 6. 12

l6.2O
16.27
l6-33
16.40
16.46-
1б-53
16.58

*7- 3
17. 8
Т 7-!3
17.18
• 7.2 г
'7-25
17.19

'7-31
'7-34
'7-37
l7-39
17.4«
17.42
J7-44
17.44
»7-45

»17-45

—

о
30
29
28

>7
26
15
J4
13
22

21

2O

'9
18

'7
16
15

Ч
i3
12

I I

10

(
8

6
ï

3
г
ï
0

Arg
tat



40 Arable of the Moon's Reduction from her
proper Orbit to the Ecliptic.

Arg.
Lat.

о

о

I
2

з
4
5

"6
7
8
9

IO

i i
12

13

*4
15
i6
17
18
Х9
20

21

22
23
24
25
20

27

28

29

3°

£;>,%£. Pöf/.l

«rfi/ /И
1 O.V * f.,L\ »lg. JUO.

Red.l.lnc.\grlnc.\ \Rcd.Unc.

' tf

0. 0

о. 14
о. 27
о. 41

о. 54
ï. 8
I. 21

ï- 35
ï. 4«
2. I

2. 14

2. 27

2- 39
2. 52

3- 4
liIÉ
3 - 2 7
3 - 3 9
3-5°
4- i
li.1.!
4. 22

4- З2

4-4 2

4- 51

5- °
ST~8
5- 17
5- 2 5
5- З2

5- 39
r • ' • и 1
Slf . Д(/Л

If

о
I
3
5
7
8

IO
II
*3
чIO
18
20

21
22

24

20

27

28
29
3°
З2

33
3Í36
37
3«
39
40
41

42

t If

5Гз~9
5-46
5- 52
5-58
б- 3
6. 8
6.13
6.17
6. 20

6. 23

6. 20

6.28

6-30
6. 3i
6. 32

6.J2

6.32

6. 31

6. 30
6. 28

6. 20

6. 24

6. 20

6. 17
6. i3
6. 9

6.7
5-58
5- 53
5-47
5-4°

n - ' O l iSig. add
••.

I Part.
\add in
\grlnc.

il

42

42

43
44
45
45
46
46
47
47
47
48
48
48
48
48
48
48
48
48
48

47
47
46
46

45
44
44
43
42
42

ç. l ,. ,ò'£-§Jut>- Part.
add in

Red.l.Inç. gr Inc.

1 n

?~4Õ
5-33
5-25
5. 18
5- 9
ii ï
4-52
4.42
4- 33
4- 23
4. 12

^~~2

3-51

3- 4°
3.28
3. 16
3- 4
2. 52
2. 40
2. 27

2. H

2. I
1.48

1-35
I. 22
I. 8

°- 55
o. 41
o. 27
o. 14
0. Q

\ \ S i g \ a d d 1

ir

~¥L
4i
40
ЗО

38

37
36
35
33
32
3J
29
2u
27
26

2J.

23
21

19

18

17
Ч
H
12

IO

8
6
5
3
i
0

о

3°
29

28

27

20

i?
24
23
22

21

20

"Î9
18
J7
IO

15
H
J3
12
I I
IO
~9 '

8
7
6

_5
. 4

3
2
I
O

^*z-
Ltt.



r f «-.--y ,r» > ^ i • •./•

'A Table of the hourly Motions^ and 41
Semîdiameters of the Sun.

Wíu«

Ânom. ©

S O

0. 0

o7~6
O. 12

o. 18
o. 24
I. 0

Г~6
I. 12

í. 18
,i. 24

2. 0

Z. 6

2. 12

2. l8

2. 24

3- o
3 - 6
3. 12

3-18

3- 24
!i_J^
4. 6
4. 12
4. 18
4.24
5- °
5- 6

5- I2

.5. 18

.5-24
6. 0

.hourly
Mat. 0

•» ^/

Efl
2. 23

2. 23

2.23

2. 23

2. 24

2. 24

2. 24

2. 24

2,25

2. 25

2. 20

2. 20

2. 27

2. 27

2. 28

2778
2,. 29
2. 29

2. 30

2. 30

' 2. 31

2.31

2. 32
2. 32

2- 32

2. 32

2-33

2.33

2- 33

2- 33

Simili.
&

1 ft

*>5i
Ч- 51

'5- S2

Ч- 52
Ч- 53
*5- 53
Ч- 54
Ч- 55
Ч- 57
.4- 5*
*5- 59
16. ï
10. 2

16. 4
10. 6

16. 7
16. 9
10. II

16. 13
16. 14
10. 10

16. 17
16. 18
10. 20
10. 21
10. 22

l6.23

16. 23
IO. 24.

IO. 24

IO. 24

tnean
Лпот. 0

S О

12. 0

II. 24

II. l8

II. 12

II. 6

II. 0

lo. 24
IQ. 18
IO. 12

IO. 6

IO. O

~<Г~24

9. 18
9. 12

9. 6
9. o
8. 24
8. 18
8. 12

8. 6
8. o
7.24
7. 18

7'^7. ó
-ZlJ?
6. 24
6. 18
6. 12

6. 6

6. o
"T/jf S«»'í horizontal Parallax it l о •

? •лГ^ДЛ'*

/#•.- г Л/*



42 A fable of the Semidiameters, and horizontal
Parallaxes of the Moon, in the Syzygies.

mean

гАпот. î1

,;,s о
í?- о
0. 6

О. 12

o. i8
о. 24
I. 0

ï7~~6
I. 12

ï. 18
1.24
2. 0

27~6

2. 12

2. I 8

2. 24

3- о
3- 6

3- 12

3. 18
3- 24
4. о
4. 6
4. 12

4. 18
4. 24
5- о
5- 6
5- 12

5- 18
5- 24
6. 0

Exccntrictty 45000.

Semid. 3) \bor.Par. J

1 Ч

*5- 4
Ч- 5
Ч- 5
1 5- 6
J5- 7
15:_9
15. ii
*5- Ч
15. i6
15. 20
I5-23
J 5- 2 7
*5- 3°
*5- 34
J5- 39
*5-43
15.48
J5-5 2

X5- 57
16. ï
i6._5

16. 9
16. 13
16. 17
16. 20
16. 23
16. 25
16. 27
16.28
16. 29
16. 30

r f/

55: J

55- 2
55- 4
55- 8
55- Ч
55- Г9
55- 27
55- 36

55- 46
55- 57
5É:__9
56. 23
56- 37
56. 52
57- 7
57-23
57- 39
57- 56
58. 12

58.28
5JL44
58- 59
59- 13
59- 26
59- 38
59- 48
59- 57
60. 3
60. 8
60. 12

00. 13

Excentricity 65000.
Semi J. J) \bor.Par. 3)

f ff

14. j7
14.48
14.48
H- 5°
14. 51
ill 54
H- 57
15. o
15- 4
15. 8
Ч- Г3
i5. 18
*5-23
15. 29
J5- 35
lá;l£
15-47
Ч- 54
16. i
1 6. 7
L6.i_L3
l6. 20

IO. 20

l6. 31

16.36

IO. 40

16. 44
16.47
16.49
16. 50
16. 51-

i t/

ИИ?
54- °
54- 3
54- 8
54- Ч
5_íil3
54-33
54.46
54- 59
55- 15
55- 32
55- 5°
56. IO

56- 31
56- 53
áZl-ií
57- 39
58- 3
58, 27
58. 50
59- H
-59a- 36

59- 58
6o. 17
-60- 35
6o. 51
61. 5
61. 16
61. 23
61. 28
61. 30

ига»

Anom. J)

S O

12. O

II. 24

II. l8

II. 12

II. 6

II. 0

io. 24
10. 18
IO. 12

IO. 6

IO. O

9- 24
9. 18
9. Í2

9. 6

9- o
8. 24
8. 18
8. 12

8. 6
8. o
7- 24
7. 18
7. i2
7- 6

IL-Ï.
6. 24
6. 18
6. 12

6. 6

6. 0



Л Table of P art ides to ее fubßraiied
from the Semidiameters,andbiriz,.
Parallaxes of} ,out of the Syzygies.

A Table of Par ti f les to be added л о
ta the Maoris horizontal Se-
midiamcter,oH her A'hitu Je.

Diß.
3>from®

S О

0. 0

оП>
О. 12

о. i8
о. 24
I. 0

7Г~6
I. 12

ï. i8
ï. 24
2. 0

27~~6

2. 12
2.18

2. 24

3- °
3- 6
3- 12

3. i8
3-24
4^_о
4- 6"
4. 12

4. i8
4- 24
5- °
F 6

5- 12

5.18
5- 24
6. 0

fubfr.
Semid.

n

О

о
I
I
2

_3_
5
6
7
9

10

и
12

13
!3

13
!3
13
12

I I

10

~9
7
6

1 5
_3

2

I

I

О

0

fubfr.
Par.

n

О

I

2
r

8
13
ï?
22

27

33

37
4î
45
48
49
5f
49
48
45
4i
37
33
27
22
J7
*3
8
5
2
I
О

Diß.
J) f rem®

S О

12. О

I I. 24
II. l8

II. 12

II. 6

II. 0

io. 24
io. 18
10. 12

10. 6

IO. О

9- 24
9. 18
C. 12

9. 6

9. о
8. 24
8. 18
8. 12

8. 6
8. о

7-24
7.18
7- ' 2
7. 6
7- °
6. 24
6. 18
6. 12

6. 6

6. 0

Alt.
î>
О

О

з
6
9

12

*5
1 8
21

24

27

3°
3336
39
42
45
48
51

54
57
6o
63
66
69
72

75
78
8i
84
87
9°

Part.
add

if

0

I

2

2

3
_4

5
6
6
7
8

9
9

10
1 1
U
12

12

'3

'3
14
H
15
Ч
Ч
16
16.
16
16
16
16



A Table of ike Anvle$ which the Way of 7> from 0, wakes with a. Circle ofLatitude\ in Eclipfes of the Luminaries.- •
ArgLat\ lhe hourly Motion of the Moonfiom the Sun. \ArgLat

Sig.o.

О

О

Г

2

3
4
5
6

l
9

IO

i r
12

!3

H

15

IO

J7

z/

о '

84. 14

84. H

84. 14

84. 14

*4- Г5
84-15
84. 1 6
84.17
84. 1 8
•84. 19
84. 20

84. 21

84. 22

84. 24

84. 25

84.27

84. 29

84. 3I

28'

0 '

84-15
84. 15
84. 15
84. 15
84. 16
84. 16
84.17
84.. 1 8
84. 19
84. 20

84. 21

84. 22

84. 23

84.25

84. 20

84.28

84.30

84.31!

29'

0 I

84. 1 6
84. 1 6
84. 16
84. 1 684.17
84.17
84. 1 8
84. 19
84. 20

84. 21

84. 22

84,23

84. 24

84. 20

84.27

84. 29

84. 31

84. 32

3*
о '

84. 17
84. 17
84.17
84. 17
84. 18
84. 1 8
84. 19
84. 20

84. 2O

84.2I

84. 23

84. 24

84.25

84.26

84. 28

84. 30

84. 31

84.33

3i'

0 '

84. 1 8
84. 18
84. 1 8
84. 1 8
84. 18
84. 19
84. 20

84. 20

84. 21

84. 22

84.23

84.25

84.26

84.27

84. 29

84. 30

84.32

84- 34

32'

0 '

84. ï 8
84. 1 8
84. 19
84. 19
84. 19
84. 20

84. 20

84. 21

84. 22

84.23

84. 24

84.25

84, 27

84.28

84. 30

84. 3 1

84.33
84.35

33'
0 '

84. I9

84. 19

84. 19

84. 20

84. 20

84. 21

84. 21

84. 22

84.23

84.24
84.25

84. 26

84.27

84. 29

84.30

84.32

84- 34
84- 35

34'
о '

84. 20

84. 20

84. 20

84. 20

84-21

84. 21

84. 22

84.23

84.23
84. 24
84. 26
84. 27
84, 28
84.29
84- 3i
84.33
84- 34
84.36

35'
0 1

84. 20
84. 20

84.21

84. 21

84.21

84. 22

84.23

84.23

84. 24

84.25

84.26

84.27

84. 29

84. 30

84. 32

84.33

84.35

84.37

36'

0 '
84. 21

84. 21

84. 21

84. 22

84. 22

84. 22

84. 23

84. 24

84- 25

84.26

84.27

84. 28

84.29

84.31

84.32

84.34

84.36

84.37

Si 5.11

0

3°
2928
zl26
25
24
23
22

21

20

*218
17
IO

Ч

H
Г3



ЛТаМе of tie Times iel-ween the true Syxy/y, atuí tie mean Ecllpfe, or great cß Oifcuratlon.
1/irfLa/l The hourly Motion of the Moon from the Sun. \AreLai

\Sig.O-
I "
1

1

\
5
6

1
9

10

ii
12

13
H

Гб

27'

0. 0

1. 14
2. 28

3-41

4- 54
6. 7
7. 19
8. 30
9.41

IQ. 51
12. О

13- 8
H. 16
15. 22

IO. 20

17.29

18.30

19.30

, 28"

0. 0

I. II

2. 22

3-33
4-43
5- 53
7- 2
8. IQ
9. 18

IO. 20

ii. 32
12.38

14.46
15.48
16.49
17.48
18. 46

. 29'

a. o
ï. 8
2. 17

3-25

4- 32
5-4°
6.46
7- 52
8. 58

IQ. 3
ii. 7
12. IO

14. 14

17. 9
18. 5

30'

0. 0

I. 6
2. 12

3- 17
4.23

5 .28

6. 32

7-36

8.39
9.41

10-43
11.44
12.44

14.40

16. 32
17. 26

/ 3''
/ It

0. 0

ï. 4
2. 7
I- io
4. 135.16
6. 18
7« 20

8. 21

9. 22
10. 21

II. 20

12. l8
13, 15

14. io
15. 4

I5-58
1 6. 50

32'
/ n

0. Ó

I. 2
2- 3

3- 4
4- 5
5- 5
6- 5
7- 5
8. 4
9- 3

10. I
IO-57

12. 48

13.42

4- 34
15. 26
16. 16

33'
t tt

0. 0

I. О

ï - 5 9
2. 58

3-57
4- 55
5-54
6. 52
7-49
8.45
9.41

io. 36
ii. 30
12. 23

14. 6

I4. 56

Ч- 44

34'
Г ff

0. O

o. 58

'• 55
2. 52

3-49
4. 46

5- 43
6-39
7- 34
8.28
9- 23

10. l6

ii. 8
"•59
12. 50

14.27

35'
f if

0. 0

o. 56
I. 52
2.47
3- 424.38
5-32
6. 26
7. 20

8.13

9- 5
9- 57

io. 48
11.38
12. 27

13, 14

14. I

14. 47

36' ,î/.s.ii

O. 0

0-54
1.48
2. 42

4.29

5. 22
6.15

7- 7

8.' 49
9-39

10.28
ii. 16
12. 4

12. 50

П- 35
14. 20

o

/ 3°
20
2o

25

24

23
22

21

20

18

'3 ;



46 A 'fable of the mean Motion
Tears a f
Chriß
cHrrent

I

I50I

1601
1681
1701
1721
1741
1761
1781
1801
1821
1841
1861
1881
1901
2001

Tears

20

4.0
6o
8o

JOO

200

300

4OO

500

6OO

7OO

800

9OO

IOOO

2OOO

3OOO

4COO

5000

6OOO

mtAnMot. í/r. ©
s o t n

6. 24. 9. 35
4. IO. 25. 50
2. 17- 3°- 55
8. ii. IQ. 59
o. 24. 36. o
5. 8. i. i
9. 21. 20. 2
2. 4. 5I. 3

6. 18. 16. 4
n. i. 41. 5

3- 15- 6. 6
7 . 2 8 . 3 1 . 7
o. ii. 56. 8
4 - 2 5 . 2 1 . 9
9. 8. 46. IQ
7. 15. 51- 15

Mot. J> from ©
S 0 1 ff

4. 13. 25. i
8. 26. 50. 2
i. io. 15. 3
5. 23. 40. 4

io. 7. 5. 5
8. 14. IQ. IQ
6. 21. 15. 15
4. 28. 20. 20

3- 5- 25. 25
I. 12. 30. 30

n. 19- 35- 35
9. 26. 40. 40
8. 3- 45- 45
6. 10. 50. 50
O. 21. 41. 40
7. 2. 32. 30

I, 13. 23. 2O

7. 24. 14. io
2. 5. 5. 0

Tftirí

l
2

3
4
5
6
7
8

9
IO

ii
12

Ч

14

15
l6

I?
18

19
20

Months
common

Janua.
Februa.
March
ЛргП
May
June
July
Auguft

Septem.
OUober
Novem
Decem.

Mot. Î from ©
s o ' t ir

4- 9- 37- 23
8. 19. 14. 47
o. 28. 52. ID
5. 20. 41. о

IG. o. i8. 24
2. 9- 55- 47
6. 19. 33. io

II. II. 22. О

3. 20. 59. 24

8. о. 36. 47
о. io. 14. 1 1
5- 2. 3. ï
9. ir. 40. 24
ï. 2i. 17. 47
6. o. 55. ii

10. 22. 44. I

3. 2. 21. 24
7. II. 58. 48

II. 21. 36. II

4- 13- 25. I
Mot. J jÇw» ©

S 0 1 If

о. о. о. о
о. 17. 54. 4«

ii. 29. i5. 15
О. 17. IO. 2

0. 22. 53. 23

I. IO. 48. I I

I. 16. 31. 32
2. 4. 26. 19

2. 22. 21. 7

2. 28. 4. 28

3- 15- 59- '5
3. 21. 42. 36

In Leap-Tear, after Febru-
ary^ add one Day, and one
Day's Motion.



of tie Moon from tie Sun. 47

1
J
2

3

4

6

l
9

IO

n
12

Ч

H
J5
16

!7
18
!9
20

21

22
23
24

25
20

27

28

29

3°
3*
32

Л/сЛ J) /row 0
S o r n

O. 12. II. 27

0. 24. 22. 53
I. 6.34.20

I. 18.45.4?

2. 0.57.13
2. 13. 8.40

2.25.20. 7
3- 7 - 3 Ï - 3 4
3- 19-43- °
4- 1-54.27
4.14. 5.54
4. 20. 17. 20

5. 8. 28. 47
5. 20. 40. 14
6. 2.51.40
6.15. 3. 7
6. 27. 14. 34
7. 9. 26. o
7.21.37.27
8. 3.48.54
8. 1 6, O. 21
8. 28. ii. 47
9. io. 23. 14
9.22.34.41

io. 4.46. 7
10.16.57.34
io. 29. 9. i
II. II. 20. 27

11.23.31.54

o. 5 .43-21
o. 17. 54. 48
i. o. 6. 14

ï-t
t

/f
i
2

3
4

6

I
9

IO

ii
12

Ч

H
1516
17

19
20

21

22

23
24

25
20

27

28

29

3°

Mot î _/r. ©
O ' í/

f f/ II!

If 111 IV

o. 30. 29
I. 0.57
I. 31. 26
2. 1.54
2.32.23

3- 2.52
3-33-20
4- 3-49
4.34.18
5. 4.46

5 - 3 5 - Ï 5
6- 5-43
6. 36. 12

7, 6.41

7-37- 9
8. 7.38
8.38. 6
9- 8.35
9-39- 4

IG. 9.32
10.40. i
ii. lo. 29
ii. 40. 58
12. II. 27
12.41.55
13. 12.24
I 3-4 2 -53
14. 13.21
14.43.50
15. 14. 1 8

я.
1

If

З 1

З2

33
34
35
36
37
38
39
40

41
42

43
44
45
46

47
48

49
5°
51

52

53
54
55
56
57
5*
59
6о

Mot î/r. 0
О ' ir

1 П III

If III ly

1 5- 44- 47
16. 15. 16
16. 45. 44
17. 16. 13
17.46.41
18. 17. io
l8-47-Í9
19. 18. 7
19.48.36
20. 19. 4

20.49-33
2 I. 2O. 2

21.50.30
22. 20. 59
22. 51. 28
23.21.56
23.52.25
24. 22. 53

24.53.22
25.23.51

25- 54- 19
26. 24.48
26. 55. 16
27.25.45
27. 56. 14
28. 26.4.2
28. 57. II
29. 27. 40
29.58. 8
30. 28. 37
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(49)

THE USE OF THE P R E C E E D I N G TABLES.

f J AHe Radix of each middle Motion is accom-
JL modated to the laft Day of the Julian Year

in the Meridian of the Royal Oblervatory of
Greenwich.

ï To reduce the apparent Time to the equal, and
the converfe.

ТГ TNder the Title (Tables of the Equation of
\^_J Time] enter the firft Table with the Sign
and Degree of the Sun's true Longitude, and the
fécond with his mean Anomaly, fo you have the
Equation in two Parts; of which, if both add or
both fu bilra ft, the fum, but if one add and the
other fubilraft, the difference (according to the
greater Part) is the abfolute Equation, which as
the Titles direft, added to or fubilrafted from the
apparent Time, gives the equal, and vice verfa.

2 To calculate the true Place of the Sun.

Irft in the Table entituled A Table of the Sun's
mean Motions, find the neareir, lefîèr Year

to that in which the Sun's Place is fought, and
A you



(50)
you have the Sun's mean Longitude anfwerable
thereto, as alfo the Place of the Sun's Apogee; to
which add the mean Motion of the Sun and of
his Apogee for the refidue of the Years, with
the Month, Day, Hour and Minute (taken from
the faid Table) and you have the Sun's mean
Longitude and Place of the Apogee for the given
Time-, as in the Example following.

In the Tear 1737 'January 2d.3h4o' Time...e-
quatcd, the Sun's true Place is required.

Eg. Time Longitude © Apogee 0

1721
10

January
d.2

h-3
'40

•mean Mot. ©

9s 20° 52' 54"
о о 7 15
о о о о
о ï 5^ 17

о 7 24
1 39

9 23 7 29

3s 8° 5
о о 16

3 8 22

30"
4В

о

i8 Apo.

Then from the Sun's mean Longitude fubftracl
the Place of the Apogee, and the remainder (6s

14° 45' 11") will be Sim's mean Anomaly, with
which in the 'Table cf the Equation of the Sun's
Centre next following (by making proportion as
need requires)find the Equation oJ 29' 53" which
(according to the Title) added to the mean, gives
the Sun's true Longitude çs 23° 3/ 22''.



(50
calculate the true place of the Moon.

"O the given Time find the true Place of the
Sun from the Equinox, as before.

Then in tbe fable of the Moon's mean Motions,
colleft rhe mean Longitude and Apogee inco two
diftinól Sums, in like manner as rhe mean Lon-
gitude and Apogee of the Sun in the foregoing
Example. Only the mean Motion of the Nodes
being retrograde, fubftraól the mean Motion for
the refidue of Years with the Month, Day, Hour
aлd Minute, from the radical Place for the Year
firit found, as in the following Example.

In the Year 1737 January 2d-3h.4o' Timee-
quated, the Moon's true Place is required.

Eq.T. Longitude ? Apogee j Afc.Node

1721
IO

Jan.
d. 2

h.-}
'40

m.M.

2

IO

о
0

2

'28

22

0

20

I

20

°53'
5

1

о
21

38
21

7

55"
i6
о
10

49
5«

8

2
s

9
о

о

12°

21

О

О

3

О' '•8
 35
4 12
0 0

13 22

о 5"
1 1

27 10

4
s

IO

IO

5

0°

9
о
о

9
20

34
28

о
6
о

35
Ç9

5"
12
О

21

24

Ч

2

?

Then enter the Table entitulcd A Table of the
Annual or ßrß Equation of the Moon> with the.
mean Anomaly of the Sun before foimJv;md you

Л 2 have.



(5*)
have the firft Equation of the Moon's mean Lon-
gitude, which (аз the Title diredb) added to or
íubftraéted from the mean Place of the Moon,
gives her Place a firft Time equated.

In like manner, enter the Table entkuled A
'fable of the Annual orßrß Equation of the Moon's
Apogee; as alfo that entituled A 'fable of the An-
nual or Jlrft Equation of the Moon's Nodes, each
with the Sun's mean Anomaly, and you have the
firft Equation of the Moon's Apogee, and of her
Node, which(as their Titles dire£t)added to or
fubftrafted from their mean Places, give their
Places a firft Time equated.

From the Sun's true Place fubftraft the Place
of the Moon's Apogee a firft Time equated, and
the remainder is the Annual Argument of the
faid Apogee.

Then with the Sun's mean Anomaly, enter
the firft part of the Table oftheßrß Semi-annual
or fécond Equation of the Moon, under the Title
Gr. Equation in Off ants, and take thence the great-
eft Equation; alfo from the fécond part of the faid
Table under the Title Equation y , © in Apogee,
(with the Annual Argument of the Moon's Apo-
gee) take out the Equation anfwerable to that
Argument, the Sun being in Apogee, and fay,

As the greateft Equation in the Octants, Sun
being in Apogee,

To the prefent Equation, Sun being in Apogee;
So



( 5 3 )
So is the greateft Equation in the Ootants, a-

ereeable to the Sun's mean Anomaly,
To the true Equation anfwerable thereto;

which (according to the Title) added to or fub-
ftrafted from the Moon's Place once equated,
gives her Place equated a fécond Time.

Likewife from the Sun's true Place fubílraít
the Place of the Moon's afcending Node equated
as before, and the remainder is the Annual Ar-
gument of the Node, with which enter the Ta-
ble entituled A "Table of the /econd Semi-annnal
or third Equation of the Moon, and take out the
Equation, which (as the Title direcls) added to
or fubftraóted from the Moon's Place twice e-
quated, gives her mean Longitude a third Time
equated.

Then with the Annual Argument of the Moon's
Apogee(before found )enter the Table entituled
A Table of the Semi-annual or fécond Equation of
the Moon's Apogee^ and you have the fécond and
principal Equation of the faid Apogee, which
(as the Title direfts) added to or fubftracled from
its Place a firil Time equated, gives the fécond
equated or true Place of the Moon's Apogee;
which fubilradted from the Moon's Place a third
Time equated, the remainder will be the Moon's
mean Anomaly.

sAlfo with the Annual Argument of the Moon's
Apogee, enter the Table of í be Excentricity of the

Moon's
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Moon's Orbit, and take out the Excentricity a-
greeable to the prclent State of the Moon's Orbit.

Then with the Moon's mean Anomaly enter
tbe 'fable of the Equation of the Moons Centre for
the next leiTer Excentricity to that before found,
and take out the Equation anfwerable to that
mean Anomaly; alfo with the faid mean Ano-
maly, enter the 'table of the Equation of the Moon's
Centre for the next greater Excentricity, and
take out thence the Equation agreeing thereto ;
and fay,

As the difference of the two next Excentrici-
ties, to which the Equations are found,

To the difference of the faid Equations ;
So is the difference of any one of the faid Ex-

centricities, from the prefent Excentricity,
To a fourth Number; which, added to or fub-

ftraited from the Equation belonging to the laft
ufed Excentricity, according as that is lefler or
greater than the prefent Excentricity, gives the
true Equation of the Moon's Centre, or Proltha-
phœreiîs, which (as the Tide directs) added to or
lubílraíted from the Moon's Place hitherto three
Times equated, gives her Place a fourth Time
equated.

From the,fipurth equated Place of the Moon
iubftracT: the%ue Place of the Sun, and double
the difference, then with the Sun's mean Anoma-
ly, enter the firft part of the Table emituled A
'fable of the Variation, Reßefficn, orßfth Equation

°f



(и)
e f the Moon, under the Title GV. Variation itt
Oflantí, and take thence the greateft Variation,
alfo from the fécond part of the faid Table, un-
der the Title Variation j, ® in Apogee (with the
doubled diftance of the Moon from the Sun)takc
out the Variation anfwerable to that diftance, the
Sun being in Apogee ; and fay,

As the greateft Variation in the Ootants, Sun
being in Apogee,

To the prefent Variation, Sun being in Apogee;
So is the greateft Variation in the Oftants, a-

greeable to the Sun's mean Anomaly,
To the true Variation of the Moon ; which

( according to the Title ) added to or fubftraft-
ed from the Moon's Place four Times equated,
will give her Place equated a fifth Time.

Again, to the diftance of the Moon from the
Sun add the diftance of the Moon's Apogee/rom^/Wi*
the Sun's Apogeefthat fum will be die Argument
of the fixth Equation of the Moon, with which,
enter the Table of the ßxth Equation, and take
thence the Equation, which (as the Title directs)
added to or fubftraited from the Moon's Place
already five Times equated, will give her Place
я íixth Time equated,

Alfo with the diftance of the Moon from the
Sun, enter the Table enticuled A Table oftbej'e-
venth Equation of the Moon, and take out ehe le-
venth Equation, which (according to the Title)
added to or fubftracted from the Moon's PJacc

now
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now fix Times equated, gives her feventhly e-
quated, or true Place in her proper Orbit.

This Equation, Sir Ifaac Newton fays, is to
be increafed and diminiihed according to the ii-
tuation of the Lunar Apogee : For if the Lunar
Apogee be in Conjunction with the Sun's Apo-
gee, and alfo in the Sun's Syzygies, the faid E-
quation becomes greater by 54", that is 3' 14" ;
and if the Lunar Apogee be in Oppofition to the
Sun's Apogee, and in the Sun's Syzygiesv it be-
comes lefs by 54", that is ï' 26". Alfo if the
Moon's Apogee be in Conjunction with the Sun's
Apogee, and in the Sun's Quadratures, the faid
Equation is to be diminiihed by about со" or
one whole Minute; but if the Moon's Apogee
and the Sun's are in Oppofition, and in the Sun's
Quadratures, Sir Ifaac fays, he cannot determine
(for want of Obfervations) whether it is to be in-
creafed or diminiihed : neither can he affirm any

.thing certain concerning the aforementioned in-
creafe and decreafe of this .Equation, for want of
Obfervations exacl enough.

N. Б. The fixth and feventh Equations are
to be increafed. and diminiihed in a reciprocal
Ratio of the diitance of the Moon from the
Earth; that is, in a diredt.Ratio of the Moon's
horizontal Parallax.

With the Annual Argument of the Moon's
Node (before ibund)enter the Table entitruled A
Table of the Semi-annual or ftcoiid Equation of
the Moon s Jh'odes, and you have the fécond and

chief
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chief Equation of the Nodes, which (as die Title
directs) added to or fubílraéted from the Place of
the Moon's afcending Node a firil Time equated,
gives its fécond equated or true Place ; which,
fubftrafted from the true Place of the Moon in
her Orbit, the refidue will be the Argument of
the Moon's Latitude.

Alfo with the aforeiaid Annual Argument of
the Moqn's Node, enter the Table of the Inclina-^
t ion of the Moon's Orbit te the Ecliptic, and tike
out thence the prefent Inclination.

Then with the Argument of Latitude enter
the Table of the Moon s Latitude, and take out the
Moon's Latitude .for the leail Inclination of her
Orbit, and alfo the Particle to be added in the
greateft Inclination, anfwerable to that Argu-v
ment ; and fay,

As the excefs of the greateft Inclination, of the
Moon's Orbit to the Ecliptic above its leait In-

To the Particle taken from the Table of La-
titude;

So is the excefs of the prefent Inclination of
the Moon's Orbit to the Ecliptic above its leaft
Inclination,

To the Particle to be added in the prefent In-
clination j which, added to the Moon's Latitude
for the leail Inclination of her Orbit taken from
the Table, cives her true Latitude,

B Alfo
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Alfo with the aforefaid Argument of Latitude

enter the Table entituled A Table of the Mean's
Redufljon from her proper Orbit to the Ecliptic,
and take thence the Reduction for the kail In-
clination of her Orbit, and the Partick to be add-
ed in the greateil Inclination; and fay (in like
manner as before)

As the excefs of the greateft Inclination of the
Moon's Orbit to the Ecliptic, above its leaft In-
clination,

To the Particle taken from the Table of Re-
duction ;

So is the excefs of the prefent Inclination of
the Moon's Orbit to the Ecliptic above its leaft
Inclination,

To the Particle to be added in the prefent In-
clination ; which, added to the Reduction for the
kail Inclination of the Moon's Orbit taken from
the Table, gives her true Reduction ; which (as
the Title direc~ts)added to or fubftracted from the
Place of the Moon in her proper Orbit, gives her
true Place in the Ecliptic.

Example
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Example continued.

н. Time Longitude ï . Node

1721
16

January
d.2
h-3
'40

mean Jvlot

}. \Eqna-
2 EqtiAtion

У 2 Еанл.
3 Equation

Î 3 Èqbtd.
4 Equation

3' ífEaiia.
§ Equation

3) 5 Eíjw*.
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2 /и Ortó
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í in Ectip

I -.at. South

S O 1 »
2 28 53 55
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0 0 О 0
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i 38 49
21 58
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2 2O 4 6

-f 2 33
2 20 6 39
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— 36 28

2 14 1-2 25
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5 3 18
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2 12 8 35
9 21 4 12
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0 13 22

о 50
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.

+ 5 9

о з З2 19
9 23 37 22

9 20 5 3
- 9 19 27
II 24 12 52

2 25 54 30
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46703

421' ы 31
9 12 23 2

3 8 22 i8
; 8 15- 50 34

i 7 2 5

s o ' "
4 . о 34 5

IO 9 28 12

о о о
О 6 2 I

О 24

5

IQ .. .9 35 2
5 20 59 3 ß

— 2 27

5 20 56 збр,1 £?.
9 23 37 22V/WM PI.

4 2 40 Af&An.Arv.
— I 22 232 £^. tò

5 19 34 I3û 2 £ î -
mean Anow.

8 24 35 17 А^£,л1
5 4 4ofnc*Lim-

doubled
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4 Toßnd í/м? apparent Place of the Moon.

TTIril, find her Right Afcenfion and Declina-*
JP rion, which is done by refolving the fpheri-
cal Triangle ABC(fig. ï) wherein A reprefents
the Pole of the Ecliptic, В the Pole of the Equa-
tor, and С the Moon's Centre, in .which there
are given the Sides А В the diitance of the Poles
of the Ecliptic and Equator 23° 29', AC the di-
ftance of the Moon from the Pole of the Eclip^
tic, known by her Latitude, and the Angle ВАС
the Moon's Longitude from <s> or yf : therefore
the Side В С the diíbmce of the Moon from the
Pole of the Equator, and the Angle ABC her
difference in. Right Afcenfiqn from 90° or 270°-
will be found.

Then to the Sun's Right Afcenfion (taken from
tbe Table of Right sî/ce?/Jïcns)udd the apparent
Time from Noon converted into Degrees and
Minutes, the lain is the Right Afcenfion of the
Mid-heaven, whofe difference from the Moon's
Right Afcenfion, is the Angle at the Pole of the
Equator comprehended between the Meridian
and the Circle of Declination pafling through the
Moon's Centre -, therefore in the Triangle Z PM
(fig. 2) in which Z reprefents the Zenith, P the
Pole, and M die Place of the Moon, there are gi-
ven the Sides Z P (the Complement of the Poles
Elevation)and P M, together with the Angle
2PM jiilt now found; whence the Side Z M
the Complement of the Moon's Altitude, and the

Angle
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Angle M Z P her Azimuth will be known alíb;
and thence the diftance in the Horizon between
the true Eaft, and a vertical Circle drawn through
the Moon's Centre.

Alfo to the Right Afcenfion of the Mid-hea-
ven add 90°, and you have the Oblique Afcenfion
of the Afcendant, whence in the Triangle D E F
(fig. 2) comprehended between the Ecliptic EF,
Equator E D, and Horizon F D, is given the Side
E D the Oblique Afenfion of the Afcendant, or
its difference from a Semicircle, or Circle, the
Angles D E F the Inclination of the Ecliptic to
the Equator 23° 29', and ED F the height of
the Equator, or its Complement to a Semicircle -,
from whence the Angle of the Ealt D F E which
the Ecliptic makes with the Horizon, and the
Side F D the diftance of the arilmg Point of the
Ecliptic from the true Eaft will be found: So
you have the diftance in the Horizon between
the arifing Point of the Ecliptic and a vertical
Circle drawn though the Moon's Centre; where-
fore in the right angled Triangle F G H compre-
hended between the Vertical H G, Ecliptic H F
and Horizon G F, you have given (befides the
right Angle at G)the Angle H F G, and the Side
G F ; whence the Angle G H F, which the Ver-
tical makes with the Ecliptic is found.

Then with the Moon's mean Anomaly, and
Excentricity of her Orbit, enter the 'Table of the
Scinidiametcrs, and horizontal Parallaxes of the

Moon
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Moon, in the Syxygief,,znd take thence the hori-
zontal Parallax anfwerable thereto, alfo with the
diftance of the Moon from the Sun, in the Table
of Particles to befubßraftedfrom the Semidiame-
tcn and horizontal Parallaxes of'the Moon, out of
the Syzygies, take the Particle to be fubftrailed
from: her horizontal Parallax, which accordingly
fubftrafted gives the Moon's true horizontal Pa-
rallax.

Then fay,
As Radius,
To the Sine of the horizontal Parallax;
So is the Coorte of the Moorr's Altitude,
To the Sine of her Parallax in Altitude.
Andy-
As Radius,
To the Tangent of the ParaMax in Altitude ;
So is. the Co-fine of the Angle which the ver-

tical Circle drawn through the Moon's Centre
makes with the Ecliptic,

To the Tangent of the Parallax in Longitude j
which, added in the Oriental and fubftracbd in
die Occidental' Quadrant of the Ecliptic, to and
from the true, gives the apparent Longitude of
the Moon,

Again,
As Radius,
To the Sine of the Moon's Parallax in Altitude}
So is the Sine of the Angle which the vertical

Circle drawn, through the Moon's Centre makes
with the Ecliptic,

To
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То the Sine of her Parallax in Latitude; whence

from the true, you have the Moon's vifible La-
titude.

Or (which is more exaft)from the Moon's La*
titude, and the Angle which the vertical Circle
drawn through the Moon's Centre makes with
the Ecliptic, you may proceed to find the Angle
at the Moon's Centre which the Vertical makes
with a Circle of Latitude; and thence the Moon's
Parallax both in Longitude and Latitude.

In computing the Moon's Parallax at the
Time of Eclipfes of the Sun, the Moon's Place
may be taken the fame with the Sun's (without
feniible error in the Parallax) which very much
ihortens the work, for from only the Angle of
the Eaft which the Ecliptic makes with the Ho-
rizon, and Altitude of the Sun, the Angle which
the Vertical drawn through the Sun's Centre
makes with the Ecliptic is found. Alib if initead
of the abfolute horizontal Parallax of the Moon,
you take the excefs of the Moon's horizontal
Parallax above the Sun's horizontal Parallax, you
will have the Parallax of the Moon from the
Sun in Altitude, Longitude, and Latitude.



с То ßnd the Time of a mean Cory un£l ion of
Oppofition of the Sun and Moon.

T7Rom the Table entituled A Table of the mean
_§7 Motim of the Moon from the Sim, for the gi-
ven Year and Month, colled the mean diftance
of the Moon from the Sun, and take its Com-
plement to a Circle, if you want a mean Con-»
junction; or add 6 Signs to that Complement, if
you want a mean Oppofition : then in the faid
Table of the mean Motion of the Moon from the Sun,
feek tne neareft leflêr mean Motion to that Com-
plement or its Oppoiite, which iubftradt from it,
and mark the Time anfwerable thereto j alfo feek
the neareft leflèr mean Motion to that remainder,
which fubftracl from it, and mark its correipon-
dent Time; and fo on, till nothing remains j
which Times CQÜefted will be the Day, Hour,
6cc. of the mean Syzygy required.

Example ï.

In the Tear 1737, in February, the Time of
the mean Conjunction of the Sun and Moon is
required.
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1721

IO
February

5s 8° ï' -f
ю 22 44 ï
о 17 54 48

Mot. î from ® | 4 18 39 50

Complement
d. 18

h. т.

'45

7
7

1 1
9
i
ï

20

20

54
31

22

ю
о

10

20

44
Whence the mean <$ is February i8d. ßh. 45

Example 2.

In the fame Tear, in Auguß, the Time of the
mean Oppofmon of the Sun and Moon is re-
quired.

1721 5s 89. ï' ï"
16 ю 22 44 ï

2 4 26 19

Mot.- ;y from © I 6 5 II 21

Complement 5 24 48 39

8
d. 29

h. 2

ii 24 48 39
n 23 31 54

ï 16 35
1 ° 57

'31 ч 3
8

Whence the mean g is Auguß 29 d. 2 h. 3 ir.
С To
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6 70 ßnd tie *íime of a frué Conjunction W

Oppbßtion'ofihe Luminaries *.

O the Time 'of the mean ConjuncYion or
Oppofition '( found as before) fina tbe true

Place of the Sun, and of the Moon in die Eclip-
tic; if they be exactly thfe fame, or oppofite, the
^ime of the «lean and true'Syzygies do alfo co-
incide; but if thofe Places differ, note their diffe-
rence; and compute again the Places of the Sun
and Moon for an Йоиг before or after that Point
of Time for which you .have them -already; by
which means you will have the hourly Motion
of the Moon from the Sun in the Ecliptic;

Then fay,
As the hourly .Motion ^>f the Moon from -the

To ï Hour, or 6o' j
So is the diftancèfòf the Moon from the Sun's

Syzygy (before noted)
To the interval of the mean and true Con-

junction or 'Oppofition; which, added to or fub-
ftracted from the Time of 'the 'mean Conjunction
or Oppofition, according as the Moon has not yet
come to, or is alreadypaft the Sun's Syzygy, gives
the Time of the true Conjunction, or Oppoütion
required.

Example

* -A true Cohjuriftion of the Sun and Moon is when the Sun's
'true Place is the fame 'with the Mood's true Place reduced to the
Ecliptic; and a" true Oppofition when the Sun's true Place is diretl-
ly óppòíit«lorthe"Moçn's"true-Place reduced 'ío the 'Ecliptic.



Example.

In tb,e Twr J737>, w -<%?£/?,,. фе Т^е of the
true QppofrtiQn of the.S.un and Moon is required.

The Time of the mean/ §• is. . zgd 2h3ic

To which Time,
The true Place of the Sun is, 5* 1 6° 50" 8"

of the Moon in the Ecliptic ii 21 53 24
The difference from the # paft о 5 316

To ï Hour before the mean 8 rviz. ï ^31'
The true Place of the. Sun is 5 16 47 41

of the Moon jn the Ecliptic IJL 21. 2.3 Д-.
The hourly Motion of the Sun, 2 27

of the Moon in the Ecliptic.- 30 22
of D from © in the Ecliptic 27 55

The interval of cfoe. теац and
truc s fut?« 10^51 48

The equal Time of the true 3 z№}$ 35.

N. B. If the greateft Exaftnefs be required, as»
is done in ecliptical Syzygies; ta the lately found
Time of the true Conjunaion or Opposition,
compute again the Sun and Moon's true Places,
and if they be exaftly the fame, or precifely op-
poßte, the thipg is donej but if not, frem the a|-
moft true Time of the true Syzygy already
found, find the exactly true Time, in like man-
per as you foand the almoft true Time, from,.
the Time of the mean Syzygy before found.,

The ехаШу true Time of the.
true 8 (in this Example)is z№ 15^40' 49"

С 2 '1b
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7 To calculate an Eclipfe of the Moon *.

Д Т the Time of the true Oppofition of the
,/X Sun and Moon, with the Argument of La-
titude, and hourly Motion of the Moon from the
Sun in the Ecliptic, in the Table of the Angles
•which the Way of the Moon from the Sun makes
with a Circle of Latitude, find the Angle ; and
(having found the Moon's Latitude, as is before
directed) fay,

As Radius,
To the Sine of the Moon's Latitude;
So is the Sine of that Angle,
To the Sine of the neareil Approach of the

Centres of the Moon and Shadow.

With the Sun's mean Anomaly, enter the Ta-
ble of the hourly Motions, and Semidiameters of the
Sun, and take thence his Semidiameter: As alfo
with the Moon's mean Anomaly, and Excentri-

city

* All opake Bodies, when expofed to the Sun, cafl a Shadow Ьг-
hind them ; that is, they intercept the Sun's Rays, and binder them
from enlightening the oppofite Space : thus, the Earth beii.g a.i opake
Body, calts a Shadow on the Space oppofite to the Sun, into which
Space if the Moon ihall come, (he muft necefiarily be deprived of
the Sun's Light, and fo difahled from enlightening the Earth by Re-
fleftion, which occafions the Phenomenon that we call an Eclipfe
of the Moon.

Befldes the Shadow which is wholly deprived of the Sun's Light,
there is a certain ambient Space which is but partially deprived
thereof; that is, whereon all'the Sun's Body does not íhii»e, о ly
Rays coming from fome part thereof enter it, and enlighten it, a.id
that more or lefs as the Place is nearer to or farther from the total
Shadow : this partial Shadow is called a Penumbra.



city of her Orbit, in the fable of the Semtdtame-
iers, and horizontal Parallaxes of the Moon, in the
Syzygies, find her Semidiameter, and horizontal
Parallax. Then from the fum of the horizontal
Parallaxes of the Sun and Moon, fubftradt the
Semidiameter of the Sun, the remainder will be
the apparent Semidiameter of the Earth's Sha-
dow, which is to be increafed by about 50" on
account of the Earth's Atmoiphere.

To the Semidiameter of the Shadow thus in-
creafed add the Semidiameter of the Moon; if
the fum be greater than the neareft Approach of
their Centres (before found)the Moon will be e-
clipfed at that Time, otherwiie not.

If the Moon be found eclipfed, from the fum
of the Semidiameters of the Moon and Shadow
fubftraft the neareft Approach of their Centres,
the remainder will be the Part deficient; then fay,

As the Semidiameter of the Moon,
To. 6 Digits or 3^0";
So is the Part deficient,
To the Digits eclipfed.

Then with the Argument of Latitude, and
hourly Motion of the Moon from the Sun, enter
the Table entituled A *fable of the I'imes between,
the true Syzygy, and the mean Ecltp/'e, or greateß
Objcuratîon, and take thence the Time corre-
fpondent thereto; which, added to or fubftracted
from the Time of the true Oppofition, according

as
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as the Moon has not yet come to, or is already
pail the next Node, gives the Time of the great-
eft Obfcuration.

From the fquare of the fum of the Semidia-
meters of the Moon and Shadow in Seconds, fub-r
ilracl the fquare of the neareft Approach of
their Centres in Seconds, the fquare Root of thç
remainder will be the Motion of Semiduration
in Seconds.

If the Eclipfe be found of more than 12 Di-
gits (i. e. Total) from the fquare of the difference
of the Semidiameters of the Moon and Shadow
in Seconds, fubftraft the fquare of the neareft
Approach of their Centres in Seconds, the fquare
Root of the remainder will be the Motion of Se-
miduration in total Darknefs in Secopds.

Then fay,
As the hourly Motion of the Moon from the

Sun in her Orbit (to be referved in the Operation
of finding the true Oppoiition)

To ï Hour, or 60' ;
So is the Motion of Semiduration,
To the Time of Semiduration:
And, fo is the Motion of Semiduration in to-

tal Darknefs,
To the Time of Semiduration in total Dark-

nefs: which, refpeftively fubftracbd from and
added to the Time of the greateft Obfcuration,

gives
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gives the Time of the Beginning and End of the
Eclipfe, and of total Darkftefs.

Example.

In the Tear 1737, гп *iuguß, the equal Time
of the true g °f© and î is 28d 15*40' 49*

To which Time,
The true Place of the Sun is ijc 16° 23' 45*

of the Moon in her Orbit & i6 25 40
Place of the afcending Node 5 8 53 56
Argument of Latitude 6 7 31 44
Reduction, fub. ï 54
The Place (of j> in the Ecliptic x 16 23 46
The Moon's Latitude, South 41 2$
The Angle of the way of j> from © >

with a Circle of Latitude 84 19
The neareft Approach of the Centres

•of the Moon and Shadow 41 16
The horizontal Parallax of the Sun is jo

of the Moon 54 53
The fum of the horizontal Parallaxes 55 3
Semidiameter of the Sun, ,fub. .16 2
Semidiameter of the Earth's Shadow 39 ï

increafed 39 51
Semidiameter of the Moon 15 z
The fum of the Semidiameters : 54 53
Neareft Approach of their Centres, fub. 41 16
The Part déficient 13 37
Digits eclipfed 5d 2.6
The Time between the true Syzygy,

and the mean Eclipfe, fub. 8 45
Equal
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Equal Time of the greateíl Obfcur. 15^3 2' 4'
Equation of Time, fub. 2 51
Apparent Time of the gr. Obfcur. 15 29 13
The Motion of Semiduration 36 n
The Time of Semiduration ï ij 4
The Beginning of the Eelipfe 14 12 9
The End 16 46 17

8 20 calculate an Eclipfe of the Sun *.

T the Time of the true Conjunction of the
Sun and Moon, from the horizontal Pa-

rallax of the Moon Tubftradl the horizontal Pa-
rallax of the Sun, the remainder is the Semidia-
meter of the Earth's Diik; alfo, to the Semidia-

meter

* The Phenomenon which is commonly called'an Eclipfe of the
Sun, may more properly be termed an Eclipie of the Earth; for it is
only the Earth and its Inhabitants that are deprived of the Sui.'s
Hays, whilft the Sun himfelf fuffers not the lealf decreafe of Light.
If we imagine a Speäator placed in the Moon, at. the Time ol an
Eclipie of the Sun, he will ice the Moon's Shadow and her Penumbra
pafs over the Earth, like as an Í.ihàbita4 oftlie Earth fees the Earth's
Shadow and its Penumbra país over the Moop, in, a. L,unar Eclipfe:
here it is to be noted, that the Sun is eclipled when only the Moon's
Penumbra falls upon fhe Earth, whereas the Moon is not /aid to
be eclipfed except me comes i'.to the total Shadow of the Earth.
Moreover while the Earth by its diurnal Gyration revolves about
its Axis ; a Speilator placed in the Moon, will fee Countries, Cities,
and Towns move vipon the Earth1« Disk from Well to Halt; and as
1'uch Speftator, at the Time of an Eclipfe of the Sun, lees only the
Earth's enlightened Hemifphere, he will fee Places emerge from be-
hincTthe weltern Edge of the Disk, and move Eallward.when the In-
habitants of fuch Places on the Earth, fee the Sun rife and go towards
the Weft; and when fuch Speilator fees the Edge of the Penumbra
touch any Place upon the Disk, the Inhabitants of that Place will
ice the Sun begin to be eclifped; &c.
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meter of the Sun add the Semidiameter of the
Moon, the fum is the Semidiameter of the Moon's
Penumbra.

Then, to the Semidiameter of the Earth's Diik
add the Semidiameter of the Moon's Penumbra;
if the fum exceeds the neareft Approach of their
Centres (to be found in like manner as the near-
eft Approach of the Centres of the Moon and
Shadow, in the foregoing Operation of the
Moon's Eclipfe)the Sun will be eclipfed in fome
Part of the Earth, otherwife not.

If the Sun be found eclipfed in fome Part of
the Earth, the Beginning, Middle, and End, both
of the general and central Eclipfe ( with refpeft
to the whole Earth)may be found in like Man-
ner as is before directed concerning the Begin-
ning, Middle, and End, of the Moon's Eclipfe.

But to find the Places upon the Earth, where
the principal Appearances of Solar Eclipfes hap-
pen,

Let the Circle А В С ( fig. 3 ) reprefent the
Earth's enlightened Diik, AEC a Portion of the
Ecliptic projected * thereon, E B its Axis, В its
Pole, P the Projection of the Pole of the Earth,
and F G H the Path of the Shadow or Way of
the Moon from the Sun projected on the Diik;

D Then

* The Projeftion here fuppofed, is the Orthographic; being fach
as would be feen by a Speilator placed at a very great djftance in
the right Line which joyns the Centres of the Sun and Earth.
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Then in the right angled fpherical Triangle

BIP, there are given(befides the right Angle at I)
the Side B P the diítance of the Poles of the E-
cliptic and Equator, and the Angle FBI equal
to the Sun's diftance from the next Equinodial
Point; whence the Side ВI the Meafure of the
Angle B E I ( the Inclination of the Earth's Axis
to the Axis of the Ecliptic) may be found. Here
it is to be obferved, that when the Sun is in the
Signs w «к к r » n, the Point P(the Projection
of the Pole of the Equator ) falls on the Right
Hand of the Axis of the Ecliptic; but when the
Sun is in the other fix Signs, the Point P falls on
the Left Hand of the Axis of the Ecliptic, con-
trary to what happens when the Projection is fup-
pofed to be made on a Plane parallel \o the Diik
at the Orbit of the Moon.

The Angle BEG that a Perpendicular to the
Path of the Shadow makes with, the Axis of the
Ecliptic, is known by being the Complement of
the Angle which the Way of the Moon from the
Sun makes with a Circle of Latitude: only ob-
ferve, that this Perpendicular falls on the Left
Hand of the Axis of the Ecliptic when the
Moon is neareft her afcending Node, but on the
Right Hand of that Axis, when ihe is neareft
her defcending Node.

The Angles BEI and BEG being thus known,
and confequently the Angle G E I(their fum or
difference) the Place Qjupon the Earth's Surface,

which
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which is firft touched by the Penumbra, and
where the rifmg Sun begins to be eclipfed in his
upper Limb, may be found as follows.

Firft, draw the Meridian P Q. Then in the
right angled plane Triangle F G E, you have gi-
ven the Sides F E the fum of the Semidiameters
of the Diik and Penumbra, and G E the neareíl
Approach of their Centres ; whence the Angle
FEG may be found:, from which,.by adding or
fubftraeting the known Angle G E I, you will
have the Angle FEI.

Therefore in the fpherical Triangle P I Q^
on the Earth's Surface, right angled at I, you
have the Sides PI equal to the Sun's Decli-
nation, and Ql^the meafure of the Angle F E I;
from whence you may find the Side P Q^jhe
Complement of the Latitude of the Place Q,
and the Angle IP Q; which Angle, or its Com-
plement to a Semicircle ( according as the eleva-
ted Pole in the Place Qj_s obfcured or enlight-
ened) is the Angle contained between the Meri^
dian of the Place Q, and the Meridian of the
Place where the Sun is then vertical; but the
Longitude of the Place where the Sun is vertical
is known by the Time, and cbnfequently the
Longitude of the Place Q, and having both
Longitude and Latitude, the Place it.felf will be.
known.

By the fame Method you may find the Place-
of the Earth, where the Centre, of the Penumbra
enters the Earth's Diik, and the Sun rifes cen-

D. 2 trally



trally eclipfed; as alfo the Places where both cen-
tral Eclipfe and Penumbra leave the Earth.

Alfo by a like Procefs the Place N upon the
Surface of the Earth, which is under the Centre
of the Penumbra at the Time of the true Con-
junction, where the Sun is centrally eclipfed in
the nonagefimal ( or higheft ) Degree of the E-
cliptic, may be found. For if E B (the Semidia-
meter of the Diik ) be made Radius, N E ( the
Moon's Latitude) will be the Sine of the Sun's
diftance from the Vertex of the Place N; fo that
in the fpherical Triangle N E P on the Earth's
Surface, you will have the Sides P E the Sun's di-
ftance from the Pole, and N E his diftance from
the Vertex, together with the Angle N E P;
whence the Side N P the Complement of the La-
titude of the Place N,and the Angle N P E, which
íhews the difference of the Meridians of the Place
N and of the Place where the Sun is then Verti-
cal, may be found: from which the Place N it
fel f will be known, as before.

In the fame Manner the Place of the Earth
may be found, which is under the Centre of the
Penumbra at any given Point of Time.

But the Place M upon the Earth's Surface,
where the Sun is centrally eclipfed in the Meri-
dian, is found by only refolving the right angled
plane Triangle E G M in which there are given,
all the Angles, and the Side G E; to find the o-
ther two Sides : one of which, viz. G M divided

by
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by the hourly Motion of the Moon from the Sun
gives the difference of the Time when the Cen-
tre of the Shade is upon the univerfal Meridian*
from the Middle of the Eclipfe; by which the
Longitude of the Place M will be known» being
the fame with the Longitude of the Place where
the Sun is vertical when the Centre of the Shade
is upon the univerfal Meridian: and the other
Side M E is the Sine of the Sun's diilance from
the Vertex of the Place M (the Semidiameter of
the Diik being made Radius ) by which its La-
titude will be known alfo.

Example.

In the Tear 1737, in February, the apparent
Time of the true 5 of ©and j is 18d 2h 13' 3"

To which Time,
The true Place of the Luminaries к n° 6' 43"
The Moon's Latitude, North 38 5
The horizontal Parallax of the Moon 54 20

of the Sun, fub. i o
Semidiameter of the Earth's Diik 54 ю
Semidiameter of the Sun 16 16
Semidiameter of the Moon, add 14 53
Semidiameter of the Moon's Penumbra 31 9
The Angle of the Way of j from ©

with a Circle of Latitude 84 17
The neareft Approach of the Centres

of the Diik and Penumbra 37 54
The

* The Line IP E wherein the Axis of the Earth is projected ; fo
called, becaufe when a Speftator placed in the Moon, obierves any
Place come to this Line (by the Earth's diurnal Rotation) the Inhabi-
tants of char Place will have Mid-day.
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The Time between the true Syzygy,

and the mean Eclipfe, add 8' 16"
Apparent Time of the Middle of the

general Eclipfe 2h2i 19
The Time of Semiduration of the

general Eclipfe 2 46 46
The Beginning 23 34 33
The End 5 8 5
The Time of Semiduration of the

central Eclipfe ï 24 26
The Beginning of the central Eclipfe о 56 53
The End 3 45 45

The Inclination of the Earth's Axis to the Axis
of the Ecliptic, to the R. Hand 22° 21'

The Angle of the Perpendicular of the Path of
the Shadow with the Axis of the Ecliptic, to
the Right Hand 5° 43'

The Sun's Declination, South 7 25

In the Latitude of 9° 39" North, Longitude
82° 22' Weft from Greenwich the Eclipfe begins
at Sun rife. In Lat. 27° 31' N. Long. 100° 20' W.
the Sun rifes centrally eclipfed. In Lat. 33°34' N.
Long. 51° 5^ W. the Sun is centrally eclipfed in
the до"1 Degree pf the Ecliptic. At 2h 46' 2" at
Greenwich in Lat. 39° 29' N. Long. 41° 30' W.
the Sun is centrally eclipfed at Noon. In Lac.
60° j i N. Long. 20° 26' E. the Sun fets central-
ly eclipfed. In Lat. 42° 33" N. Long. 6° 7'E.
the Eclipie ends at Sun let, and wholly leaves
rhe Earth.

The
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The Beginning, greateft Obfcuration, and

End, of a Solar Eclipfe in any particular Place
of the Earth, may be found ( by analytic Calcu-
lus) as follows.

Let А В С (fig. 4)reprefent half the Earth's en-
lightened Diík, A E C a Portion of the Ecliptic>

and FGH the Path of the Shadow, both projeit-
ed thereon (as before) let EI be the univerfal Me-
ridian, and the Ellipfe R S T V the Projection of
the Parallel of any given Place.

Then, if E B the Semidiameter of the Diík be
made Radius,and be fuppofed = i, R O the great-r
er Semi-axe of the Ellipfe will be the Co-fine of
the Parallel's Latitude, S O its leflèr Semi-axe
will be equal to the Rectangle of the Co-fines of
the Latitude and of the Sun's diftance from the
Pole, and E O will be equal to the Rectangle of
their Sines.

Suppofe the Motion of the Centre of the Sha-
dow to be refolved into two Motions in Lines
parallel to R T and S V, and let the hourly Mo-
tion in each of thefe be found, and reduced in
Proportion to the Semidiameter of the Dilk = ï;
alfo let the Semidiameter of the Penumbra be
reduced in the fame Proportion: and having
found the Time when the Centre of the Shade
is upon the univerfal Meridian (at M) and the
Line E M (as is before directed)

Put
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Put a-O M, £=R O, c = S O, </=the Semi-
diameter of the Penumbra, ? = the Sine of the
Hour when the Centre of the Shade is at M,
y=its Cofine, £ = the Motion of the Shadow in
Lines parallel to R T in 3.8197 Hours (being the
Time correfpondent to an Arch equal to Radius)
h — its Motion in Lines parallel to S V in the
fame Time, and y == the Arch anfwering to the
difference between the Time when the Centre of
the Shade is at M and the Time fought (whether
it be Beginning, greateil Obfcuration, or End) *.

6 24 ião 720

&f<:.r:the Sine of the Hour fought, and/— ey —

. = Ks Cofinc. Alfo
24 12O 720

-̂f+̂ Ĥ -̂2 6 H 120 720

Again с/-̂ -

24 120 720

2 2 4 1 2 0 7 2 0

Subílitute k = èf—g, l^a+cf, and

* In applying the following Theorems to Prailice, it is carefully
to be obferved, that л is Negative when the Point M falls to the South
of the Point О, с is Negative when the Sun is in the fouthern Sigiip,
e when the Time of the Centre of the Shade's being at M is before
Noon, /when that Time is dillant from Noon by more thai» 6 Hours,
h when the Line G E liills to the Right Hand of the Line 1 E, but
in other cafes Affirmative; and that b and^ are always Affirmative.



m —ce-b. Then by 47 Prop, ï Book Eue/.
bbtfyï bbety* iièíefjí 2Ыесу6

Иге 4- wekj — bbeey* J-±- -\ — -\ ~ ^~
3 3 6 о 4 5

My* — íefy* — —
3

which, by fubftituting n — bbee+ll, апс1д q, r,
j, t, v for the Coefficients of y and its feveral
Powers, becomes n+py+qy* +ryi +sy*+tyf

-+-vy& &c.=&y* : but it is manifeft that /8у
(and confequently its fquare) is a Minimum at the
Time of the greateft Obfcuration ; therefore py

and by -Tranfpofition and Divifion z
4- 4jy » -Ь 5/y*+6-uyf is'c. = — p ; from whence ei-
ther by Sir Ifaac Newton's Method of inverting
Series, or by the common Methods of refolving
adfefted Equations*, the Value of у may be
found, which will ihew the Time of the great-
eit Obfcuration.

E Alfo

* If die Series be refolved as an adfeiled Equation, it muft he ft)
difcontinued that the Exponent of the higheft Power of у which is
taken into that Equation, may be an odd Number; otherwile either
all the Roots will be impoffible, or it will have more than one pof-
ftble Root.
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Alfo, if for y and its feveral Powers in the Se-
ries n-^rpy-^-qy1 &c. you fubftitute its Value thus
found,you will have the fquare of В у at the Time
of the greateft Obfcuration; whofe fquare Root
(]3 y) reduced into Minutes and Seconds, and fub-
ftraited from the Semidiameter of the Penumbra
gives the Part deficient: then fay,

As the Semidiameter нэ£ the Sun,
To 6 Digits, or 360';
So is the Part deficient.,
To the Digits eclipfed.

Again, both at the Time of the Beginning and
End of the Eclipfe, /3y is equal to the Semidiame-
ter of the Penumbra} fo that п-Ь-ру-+-ау2-\-гу*
"i~sy*~t-tyr -b-vy6 &c. — dd: which, relolved by
the known Methods for refblving adfeited Equa-
tions, will have two poflible Roots*, one where-
of fliews the Time of* the Beginning, and the o-
ther the Time of the End of the Eclipfe.

Example.

Let it be required to find the Beginning, great-
eft Obfcuration, and End of the beforementioned
Eclipfe of the Sun, February the i8th 1737, at
London -J-.

Here tf =—.0463, l> — .622i, c=—.0803, d
= -S75 l> *=.6б27,/=:.7489, $=1.8581, an(1

h
* The Series mufl be fo difcontimicd that the Exponent of the

higheii Power ofy which is taken into the Equation, may be an even
Number ; otherwife it will have either but one poffible" Root, or more
than two poflible ones.

-f- The difference of the Meridian (ÃLondon from that ofGreetmicb
(being fmall) is ncglefted both in this and the following Example.
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-, fo that £=—1.3922, /=—.1064, т

=г — .6083, » =

and by refolving the preceedingEquations, the fe-
veral Values of у will be found: which give the
Time of the gr. Obfcuration 3h47' 25", Digits

5!, Beginning 2h 23' o"JrandEnd. 5ьз' iò".

But the Method of computing Solar Eclipfes
by Parallaxes, being that commonly ufed by AL-
ftronomers j is thus, viz.

To the apparent Time of the true Conjuncti-
on of the Luminaries, compute the Parallax o£
the Moon fronr the Sun, in Longitude j

Alfo to half an Hour, an Hour, or more(as that
Parallax is fmall or great) before or after the true
Conjunction, according as the Moon is in the O-
riental or Occidental Quadrant of the Ecliptic^
compute again the Parallax of the Moon from,
the Sun in Longitude; by which means (from
the true) you will have the vifible half hourly,
hourly, &c.. Motion of the Moon from the Sun:.

Then fay,
As the viable Motion of the Moon from the Sun,.
To the Time taken ;
So is, the Parallax, of the Moon from the Sui>

in Longitude at the Time of the true Conjunction, ,
To the interval of the true and vifible Con-

junction: which, added to or fubftracted from the.
Time of the true Conjunction, as the Moon is in
the Occidental or Oriental Quadrant of the E-

E 2 cliptic
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cliptic, gives the Time of the vifible Conjunfti-
on of the Luminaries.

To which Time find again the true Places of
the Sun and Moon, with the Parallax of the
Moon from the Sun in Longitude and Latitude,
and fo her apparent Place in refpeft of the Sun.

Alfo to an Hour before the Time of the vifi-
ble Conjunftion, compute the vifible Longitude
of the Moon from the Sun in Antecedence, with
her vifible Latitude} as alfo, to an Hour after the
vifible Conjunftion, compute the vifible Longi-
tude of the Moon from the Sun in Confequence,
with her vifible Latitude: and fay,

As the Sine of the vifible Motion of the Moon
from the Sun in Longitude, in thofe two Hours,

To Radius;
So is the Tangent of the difference of the vi-

fible Latitudes, :
To the Tangent of the Angle of the vifible

Way of the Moon with the Ecliptic at the T ime
of the vifible Conjunftion.

And, as Radius,
To the Sine of the vifible Latitude of the

Moon at the Time of the vifible Conjunftion j
So is the Sine of the Angle of the vifible Way

of the Moon with the Ecliptic, at that Time,
To the Sine of the Motion feen from the vifi-

ble Conjunction to the greateft Obicuration :
And, fo is the Co-fine of that Angle,
To the Sine of the vifible diftance of the Cen-

tres of the Sun and Moon at the Time of the
greateft
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greateft Obfcuration j /. e. their neareft vifible di-
ftance.

If this diilance be lefs than the Semidiameter
of the Moon's Penumbra ( found as is before di-
reéled) the Sun wjill be eclipfed in that Place, o-
therwife not.

If the Sun be found eclipfed in that Place, from
the Semidiameter of the Penumbra fubftrail the
neareft vifible diftance of the Centres of the Sun
and Moon, the remainder will be the Part defi-
cient; from which the Digits eclipfed may be
found, as is directed in p. 82.

Then fay,
As the vifible Motion of the Moon from the

Sun from an Hour before to an Hour after the
Time of the vifible Conjunction,

TO 2 Hours, ОГ I2O'j

So is the Motion feen from the vifible Con-
jundtion to the greateft Obfcuration,

To the interval in Time: which, added to or
fubftrailed from the Time of the vifible Con-
junction ( according as the Moon's vifible Lati-
tude is decreafing or increafing) gives the Time
of the greateft Obfcuration.

From the fquare of the Semidiameter of the
Penumbra in Seconds, fubftraft the iquare of the
neareft vifible diftance of the Centres of the Sun
and Moon in Seconds, the fquare Root of the
remainder will be the vifible Motion of Semidu-
ration in Seconds. Then
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Then fay,
As the Sine of the vifible Motion of the Moon

from the Sun in Longitude for an Hour before
the vifible Conjunction,

To Radius j
So is the Tangent of the difference of the vi-

fible Latitudes in that Time,
To the Tangent of the Angle of the vifible

Way of the Moon with the Ecliptic from the Be-
ginning of the Eclipfe to the vifible Conjunction.

And, as Radius,
To the Sine of the vifible Motion of Semidu-

ration j
So is the Co-fine of that Angle,
To the Sine of the vifible Motion in Longi-

tude from the Beginning of the Eclipie to the
greateft Obfcuration.

Alfo, as the vifible Motion of the Moon from
the Sun in Longitude in the Hour before the vi-
fible Conjunâion,

To ï Hour, or 60' ;
So is the Motion 'in Longitude feen from the

Beginning of the Eclipfe to the greateft Obfcu-
ration,

To the Time of Incidence: which, fubftrao-
ed from the Time of the greateft Obfcuration,
gives the Time of the Beginning of the Eclipfe.

By the like Proportions,(from the vifible Lon-
gitude of the Moon from the Sun in Confequence
with her vifible Latitude for an Hour after the
vifible Conjunction) you may find the Time of
Emergence, and fo the End of the Eclipfe.

Example
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Example.

In the Tear 1737, in February, the apparent
Time of the true б of ©and г is i8d 2h 13' 3*

To which Time,
The true Place of the Luminaries x 11° 6' 43*
Right Afcenfion of the Sun 342 35
Time from Noon in Degr. and Min. 33 16
Right Afcenfion of the Mid-heaven 15 51
Angle Orient, in Lat. 51° 3 г North 49 26
Declination of the Sun, South 7 ZS
Altitude of the Sun 24 30
Angle of the vertical Circle with

the Ecliptic 45 37
The horizontal Parallax of the Moon 54 20"
Parallax of j> from © in Altitude 49 17

in Longitude 34 28
To an Hour and an half after the true 4 viz.

3h43' 3"
Parallax of у from © in Longitude 42 4 r
The true Motion of ? from© in i-ih 41 3
The vifible Motion of j from ©in i^h 32 50
Interval of the true and vifible 4 add ih 34 28
Apparent Time of the vifible <* 3 47 31

To which Time,
The true Place of the Sun is « 11° Ю 40

of í in the Ecliptic к и 53 44
The Moon's Latitude, North 33 45"
Parallax of j from © in Longitude 42 59

in Latitude 30 21
Vifible Longitude of 2> j{ n ю 45
Vifible Latitude, North 3 24

To
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To an Hour before the vifible б viz. 2h 47' 31*
Vifible Long, of ï from ©in Antecedence 22 25
Vifible Latitude of ï, North 3 ю

To an Hour after the vifible <f yviz. 4h 47 31
Vifible Long, of у from © in Confequence 24 14
Vifible Latitude of ï, North 3 3

So that in this Eclipfe the vifible Way of j is
almoft parallel to the Ecliptic: wherefore the
Times of the vifible <$ and greateil Obfcuration
do nearly coincide.
Semidiameter of the Sun 16 16
Semidiameter of the Moon, add 14 53
Semidiameter of the Penumbra 31 о
The neareft vifible diftance of the

Centres of ©and г, fub. 3 24
The Part deficient 27 45
Digits eclipfed iod 14
Vifible Motion of Semiduration 30 58
Time of Incidence I h 22 53
The Beginning of the Eclipfe 2 24 38
Time of Emergence ï 16 40
The End 5 411

F I N I S .
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Preparatory Proportions.

I.
IfrTE moft ufeful and moil remarkable

Cycle or Period for the Revolution of
Eclipfes, both Solar and Lunar, men-
tioned by P%, ( Nat. Щ. II. ) and
by him only of all the Ancients, is

the IntervaLof 223 Synodical Months — 6585
Days : or =18 Julian Years: with ю Days,
when the Cycle or Period contains 5 Leap-
Years : and with i í Days, when wi thy Hours
43 'i. In which Time the direft mean Mod-
on of the Mbon and her Apogee in the Ecliptick,
is nearly fo much more; and the Retrograde
mean Motion of the Nodes nearly fo much lefs
than entire Revolutions, as the mean Motion of
the Moon frent tbe Sun, upon which all mean

В Сол-
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Conjunctions^ Oppofítiorts, and Ecliplès properly
depend, exceeds the like entire Revolutions:
Which Coincidences do therefore nearly reftore
the mean State of the Moon it felf, its Apogee;
Nodes, and Lunations : And produce an eminent?.
Revolution of correfpondent New Moons, Full'
Moons, and Edipfes, after that interval'perpe-
tually.

This appears by the following Calculation of
all thefè mean Motions from the Aftronomical
Tables.

Mean Motion of the Sun or Earth.

Years 18
Days 1 1
Hours 7
' 43
" 15

II
о
о
о
о

29
IO

о
о
0

28

50
i?
i
о

32

32
15
4б

x

Sum j о ID 48

Mean Motion of tie Meon in the Eclipticu.

Years
Days
Hours

ï
и

Sum

18
и
7
4?
15

7
4
о
о
00

oo

II
24
0?

ÜO

00

10

37
56
5o
23
00

48

22

25
35
36
o8

об
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Mean Motion of the Apogee.

Years 18
Days 1 1
Hours 7

Sum

s o r ц

Q 12 23 53
o i 13 32
o o i 57
О О О 12

13 39 34

Motion of tbe Node backward.

Years
Days
Hours

ï

18
ii
7

43?

Sum

ii
о
о
о

II

iS
0

о
о

,8

7
34
0
Q

43

39
57
56
6

38

Ш 0/ the Moon front: the Sun.

Years 18
Days 1 1
Hours 7

1 43

Sum

S О I II

7 U $8 50
4 H 5 53
о \з 33 20
О О 21 JO
0 0 0 7

О

From.
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From the mean Motion of the Apogee—13 39 34
Subftraft that ofche Moon in theEclipr. - 10 48 6
Remains r(20

L9) a 51 28
. —if . _ _.

To the mean Motion of the Moon-- о ю 48 6
Add that of the Node——• 11 18 43 38

Sum n 29 31 44
Difference trom 12 Signs(o0

L47)— о о 28 i6

Whence it appears ihar die Difference of "the
mean Motions of the Apogee and of the. Nodes
from that of the Moon her lelf in the Ecíiptick,
in fuch a Period, is "but. (mail : Not more in the
former Cafe than 2° 51' 28" = 2°L9, nor in the
latter than 28' 16"'-= Q°i47- Whencealíò itap-
pears th^t theLunar Apogee does in every fuchCycle
differ but TT of the entire Difference 2L9) 180(62.
That the Lunar Node only differs in that Cycle
7-h- of the entire Difference ce

L47 ) 180(383.
And that the Anomaly of the Sun it felf differs
only T-LT of the entité Anomaly : 10, 8)iSc(i6L6.
Which Quantities being generally fmaU, cannot
occafion any great Inequality in the Timesand
Circumftances of New and Full Moons, or of
Eclipíès -, nor by confequerice greatly difturb the
regular Succeffion of the fame in any fingle Pe-
riod 5 nor indeed very greatly in feveral fucceflive
Periods. For fince the mean Motion of the
Moon from îbe Sun is within a very fmall Matter
ever certain and invariable, that Revolution is
always juft -,-and,, always determines the mean
Time of all Conjunctions, Oppofitions, and E-
cliptès rightly -, and fince the other'Anomalies
are buc imall, and always come right again in
Length of Time, tJiey чанжя ever produce any

' very
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irery great Anomalies in our Calculations from
them. As will farther appear under the follow-
ing Scholia.

N. B. This Period for Eclipfes, has of late
been called, both by Mr. F/amjieed, and Dr. Hal-
tey, the Saros, or the Chaldean Saros : As if it
were known and us'd by the old Chaldeans, and
ihence called by chat Name. For which I know
flo fufficient Foundation. There is indeed a
grofs Miftake of P//r/s Number in Suidas, (who
thus applies this term) 222 for 223 Months, as
almoft all the Editions of Pliiy ftill have it 5 and
He calls that Period by this Chaldean Name
Saros. Yet the Chaldeans never, that we find,
apply"d it to any other Period than that of 3600
Tears or Days ; by which Period alone all
the Antediluvian Reigns are determined both in
Abydenus and Berofus themfelves, from the anci-
enteft Records of that Kingdom. See my Nem
Theory, the later Editions , Hypotb. X. Lent, to
the third Argument ; and Appendix to the Effay
towards reftoring the true Text of the Old Tefta-
ment, p. 203, 213.

S C H O L I A .

(ï.) We may here Obferve, that fince the Li-
mit for Eclipfes of the Moon is about ï r° 40' —•
700' ojn each Side of the Node ; as is the Limit
for Eclipíès of the Sun, about \6° 40' = 1000'.
If we divide 700, the Limit of the Moon's E-
clipfes, by 28' 16" — 28'L3, which is the Dif-
ference between the Revolution of the Moon to the
Sun and of the Node above given, we lhall have
nearly Twenty Five for the Number of Cy-
cles,, after a Central Lunar Ecu pie in one

of
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of the Nodes, before the ÍAoon goes off the
ghadpw of the Earth entirely at the fame Node,
and 450 Years (25 * 18 —450,) or double
that Number 900 Years for the Time that the
Moon begins to enter the Ecliptick Limit on
one Side, till it goes out of it on the other.
During which long Interval there will ftill be
Eclipfes of the Moon each Period. And if we
divide iço«' the Limit of the Sun's Eclipfes, by
the fame Number 28'L3, we ftiall have nearly
35 for the Number of Periods after a Solar
Central Eclipfe at the Middle of the Earth,
in one of the Nodes, before the Penumbra goes
off the North or South Parts of the Diik of the
Earth entirely at theiíàme Time; ;. £. 630 Years.
(35 x 18 == 630,) or double that Number 1260
Years, from the Time that the Moon in any fuch
Period begins to enter the Ecliptick Limit on
one Side, till it goes out of on the other : Du-
ring which longer Interval there will ftill be
fomewheie Eclipfes of the Sun each Period. AF-
ter which refpettive long Intervals of Time there
will be no fuch Eclipfes for much longer Inter-
vals.

(2.) Since the utmoft Latitude of the Moon
that can permit any Lunar Eclipfe, is about 62',
and the üme utmoft Latitude that can permit a
Solar Eclipíè is about 92': If we divide the
firft Number by 25 , or the laft by 35 , the
Numbers of Revolutions for the Ecliptick
Limits, we (hall have about a'L6 — 2 f:?6"
for the mean Alteration of the Moon's Latitude
in each tingle Period all along ; and this both
for.Sohr and Lunar Eclipfes. WhichLatitude will
be 'South during the one half of the long Period
of the Ecliptick Limits before-mentioned ; and
"North during the other half -.Gradually increafing,

and
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and as gradually decreafing perpetually: As in
the following Table.

A Table of the mean Latitudes of the Moon;
each fingle Cycle , either North or Soutb ;
beginning at an Ecliplè in one of the Nodes,
without any Latitude at all.

Latitudes for 25 Cycles m Lunar, and 35 in
Solar Edipjes,

Cycles' »
ï а гб
* 4 5i
3 7 1 ?
4 9 4<í
5 12 14.
é 14 43
7 17 ia
S 19 42
9 22 12

IQ S4 43
11 27 14
12 ap 46
13 за i?
14 34 5a

jj 37 aí
16 40 i
17 41 3«
18 45 ia
19 47 48

JK» 50 2$
ai 53 5
" 55 41
»3 59 2«
34 6o 59
25 63 39
аб 6tf o
27 63 41
s8 71 a3
39 74 tf

30 76 49
31 79 33
32 82 17
33 85 2
34 87 48
35 9° 3* , -v c-(3.) Since
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(?.) Since1 the principal Alteration intheQuaW

tity and Duration of total Edipfes of the Sun,
atiles from the Difference there is at any Time
between the teal Diftances, and apparent Diame-
ters of the Sun- and 1Йооп, at the Time of iuch
Eclipíès, that Quantity and Duration muft de-
pend on the Diference of their mean Anomalies,
which gives us that Difference of Diftances and
Diameters ; and. muft therefore anfwer in each
Cycle one with another,, to the Differences of thofe
mean Anomalies during that Interval ; which in
the Sun comes to -^- or-4-г of its entire Ano-

iSo i6u6
maly! And in the Moon to rS£ or т*- of its en-
tire Anomaly. And fince the whole mean Excen-
trîcity of the Moon is iomewhat above three
'times as great as that of the Sun, or as тИ-s- to
т4!-. The Differences of the Sun's Diftances
and Diameters wiïl be but a little greater in each
Period one with another , than thofe of the
Moon.

(at.) When therefore tire Anomalies of the
Sun and Moon are of the íãme Species ; I mean
both afcending, or both defending ; their Di-
ftances and Diameters will, one wich another, m-
creafe or decreafe nearly iitrhe fame Proportion ;
and the Quantity and Duration of total Darknets
will alter but little in fuch a Period. . But whe«
thofe Anomalies are of the contrary Sp'ecies -, that
is, the one afcending while the other deicends -,
they will alter confiderably. So that if the Sun
be defending, and its apparent Diameter In-
creafing ; while the Moon is afcending , and its
apparent Diameter Decresfing, the Eclipíè of the
Sun will, each iueeeeding'Cycle/ afford a fmaller
total Shadow ; till at laft it afford no total Sha-

dow
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. Eclipfes: become 'Annular*

the Suri Ъе Attending while the-Moòn is
Dëibendîftg,'the "contrary will happen ; and ̂  the
total Shadow gro_w greater perpetuaUyvFrorn whiofi
Gitcurftftances: of the Sun and Moon in each "Re-
volution of the Cycle duly conlidered , we ma/
nearly;deterr^ine whether any ̂ facceeding corre-
Ipondent !Eclipíè: will afford'ue "a greater or leis
toralShadow, or whether the Eclipfes will be on-
ly Annular.
'*• (5.) From the liker Circumftanees we may alia
nearly determine whether iuch Ecliples will confie
íõmewhatfooner or later, than that of the mean
Revolution of the Period before us. For if the
Earth be much nearer its Aphelion-, than the
Moon its Apegzon, at the end of any Cycle 5
arid by confequence if the Earth then revolve com-
paratively flower,: and the Moon fwifter than o^
âinafy 5 the meeting ot\the Luminaries will b?
accelerated. And if the Earth be much remoter
from its Aphelion than the Moon from its Apo-
jgzon, the contrary will happen $' and the Moon
will! be later than ordinary e'er it overtake the
Sun. So that in the former Cafe the Eclipfe will
come a-lîctle before, and in the latter a-little after
the proper Conclufioh of that Period.
"-•' (6v) Since the Motion of the Node backward
in-'one of thefe Periods does not quite reach to
the Conjunaion or Oppofition, that Node muft
évéry^Cycle go forward, with reípeíl to the Lu-
nacionsand Ecliples 5 and at the àfcending-Node
the-Moon will pafs^mofe Southward, and аг the
déícendirig Node more Northward íucceflívely,
Thusut the Solar^Eclipfe May ï. 1706. the Moon,
near its afcending Node, had greater Northern
Latitude than it will have at the next correfpond:

irig Solar Eeiipfe^ May 11. 1-7^4. And thus at
С the
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the total,Solar Eclipfe, -April 22. -1715. the Moon
near its defcend.ing Node, had lefs. Northern La-
titude than it will have at its cprrefponding great
Eclipie., -May 2.17??. .
.. .'(7.:) .Since the Motion of the Moon's Apogee
forward is greater in one of theíè Periods than
that of the Lunations, that Apogee mult alfo go
forward every Cycle : And if at any one Solar
Bclipte that Apogee be in quadrature with the
Sun, after it had been in Con]un£t,ioh , the Moon
Vvill the next Period, defcend by going backward
•in its Eclipfes,.towards the Perigee. And if at any
onefuch Apogee it be in the quadrature,. after it
had been in Oppofition, it will the next Cycle af-
cend,: The Reverfe of all which is true in Lunar
Eclipfes.

<8,) The Place and Motion of the Sun in its
Ellipfis is fo eafily known, and that for many
Ages, by bare Memory and Reflection, that a
íèw Words will fuffice. The Sun is now iartheft
from the Earth Eight Days after the longeft
Day -, and neareft to it Eight Days after the
fhorteft : And its Motion about ï Degree in 72
Years. Whence it is evident, that it has, for all
the paft Ages of Aftronomy , been about the
Summer Solfrice in our Apogee, and about the
Winter Solftice in our Perigee ;• if I may uíè the
Terms of the Ptolcmaicfàyfam. Nor is it therefore
any Wonder that the greateft. total Eclipfes of the
Sun have happened ftill in the Summer , and the
greateft Annular ones in the Winter half Year :
Since the farther the Sun is off in the Winter,
the lefs mutt be its apparent Diameter, and by
co!ii?quence the greater the Exceß of the Moon's
Diameter above it. On which Excefs alone the
Greatnefs of iuch Eclipfes depends. And the
kc \jile is equally evident in the Cafe of Annu-

lar
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lar Eclipíès in Winter: Nor Iriiéed' is i
ftrange, that Annular Eclipíès are' in theíè Parca
of the World ío rarely obíèrved'-, fince they'molt
ufually happen in Winter Days ; which being
ihort, mult'afford us a prdportionably fmalf
Number of them.; To the Inhabiiimtsof the ötHeif
Sid,e of the Equator tHe/Rçyërie .rnuft Ьар'рШ
Büt'thofe Eclipses very'-r$relyicori(jié1.;to.,oîli'Npi
f ice. • ' • • • • • - "
' ':(9?) Since .this 'Period,reaches; onjly frorn\"the
middle of one general JÈciipiê'toïftbtne^'wifîipui
regard to the Pofition • p'F any-particular'1 Placelon
the Earth'5 Surface, anfing from tti? 'diufnal'Mb1

tîon; we muït'rérrtember \hac iFaír Celt pie of'the
Surrhappens at a,ny particular' Place.! coniideraßly
before Noon ,.it. wii^l come fopner, and after
Noon later than tlie proper. Соп^иДоп ofrhié
Period.' Thqitòh it trmft"be;Vipté4;L tíu^Ecíípfts
of the Moon:.Deing abio^iite in Нт'еД o^rn -î^a-
türe, are here wholly; unco^certiea^ánclTíô.wajr
fubje8: to- any 'Accaètatiòn,VRèÉirdatTO'ri, юг 'Al-
teration on account1 df-'the'díiin:nalcMotion of the
Earth,. .

' (10.) The' principal ßlteration of the.Xime of
the £Йу' m aH^tl'ipies'ctepends on the'Excefs of
this 'Period1 above,.an" everT"Nui^ber;'of Days^
which'-is 7 Hoifts' and 4^3. 'So'that the Cycle
does .naturally, nut .every correspondent EcUpíè
lâte^tha'^thé'fbté^oinë, 'almoli'S .Hours, or 'one
tjijrd part of'a'Diy. -,'wnich.thbgi, by reaíòn of
the intervening diutnul Motion r егеа^У alters all
Eclipíès, efpedally Solar, not'only as to the bare
Time 'of the Day when, but alfo as to the Places
on the Earth where fuch correfpondent Eclipfe
wUlbevifible.

С 2
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(u.) If therefore we join three • of theíêrCy

clestogether, thoíè odd Hours, and Minutes will
amount nearly; to a whole Day. -,, and will there-,
fore nearly bring the. middle Point of the corre-
fppndentEclipfes.tq the fame Time,-in the fame
f lace, and, in paí:ç,:with the fame Circurnftan-
ces as before : Which" a fingle. Cycle cannot '.pot
fibly do. ", Only with the Anticipation of .jp' in
Time. Which three Tingle Cycles therefore of
15,756 Days, or of s 4 Years-,,with 32 or 33
Days ; 1 call the Grand Cycle. And this will be,
I.think, of the greateft and readieft ufe in'., re.:
mote Éclipíès of any other Period whatibever.,
. Thus, for Example, there was a total Eclipfe of
the Sun on Black Monday -, as ic has thence been
called ever fince, March 29. 1652. about Ten a
Clock in the- Morning. Total,! fay it was in
the North of Ire/and, and the Noribvoefl of Scot-,
/and, tho' not fo at London, ot the remoter Piartsj
of England and Scotland. To this if we. add .onp
Cycle, the Time of/the, next! c'orfefpbrident E-,
clipíè will thus be "difcovered :

y d . h , / / /

To A. D. 1652. March, oo 28 22 oo OQ
Add —• -18 io. 7 43 15,

Sum 16~]о April oo 8 j 43 ij

So that the correfpondent total Eclipíè ought tc»
have been A. D. 1670^ Afti/ the 8th 43''3 paft 5
a-Clock in the Evening. And becaufe the EartH
was then a imall Matter nearer its Aphelion, than
the Moon its Apogaxm, the Time would be a lit-
tle anticipated on that Account. But then, be-
cauie this Eclipfe was towards Evening, it would
be much more retarded on that Account, than
-anticipated on the other j and the main Part of

the
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the-Eclipíê would happen after Sun-íèt, and:be
here invifible.

To this Time if we add another Cycle , the
next correfpondent Eclipíè will in like Manner
b& difcovered:

y ..d h ; II

Ta A. D. 1670. April — ,00 08 5 ,4 3- .15
Add 18 u 7 43.15:
Sum iéfâ.Afril oo 19 13,2-6 30

So that the next correipondent total Eclipíè ought
to have been April 2oth, 26 ' fa t ter one in the
Morning ; and was therefore , to be fure, utterly
invifible to us'here. To this Time if we add ano-
ther Cycle, we have the next correipondent total
Ecliple thus :

y d h i • П

To A. D. 1688 April oo 19 13 26 30
Add — 18 1,0 07 -43 15

Sum 1706 May oo oo 2i 09 45.

Spi.that the next correfpondent total' Eclipíè
was to have been A. D. 1706. 9'f paft Nine
a-Clock in the Morning -, which is not much be-
fore the Time when it was oblèrv'd here ; and
was no other than that famous Eclipíè which was
total at Cadiz , Barcelona , Marfeillef, Geneva,
Bern, arid Zuricb ; and became very remarka-
ble for the railing of the Siege of Barcelona du-
ring that total Darknefs : Though 1 have been in-
forrrTd by feveral there prefent, that it came to
both Armies wholly unexpected, till the great
Darkneís of the Sky forced them to attend to
it. Now this affords us alfo a remarkable Inftanca
of the near Approximation of our Grand Cycle,

. both
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both as to Time and Place. For if inftead "of
tracing this correfpondent Eclipfe through the
diftinft Cycles we had at once taken our Grand
Cycle of 54 Years, and 33 Days ; we had come
immediately to this Eclipfe: And by allowing the
Anticipation of 50' had been within about 20' of
theCalculation at London.

• To this Time if we add another fingle Cycle,
we ihall have the next correfpondent Eclipfe
thus :

y d h t II

То A. D. 1706. May—oo oo 2 r P9;45
Add — 18 IQ 07 43 15

Sum ï-] 2^ May- oo ii 04 53 oo

So that we ought hence to expeft the total E-
clipfe next May 11, 53' paft 4 in the Afternoon.
And becaufe both the Polkion of the Sun and
Moon in their Ellipíès, and the more confiderable
Alteration from the Time of the Day, which is
fiere much farther in the Evening than the laft
was in the Morning ; oblige us to fuppofe about
ih {Retardation, we hence juffly expect that this
Eclipie will be the neareft Total at London, about
40' paft Six in the Evening V as the exafteft Cal-
culations do determine.

(12.) If we would now trace a £ew Lunar E-
clipíès by this Cycle, we may do it according to
the following Examples : ;

A.D. 168',, Feb. 11. about 59' paft ю a-Clock
at Night, Mr. tlamflcei obferv'd the Middle of
a great and total Eclipfe of the Moon at. Green-
wicb. Proceed therefore as is already directed to.
find the next coirefpondent Eclipfe of the Moon
thus :

To



С '53
у d h l //

To A D. \6!è\Fcbruary-QQ il io 5:9 oo
Add • - - --- 18 ii 07 43 15

Sum ifg Febr. oo 22 18 42 15

So that this firft correfpondent total EcUpíè of
the Moon ought to have been Feb. 23. ifg,
42 '3 paît S& a-Clock in the Morning $ or
in the day-time, and io muft needs have been in
great Part to us invifible.

•y d h f M

To A. D. ITS, Feb. -co 22 18 42 15
Add -- 1 8 10-07 43 15
Sum I7rir March — oo 05 02 25 30

So that the next correfpondent total Eclipfc of
the Moon ought to have been March 5, i7ff.
25' т after Twoa-Clock in the Afternoon 5 which
was in the day-time aHb -, and fo muft equally
with the former have been here invifible.

y d li I П

To A. D. I7-Î4, Жгг^ — oo о? 02 25; 30
Add- --- 1 8 10 07 43 15
Sum 1736 March — oo 15 io 08 45?

So that the next total correfpondent Eclipfe of
the Moon is hence to be expe&ed À. D. 1736.
March 15. 81' i paft io a-Clock at Night : which
is about an Hour and half lòoner than the Cal-
culation. Which difference we íhall preíèntly
find to be near the greateft Difference that can
happen.

This



This may alfo be equally obtained by one en-
tire GrandCycteof 54 Years, and 33 Days j with
the fore-mentioned Anticipation of 56' which
from Feb. n. i6Si ioh $9', brings us direftly to
March ï?, 1736, 9' paft ю a-Clock at Night;
or to lòmewhat above an Hour and half before the
Calculation.

N. Б. As to the proper Quantity of the íè-
•veral Alterations arifing in each Period, which
ought to be allowed ior, they are nearly theíè :
The Moon and Sun being about 31' ^ in Diame-
ter, and the Digits of their Obíèrvation being
32. while the Difference of the Moon's Latitude,
as we have feen, is about 2' 36" or the Twelfth
Part of thofe Diameters, it is plain that the mean
natural Alteration of every Period in the íàme
Circumítances is about one Digit ; though lefs in
the leffer, and greater in greater Latitudes:
which in the Moon, whoíè Eclipíè is to all Spe-
ilators the íãme, holds conftantly : And though
the diurnal Motion of the Earth removes all par-
ticular Places, fo much each Period as to render
this Rule left oblèrvable in Solar Eclipfes, yet
after each grand Period, which nearly reitores their
former Pcüition, it will hold in a good Degree
there alfo, 1 mean ib as to alter about 3 Digits
therein •. But befides that of the Digits edipfed,
we ought alfo to íèe what Alteration in Time
may happen to each Period. Now as to the Ine-
quality of the Sun's Motion, it is as we have
feen io°LS, and its greatett Velocity is at the
Earth's Perihelion, and its leaft at its Aphelion:
Its greateft Alteration therefore muft be in' Afbe-
/io and Veribelio, and is the Difference of the Equa-
tion belonging every where to the Addition of
io\8, and is here 48", which Space the Earîh

goes
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goes in about 20' of Time. So that the Diffe-
rence of Time on this Account, miift each Period
be fome Quantity leis than 20'. And as to the
Inequality of the MooiVsMurioryi is alfo greateft
at the Perigee and Apogee, and its greateft Alterati-
on at the extreme Eccentricities of its Orbit is
the Difference of the Equations at 2° 51' i in Peri-
gee and Apogee, according to thole extreme Ec-
centricities : =9' ' which the Moon ufually goes
in fomewhat lefs than 20'. So that the Diffe-
rence of Time, on this Account, muft each Cy-
cle be fome Quantity lefs than 20 Minutes alfo.

And now we come to the principal' Alteration
in Time that can happen in Eclipíès -, though it
belongs only to thofe of the Sun .- And that is
the Time, ot the Day when they happen in any
particular Place. Now becaufe the Center of the
Moon ufually goes over an entire Diameter of the
Diik of the Earth,, in'.about three Hours and an
half, Part of which is almoft always before, and
Part after Noon : while the odd Hours of a fmall
Cycle 7h 43'J, may reach equally from a Fore-
noon to an Afternoon'sfuccefiiveEdipfe ; 'tispoffi-
ble, fuch an Eclipfe may< appear an Hour and three
Quarters later than the Period it íèlf would deter-
mine it. Tho' ufually this Alteration will not
be near fo great -, efpedally when the Latitude of
the Moon is very confiderable. But then it is fo
eafy to allow very nearly for this Inequality, upon
a little Confideration, that it ought not to be ob-
jefted againft the Accuracy of this Period. If
for Six Hours from Noon we allow about an Hour
and half; and for two Hours, three Quarters of
an Hour -, we (hall not err very much from the
true Time.

D Cbro!-
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CoroUary. If we would know what is the great-
eft Inequality in Digits and Time in a grand Pe-
riod made up of Three common ones, or of
54 Years, 32 or 33 Days, befides the conftant An-
ticipation of 50', we muft fay it may poffibly,
though it will very rarely, be almoft thrice the
Quantities already ftated for a fingle Cycle : ex-
cepting the laft and principal Difference, peculi-
ar to Solar Eclipfes : which is never much greater
than that already mentioned.

N. B, If any are not contented to know theíè
Matters by fuch Approximations, but defire the^
utmoft Accuracy -, they muft either make ufe ot
Dr Halleys Equations, fitted to this Cycle, when
publiftied ; or rather make ufe of Mr. Flamßeed s
or Dr. Halley"* moft accurate Aftronomical Ta-
bles, when publiihed -, with that Trigonometri-
cal Calculation afterward , which I publifli and
exemplify in this Paper. In the former Part of
which Work, this Cycle, with its proper Equa-
tions will, at leaft, fave us the one half of our
Calculation, if it will not bring us it felf to that
utmoft Accuracy : which indeed is hardly to be
expefted from it.

So thaf, upon the whole, If we duly c©nfidet
the particular Circumftances of the Sun and
Moon, with thofe of the Aphelion, Apogee and
Node and with the Times of the Day or Night
w h f V t h e Cycle ends, and rightly apply them to
th is fingle Cycle and to this grand Cycle, we (hall
be able nearly to determine the-correfpondent E-
clipfes with very fmall Trouble or Calculati-

Thc
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II.

The Plane in which the Center of the Moon
moves in Eclipfes , . is not that of the Eclip-
tick, but of the Orbit of the Moon, confider'd
with the Annual Morion : Or it is a Plane inclined
to the Plane of the Ecliptick in an Angle of about
ç» 36'. Which in the Calculation of Eclipfe is
ufuálly ftiled, The Angle of the Moons vifible
Wny. This principal Plane I call, The Lunar
flans.

III.
This Lunar Plane cuts the Sphere of the Earth,

confidered without its diurnal Motion, in a Circle
whofe Pole or Vertex is diftant from the Pole of
the Ecliptick in the fame Angle. This Circle I call
The. Lunar -Circle.

IV.
In Eclipfes which happen at the Solftices, and

in the Nodes of the Moon's Orbit, the Diftance
of theíè Poles is exaffly Eaflwird or Weflmrd,
In thofe which happen at the Equinoxes and Nodes,
the pittance is ехаШу North and So.itb. But in
all other Caies it is Oblique.

V.
The Angle of that Obliquity is always com-

pos'd of the Diftance of the Sun and Moon from
theSolftitial Colure ; with theDiltance of the fime
from the Nodes : And is ibmetimes the Sum,
and fometimes the Difference of thofe Quan-
tities.

D 2 VI. The
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VI.

..The p.iftance between this. Vertex and the Pole
fef rhe Ëàhh, when Eclipfes1 happen at the Sol-
ijfeces, is the Syni or tyfferince- of the:two fore-
hientioneu Anafes of Iríclinatfçh -, the one/of the
fole of thV: Equator, and of'-th&Pole of th&E-
ciiptick =5.-i2$e 29' ; the other of the. Pole «F the
^ttiptickj aVd' b'f theVertex of the Lunar Circle ^
W^ n^rly,. 4Aat iti all othér'Ofes a $tfwi-
cal Triangle ttttift bs iblv'd, in order -to-find-that
Diftance : Of which hereafter.

Since the Solftithl Gblurè is a great Circle,
.that is 'alio:a Meridian, or pafles through the
Poles of the Eaitfcr and Ecliptkk : And -; finèe-Ъе-
lides the Diftance between the Vertex4)f the* Lu-
nar Circle and the Pole of the Earth , -we ihall
want the Ajsgb included between the- Colure and
char Line i.this'alfo tnuft he/obtained.íjy the like
Solution of a Spherical Triangle : Of which here-
aner.

VIII.
S i nee the great Circle that paffes thro' th,e Poles

ofrhe Ermh, andqftheLunar Circle, and that alone
cuts both thofe Circles, and their Parallels at
Righr Angles, That Meridian, and that alone
v.'hejv'm that Diftance lies, is perpendicular to
г!ч I- .7//J of the Moons Center along the other; ;

j w ill determine the Point-in that Pafh.where-
r!,j Center of the Shadow cuts that-Meridian

; ni ghc :Angles, and approaches neareft of all to
me Pole of the Earth : And indeed lays the. Fpun-
! ;. on or o^r future Calculations. This Men-
;i $n 1 call The Primary Meridian.

IX, The
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IX.

The angular Difbnce about the Pole of the
Earth, of ehe Meridian that is direfted to the
Sun "at the middle Point of the whole Edipfe
from the primary Meridian, is compofed of the
Sum or Difference of thé Angle made by the Sol-
ftitial Colure and the primary Meridian ; and of
the (Complement of the Sun's Right Aicenfion at
the middle of the general Solar Eclipfe. Which
Angle is of the greateft Confequence in our fu-
ture Calculations. This Angle I call ibe frimary
Angle.

X.
Since the Motion of the Center of the Sha-

dow of the Moon , in Solar Eclipíès, is nearly
even,- and nearly reili-linear ; fince it isalíò in
the Plane of the Lunar Circle ; and is all one.as
if it were along a Line that touched that Circle
at the Middle.of the general Ecliptè, ..the Point of
Contaft $ we muft- divide eactr Quadrant of 90
Degrees into 90 or 180 unequal Parts : but fo
that the Difference of the Sines of thofe unequal
Angles may be equal, and ̂  or ̂  of the entire Ra-
dius : That fo -the firft Sine Л may be тттЬН-з- ;

the iècond .Mes; the third ,eês=õ, &c. and this
from the Table of natural Sines, with their cor-
refponding Arcs or Angles at the Vertex, as fol-
lows;

Arcs.
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Arcs.
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Arcs. :

Diff. ° '
т n 'Siy\.o

Ч 49
i<Ji-9

14 9
ao

14 28
ao

H 48
20

i5 8
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15 a8
ao

15 48
aoLi

16 7
io^i

16 «7
2Oi.I

16 47
aOi.2

17 7
aoLi

17 a?
20L2.

17 47
aoi.2

18 8
ZO. 2Д-WL}

18 аз
20L3

18 48
ÍOi í5

19 8
2OiI^^l )

19 28
ioL4

19 48
uoi.4

ao 9
Лл. Л t

DifF.Sincs
• Equal

••• T

11

J.
3

^Í
.1
1~

24

í

*5

: *
26

j.

" *7

í

•rt

. i

-29

i*

30

.i

S»*oL4 > :
20 2() |

. l j

Ares.

Dift". o '
20L5

ao 50
;oi ç-^L)

21 10

20L5
ai 30

20L<S
ai 50

aoL6
aã ii

aoL7
iz 52

aoL7
21 JÎ

aoL8
2? i?

Ю O*WL;F

23 54
21

23 5j
21

24 17
aii i

24 38
ai L i

34 59
ai L a

25 ao
alLa

25 41
211.2

aí a
aiL3

ad 23
ai l3

аб 44
2U4

a7 6
2H4

27 27
21 Ltf

»7 49

DitF.Sín«
Equal.

Зг

1 ï

3Î

. i
54

±

35

f

3*

f

37
Д.
k

38

í

39
J.
A

40

í

4i

^
4i

Ares.
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Arcs.

Diff. " l

28 ii
2ILS

28 32

~Iu9"s 54

29 16
22LI

29 38
2.2Li

30 о

3O 22

22t4
30 44

22L6
31 6

22L8
31 51

231.*

3I 2p

32 14

52 3Í

32 59

•33 22

23 L6

35 45
= 9-7

34- 9

54 31

•5-9
Î4 54

"^-35 ^

35 41

Diff.Sincs
E<ÎU4.

i

43.

í

44

ï

45

-I-

4Í

i-

47

í

4*

I
V

49

-J

5°

'í

51

;

5- '

-'"

Arcs.

Diff. » '

L S6 4
24i-3

3-6 27

Зб J2

?7 ifi
24-1-7

37 40
2418

j8 4
L 38 29

25l-1

3^ 54
25,2

39 18
a5u4

>9 43
25,5

40 7

4-0 32

.4° 5 У

41 22

41 48
-6i_3

4Z 14
i6[_4

41 40

" L 43 *
i6 L y

43 5Ь

2ÖL9

43 58

44 2.5

DiíT.Sinc
» Equil.

'УЗ

'•
54

. . -т

55
т

já

-i

• 5-7

т

58
T

59

ï

6a

~í

61

v

6z

f
63

Arc?,
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Diff. ° ' "
271-6

44 5z
i7u8

45 19
«Q •?Ï O L A

45 4tf

i8L4 ;
46 14

2SL5

46 4i
*Q /íZ O L°

47 lo
ч С i2.01.7

47. З8

iSL8 -
48 6

iSL9 ,

.48 3tf

-9
49 4

SP '
.: 49 33

3°
50 3

30 L*

5° 33
3°i-4

51 3
3oL6

51 33
51

sã 4
3^5

Г- 35
31

53 7
3*L5

55 39
33

54-1-
3 3 L 5

54 45

.DifF.Sines
Etjiul.

f •••

' 64

; . ! '••'

65.

ï-

66

£

6?

-' f,Mi

68- i

T

69
ï

70
J.

1\
f

71

f

73

í

i

;

(

'

Arcs.

: Diff. ° ':

34 :
55 ,19.

i 34L4
, 5 5 : 5 ^ .

ЗЛ.-8Эт-°
. 56 26

: 35"ï°
í ,57 i
: 351.4
i , . 5 7 ; 3 7 .
,' " < 7 Kî 5 L „ i

- - . 5 8 Í I 3 .
"б,''4 'D ° L J :

58 49,

' 57

59 lö
37L8, • •

- • 6 0 4
3S;6:;\

'' '"':'66:4Z

39i8..-
• ' • • • • i ' ' f - r •
' 4^9

v 6i 2.

448
62 44

42t5-
' r. ,63 20

" ' 43
.64 9

: '44i5
: '64 54

A /ï
40

. . , -<*5 40

48 .

66 16

• 50

, í? !5
51

63 5
Ь 68 jS

Di(F.Sines
.-Etjilil.

,-- 74 ;

... í '

. 15^

. ?'''

j •»
,Л<?

"i"
X

-.-. ^

T

.. - . ' -
". C718 '
r--

, ^. ^ ï"
] • » •

,79
....

T

8o

i l b

Si

.j.

Sá

-5-

S3

v

84

Arc?,



Ares.
Dift'. « '
54, . '

••• 69 52

70 49

59
"7i 48

72 51
бТ,-

^ 73 5«

75 IO

•}6 \i%

4g^

' " . ï ;

JU

*• :.

? t f -

" :!•

$1

•;

ï

'

Arcs.
Dift'. i '
(86)

77 54
(97)

79 51
(116)

81 tl

' SZ: 56

PO
. 83 57

85 4z
^58)

90 oo

Diff.Sines
Equil.

88 :

•I-

89

"4

, i '

*

9«

Where the Apgle made by the Lunar Gicle,
and the Pajpllel of the Latitude is confide-
:jablc , infiead of the firft Number i9'Li
you jtnuft taHe for ффеNumbers following;

'beingin a reciprocal Proportion to the Se-
cantß of thofe Angleç.

Angl.

о
5

10

15
2O

25
30

19LI
IÍ
IÍ

S. N.
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N. Б. Where the Parallel is different from
that at the very Middle of the Eclipfe -, as it
ufually is ; you muft increafe or decreafe the
iàrtte Nunfteifc tyLi, '&6. т the Proportion
öf ths Cofine&'of die Latitude:thiB;

о

. 00

: to
2"Û;$o

Чо
•• ?cf
00

70
8о
90

OOÓ

1'74
542 '
5'оо
'643'
166
867
940
?8L5
IOOLO

£. G. If the Co-latitude at the Middle of the
Eclipíè be oo°, and come to be 40° ; íày,
As 867 to 643, So is i9Li to 14^2 , which
is there to be taken in its ftead.

N. Б. The Hint that I had feveral Years ago,
that in the Determination of Solar Eclipfes ehe
Equality of the Difference of Sines was made иГ*
of by Dr. HaUey, was the Occafion of the D*f-
coveries in thelè Papers.



XI.

perpendicular Diftance of every Point of
the Penumbra j and the like Diftance of every
Point of the total Shadow from the Path of the
Moon's Center, may be difcovered by Tables
made from the natural Sines ^ where thole Sines
themfelves, as before, differ equally, or in arithme-
tical Progreffion ; according to the Duration of
the whole Eclipfe , or of total Darknefs : and
their Co-fines correipond to the Diftances from
that Path. Both which Tables here follow :

For
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for entire Ecliffes .- Which are here fuppos'd
1 08 'I long in the Middle , and tbe' Semi-
diameter of tbe Penumbra 2000 Miles.

Duration
in Minut.

ï
z
3
4 -
5
6
7
8
9
10
ii
за
J
3
14
J
5
16
17
18
*9
20

ai
22 ,

a;
24
2
5
гб
2?

sS
19
30
51
32
53
34
35
>

f
>

Diftance
in Miles.

200O

1999
1999
1999
1998
1997
1996
19951993
1991
1990
1988
1985
1984
1981
!979
1976
1973
1970
1966
1963
1959

1955
1951
I94<>
1942
1937

193-
19-7
1922
1917
1911
1905
1899
1893
188$

Duration
in Minut.

37
38
39
40
4i
42

43
44
55
5*
47
48

49

5°

5]
т.

5
Z

53
*
54
~
l
.

55
-/
50
1

57
*
53

59

60

Diftance
in Miles.

1879
1872
1866'
1859
1852
1844

1858
1835.
1818
1820'
1812
1803
1795
1786
1776
1771
1766
1761
1756
1751
1746
1741
1736
1731
1725
1720
1714
1708
1703
1697
1691
1685
1679

1676
1672
1667

0
ciT

I

z

Dura-
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Duration
in Minut.

V
61
т

6i

63
ï64
т

«5
X

66
•7

67
V

68
a*

69
•f

•jo

?i
ï

1*
V

73
f

74

/ î

16
ï

77

^7«
j.

79

Diftance
in Miles.

i66z
1655
1648
1642.

riz8
1621
1614
1609
1605:
1596
1589
1582
1575
1568
15^1
!554
1 546
1538
rî34:

1518
1521
1514

1513
1506
1498
1490
1482
1474
1456
1448'
1439
1430
.1424
1412
1403
i?94
1384
1574
1364

tr
A'

3

Duration
in Minut.

80

T
Si

л

si
J-

85
84

-i.

85
85

-!-

87

ï
88
т

89
J-
г

9°
1

91

j.
92

5-
93

л

94
V

95
-j

56
y

97

98

Diftance
in Miles.-

J354
1350

1 1333!
: 131*
. 1302

129*
, 12&CJ

t I269

< 1158

1246

1234

• 1 1 1 О

1098
ri88

1186
1173
1 160
1147
1134
1Д2.1

II07

1095

1065

1050

1034

102-5'
1017
i oco
983
9 / 1

955
937
919
902
S 84
864

5
сгсГ

4

5

6

Dur»-



Duration
inMinut.

•ï

99
~ï

IOO
ï
4

-
T

101
t
т
т
Т

JOÎ

7

j.

IO?
1

t

Г :

104
7

Diftacce .
in Miles.

863
$44
524
504
784
773
убг
751
739
72.8
7i6
704

7Òo
6<)i
679
<Î66
653
639
6г5

6ii
'597

5sa
r«5°9

Sч'

7

8

^oration
n Minur.

i
г .

;.

105
-L
4

•у

î

Ï06
j.
4

•î
j.

*

»07

3.
; 2

, 3
4-

rrnftJQO

Л
4

;
л

Diíhince
in Miles.

55°
53V

534
5»7
499
48 z
463
443
421
399
376

375
35i
32.0
г«8
2.58

226
2Ii

iSo
"9

5°
ooo

О
cfÕ'

9

IO

л

ia
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ForTotalDarknefs of 166" f,

Duration
in Sec**3-

II
т
a
2

4 ' '
5
6
7 :; .

-. -S
' ?
ÎO

U
12

-*3
14 ''
ï?
J<>
ï 7 '"
18
'9
10
n
11
-5
:4
-5
;6
-7
=3
=9
3°
31
32

35
34
3S
30

Diftance
inMiles.

5OiO
JOuO

'5oLo
•501.0
5oLo
JO..O

501.0
5°i-9

,5°L9
5°L9
49^9

"49uS
-491.8
49uS '
491.7
49u7
49O

49l. 6
4í/t^
491-6
49u5
49u5
49L5
49t4
49^4
49i4
49-3
49^3
49^3
49-1
49L2
49Li
49L1

49^1
49H

s

•

Duration
in 'Sec1*5.

! ч
' 37 '

38
39

* 40 . .
• 41

• 43
i 43
' 44 .
. 4 5
' 4^
: 47 ,
, 48

, 49 ;i 5°:
'• 5 • ,
ï 52.
'. 53 -
:• 54
! 55, '
1 5^

57
58
59
60
61
6г
6;
64

05
66
67
<íS
69
7°
7 1

7 г

Diftance
inMiles.

i
j49Lo
49,0
49uO
48 L9
48,9.
.48L8
4817
4SLi
48,5
4s L4

•4.8̂ 1
48 L I

,4"L?

Í 4 7 L 7
47^
47L5

1 47 L*
,47 L J
47^
47i-'
47LO
46,9
461.8
46,. 6
46,5
46,4
46,3

4^0
45^9
45^8
45^
451-5
45^3
45--

Dura-
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Duration
in Secis.

il

73
74
75
7«
77
7«
79
So
81
82
83
84
s>
86
s?
88
89
90
91

92
93
94
95
96
97
98
99

IOC

101

ÏOi

103
104I05
I Об

107
loS
109
110

Diftance
inMiles.

45.0
441-8
44L6
441-5
441-3
44,1
44-1-0
43^8
451-7
431-5
43^3
431.1
431-0
4*1-9
4*1-7
4*1-5
4*i-3
42U
4U9
411-7
4ÚJ
4 к?
4Ki
401-9
40L7
4CL5
4<M
4OLO
39'-8
39,6
39^4
39Li
38,8
38^6
38i-4
381.1
371-9
371.6

Duration
in Secds.

/ f
in
112,

113

114
11 5
116
и?
118
119
12.0

121

I2i

113

124

125

126

1*7
128
129
130
131
132
133
134
135
136
137
138
49
140
141
142
143-
144
!45
146
147
148

Diftance
inMiles.

—

37L4
3 7 L l

3«L8
3ÍL5
j6L2

351-9
35^
351-3
35l-0

34L7
54i-4
34Li
33L»
33^4
33t<9-

3*0
3*1-4
3*Ll

SU?
3U?
3QL9
3°i-5
3oLi
291-7
291-3
uSL9
28L5
28L0

=•71.5
*7Lt

z6,a
z6t_t
г$1_6
25a
24L<i

24L0

*5i-5
-.3,0

Du-
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Duration '
in Sec<4

/ /
149
150
'51

151
'53
J 54
J 5 5
156
*n
158

Diftance '
in Miles.

221.4
2IL8

2 I L I

10 u 5
ipL8
191.1
iSt-3
I 7 u 6
i6L7
15^9

| Duration
I1 in SeA1

/'
159160
loi
i6z
.16;

. 164
165
1ÓCÍ

1 66 í
3

Diftunce
inMiles.

I4-L9
14,0
I2L9

I « L 7

10,4
SL?
7uO
4^4
0L0

Semidiameter of the Umbra or Total Dark-
nefs — 50 Miles.

XII.
The Angles at the Vertex of the Lunar Circle,

on each Side of the Point of Contaft, by Reafon
of the perpendicular Situation of that Axis to its
own Circle ; are always right Angles : Only di-
miniih'd in the Proportion of the Minutes de-
Icrib'd by the Annual Motion during the Conti-
nuance of the Edipfe. Thus in our piefent E-
clipíè, which retains the Center of the Shadow
near three Hours upon the Earth's Dift, in which
Time the annual Motion amounts to about 8' ;
each of thoíè right Angles in Stricbefs are to
be efteem'd only 89° 56', and both together 179°
52'. Only becaufe the Refraction of the Rays of
the Sun through our Atmofphere, requires a
fomewhat greater.Increale of this Angle, than the
annual Motion requires its Diminution, I fhal l
wholly omit it j in all my Calculations hereaf-
ter.

Г XIII.
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Xîlï.

The Angles made at the Poles of the Earth,
which ihew the Difference of the two extreme
Meridians, and limit the Extent of the entire cen-
tral 'Ecupie, by reafon of the Ol.liquity of the
Earth's Axis to that Lunar Circle, are ufually
unequal to one another 5 and more or fewer than
twice 90°, as the Eclipie happens at different La-
titudes of the Moon, and Times of the Year.

XIV.
• The Meridian that paffes through the Middle

or Central Point of general Solar Eclipfes, is the
íàme with that which paiTes through the Center
of the Sun at the i'ame Time, when the Moon
has no Latitude, and the Eclipíès are Central in
the Plane of the Ediptick -, as alio when they
happen in either Solftices. Otherwiíè the Moon's
Latitude being taken perpendicular to the Plane
of the Ediptick $ and the neareit Diftance of
the Moon's Motion being taken perpendicular to
the Lunar Circle, while thei Meridians always pais
through the Poles of the Earth ; theíè Two Me-
ridians will, generally fpeaking, he different, and
their included Angle no otherwife to be known
than by Trigonometry , as will appear hereaf-
ter.

XV.
The Dimenfions of the Penumbra, or entire

Eclipíè, and the Extent of the total Shadow on
the Earth, are continually different,according to the
different Elevations of the Sun and Moon above
any particular Horizon* For as the Moon is
about the fame Diflance from every Place, when
it is in its Horizon, as ir is from the Earth's Cen-

F 2 tcr
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ter it felf-, with regard to which Center alone
our firft Calculations are always made : So when
it is in the Zenich of any Place, it is one Semi-
diameter of the Earth nearer it -, which Semi-
diameter being ufuaily 00, and at our next Ëclipfè
tYLT of its entire Diftance, as will ;appear here-
after, will deferve an Allowance. Nor will any
leílèr Elevation of the Moon be wholly inconfi-
derable in Eclipfes, but in all accurate Determi-
nations thereof muft be particularly computed,
in order to the diftinct Knowledge of the Extent of
fuch Edipfes ; efpecially of the Breadth of the
Total Shadow therein. Accordingly we are to
obfèrve that this Breadth of the Total Shadow will
certainly be at this Eclipfe confideiably greater
over North America ; where the Luminaries are
greater elevated above the Horizon; than over Eu-
rope, where they are much nearer it ; as this Cal-
culation requires : Of which hereafter.

XVL
The Figure of the entire Vcnumbra, or gene-

ral Ecliplè ; and of the Uabra, or Total Dark-
nefs ; as they appear upon every Country, is dif-
ferent, on account of the different Obliquity of
every Horizon -, and will make Ovals or Ellipfes
of different Species perpetually. This in the
vaft Penumbra is beft underftood by fuch an In-
ftrument as my Copernicus ; or by the Perulàl of
a very fcarce Book written by P. Courficr, (Pbilof.

. Tranfau. №. 343. p. 259.) and cited by Dr. Hal-
ley : Which diftinftly treats of the Interíèaion
of a Conical and Spherical Surface. But in the
fmaller Umbra, or Total Darknefs, which is con-
fined to a much narrower Compafs, it very nearly
approaches to the InteríèÉUon of a conick Sur-
face with a Plane, which is a true Ellipfis.

XVII.
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XVII.

The Species of that Ellipfis depends on the
Sun's Altitude above the Horizon at the Time of
Total Darknefs ; as does the Voßtion of its lon-
ger Axis on the Azimuth of thc:Sun at the lame
Time. Nor is it at all neceflary that the DirecYi-
on of this or any other Ellipfis ihould he along
either of the "Axes, but may as well be along any
other Diameter whatfoever.

XVIII.
The Direction of the Center of the Shadow-

is according to the Direction of the Moon's Mo-
tion, along the Plane of the Lunar Circle, as
compounded with the diurnal Motion, or with
the Direction and Velocity of thofe Parts of thé
Earth over which it paflès j and will be hereaf-
ter brought to Calculation. And indeed this
Angle may be had, either by finding the íèveral
Points of the Path of the Moon's Way upon the
Earthj in as many Meridians as we pleaíè, and
drawing a curve Line through thofe Points ; or
by folving a Spherical Triangle, whofe Sides are
the Complements of the Latitudes of two fleighr
bouring Places equally diftant, Eafl and flreft,
from the Place you work for -, and whoíè inclu-
ded Angle is the Angle at the Pole fuited to the
Difference of their Meridians ; and taking half the
rhe two Angles at the Bafe, the one internal and
the other external, for the Angle defir'd : Of
which hereafter.

XIX.
Every Ellipfis, made by the oblique Seftion of

a Cone, has the Inrerfeftion of the (F'ig. j.) Axis
•f the Cone Cat fome Diftance from the Center of

the
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the Ellipfis D. And the Proportion of thofe une-
qual Divifions Б С and С A are the fame with
that of the Sides of the Cone V B and VA : As
appears by the (£/ш. III. 6.) Elements of Euclid.
Whence it is evident, that the proper Center of
the total Shadow in Éclipíès of the Sun, or that
made by the Axis of the Cone, is not the íàme
with the Center of the Elliptick Shadow -, and
that the Proportion of its Diftance from that
Center may be eafily determm'd by the Propo-
iuion here refer'd to : Of which more hereaf-
ter.

Scholium. .This Ellipfis,.when the Sun is of
a confiderable Altitude, is almoil an exaft one -,
but when the Sun is near the Horizon , it will be
very long, and íb leis exaft -, becauíè the Spheri-
cal Surface'of the Earth is at that Diftance more
iremote from a Plane. •

XX.
The perpendicular Breadth of the Shadow is

neither that of the longer, nor that of the ihorter
Axis : But that of the two longeft Perpendiculars
(iFig. 2.) A B and CD drawn from the Tangents
parallel to the Diameter Dß, along which the
Direftion of the Motion is: The length of which
Perpendiculars will be hereafter determined.

XXI.
The Velocity of the Motion of the Center of

the Shadow is unequal -, not only on account of
the Difference of the Moon's own Motion, at the
beginning and ending of the entire Eclipfe;
which indeed is very inconfiderable -, but chiefly
by reafon of the Difference of the Obliquity of

, the
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the Horizon all the Way of its Paffige.
ever, fince the feveral Points may, in all Meri-
dians be diftinffly found by Trigonometry , as
we íhall !hew preíèntly , this Inequality need
create us no new Difficulty in the Determination
of Edipfes.

XXII.
The Number of Digits eclips'd , which are

twelfth Parts of the Sun's Diameter, with íèxa-
gefimal Parts of the íãme Digits, are always to
be eftimated as diftincl from the total Shadow ;
and may be difcovered by the help of the forego-
ing Table, p. 29,30,31. Where the Digits are alrea-'
dy noted at every proper Diftance from the Path
of the Moons Center ; and where the interme-
diate Fraction IÊÎLZ is more exaft than я-т ; but
which, by div iding that Number -nbL« by 2^7
will give thofe Sexagefimals, without any farther
Trouble. The Application of that Table will be
taught hereafter.

XXIII.
The Dißaxce of the Vertex of the conicat Sha-

dow of the Moon, which íòmetimes juft reaches
the Surface of the Earth , as in total Eclipíès
fine mora , Sometimes does not reach it ^ as ia
Annular Edipfes -, and fometimes would over-
reach it, if it were not intercepted , as in total
Eclipfes cujn. morâ ; may be eafily difcovered at
any time by the Analogy following: As P C the
(Fig- ?•) Semidiameter of the Moori : = 941 geo-
graphical Miles is to CV the Diftance of the Moon
from that Vertex — 2i?cco :: So is R s =4?
the fmalleft Semidiameter of the total Shadow,
which is the fame as of the circular Shadow ic
íèlf, to sV, the Diftance of that Vertex there-

from
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= 10316, which is thus: 941:215000:: 4?

: 10316.

XXIV.
The Determination of the Circumftances of

Solar Eclipfes, for any given Diltance from the
Path of the Moon's Center, either way, has no
new Difficulty in it ; but is to be made juft as is
that for the Center of the Penumbra. Only the
Quantity of the Diftance of the Vertex of the
Lunar Plane from that Circle will be different j
as the Path of the Moon's Center it felf might
be at another Eclipíè, of otherwife the fame Cir-
cumitances.

XXV.
If Two Bodies A and Б fet out together, the

one from Ay the other from В : and meve evenly
forward in a known Proportion as to Velocity ^
the Point С will be determined where the fwifter
will overtake the flower, and they will be coin-
cident. Thus if the Velocity of A, (Fig. 4.) be to that
of Б, .as 5 to ï, the Proportion of the Lines AB
to .BCwill be as 4 to ï, and if we add ï to 4
— 5 we have the place С where the fwifter will
overtake the ilower. Thus if their Velocities be
to each other as ?L48 to ï, the Lines of their
Motion А В and В с, will be as 4^48 to ï. So
that if we take in the former Cafe ^ of A B and
in the other ÏL^- of AB, and add it to A B, we
gain Л С the Diftance of the Point С from A,

Corollary. If therefore A reprefent the Cen-
ter of the Shadow of a Solar Eclipfe, as it is
plac'd at the Middle of the general Eclipfe ; and
В Greenwich at the lame Moment of abfòlute
Time -, and at a known Diftance from the middle

Point :
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Point -, and if the Velocity of the Center of the
Shadow along the Circle be to the Velocity of
Greenwich in its diurnal Motion as j; 48 to I,
if we ad 4^48 of 'their Dittance ar their letting
out to that known Dittance, we obtain the Point
or Place where the Center of the Edipfè will
overtake Greenwich, or the Time when the E-
clipíè will be at the Meridian of Greenwich.
And this whether the Center and Greenwich move
along the fame Line as ЛБС,ог two different
Lines, as Л В С and a b c.

XXVI.
The Duration of Solar Ectipfès is different, ac-

cording as their Middle happa is about Six in the.
Morning or Evening ; or auouc Noon ; or about
any intermediate Time. If that hjppens about
Six a-Clock, Morning or Evening, the diurnal
Motion then neither much confpires with, nor
oppofes the proper Motion of the Center of the
Shadow :, and the Duration is almoft the iam? as
it would be if the Earth had ne diurnal Mo;ion
at all. If that happens about Noon, the diurnal
Motion molt of all confpires wi th that proper
Motion of the Cenrer , and rmkes the Duration
of the Eclipte the longelt poffible. If it hap-
pens in the intermediate Times, the diurnal Mo-
tion, in a lefs Degree, confpires with the other
Motion, and makes the Duration of a me,.m
Quantity, between that of the other Cafes. But
if it happens confiderably before Six a-Cloçk in
the Morning, or after Six a-CLockin the Evening,
the diurnal Motion is backward, and fhortens thac
Duration proportionably. Of the Quant i ty of
which Duration we ih,all enquire more hereaf-
ter.

G PR 0-
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P R O B L E M S .

I.

To find the neareft Dittance of the Path of the
Moon's Cenrer, to the Center of the Diilc of the
Earth, as feen at the Diftance of the Mo n in the
total Eclipfe of the Sun A.D. 1724. May ii<*.
P. M.

This is equal to the Moon's true Lati-
tude at the Time of the Conjunftion in her own
Orbit; and is fetdown in the Calculation 32'
19".

II.
To find the Sun's Declination at the Middle of

the Eclipfe.
As the Radius of the Circle : is to the Sine of

theSun's Longitude at that Time—61' 39": :
So is the Sine of the Sun's greatett Decli-
nation, = 23° 29' : to the Sine of the Sun's
Declination then.

Rad. IG. oooooo
S. 61° 39' 9. 944ÏI4
S. 23° 25' 9. 600409 ° "
S. }8. 544923 — 20 32

= Declination 0.

III.
To find the Sun's Right Afccnfion for the fame

Time.
As the Radius : to the Cofine of the Sun's

greatelt Dedication : ; So is the Tangent of
the Sun's Latitude: to the Tangent of the
Sun's right Afcenfipn. Rad'.'
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Rad. ïo.
Sin. 66 31 ?. 962473
Tang.61 39 ïo. 267952 ° ;

Tang. Right Aícen. ю. 230407 — 59 ^t
Com pi. 30 29

To find the Dip/we between the Vertex of die
Lunar Circle and the Pole of the Earth.

Let (Fig. 5.) E P reprefent the Diftance be-
tween the two Poles of the Earth, and of the E-
cliptick : — 23° 29'. EV the Diftance between
the Pole of the Ediptick, and the Vertex of the
Lunar Circle : = 5° 36'. P EV the Angle made
by the Solftitial Colurc P E : (in which the tWo
Poles of the Earth , and of the Ecliptick always
are) and that Arc EV. And becaufe the Sun is
here 28° 2i ' diftant from that Colure, which is
the Complement of its Longitude from Aries -,
and the Afcending Node, or Argument of Lati-
tude is then 5° 49' diftant from the Sun back-
ward -, The Sum of thefe Numbers gives 34°
10', whofe Complement is the Angle K£R =
55° 50'. In order then to gain VP proceed
thus :

R. Ю.
CS VER. $5 50. 9. 749429
Т.ГЛ. 5 зб 8. 99Н51 * ° '
T. RE. » В. 74°S8o= 3. ю,

Ч- 23- 2?.

=s 26. >9-
Then fay, ° '

CS. RE з 99- 992343
CS- F Я 5 tf 9- 997922
CS. P R 26 39 9-, 951222

19. 949144 ° '
CS. РГ=9- 9493ûici27. о

G 2 V/In
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V.

In the lame Triangle VP E, to find the Angle
V P E, included between the Colure EP, and
lhe Prime Meridian PF".

S. P V 27 o. 9. 657047
S. VER 55 50. 9. 9Ï77I9
S. VE s 36. 8. 989374

18. 507098 » '
S ГРЯ — 9. 249961 = io 1$

Corollary. The Primary Angle , compofed of
the Complement of the Right Afcenfion, and of
this Angle VPE, is = 40° 44'.

Compl.Rad. 30° 29'
4- io 15
= 40 44

VI.
To find the Dißaxce of the Pole or Vertex of

the Lunar Circle from the Circle it felf.
As the Semidiameter of the Earth's Diík — 61'

58" : To the Latitude of the Moon, or neareft Di-
ftance to the Path of the Moon's Center from the
Center of the Diík ;? 2° 19' :: So is the Radius: to
the Sine of the Complement of that Diftance.
In Decimals thus •• 61^63 : 32;

L32 :: 10000 :
j244 = 8.31° 38', whofe Complement is 58°
22': equal to the Diftance of the Lunar Circle
ti'om its Vertex.

VII.
To find the Angle included between the Meridi-

an that pafíes through the Center of the general E-
clipfe, and that pafling through the Center of the
Sun at the fame Time.

In



[45 ]
In the Triangle (Fig. 6.) MSP where the

Side S P is already given, =: Complement of the
Sun's Declination ; find the Angle M S P thus :

R. ю-
S.oftheSun'sDiftance
from the Solftitial Co-
lure: = 28° 21' 9- 676562
S. of the Sun's greateft
Declination—23° 29' 9. 600409 ° '

S. of an Angle >'9- 276971 = 10. 54.
To which add the Angle of the

Moon's Way : -f 5 36
The Sum is the Angle MS P = 16. 30

Then, in the fame Triangle P M S, we have two
Sides : M S equal to the Latitude of the Moon,
or the length of the Perpendicular to the Moon's
way =31° 38'. and PS — 69° 28'. and the in-
cluded Angle MSP = 16° 30'. to find MPS
thus :

R. 10.
О I

CS.MSP. 16.30. 9. 981774
Т.5Л1. 31.38. 9.789585

T. R /И. — ^9- 771359 = 30 34 MR
4- 31 38 VWS

Then fay, =62 12 R S
S. SP. 69. 28. 9. 971493
S. 5R. 62. 12. >. 946738

T. MSP. 16. 30. 9. 471605
«•9. 418343 ° '

T.MPS = 9. 446850 = 15 38
4- 40 44-
= 56 22=An-

g!e with the Piimary Meridian*

VIII.
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To find the Longitude and Latitude of tria

Center of the Shadow at the Middle of the ge-
neral Eclipfe ••, or to folve the primary Triangle.

Under Problem IV. we have found the Diftance
of the Vertex of the Lunar Circle from the Pole of
the Earth = 27°. G'. Under problem VI. we have
found the Diftance of that Vertex from its Circle
= 58°. 22' ; and under the laft problem we have
found the Angle at the Pole of the Earth, be-
tween the Primary Meridian , and that Meridian
which patTes through the Center of the Eclipfe,
= 76° 22'. From which data the Primary Tii-
angle (Fig. -f.) is thus to be folv'd :

R- 10.
o f

CS. C P g., 56. 22. 9. 743412
T. VP. 27. о. 9. 707166

T. PA. = 15- 46. к), 4>0578

Then fay,

CS. VP 27. o. 9. 949880
CS. P. R. 15. 46. 9. 983345
CS. V C. 58. 22. 9. 71973°

19.70307? ° '
CS. PC 9 . 7 5 3 1 9 5 = 5 5 . 5 0

Deduft PK= 15. 46
Rem'. =: PC. = 39. 44

Lat. = 50. 16

То find the Angle at the Vertex CVF, pro-
ceed in this Manner :

S. СГ.
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S. CV. 58. 22. 9.
S. CP£. 56. 22. 9. 920445

S. PC. 39. 44. 9. 805647
19- 726083 o r

S. СТР. = 9. 795938 =38 41

The following Analogy will give F"C P the
Complement of- the Angle which the DireEtion
of the Center of the Eclipfe makes with the Me-^
ridian, that Direftion being perpendicular to V C

о I

S. CV. 58. 22. 9. 93014?
S. CP£. 56. 22. 9. 920436

S. У P. 27. о. 9. 657047
19- 5774*3 ° '

S. VCP. = 9. 647338=26. 21
Compl. = 63. 39

Corollary. Hence we alfo learn the moft Nor-
tbcrn Latitude, where the Center of the Shadow
will crofs the Meridian at Noon, and at rieht
Angles : And this without any particular diftincl:
Calculation. For V$i= 58° 22' — VP 27°
o' = P 4 L = 3 i e 2 2 ' . whofe Complement =58»
38'. is that 'very Northern Latitude.

IX.
To find the Longitude and Latitude of the

Center of the Shadow, when it croiTes the Me-
ridian that paffes through the Center of the Sun
at the Middle of the Eclipfe ; or to folve thy
ifecond principal Triangle.

If
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If in the foregoing Triangle we fuppofe the

Angle at the Pole to be equal to the Primary An-
gle, or 40° 44'. we may thus folve this Trian-
gle :

R. io,

40. 44. 9. 879*29
T. VP. 27. o. 9. 707166 ° '

T. PK.^^9. 586695=21 7
Then fay,

CS. FP. 27, о. 9. 949880
CS. PR. 2i. 7. 9. 969811
CS. V С. 58. 22. 9- 7 '9730

19. 689541 ° '
CS. CR.— 9. 739661 — 56 42

Deduft 2 1 7
Remc. CP. 35 35

<?, Lat. = 54 25

To find the Angle at the Center of the Eclipfe
F CP, proceed thus :

о ;

S. FC. 58. 22. 9. 93014$
S. C P 4^.40. 44. 9. 814607

S. FP. 27. о. 9. 657047
19. 47IÓ54 ° '

S. CFP. = 9. 541509— 20 22

X.
To find the Longitude and Laútuàe of the

Center of the Shadow at its Entrance on the Dilk
of the Earth : Or to folve the third Principal
Triangle.

Add the vertical Angle already found = 38°.
41'- to a right Angle at the Vertex ; = 90 -\r 38°.
41' =128°. 41' this is equal to the Angle at the

4- ' Vex-
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tex CF P. SubftraQ: this Angle from two right
Angles. 180° — 128". ?4i' = 510, I9/? }n or.
der to gain the Supplement , whoíè Sines, &V,
are the fame with the others. (F#. 8.) Then
fay,

R. ю-
о /

CS. CF P. 51. 19- 9- 795891
T. VP. 27. о. 9. 707166 • '

T. V R. •= fg. 503057 = 17 ^o^
-f 58 22==

"Then fay, —76 o2=
о /

CS. F JR. 17, 40. 9. 979019
CS. V P. 27. oo. 9. 949880
CS- CR. 76. 02. 9. 382661

19. 332541 ° '
CS. CP. = 9. 3 7 3 5 2 2 = 7 ^ : 5 7

о, Lat. 13. 03

In order to find the Angle at the Pole VP C,
whofe Supplement is the ' Longitude of that
Point where the Center of the Shadow enters the
Diik of the Earth from the Primary Meridian,
proceed thus :

S. C P. 76. 57. 9. 988636
S. CVP. 51. 19. 9. 892435

S. CV. 58. 22. 9. 930145
19. 822580 isa о

8.ГРС. = 9. 833944=43 °*
Suppl.i?6 -.59

To 6nd the Angle TCP, proceed thus :

H S.CP.



'S. СР. 76. 57. 9. 988636
S. CVF. 51. 19. 9. 892437

S. F P. 27. oo. 9. 657047
19. 549482

S. VCP. — 9. 560846 — 2i. 20

XI.
To find the Longitude and Latitude of the

Center of the Shadow at its Exit from the Dilk
of the Earth ; or to folve the fourth Principal
Triangle.

Subftraft the Angle already found 38° 4.1«
from a right Angle 90° — 38« 41 ' — 51° 19 =
Angle at the Vertex PVC ( Fig. 9 ) Then
fay,

R. io.

CS. P FT. 51. 19. 9. 795891
Т. PF. 27. oo. 9. 707166

T. FK. ^9. 503057= 1.7 40
from 58 22

Then fay, Remn' 40 42 =i?
я I

OS. KK. 17. 40. 9. 979019
CS. P F. 27. oo. 9. 949880
CS. K C 40- 42- 9- 879746

19. 829626 • '
CS. PC— 9- 850607 =.44-' 5ь

о, Lar. 4?- 9-

In order to find the Angle ^.P C, or the Lon-
gitude of that Point where the Center of the
Shadow departs out of the Diik of the Earth,
from the Primary Meridian, proceed thus ;

0 CP.
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S. CF. 44- 51- 9- S4S345
S. PVC. 51. 19- 9- 892435

S. KC. j8. 22. ?. 930Г45

S. ^PC= 9- 974235 =?o. 27
-V 146 59
— 207 26

And for thé Angle VCP thus ;
о /

S. СР. 44. ci. 9. 848345
S. P КС 5 r; 19. 9. 892435
,S. KP. 27- 00. 9. 657047

19. 549482

S.KCP. = 9. 701137 '="3oi lo.

Corollary. Hence the Angular Motion of. the
Center of the Eclipfe ahout the 'Pole of the Earth,
if there were no diurnal Motion, is' 297°. 26'.

XII.
! ' To find the Time in which the Center of the
Shadow will go over the Diameter of the Lunar
Circle.

. Say, firft , 35;

L3 : 60' :: 11̂ 1$ : 2.09^6 5 i.e.
As the Number of Minutes of a Degree pais'd
over in an Hour : to an Hour : : So is the entire
Diameter of the Diflc from the Calculation : to the
Number of Minutes for that Pafiage,

Then f*ay,.ioocc : 8514: : 2O9'L6 : 178^4 /. f.
-As the Radius : to the Sine of 58° : 22' — the
Diftance of the Lunar Circle from- its Pole or
Vertex': :.'So are the Minutes of the Paflàge over
the entire Diameter : to the Minutes of the Paflage
over this Chord =178' 24".

H 2 Xlir.
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To find the Proportion of the Velocities of the
Center of the Shadow and of the diurnal Moti-
on of the correfponding Point of the Earth at the
Time of theEclipfe :

Say thus -, As 178^4 to %Z9'L6 •= 207° 26',
or as ï to 4L<$4, fo is the Time of the Center of
the Eclipfe's Motion over the Diameter of the
Lunar Circle : to the Timeof the diurnal Motion's
going from the entranceto the Exit of the Center.

Corollary. Hence the real Angular Motion of
the Center of the Eclipfe about the Pole of the
Earth, is no more than 162° 40'. For 4^64:
3L64:: 207° 26' : 162° 40'.

XIV.
To find the Latitude of any Place, over of

near which the Center of any Shadow paflès, to
any known "Longitude or Time given. And, vice
vcrfa, To find the Longitude or Tims of the
neareft Approach to any luch Place to any known
Latitude.. This is no more than proceeding in
the Calculations as hitherto -, by taking any
known Meridian or Time -, or elfe any knpw9
Latitude for our Examples. , - , •-:-•:

, I (hall therefore give three fëvèraj Examples jn
both Caies ; becauíè of the great Dignity and
Ufefulnefs of the.Probteta\. viz.. For Greenwich
the Meridian of the Tables ; for Dublin more
Weßward ; and for Pans more Eaflvoard.

Now I here fuppofe, from the Calculation and
Cohftru&ion of Eclipfes, that the Middle of this
general Eclipfe will паррептИлу ï ï. 1724.17 'paft
5 a-Clock in the Afternoon -, and that its Centet
will croîs the Meridian of Greenwich 41' paft 6.
Upon which Hypothefis I thus compute ;

From
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.•• ; ' о . \ "f . -' ' o f

From the Angle.ICQ. 15 st)б'1 41
• •Deduct the.Primary;A]nglèJ4o 44

There remains the Angle of the Pole ̂ .P C= 5 9 31

Th^n picceed.thus :< ;

C& £PC. 59 31 9. 705:254
T.:P,1^ 27 op: p.-.;3KJ7i'6S: -Лл° .-'.

TV. P JR. == /9^)412420-— ,щ'г<
t

Say then,

(GS. f V. 11. oo : i 1?.;.
ÇS; PR, H 29'v,«
CS.TC 5.6 '221 ,

Regains £ C

'N. Б. If we take or/
fubftraa 4QQ., 44',-QUjt of 9^,:thérc remains

'.-i6^ j: apd thé Calçwlanion wdlí ttarid jchiís í L

R. lo.

T. P V. 27. ..<?. 9/707166 «y. '
T. P K. =; í 5. 428124^=15 o

Then



С 54]
Then fay, ° '

CS. P V. 27. о. 9. 949880
CS. PR. 15. o. 9. 984944
CS. V C. 58. 22. 9. 719730

19. 704674
CS. RC.= 9. 754794=55 21

D e d u f t A P . i j o
Remc. P C 40 2i

/Bjff, Lat. =r 49 39
DiíF. oo 25

N. B. My Calculátioft differs .frotft Dr. Hal-
ley's Scheme no leis. than ã full Degree of a
great Circle, in the Meridian j if our Difference
of Time, which is about 5', be allowed. : And
though we take the Doctor's own Time, yet do
we differ in Latitude .'25 'Minutes or iMile^1 by
which Quantity tbe 'Doctor's Scheme brings the
Center of theEclipfë nearer to Tuottdon yiík&reen-
wicb than this Calculatfoti. - The reafon of which
Difference:! by no means imderftartdr Time will
difcover which Determination is moft accurate.

Dublin is about 6° 22' Weßward in Longitude
from Greenwich: l,et us find the Latitude of the
Center of the Shadow, when it erodes the Meri-
dian of ШШп< ' WoVnùft procëeâ-thtis: ' • -

. :. i, . L As'^H to ^64 fo;- is 6 r. iif'ító 8f. 7"
Dedu£l then from the Angle at the1^ Pole liftd' for
Greenmcb this Difference of theíê Angles 79° 31'
— 8°. 7-'— 51° 24^. which is our Angle at the
Pole for Dubím. So that if we ufe the former
Figure with that Angle; we compute as'before ;

CS. ^.PC 51. 24. 9. 79$ TOI
T. P V. 27. о. 9. 707166 ° '
T. JRP. ;9. 502267 .= 17. 38

The/
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Then fay,

о /

CS. P V. 2,7. o. 9- 94988o
CS. R P. 17. 38. 9- 979099
'CS. V C. 58. 22. 9- 719730

J9- 698829 o l

CS. R c. = 9.748949 = ?5 зг
DeduftRP. 17 3s

Remtf PC. 38 15
o, Lat. 51 45

f ar it is 2° 19' moreEaßerly than Greenwich,
Say therefore ?L64 : 4^64 : : 2°. 19' : 2°, 57'

Now 59°. 3i' -t- 2°. 57' = 62?. 28'

Then, R. Io.
o l

CS. ^.PG 62. 28. 9. 664891
T. P Г. 27. o. 9- 707166 « '

T. R P. = /9. 372057 =? 13 15

Say then,
CS. PF" 27. о. 9. 949880
CS. KP 13- iî- 9- 988282
CS. F"С. 58. 22. 9- 7i97?o

19. 708012 Q '
CS. KC 9-7$3i?2 =$5-o;

DeduftRP^i}. 15
Rem'. — P C. 41. 48

Ergo, Lat, = 48. 12

N. Б. By íuch Calculations we may deter-
mine the Latitude of the Center of the Sha-
dow's Way, from its entry upon, till its exit out
of the Diik of the Earth, to every known Meri-
dian. A Specimen of which I intend to give
preíèntly for the lèverai Eaß and Weft Longitudes

irom
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from London in the Eclipfe before us : And ano-
ther Specimen in the Eclipfe, fiept. 4. 1727.

If the Latitudes be given, as for the Meridian
of Greenwich 49°. 14'; -For Dxbun ji*3; 45';
For Parti 48°. 12': The Cafe will be that of a
Spherical Triangle, when all the Sides are given -,
and the Ijagïtitde or -Time is an Angle fought.
Thus m Ше foregoing ^Figure for Greenwich,
VC=< ^ 8'°; 22' is the -Side againft the Angle
fought..1 TT2= '27°, -ô' , and PC = 40°. 46'.
From which data we thus -diicover the Angle

'0 / ' ":

' 22 R. ID. '

FP = 27 со S. 9. 65704.7
PC — 40 46 S. '9. 814900

Sum оГз = 12^ öS Sumi9. 47Î947

iSum ; - 63 4 S- 9- 970138
Diffiof ГС 442 S. 8. 913488

Double Radius 20.-

The Sum 38. 863626

The Remainder. 19. 391679 '
• ' о /

I Remainder 9. 695839=^8.60 14

double 12 о. 2 S
from 180. oo

as before remains 59. 32
Add the Primary Angle 40. 44

Sum roo. j6
Equal in Time to 6h. 41*

The Time paft Noon of the Center's Tranfit over
the Meridian of Grcenwicb. For
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For Dublin thu's i

'22 R. IQ.

F P 27 oo S. 9. 657047 ,
p C 38 15 S. 9. 791750

Sum of 3-123 37 Sum 19.44880?

Half Sum 6 1 48 т 9. 945159
Diff.of VC 3 26 i 8. 778383

Double Radius 20.

The Sum 38. 723542

The Remainder 19. 274739
-- . -- „ í

Half the Remainder 9. 637369 C S. — 64 18

double i2i€. 36
from 1 80. OG

remains as before 51. 24.
To 51. 24.

Add 40. 44.
Sum 92. 08= 6!> 81-

Which deduced from 6 h. 41 ', leaves 32 Ч for
the Difference of the Angle at the Pole in Time.
Say^then 46L4 : 3L64 : : 32'L5 : 25^4 which is the
Difference in time of the Meridians of Greenwich
and Dublin.

For
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For Paris thus:

R. IQ.

V P = 27 oo S. 9.557047
PC=4i 48 S. 9. 823821

Sum of 31 27 lo 19.480868

Half Sum 63 35
Diff iofrCj 13

Double Radius

Sum

Remainder

Half Remainder

9- 952105
8. 958670

20.

38. 91077?

-19.429907

9-714953 =C'S. 58. 45

double 117 30
As before, Remainder 62 30

Add, Primary Angle 40 44
Sum 103 ii

In Time 6h 52т
From which deduct 6°. 41 '. the Remainder 11 ' f is
the Difference of the Angle at the Pole in Time. Say-
then, 4^64 : 3L/4 : : 11 т : 9 '. which is the Diffé-
rence in Time, of the Meridians of Greenwich
and Paris.

Carol, (ï.) The latter Branch of the Problem de-
termines the Hour and Minute when the Centre of
the Eclipfe crofíbs the Meridian at any affign'd La-
titude ; and by a very irnall Allowance when the
very middle of the Eclipfe, or of Total Darknefs
happens in any Place very near the fame.

CoroL



C J5> ]
CoMary (2.) The fame Branch determines the

true Difference of Meridians in all Places over oi
near which the Center 'of the Eclipfe paiTes, and
fa the Diftance faß and Wefi from any known
.Meridian whatfoever. Thus becauíè the Meridb
pns-of Paris , Greenwich, and Dublin do hence
appear to be different as to the Angles of the Pole
from the Primary Meridian, in the foregoing An-
gles, 62°. 28'. 59°. 31'. and 51°. .24'. reipeffive*
ly ; It is plain, that the refpiftive Longitude ,Q£
Paris and Greenwich, when reduc'd from Angles
of the Pole to the Difference of Meridians, is 2°
19'. and that of Greenwich and Dublin 6°. 22'.
and by Coníèquence of Paru and Dublin 8°. 41^
Which is no other than the Foundation of my
grand Problem of Difcovering ibe Geographical
Longitude of Places by Solar Echpfes , from the

: Of which more hereafter.

XV.
To find thé Duration of a Solar Eclipíè, along

or near the Path of the Moon's Center, in any
Place whatibever.

From the Motion of the Moori from the Sari
gain the Duration of the entire Eclipfe ; or the
Time of that Center's PalTage over the Diame-
ter of tiie Penumbra, if there were no diurnal
Motion du r ing rhat Time, thus :

As the horary Motion of the Moon frotrt the
Sun, which is in angular Meafure 35°. 18'. and is
given in the Calculation ; to an Hour от 6or in
Time: : So 1er the Diameter 'of the Penumbra
there given, al£b iii anguhr Meafure = 65°. ro',
be to a fourth Number : which will be the Num-
ber of Minutes requir 'd. In Decimals thus :

35' ? : 6o; : : bs'jj : I ic.\_S = íh : 50'?.
I d ' "But
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But then,: becaüfe the.diurnal Motion ,of the
Earth muft be compounded with this jeftiiinear
Motion of the;Moon ; and.that as we have altea1

dy ttated it,.this Fclipíè will crofs the Meridiau
of Greenwich 4i'.paft 6 a-Ciock'in the Evening-'}
the one Pare of the; Duration .of the. Ecliple :being
before,, arid the other Part after that Time , both
Intervals muft.be unequally affefted, by .the diub
nal Motion, and. we muft then take the former hali£
Duration 5-5'. 24y/idiftinftly; And fince the:dÍT
urrral- Motion of Greenwich is in a largef Parallel
than that (of thé Center of. the general Eclipfe;
while its Obliquity, to the. Path of the Shadow's
Center increafes ; their refpeftive Motions will
nearly keepLthe fame Proportion all along ; arid
íò we may íàfely omit the Confideration of them
both. We have alfo already diicovered, that the
Velocity of this Center's Motion is here, to that
of the Velocity of the diurnal Motion, As 829^6
to i78L4- or as 4^4 to ï. And becaufe the E-
clipíè begins .abouc i4'.,before 6, 14'after 6-ba-
lances the Çme ; and thefe 28 Minutes are almoft
all one, as if there were rio diurnal Motion at all.
So that we .have.only 27' 24" capable of Retar-
dation in the 6iit. half: The middle Time of
which will be about ,30': after 6. We muft there-
fore 1 •' k into the Table , p. 22, 26 for the
Arc 97^, uf its Supplement 827, correfponding to
$9т of the Sifies. Where the Difference of half a
Degree is inftead of i9Li, as about Noon, no leis
than 160, which multiplied by 4^64 comes to
7424. So that the Motion is here retarded a 39th
Рак. Say then, As 39 to 38, fo is 27L4 to 20L7
which 20U7 or 26' 42". is to be added to the 28
before excepted , for the Duration of the former
Part of the Eclipíè = 54' 42". .The Middle of
the fécond Part will be about 73 — i8°l back-

ward



ivard-beyon'cî yò°. tuatis, 71° fóf the' Afc;whách
correijbonds to Sf 4 of the Sines, where the'JElift
ferentó of half a Degree is 61° :/ • Thiâmufàr-
plied- by 4,,64 gives 285. So thaPfhe Recaffiadb-
on.is as I.$LI t° 285, or ï to.í4iv£. Say ihety
As I4ii9 to i3u9'fois 55[_4'К>- 5iL7 == îi' 4?//,
Which'is the Duration 'ut the laitgj- Pare ofitfie
Eclipfe, and added to the former Part of; th&lpai-
ration, gives us the whole Duration — 106(34//
= ih46' 24" , without the Confideratibn of the
Elevation of the Luminaries above the Horizon*,
which a fmall Matter enlarges that Duration : -.Of
which hereafter.

^ jy. Д If we would be ftill more preciftly nice,
we j may diftinffly allow for the Difference of the
tWalleís , and the different Obliquity of the Di-
rbftion ; of which p 26, 27. before : Which-yet
are here omitted, as very inconfiderable.-

xvr.
.To find the Duration of the Total Darkneft

along the PatbLof the Moon's Center ; if the Lu-
minaries were m the Horizon.

Say, As the Moon's Motion from the Sun in
an Hour, or 60' ; in the Calculation = 35' 18"
is tothofe 60' : So is the Difference of the Dia-
meters of the -Sun and Moon in the fame Calcu-
lation, — ï' 38" to a fourth Number : Which
will be the entire Duration of the Total Darknefs
if the Luminaries were not at all elevated above
the Horizon. In Decimals thus :

?5'L3 ;о°' •• ï',.62: 2'L73 = 2'46"!-

XVII.
To find the Alt i tude of the Sun above the Ho-

rizon when the Center of the Shadow crofles rhe
Meridian at Greemvi';b. Ic



C
Мп the Triangle (Fig. ю.) Z P S, ZP is =*№

fiance between the Zenith and Pole of the Earth.'
38» 30'. PS is = Diftance between the Pole of
the Earth and Center of the Sun : — Complement
of the Sun's Declination, or to 69° 28'. And the
Angle Z P S = interval of Time , from the Me-
ridian =: 6i' 41^ — -rco° 15 ',• whoíè Supplement
is 7 9° 45'.

Say then,
R. .10.

' о I

CS. Z PS 79 45 9- 250280
T.'.ZP 38 30 9. 500605 ° >

T. PR = j i9 . 15°38? = 8 ? - Р Я
-V- 69 28 = P 5
— 77 51= RS

And, »•• 6 r .
CS. P-R 8 ч 9- 997^99
CS. Z P q8 40 9. 893544

CS K 5 77 31 9- 3547^6
19. 228310 ° . '

CS.'ZS= 9. 232611 =80 iò =ZS
Ergo, Altitude = 9 50 •

XVlll.
To find the Azimuth of the Sun at the fame

Time and Place.
In the former Triangle the Complement of the

Alti tude being now found = Z S = 80° 10'.- Pro-
ceed thus :

S. PS So ю 9.
S. Z PS 79 45 9- 99?o'3
S. PS 69 28 9. 97H9?

19. 964506 ° '
S.PZS=Suppl.= 9- 9709H = 69 16 =PZ

From the l\rcfl 20 44
XIX.



XIX.
To find the Number of Minutes that any Solar

Eclipfe extends to, in a plain Perpendicular to the
Axis of the Penumbra.

When the Parallax of the Moon is 57 ' 17",
which is near its mean Quantity ; the Moon's Di-
ftance is 60 Semidiameters of the Earth : And one
Second on the Dift of the Earth as viewed at the
Diftance of the Moon ; or on the Diik of the
Moon viewed at the Diftance of the Earth, is ex-
aftly one geographical Mile. And 60" or one Mi-
nute, is one Degree upon the Diik of the Earth or
Moon. But when the Moon's Parallax, as in the
Calculation of this Eclipfe, is 61/. 48" whofeSine
is T-^-fl&r or TVIT of the Radius nearly : One Se-
cond is leis than a Mile; and that in the Propor-
tion of 55и$ to 60. So that about 65 geographical
Miles correfpond to 60", or one Minute.- And
accordingly, 1781 fuch Miles will correfpond to
32' 35", which in that Calculation, is the Semi-
diameter of the Penumbra, or the utmoft perpen-
dicular Extent of the Eclipíè.

N. B. We may always make uíè of the forego-
ing Tables, fag. 29, 34 for the perpendicular
Diftances from the Path of the Moon's Centre, at
all Durations of the Eclipfes, and of Total Dark-
nefs, by ftill calling the Radius of every Penum-
bra 2000 equal Parts or Miles, and the Radius of
every Umbra or Total Shadow, 50 fuch Parts or
Miles ; and ufing them accordingly. And this
without any other Inconvenience than the Suppoíi-
tion of other than geographical Miles : Which In-
convenience, by the Reduction of them to geogra-
phical Miles afterwards, will always, as here, come
to nothing. XX.



XX.
То find the Alteration there is in the Extent and

Duration of Eclipfes, and of total Darkneis, on
Account of the Elevation of the Luminaries at
that Time above the Horizon.

This is ever, as the Radius : to the Sine of the
Sun's Altitude : As compared with the particular
Diftance of the Moon at that Time. Thus at the
Middle of this Eclipfe at Greenwich, the Altitude
of the Sun has been found to be 9°. 50', whofe Sine
is ттгг*, which divided by 5 5 'L5 is equal to 4 of
the whole : And in the Semidiameter of the Pe-
numbra, as well as Umbra, amounts to about 6
Miles every Way. Thus alfo at the Middle of the
Eclipfe in Norîb-America, where 'tis Central at
Noon, the Sun will be about 52? above the Hori-
zon: whofe Sine is т£!4, which divided by 55L5
is -rr nearly -, which in the fame Semidiameters, a-
mounts to about 29 Miles every way. And for the
Duration at Greenmicb add to the common Dura-
tion already found, or to ih 46' 24" the 3 :-T Part
of the fame, or about t of a Minute both ways :
which is about ï in the whole -, which will bring
the entire Duration from ih 46' 24" to full IK

47 ' -, and for Total Darknefs will add about Ъ of
the whole total Darknefs — 20", and increafe the
Duration from 2' 461 to 3' 6" y. But for the Al-
teration in North America, which is about rr both
ways, or i'r in the whole -, this will there increaíè
the entire Duration 4' 12'', and from ï'1 46'
24" bring it to ï'1 50' 36", and for the total
Darknefs will add about si of the whole, or bring
the 2' 40"f t04 f 47''.

XXI.
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To find the Species and Dimenfions of the

Ellipfis made by the Total. Shadow, at the faim
Places and Altitudes.

The flwrter Axis of the Ellipfis, (which is the
fame with The Diameter of the Conick Shadow1

it felf, in a Plane Perpendicular to rhe Axis 5 ) is
to the Longer, us the Sines before-mentioned.
Or at Greenwich, as 1708 to 10000 ; and at Nonb
America, as 788 to 1000 -. And lince that ihorcer
Axis is in the Calculation 98 Minutes or Miles,
of 6 5 to a Degree; they muft be equal to 90 Geo-
graphical Miles ; which hy the laft Problem
muft be increas'd to 96 and to 119 refpeftively.
The golden Rule wi l l therefore íòon íhew the
Length of the longer Axis of the Shadow'in both
Places.

s ine r ad - mi les m i l e s

For Greenwich 1708 : icooo : : 96: 562.
For North-Amenai 708 : l ooo ; : 119: 151.

XXÍ1.
To determine the central Point in the ElHptick

Shadow for Greenwich, at the Middle of ihe fama
Eclipfe.

Bv -ЬемтаУНХ. and in its Figure; "As VB:
to VA :: So is the Sine of BAY -~ 9° 34' ~
166 : to the Sine of ABV'=- 10° 6' — 175, anl
f o i s £ C : t 0 2 J C . And coMponendo, As 166 -r
J77 = ?4i to 175 ::So is ÍU.4- С А ~ $6?
to С A, which therefore is equal to 289. Alio
As 166 -f 1.77 = ?4l t O T Ó Ó : : Sois ' BC + CA
— 562 to BC -, which therefore is equal to 274,

For 341 : 175 - < > 6 2 : 289.
And 341 : 166 :: 562 : 274.

К Whence
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Whsnce the Parts of the longer Axis being found,
the larger С A = 289 Miles: the lefler В С =
274 Miles. The half of which, DC is the Di-
itance between the central Point of the Shadow
D , and the Center of the Ellipfis C, =r 7 i
Miles.

ХХШ.
To determine the Angle of Direftion of .the

Total Shadow over the Merid-ian of Greenwich.
This to be done either by Conftruuiôn, upon

drawing the Curve Line of this Motion, through
the feveral Points where, by Calculation, the Cen-
ter of the Shadow crofles rhe Meridians of Paris,
Greenwich, and Dublin -, and meafuring the An-

• gle it makes with the feveral Meridians ; or more
ехаШ-у for Green&'ub by íòlving the Triangle
(Fig. ii.) РГО, where the Arc VO is eguaHy
diftant Weß, as Paris is Eafl from Greenwich* is
to be found by the Method already made ufe of ;
thus :

forls Angle at the Pole = 62° 28'. Angle for
ОГ at the Pole is lefs by twice the. Difference of
the Angles at the Pole for Paris and Greenwich
— 5°$4 f,And'6202S' — j" 54'— сб0«:^'. Firft
then find the Arc VO = Compl. Latitude for O,
as in ProbL XIV. by this Analogy.

R. IG.
о Г

CS. &PC. 56. 34, 9, 741125
T. PF". 27. oo. ?. 7071 6$

Т.

Then fay,
CS. P V.
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CS.ePK. 27. oo. 9. 949880
CS. PR. 15. 41. .9' 923523
CS. V C 58. 22, 9- 7»973о '

19. 703253 « > /.
.CS. PC 9. 753373 .=r45. 29>

Deduft 17. 14.
Remc. F0. 39. 48.

KG. 40. 46.
ГР. 41. 48

Then in-the Triangle f Q P whofe included An>-
gle is 4° 18', and whofe -ti/w>; Sides are 394 48/
and 41° 48'. Find the ArcíP R as ufyal th«§ :

R. lo.
o. t

CS.ОГВ. 04. 38. 9. 998577
T. Г'О. 39. 48. 9. 920733 * ° '

T. FJK. /9. 919310 = 39 48
. from 41 42

Remn1 2° 6' =

•Then for the Angle FTO, fay :

o t

S. PR. 02. об. 8. 563999"
 л

S. VR. 39. 42. 9. 805343
T. 0ГЯ.04. 38. 8. 908719

18. 714062
T.'FPO. = lo. 150063 = 54- 42.

К a Aad
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And for VOR j

o I .

S. VO. 39. 42, 9. 805343
S, К PO. 54- 42. 9- 9 i '7 6 3

S. VP. 41. 48. 9. 823821
19- 7?Î5'84

S. ГОР*— 9. 930241 — 58. 23
4-' из ос

Half 56 32í
Compl. 33 27i

So'that the .Acute .Angle VGO, which the
Courfe of the Center of the Shadow makes wich
the Meridian of Greenwich, is 56° 32 ' r -, And
by coníèquence the -Angle it makes with- the Pa-
rallel of Latifude' rhere is 23° 27'*. 5 or 6 De-
grees -mói e than in Dfc 'fa/lle/s Scheme.

Corollary? The longer Axis of the total Sha-
dow at the Meridian of Grrtntvich , makes an
АпгДе of, 12° 43' 7 with the Direktion of th&
Shadow.
For if from the Angle that the Direftinn^

of theCenter of the Shadow makes j> 33 27;-
witK die Parallel of Greenwich, '}

We dedurtthe Angle ttm the longer Axis ;
makes wich the fame Parallel, which;- 20 44
is the A?.imnth formerly diicovered;, )

There remains this Angle 12 43-.-

XXIV.
To D rcnnine rhj; perpendicular Breadth of the

Total Shadow, w'Ke.n.tlnc Shadow-'.is neareft to
London.;. or when ;the central Point is about the

n'of Pjdßoi» "in tornwau.

This



This Problem is, In an Ellipfis of 96 ;Miles
broad, and562 .Miles long; whole longer .Axis
makes an Angle with the Dite&ion of the Sha-
dow of 12° 4? i ; To determine .the Length of
^he greateft Perpendicular that falls çn that Dia-
meter , along which the.Direftion of the.Motion
is. For twice, that Perpendicular is., the-Breadth
required. Now I have actually drawn this. Ellip-
fis., or total'Shadow, .for- my Map of íhis E-
clipíè. And. I find by that Conftruftion^ that the
Breadth of the. total Shadow over ipiejvnl- is
about 175 Miles ; or г®, Miles broader, than in
Dr. Hulley\ Scheme. Time will probably' difco-
ver whicii isneareft the Truth.

N. B. This total Shadow increaíès.íb1 greatly
in Length as it goes Eaflward, that it will rcach,
from Parts.to the utmoit-Boundary of the Sun-
fetting at once. And though the Center of. the
Shadow, by my Calculation, will end Ô* | Eaß
of the Meridian of London, in the Latitude of
4?0 9', or m the yl/pi, not far from* Д/Vi/z and
Turif, ; Yet by realbn of the Extenfion and Breadth
of the total Shadow, and the Refraftion of the
Rays of Light near the Horizon , it ieems'proba-
ble to me, 'that all Switzerland and Lombardy, as
far as Trent, Mantua. Cremona, and Parma ,5 nay,
perhaps, as far as Venice, Padua, Вопопш, Ferra-
r,i, Ravenna and Florence -, may at the fame
Time be invelop d in the Total Shadow 5 and

• that the Sun may fet eclipfed at all or-moft of
. thoíè Places at once.

XXV.
To determine the Digits eclipíèd, and the Du-

. ration of the Eclipfe , or of total Dj'rknefs, at
4 any



any given DiílanceTroírt the Path of the Moon's
Centet•; and vice-verfá. Theíè Digics'and Du--.
Tations,- it" we'do notionfidef the diurnal Motion,
:are';in1mediately found to any given Pittance in
the Tables, P. :2 9'^—34. Thus, if the Digits
-be 4,--'or Duration 80/24",'the -firft Table gives
'iis^thoíXíftance of i?5e'Miles. And, vice verfa
if the Dittance be 'known to be 1.350 Miles, the
fame Table gives'iiS4':iDigits and So' 24" Dura-
tion. Atid the like is .true of the total §hadow,
and the'-Diftanee cr Duration in the fécond Ta-
ble. : Thus alfo we lea.rn from the Map of this
Eclipfe, that the 'neareft Approach of the total
Shadow to London will be about 40 geographical
Miles : Wl)ich 40 Miles, in this Obliquity of
the Motion, is abuut 31 perpendicular Miles. So
thatf-^^ <!v of a; Digi t , is the Quantity of
the Rim of Light that' will be feen at London,

'•When the, Eclipíè is greateft:. And by çònfequençe
the Digits'there eclipfcd will be ir^J. . Nor does
k ap/péaj to me, tl)at the total Darknefswill come
jiearer .ly-London, thph -40 Miles ; although °Dr.
'HuJftfs Sjbheme brings' it. within 7 or 8 Miles.
:\s ior the Duration of the entire Eclipfe here,
k will'be much the fame as if it were Central :
And-has been alreadydetcrmined to ih 47'. And
for the" total Dark-neft along the Path of the Cen-
ter between Exet'cr and ~P/imouth, its Duration
will be, as before ftatei, ?' 6" К

Лт. 5. As to the Alterat ions which will arife in'
moro coníidenblc Dltances from the Path of the
Moon's Center , proceed thus : Firlt, find the
Minutes of Duration correfponding to any given.
Ш1алсе in Miles, e.g. 1350, thus-, 3000:135°
:-. 32.', 6? : 22'Lo?. Or, As 2OOQ MUe^ the Ra-
dius': to 1550 the Sine ;: So a.re the Number of

Mi-
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Minutes for the Semidiameter of the Pennmbra :
to the Number of Minutes for that Sine- Now
32' 19" the preíênc Length of the greateft Di-
ftance — 22' oi1'' — 10' 18". Then «compute
every Thing as if the Center of the Shadow were
ic/ 18", Latitude or neareft Diírancè -, and
as if the Chord of that Arc over the Earth's Diflc
were the Path of the Moon's Center •. and the

• Chord of the Diftance from the Center of the
Penumbra were the Diameter of'the Penumbra :
And all will be difcoveied by the Rules betöre go-
ing; without any new Direftions whatfoever.
Only if this Diftance be the contrary way to the
preíènt Example, we muft here make ufe of Ad-
dition inííeadofSubffr;i£lion.

N. B. Upon confulting u\eFrencb Ephemerides
of Des ¥ lacei, recommended, in fome Degree,
by Caffini himfelf, I find that he determines the
EcUple ac Paris thus. h ' "

Beginning, May 22. (N. 5.) об от, po
Middle 06 58 ";8

End 07 54 со
Whence the Duration there is 01 51 со

D i gits eel i pis'd го тг
Latitude of the Moon at the Middle 59 ' r '

Diffenence from me in Digits o i ju
In Latitude 07 jo

If tbefeDigits .and tfiis Latitude fee ri-ghty ^f.
tialley, and Î, and thofò Êngli/h Aftronomers that
have computed and couftrtitted this Eíílpfè, who
aï], í think, do agreey that it will b» cetsi.at Pa-
ris, and that for two or three Minâtes alíb i aie
prddigioùfty miftaken. ' For if DCS Places be in
the right% Copenhagen and Stockholm will it and
muek íàirer for the Pretence to u total Ediple,

than
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than either Dublin, London, or Paris. Time will
certainly determine who are in the right.

N. B. 'If we add the Duration of the Eclipíè,
confideni without Regard to the diurnal Motion,
to the Time of the Center of the Shadows paf-
fing over the entire Difk, we gain the entire Du-
ration of the Edipfe in general, thus :

h i l l

To ï 50 48
Add 2 58 24
Sum 4 49 12

Therefore the general Eclipfe by the Meridian of
London,

b / /;
Begins II. 52 24

•Middle V:-i7 oo
End VII. 41 ?6

Duration 4h 49 12

Eclipíè at London,

Begins V. 45 oo
Middle VI. 41 oo

End VII. 32? oo
Duration ih 474 oo

Digits eclipfed 11 -*-*
Duration of Total D.irknefs Ьесюеел ? ,л

, Exeter and Piimv.-tb, - j °3 6i

N.B. Dr. HaUeys Times are ftill about 5'
looner than mine, and his general Duration about
7', and his Duration at „London about ï' lon-
ger.

N. E,
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N. B. ï cannot tell the Reaíòn why my Ori-

ginal Calculation of this general Eclipíè, which
has been carefully made according ro Sir Ifaac
Newtons famous Theory of the Moon, does here
fo much differ from Dr. Haiïefs Determination
as 5 ' in Time ; efpecially fmce both thofe Me-
thods did very wejl agree, in the laft celebrated
total Eclipfe, Apr. 22. 1715. 'Tis Time alone
that can determine between theíè two Methods
of Calculation.

N.B. I have lately been fliewed an exaft
Scheme of this next Edlpíè, according to Mr.
Flamfteciïs own Tables and Determination, and
made in his Life-time 5 wherein the Digits eclip-
fed are ï iu ехаШу according to my Determina-
tion in this Paper. .

A P R O -
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A P R O P O S A L
For the Difcovcry-of the L O N G I -

T U D E of the feveral Places of
the Earth by Total Eclipfcs of
the Sun.

Т Т ishnmbly propofed,.That Obfervations be
1 made in all Places where Solar Eclipíès are

ieen, of the 'exaft Duration of the fame 5 by ei-
ther viewing the Beginning and Ending thereof
through a Telefcope, with a Glafs fmoaked in
the Flame of a Candle, for faving the Eye of rhe
Obferver ; or elie by cafting the Sun's Image
through fuch a Telefcope upon white Paper, and
viewing the firft and laft Impreffion of the Moon's
Shadow upon it. And that the Hour, Minute,
and Second of fome Pendulum Clock be carefully
noted at the fame Time .- And that when the fame
Obfervations are tranfmitted for the Ufes of Geo-
graphy, the Latitudes of the Places be alfo fet
down and ttanfmitted at the fame Time : That
the like Obfervations be alfo made in all Places
where fuch Ecliples are total and vifible, of the
exact Beginning and Ending, with the Duration
of Total Darknefs ; by the like Comparifon of a
Pendulum Clock , or other pendulous Body that
vibrates Seconds, or half Seconds; and, with the
Latitude be tranfmitted in the fame Manner, and
lor the fame Ufes. How by the Help of thefe

Ob-
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Obfervations the Longitude. may be difcovered, I
Jiave already fhew'd under Problems XIV, XV, and
XXV. foregoing.

N. B. If the Latitude be exaft, and the entire
Duration of an Eclipfe of the Sun can be determi-
ned to one Quarter of a Minute in,Time ; and the
Times of Beginning and Ending be not too remote
from Noon ; the Longitude of that Place may
ufually be thence determined much nearer than to
one Degree. And fince Ms certainly very pratica-
ble to obferve the Duration of Total Darknefs to
three or four Seconds every where ; if the Latitudes
be exa£t, the Longitude of thofe Places may com-
monly be determined much nearer than a Quarter
of a Degree. Nor will the groflèr Way by the
Duration of the entire Eclipfe, uníeis the Begin-
ning or Ending be near the Horizon, be much infe-
rior, . as to Accuracy, to any Method now ufed by
Aftronomers for that Purpofe \ while it is withal
much more eaiy and praticable, even by thole that
underiland little or no Autonomy, or that have no
curious Aftronomical Inuruments, than any of
them. And as for all fuch Places as lie in the
Trace of the Total Shadow, 'tis evident, that no
other Way now uíèd is in the leait comparable to
this before us -, either in Eafe of Obfeivation, or
Accuracy of Determination therefrom.

'N.- B. Since this next total Eclipíè is lo near the
Evening, and the Motion of no fmall Part of its
Shadow's Paflàge over North America, and the
RùrlbWeft Parts of Europe nearly parallel to the
Equator -, the general Eclipiè is much lefs fit for
fuch Obfervations, as are here neceifary, than moft
others of the fame Sort -, though where a total
Shadow paifes, no Eclipfe can&be wholly unfit for

L 2 " it,
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it. However, if this be lefs favourable tous in
general ••> the other which I have brought to Calcu-
lation alfo, 1727. is exceeding favourable;-as not
going very far over the W'efi of Africa,, 'till a good
while in the Day, as going very-oblique to-the
Parallels almoft all the Way ; and as reaching the
bafl- Indies long before the Sun comes to the Hori-
von : On all which Accounts I venture to recom-
mend it for that Purpofe, and to lay, That in caie
the Clouds generally favour us, and a fufficient
"Number of accurate and proper Obfervations be not
wanting, the Geographical Longitude of Places- in
no fmall Part of the one half of the 'known World;
may by that fingle Eclipfe be very well determined.

'N. B. The Calculations here made before-hand,
with regard to both thefe Eclipfes, are not therh-
felves defign'd for the actual Difcoveryof that Geo^
graphick Longitude of Places immediately ; but
only as Specimens howfuch Calculations may and
ought to be more ехаШу made after the Eclipíès
are over, and their true State, and Time and Cir-
cumftances well known from the beft Obfervations,
but not othc-rwife.

N. B. If any curious Períòns have a mind to
examine very nicely any of the Eclipfes which will
be vifible at London ù\\ A. D. 1740. they are thefe
following 5 according to the Calculation of Mr.
Leadbettcr.

S O L A R E C L I P S E S .

(ï.) A Total Eclipíès, May n. 1724. 36'pail
Six a-Clock at Night, of 11 \ Digits at London.

(2.) An Eclipíè, Sept. 14. 1726. ?8' paît Five
a-Clock ш the Evening, of 6 Digits.

f 30 An
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. . An Eclipfc %Лф 1727. 27'paft Seven

in the Morning, of ^Digits. •
(40 AnEdîpfe, July 4.1730. 26' paft Nine in

the Morning, of 6- Pigits. :
• (50 A great gciipfe, /% 2.1733. 36'paft Six

at Night, of .9! Wits
Ш A great EeUpíè, Feb. 18. i7?7. 25'paft

Three in the Afternoon, ot 9^ Digits.
(7.; An Eclipíè, Aug..4. 1758. 58' paft Nine

in the Morning, of 4Ê Digits.
/"•8.) A considerable Eclipíè, .ТЦу 24.1739. 23*

paft Four in the .Afternoon, of 7 ?- Digits.
(oj An Eclipíè, Decstnb. 19.-1739. 49' paft

Eight in the Morning, of 2^, Digits.

L u N A R E C L I P S E S .

(r.) An Eclipíè, Off ob. 2i. 1724. 9' paft Four
in the Morning, of 7 Digits.

(2.) A great aod total Eclipfey Ouob. 10. 172 j.
15' paft Seven at Night, of 2if Digits.

(?,) An, Eclipfe, 'Sep. 30. 1726. 4'paft Five in
the Morning, of 5 Digits. , •

(4.) An Eclipíè,, .fab., 14. 1728, 14' paft Seven
in the Morning, of 9f Digits.

(5.) A great asd total Eclipíè, Feb. 2. 1729.44'
paft Eight at Night, of 19^ Digits.

(6.) A great and total Eclipfe, July 29. 1729.20
paft one in the Morning, of i8f Digits.

(ï.) An Eclipíè, Jan-г^ 1730. 34'paft Three
in the Morning, of 24 Digits.

(8.) An Eclipíè, June 9. 1731. ?>' paft One in
the Morning, of i| Digits.

f 9.) A great and total Eclipíè, Novem. 20.17 52.
59' paft Nine at Night, of 20;-Digits.

(ю-) An Eclipfe, M,y 17. J 7 3 J . 56' pall Sixar
Night, of Sv<, Digits,

(П.; An
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(n.) An Eclipfe, Sept. 21. 173^ 33' pail One

in the Morning, of 54. Digits.
- C12.) A great and total Eclipfe, March, 15.1736.

52' paft Eleven at Night, of 2i| Digits.
(13.) A great and total Eclipfe, Sept. 6. 1736.

2' paft Three in theMorning, of 20!- Digits. - -
(14.) An Eclipfe, Aug. 29.1737. 44' paft Three

in the Morning, of 4} Digits.
(15.) An Eclipfe, Jan. 13. 1739. 47'paft Ten

at Night, of 6\ Digits.
(16.) A great and total Eclipíè, Jan. z. 1740.

45'paft Ten at Night, of 204-Digits.
(17.) An Eclipíè, Decemb. 21. 1740. 49' paft

Ten at Night, of 5£ Digits.

Advertisement.

Mr. Wbißon Propofes to make an Orery for the
Explication of the Motions of all the Planets and
Comets ; and a Copernicus Improva, for the eaiy
Difcovery of of all Solar Eclipíès whatfòever, from
the Beginning of Aftronomy, till A D. 2000. and
for the natural and univerfal Exhibition of the lame
to the Eye in a few Minutes time, and this with a
Globe of 30 Inches Diameter. Price of both
20 Guineas.
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A Table of the Latitude cf the &mer of the total
Sbitdow at tbeEcUpfo, May и: 1724. to every
lo Degrees of tbc Angle about the fole and
every 7'L84?. 'Longitude//-^ London. '

Angles at
the Pole.

о

7°б*

59
49
39
a?
»9
09
00

00

IO

го

3°
40

5°
•5*
бо
70
8о
90
1ОО

но
110

130
1-

3
6

1

19
13
г
з
ï;
гз

Ч
13
=3
ОС

37
37
37
37
37
37
il
37
'37
37
37
37
37
37
37
59

Mid*-

Longitude
fro

0 Ел/7.
M7.7
71.845
Weft.
oooo
7.-S45

471.070 .

7^45°

94LI40
101,985 .
1091.830
117^75

491-055
1541.051

Latit
dc
.

45 9
45 34

49 17
5i 19
54 41
56 19
57 43
58 13
58 38
58 38
55 it

57 3^
56 18

54 17
5i 59
50 16
48 51
45 5
40 40

55 5<í
3o 31
U5 15
го 11
J
5 37
13 3

. JV. B. Here, as well as m the next Table. е
Angles at the Pote difter by Ten Degrees -, and the
iMgituàe from 'London Is found by jthe Pror-Tti-
on of 4L64 to 3L64.to be 7^845"of Lon^^ude

from
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*rom London for -every fuch Ten Degrees. But
if, as is generally moft convenient, we would
have the Differences of Longitude from London
be even ю Degrees-, We muft find the corre-
fcontent'Angle s at the fole before we begin our
Calculations by the inverfe Proportion, of 3L64 :
4L64 :: 10°: i2'| the perpetual Addition of which
Number will give us aSeries for fuch a Calculation.

A Table of the Latitude of the Center of the total
Shadow at the Eclipfe, Sept. 4. 1717. to every
jo*Degrees of the Angle at the Pole -, and every
7°, ï67 Longitude from Louden.

Angles at
the Pole.

О

4

oo

5.

2
5
35
45
55
65
75
77
S5

95
105

"5
115
.

J
35
145
155
165
1 68

t

33
28

oo

5*

3
1

^3
2

3
1

З
г

3-
58
Si

31
З

2

З
г

г-
Зг
3
a

из
 i

>*
 *-

>J
>

o 
1J 

l>

Longitude
from London.

o Wejl.

7И67
Eaft.
31-963

-OLOOO

71.167
Hi-334
ÜL50I

35^855
43Loo;

5^903

641.503
7U670

86Loo4

107L505-
"1141.672
1161.909

Mid»'-

Latitdf'
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'Л Calculation of the Total Edipfe of the Sun, A.D. 1724.

P í ft • Mer ï £ em.

stunt Dun. 1701

Years . îo
and • , j
L:ap-Y.My, Days ii
Hours f
Minutes • 15

f Mean Time.)

Moon's mem Motion
Sun's mean Anomal.
Phyfic. Parts (ubftract
3d Equjt. fiibftrau
jd Equar. add
<th bquat. add
Dift". fubftr.
M Don's mean PI corrcft
True Pl.of Apo:;. fubftr.
Moon's mean Anomal.
Equnt. add
Moon's true PI. in Orbi ï
SunV true Ph. lubftraft
Monu's did. from Sun
Nodes true.Pl. fubftrao
Argument ol La'.iciidc
Rcduftion fubftrau
Mo.-n's tr. PI. in Rclip.
Mo <n's true ft or ill Lac.
At the Eclipfc

l.'smenMo. Moti" of Apogee.
« 0 ' "

1015 20 oo

4 Ч 34 ç;
i8 9 îo

у 19 I? *>3
л 44 41

» 14

• '

1 0

ii 8
' ;•
.0 00

3 -5 So 15
4 « 5» '3»

14 42 ii

10 2J ï? 57,An.En.add
7^ o' 6 J9

« »4
4

Ï3 3«
" î< 18

31? ? 3 Y*:an Pla. co'rre'a
10 > , ,J г » 38 4J

tf^
 a f« Sun's iruc

_ -,
, ï Ç2

7 » «4 3*

2' 31 7

• *n ''

II 59 58 14
I 2J 48 3

í 48 5«
1 JO

l 1 3Î ï?
31 '4
31 ï у

Place
7 ï 3j 7

Annual Argument
10

E:ua-, add
* о

7 P 14 38
True Pl.ofApogce
Ecccntviciiy босо

M'sh.mo:. 37 41
Sun's г 14
M's f ro.Sunj j 18
}$' 18": йо'..- Г
4í": 3' 2"
Eq.timonild 3 f-з
Rcduít.fubft.» ,i
Diff. add Л 11
£\rc, F.cllpfc is
uj 5h 19 2j

Temp, appar.
deduct the Error
of the Tables a-
bjut .. 3
true Tim.

'•• »»'-'
11 170

Mot" ofN"1' r:tr.
i o ;• •"
4 e7 14 it)

16 50 \S
1 17 J9 »

6 v> :4
4o

X

3 I 49 30
1 ï г; 34 s«

,\n."Eq.Cubft.5 4j
l 2f 19 7

Mean Pla. corrcft
' l l 38 4У

Sun's true Place
C f з8'

S's din.fromNûd;
Equat.aild 18 $(

ï z; 48 j
True PI. of Node

J '7 ?
Inclinât. J.inút.

S -mid. Sun 1 5 5 3
.sem. Moon 16 41
Sem .Pcnb'ij: jr
Semi.Difc. 61 38
Anijlc or" clic M's

Way with the
Ecupiitk- f :6

Diff. Dhm. t r of
the Sim &Moon,
ov Br.-ndth of
total Slud. o ffí

A Calculation of tie Sun's Place for the fame Time.

A. D. 1701
Ytai» 20

And 3
Lcap-Y. JWiJ)>, Days n

Hours 5
Minutes i J

. (mcinTimc)

Sun's mean Motion
Tquation acid
iun'i true PUce

' Sun's mean Motion.

f - o ' "
. S> *o 43 4°

. f 4
л 19 '7 о

4 îo 6 ip
11 19

37

. i o l'A S9
I f 4«

ï I }8 4J

M

Motion or Perihelion.

' • 0 ' '«

3 7'44 3»
21 0

3 9

3 8 9 г

г oo î8 S9
Moon's mean Motio1'.

10 11 19 57
Sun's mein Adorn.

A,C»I-
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Cdctilf.tior. of the TôtaJ Edipfe o/ tie .Sun, A. D- 17*7-
Sept. 4.. Mane.

Aw D«m> 1701
Y<.-ars ao
And 6
Sfjic. Days j
Hours • ;o
Minutes ;' 31

(Mean Tim;'.)

Moon's mem Motion
Sun's mean An.Tinly
Phyfical Parts ad4': :

:d Fquar. fubftraft]' '
ítli liquit. add
Difference add •
ft :on's mean Pl.orrcft
True PI. of AjiuJ.fubi>
Mûon's m;in Aiionui
Equation add
M.'s Corrcft.PI. inOrb.
Snn's tru: Pl j . fubf t raf t
Moon'. Dift- iron) Sun'
Variation add
МЛ true PI. in Obit
Kodes tr. PI. fubftract
Arfcunv.nt of Latitude
Bcduuion lubftiact .
Moon's true PI. inEclip
Moo:i's true S««* Latlt.
Ac the Erliplc

Vl's mein Mot.

S o '

io 15. :o 0
4 Ч 34 's
г 9 s8 55

1 =? 35
jo 58 4P

If );

•

î il 4 37
г j j 31 ï»

{'it!ii 41
J il J7 is;

Ii 1 6 1 3 4-<
6 4 53 55

41 îi
У г' У? 4

и Ç

5 я 55 5
I I 2 l 3 8 . 1

6 о г ï "4

j гт 51 4
i 5
i :

otion Apogee.

t 0 ' tl

u 8 го о
Î 3 50 Ч
8 4 J 44

27 54 23
У 3^

10

li 13 45 í
An.Eq.fub. lí jp

11 13 17 7
Mean Pl.Apo.eor.

5 »' 5» 53
Sun's true I'lacc

e S 15 4f
Annu.ï! Aryim.
ïq''.Ad - 56 jj

U 16 -'S -H
True PI. of Apo.
Eccaicr. t6 537

ç.Js hot. mot. i if
Moon's 38 :s
M-' 'r. S. ;í
jtf !_щ •" óo :
6.Ljj : j t 30.
Cl-föjEclipfc \^i

эг го-1 23 ^4
Mein Time.

Rcdnft. íubftr.
Dift'. add 4 ;

зоч ;8 о
Аррзг. Time.

ot" ofN"at rcrr.

1 0 I I '

4 .57 -Î4 ro
гб 5o i j

J tá I 2^

Ч ' 37
'* 2 39

У

í í 5« S

Ч il 28 15
An. Eq. add 9 7

U 21 J7 2i
lunPl.ui'No. ci

5 »' 5= 5$
un s truc PlJcc .

', í o 15 ; t
>/s uift.ívo. Nod.
eq. Ad. o 4^

ii :i 38 to
Tru;Pl. or' Node

5 17 :o
neun. Limit.

icmid. S. i í ï
Si-mid. M. IS yo
DifF. = oo 49
*™ = 31 5i
Parallax M.-Ht1-'
rizai бг 7
Sun jo
Scmid.D'ilcii 57
Anajc of the М.Ч

vilîbJeVVay wjth
the Ecliptick

5 3« Jo

Calculât'*» cjf the i>un*í Place for the fame Time.
I bun's nuan Mucion. Motion of Pcrihcl.-

A. D-
Ycirs .
And
Sept. Days
Hours'
Minur:*

7701

( Mean Time.)

Soh*''mc»n Morion
p.q.iat. fubllrau
Jen's true Place,

5Î

9 ÎO 43 40
» 4

II 21 3; g
8 .* 18 ?

4» 17
I 2Ä

5 23 44 44
.'. Я Я

5 » >î Я

î - 7 44 JO
îi о
tf iX

40

3 8 Ч ïi.
Place ol pciihel. -

. s 2? 44 4*
Sun s mein Motbn

, , г '5 3J ï«
Äun s mîaj. Anomaly.



Some Account of .Obfervatiòhs late--'
ly made with pïppingr$ee-çll,es_,
in Order to difcover the Iro & ai-
T . U D E and L A T I T U D E at Sea,

ï "1 PO N-the. Receipt of tue libeièUAffiftaiice
\Jí, of His moft Excellent Ma|efty, King-
GE O K Q Д ; their Royal ffighnefles the Prince
and Prineefs of Wales^ -and:, many other of the
Nobility ; and Gentry ,,vmy tónd. Friends y, I íènc
lait Yeaï Four feveral Dippíng-Needles to Seà ;
with Frames hung near the Center of Morion in
Gimbals,, to avoid the-Shaking of the.'Shlp f and'
with proper: biftru£tlons:;iol.4he Maftors;of the
Veflèls - And this, ia order to difcover the State
of Magnetifm in thé/ iei'éral Parr's.--of the
Globe -, and : to find .whether accurate: Obier-
vations could, be made at Sea , and to-deter-"
mine whether the fundamental Theory ' I laid:
down from former'Obíèrvations : would-rho"ld or
not ; viz. "That Magnetick VariatioÉi and Dip
" are,a]Í-deriv'd from.one Spherical Magnet in
" the :Center of our' EartW ;''with, an irregular
" Alteration of the Variation , according to the
" different Degrees of Strength of .the feveral
" Parts ,of the Loadftone, as1 compounded with a
" very flow Revolution from Eaji to Weft : And
" with a regular Alteration, of the Dip, nearly
" according to the Line of Sines, from the Mag-
" netick Pole to the Magnetick Equator ; the
_" Axispf that Equator being fufficiently Oblique

M 2 u to
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'е< to its Plane : All which is the Cafe of Sphe-
" rical Loadftones here." Now having already
received Four Journals from Four feveral Ma-
tters employed, I take this' Occafion of returning
my Benefäöors hearty Thanks for their Afliftance,
and of giving them and thePublick fome Account
of the Succefs of thefe Qbfervations -, and what
Confêquençes ate naturally to be drawn from them -,
with the iDrfficulty hitherto met with in the Pra-
ftiqe at Sea, and the proper Remedy for the
fame in future Trials.

Captain James Jo^-fet.'out in July, 1722. For
Archangel^ with one of my Dipping-Needles on
Board. He, for fome time, met with fuch Diffi-
culties in;the РгаШсе, as.confin'd to the -Frame
I had given him , thai: he was not at firft able to
make any good Obfervations at all: But after
fome. Time, he took -the Needle into his own
Cabin v 3fid without/any Approach to the Center
of.Motionj. Qt any .Contrivance for avoiding the
Shaking of the Ship-ar all, having a clear and
full Gale all along, but without any liormy Wea-
ther , He made me 28 very good Horizontal Ob-
'íèrvations, from the.Ladtude of 6«; quire to Arch*
«ngel :i I '.fay, Horizontal Obfervajions only, as I
deiired him 5 the Needle/ by an Accident before
be went, being rendred incapable ot making any
other with fufficient.Accuracy. In this Space the
Needle altered its Velocity very greatly, as I ex-
pefted it would : And 5 Vibrations which at firft
were perform.d in about 28o";beyond u\?.Nonb-
Cape came to 250" 5 till towards Arcbangel it
gradually recurned to about 177".

Captain Otbnlel Beal ier our about the fame
Time for Bofton in hew-bnglard, with the íãme

2 Initru-
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Inftrument, and made Four Obíèrvations of the
Dip, both by the Vertical and Horizontal Vibra-
tions, and by the Dip it felf ; Three upon the
open Sea, and One in the Haven of Baflon:
Which in fome fmall Manner differed one from
another, but in the main agreed , and kept the
due Analogy I expefted. He greatly complained
of the Shaking of.the Ship ; .till in Boßon Have«
he made a nice Obfeivation both Ways, which
did not greatly'difter : Thp'.the greateft Part of
of his Obfervations by the pip it felf were íòme-
what more agreeable to Analogy than.the other.
The Reafon was,,. I take it, гДщ, as heaflured
me, he always'tpok great .Care to avoid the Sha-
king of my Frame ; which Frame tho1 irvcry
much avoided the flower and greater Oiciilatiorc
of the Ship , yet made a quicker but lefler Of-
cillation it felf: Which Fault I was'fufficiently
fenfible of juft before the Ships were going away,
but was not able then to obviate -, as I am .pre-
pared to do hereafter. After Captain Ëealkàà made
and lent me theíè Obíèrvations, he purííied his
Voyage ro Barbados, and thence to Charles Town
in South Carolina ; at both wtyc.h Places he made
Obfervations ;. but the beft at Barbados. For
before he came.to Carolina, he obférved the Axis
of the Needle to (hake ; which made him take
the Dip there otherwiíè than, he ought to have
done ; which is the natural Occafion that the Dip
there did not fo well agree to Analogy as the reir.
However, upon my Receipt of his firit Journal,
with the Four firft Obfervations, eipecially the
exact one at Bofion, I formed a more exa£t Theo-*
ry of the Proportion of the Alteration of the Dip
in the Spherical Magnet of the Earth ^ and found
it at this Diitance' of the Earth's Surface, not fat
from that in my Spherical Loadftone, at the Di-

ftançe
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ftance of about £ of an Inch from its
Surface ; viz. -Not exactly as the Line of Sines,
where at the Middle of the Line the Angles are
60 and 30-, hue rather as 66 to 24. Which Rule
therefore is what I now propoiè as much nearer
tiian the other. By which Proportion I determi-
ned long before-hand the Dip at Barbados of
43° or 44°, as many of my Friends can
witnefs: And when Captain Bed delivered me
the Paper of this Obfervation at 'Barbados, before
I opened it, or in the. leaft knew what Dip it.
contain'd,-I foretold to him from that Theory
the very íãme Dip, which both "him'ielf and his
Paper immediately aflur'd me to be true ; and
whofe Truth, as he inform5d me afterwards, was
confirm'd by another Obfervadon , made a little,
before in the open Sea, of about 45°.

Captain Tempefl alfo, about thé íãme Time,
letrour for Antégoa and St. Cbnftofber\i wich the
lame Inllmmeric arid 'Frame. In his Letter, da-
red lair Jameary^ he greatly complains of the
Shaking of my Frame } and propofe'.s .an Hint
how it might be avoided : Which Method of its
Avoidance I had long before thought of, and pro-
vided tor accordingly ^ and which has been
a full Year ready for РгаШсе. Thoíi
Obíêrvations of his , that I have yet re-
ceived ; for I have nor heard from him fwce Ja-
nuary, but hope foon to here farther ; were but
Three, and all at open Sea ; and but one of them
made both the Ways that I defired : And, indeed,
lêem the lealt agreeable to Analogy of any of the
reft. Only fince that iingle Obiervation, which
was alio made by the horizontal Vibrations and
vercical Oicillation?, agrees very well ro dm Ana-
logy-, fince they all three arc. about the IVime
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Quantity of 8 or 9 Degrees exceed tint Analogy j
and lince very near the lame Place,'where the third
Obfervarion was made, I have a double Obferva-
tiori of Captain ВеаГъ to correft the fame ; I ra-
ther conclude, that Captain Tanpcfl made a Mi-
ftake, and placed the wrong Edge of the Needle
upward in all the Three Obfervations : Which
would naturally occafion íuch a Difference. When
I receive the reft of his Obfervations, or his
Needle again , I fhall be able to judge better of
that Matter. However, even thelè Obfervations
agree in grofs with all the reft, to the gradual Ds-
creafe of the Dip as you go nearer to the . Equa-
tor : Tho'as they ftand at prefenr, They do not
determine the accurate Proportion.of that Alte-
ration fo well as the others.

Captain Michel alfo, long after the reft, íètout
for Uiimburgb with the lame Inftrument ; though
now without the Frame, which he was not
willing to incumber h imfcl f"wi th : and I fufpeQed
that in its prefent Contrivance it did more hurt
than help the Nicety of the Experiments, í alio
by him, fent a Letter to the Reverend Mr. Eber-
bnrd, who was the Occaiion of my ftudying rhis
Matter, and \vasthen Paflorof Altcria, cloíê by
Hamburgb ; defiring that he would there make
the Experiment very exaftly , and give me a par-
ticular Account of it. But I have not vet re-
ceived his Anfwer.

Now the Obfcrvations here mentioned, as well
as thole many others I had by me before, do lêem

. to me in general evidently to aftbrd us the follow-
ing Inferences :

• (ï.) That there is one Spherical Loadfione, and
but one in the Center of our Earth ; and that this

Load-



[88 ]
Loadftone, like, other Spherical Loadibnes, has
but one Northern Pole : Contrary to Dr, Halleys
Hypothefis.

(2 ) That this Northern Pole is fituated, con-
trary to the fame Hypothefis alfo ;а great Way
to the Eafl of our Meridian : And indeed, as I
before had determined , about the Middle of the
Diftance between the North Cafe and NOVJ Zem-
bla. Captain Jolly's numerous Obíèrvarions
prove this moft fully : While in Sailing towards
that Point his .horizontal Vibrations greatly in-
creas'd in Number : And when he turned almoft
at right Angles, as he went down to Archangel,
they íbon dirhínífhed -, and yet íò little, after íòme
time that it was evident he then failed not far from

• a Parallel to that Northern Pole -, aud not very
many Degrees from it neither ; exaftly according
to my Expectations.

(3.) That the abfolute Power of the internal
Magnet is confiderably different in different Pla-
ces -, and that without any certain Rule -, as it is
upon the Surface of our ТеггеНл or Spherical
Loadftones here. This the various Number of Se-
conds toa verticalOfcillations, andall the Accounts
in the other Obfervations fully prove; and by
confequence this muft caufe different Variations
in different Places, as is the Cafe of our Ter-
rell/n.

(4.) That there no where appears in open Seas,
any fúch Irregularity in the Dip, as we íòme-
titnes meet with near Shores, or at Land ; and by
confequence that Dr. Htilley's grand Objection
againft the Difcovery of the Longitude by the
Dipping-Needle, taken from an Obfervation of
his own, concerning fuch an Irregularity near the
Shore at Cafe Ver A. -, and from his own Hypothe-
fis of the four Magnetick Poles is utterly ground-

lefs.



lèfs,- Nor indeed (Ml I he at.-R.eft, till-I have fcnr
a Dipping-Needle to Hiidfons Bay^ on purpoíèto
determine this Difpute-abouethe four Pole's : -For
that Voyage being almolidireilly towards hisiecond
'Northern- P.ole.all the way, and- about the.lame Dir
ilance all the way from ;Ui í ne,",-,-if this Voyage af-
ford much the fame Dip, . i f will denronitrare
that there is but One Nortbern$'a\e .; 'arid tha t ' i t
is nearly where I.place it.': 'But if that Dip great-
ly increafc , it will demdnilr.tte a fccond Pole
íbmewhere iiv t hole Pans of Д'мкт/сд, where Dr.
Halley places it. And to thi$; Decretory Experi-
ment do'I appeal fora final Determinai ion.o(';r-his
ßiieftion.,; Xhe Dxlo^ïaerns to.m-ï t o d r j u v - î ù s
Inferences' f Corn the Variât юя , which no Way;'
proves :any fucli double Poles ; as .being full as
ieiifible.jon our T^vr//«,,. wh'.iich h a v e , n o - u i o r e
than (ingle ones ; while .-hoj ayõjds all. Oblei'vuti-
ons . fro in the Dip, which are. ííiil agat;;fi him -,
and which are alone capable'of difcov^ung'. the
exa:t Place, o F fucb Poles', 'either upo;i tiu; ".Sur-
face of the Earth, од\оЛХ?т'/1г. How-evcr,
when one St:t ot" Experiments ' w i t h aj^p.plng-
Nec-dlc,: font to líudf/ms fi.iy,, vviïl ceaaiVily de-
Tt-rm.ine this Matter , 4is;a vain Tiling xo,.go on
in the Wny of Controyerfy abou: ir.

In i-hort, The Observations hi therto made,
fhew that.the Foundations I .go upon in r his Dii-
cuveiy of th- L'r,-£itude a n d ' L h e LIÍ;:UJJ ar So;,
are true and right : Thar die fcrreiinal M.-jgnc1 • '
t i im is very regular and -un i lo rm, in the op-n SLMS -,
that the Laticu.ie in the Xonbtra Parrs'may even,
w i t h o u t .'any AvpiJanct j of. the Sinking ut tils
Ship, i n . o r d i n a r y calm Woa:hef, be in g-.-od i>>
gree thereby difcovered 'already -. and t h a t if I

. can uiiïiciciuly avoid the Shaking оГ-the Ship,
which í am now endejvonrlr/g, und have crcat

N J - i o c a



Hopes of performing, both Latitude and Longi-
juie may by this Method be difcovered in the
greateft Part of the failing World. I fay nothing
here of another. Method of Trial, which I am
alio purfuing, and which depends, like this, on
the avoiding the main Part of the Ship's 'Agitati-
on-, and if effected will be more eafy and univer-
fal than this. But as. to giving any farther Ac-
count of that to the Publick, unlefs it fucceed, I
have no Intention at all.

N. B. The original Journals are all in the
Hands of my great Friend and Patron Samuel
Molyneux, Efq-, Secretary to his Royal Highnefs,
the Prince of Wales', and Fellow of the Royal
Society: Which Journals, when I have corn-
pleated the reft of the Oblervadons I hope to
procure, I intend to publiih entire, for the more
full Satisfaction of the curious,
ATable nf the Angle of Inclination below the Ho-

rizon, in Dipping-Needles, to every r;' Part of
tbeir refpetfive equal D'ßanccs from 'the Mag-
neiick Pules and Equator.
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J\r. Br í take the' Northern Pole of the Ter-
reltriaí Magnet to-be about the'Mefidian of Arcb-
aK£clt iiif^he Latitude;of; 75!.. its Equator to be
nearly a Agréât Circle, interlefting the Earth's E-
quaror about 2т 'Degrees Eaßward of the Meridi-
an of' London ; and in its opppfite Point. .And
thattfs utitioft Latitude Northward, is in the Gulph .
of ££^4Tabout i2f Degrees-; and as much
South • in th'e oppofite Point, in the great South
Sea. And that the Southern РоЦ is nearly circu-
lar -, its Radius 40 Degrees of ^ great-.Circle, and
its Center in a Meridian Eaßwfcd from Cellon
about 4 •• Degrees, and about 68т Latitude.

J\T.B..London"\s nearly |'ff —.^L£ diftance from
the 'fi'ortfy Pole of the Magnet, whence its Dip
will be at -J41-, which-is certainly fo in Faft. Bo-
fíon'\\\ tiw-England. is 4fV = &\:whence its Dip
wili'be ctboatóo0 22', •'which Captain Beal found
to he fo'-m jFaft. Barbados is about -^u — ^Lf
diirantfijom the Equator of the Magnet, whence
its Dip ought to be arjouc .44° ', as Captain Beal
alfo found it to be in Fa6b 5i. He/enris about -J|
rr; p«-7, whence its Dip ought to be about 47° 50'
as Dr. ííalícy found it to be in Fa ft. And to eve-
ry where in the:inain Ofe^n, a,t ^onfiderable DL-
flances íròtrt the Shores.

Л1 Б. If the Dip of any Needles beiomewhat
'difterent at London, add or fubfträft a proportio-
nable Part of the Dip elfewhere.And you will have
nearly the trueDip at any other Place wirh thatNeedle
Thus if yourNeedlediftèr from-the other 2° or 1-20',
and (hew the Dip a: London 72° 45' initead of
74u' 45', which is its-proper Dip in this Table -,
ai.d you require the true Dip by this Needle for

2 ' Бо-
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Boßca in 'Nevo-Effg/iifld, -Soutbwarî; which in the
Table is 68? 22', proceed thus. Becaufe the equal
Diitance of Boßon írom the Magnetick Equator .is
49 Parts of 6oL4 , the like Diltance of London
from that Equator -, deduft gL5 120' = 97' =
1° 37'out of the Tabular Dip 68° 22'. The Re-
mainder is 66° 45', for the true Dip at Boßon
with char Needle. Thus if you want the true
Dip, by the fame Needle, at Drontbeta in Nor-
way, Northward : Becaufe the equal Diftance of
Drontbem from the Magnetick Pole is 15. 2 Parts
of 29L6 the Diitance of London from that Pole ;
deduaiy 12' — 62' = i° 2' out of the Tabu-
lar Dip 82° 30', and the Remainder, 81° 28'is
the true Dip at Drontbein, with that Needle :
And fo in all other Cafes whatfoever.

JV. B. The Table before fee. down, fuppofes
that the true Dip differs according to fuch á Line
of Sines, whofe middle Point gives 66° on one
Side, and 24 on the other ; and is made by add-
ing or fubftrailing 8 to the-Complement of the
Dip found by the natural Sines for every Л of e-
qual Diftances from the Equator or Pole.

N. B. If any defire to calculate by Trigonome-
try the Diftances of all Places from the magnetick
Equator of Poles, and the Dittances of that E-
quator and thoie Poles in every particular Caie,
both made uie of in the foregoing Calculations,
it i s r h u s to be done:

In the (Fig. 12.) Triangle BLA we have B L
the Co-Latitude of London ; Б A the Co-Latitude
of the masnetick Nertb Pole ; and the included
Angle, AB L — ihe Diitance of the Meridian of
that Pole, írorn v lie Mer id ian of London ; to
find the Angle £YÍ M and the Side Л L. Then

in



94]
in the Triangle ^.ЛД we have the Angles
S.AM and §iMA,- and the Side AM, = the
Diftance of the Magnetick Pole from the Magne-
tick Equatot, to find Â Щ. So we have the Pro-
portion of Â L to A £, & E. I. .

But fince the Data are not yet fufficiently ex-
aft for the Calculation, meafuring is fufficient.

F I N I S .
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E R R A T A .
I. lines- a, 13. read, 5 Leap Days ; tmd with n

Days when 4 Leap Days. P. 7. over anahp n, &c.
, 53. 2. 55. 40. 58. 19,. 60. 58. 63. 38. 66. 19. 69. o.

71. 41. 74- 24- 77- 7- 79- 5°- 8l- 34- 85- ï?- 88. 4:90. p.
P. 10. /. 5 a. mrrf, Summer. P. 13. /. 7. »•. IOH. /. 8. and
ID, and 16. r. 18. P. 13. /. 24/r. Bern,Zurífl,a.nd Pillaio
near Koningsberg in Pntjfia. Dele f. 16. L -,г. to p. 17.
/. lo. ляЛ Inßead of it read 'tbus : Its gre:iteft Altera-
tion therefore muft be at the mean. Diftance; and
Is the Difference of the Equation belonging there to
the' Addition of io°L8 = 17 ,, which Space the MOOR
ufually goes in about 36 of time. Co that the Diffe-
rence on this Account muf f , each Period, be ufually
lefs than 36'. And as to the Moon's own Motion, ic
has alfo its greateft Alteration at its me«n Diilance ;
and is the Difference of the Equation at 1°. ç i . ̂ =17 .
wliich the Moon ufually goes in about 36'. of time. So
that the Difference on this Account muft, ea"ch Period,
be ufually lefs tlwn 36'. alfo, and on boçh/Accounns lefs
than ih. laA
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A DISSERTATION, gfr. on
E C L I P S E S ,

-^ bave rio record of any
being obferv'd 'till after Nabonaf-

far' s days. This monarch having
cftablimed a fchool of /Egyptian ailronc-
mers at Babylon, they began to collect a fe-
ries of thefe ailonifhing phenomena, in or-
der to compleat their cacleilial theory, and
fee if they could inveiligate their cauies, and
aiTign their returns. Accordingly they ob-
ierv'd one as early as 721 years before Chriir,
about 26 after the foundation of their Col-
lege ; but it does not appear, from all their
réguliers, that they ever attain1 d to the know-
ledge of their computations by previous cal-
culation ; tho' by the number of years af-
fign'd for their return, which was eighteen,
v/ith ï о or 1 1 days, more or lei's, as the
BiiTextile falls out, 'tis evident that they had
made considerable progrefs before the de-
ilrudlion of Babylon by Alexander ; yet we
cannot think that they had tables for correcl-
irig the anomalies of that perioj, or com-
puting fucceeding eclipfes и priori.

Abules was the firil of the Grecian ailro-
nomers, that foretold the foUr eclipfe which
happened in the fourth year of the 48 th O-

B /ум*
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lympiad, or the 5Both before Chrift; but
'tis moil likely he had the prediction elfe-
where, as we find no tables exiftent till long
after the redemption, which could with the
leaft certainty explain or foretel thefe ap-
pearances.

ThzChaldean period of 18 years, with ten
or eleven days, generally throws the eclipfe
near eight hours later with regard to the
time of day, fo that if the firft eclipfe hap-
pen about noon, the return of it after that
interval will be near eight at night ; and
when thefe obfcurations happen about the
fummer folílice, all the whole three periods
may be feen in Britain, but in winter only
one of thefe, fo that the time of the year
greatly affects the circumftances of folar e-
clipfes.

As eight hours in three periods make juft
one day, fo in 54 years and about a month,
thefe returns will nearly correfpond to the
time of day, and bring the eclipfe with much
the fame affections to every particular place,
the difference lying chiefly now betwixt the
greater or leffer obliquity of the earth's axis,
and the variation of the moon's node.

In eclipies about the folftices the parallels
of latitude are cut at fmall angles, and the
difference of the latitudes of the central in-
grefs and exit, depends altogether on the
pofition of the axis of the lunar circle to
the earth's. But in eclipfes about the equi-

noxes



m
hoxes the'fe latitudes are widely different, and
the meridians cut at fmall angles, contrary to
what happens in the folffices.

The ihade generally has its moft northern
limit in the illuminated hemifphere, fome-
times to the eaft and fometimes to the weil
of the general meridian.

After the ibade arrives at its moil nor-
therly limit, it from thence declines conti-
nually fouthward, till it arrives at the oppo-
ike point of defleftion, which two points
are ieldom or never in the diik at one time,
except in fome very particular cafes.

In the prefent eclipfe, for example, it en-
ters the earth amongft the French feule-
ments in Ca?iada central, and pafles conti-
nually more north, till it arrive in latitude
57° З^'; fr°m tnat point it bends fouthward
continually till its exit, near fort Sf George
on the Indian continent j this point is to the
weft of Britain, becaufe it croiïês Scotland
betwixt 56° and 57°, diminiming, which is
lefs than its moil northerly approach.

This contrary flexure is not occaflpned by
any irregularity of the lunar motions, but
entirely by the pofition of the earth, and
muft be common to all eclipiës, becaufe of
different fituation of the earth's and moon's
axes; and even when thefe co-incide, it will
be at times when no parallelifm can happen
betwixt the path of the ihade and place ;
for the hit is always elliptical,, except at the

equi-
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equinox, when the angle of the • axis is
23° 29' from the ecliptic, and that of the
moon can never exceed 6 degrees. Now
as the way of the fhade is fo near a irrait
line, that we always delineate it as one on
the diík, and the path of the place is al-
ways a curve, except in the circumilances
foccify'd, of the elliptic kind, all right lines
that cut any elHpfis in one point muft pafs
out of it again, and fo the ellipfis of the
moil northerly contact will be no more
touch'd by the moon's way, which will af-
terwards continually keep fouth of it, till it
\voiild arrive at a point, of the moil fouther-
ly approach, if the progrefs continu'd till
that time.

The cornp'eat revolution of folar eclipfes
will be a period nearly equal to half of the
•Aunus Magnus, or 12,000 years, hut 1000
of theic, or about fixty Chaldean periods,
generally exhibit all their variety to this
globe ; the. far greater part of that revolu-
tion is expended on the actherial fpaces of
the univerfe, withjn the circumfcription of
the ihadc, and never reach the earth at ni l ;
In fome of theic fpaces every moment lias
a folar ccUpíe lince the creation of things,
and the number of thofe afügn'd to the
Earth ITC comparatively almoil nothing to
thofe of the expanfum.

To illuilrate this a little father, we fhall
examine fome of the moil remarkable cir-

cum,-?
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cumPcances of the returns of the eclipfe which
happens July 14, 1748, about noon : This,
after traverfing the voids of fpace from the
creation, at Lift began to enter the Terra
Aiijtralis inccgnita, about 88 years after the
conqueft, \vhich was the lait of king Ste-
phens's reign ; every Chaldean period it has
crept by degrees more northerly, but was
ft i 11 invifible to any part of the Briti/ij ifles
before the year 1622, when on the 3othof
April it began to touch the fouth points of
England about 2 in the aiternoon, its cen-
tral appearance riling in the American fouth
feas, and traverfing Pent, and the Amazons
country thro' the Atlantic ocean into Africa^
and fetting in the /Ethiopian continent, not
far from the beginning of the Red Sea.

Its next vifible period was after three Chal-
dean revolutions in 1676, on the firft of June,
riimg central in the Atlantic ocean, paffing
us about 9 in the morning with four digits
eclips'd on the under limb ; this fet in the
gulph of Cocblncbina, in the Raft Indies.

It being now near the folilice, was, for rea-
fons already given, vifible the very next re-
turn in 1694 in the evening; and in two pe-i-
riods more, which was in 17^0, on the 4th
of July, was feen above half eclips'd juft
after kin-rile, and obferv'd both at Wirtem-
bcrg in Gcnnany., and Peking in China, foon
iifter which it went off.

Eighteen year? more afford us,the eclipfe
now
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now to happen on the iqth. of July, with
the phenomena already deicrib'd; and thofe
who dciire to look more narrowly into its
particular affeótions, may confult the annexed
map of it over the earth, which illuftrates

• by infpedion only. However, to fatisfy the.
curious, I ihall continue the revolutions till
their expiration.

The next viiible return will happen in 1766,
in the evening, about four digits eclips'd, 'July
2 cth ; and after two periods more on Auguß
16, 1802, early in the morning, about five
digits, the centre coming from the north
frozen continent by the capes of Norway,
thro' Tartary, China., and Japan, to the La*
drone iflands, where it goes off.

Again in 1820, Aug. 26, betwixt ï and
2, there will be another great eclipfe at Lon-
don above i o digits, but happening ib near
the equinox, the centre will leave every part
of Britain to the weil, and enter Germany
ut Emden, paflmg by Venice, Naples, Grand
Cairo, and let in the gulf of Bafora, near
that city.

It will be no more vifible 'till 1874, when
с digits will be obfcur'd, the centre being
now about to leave the diik on Sept. 28.
In 1892, the fun will go down eclips'd at
London, and again in 1928 the paflage of
the centre will be quite in the expanfum,
tho' there wil l be 2 digits eclips'd -at London
O£i. the 3 iß of that year ; and about the

year
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year 2090 the whole penumbra v/ill be worç
off, whence no more returns of this ecliple
can happen 'till after a revolution of IOOOQ
years.

From thefe remarks on the entire revolu-
tion of this eclipfe, we may gather that 1000
years more or lefs (for there are fome irre-
gularities that may protract or lengthen that
period IDO years) compleat the whole ter-
reilrial phenomena of any fmgle eclipfe; and
fince 20 periods of 54. years each, and a-
bout 33 days, comprehend the entire ex-
tent of their revolution, 'tis evident that the
times of the return will pafs thro' a circuit
of ï year and ю months, every return of
the Chaldean period ï о or 11 days later, and
of the equable appearances, about 32 or 33
days. Thus tho' this eclipfe happens about
the middle of July, no other fubfequent ter-
reitrial eclipfe of this period will return to
the middle of die fame month again, but
wear conftantly each period ï о or 11 days
more forwardly, and at lail appear in winter,
but then it begins to ceafe from affecting us.

Another conclu (ion from this revolution
may be drawn, that there will feldom bs
any more than two great eclipies of 'the fun
in the interval of this period, ?.nd thefe tomc-
times follow next return, and often at greater
diibnces. That of 1715 return'd a-
gain in 1733 very great, but this prefent
eclipfe will not be crreat till the arrival

í w* . .
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of 1820* which is. a revolution of four ChaU
dean periods, fo that the irregularities of theif
circles muft undergo new computations to
affign them ехай!у.

Nor do all eclipfes come, in at the fouth
pole; that depends altogether on the pofitiori
of the lunar.nodes, which will bring in as
many from the expanfum one way as t'other,
and fuch eclipfes will wear more foutherly
by degrees, contrary to what happens in the
prefent cafe.

The eclipfe, for example, of 1736, in Sep*.
tember^ had its centre in the expanfum, and
fet about the middle of its obfcurity in Bri-
tain ; that-will wear in .at the north pole,
and in the year 2600, or thereabouts, pafs'
off into the expanfum on the fouth fide of
the. earth.

The eclipfes therefore which happen'd a-
bout the creation, are little more than half
way yet of their ztherial circuit, and will
be 4000 years before they any more enter'
the earth. This grand revolution feems to
have been wholly unknown to the antients. •

I come now to confider them in .another
light, as it appears before their reduction to'
computation j their remarkable phenomena
in the two great lights of the earth, afford-
ed proper fubjeft to the Jewiß prophets to
borrow allufions, and even make ufe of their
revolutions to point out the enfuirig iffue of
their prophecy.

This
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TFiïis will be more evident, if we attend

to the other prophetic threatnings as deduc'd,
from, the eftabliih'd laws of nature, either as
fore-runners of fome general calamity, or as
penal fufferings inflicted on the delinquencies
of that people j fuch as famine, peftilence,
war, dreams, earthquakes and the like ; not
that thefe iignals were the caufe of the evil,
but certain diagnostics foreleen by the pro-
phets to precede it.

Again, the particular nation threatned had
moil frequently fome one of its darling ob-
jects, . taken either in knowledge, idolatry,
or any other favourite fcheme. Thus the
images ofMoab are threatned to be removed
from them ; the Egyptians on the other
hand had their Nile, the fountain of all their
wealth fpoke againft, " to be fmitten in all
its feven channels", &c. the Tynans their
fea, &c. as is evident from inconteilable
proofs in the Je-wijh writings.

Hence nothing could be fixt on by a pro-
phet more emphatical to point forth the de-
ílrucíion of Babylon., than fome aftronomi-
cal phenomenon, as that was the principal.
ftudy of thefe people ; and nothing indicates
the fupernatural authority ofthe prophets more
than foretelling thefe remarkable events, be-
fore there were the leaft tables made for fuch
computations, or indeed before any mathe-
matical hypothecs was fufîer'd about them,
being looked on as the aíloniíhing miracles

С of
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nature, and not to be accounted for by the
then rational theory.

It muft therefore be confonant to the fy-
Aem of prophecy, to prefigure the deftruc-
tion of an ailronomical city, by iigns taken
from their own theory. And this will appear
the cafe, if we attentively examine thofe pro-
phets who particularly direfted their menaces
to Babylon ; I ihali at prefent only mention
Ifaiah.

That writer having pointed out the pride
of the Chaldean learning, the multitude of
her aftronomers and ftar-gazers, in his 47th
chapter, and their ridiculous pretenfions to
prognofticate the fate of nations by the af-
íiftances of fuch fciences, tells them, their
own deftrudtion was coming like a torrent,
which they could not foreiee, though the
fign would be amongft their ftars, which
they principally ftudy'd, and their two grand/
lights. Your defolation, fays he, is coming
from a far country, from the kingdoms of
nations, and when you fee thefe figns be fure
it will follow.

The ßars of beav'n, to wif the
(Kefilim) thereof ßall be bid, the fun Jhall
be darkned in bis going forth, ond the moan
ßall withdraw her light. Ifaiah xiii. 10.

Accordingly the whole prophecy was lite-
rally compleated, the Keß lim, оъНуааез, were
eclipíèd by the moon, the fun was darkned to-
tally over the Babylonian empire at his going

forth
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forth, or fetting, and the moon was like-
wife totally eclips'd, all regularly after each
other, in the 4th year of the 48th Olympiad,
not many years before the deftruction of that
city. And as this was the folar eclipfe pre-
dicted by Thaïes^ 'tis not difficult to con-
jecture whence that aitronomer might ga-
ther his light ; and tho' Ifaiab did not point
out the particular year in his prophetical
writings, we can hardly fuppofe him igno-
rant even of that, as he gives fo many con-
curring circumftances to ftrengthen the e-
vent of his prediction.

The fupernatural eclipfe at the paffion of
Chriß feems very manifeftly foretold by Ze-
cbariah xiv. 6. For as they were divinely in-
fpired, the miraculous accidents in nature
were the fame to them as thofe which af-
ter ages might be capable of deducing front
the eftabliihed theory of things, thought
impracticable to theaftronomers of thofe days.

Likewife the great folar and lunar eclipfe,
which preceded the deilruction of Jerufa~
lern, íèems elegantly hinted at by Cbriß, Ma-
tbeis) xxiv. 29.

But notwithstanding the prophets madtf
ufe of thofe phenomena as figns, they be-
ing no caufe of the event, nor having any
relation to the myfteries of futurity, nothing
can now be made out from their particular
tranfits, ás divine infpiration has ceafed, e-
ven granting that they precede fome difafter

to
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to a'particular people, becaufe wê 'cannot
argue from caufes that have no vifible con-
neftion to events of a different nature. The-
Jeioiß prophets foretold the circumftances
that would go before, and 'the difafters that
Would follow ; 'they even pointed out the
nation that was to efFedt it, though frequent-
ly there was not the leaft apprehenfion or
ground for'fuch a-conclufion. Thus Т/Я/ОА,
foretelling the deftrudlion of lyre and Zi-
don, fays it 'would be from a people they-
little expected, a city that had no being 'till
the Ajjrian built it, that t'other day only
the Arabian fhepherds had pitched their
tents Where that miitrefs was getting up that
would be their end, even the city of the
Chaldeans-, Ifaicib'x.xu'i. and elfewhere in his
prophecies againft <Jyre. And when our
modern Judicialiils go as evidently to work

•with their conclurions, we may then give
affent'to their predictions j otherwife, credaf-
Judœus Apeila.

Nothing beiides, of any certainty, can be
deduced from a • phenomenon fo uncertain
in its rife, progrefs, and exit. Many eclipfes
come in on the ocean, in uninhabited coun-
tries about the north pole, and never reach
the fight of man at all, and no conclufion
can be inferred to any people from thefe ;
but when minds are difpos'd to imbibe en-
thufiafm, they will eafily draw inferences

-from independent caufes.
Thus



Thus, in 1724, the fun went down totally e*
clips'd over Genoa -, its cataftrophe followed!
•in 1747 ; at Dantzig the fame, and in 1733
that city was taken by the Ruffians -, in 1737'
the eclipfe came in at.Porfo.Hello, that mart
deftroyed by admiral Fernen a few years af-.
ter ; the fame сатеюуег Scotland foon after
mid-day, the rebellion in 174:5-; fet at the
•mouth of the river Kimen in Finland, that
province ruined by the Ruffians, and the ri-
ver like to become a fource of new con-
tentions. Now if fome great and fignal
calamity happen to Quebec and the French
íettlements m Canada, or to fort Si George
in the Eaß Indies, the rife and exit of the
great enfuing eclipfe ; aiad if the time of its

• completion be diftinclly. marked out, or the
people that are to effeét it, and the circum-
ftances that will attend it, fomething .may
be done to ftrengthen aflrology ; otherwise
accumulations of myftic fentences, and am-
biguous evaiions, look more like the heathen
oracles, than the temple of Zion, and will
never gain ground with the more, judicious
part of mankind, till better fupported.

P.S. It is particularly'to be noted, that
eclipfes, which have happened many centu-
ries ago, will not be found by our prefent
tables to quadrate exadlly -with antient ob-
fervations, by reafon of the great anoma-
lies in the.lunar motions j \vhichappears an

incon-
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inconteftable demonftration of the non-eter-
nity of the univerfe. For it feems confirmed
by undeniable proofs, that the moon abfolves
her period in a ihorter compafs of time than
formerly, and will continue by the centripetal
law to accelerate in velocity as fhe approaches
the earth ; nor will the centrifugal power be
found fufficient to compenfate the different
gravitations of fuch an aiTemblage of bodies
as conititute this mighty fabric, which would
ruih to ruin of itfelf, without proper affiftance
to regulate and adjuft it to its original motions.

Thus we are credibly aflured, from the tef-
timony of the antients, that there was a total
eclipfe of the fun predicted by Thaïes to hap-
pen in the fourth year of the 48th Olympiad,
either at Bardis or Miletus in Aßa, where
this aftronomer then refided. That year cor-
refponds to the 585th before Cbriß,whtn ac-
cordingly there happened a very fignal one
on the 2cth of May, anfwerable to the pre-
fent loth of that month, central through
North America, the fouth parts of France,
Italy, &c. as far zsAthens, or the ifles in the
Mgean fea, which is the fartheft that even
the Caroline tables carry it, and confequently
make it invifible to any part of Afia in the
total character, tho' I have good reafons to
believe that it extended to Babylon, and
went down central over that city. We are
not however to imagine that it was fet be-
fore it paft Suïdis, and the Afiatic towns

where
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\vhere the prediftor ' lived, becaufe an invi-
fible eclipfe could have been of no fervice
to demonilrate his ability in aftronomical
fciences to his countrymen, as it could give
no proof of its reality.

For a farther illuftration ; Thucydides the
hiftorian relates, that a folar eclipfe happened
on a fummer's day in the afternoon, in the
firft year of the Peloponneßan war, fo great
that the ilars appeared. Rhodius was vidlor
in the Olympic games the fourth year of the
faid war, being alfo the fourth of the 87th
Olympiad, or the 428th before Chrifl. So
that the eclipfe muft have happened in the
431 ft before Chriß, and by computation it
appears that on the 3d of Auguß (about
the 17th of our prefent 'July] there was a
fignal eclipfe, which would have paft over
Athens central about fix in the evening, but
which our prefent tables bring no farther
than the antient Syrtes on the African coaft,
above 400 miles from Athens, which fuffer-
ing in that cafe but 9 digits, could by no
meansexhibit the remarkabledarknefs recited
by the hiftorian ; the center feems therefore
to have paft Athens about fix in the evening,
and probably might go down about Уеги-
falem, or near it, contrary to the conftrudtion
of the prefent tables. I have only obviated
thefe things by way of caution to the prefent
aftronomers, in re-computing antient eclipfes,
and refer them to examine the eclipfe of

Ni ci ai



Nicias Го fatal to the Athenian fleet, that
which overthrew the Macedonian army, &c.
from the annals of hiftory, becaufe the te-
dious procefs of calculations is foreign to
my delign. Mean time I ihall note down
io or ia remarkable eclipfes, that will be vi-
fible at London in the compafs of 800 years,
as they may ferve for. a future ftandard to
fucceeding aftronomers, in afcertaining the
quantity of this increafed velocity of the
lunar motions, for which a proper table may
be compofed, to regulate, with more certain-
ty, eclipfes of great antiquity ; as they will
have larger opportunities to gratify their
knowledge, and confirm this conjecture,
from the numerous regifters of thofe.phae.--
aomena daily publiihed.
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At L O ND O N.

TfMe of 12 Solar EcHpfes to happai
in 800 Tears.

1842 June 26, 8' before VI. mane Dig.
ï о т center to the fouth.

]S6o Sept. 20, 2' after VIII. mane Dig.
ï IT center a little fouth.

1927 June 16, 33' pail V. mane Dig.
11 center to the north.

1999 July 28, 4' before XI. mane Dig.
114- center a little .fouth.

2075 June 30, 12' before V. mane Dig.
9'- center to the fouth.

2093 July ID, 20' before I. P. M. Dig.
Ют center to the north.

2146 Fee. 26, 15' pail V. P. M. Dig.
ç-í center to the fouth.

2187 June 22, 15'after VII. mane Dig.
loi center to the fouth.

2200 March 29, 18' after V. P. M. Dig.
ï IT- center a little north.

2381 July 6, 40' after XI. mane Dig.
central and total fere.

2435 Anguß 8, i o' before X. mane Dig.
8, center to the north.

. May 19, 10' after V. P. M. Dig..
OT center to the fouth.

Computed from Leadbetter'j Tables.
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Now, at length, rendered practicable at SEA,
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With all due Submiffion,
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The AUTHOR.
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Д FTE R all that has been propo-
r\ fed to the P üblich fmce the Aft

of Parliament pafsd^ twenty-
four years ago, for providing a Re-
ward to any who ßoould ßnd out a
praticable method for Difcoverme we
Longitude at Sea, I believe it does at
length appear^ that none of them have
fo well deferved the attention of the
curious, and particularly of the Honour-
able the CommiJJioners appointed for
that purpofe, as Mr* Harrifon'j at-

tempt
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tempt for malung fuch a Clock as may
£0 true on fhipboard ; and Mr. Whi-
fton'i attempt for producing fuch Re-
fraBing and RefleBing Tele/copes as
may Jhew the Eclipfes, Occultations,
and Conjunctions of Jupiters Planets,
and -the Occultât ions of fixed Stars by
the Moon there. Which, laß mention-
ed method Includes the ufe of two New
InßrumentSy called the Longitude Se-
£tors, now ßrß propofed by Mr. Whi-
fton, as well as of Mr. Barfton'5 Qua-
drant. Which Quadrant, altho it

'were at firft intended by the duther
jS? taking the Latitude, m which cafe
it has met with great Approbation ;
yet does it moreover feem to be the beß
Inßrument hitherto known for perfeB-
ing the Difcovery of the Longitude
alfo, whenever neither the r г fing nor
fetting of the Sun^ Moon? or Stars can

* be
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be f e en at Sea: which is a. cafe but
Ш, common, there alfo. For- as this In-

ßrument is known to take the Altitude
of the heavenly bodies much, better and*
quicker', even at Sea, than any other:,
fa is that altitude, when the Horizon is
not to be feen-) the beß means of know-
ing the time at the Ship. Without
which Knowledge, all Clocks^ or Obfer-
vations of Jupiter'i Planets, or of the
Appulfes of the Moon to fixed Stan-, &e.
muß be to no purpofe* as to the Dif-
covery of the Longitude there.

In order to the Explaining which
methods by Jupiter's Planets, and by
the Occultation of fixed Stars by the
Moon; the Author ̂  Mr. Whifton, of-
fers thefe XXXIV Lemmata, or Prepa-
ratory Proportions ; and the following
XI Prcblemata : immediately including

the
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the Dffcovery of the Longitude: ana
that tn the exa$ way of the Geometrici-
ans ; for greater perfptcmty^ and evi-
dence of Demonßration*

T H E
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P R E F A C t r ,
O R, A N

A C C O U N T
O F T H E

Several Steps taken by the A U T H O R for the
Difcovery of the Longitude at Sea ; from
the Ail of Parliament giving a Reward for
that Difcovery, pafled A. D. 1714, till
the Completion ofthat Difcovery 1741.

T AT" the Tear 1713, Mr. Humphrey Ditton
I and myfclf bit upon a Method of dijcover-

ing the Longitude at Sea, at leaß near the
Coaßs, by Signals of Light and Sound, which
would determine the Bearing and Dißance of
the Ship from the Place whence the Light and
the Sound were Jeen and heard. 77v'.r Dif-
covery was by us the next Tear communicated
to Sir Ifaac Newton ; and, at his Deßre, to
Dr. Halley ; as all'o to Dr. Samuel Clarke,
and Mr. Roger Cotes ; and we/bon had their
Approbation jo far as to encourage us to make
Application to tie Honje. of Commons the fame

A 2 \'ar
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Tear 1714, for a Reward to be allotted to any
I'uch asßjoulddij'cover that Longitude. This Ap-
plication ivas kindly received by the lionfe of
Commons ; a Committee was appointed to ex-
amine into the Matter ; and the four Perj'ons
already mentioned were f и ш топе d to attend.
What was thenj'aid and done appears, for the
main, in the Report of the Committee to the
Houfe in their Journals ; which was received
and agreed to by the Houfe unanimoufly on
June 11, ana a Committee was named to
draw tip a Bill accordingly. Which being pa fled
in the Honje of Lords, and by the ^u-een, is
become a known ASl of Parliament^ with the
Title of An Ail for providing a publick Re-
ward for fuch Perfon or Perfons as ihall dif-
çover the Longitude at Sea ; wherein the Re-
ward is loooo 1. if it extend only to one De-
gree of a great Circle-, or 60 Geographical
Miles : 15000 1. if to 40 : and 20000 1. if to
3 о fuch Miles, With this Proviß, that if
any fuch Method extend no farther than to
80 Miles adjoining to the Coaßs, the Propo-

fcr jhall have no more than one half of fuch
Rewards refpeffi-vely. As aljo with another
Provifo, that any lejfer Dijcovcrv of the fame
Longitude may have a proportionably lejfer
Reward. But all according to the Deter-
mination of the CommiJJioners therein named.
But this will be more fully imderßood if 1
trace the Hißory of the Hearing it f elf before
the Committee, and Jet down Sir Ifaac New-
ton'j Paper delivered in to that Committee :

which
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which was directly thé original Plan upon
which the Act itfelf 'was founded: all 'which
is preferi) d in the Journals of the Houfe of
Commons, a Copy of an ExtraSi out of which
journals has been procured me by the Right
Honourable the Speaker of the two laß
Houles of Commons, and lies now before me.

'As foon therefore as the Committee was
fet, -which •was a very large one, and had
Mr. Clayton, Member of Parliament for
Liverpool, for its Chairman, the four Per-

fons before mentioned appeared; and a Chair
was fet for Sir Ifaac Newton near the Chair-
man, and I ßood at the Back of it. What
the reß had to fay they delivered by word of
Mouth ; and the fame appears in the Jour-
nals : but Sir Ifaac Newton only delivered
what he had to fay in a Paper : which here

follows, as it appears there verbatim.
" That for determining the Longitude at

" Sea, there have beenfeveral ProjeEls, true
" in the Theory, but difficult to execute.

« One is by a Watch [i. e. a fljort Pendu-
" him Clock, that has no flriking Part : ] to
" keep Time exactly. Eut by rcajon of the
" Motion of a Ship, the Variation of Heat
" and Cold ; wet and dry ; and the Dijf'e-
tc rence of Gravity in different Latitudes, j'uch
" a Watch hath not been yet made.

ct Another is by the Eclipjes of Jupiter'.?
" Satellites : but by rea/bnof the length of'Tc-
" le/copes requifite to obfcrve them, and. tht
" Motion of a Ship at Sea, thofe Ecliffcs can-
" not yet be there obj'erved.

A 2 « A
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« A third is by the Place of the Moon :

tc hut her theory is not yet exaof enough for
« this Purpoje. It is exaSt enough to determine
" her [tbe~\ Long! í пае within two or three De-
" grecs, but not wit hin a Degree.

" A fourth is Mr. Ditton'j ProjeEt. And
cc this is rather for keeping an Account of the
" Longitude at Sea, than for finding it, if at
<c anv time it ßwiild be loji : as it may eafily
tc be in cloudy Weather. How far this isprac-
tc ticable, and with what Charge, they that
" are ßalled in Sea-Affairs are beß able to
" judge. In failing by this Method, whenever
" they are to paß over very deep Seas, they
tc muß fail due eaß or weß,- without varying
" their Latitude : and if their way over fitch
" a Sea doth not lie due caft or weß, they muß
" ßrß fd^ *п*° the Latitude of the next place,
<c to which they are going beyond it, and theft
" keep on due eaß or weß, till they come at
41 that place.

" In the three firß ways there muß be á
rt Watch regulated by a Spring, and rectified
«' every vißble Sun-r if e and Smi-fet, to tell
«* the Hour of the Day or Night.

<c /;; t he fourth wayfuch a Watch is not ne-
<c ceffary. In theßrß way there muß be two
<c Watches; this, and the other mentioned above.

" In any of the threeßrft ways, it may be
" cf fome Service toßnd the Longitude within
" a Degree : and of much mere/ervice to find
" it within forty Minutes; or he, If a degree
" [which is thirty Minutes; ] if it may be-,

" and
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(t and the Succefs may deferve Rewards ac-
" cordingly,

"In the f our t B way it is e after to enable Sea-
" men to know their Dißance and Bearing
" from the Shore 40, 60, or So Miles off', than
" to crofs the Seas: and fome part oj the Re~
" war ã may be given when the ßrß is per-
" formed on the CoaßofGrezt-Briiuin,fortbe
<c Safety of Ships coming home : and the reß
» when Seamen ßiall be enabled to jail to an
" ßjfignd remote Harbour without ïcfmg their
11 Longitude-, if it may be."

Upon the reading of this Paper, how true
andjußfocver, the Committee were at a Lo/s,
as not well underßanding its Conte/ils : and
Sir Ifaac ßtting ßill, and faying nothing by
way of Explication. This gave the Chairman
an Opportunity, which it was perceived he
Wanted, of trying to drop the Bill. Which he
did by declaring his own Opinion to be, that
" Unlefs Sir liaac Newton would fay, that
" the Method now propojcd was likely to be
" ufeful for the Difcovery of the Longitude,
" he was againß making a Bill in general for
" a Reward for fuch a Difco'jery ;" as Dr.
Clarke had particularly propofed to the Com-
mittee. Upon this Opinion of his, not contradict-
ed by any other of the Committee ; and upon
Sir Ifaac Newton'i Silence all the while, I

faw the whole Deßgn was in the utmoß Dan-
ger of mifcarrying. I thought it therefore ab-
folutely nece/ary tofpeakwyfclj: which I did
nearly in theje Words, Cc Mr. Chairman; the

" Occa-
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«' Occaßon of the Puzzle you are now in, is
" nothing but Sir Ifaac Newton'j Caution.
« He knows the Ufefulnefs of the prefent Me-
« thod near the Shores," [which are the Places
of greateß Danger.] " Whereupon Sir Ifaac

ßood up, andfaid, that " He thought t his Bill
" ought topafs, bee aufe of the prefent Method's
" U/tfut'iefs ncar the Shores." Which De-
claration of his was much the fame with what
he hadfaid in his own Paper, but which was
not underßood by the Committee, and deter-
mined them unanimoußy to agree tofuch a Bill.
After this, all Oppojition ceafmg, a Propofal
•was offered how much the Committee would
think ßt to allow f or trials, as dißinftfrom
the Reward. One of the Members named 5001.
as, in his Opinion, fufficientfor that Purpofe.
Mr. Robert Walpole, who was now come up to
the fitting Member s of the Committee, hearing

fo fmall a Sum named, flawed fome Indigna-
tion at i t; and boldly faid, that " ßncefo much
" larger Sums were often given for much
" fmaller Deßgns, he thought it a Shame that
t: fo noble a one as this ßjould have no more
<x than 500 1. allotted for it. Letit,faidhet

" be 20001." Which Propofal -was com-
plydvcith, without any Hefitation : and^20001.
is the Sum allotted for trials accordingly in
that Act of Parliament. Which A£l or Bill
was fir ft drawn up, at General S tan hope's, by
the General himfelf, by Mr. Walpole, Di\
Clarke, and my j'elf '; and put into Form by a
Lawyer : and pnj?d both Houfcs Nemine

Contra-
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Contradicente. However, it muß be acknow-
ledg'd, that as the Claufe for a fmaller Re-
ward for any lefs accurate Difccvery of the
Longitude "was my own Addition, and pafs'd
without the leaß Contradiction ; Jo two other
proper Claufes were omitted by us all : which
had they been then thought of would, I per-
Juade my /elf, have not been refujed : viz. one
to enable the Commijponers to apply part of
the aoool. allotted for Trials to the Jettli?îg
the Longitudes and Latitudes of the Capes and
Ports, along the Coaßs ; without which all
methods for dißovering the Longitude at Sea
are in a manner ufelefs : T'he other for giving

fome Reward for any confiderable Improve-
ments in theßnding even the Latitude it felf-t

'which hitherto is the main thing our Naviga-
tors are forced to have recourß to in their
DißreJJes at Sea. As for the latter Omißon,
it was to be here taken notice of, becaufe not
very long after the paßing of that A£l, Mr.
Rowe procured a meeting of the CommiJJioners

'for the Longitude, in order to defire forne Re-
war d f or an Improvement he prêtended to have
made in the Difcovery of the Latitude. Sir
Ifaac Newton, and Dr. Halley, were there ;
as well as the Lord Trevor, and other Com-
miJJioners. And altho this Application appear-
ed evidently beyond their Power, yet did he
make his Pretenßonsfo effectual at the Board
of Admiralty, that a Bill was brought in by
Admiral Jennings into the Hoafe of Commons,
1720, for a Reward in general to Improve-

ments
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menti in Navigation, which it wasfuppofed
would have enabled the Comwiffioners to reward
Mr. Ròwe, but it was rejected at the laß read-
ing : as Mr. PI umpire informed me from the
Journals of that Houfe. However be wasß

far favour'd by t be Admiral and the Board of
Admiralty that they allotted him 500 1. out of
the contingent Money for the Navy : as Drt

Halley had formerly had 2OQ \.outof the fame
contingent Money allotted him by the Lord
Pembroke, -when he was Lord High Admiral,
for his mojl ufeful Survey of the Britiib Chan-
nel : altho' I do not know that Mr. Rowe'i
Propofalfor ßnding the Latitude ever came to
be praSiifed at Seafmce that Time. And thus
much concerning this ourßrß Attempt for dif-
covering the Longitude by Signals. ' Butßnce
it has not been put in practice, either here, or
abroad for that Purpofe-, t ho' it has infame
meafure been put in practice', for flaring the
Geography of certain Places upon Land with
goodfuccefs, as being very ufeful in fuch Sur-
veys, I refer the Reader to Mr. Ditton'j and
my own large Accounts of all fuch Matters in
our New Method' for difcovering the Longi-
tude both at Sea and *Lzna,ßrßpublißjed 1714,
ana ejp e ci ally its fécond Edition, publifoed the

following Tear 1715, particularly pag. 85—-
88.

As for my own fmall Attempt for pro-
curing fuch a Clock or Watch as ßwuld go even
on Shipboard, made me by Mr. Williamfon,
it was too inconßdcrable in comparifon of Mr.

Наг-
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Harrifon'j now propófed; and never brought
to any Perfection. So I give no farther Ac-
count of it ; but proceed to the fécond Method
for difcovering the Longitude at Sea, wherein.
I have been concerned. Take its Hißory aï

follows.
About the middle of November 1718 came

to me one Mr. Eberhard, a German, born at
Iflében in Saxony, the very Town -where Lu-
ther was himfelf born, with a Pretence to a
Method for dij covering the Longitude by a
magnetick Dipping Needle. But as the other
Mathematicians and Virtuofos could make no-
thing of Mr. Eberhard'* Pretenfions, which
depended on the Dip being in or parallel to the
Equator, and the magnetick Power exerting
it I'clf Eaft and Weft, contrary to all Expe-
rience ; Jo did I, after fome time,ßnd it to be
•wholly groundleß. However, the Conßdera-
tion of this Dipping Needle, an Inßrument I
bad hardly ever J'een, or indeed heard of to
any purpõfe before, occafion'd many Experi-
ments und Thoughts of my own ; to fee whe-
ther this Power of a magnetick Needle, when
it vibrates in a vertical Plain, and defcends
beneath the Horizon, might not, by fome pro-
per Contrivance, be made itje of at lecjl for
the Difcovery of the Latitude, if not alio for
that of the Longitude, at Sea, as well as at
Land. In the Progrefs of which Enquiries
I went feveral hundred Miles my fdf, with
Mr, Barker, and made agréât number of Ob-
fervations, with different boadßones, and

В different
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different Dipping Needles, in different Coun-
ties of this Land. I a/Jo procured many other
to be made in Jcveral remote parts of the
Earth and Sea ; till the Hopes became tolera-
ble, that both the Longitude and Latitude
would at length be difcoverd by fuch Dipping
Needles, if they 'were fußciently large, and
exaEl, und 'well hung in the Ship. In the
pur fuît of 'which Enquiries I tired my f elf.
And tho I was thereby enabled greatly to im-
prove the Knowledge of the Terreßrial, and
other Magnetifm, as Mr.Mafshenbroek allows,
and follows in his further Refearches. Yet did
three things at laß extinguifl) almoß all my
Hopes of difcovering the Latitude, andintirely
all my Hopes of difcovering the Longitude by
this Inßrument. The ßrß was the Weaknefs of
the magiietïck Poisser : the fécond was the Con-
cr/ßon of the Ship : which I found prodigious
hard to avoid Jo much as the Nicety of thefe
Experiments required : The third and prin-
cipal was an hitherto unknown Irregularity
f n the Motions of all magnetick Needles, both
horizontal and dipping, difcovered, upon this
Occaßon, by Mr. George Graham, and Jbon
confirmed by my own Observations. Whereby
they, within about the Compafs of a Degree
vary uncertainly backward and forward, even
femetimes in a few Hours Time, without the
dépendance on any vifibleCauJè whatfocv-er. On
which Accounts I was, after a world of pains
and Charges, forced to dcjlfl ; which Charges
yet were plentifully made up to me by his Ma-

Jeßy
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}eßy K. George I. hiiprefentMajeßy,thenPrince
of Wales, and the late ^iieen, then Prince/s of
Wales, and many other my kind Friends and
Benefactors. Of all which Matters fee my Lon-
gitude and Latitude found by the Inclinatory,
or Dipping Needle, publißji'd 1721, and the
Appendix to the Calculation of Solar Eclipfes
without Parallaxes, publijhed 1724. One thing
only, of fome Confcquence, I muß add, to what
is there faid, and it is "This. Dr. Halley and I •
'had been feme time debating, whether the
Earth's Magnet or Magnets, had only one, or
not rather two northern Poles. I maintaining
there was but one internal Magnet, and that
it had but one northern Pole. While the Doff or
ajferted twofucb Poles, and determined the fé-
cond Pole to be about Hudfon's Bay. I f bought
this Debate would beß be put c,n End to by /end-
ing a dipping Needle to Hudfoii's Bay. Which
I did A. D. 1723, Te t hearing nothing of it
till the Tear 173.9. / concluded the Ship, in
which it was, to have been long ago caß away,
and the Needle to have been long ago at the
Bottom of the Ocean. But the laß Tear the
curious Captain Middleton, who was then the
Mate of that Ship in which my dipping Nee-
dle was ff n 't , aß ur e d me the Ship was fa f e -y

and that he had himfelf iryed the Experiment
79° Wfß °f London, at Cape Diggs, in Hud-
ion's S freights ; and found that the Needle ßood
ßrongly perpendicidar at that Place. Which
certainly implies the Being offucb a magnetic k
fole there as Dr. HaHey fuppofed. Nay}whaf

s
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is Juriher very remarkable, fuch a Pole ivas
known to be thereabout earlier them the Days
of Dr. galley. Mr. Barker has ßnceßjew'd it
me, noted by a Circle, and the Words Polus
magnetic, on the Delineation of that part of
the Globe, about the very Place aßgned for it
by Dr. Halley, in Gerard Merca tor 's Edition
of Ptolemy's Maps in the Year 1574. And for
the loft "Trial, I had in my Study lately that

• very Dipping Needle by which the Experiment
ivas made. And this ßi all jujfice for my fer
con d Attempt for discovering the Longitude ;
which was by the Dipping Needle.

f-Jowever, my Disappointment in thefe At-
tempts did not jb far difeourage me, but thai I
afterward joined my Endeavours with Mr.
Haíêlden, when a third Propofal was thought
of, I mean that for improving Dr. Halley's
Method of finding the Longitude by the Ap-
pulfes of the Moon to ßxed Siars. 'This had
''been indeed propofed about two Centuries ago
by Apian, an Aßronomer; [See Blundevil'i,
Exercifes, pag. 391.] find has been long and
earneßly purfuea, and with much greater hopes
of Succejs by Mr.Flanifteed, and Dr. Halley ;
ejpecially by the latter : and that with Sir
Ifaac Newton'.? УИ// Approbation, as appears,
above. Its Nature and Truth in Theory is.
well known; and, with other Methods, has.
beenßifficiently defcribed by others; ejpecially
by Mr. Hodgfon, in his Syflem of the Mathe-
maticks, Vol. I. Seil. jo. andßall not be.

enlarged upon. Now Mr. Hafelden en-
dcavoitredi
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deavoured to render this Method much more*
ufeful, by multiplying the Qccaßons of knowing
the Moons Place, and difcovering the fame :
not only at its Appulfe to fixed Stars ; as ht
Mr. Flamfteed'i and Dr. Halley'i Way-, but
by the [mall Interval of its rißng and Jetting,
from thofe of a knownßxed Star, to be meafured
by a Pocket Watch : and by the Help of trigo-
nometrical Calculations determining the un-
known Place of the Moon, by the known Place
of theßxcd Star. To this Propofal I made cer-
tain Improvements my felf: and took fome pains
in conquering the Difficulties that occur'd there-
in. Eut when, after all our Pains, it appear'd,
that the very Points of Time of the rißng orfet-
ting of even the largerfixed Stars were hardly
•uifible at Sea ; that the Inequalities in the Moon's
Motion -were not y et brought to Ex aã nefs ; and
that the Calculations necejlary in this Way were,
for all different Latitudes, altnoß innumerable ;
•wefound Caufe to drop the further Profecution
çf this Method. So far only did I follow this
Intimation, as to try how near the Interval of
the rißnng or fetting of two fixed Stars, of the
frft Magnitude, thus taken by a Watch would
' difcover Л&г'Latitude it f elf : which I found it
tvou/d do to great Exaeinefs. But then as there
are fo many eaßer Ways of finding that Lati-
tude ; and very few Stars can be feen direally
upon the Horizon, as I have noted already, L
alfo at length intirely drop'd this Method, as л1-
tnoß unnecefjary, and as ufually impraticable
alfo. tLo4vever> a great part of my Differ t a-

tion
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tion upon this whole Propofal iuas read eeforf.
tbe Royal Society, Feb. 20, 1728-9. But then.

On or a little before the Tear 1730, I light
upon a fourth Method for tbe Difcovery of the
Longitude, much better than any of the former :
and that h to enable Seamen to view the Eclipfes,
Occultations, and Conjunctions of Jupiter'j
Planets on Shipboard: which Eclipfes, Occul-
tation^ and Conjunõiiotts are well known by Af-
ironomers to be t he very beß Ways of finding the
Lwgitude, both at Land and Sea, could the
Concußon of the Ship be avoided; or could fuch
a Telefcope be made as, nottvifhftanding that
ConcuJJion, t bofe Phœnomena might be ßill viß-
ble there. My firß 'Thought was this: that in
cafe tbe Tube of a refraóting Telefcope of nine
cr ten Foot long could be made fo far tapering,
•pyramidal, or conical, as to bear a good number
cf Objeã Gla/J'es, ground on the fame or equal
Uool, and by confequeuce of the fame focal length;
while the Eye-glafs were very large, and but a

ßngle one alfo ; tbe Concußon of the Ship "would
only make any lucid Рог fit apparently to move

from »one Objcfl-glaß to another-, but that ßill
the Point would come 19 the Eye in the very fame
manner as if there were, as ufual, but one Ob-
jfel-glafs only. f/Ji's, upon trial, proved to be
FaSi : and althd when the ßxed Stars are in
general viewed thorough fuch a Telefcope, diffe-
rent Stars appearing through tbe different Objeft
Glajfes are vafily numerous and entertaining -,
yet does t he fame ObjecJ, asfuppofe Jupiter with
his Satellites, never appear at the J am e timet

b lit
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lut through one of thofe Glares only. 'This Te-
lefcopc having feven Objeà~î*glai]es,and one Eye-
g/a/s I have now by me : ana this Telefcope I
exhibited before the Royal Society April 22,
1730. the very fame Evening when Mercury
•was expcffed to touch, or paß over the Disk of
the Sun. Accordingly had the Evening been
clear, I intended then to have viewed the .Sun
•with it on the Leads of the Royal Society's
Houfe : but it proving very hazy, nothing could
be done. However, on the following Chrift-
mas Eve, about Midnight,- Caff. Sothebyi
Mr. Scarlet, jnn. and myfelf, took with it a
View of Jupiter and his Planets, at Mr. Scar-,
Izi'sfmallObfervatory, near St. Ann's Church ;
which afforded us a Sight not unenfertaining.
For whereas at ßrß we f aw but two of theje
Planets, we, in a little time, f aw three. One
ojc the other parting it f elf into two ; as having
been in Conjunction, and now Jeparating one
from another. Which, by the way, is the only
apparent corporal ConjuncJion of two of thole
Planets that I have yet heard of; and fuch as
Mr. Lynn himfelf, in full 30 Tears, confeffes
he never faw. Not long after I had laid this
Tele/cope before the Royal Society, there came

r a Friend to enquire of me ; Whether 1 had not
difcovered the Longitude í aj'uring me that he
had an Intimation of fuch a thing from a
Friend in Scotland, who meß probably had his
Information from fome of our Royal Society in
England ; who thought the Inßrument I had
lately ßewn them would really make that Dif-
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wuery. I told my Friend, that " 1 believed
" / had dijcovered the Longitude : but that^
" for certain Reajbns, I did not think ßt tá
" make it y et more publick" 'Take thoje Rea-

jbns in the Words of that Memorial that luaf
read before the Board of Admiralty July 15,
1737, and was two Days after laid before thé
Trinity Houfe: " The main Reajbns of my long
" delay in -producing this fort of Telejcope
" before this Board, or the Publick were
•" thefc two ; becaufe this 1'elefcope "had not
'" been tried on Shipboard; and becaufe 1 hoped
" л much Jhorter reflecting I'elefcope, with
fl one large reßeoling Speculum, and many
" fmall Eye-glaffes might invert the Problem^
" might be Jo fitted as to perform the fame
" with the other much longer ref raffing Tele-*
« fcope. 'This I pitched upon, аз a ßill better
" Method, A. D. 1731.. though I have not
« hitherto been Jo happy as to bring that great
•" Improvement to Perfection." And thus much
concerning the RefraSiing Telefcope, -with ma*
,ny Objeff-glaJJes, and one broad Eye-glafs :
«which I believe will readily difcover the Lon*
gitude at Sea, by the means of the Eclipfest

Occultations, and Conjunctions of JupiterV
Planets. a

I now come to myßfth and laß, and, as ï
Relieve, a better and eaßer Method of dif-
povering the Longitude at Sea by Telejcopes $
and that ßill by the means of the fame Eclip-

fes, Occultations, and Conjunctions ; and this
is by a reflecting Telefcope of .my own Inven*

tion
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tibn alfo. This Method has been, in a manner,
already intimated from the Memorial laid be*

fore the Board of Admiralty July 15, 1737.
and its Dijcovery very Joon followed that In^
timation. For in another Memorial, dated
Aug. 2, ana laid before that Board Aug. 12,
the lame Tear, I have this additional CLaufe ;
t hut " fine e the concave Speculum of a reßeSi-
" i/ig Telefcope, of Mr. Caflegrain'j [rather of
" Mr. James Gregorie'i] Form, whofe le [fer
" Re fleeter is round, broad, and plain ; and
" has its focal Dißances 4. or 6. or 8. or 10.
" Foot, requires a clube of no more than 2-. or
c< 3. or 4. or 5. Foot long ; and the Eye-glaß
" need be but one, only not [very much] broad-
ct er than the Hole in the Speculum, this re-
" flcEling T'elefcope <will perfeff the great Im-
" provcment before wanted ; and will be ea*
" ßly manageable on Shipboard. And indeed
tc feems to me, by far, the beßandfureß of all
tc the aßronomical Methods for difcovering the
tc Longitude there. Which is accordingly pro*
li .pofed to this honourable Board, and to the
" Commißonersfor the Difcovery of the Lon-
" gitude ; as what will bring that Difcovery
" to its utmoß Perfection ; and will be very
" cheap, and very readily praElifed at Sea by
" ordinary Seamen.' But of thefe two Methods
I need fay no more in this Preface ; becaufe in
the Book it /elf both this and the former Tele-
f cope are fully defcribed, with the other In-
ßruments, and Tables of Aßronomy, and Cal-
culations belonging to them. Unto which I there"
fore refer the Render.

С Upon
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Upon the whole, I now look upon the Longi-

tude in the open Sea to be difcoverable by two
fare methods of my own Invention, 1 mean by
the Refraéling Telefcope, with many Objeã-
glaJJ'es ; and by the double Reflecting Telefcope
with its one large concave ReßeSier, and one

Jmallflat Reßeeler-, befides the Eye-glaß, which
is of courfe a Refraffer in both Infiniment s. I
mean this over and above my Difcovery of the
Place of a Ship near the Shores, orwithinfto
geographical Miles of the Coafts by Signals of
Light or Fire : to which half the refpeõíive Re-
wards are'allotted by the Aft of Parliament :
und over and above the Hopes there is, that Mr.
Harriion'j curious Clock may be able to weather
Storms at Sea, and togo evenly through them,

from Europe ta America. Which,ifitfucceed,
will be a third, or rather a fourth very valu-
able Method for difcovering that Longitude
alto. I now proceed with my Hißory.

At the fatter End of the laß Tear 1739 /
was very deßrous to make fome farther Pro-
grefs in this Affair : and as I knew that Dr.
Halley'j Chart of the Variation of the magne-
tick Needle, made for 1700, was excellent hi
its kind, and would beßillofvery great Ad-
vantage to Navigation, if it were renewed,
and fitted to the prefent Time ; that Variation
being alferedyCven in the Britiih Channel, about
eight degrees in thefe laß 40 Tears : and as I
knew that both *Mr. Harrifon'j Clock, and my
Telefcopes, difcovering the Longitude in the
open Seas, -would be of little or no Advantage

to
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to Navigation till the Coafts were better deter-
mined; I deßred Sir Charles Wager Jlrß Com-
miffioner of the Admiralty, to call the Com-
mjjfionen of the Longitude together, that I
might lay thefe Matters before them. Which
he readily did, and the Majority of the whole
Number, then alive, being prefent at the Ad-
miralty Board, Nov. 24, 1739. / laid the

following Memorial before them -, and added
large Explications of fever al of its Parts by
ivord of Mouth, for their more intire Informa-
tion, 'the Memorial was as follows :

" To the Honourable the Commißioners ap-
" pointed by A5l of Parliament for the
" Difcovery of the Longitude at Sea.

" The Memorial (^William Whifton, Clerk,
" fometime Profejfor of the Mathematicks
" in theUniverßty of Cambridge.
" Humbly Sheweth,

с с r-r^HAT the PerfeéJion of the Art of
" I Navigation depends on the frequent
" Dtfcovery of the Longitude and Latitude of
" Ships at Sea ; and on the Knowledge of the
(c Variation of the magnetick Needle, in all
" Places where Ships do fail. For want of the
" due Allowance for which Variation many
" Ships are believed to have been loß at Sea,
" efpecially in our Britiih Channel.

ic That before the Dtfcovery of the Longi-
" tude at Sea can be throughly ufeful to Na-
" vigation, the Knowlede of the Longitudes of
" the Coaßs, Headlands, Ports, and Havens,

С 2 « w
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lf highly neceffary ; and that in many Placés
c* to a degree far exceeding what is hitherto
" known : and particularly in tbofe o/* Great
" Britain, and Ireland, and the Plantations
" to them belonging. In which the French Af-
ft tronomcrs and Navigators are known to
" have greatly outdone thofe of our Nation :
V Altho our Skill in aflronomical Obfervations
(i be not inferior, and our ''Trade and Navi-
ic gation far fuperiffr to theirs.

( 4 'That the Longitude of fitch Places can a!-?
" mofl only be discovered by Obfervations made
" fometimcs of the AppulJ'es of the Moon to
" jïxea1 Stars, and mor e frequently oj Jupiter'í
" Planets, iahen Jupiter is fïtfficiently remote
" from the Sun ; and chiefly when he is in

.»' northern Signs. Which two Characters ex-
tc cellently agree to the nextßve Months ; and
" to about eight Months in each of the next
" five following Years.

" That there are'fever a lInßruments, rela-
" ting to the Difcovery of the Longitude at
" Sea, and which promife great Advantages
<{ to Navigation, which ought tobe throughly
" tried in the Ports on Shipboard : and may
«' be eaßly tried there at the fame time that
<c the Longitudes and Latitudes offuch Ports
'< are determined. Such as Mr. Hadley'j and
" Mr. Smith's Cafadioptrick Quadrants':
'? Mr. Barfton'i Cadrant : Mr. Whifton'j
^ refracting and reflecting Telefcopcs : [Capt.
?? Elton'j Quadrant : ] &c.

" That
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" T'hat, at the fame time, new and accurate

cc Charts may be made of our Sea-coaßs-, for
" the Advantage both of Geography and Na-
<c vigation.

" That Dr. Halley made a moß ufefulMap
" of the .Variation of the magnetick Needle^
<c fitted to Tear 1700. Which Variation is yet
" f° greatly alteredfmce that time, that the
" fame may now greatly mißead fuch Ma-
tt rjners as do not carefully allow for that
" Alteration. Which Variation may be anew
<c exactly obfervd on this Occafion at all our
tc Ports, when their Longitude and Latitude
" are taken. And other Obfervations made
" fmce 1700 by Capt. Middleton, Capt.Hox-
11 ton, and many others may be compared, in
" order to the forming a new Map of that
" Variation for the Year 1740.

C{ 'That by reafon of this Variation of the
" Variation, it is very fit that a new Map of
tc fuch Variation be made at le aft every ten
" Tears ; and -placed in every Ship that goes
" to Sea: to prevent all future Inconvetiien-
" ces, and Mißakes about Juch Variation.

" tfhat Dr. Halley, the Royal Obferver at
" Greenwich, may be deßred to aj)iß and di-
" reõi fome proper Perjbn in making fuch a
" new.Map, for 1740. Andalfo to take care
" that, during the Obfervations of the Moon's
" Appulfes and Jupiter'5 Planets on the Coaßs,
<c for fettling the Longitude there, the like
" Obfervationsofthefame Appulfes and Pla-
tc nets be made every clear Night at Green-
^ wich. It being by the Companion of thofe

« Obfer-
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t( Observations with the other made on the
" Coaßs that the Longitude of thofe Coaßs
" muß be determined;' as all dßronomers do
" well know.

" Laflly, It is humbly deßred, that the Par-
" liament having provided 1500 1. for fitch
" preparatory 'Trials, as concern the Di/co-
<c very of the Longitude, more than is to be
" applied to Mr, Harrifon'i Clock, fo much of
" that Sum may be applied to the providing
tc Inßruments, and paying the Charges ofpro-
" per Perfons Jo make the nece/Jary Trials and
" Obfervations aforefaid, as the Commi/Jioners
" ßalljudge necejjary to thofe Purpojes ; and
cc fuch Perfons employed therein as they Jhall
** think to be moft able and willing to ferve
" the Publick on thefe Occa/ions"

Nov. 24, 1739. WILL. WHISTON.

Now when the Commi/Jioners had con/idercd
of this Memorial, they fully and unanimoußy
agreed that it was all right> andßt to be com-
ply ed with, as I defired -, and that the Govern-
ment ought to be at the Charges. But upon the
Speaker s reading the Claufe in the A51 cf
Parliament, which aßgned 2000 1. Jor fuch
preparatory ^Trials, he obferved this very ma-
terial and necejjary Preliminary of fettling
the Coafts was omitted : and fo he, with the
other Commijfioners prefeut,fent the Secretary
of the Admiralty, Mr. Burchet, out to tell
me^ that " They did not perceive they had
" Authority to aßgn that 1500 1. to thefet-
" t ling of thofe Coaßs ; but that I muß apply

« elfe-
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" elfewhere." Accordingly Mr. Burchety^r-
ther told me, that " I ought to lay a larger
" Memorial before the Roar d of Admiralty to
" the fame Purpofe." So far however the
Commijßoners did comply 'with my Deßres, as
to recommend to Dr. Halley the Care of ma-
king a new Map of the Variation for the pre-
jent Time. I then drew up the following Me-
morial. And alt ho' it -was not laid before that
Board) as will appear anon, yet is it not im-
proper to infert it in this Place :

' To the Right Honourable the Commijßoners
f for executing the Office of the Lord

' c High Admiral of Great-Britain.
1 The Memorial o/'William Whifton, Clerk^

< fometime ProfcjJ'or of the Mathematicks
c in the Univerfity in Cambridge.

Humbly Sheweth,
< HT^1 НА Т your Petitioner did, on the^
« i 2 ífth o/'November /aß, lay èeforeThc
' Honourable the Commiffioners appointed
' by Ait of Parliament for the Difcovery of
' the Longitude at Sea a Memorial, which is
' hereafter copied [viz. that above] fetting
' forth the great Ad-vantages that would äriß
' to the Navigation of Great-Britain from а
< more exaflDetermination of'the Longitudes
' and Latitudes of our Coaßs ; as alfo from
( the making anew Dr. Halley 's Map of the
« Variation of the magnet ick Needle : The lat-
' í er of which Propofals was then recommend-
* edtoDr. Halley, and is now undertaken to
< be prepared for his Review accordingly. Tour

« Petit-
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' Petitioner did then deßre of thofe Commif-
" /toners, that " So much of the Sum ofi$oo\.
" which ivas more than was apply'd to Mr.
" Harrifon'j Clock, might be apply1 d to the
" providing Inftruments,andpaying theCharge
" of proper Perjcns to make the neceflarv
" 'Trials and Observations as they ßjouldjudre
" nccfflary to thofe Purpofcs ; and fuch Perfons
" employed therein as they pwuld think to be.
ct moft able and willing to ferve the Pitblick
" on fuch О ce a fions" Which PropoJ'al, though
' it appeared every -way agreeable to thofe
c Commiffioncrs, and highly ßf to be provided
' for by the Publick, yet did they obferve the
* /Ш of Parliament to Ьг Jo deficient as to
' the J e tiling of"the Coaßs, that they thought
' they ivere not enabled thereby to grant the
1 Money de fir c d of them for that Purpoje ;
' but that your Petitioner ïvûs to make his
' Application eljèwhere. In conlequence of
1 which Determination he now applies himfelf
c to this honourable Board ; and reqtießs, that
c they would pleaje to take the Scheme which
' he now lays before them into their ferions
c Confideration'; and that as foon aspoflible:
' that the advantageous Pofition c/'Jupiter'j
' Planets, (by the Obfervation of whoje Eclip-
4 fes and Conjunctions, the Longitudes of thofe
c Coaßs are chiefly to be difcovered) the eight
' following Months, beginning <with Auguft,
c may not be negleSied. Tour Petitioner alfo
4 begs of you to conßder farther : thatßncc
4 the prefent Deßgn of fettling the Coaßs of
* Great-Britain and Ireland may be perfeUed

" in
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" in thofe eight Months Time, as appears by
<c the Computation annexed, for about the Sum
" of 8001. [but the Computation proving on
" trial to be much too little both as to Tims
t{ andExpences, is here omitted: ] Whether
" fuch a Sum can ever be more beneficially
" employ d to the Navigation of Great Britain,
" which is peculiarly under the Care of this
" honourable Boarä, than it will be if this
" Propofal be comply'd with. Which has not
" been made but upon Confutation with Dr.
" Hallejr, and other Perfons and Books pro-
" per for rendering it as compte at and ad-
" vantageous to the Publick as pojfible."

June 20, 1740. WILL. WHISTON.

This Memorial I intended to lay before the
Board of Admiralty. But as the like Propofal
actually laid before ffo'Commiffioners for the
Longitude was ßopped, becaufe it was fuppo-

fed the Act of Parliament had not enabled
thofe Commiffioners to do what otherwij'e they
owned to be very ßt to be done ; Jo did the
Opinion of Sir Charles Wager, who is theßrß
Cornmiffioner of the Admiralty, that They had
not properly any Power to disbur/e the Money
deßred out of the contingent Money of the
Navy, as had been fuppo/'ed it might have
been, difcour age me from laying it before them :
Alt ho' Sir Charles 'did not deny there bad been
two or three Examples of the like Disburfe-
ments formerly. 'Yet did be, and every body
that were capable of judging about inch Mat-

D fers
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tersßill acknowledge, that the Propofal was
•very fit to be provided for by the Parliament^
in order to per/eft their own Aft. Accord^-
ingly He readily came into a temporary Sub-
fcnption of 50 1. out of his own Pocket : as did,
the Speaker of the Houfe of Gommons : and
Mr. Poynts, for the Duke of Cumberland,
of the like Sum alfo. And they have been fol-
lowed by the Lord Wilmington,?^ Lord Bal-
timore, and Mr. Townihend, in a Subfcrip-
iion of z$\ . apiece for the fame Purpofes. The
Receipt of which Sums has enabled me to pre-
vent the Lofs of a Tear, and to fupport this
Deßgn till the Parliament has now enabled
the Commiffioners to disburfe the Money out of
the Navy-Office, as was before deßred. I
jhall now produce a Liß of tbofe xxxv\ifeve~
ral Places on our Coaßsy where the Obferva-
tions either have already been made, or are to
be made : together ivttb a like Lift of thex'm
feveral Places on the Coafts of our Weßern
Plantations, where the like Obferva^ions are
to be made afterward.

A LIST of xxxyii feveral Capes and Places on
the Coaft of Great-Britain and Ireland,
where the Qbfervations have already been
made, or are to be made,

(ï) North Foreland.
(2) South Foreland.
(3) Dengy Nefs.

(4) Beächy
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(4) Beachy Head.
(5.) Selfey Bill.
(6) Dun Nofe, in the Me of Wight.
(7) Race, or Bill of Portland.
(8) Start Point.
(9) Lizzard Point.
(10) Land's End.
(ï ï) St. Agnes's Light-Houfe, at Scilly.
(12) Hartland Point, at the Entrance ofBri*

itol Channel.
(13) St. Ann's Point, at the Entrance of Mil-

ford Haven.
(14) Old Head Lighthoufe, at the Entrance

• of Waterford River.
(15) Ram's Head, at the Entrance of Cork

River.
(16) Cape. Clear.
(17) lie Entrance «/Limerick River ; either

Kerry Point, or Cape Lean, or Loophead.
(18) Black Head, at the Entrance of Gallo-

way River.
(19) Dog's Head»
(20) Black Rocks, or Moors; or elfe Achil

Head.
(21) North Ifle of Arran, near Ireland.
(22) Fair Foreland, or Fair Head in Ireland.
(23) St. Bee's Head, in Cumberland.
.(24) Mull Me, near Scotland.
(25) Skye Ifle.
(26) Faro Head.
(27) Kirk wall, in Orkney.
(28) Sumborough Head, Schetland.
(29) Duniby Head.

D 2 (30) Таг«
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(30) Tarbet Point, or Neffe, in the Firth of

Murray.
(31) Buchan Neffe.
(32) Fife Nefs.
(33) Tinmouth Caille, Northumberland.
(34) Flamborough Head, Yorkihire.
(35) Cromer, Norfolk.
(36) Loweftoff Lighthouie, Suffolk.
(37) Landguard Fort, by Harwich, Eiîêx.

A LIST of xiii feveral Capes and Places on the
Coafts of our Weilern Plantations, where
the Obfervations are alfo to be made.

(ï) The Mouth of the River Altimaha, in
Georgia.

(2) Cape Fair, or Cape Hatterefs, 'in Caro-
lina.

(3) Cape Charles, at the Entrance o/'Chefa-
peak Bay.

(4) Cape May, in New Jerfey.
(5) Cape Cod, in New England.
(6) Cape Race, in Newfoundland.
(7) Port Antonia, in Jamaica.
(8) Port Royal, in Jamaica.
(9) St. Chriftopher's Ifland.
( ï o) Hie of Providence.
(u) Deebles Point, or Chrift's Church, in

Barbadoes.
(12), Ifle of Burmudas.
(13) Gibraltar.

[N.B. Hudfon's Bay, Baffin's Bay, and
the Ports in the 'way to, and in the Eail In-
dies, may be recommended to the federal Com-
panies and Merchants that trade thither.]

IJhall
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. l ßall now add a Copy of tbofe Directions

I gave Mr. Reníhaw and Mr. Birkbeck, -who
were fent to make Obfervations round the
Coaßs. And they 'were as follows, verbatim:
as they are fet down in their "Journal.

•Directions for the making Obfervations for
difcovering the Longitude, and Latitude,
and Variation of the magnetick. Needle,
round the Coafts of Great-Britain and
Ireland : given them by Mr. Whißon, Sep-
i'-ember. 23, 1740.

ï. Firß of all adjufl your Royal Pendulum
carefully, by feveral Days Obfervations, a-

' botlt Noon, that it may go true to the mean,
time. Adjuß alfo your large Stop Watcht
with Seconds, togo true to the fame mean time.
And note, that if this be accurately done at the
ßrß Station, a fm aller Matter will keep the
Clock and Watch 'thus adjußed afterward, ef-
pecially in the Britiih Channel, where the La-
titude is not much altered.

II. Set that Pendulum and Watch, thus ad-
jußed, by Mr. Siflon'j Inftrumentfor Dialling,
the very ßrß Day afterward, that you can
fee the Sun : And this at any time of the Day
[fbo' tfa nearer Noon* the better : 1 ufing the

fuppofed Latitude of your Place in the Maps.
This is to be done frequently the fame Day :
and will fet the Pendulum and Watch to half
a Minute, or nearer.

N. B. T'he Pendulum and Watch muß al-
ways be adjußed and kept to the mean, but not

the
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the apparent Time. Which Times are eaßly
reduc d from one to another by the common ÏÏ-
quation Table, and are to be both fit down in
the-journal.

III. If you then can fee the Sun about Noon^
take its greateß Altitude by your Quadrants.
This Altitude, 'when you have deduSted the
Refradlion from S/rlfaac Newton' s Table,
pag. 69. of my loft Book ; and allow'd for the
Sun's Declination north orfouthfor the Timey
from Vol.1, pag. 505. 520. o/Mr.Hodg-
fon'j Book, will give you the Elevation of the
Equator, and its Complement the Elevation of
the Pole, or Latitude of your Place.

IV. The ßrß clear Night take with your
Quadrants the Altitude of the Pole Star ßx
feveral times at leaß, at the Intervals of a
quarter of an Hour : Noting the Times by the
Clock or Watch. Correffi thefe Altitudes, as
before, by deducting the Refraction from Sir
Ifaac Newton'j Table ; and the Remainder
•will give the true Altitudes of the Pole Star.
And then by Trigonometry, or the Table in my
former Book, pag. 101, 102, corrected, find
how much the Pole Star was then higher or
lower than the Pole itfelf, (its Dißance from
that Pole being this Tear 1740 2° 5' b '̂)
which Quantity add or fubflraot as Oc-
caßon requires, and you will have the true
Elevation of the Pole, or Latitude of the Place.
This lejjer Degree of Accuracy in the Time
will be fufficient for the prejënt Purpofe, by
reafon ofthewryflow diurnal Motion of the
Pole Star. The
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V. the fame ßrß clear Night, take the

greateß or meridian Altitudes of as many of
the more elevated bright Stars as you wellcan,
af leaß ofßx. The mean of thofe Altitudes,
when they are corrected by Sir Ifaac Newton's
Table of Refraction already mentioned, and
•when their Declinations, north or ßuth, are
allow d f or, f r от pag. 70 of. my laß Book, or

from Vol.11, pag. 516—519, of Mr. Hodg-
fon'j, will give-the Elevation of the Equator,
and, its Complement, the Elevation of the
Pole, or Latitude of the Place, without any
Regard to the Time of the Night when thofe
Obfervations are made.

VI. The true Latitude being thus found, the
next clear Night take the Altitude of as many
of the brighter fixed Stars as you can, near
the prime vertical, eafl or wefl ; at the leaß
ofßx : noting the Times by the Pendulum, or
Watch, as already adjußed to the Time, tho
imperfectly. Then from each of thofe Alti-
tudes, ßrß diminißed by the Table of Refrac-
tion, compute, by the two Rules of Trigonome-
try in pag. 96—99 of my laß Book, the exaft
Times to the Meridian of your Place, to Mi-
nutes and Seconds, when thofe Obfervations
were federally made ; and correct your Clock
and Watch accordingly. Which will now, and
not till now, give you the juft Time at your
Meridian, with the greateß Accuracy.

VII. And now the Shadow of a Plummet-
line, or any erc5l ßrait Line at Twelve a
Clock, apparent Time, 'will give you a true

Meridian,
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Meridian, for finding the Variation of your
'two magnetick Needles ; to be Jet down accor-
dingly. I need not add, that great Care muß
be taken that neither any Loadßone, nor Iron,
be near thefe Needles at the 'Time of the Ое-

fervations.
VIII. Той have now nothing to do but to.

make ufe of your Refrafting and Reflecting
TeJefcopes, and by. them to obferve, and that
•with the greateß Nicety you can, two or three
Eclipfes or Conjunftions of Jupiter's P laneis ;
efpecially thofe of the firß and fécond, which
are noted in the Table .at the End of my laß
Book ; and tofet them down with their Times
as obferved accordingly. The Conjunftions
to be taken both at equal Dißancesfrom Jupi-
ter, and at the crofs Hair in a Meridian.
Which •when compara with the fame E.clipfes
and Conjunftions to be obferved at Oxford,
and at Southwick, by Mr. Blifsand Mr.Lynn,
[as aljo fevcral of them at Lyndon, by Mr.
Barker,] will afterward give the Difference
of the Longitudes of the Places ofObfervation;
and at length how much they are e aß or weß
of the Meridian of the Obfer-vatory at Green-
wich.

N. B. The federal Quadrants of Mr. Had-
ley, Mr. Smith, Capt. Elton, and Mr. Bar-
ilon ; together with my double reflecting Tele-
fcope, are to be frequently and carefully tried
on Shipboard ; and how well they perform to
be truly noted accordingly.

N. B. The
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N. B. f be very Points •where the fever a I

Observations are made are to be always fpeci-
fied in у our Journal^ and noted on your Mapst

N. B. Original Obfervations are to befet
down unaltered on the left hand Page ; and
the Refult of the Calculations, on the Right.

Sept. 23, 1740. WILL. WmsxoNi

But to proceed in my Hißorj.
sifter the Obfervers Mr. Renihaw and Mr\,

Birkbeck were gone, and I was my felf reti-
red to Mr. Barker 's at Lyndon, Rutland, we
<had feveral Difcourfes about the beß Methods
of ascertaining the Longitude of Places by
Land, and on the Coaßs ; and whether a tri-
gonometrical Method of Survey would not be
more exaol than what had hitherto been made
ufe of у I mean the Eclipfes of Jupiter'i Pla*
nets. It having been there obferved, that by a
compleat Catalogue of fuch Longitudes dijco-
•vered by thofe Planets in the Philofophical
Tranfadtions, it appeared fuch Longitudes
could not be more exaffly determined thereby
than to an intire Minute in Time^ or in oui*
Latitude to nine Miles. Nay, Dr. Halley
affures me, that this Degree of Exaffnefs ii
more than can be depended on in that Method\
So that we can hardly depend on it in our La-
titude near than to ten or twelve Miles. While4

the Latitude of Places can eafily be taken much
nearer, andfometimes to afingle Mile or Mi-
nute of a Degree alfo. About which time I
received^ Letter from one of our Land Ob*

E ferverSf



xxxiv P R E F A C E.
ferver's, Mr. Lynn o/Southwick, date
vember 10, 1740. and containing a compleat
Sett of his Obfervations of Jupiter'i Planets
fore the foregoing Month of Odlober : and,
what is mofl remarkable, It contained withal
his Deßre of my Opinion relating to л peculiar
Method of his own for difcovering the Longi-
tude of different Places, at Land,byObfervati-
6ns of the f ame falling Stars, which appear and
difappear almoß in an Inßant of time. Which
Inflant of time, if it be compared with the
different Irjlants of time in different Meri-
dians where the fame is feen, will truly give
the Difference of thofe Meridians with great
ExaSlnefs. This Method Mr. Lynn had for-
merly propofed to the Publick in the Philofo-
bhical Tranfaâions, № 400. And the like
Ufe of that moß amazing andfudden Meteor
which was feen March 19, 1718-19. .could its
coming have beenforefeen,whcih had beenßarted
by Dr. Halley himfelf, had given Occaßon to
Mr. Lynn to think of the falling Stars, as a
Succedaneum thereto. 'This Ufe the DocJor
infer ted into his Account of that Meteor in the
Tranfaotions, №360. where he takes Notice,
that, c J f any two Obfervers, by help ofPen-
* dulum Clocks, duly corrected by caleßial Ob-
1 fervations, do exacJly note at what Hourt

* Minute, and Second, fuch a Meteor is dif-
' charged, the Difference of thofe Times will
1 be the Difference of the Longitude ,qf the
« two Places? Now as ive were-debating of
thefe Matters, Nov. 12. it came into my mind

that
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that we might have a much better Succeda-
neum than that propofed by Mr. Lynn for
Dißances not too great, by making fuch Ex-
ploßons of Shells or Balls of Fire. Which if
if thrown up ехаШу at a. known Point of
Time, in a known Meridian, and objerved
loo Miles every Way at a like known Time,
in other Meridians, would afcertain the Dif-

ference of all fuch Meridians, which we call
their refpeffive Longitudes: in the fame man-
ner as Dr. Halley propofed with his Meteor»
and this Method was agreed *to by Mr. Lynn,
And by all Men immediately. 'This Method I am
now ready to exemplify in Balls of Fire to be
thrown up from Shooter's Hills, by Signals de-
rivdfrom Dr. Halley'i Meridian,andto be ob-

ferv d at leafl 100 Mile í every way. This Me-
thod was in par t praSíifed by my Dire$ion,and
recommended to publick Ufe 26 Tears ago :
as the Reader may find in Mr.. Ditton'j and
my New Method for the Difcovery of the
Longitude, ßrß publifoed A. D. 1714. where
are fever al Calculations and Tables proper to
put it in Pra&ice. And had it been thought
of, and put in Practice at Scilly, before Sir
Cloudily Shovel perißed there, he and his
Ship had, in all PrQbability,efcaped that ter-
rible Calamity. Nay, had it but been put in
PraEïiçe there and elfewhere, thefe laß 26
Tears, in which it has been known and re-
commended to the Publick, 'tis highly proba-
ble many hundreds of Lives, and many tbou-
fands of Pounds had been javed, •which are

E 2 now
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now utterly loft and perijhed. And I cannot
but heartily wißi ihatfuçh [a lui ar y Signals by
Gunpowder might be hereafter made much
offener^ than that other fatal Ufe which it is
ufually put to for Mem Definition ; that f o
we might begin, in the f acred Language, to
* Beat our Swords into Plowihares, and our
Spears into pruning Hooks ; that Nation
might not lift up Sword againil Nation, nor
learn War any more, Amen, Amen. How-
ever, Jo far it is plain, that becaufe every

fuch Signal may* be given at a very determi-
nate Time, asfuppoje 20" before Ten at Night ;
that the Ball may be at the greateß Altitude
juft at Ten ; and becaufe 'tis.not very difficult
to find other Meridians within 15" or a quar-
ter of a Minute, this Method by Signals will
ßnd the Longitudes of Places four times as
exaelly as they can be found by Jupiter'j Pla-
nets-, or in our Latitude, to two or three
Miles : which is abundantly fufficient for the
Purpofes of Navigation. Nor is the geogra-
phical Ufes of the like Method by a Mortar
placed at 60 Miles Dißance over any Goun-
'try, at all difficult to be conceived : and has
not only been hinted at in the Treafife already
quoted, Introduit, pag. (ad Edition) 25. Book
pag. 85—88. But was atJually put гл Pra-
&ice Jometime afterward by my felf and my
Friends within 20 Miles of Hamftead or
Londpn i and a Map drawn out of -the Qb-

* If. ii. 4. Mic. iv. 3.

fervft-
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fervatiom accordingly : Which thiï not yet
pvblißed is ßill extant, and perhaps ßill not
unworthy Publication. On which Occaßon
take thefe following Obfervations.

(ï) That fuch Balls of Fire thrown up a-
long our Coaß s may be eaßly feen over Sea to
Dunkirk and Ortend in Flanders ; to Calice
in France, and all along the Promontaries
and Ißands of that Kingdom which extend
into the Britiih Channel. They may ßill more
eaßly be feen from the Ifle of Man into the
northern Coaß of England, the fouthern of
Scotland, the northern of Ireland, and the
northern of Wales, and will conneõí the Lon-
gitudes of thofe four Countries together. They
may be alfo feen from the weflern Coaß of
Wales all along into the eaßern Coaßs of Ire-
land, and thereby conneSi the Longitudes of
England and Ireland all the Way. And if
the Balls be thrown up from the Ifle of Skie,
the Light will be well feen in the Weilern
Iflands adjoining, as well as in the northern
Parts of Scotland. Laßly, If they be thrown
up near Faro Head, and Duniby Head,
and Buchan Nefle, in the North of Scotland,
they will be eaßly feen in the Ifles of Orkney,
and Schetland themfelvcs : which are the re-
moteß Parts of thefe Kingdoms, and fo will
conneEl them, as to their Longitude, for ever
hereafter.

Note (2) That wherever thefe Balls are thrown
up with this laß Intention they ought tobe conti-
nued for three or f our Nights together, and to

bave
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have thé Latitude of each Place afcertäined
alfo. Nay t indeed) iffuch Latitude be but ta-
ken with fußcient Accuracy at every County
Town, or what is equivalent thereto, thro' Great
Britain, and Ireland, this will be abundantly
fufficient for a new and actual Survey of thefe
Kingdoms, and will afford the maß perfect
Materials for a new Sett of moß compleat
Maps of them ; and that very far beyond all
other aõíual Surveys and Setts of Maps that
have been ever made thereof in any paß Ages
ivbatfoever.

Note (3) That this Method includes, the
ether Method of a trigonometrical Survey
alfo. Since the Dißances between each Sta-
tion offuch a Mortar-may be always as near
as pqjjible the fame,- i. e. ßxty Geographical
Miles : or may make together a Square equal
to 122400 Tards nearly. And every SpeÏÏa-
tor who obferves the Bearing of the Shell f ram
his own Place or Meridian, has four I'ri-r
angles, whofe Angles are all given, and the
remote Sides of each 122400 Tards given alfo.
It is therefore moß eafy from each of thofe

four Triangles to ßnd the aißinSl Point in
that Square where the Spectator himfelf
ßands : the mean of which Dißances will be
exceeding near to his true Poßtion. And tho'
any Spectator ßwuld chance to be in the fame
Meridian or Parallel with two of the Sta-
tions of the Mortar, yet will he have ßill
three fueh Triangles whereby to difcover that
Dißance in all Poßtions» Which are Cir-

cumßan-
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cumßances of very great Value in. all fucb
Cafes whatfoever.

It now remains that I fay fomethirig con-
cerning Mr. Harrifon'j Clock, and its Ufeful~
nefs for the Difcovery of the longitude at Sea :
And withal to compare the Advantages and
Difadvantages of his Method with mine.
Mr. Harriion has made two Clocks of this
kind formerly ; and is atprefent about a third*
And they are, 'without Dijpute, vaßly prefe-
rable to all the Attempts that have been made
of the fame Kind from the lime o/'Hugenius,
who ßrß tried this Method, to this Day.
"fis certainly true, as Sir liaac Newton de-
clares in his Paper already produced, that

If fucb a Clock or Watch, regulated by a
Pendulum [or otherwife~\ can be made, as
will keep time exaEtly at Sea ; and another
Watcb can. be regulated by a Spring, and
any way re&ißed by the Sun [or Stars'] Jo
as to tell the Hour of the Day or Night at
the Ship,' the Difference ofthofe Firnes mil

give the Difference of their Longitudes in
time ; and by allowing 15° of the Equator to
an Hour, will give the fame Difference of
Longitude in Degrees alfo, for all t he Ufes of
Geography and Navigation. Of which fee
pag. 94—99 hereafter. So that in cafe Mr.
Harrifon'j Clock be once regulated to a certain
Meridian, and will bear the great Concujßon
of Ships in Storms, without being difordered,
cr its even Motion dißurbed> the fame Clock
•will always inform the Mariners what Hour

if
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it is at. that Meridsan. So thai they have
then no more to do but to compare that Time
•with the Time at the Ship, known either from
the Altitude of a fixed Star, by Mr:. Had-
leigh'i, or Mr. Smith'j, or Mr. Barfton'j, or
Capt. Elton'i Quadrants, or from the rifing
or f et ting of the Sun, or any of her aßrono-.
mîcal method; and the Difference of thoj'e
Times will give the Longitude required.

'Tis certainly true alfo, that if we fee any
of Jupîter'i Planets, Eclipfes, or Occulta-
tions, or Conjunctions, or proper Appulfes of
the Moon to fixed Stars on Shipboard, the
Times of which Phenomena are afс er t aine d
to any meridian by Calculation, (as thofe of
Jupiter'j Planets are in the Appendix to this

.Book to the Meridian of Greenwich, for the
Tears 1739, 1740, 1741, 1742,) the Сот-
pari fan of thofe Times with the Times at the
Ship, 'will alfo give us the Longitude : as Sir
Ifaac Newton farther declares in the Paper
before-mentioned. So that in cafe either or
both my Telefcopes will enable us to fee thofe
Eclipfes, or Occultations, or Conjunctions, or
Appulfes of the Moon to fixed Stars on Ship-
board, they will difcover the Longitude at
Sea alfo. And 'tis certainly the Intereß of
the Publick that all thefe Methods ßouldfuc-
ceed, and be brought to Perfection. Only it
muß be noted, that what Sir Ifaac Newton

fays of Mr. Ditton'i and my own ßrß Method
by Signals of Light and Sound above, is true
of Monfieur .Huigen'i, and Mr. Harrifon'r

Method
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Method by Clocks or Watches alfo ; that c It is
' rather for keeping an Account of the Longi-
« tude at Sea, than for finding if, if at any
c time itßiould be laß.' While my prcjent Me-
thod by Telefcopes isforßnding it aï any time,
tho" it has been loft never /ò long. Which is a
very material Difference between them. As
alfo it muß be noted, that thefe different Me-
thods.have feveral Advantages and Dij'advan-
iages peculiar to themfehes ; which l ßwll
now conßder. It cannot then be deny'd, that
Mr, Harrifon'j Method by a Clock has the
Advantage of mine by Telefcopes in thefe three
Refpeels :

(ï) 'The Clock equally ferves for all Months
in the Year : whereas Jupiter, with his Pla-
nets, is too near the Sun f or about fix Weeks
in 13 Months to be feen by us-, and for fome
Weeks before and after thofe ßx Weeks they
are-feen but a little 'while.

(2) The Clock gives the Time at the Meri~
"dian to which it is adjufted by bare Infpeâion :
whereas a View of certain Phenomena iitthe
Heavens is necejfary in my Method by Tele-
fcopes.

(3 ) The Clock gives the Time at the Meri-
dian to which it is adjußed by day, as well as
by night : whereas the Phenomena I am con-
cerned with appear only in the 'Night-time.
Nor do I know of any other Advantages that
Mr. Harrifon'j Clock has, properly fpeaking,
ever my Telefcopes, For it cannot be deny d

F that



xlii P R E F A C E;
that fhefe rfelefcopes have the Advantage of
his Clock in the feven RefpeEtsfollowing :

(ï) My 'felefcopes are no way liable to any
Harm from the Careleflhefs of Seamen. While
if, in t he longeß Voyages, Mr.lîarnfon'sClock
be once cafually negkõíed, and not every Day
wound up, -which is no way impojjible to hap-
pen, it becomes ufelefs all the reß ofthat Voyage.

(2) My I'ehfcopes, when they come.to be
made of Glafs, as is intended, will no way be-
come worfe in length of time : which is im-
foßble to befuppofed of any Clock or compound
Machine whatsoever.

(3) Jupiter'j Planets will go as true after a
Storm, as before it ; and fo the Obfer-uations
will be in no Danger byfuch Storms. Whereas
every very great Storm will endanger not only
the Regularity of the Clock's Motion, but the
Motion it felf; and perhaps demolifo fometimes
feveral of its nicer Springs and Parts alfofor
ever afterwards,

(4) Jupiter 's Planets will afford us equally
goodObfervations at //><?End of Voyages, when
the Knowledge of the Longitude is mofi valu-
able, with thofe near their Beginnings, when
it is hardly valuable at all. While anyfmaller
Error in the Clock, t ho' no mor e than ï" or 2"
in a Day, may in time become fo confiderablet

towards the Conclußon of a Voyage, that when
they want ExaSinefs the moil, they can the
leaft depend upon it.

(5) This Clock can be relied on little farther
than for a two or three Month's Voyage ; be-

caufe
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caufe any fuchfmall Error in a Day as \" or
z" may in fever al Months become f o enormous
as to be plainly intolerable.

(6) This Clock, with its Apparatus, for a-
voiding the motion of the Ship,will in allfmaller
Ships, efpecially thofe'belonging to Merchants,
take upfo much Room as to be -very troublefome.
Whereas my felefeopes will require no fuch
Room, but be laid by m a Corner without any

fuch Inconvenience in any f mall Ship what-
foever.

(7) The Expences of this Clock, even tho*
they jhoüld be reduced to lejs than one half of
what the foregoing Specimens have coß, I mean
to 60 1. will be, I fuppofe, ten times as great
as thofe of one of my felefcopes ; andß will
exceed the Purfes of no fmall Part of our
Owners of leffer Ships and traders. Which is
a Circumßance greatly to the DiJ"advantage of
this Clock, and greatly to the Advantage of
my felefcopes.

"Tis true, that in my Method there is to be
a great deal of Calculation of the Eclipfes,
Occultations, and Conjunctions of Jupiter'i
Planets every Year, to a certain Meridian ;
as the Reader may obferve in the Appendix :
Which Calculations are avoided by Mr. Har-
rifon'j Clock. But this Ido not ejlimate here,
becaufe it is not to be done at Sea, but at Land:
And for a fmall matter may be done by two dif-
ferent Hands, for greater Surenefs, and may be
put into annual Ephemerides anã Philofophical
Tranfaftions, as they begin to be already. Nay,

F 2 may
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jnay be calculated many Tears beforehand, as otbet
Ephemerides frequently are. • 1 fay thefe Calcula-
tions only are avoided by Mr. Harrifon'; Clock,
For as to thofe Obfervations and Calculations that
are neceffary for knowing the Time at the Ship,
without which the reft is in all Cafes intirely ufelefst
fbey are equally necej/ary in the one Method as in
the other : and are the very fame in both Cafes with-
out any Inequality whatfoever. All which Confide-
rations render my Method, in a Manner, upon the
Par with Mr, Harrifon'^ Clock it felf, even in ibis
Particular of Calculations. 'Tis alfo true that Mr.
Harrifon'j Clock will inform the Seamen what Time
it is at the Meridian to which it is adjußed in cloudy
Weather, as well as in clear : which my Telefcopes
will, net do. "This at f.rfl Jight looks as if that Me-
thod would difcav er the Longitude in cloudy Wea-
ther alfo ; which Jupiter'j Planets cannot do. But
then, ßnce the Knowledge of the Time of the Day.
cr Night at the Ship-« as necefjary as that at the
fore-mentioned Meridian, which can never be ex-
QÏÏly known but by the Sun, or Stars, and in clear
"Weather, 7 do not reckon this as any material Ad-
vantage in Mr. Harrifon'i Method at all. How-
ever, it is well known to Travellers and Navigators,
that in thoß more fouthern Parts of the World where
cur Trade'principally lies, the Air is nothing near fo
çften cloudy as in our more northern Climates. It
is alfo well known, that cloudy Weather is no
greater an Objection againß finding the Longitude
by a Cloik, or by Telefcopes, than it is againß find-
ing the Latitude by any Inßruments whatfoever :
which can be no more done in cloudy Weather than
the other. The Difcovery of which Latitude yet is
by no means on that Account deemed impraticable.

As to the degree of Exaffnefs. our two Methods
can pretend io, Experience will beß determine the

fame.
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fame. I imagine that near the End of Voyages^
iahen the Longitude will be mofl wanted, the beß
and fome of the maß frequent Inflances in my Me-
thod, which are the Eclipfes of Jupiter'j innermoß
Planet may claim the Advantage. For fince the
Calculations of thefe Edipfes does already come nearly
within three Minutes of Time to our Obfervations,
it will be next to impoffible to expetl any Security of
a like Accuracy towards the End of Vopages in Mr.
Harrifon'j Clock: t bo' I own, as before, that f or
a few Weeks after it firß fe t s out, or when the
Knowledge -of the Longitude is of little- Ufe, that
Clock will naturally afford us greater Accuracy than
my Telefcopes can pretend to.

Upon the whole, I think it greatly for the Inter-
eft of the Publick that both thefe methods fooulà be
encouraged, and, as Occaßon ferves, be made ufe of
at Sea. That all Admirals, Vice-Admirals, Rear-
Admirals, and Commodores, who conduit numerous
Fleets, who have the publick Purfe, and want not
room in their Ships, together with Dr. Ha'lley'i
Map of the Variation corrected to the prefent Tune,
ßould have both Mr. Harrifon'i Clock, and one of
my Telefcopes aboard, in order to compare the Ob-
fervations made both ways, and to confirm orcorretJ
their Longitudes found by them upon all Occafwns :
As alfo that all private Traders have at leaß a cor-
rected Map of the Variation, .and one of my Tele-
fcopes for the Difcovery of their Longitude at Sea.
I conclude with a brief Account of what I delivered
by word of mouth ; and with that Memorial which
I laid before the Commijfioners of the Longitude in
Writing April 28, 1741.

Upon my appearing before the Commiffioners at
the Admiralty that Day, I firß begged Leave
to read over'to them the Memorial which 1 had
laid before thofe Commißonen Nov. 24, 1739.

•which
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which is already fet down fag. 19—22. prius, as
the Foundation on -which I had proceeded ever ftnce,
I then took notice that the grand Objection made at
that Timeagainfl my Propofals, viz. That the Аи for
the Longitude had not made any direfî Provißonfor
the Settlement of the Coaßs, was now fuperfeded by
the New AEl made on furpofe for that End. After
•which I offered to lay before them in general, as I
bad done to Dr. Smith in particular already^ the
Obfervations that had been made during the months
of Oftober, November, December, January,
February, March, and Part of April, by Mr. Blifs
at Oxford, by Mr. Lynn at Southwick, by
Mr. Barker at Lyndon, together with thofe made
on the Ccaßs at the North Foreland, the South
Foreland, Dengy Nefs, Beachy Head, Selfey
Bill, and Dun Nofe in the We of Wight, by Mr.
Renfhaw and Mr. Birkbeck, tobicb 2 had brought
with me. And 1 informed them thefe two laß were
already gone to the Ifle of Portland, and were to
go ßiü farther in their Obfervations till the Begin-
ning ofj(ine,wben Jupiter will be too near the Suntill
the Beginning of Sect, I withal took notice, that as
five Things were neceffary for the right Settlement of
thofe Coaflsj viz. (ï) The Knowledge of the Time
of each Obfervation at fome one certain Meridian at
Land, as of that of the Obfervatory at Greenwich,
to which thofe of Oxford, at Souchwick", and aí
Lyndon, are eafily reduced, (г) The Knowledge
of the like Time of each Observation on the Coafls.
(3) The Determination of the Latitude of thofe
Places on the Coafis where the Obfervations were
made. (4) The trigonometrical Survey of the intire
Coaßs with Maps of the fame. (5) The Quantity
of the Variation of the inagnetick Needle to be there
noted all long ; " Every one of which Particulars were
í í taken care .of by my Agents in the preßnt Under-

*' taking.
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*f taking : Anà for all -which I had given themfpe-
te cial DireElions in Writing, which I offered to lay
*' before the Commiffioners alfo; while only the ßrß
" could pqffibly be performed by Mr. Harrifon'i
*' Clock, how accurately foever it might go" [The
Ufeof one of which Clocks, belonging to the Publick,
J the laß Tear earneßly deßred in my own Under-
taking, but could not by any means prevail with Mr.
Harrifon to allow it.'] Aft e r which 1 informed the
Commißoner.1) that I had already expended more
than I had received of t bofe Benefaftors to me and
to the Publick already named fag. 26. priùs ; and
deßred I might now have a proper Sum out of the
publick money toward repaying my ßlfwhat I was
out of Pocket \_and for carrying on the Undertaking
for the publick Benefit,.] Hereupon the Number of
Votes prefent being f ewer than five, which yet are
neceffary infuch a Cafe ; and Dr. Smith, who was
the only Mathematician of four that belonged to this
Commijfion now prefent, dé firing the farther Conß-
deration of this matter might be defend till the reft
could le conflated ; and informing them that his own-
Affairs would not permit him to attend himfelf till
above three months hence : It was agreed that the
Secretary, Mr. Corbet,ßouldwritepreßngLetters
to thoß other members, and inßß by all means on
their Attendance the next Day of meeting, which
was appointed to be on Tuefday Sept. ï.

The written Memorial read by me, and then de-
livered to the Board, was to this Effect.

Since Sir Ifaac Newton'j Paper, delivered to the
Committee of the Houfe of Commons about the Lon-
gitude ; upon the Plan of which Paper the ASÎ
about the Longitude was originally form'd, has thcfe
Words : ' In the fourth way \by Signals'] it is ea-
' fier to enable Seamen to know their Dijtance and

« Bear-
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Searing from the Shore 40 or 60, or Во Miles of,
than to crofs the Seas : And fome Part of the Re-
ward may be given when the ßrß is performed on
the Coafl of Great-Britain, for the Safety of Ships
coining home : ' Andfince the Law it felf enacJi

exprefsly, that « One Moiety or half Part of its
« Reward or Sumßatt be due and paid when the
< Commiffioners, or the major Part of them do agree,
* that any Method for difcovering the Longitude at
« Sea extends to the Security of Ships within eighty.
' geographical miles of the Shores, which are Places
* of the greateß Danger : ' And fince it appears to
be undeniable that any Method by Balls of Fire or
Lights to be thrown up on the maß-elevated Parts of
the Shore, from no larger a mortar than one of nine
or ten Inches, will extend to the Security of Ships
taming home farther than eighty geographical miles
off thofe Shores, As your Memorialifi is ready to
make appear upon any "Trial you ßall pleafe to ap-
point : And ßnce withal the Degree of Determination
by fuch Signals of Safety -will always be a great way
within thofe thirty gecgraphical miles, which the
Aft limits for its greateß Reward of 20000 1. Tour
Memorialifi hereby put s in his Claim to fuch Moiety,
or half Part of that largeft Reward ; and humbly
hopes you will allow of his Claim accordingly.

April .28, 1.741. WILL. WHISTON.
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N. B. If an eight Inch Mortar. Ъе eßeemea fuf-

ficient for making thefe Signals, every one of the 50
Headlands or'Ports already mentioned, as well.in,
Europe as in the Weft Indies, fag. гб, 27, .a'JFl
priùs, may have a Ball of Fire thrown up three
quarters of a Mile high, and vifible for above 60
geographical Miles, onceevery Night, for 14!. a
Tear a Piece : amounting to little more than 5000!.
a Tear in the Whole, If the Ball be thrown up at
only the one half, or one quarter of tbofe Places,
the Charges will be but one half., or one quarter of
the former. Nor in that Cafe will any Ship that
fails within 60 Miles of tbofe Coaßs, in tolerably
clear Nights, • be very long ouï of the Sight of one of
thofe Signals.

N. B. If thefe Mortars be within fucb Dißances
whence, in clear Weather, Light-houfes. are of Ad-
vantage to Seamen, the Sound, as well as the Fire
or Light of the Signal,, may be fome direifion to
them, even when Fogs or Mißs binder the Sight of
the faia Light-houfes alfo.

, N. B. // is of fmall conference what the Sky is
at the place of each Mortar. Since thofe that are
near it, do not want to Know wberc they are by
thefe Signals ', which are intended for a Direction
to thofe at a Diftance at Sea only : And the Sky
may be clear there, how cloudy or mißy foever it
be at thé Mortars. For thefe Balls of Fire, in mi-
ßy and cloudy Weather, pafs quite through fucb
Mißs and Clouds, and return with the fame de-
gree of light through them again to the very Ground:
And Jo may often be wellfeenat thofe remote Di-
ßances notwithflanding. However,

N. B. It will not be any great Inconvenience, if
Ships, under Sufpicion of Danger, casJ Anchor in
cloudy and mißy Weather, andßay till a clear Night
afford them better Satisfaction.

G N. B.
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N. B. Since Shells thrown but a quarter of a

Mile high may be Jeeh half as far as thofe thrown
a Mile high: Since fmall Quantities of Gunpowder
will throw them much higher in Proportion than
targe ones : And fim e therefore the Charges infmaÏÏ
Mortars are much lefs than in large ones, it ma$
âefèrvè to be tryed whether a fix Inch Èíòriar may-
Hot, upon the Whole, be more ufeful in many Places j
us thiy are certainly much more manageable thaff
the other ; efpecially in the Cafe of a Land Survey.
W'hicb IJhould think does not at all require a larger
Mortar than that laß mentioned. A few f rials'
willfoon determine fuch Queftions.

N. B. And now, after all, I dèfirë it may fre'
farther noted, that although there be already many1

Jiiight Houfes on the Coaßs, near the Places whence
thefe Balls are propofed to be thrown ; which it waV
befuppofed might, in that Cafe, be fup'erfeded; yet
am J very unwilling to have any fitch thing done. /
rather deßre all the Helps that the Seamen already
have may be continued ; and that whdí Aßflances
are to be afforded them may be additional, And not
ex Ли five of their forjner, all being not more
than fußcient in many Cafes of Dißrefs for their
Security.

N.B. As I have already preferved the Names of
thofe who, to their great Honour, have'layddowrt
the 225 /. towards my prefent Dejign of fettling thé
Coafis : Soßould I have been very ready lopreferv'e
the Names ofthoje who, ю their great Honour alfo'^
have lent Mr. Harrifon* any ttKc Sum for the per-

feffing of his Clock, had I been equally acquainted '
with them, and the Sums they contributed , bui'as
I am not, ï muß forbear.

PR &.
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P R O B L E M

From the two following Tables, with the Obfervation
of the intire. Time a Shell is vifible, both in its Af-
centand Defcent, to find the Diftance of the Obfcr-
ver from the Mortar.

I. A Table of the 1Г.А Table of Excefs of the Secants in Feet
Number of Feet above the Earth's Semidiameter, as far as
that Bodies fall or ï* 46'-
rife, as farás 25" miles
of Time. ï

//
t
2

3
4
5
6
7
8
9
10

1 1
12

13

H

15

l6

17
18
'9
20
21

22

23

«4
3Î

feet 2
16,1 3
64,4 4
14Í 5
252 6
402 7.
580 8
78.9 9'
1030 • i°
1294 ii
1610; • ï*
1948 13
2318 H
2721 • ч
3156 = -y mile 1 6
3622 17
4 L2 2 . ! 8

4653 = i mil e 19
S-г'гб- »Ч
5812 21

643.0 e= a mile 22*
7100 23
7792 24
85 17 = ï* mile 25
9Ш,

 ;
-, .- . -,

 2б
,-

i ooó2=: if- mile 27

feet miles
ï 28
4 29
8 30

15 v
2.3 32

• 34 33
45 34
57 35
7i. • 36
88. 37
107 38
128 39
151 40
174 41
199 42
227 43
256 44
288 45
321 46
357 47
393 48
430 49
470 50
512 51
55б 5Д
Cd- 53
6
47 54

feet miles

095 55
745 5

6

798 -57
853 58
909 59
968 60

,1026 6 1
1088 62
1151 6,3
1216 64
1283 65
1352 66
1422 67
1493 68
1569 69
1642 70
1720 71
1800 /2

1882 73
1963 74

z°47 75
2 '34 76
2222 77

2312
 7
8

2404 79
2497 8p
2592 8'i

feçt miles
2688 82
2787 83
2887 84
2991 85
3093 86
3198 87
3305 88
34«5 ' 89
3526 90
3639 91
3755 92
3870 93
3988 94
4118 95
4229 96
4353 97
4479 98
4608 99
4735 loo
4866 101

4998 102

5132 103
5269 104
5407 105
5546 106

feet
5974
6121
6272
6422
6573
6726
6882
7°39
7199
7360
7522
7686
Z85z
8020
8190
8362
8536
8611
8887
9066
9246
9429
9614
97.99
9986

.fake
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Take out of the firß fable the Number of Feet

thatßands over againß half the inlire Time you ob-
ferue the Rife and. Fall of the Shell, out 0/3156,
or '46531 or 6440, according as the Mortar that
you ufe is of the fmall, or middle#r large Sort, (to
which utmofl Altitudes they are by Trials to be ad-
jußed.) The Number in the fécond Table, which
ßands over againß that Difference, corresponds to
the Dißance of the Obferver from the Mortar in
geographical Miles. Suppofe the Obferver fees the
Shell 22" in all, take the Number over againft its
Half, or 11", which is 1948 out 0/3156, or out of
4653, or out of 644.0, according as you ufe the leaß,
the mi date, or the large. Mortar. The Différences
are 1208, or 2705, or 4492. Over againß which
Numbers, in the fécond Table,ßand 37, 55, and 71
geographical Milesr, which are the true Dißances of
the Obferver from the Mortar in the fame geogra-
phical Miles nearly -, and fo for ever.

Now the Reafon why I choofe the Number \ ï" is
hecaufe its Double or 22" was the Mean between the
Times during which the two Shells of about 28 pound
Weight a Piece, fent up with i~ found of'Powder;
from a 7 Inch Mortar, werefeen in Auguft 1715,
at Lewes in Suflox. As the like Shell in the like
Circumßances had been before feen in Oxfordihire,
during the great Eclipfe April 22. the fame Tear%
even after the Sun was come out of the total Dark-
nefi ; altho1 I had no Account how many Seconds it
was there feen. Seethe New Method for difcover-
ing the Longitude, printed A. 0/1715, pag. 52,
53> 54-

As to the Bearing of this Signal, which ought al-
ways to be noted together with the Dißance, it may
be Jo exacJly taken at Land by a true Meridian ;
and on Shipboard pretty nearly by an Azimuth
Compafs, which every Ship ought to be frovided
with, that Ißall not infift o~n any more f articular
Directions about it.
Lyndon, Rutland, WILL. WHISTON.

Aug. 10, 1741.
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Eut io proceed in my Hißory.
The next meeting of the Commiffioners bfthe 'Longi-

tude having been appointed, as has been noted already',
for Sept. ï, 1741. / came to London accordingly
Aug. 22, in order to get -every thing ready for that
Day. But a fudden and dangerous lllnefs of my
Wife, who was at Lyndon in Rutland, which 1
was informed of during (bis Interval, obliging me
to poß down to her, I was forced to deßre Sir Charles
Wager to put off that Meeting till I could return to
London ', or at leafl, if the Commijfioners ßould meet
on Sept. ï, / deßred him io lay before them the Me-
morial following: Which was dated in Rutland,
Aug. 29, but which yet, upon the putting off the
Meeting, there was then no occaßon for till Saturday
Jan. 16, 1741-2, when they met, and when I was
prefent myfelf, and laid it before them. The Speaker
indeed, who had been fomewhat indifpofed, and was
but jufl recovered, durfl not venture abroad that
Day : But f even other of the Commiffioners met, viz.
Lord Monfon, Sir Tho. Hanmer, Sir Charles Wa-
ger, Sir John Norris, Martyn Folkes, Efq\ Dr.
Smith, and Mr. Bradley. Now after Mr. Burchet
the Secretary, had, at my Deßre, read the late Au of
Parliament, For furveying the chief Ports and
Hea'dlands on the Coafts of Great-Britain and Ire-
land, and the Iflands and Plantations thereto be-
longing, in order to the more exaót Determination
of the Longitude and Latitude thereof, The Me-
morial itfelf was read by me, and was as follows^
verbatim :

H To
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To the Honourable the Commiflioners for the
Longitude at Sea :

The Memorial of Will. Whißori Clerk,
fornetime Profeffor of the Mathematicks
in the Univerfity of Cambridge.

Humbly ßewetht

«* "T* H A T your Memorialiß, at the Encourage*
•* J- ment of feveral great and generous Perfow,
«' procured the laß Tear a Set of excellent aßronomi-
«( cal Inflruments, with certain exaiJ Obfervers at
" Land; and fent his Agents with thofe Inßrumentsy

«' to begin a Survey of the Coafls of Great-Britain
" and Ireland, as to Longitude, and Latitude, and
*' the Variation of the Needle, and for the Trial of fe-
«< viral Methods of difcovering the Time at Sea ;
« ' which is neceffary to be known in all the Ways of
" difcovering the Longitude there. That the f aid
«' Agente are long ago come back, with a conßderable

• «* Set of Obfervations on the Coaßs, and a Chart of
" thofe Coafts, as far as Portland: Which he hopes
*' will tie approved by all good Judges: and they in-
41 tend to proceed in the fame defigns, if they may be
'* paid what is now due to them, and fecured as to
«* what they ßatt deferve hereafter. That yet your
" Memórialift has not only dißurfed all the Money hi-
«' therto put into his hands, which was 225]. but
«* confiderably more, out of his own Pocket. Which
* « ha s indeed greatly difirejjed him : While part of the
" Inßruments are not yet paid for, and a great part
"of the Allowances to the Obfervers and Agents is
't «//ô behind-hand. AH which ought to be dißurs'd
"out of the Money allow'd by Parliament. That if
" ibis be not now.allow'd, the noble Deftgn fo happily

" begun
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** begun muß le drop'd, and your Memorialiß, wiib
" the other Obfervers and Agents, very much damni-
*' fied, and dißreß'd: And 'ibis for no 'Other reafon
** than their great Zeal for the Good of the Publick,
*' and the Benefit of Navigation.

" Tour Memorialifl therefore humbly defires, that
*' he may have at leaß five hundred Pounds allotted
" to him for other Trials, and f or the paying off
" what is. now owing ï and for continuing this Survey',
«' as far at leaft as Cape Clear in Ireland : Wbicb
" will include much the moft ufeful part of the entire
" Defign : And when it is done, will enable the Pub-
*'. lick to judge hew far it will be necejfary to proceed
** afterward. Tour Memorialiß alfo pr.efumes to fay v
ts that as the Difcovery of the Longitude in the open
*' Seas will be of little or no Ufe before the Coaßs are
tl afcertairfd, fo does that method 'by Signals near" the
" Shores, which he laid before the Board the laß
" time, both in the Opinion of Sir Ifaac Newton,
" and of the Legißature feem to be equivalent to any
'* Method that may be praElifed in the open Seas:
" Tho* all the Helps that can be given Seamen either
*' near to or far from the Coaßs ought certainly to be
^ procured them. Nor had be been, perhaps, forced
" now to inßß on the lone of eight anà t en inch Mar-
*' tars, as he particularly does, for the trial of hii
í* Method by Signals, had- that eight inch Mortar
«'' which he borrowed of the Board of Ordnance*, and
*< which bis Agent began to ufe with, very great Sue-
«« ceßt been allow'd him for the. laß five Months :
" Any fußtient Caufe ef which Dtfcouragement to
*cyo important an Experiment, does no way appear.
«' Tbo* after all, the Shell fired at the great Eclipfe
*« o» Hamftead-Heath 1715, from a feven incbt
*' Mortar, and feen in Oxfordfhir'e, even after tba
*' Sun was come out of total Darknefs : With, lho/ê
« (we others-fired, on one and the fame Night from,

Ha the
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*? the fame. Mortar, and very plainly feen, the ßrfl
** for 25", the laß for 19", at Lewes í» SuíTex, by
«* Dr. White, i» Auguft ^г fame Tear, do abun-
" í/fl»//y i^w, /64/ л Mortar of ten inch, if not
"one of eight, would fend up a Ball of Fire that
** ßould be viffble above eighty Miles, si Scheme of
tl which Diftances of forty, fixty and eigh'v Miles*
*' mentioned by Sir Ifaac Newton, 1 have here in-
f' clofed. Nor do I inßß on more than 500!. for the
f « next eight Months, which I ßall endeavour to buf-
«' band to the befl Advantage, and to give the Com-
*< miffioners an Account how thai, Sum has been em-
*< ployed at the end of that term, and this particú-
«c larly in order to leave room for an additional Sum
«' of 250]. if the Commiffioners fo pleafe, for Air.
fí Harrifon'j Clock, who, Ifuppofe, has been as much
" dißreß'd as myfelf, and perhaps more. I being
ч very willing that his Defign as well as mine, ßould
«' be provided for oui of the, Money allotted by Par-
*' liamentfor fuch Purpofes.

Aug. 29, 1741. WILL. WHISTON.
Now aí I read this Memorial myfelf, when I came

to thofe Claufes concerning the Obfervations made on
the Coafts, and the Chart of thofe Còaíts, J pro-
faced three fables of the Obfervalions of Jupiter'j
Planets, made at Land during feven feveral Months^
ly Mr. Blifs, at Oxford ; by Mr. Lynn, at South-
wick near Oundlé, Northamptonihire ;" акЛ by
my Grandfon Mr. Tho. Barker at Lyndon in lyiit-
land : Which were to be compared with the fourth
'Table, exhibited in the, fame Paper, containing the
corresponding Obßfvalions which were made of the
Came Satellites Ъу Mr. Renihaw along the Coaßs, in
order, by fuch Comparifon,' ' to difcovèr tbe Longitude
there. I alfo introduced Mr. Renihaw himjelf, iuitb
bis CorreRions of Dr. Halley'-i Chart of the Chan-'

nel
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nel between England and France : Which, as Dr.
Halley himfelf informed us, and as the very Title of
his Chart will inform every Reader, related only to
the Depth of the Sea, the Flowing of the Tides,
and the Setting of the Current -, without any proper
Inflruments or Attempts for the Difcovery of either
the Longitude, or Latitude, or any new trigonome-
trical Survey of the adjoining Coaßs : Which he con-

feffes to have only delineated from the beß former Sur-
veys be could meet with, how imperfetl foever: And,
wherein he took the Coafl of Cornwall from Mr. Ca-
rew'j Survey of that County. Altho' he confefs'd that
this Survey appeared afterward to have erred no left
than fifteen intire Miles in the Situation of the Lands-
End itfelf: Which ought to have been -placed fo much
farther Weßward than it ßands both in that Survey
and in Dr. Halley'i Chart derived from it. And, by
confequence the maß dangerous Ißands ofScilly brymd
j/, are placed fifteen miles falfe in that Chart alfo. Now
upon Mr. Renlhaw1's producing this Chart, as amended
Ъу his own aftual Survey, to the great ExatJnefs
of which no Objection had been made by Dr. HalJey,
when we waited upon him at Greenwich with it;
nor by any' of the Commißoners now ajfembleâ, nor
indeed by any other, it appeared, that as to feve-
ral places Dr. Hallcy'j Chart pretty well agreed
with our new Obfervations : But that in many others
it difagreed, and was in feveral egregioußy falfc,
even as to the Latitude itfelf: (For as to the Lon-
gitude, Dr. Halley did not fo much as f retend to

fei it down any where in this Chart) Infomucb that
fit Dengy-Neffe that Latitude was about three, and
ißt Beachy-Head no lefs than five Minutes or Geogra-
phical Miles erroneous in Excefs ; Which Quantities
ere, theßrß too inaccurate, and the laß plainly intoler->
«Ые.
' I then informed the Commißoners, that as we had

already
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already correïïed the Errors of Dr. Halley'j Chart
110 farther Weßward than Portland, fo was the prin-
cipal^ very far the principal Part of the Work be-
hind: Which was to make the like Corrections in the
Chops of the Britiih and Briftol Channels, from
Portland to Cape Clear, -where the Dangers of Ships
û mofl frequent, ana very often maß fatal ; especially
•near the Sally Iflands there fituate, as the mojl ßock-
ing Lofs of Sir Cloudfley Shovel, at thofe Iflands,
demonßrates to every one.

After this I was defired to give the Commißoners
лп Account of my Receipts and Disburjements, re-
lating to this Survey of the Coaßs : Which 1 did ac-
cordingly in a diftinft Paper. Whereby it appear'dt
that I either had already paid in the Name of the Pub-
lickf or the PuUick did Jlill really owe (I mean over
and above that Sum of 225 1. 43. which 1 had alrea-
dy received and disburfed) about 330!. For the Pay-
ment of which, and for the Continuation of this aStual
Survey through the Start-Point, lhe Lizard-Point,
the Lands-End, the Ifle of St. Agnes in Scilly,
to Cape Clear on the Soulhweß Coaß of Ireland,
which was all I now intend, I only aeßrea of the
Commiffiovers the Sum ef 500!. which they unani-
moußy granted me. Nor is ther.e any particular Ne-
eeßty now for fitrveying nearer to Briftol or to Milford
Haven : Since that intire Coaß of Wales, and much
farther into Scotland, has not long fine e been carefully
furveyed by Mr. Eyes, and that Survey has been
•made publick alfo. To f ay nothing of Captain Jofeph
Southgate'j Survey, and fourteen Tears Obfervations.
0« the eaflern Side of our Ißand, the maß dangerous
Parts of Norfolk and Lincolnfliire Coaßs ; from
Fulnefs on the, Norfolk, to the Sprone-Head on the
Yorkíhiré Ccaß. A Draught of-which has been made
public lilfo. However I was cautioned by Sir Charles
Wager, in the Name, of the Commißoners, not to

ехсееф
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exreed that Sum of 500 1. Which I -willingly pro-
tnifed to take care not to do.

It was indeed formerly propofed, at Dr. Halley's
Suggeflion, to have extended this Survey much farther
round Great-Britain than is here fet down: As the
Reader has feen pag. 26, 27, 28, priùs. But when
it appeared that the Sum allotted by Parliament would
by no means be fufficient for fitch an exfenfme Survey
of the Coafls, and for Mr. Harrifon'j Clock alfoy

the largefi but much mofi inconßderable part of my
Defign was to be drop'd, and I was obliged to confine
it to the fmalleit, but far more ufeful part of it, -which ,
is the Britiih Channel, from the North-Foreland in
Kent, to Cape Clear in Ireland : Whicb includes 1
fuppofe, not left than nine parts in ten of the intire
Britiih Navigation. For as to the Places already
noted in the Weft-Indies pag. 28. which ought by
all means to be carefully furveyed, I hope when
Jupiter ßall be again in a proper Situation^ which
will not be till Oftober, and the eight Months follow*
ing, Care will be taken of that Matter alfo.

As to my Complaint of a Mortar being taken from
me, it was occadoned by the falling of one of my Shells
near the duke of Montague'j Houfe by Black-Heath,
farther than was expefled, -while the 'Mortar was
upon thai Heath. Nor can I be at all firry for thai Ac-
cident, /ince no body was hurt : it having been tbe
Caufe of the Removal of 'our prefent Gun three Miles
farther, to Shooter's Hill : and of placing it perpen-
dicular, and fujficiently dißant from all Houfes. It has
alfo been the happy Occafion of my difcovering a new
very ufeful Theorem in the Art of Gunnery, utterly
unknown before : -which I ßall demonßrate after I
have given fome Account of the refi of the AEls of theft
Commißwners, and have exhibited four curious Expe-
riments in Gunnery, made by General Armftrong.

Tbe Commffioners then allowed Mr. Harrifon/or the
of bis Clock 500 1, provided he gave Security

to
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to put it together and in Motion by the firfl Day of
Aug. next ; and in a Condition by Aug. ï 1743, to
be placed on board one of the King's Ships, in order
to (be making Trial thereof. As alfo that be, or fome
•proper Perjòn by him appointed, ßall actually proceed
in that Ship to the Weft-Indies, to explain the The-
ory and Ufe of this Clock in that Trial : and on con-
dition that be delhier this third, and his two former
Clocks to the Ufe of the Publick : and that in cafe he
obtains by this Clock any Part of the Re-ward for the
Longitude, he ßall déduit this 500 1. and what be
bad before received (250 1.) out of the fame Reward.

But, what I ought not to omit, the following Sum of
500 1. was paid me Feb. 12, and the like Sum «
to be paid to Mr. Harrifon very Joon, without tht leaft
deduction, by the Order of Arthur Onflow, Efo
Speaker of the Houfe of Commons, ana T y e a fur er of
the Navy; and that in DefeEl of other JMs/uey in that
Office unapplied to the Ufe of {be Navy, out of what
be might have taken to bimfelf, as the Taxes on bis Sa-
lary, which ufed to be excujed to his Predeceffôrs. He
alfofet the firß Example of giving the Sums aboue-
tnenlioned page twenty fix, to me, or rather to the Pub-
lick by me, which I deßred to be lent only. In which
be has been generoußy followed by the reft alfo. So that
in Reality, ibis whole money 1225 1. of'which 1050!.
tomes from the Speaker, is not to be efleemcd as taken
out of the Treafuryy or out of the Nations publick mo-
ney, but nibß generoußy contributed by private Per-
fons, and chiefly by the Speaker as Treafurer of lhe
Navy, to the Ujes of Navigation. Which maß nolle
Gifts deferve the highefl Acknowledgements from tht
Publick, from MI-. Harrifon, and from myfelf; which
J here deßre, ßncerely, to pay in all our Names, as a
monument of our gratitude for foßgnal Benefactions.

The Comm:Jfioners did alfo meet again after an Ad-
journment, the next Saturday, upon Sir John Nor-
ria'i Suggeßion : and took into Conflagration Mr.

Rich.
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Rich. Graham'; great Improvement of what Monf.
Fatio had publißied 1728, of finding the Latitude by
the Sun's Altitude at two federal Times in the Day-
time, with no more than the Interval of the Obferva-
îions, meafuredby a Watch : of which Sir John Nor-
ris was exceeding fond, f his being now to be done
by a Globe mechanically and readily, without Monf.
Fatio'* tedious Calculations. And they agreed to re-
commend this Methodßrongly to Trinity-Houfe, and
every where elfe ; in order to the Introduction of it
Into general Practice at Sea. And I cannot but agree
as to its Value, particularly as to our Engliili Sai-
lors ; who unhappily confining themfelves, for the difco-
vering the Latitude, to the Day-time, and to the Sun
at Noon, which is offen then under a Cloud, frequently
lofe their much more numerous Opportunities of âifcover-
ing the fame-in the Night, by the Stars. While by this
Method, if the Sun do but ßnne clear any time in the
morning and afternoon, they may readily difcover the fame.

Fxperiments made at Woolwich out of the brafs 13
Inch Sea-Mortar, with the wooden Bed in the
Bomb-Room, 26 July, 1733- By Brig. Armfirong.
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N. B. Since it is well known that the fame Force

that can throw a Shell of any freight to any Dißance
at 45° Elevation, which is the utmoft Random in
Gunnery', is able to throw the fame Shell half as high
•perpendicular : And fince the leaß of thefe "Dißances
is above two meafuved Miles, =3520 Yards, ana
the greatefi above two geographical Miles •=. 4080
Tards ; it follows, that baa thefe Mortars been erected
•perpendicular on Shooters-Hill or the like Eleva-
tion, thefe Shells had been thrown all above a mea-
fured Mile, and one of them above a geographical
Mile high, and might have afforded the nobleß Sig-
nals to all Ships within ioo meafured or 86 geogra-
phical Milos of the Mortar whence they were throw».
Nor would it perhaps, be improper to bave fuch a
glorious Signal as thefe would be, made every Mid-
night from St. Agnes'i Ißand in Scilly for the Se-
curity of Navigation in that Place of mofl emi-
nent Danger : Altho* in Places of much lefs
•much lefs Signals mayßißce.

PRO-
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P R O P O S I T I O N .

If a Mortar be placed 5° from the perpendicular,
the Horizontal Range of the Shell will be al-
moft a third Part of its Altitude.

For when S T is
equal to SC, the
Line С Т is the
Tangent of the Pa-
rabola defcrib'd.
Prasled. Phyfi-
co-mathemat. p.
344. To which
point T the Mor-
tar is dire£îed.
Hence the Angles
NCT: STC: SCT
are all equal or 5°
and the external
Angle QSC is
double, or 10° and
its Complement
QCS 80'. There-

fire, as the Radi-
us = IOOO is to
the'Tangent of"80°
= 5671.&шС^
to ^S. And as
double the Radius
— 2000. isto the
5671. So is C R
to !%ß, which is
nearly as г to 6,
or ï to 3. And
QS. being almo/i
equaltogJP.bCR
is nearly one third
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And now, Ißiall. add fome wh at farther concerning

my own Reflecting Telefcope itfelf, for the finding
the Longitude in the open Seas by Jupiter'j Planets.
This Difcovery direclly provides for what Dr. Halley,
fag e 61 prius, declares to be hitherto wanting, when
he requires an Invention of íhoçter Telefcopes than
ordinary, that may yeißjew the Eclipfes of Jupiter'j
Satellites at Sea. Now the Reflecting TeJefcope,
which is now making for me by Mr. Chaplain, will
be only four Feet focal length, or included in a Tube
of only two Feet long. It is to magnify about 55
Times in diameter, and yet to take in at once near
three diameters of the Moon, i. e.fix diameters of the

far theft of Jupiter'j Planeis, or confiderably more than
is neceffary for our prefent Purpofe : as Mr. Hadley
obferves, page 62 prius.

As for the Spray of the Waves or Vapors on Ship-
board, it may be avoided by the View of Jupiter in
my fmall Tube, through a larger Tube fixed by
a Hand to the main Maß, or by looking through
an Aperture from below Deck, or in a kind of Tent
above Deck ; or by the interpoßtion of a very thin clear
Glafs at the end of the Tube, whofe fides are parallel
by refraction, or perhaps by looking at them on a flat
metal or Looking-glafs downward by reflection. Nor
does the good Succefe • of Mr. King's Experiment for
feeing ihefe Planets, and even difcovering the Longi-
tude by them in a Voyage with the Lord Baltimore
to ana from Ruffia, and this with a common ReflecJor

..made by the fame Mr. Chaplain, which yet included
not one tenth of the Space which mine is to include,
and hardly magnified more than one half of what, mine
is to magnify, give us leave to doubt of the Succefs of
my Telefcope, which has fo much the advantage oj* the
ether. ; :

Here follows a Scheme of the dißances of Signals for
40, 60, and So miles, mentioned in the foregoing Me-
morial,
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L O N G I T U D E
D I S C O V E R E D

B Y

Jupiter'* P L A N E T S .

L E M M А Г А:
O R,

Preparatory P R O P O S I T I O N S .

I.
9 • "•* H E true Dißances of Jupiter's Planets

I from his center, eftimated by Semidi-
•** ameters of Jupiter's Body, and their

decimals are thefe that follow: See Fig.(ï).

s.d.
I 5,965
II. 0,494.
HI. 15jHI

IV. 26,063
B N. B. Their
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N, В. Their old"meafures, derived from

lefs accurate Obfervations, were determined to
be thefe that follow :

s.d.
5,667
9>°Jr14,388

25,299

Yet does not this difference in the numbers
at all affeit the proportions of thefe Planets
proper Dißä?ices from the center of Jupiter-,
but only the quantity of Jupiter's own Dia-
meter. Which, as it ufed to be ftated at 40",
nearly ; fo, upon Mr. Pound's exafler Obferva-
rions, Sir Ijaac Newton at laft juftly ftates it
at no more than 37"?: and thence corrects
the old numbers, and gives us thofe that are
more accurate. See his Principia, 3d Edition,
pag 390,391.

II.
The Periodick Months or Revolutions of thefe

Planets about Jupiter, with regard to the fixed
Stars, are "thefe -, as given us in the fame place
by Sir ij'aac Newton.

I.
H.
III.
IV.

III. The

d.
i

:3
7
16

h.
18
13
3
16

' "

27 34
13 42
42 36
32 9
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III.

The. Synoâick Months, or Revolutions of thefe
Planets about Jupiter3 with regard to the Sun;
as given us by all Aftronomers, and particular-'
ly by Sir Jfaac. Newton, in his Syßetn of ' the
World, in Englijh, pag. 13^ and in the firft
Editipn pf his Principia, p. 403. are thefe. "

d. h. ' "
\ —:— ï- ï? 28 36

Щ 7 3 59 36

IV. 16 18" 5 13
N. B. Becaufe the three quarters ; the

halves; and the quarters of thefe Synoâick Pe-
riods will be of great Ufe here.after ; I fliall
here fet them down diftinftfy alfo.

d. h.
I.
II.
III.
IV.

I.
II.
III.
IV.

I.
11
III.
IV.

~f ~
j
•4 —
9

4 — —4 - —

i .

т —
i
т • —
í _•_

ч ~
I '

"ï •

Л ~

I

I

2

5
12

d.
о
I
3
8
d.
,0

P
ï
4

7

8
13
h.
21

1 8.
13
9
h.
ip
21

1$
"4

В 2

5
1

58

59

'

H
38

i
'

37

59

2
7

2£
42

54
"
i8
57
О

Л.О

Зб-f
"

9
284
54

 r

ГIV. The
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IV.
The mean Durations and Semidurations of

the Total Eclipfes of thefe Planets, when they
are not far remote from their Nodes, and de-
fcribe Diameters over Jupiter's Shadow, are as
follows.

h. '
(I. 2 12")

r, • jII. 2 40 Semidu-Durations <TTT ^y,>
)III. 3 32 rations

СIV. 4 46^

V.
The like Durations and Semidurations of

the fame Planets, while they are under Occul-
tations by the body of Jupiter, either on this,
or the other fide, when they are not far re-
mote from their Nodes, and defcribe Diame-
ters over Jupiters, body, are as follows.

Durations < 4 Semidurations

N. B. Altho' thefe apparent Durations on
this fide Jupiter muft be fomewhat ihorter
than thofe beyond him, by paffing over fome-
what larger arcs of their own Orbits during
their Occultations ; yet are their Differences fo
fmall, as hardly to deferve any allowance in
this place,

VI. The
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VI.
The 'fîmes of thefe feveral Planets, while

they are gradually entring the Penumbra, or
imperfeét ihadow of Jupiter's body, or emer-
ging from it, in their Eclipfes; as diilinft
from their Durations within the total íhadow
itfelf, are, by the Obfervations of Mr. Lynn,
and many others, found to be nearly as follows.
See Philofophical rfranfaSliom, N1. 393, 394,
396, 401, 402, and 440.

/ ч

I. ï ID
II. 2 20

III. 3 40
IV. 5 3°

Only we muil Note farther, that the Com-
panion of the Obfervations ihews, that the
quantities here fet down admit of a good deal
of variety ; and are at fome times confiderably
larger than at others.

VII.
It appears therefore, from the numbers un-

der the IIId Lemma, that two Synodick Periods
of the Ift Planet, are ihorter than one Syno-
dick Period of the IIe1 by 20'. 42",

11For ï 18 28 з6г=Опе Period of the I1

4- i 1 8 28 36— Another Period of the Ift.
,= 3 !2 57 i2

from 3 1 3 1 7 54— One Period of the IId.
remains о о 2О 42

As
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As alfo it appears thence, that two Synodick

Periods of the Ш are ihorter than one Sypodi-
cal Period of the IIId by ï h. 23 ' 48 ".

For 3 13 17 54=One Period of the Hd.
+ 3 '3 *7 54=Another.
— 7 235 48

from 7 3 59 36—Period of the Ш*.
remains o i 23 48

It appears farther, that two Synodick Periods
of the IIId. are ihorter than one fuch Period of
the IVth by 2d. ï oh. 6/ ï ".

d. h. ' "
F°r 7 3 59 30=One Period of the IIId.

+• 7 3. 59 36=Another-
= 14 7 59 ia

from 16 18 5 13=One Period of the IV*.
remains 2 ю 6 ï

Hence it follows, that thefe fmall quantities
in excefs are greatly diminiihed, and, in a man-
ner, worn off in 26 Periods of the IVth, in 61
Periods of the HI1, in 123 Periods of the IIa,
and in 247 Periods of the Ift, when the num-
bers will ftand as follows :

d. h. ' "
26 Periods of the IVíh=: 43 5 14 15 38
61 Periods of the 1Ш = 437 3 35 36

123 Periods of the IIa — 437 3 41 42
247 Periods of the ICt

 = 437 3 44 2

N.B.
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N.B. Since 'Mr. Pound's, Tables in every

43 days diminîih a fingle Period of the Ift by
ï" and fo in this whole Period 10". I have fee
down but. z" inftead of 12" under its 247 Peri-
ods; as this nicety requires.

Corollary. All thefe four Planets therefore
return to their former fituation, -with refpect
to one another, and to the Sun, in about 43 7d

3h 40' within ij i3h 28' 34". Nay the
three innermoft do the fame within the very
fmall quantity of 8' 26". And accordingly the
firft three pafs through all the varieties of their
'mutual fituations, and return to their former
places, with regard to one another, and to the
Sun in this Period, of;437d 3h 40', and that
almoil to the utmoft nicety. Which therefore
is the firft grand 'Period to them belonging :
and of which 'grand Period particular notice is
taken by Mr. Bradley upon this occafion; as
will be diftiriftly ihewed under the firft Corol-
lary of the XIth Lemma prefently.

VIII.
The Comparative magnitude of thefe Planets

of Jupiter ; tho' not hitherto fufficiently mea-
futed by the Micrometer, or otherwife, fo far
as I know, feems to^be this.

The third is evidently the largeft of them all:
and, aslguefs, about the bignefs of the Earthy
or V-епш.

The firft is the next in largenefs; tho' cer-
tainly Ibmewhat lefs than the former; and fo
not-much bigger than Mars.
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The fécond is a fmall matter lefler than the

firft ; and fo not a great deal bigger than Mer-
cury.

The fourth is evidently the leail of them
all ; and therefore not much larger than our
Moon. See.thefe Proportions reprefented in
Fig. 2. Monf CaJJini, by dating the diameter
of the firft at the 2oth Part of the diameter of
Jupiter, 'fairly implies thefe determinations to
be not far from the truth. See Philof. Tranfatf.
№. an.

IX.
The Dißances of thefe Planets from Jupi-

ters Center are thefe that follow ; in our ordi-
nary meafur'd miles, nearly.

I. — 218000

С IV. — 972000

Mean Diftance of our } „,„««« ^чc „u f ( — 240000 miles.moon from the Cen- > T

ter of our Earth )

X.
The Hourly motions of thefe Planets about

Jupiter are as follows, nearly.

(I. — 32000}
,, . . TT jll. - 2ÓOOC/ ..
Motions in an Hour <\TT _ 20000 l ^ s '

(IV. — 15000)

Mean
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Mean Motion of our ?
Moon abou t ou r Ear th.,> •— 2400 Miles.
in an Hour, nearly, N

Corollary. As therefore all thefe Moons, or
fecondary Planets about Jupiter, excepting the
innermoft, are farther oft Jupiter than our
Moon is from our Earth ; fo' is their Velocity,
if fuppofed at equal diftances, very much great-
er. Nor could their projectile motions in any
degree balance the vaftly greater power of Ju-
piters, Attraction, arifing from his vaftly great-
er magnitude than that of our Earth, had not
theirVelocities, and, by confequence, the fquares
of thofe Velocities, at equal diftances, to which
that Attraction is always proportional, been
vaftly greater alfo.

XI.
The motions of the Ift, IIP, and IVth Planets

are tolerably even, and regular. While the
motion of the IIa is, by far, the moft uneven,
and irregular of them all: as our Agronomical
Obfervërs agree.

Corollary (ï.) Since therefore the IVth Planet
is both the fmalleft and remoteft of them all ;
Its Attractions cannot very much influence or
alter the motions of the three innermoft ; and
their irregularities muft chiefly arife from their
own mutual attraction or gravitation, afting
upon one another: as Sir Ifaac Newton has de-
monftrated the Sun, Moon, Planets, and Co-
mets perpetually do. And fince withal the

С Grand
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Grand Period of thefe three, which we have
feen to be 43 74 ßh 40', brings them ftill back to
their former ntuation, we thence learn the true
occafion of a kind of Revolution, or Return of
their former inequalities in half that Period ; or
in about 218 days — 7<;> months: which Mr.
Bradley affirms they do His words are publiihed,
and are thefe: " í prefume, fays he, that the
" irregular motion of the firft Satellite chiefly
" arifes from the gravity of the other Satellites
" towards it: [or racher from its own gravity
" towards thole others.] For altho' the effect
" of the influence that the Satellites have on
" each other is moft remarkable in the IId,
" whofe motion will fometimes be accelerated
<c or retarded thereby as much as amounts to
" 30' or 40' in time, in the fpace of about 7
tc months ; or in half the period in which the
" three innermoft Satellites return to have
" nearly the fame poiition, with refpedt to them-
<e felves, and to the fhadow of Jupiter-, yet the
<c firft feems alfo liable to inequalities that can-
<c not well be accounted for but from fome
<( fuch caufe as is before mentioned : the effeil
" of which will not eafily be reduc'd to any
" rule but from a long and exadt Series of Ob-
" fervations." Philof.Tranfaet. №.394.

Corollary (2.) When therefore we fhall have
once obtained a compleat fett of Obfervations
of thefe three Planets for a few of their grand
Periods of 14 т months, we fhall, probably, be
thereby enabled nearly to perfeft their Theories,
and to compofe much exafter; Tables than have

been
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been ufed hitherto for all their Eclipfes: As alfo
for all their Occultations, and ConjunSiions. For
which purpofe it is, in good part, that I now
publiih this Treatife, and the Ephemeris or
Scheme of Configurations thereto belonging;
even before I can reduce my difcoveries to that
compleat perfection which I aim at in this mat-
ter. Which is indeed hindred by nothing fo
much at prefent as by the inaccuracy of the
Theories of thefe Planets ; and particularly by
the great inequalities in the motion of the 1Г1.

Corollary (^ Yetjbecaufeall the other Planets,
primary and fecondary, as well as the Comets;
that is all the reft of the bodies in our intire
Solar Syftem ; appear to be more, or lefs Ec-
centrical, this rational fuppofal of mutual in-

fluences ought not to prevent the Obfervations
proper for difcovering their Eccentricities alfo.
Efpecially fince Mr. Bradley has already difco-
vered fuch an Eccentricity of theIV tb, as affords
its greateft Equation equal to that of'Venus, or
not lefs than 48', and that its Apfis, or great-
eft diftance from 'Jupiter, was, at the begin-
ning of A. D. 1717. 8 degrees of Pijccs: Nay,
and that the fame Apfis goes forward 36' in a
year; or two figns in 100 years. He has alfo
difcovered, that in the years 1684, 169', and
1718, at the diftances of Jupiter's revolutions
about the Sun, of almoft 12 years; the Eclipfes
of the P Planet continued at leaft 2h 20',
while yet in 1677, and 1689, in the middle
of fuch Periods, they did not continue longer
than 2h 14', which difference of Durations

С 2 feems
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feerrïs plainly to 1тр1у> that, in the former
years, this innermoft Planet was eclipfed near
its greateß; and in the latter near its leafl di-
ilance from the center of Jupiter*. Which
fairly implies fome Eccentricity in its Orbit alfo.
And as ti:e irregularity of the IId is far the
greateft of them all, it is no way unreafonable
to fuppofe, that part of this great irregularity
гйау be owing to ico Eccentricity alfo. Nor
can we, with any Affurance, affirm the Orbit
of the IIId to be intirely free from fuch Eccen-
tricity: tho' it may be comparatively of a very
fmall quantity

N. B. As. to the Inclinations of the feveral
Plains of the Orbits of thefe Planets to the
Plain of Jupiter's own Orbit j or, which is
not very far different, from the Plain of our
Ecliptick: (for the former Plain is but Io 20"
different from the other j) together with the
places of their Nodes ; the knowledge of
which is neeeflary to the perfect underftanding
of their Theories ; take them from Mr. Brad-
ley's determinations, in his Tables of thefe
Planets j which, by the favour of Dr. Halley,
1 am now in poflbffion of. " As to the Lati-
" tudes of thefe Planets, fays he, It plainly ap-
" pears by our later obiervacions, that the Af-
" cendingAWe of the IVth is now 114 \nAqua~
" rhts, and its defcending Nodt n°4 in Leo-,
<e and that the Nodes of the IIId are very near
" the fame places. For which reafon we place
" the Nodes of the two innermoft there alfo,
" becaufe the Obfervations do no way forbid

" us
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" ue fo to dot But'if thefe Nodes were 40 years
" ago. 15° in. Aquarius and Leo, as Cajjini af-
" firms,(nor have we any other authority equal-
" ly valuable) they muil have gone backward
" about one degree in every period of Jupiter
" of 12 years. As for the biclination of the
" plains of thefe orbits to the plain of Jupiters-
" own orbit, às, it is determined by. Cajfini, i. e,
" 2° 55 ' we ßiM retain it in the other Planets,
" but affirm that the plain of the IVth Orbit
" has not quite fo great an inclination, and is
" no more than 2° 42'." Altho' it muil be
confefs'd that Mr^Derbam found the Latitude
of the IIId about Sept. 1703 greater than.either
Mr. Flamßeed, or Monfieur Ccjjlni had çon-
jedtured; and faw it in the'Penumbra, or im-
perfeít íhadow of Jupiter, a long while, at
the very Pole of Jupiter's body; and took no^-
tice that its duration in Jupiter's íhadow was
no more than two hours; inftead of зк 32',
which is its proper quantity, whea it defcrib'es
a diameter over that íhadow : as has been al-
ready obferved, under the lVlh Lemma fore-
going. Tho' as to thc Nodes and Inclination
of the II1 Planet, I have, I confefs., met with
no farther particular determination about them.
However, in my Efbemeris, or Scheme of Con-
figurations, I have endeavoured to follow thefe
determinations, and to fet each Planet a little
northward or fouthward of Jupiter's center,
as their true pofitions require; that fo the
careful Obferver may the better know the fe-
y-eral Planets afunder ; and may take notice

ac
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at what point of Jupiter's body any of them
ought to be waited for at their Emerßom from
it,

XH.
If we fubftradt from, or add to, any of the

times of Jupiter'?, Planets coming to their He-
liocentricic or Geocentrick Oppoßtions, half
their Synodick Periods, we ihall gain their
foregoing, or following Heliocentrick or Geo-
centrick Conjunflions. The practice of this
will be exemplify'd hereafter.

XIII.
If we fubftract from the places of any of

thefe Planets, counted from their Geocentrick
Oppofition, at any given time, one quarter, or
three quarters of a Synodick Period ; or their
places at any given time from one quarter, or
three quarters of fuch a Period ; we fhall gain
the times of their Utmoß Elongations. The
reafon is plain : becaufe thefe Utmoß Elonga-
tions are always diftant one quarter, or three
quarters of fuch a Period from the time of the
Planets poiuion at their Geocentrick Qppofiti-
on. The practice of this will be exemplify'd
hereafter.

XIV.
If we fubftracl: from, and add to the times

of thefe Planets pofition at their Heliocentrick
Oppofitions, their true Semidurations in Jupi-
ter's ihadow; we ihall gain the times of thofe
their Immerßons and Emerßons which are ftiled

their
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their Eclipfes. The practice of this will be
exemplify'd hereafter.

XV.
If we alfo fubftradt from, and add to the

times of thefe Planets pofition at the Geocen-
irick Oppofitions and Conjunctions, their Se-
midurations under their Occultations, either be-
yond, or on this fide of the body of Jupiter,
we íhall gain the times of their Occultations,
of Immerfions, or Emerßons with regard to his
body. The pradlice of this will be alfo exem-
plify'd hereafter.

XVI.
Altho' thofe Eclipfes of our Moon which

we call Total are not ftridtly fuch ; becaufe the
Moon never comes nearer to the total Shadow
of the Earth than about 80,000 Miles: yet are
thefe Eclipfes of Jupiter's Planets every one
ftriitly Total. They going very deep into
that total Shadow of Jupiter in every one of
their Eclipfes. Only we muft except the IVth

Planet, about its greateft Latitude: which
cannot then come into his ihadow at all, for
a long time.

Thus, in Fig. (3) let AC reprefent the Di-
ameter, and AB the Semidiameter of the Sun.
Let а с reprefent the Diameter, and ab the Se-
midiameter of Jupiter. Let the lines Aae
and Cce be tangents of the Sun, and of Ju-
piter -, meeting in the vertex of the Cone of
the ihadow of Jupiter at e, fuppofing he had
no atmofphere: and containing the angle aec,

or
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cr jíeC: anà its half, aeb, or AéB. Let
ad and <:d represent the rays of the Sümcwice
refradted through the bottom of Jupiter's at-
rnofphere; and meeting at dy the vertex of
that 'cone of the total ihadow: and containing
the angle a!dc, 'and its half-adb. Draw: the
lines a S and as parallel to the axis ëb, the
"former for the diftance of the'Sun and jupi-
'ter: and the latter for the diftanee of J-ttpi-
ter's IVth or ootermoft Planet from-his center.
Dfaw alfo the lirieg h to repreíênt thepafíage õf
that IVth Planet over the total {huâowQÍJ-upifer.
Then run the following analogies, in order to
find the lengths e B: e b : and ed : with the
quantities of the -angles a e b, ъъа.ааЬ. While
as : the difference of half the paflage of the IV£h

Planet over the Shadow, from the femidiame-
ter oi Jupiter,:\sgwtn. from the Oblervations.

Now if we fuppofe, with Mr. Flamßeed, and
Sir IJaac Newton formerly, that the Son's Pa-
rallax is no more than 10" thé Earth's djftance
from the Sun will be about 81,000^00 mea-
fured Miles, and Jupiters diftance from him
(which is to that, as 52 to 10) will be about
421,000,000 fuch miles. But if, with Sir Ifaac
Newtonzt laft, .we takethat Parallax tobe io"~
(which is the mean between Mr.Pound's many
and moil accurate Obfervations ••> which always
proved to berbetween 9" and 12") the Earth's
diftance from the Sun will be but 77,000,000,
and Jupiter's diftance from the Sun but
400,000,000 nearly. In this ca>íè the analogies
will ftand thus:

As
2
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As is AS, the difference of the Sun's and

Jupiter's SemidTameters, ±r 9003 Parts : to Stt,
the difliance of Jupiter from the Sun, •=.
400,000,000 :: So is AÈ, the Sun's femidiame-
ter,—юооо parts: to Z><? = 444,000,000 miles,
nearly: which is therefore the length of the
intire axis.

From1 this Be thus found, fubftraíl a í, or
В£m400,000,000 : the difference will be be,
or the axis of Jupiter's fhadow, if he had no
atmofphere, — 44,000,000 miles, =^ 4т Вet

riearly. Then proceed,. and fay :
As 52 : to lo :: or as AS the diftance of

Jupiter from the Sun : to the diftance of the
Earth from the Sun : : So is the fine of the Sun's
apparent femidiameter at the earth, — 16 : to
the fine of its apparent femidiameter at Jupi-
ter. Or, in fuch very fmall angles, : : So is
the angle itfelf at the Earth, = 16' : to the an-
gle at Jupiter— 3' 5". Again, As Ее : to Bb
:: or nearly as ю : to 9 :: So is that apparent
femidiameter of the Sun at Jupiter, — 3' 5"
to its apparent femidiameter at the vertex e
= г 46" — femiangle of the cone a e b or A e B.
Proceed then farther, and fay, As as the diffe-
rence of the femiduration of the IV l h Planer,
either behind, or on this fide Jupiter, and of
fg, his femiduration in the total ihadow, or,
from the Obfervationp, as 4' : to 147' : : So is
jg —26,63 femidiameters of Jupiter, t o b d —
978 fuch femidiameters : — 35,794,800 miles.
Take that number out of 44,000,000 the diffe-
rence will be 8,205,200 miles, — ed. Say then

D íarther



18 "The L O N G I T U D E difioverd
farther, As bdt — 3579 : to à e = 820 : So is
the angle a e b — ï' 46", to the angle <?<*</,=
38 ' ъ = double the greateft horizontal refracti-
on of the rays of light through the bottom of
Jupiter''s Atmofphere. Which refraction is
therefore no more than 19"-?. '

Corel, (ï) This Refraction therefore through
the bottom of Jupiter's atmofphere : is to the
parallel horizontal refraction through our
Earth's atmofphere :: as 19"-^ : to 33'4—2025"
:: t. e. nearly, as ï to 100.

Carol. (2) Since therefore^ ii> is well known
that the denfity of our Earth's atmofphere at 22
or 23 miles height, is only the iooth part of its
denfity on the earth's furface: and, by confe-
quence, its refractive power but the iooth part
of the other ; it follows, that the denfity and re-
fractive power of Jupiter's atmofphere onjupi-
ter's furface, is nearly equal to that of ours at
22 or 23 miles altitude : or not much more than
the ï oot!1 part of the denfity and refractive power
of our atmofphere on the Earth's furface.

Carol. (3) Since the 54 duration of Jupiter's
IVth Hanets continuance in the penumbra, or
imperfect ihadow of Jupiter, both in his cen-
tral Immerßons, and Emerßons ; as under Lem-
ma VI before; is a greater quantity than thoib
4, by which the paiTage over the breadth of
half the total ihadow in Eclipfes is lefs than
the paflage over Jupiter's bare femidiameter in
Occultations; it thence appears, that Jupiter's
atmofphere makes a íènfible ihadow fomewhat
beyond thofe 4', and indeed muft be as high,

at
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at leaft, as the 30* part of his femidiameter.
Which is the cafe of the Earth's atmofjhere
alfo.

Corel. (4.) Since the Obfervations ihew, that
the durations in Jupiter's penumbra, or im-
perfect ihadow, admit of considerable variati-
ons ; as has been already noted under the VIth

Lemma already : it appears thence that Jupi-
ter's atmofphere is, at fome times, much clearer
than it is at others. Which is the cafe of our
own atmofphere alfo.

N.B. That I may do Juftice here to thofe
Aftronomers who have the moft contributed
to the application of thefe Eclipfes of Jupi-
ter's Planets to the difcovery of the Longitude,
either at land, or fea, I muft inform my Rea-
ders, that our own worthy countryman Mr. Rook,
Profeffor of Aftrqnomy at Greßam-Co\\ege} is
the very firft that I have ever met with who thus
applied them ; and, I fuppofe, the very firft that
made Obfervations of them for that purpofe :
altho' he died A. D. 1662, juft upon his finiih-
ing thofe Obfervations, and fo never lived to
perfect his defign. Nor did he particularly re-
commend any of their phenomena, but only
the Immerßons of the firft and third, to be
made ufe of; and thofe only for the perfecting
the Geography at land: and this by the com-
panion of the fame Immerßoni as obferv'd in
different Meridians. Which method, tho' en-
larged fmceto Emerßons, as well as Immerßons-t

and not wholly confin'd to thofe two Planets; has
been, and is ftill ehe very fame which has been

D 2 made
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made ufe of by ц\\ Aftrpnoçners, but moA fre-
quently by thofe of the French Nation, ipr that
purpofe, to this very day. However, the Cal-
culation of thofe Eflipfes being then fo very
imperfect, as hardly to cpme nearer than to q.
whole hour, Mr. Rook faw no poflibility of
coming at the Longitude at Sea by fuch Eclip-
jfes. Of all which matters the Reader may fee
a full account in Bifhop Sprat's Hifíory of the
Royal Society, pag. 183—189.

Not many years afterward, Monf. Cajfini fet
about making many more, and much better
Obfervations of thefe Eclipfes ; and made much
exaâer Tables for them all ; and in particular
contrived and publiihed fuch excellent Tables
for the Ecljpfes of the P, as wijl render his
name famous to all Aftronomical pofterity.
Thtfe Tables are the fame which have been
improv'd, and corrected, and republiihed by
Dr. Hal/ey, in the Philofopbical Tranfaftiom,
№214. and then by myfelf, in my Aftrono-
mical Leâures at Cambridge, fag. (Edit. Lat.)
219—224, and 372.—3^0, and have fince been
reduced to an eafier form by Mr. Pound^ and
printed in uiePhilofopbicalTran/aõíions, №361.
and are thofe that are made the щоЛ general ufe
of at this day,

'Tis true alfp, that Mr. Flamßeed himfelf,
made no frnall number of Obfervations, and
compofed Tables for all the Eclipfes of thefe
Planets ; and contrived a mechanical Inftrument
for finding their fixations, at; аду tinae. See
Philoj: ïranfaft, N° 17?,

'Tis
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'Tis farther true, that his Relation and Affiliant

Mr. Hodgfcn, has preierved thofe Tables of
Mr. Flamftetd\ and has, in fome meafurc, im-
prov'd them; and from them has now, for fe-
veral yçars, giv^n us very vakiable Calculation*
of all their Eclipfes, in the Pbikßpbical Traxf-
a£fáons. Whiek Calculations bave been of great
ufe to me ip coropofing this Treatife about
them, a& the Reader will perceive hereafter.

'Tis true wkhaj, that Mr. Bradley has from
Cajßni'&t and Mr. Pound's, and his own and o-
thers CMpfervations compofed and printed about
1,9 years ago a fett of Agronomical, Tables, for
thefe fecondary Planets about Jupiter, and gi-
ven them to Dt. Utility> as an Appendix; or
fécond parc of his Aftronomtcal Tables, the
publication whereof hath been very long, and
very much deßred by the Aftronomical World.

I muft however da juûice to Mr. Derbum^
and to feveral foreigners, whoíè Obfervatíons
of many of thefe Eclipfes have been publiihed
in, our PhihJophicfll'ïranfaÏÏions, or elfewhere;
and efpe-cially to our own long and accurate
obferver of them, Mr. Lynn, of Soutbwick,
near Oundle in Norihamptmßoirf : who will be
farther taken particular notice of prefently ; as
having, I think, firft of all fuggefted to the A-
ftronomical World that Phenomenon of thefe
Planets which is the beft of all other for the
difcovery of the Longitude: altho' for the wane
ojffufftcient accuracy in feveral oftheirTheories,
the ufeof that Phenomenon can be hitherto but
rarely of conudergble advantage to us.

XVIL
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XVIL
Altho' the EcKpfes of Jupiter's Planets have

been hitherto principally confidered, and ob-
ferved by Aftronomers; Nay, even few of thefe
Eclipfes but thofe of the P have been thought
of for the Difcovery of the Longitude, either
at land or fea j yet do the Occultations of them
by the body of Jupiter, both before and after
their central Oppofitions, and Conjunctions,
but efpecially in the latter cafe, highly deferve
their confideration, and obfervation for that
purpofe. Thefe Occultations are ufually in
number three for one of the Eclipfes. And
fince two of thefe three are between us, and
the body of Jupiter-, and are therefore no way
fubjedt to any penumbra, or refradtion through
Jupiter's Atmofphere; they are, on that ac-
count, to be better obferved than the Eclipfes
themfelves. Nor ought thefe Occultations there-
fore, tho' they require fomewhat iharper eyes,
and longer Telefcopes than thofe Eclipfes, to
be wholly neglefted when we aim to difcover
the Longitude by thefe Planets. The middle
times between Immerßom and Emerßom being
fomewhat more eafily calculated, and giving
us Obfervations not lefs fit for our prefent pur-
pofe, than the Eclipfes themfelves.

XVIII.
There is alfo another very remarkable Phae-

nomenon belonging to thefe Planets, which
has been lefs confidered and obferv'd than even

thofe
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thofe Occultations: I mean their apparent mu-
tual oppofite 'franßtSy by, or in Conjunction with
one another. Thefe, by meeting each pther,
double their natural refpeâive velocities; and
determine the times of fuch their apparent
Tranjïts, or Conjunctions more nicely than either
the Occultations, or Eclipfes themfelves. Theie
Tranßts, or Conjunctions alfo are ufually free
from Jupiter's penumbra, and refradlion, and
too great neighbourhood. All which are
known to be great obftrudlions to the advan-
tageous view of thefe Planets. Accordingly
Mr. Derham feveral times complains of the
difficulty of obferving thefe Eclipfes near the
Oppofition of Jupiter to the Sun; by reafon
of the glaring brightnefs of Jupiter himfelf,
juft by them at that time: and which moft
and longeft affeots thofe of the innermoft,
which otherwife are both the beft and moft
numerous of them all. Pbilof. Tranfaat.
№ 402. Thefe Tranßts, or Conjunctions are in
number, compared with the Eclipfes, nearly
as 3 to 2. They may alfo be obferved to lefs
than a fingle minure in time : nay, when be-
longing to the Ift and IF, and not too remote
from Jupiter•, they may fometimes be obferved
to half a minute, or nearer^ as our accurate
obferver of them Mr. Lynn informs us,
Philofoph. Tranfafl. №. 393. where he more-
over, firft of all, fairly propofes them to be
made ufe of in the Difcovery of the Longitude
alfo. And this very juftly ; becaufe, when the
Theories of thefe Planets come to be perfect-

ed,
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ее, they- wtfl de-retffrrôrte that Longitude nearer1

tfea» either the Oe cult aí tons, or Eclip/et. thenv-
fclves.

2V. J. The ObferVbiions of Jáp/WrV Planet*
hitherto made, having been-al'moft wholly con-
fin'd to their EcJipfes ; as ha« been already noted,
which are always near their Oppofitions be-
yond Jupiter: The Obfervations of the Occui-
tiauons, now propofed; being withai ever near
their Conjunctions, or Oppofitions, either on
thisv or the other ßde of Jupifef, affijrd us no'
©b(e*vation& about tiSë Qáadf àtufes-and1 Oílants :
which' yet ought to Be fcnownj in ofdet1 to Coni-
pleat their Theopies-. But then, thefe mutual
jTsra«^/î, or Conjunctions being fometimeï near
theifi Quadratures, ' and frequently at or near
their Oiäants, will fupply the former defect ;
and • afford Aftronomers veryexatft Obfervations
for thofe Ojaadratures and Oelants, in order
to their perfeiting сЬоГе Theories. Nor ought
\re to forget, that Бу the means of thefe mu-
tual»Tranfifs, or Conjmfiiow, the firft, the
third^and the;fourth Planets, which move1 more'
evenly, willalready affift usin flaring the moti-
ons <if the fécond, which-are forriuch more
iiipegialar, better than formerly: to the greac'
advantage of this curiousi part-of Aftronomy.

XÎX,
Sinee, as we have taken notice before, there

are commonly three Occultations for every
Eetipfe of thefe Planets : and three Conjuncti-
ons for two- Eclipfes : And fince the firft Planet

is
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is eclipfed 13 times in 23 days, ás Mr. Pound
truly informs us, Philofoph. Tranfaft. N" 361,,
and the fécond, half as often, or 6 4 times : the
third, a quarter as often, or 3- times: and the
fourth once, and all in the fame 23 days: The
whole fum of Eclipfes, Occultations, and Con-

juneiionSy capable of being made ufe of in the
difcovery of the Longitude ; I mean this aiToon
as the Theories and Tables of thefe Planets are
brought to perfection, will be above five
times and an half as many as there are days of
the year. For 13 and 64- and 3^ and ï are
23 -'• Eclipfes: to which add about 36 Con-
junftions, and about 70 Occultations, the funi
will be in all about 130 Phenomena for 23
days, or above 54 to each day; I mean, through
fuch parts of the year as Jupiter and his Planets
can be feen. Of which the next Lemma will
treat particularly.

XX.
Altho' therefore we make a reafonable al-

lowance (ï.) for thofe 6 weeks in 13 months
when "Jupiter and his Planets are too near their
Conjunction with the Sun to be feen at all by
any: (2.) for that day time when we cannot
fee them, tho' they be fufficiently diftant from
the Sun, and above our horizon: (3.) for fuch
parts of the night time as they are themfelves
beneath our horizon: and (4.) for the interpo-
fition of clouds; which too often, efpecially in
thefe northern régions obícure.the ßght of them:
Yet ihall we ftill in general, and one with ano-
ther, have near as many opportunities for view-

E ing
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ing one or other of thefe Phenomena, and for
difcovering the Longitude by them, as there
are days in the year. I mean this ftill aflbon
as their Theories are brought to perfection: of
which prefently. But more of this matter un-
der the IVth Problem hereafter.

XXI.
From the premifles it is juftly to be expefted,

that a pretty compleat Theory of thefe Planets
may be obtained, upon proper and continual
Observations of all thofe their Eclipfes, Occul-
tations, and Conjunctions, which are vifible, in
144 month; that being, as we have already
demonilrated, the grand Period of the motions
of thofe three innermoft, which are chiefly to
be regarded in thefe Obfervations for the difco-
very of the Longitude. In order to prepare
the wny for which proper Obfervations, I pro-
ceed to the Lemmata following.

XXII.
If an eye be placed vailly remote from Ju~

fiier, and his Planets ; as every eye upon our
earth always is: And if that eye be in, or very
near the fame plain with thofe Planets; аз
every fuch eye is: And if that eye view thofe
Planets, as they revolve about Jupiter's center,
in circles, concentrical to Jupiter ; which is
very nearly the cafe of every fuch eye alfo :
Thofe Planers will appear to fuch an eye to
move backwards and forwards along thoíè Dia-
meters of their feveral Orbits, which are per-

pendicular
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pendicular to the line of the earth's diilance
fromjupjfer: and their even circular motions,
will be truly reprefented by the uneven divifi-
°ns made upon fuch diameters, according to
lines of Sines, and not other wife. Thus, in
Fig. (4.) to an eye at E: at a vail diilance from
Jupiter at С : altho' each of thefe Planets be
really placed in its own circular circumference
MRNS, yet will it appear to our eye, which
cannot perceive the difference of the diftances
on this or on the other llde of the Diameter
RS, no otherwife than if the Planet were placed
in that Diameter. And their apparent diftances
from Jupiter's center will be the Sines of the
angles of their real motions from or to Jupiter's
center; or, which comes to the fame, from or
to their Oppofuions at M, and Conjunctions at
ЛГ, and not otherwife. Thus, Ad a, $ on one
fide: as alfo ad a,ê on the other fide, are Sines
of the angles DCA : DCc4 : and of dC»: And
the Planet at A, or я, at a or 0, will appear
to the eye at E, no otherwife than if it really
were placed at В and Ê: at b and Ê. Now,
fince AD is equal and parallel to В С and «,$
equal and parallel to EG: as alfo ad equal and
parallel to bC: and ctS equal and parallel to
£ С : and fmce the former are no other than
the very Sines of their arcs and angles, from
or to their Oppofitions and Conjunctions, .the
latter, which are equal and .parallel to them
relpectively, are alfo the Sines of the fame arcs
and angles, and fo every where. This is fo
obvious a Propofuion, as needs no farther il lu-

E 2 ftration:
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ílration : and is throughly confirmed by all our
Obfervations of thofe Planets.

XXIII.
If we add or fubftraft the Time belonging

to the Parallax of the annual Ore, to, or from
the Time of the Fofition of any of thefe Pla-
nets at the Ueliocentrick Axis; we gain the
Time of their Pofition at the Geocentrick Axis :
And -vice verja.

Thus if in Fig. (5) S reprefent the Sun, /
the Body of Jupiter, and E the Earth, in any
particular Polition, the Line 5 Л is the Helio-
centrick Axis: and the Line Е.Л the Geocen-
trick, And the Difference between them is
the Angle EIS, or its Equal, Ala: which is
called the Parallax of the annual Orb : and by
addition-or fubftraftion reduces the pofitions
at one Axis, to thofe of the other at the fame
Time. So that if one be given, the other is
eafily difcovered alfo.

Corollary ( ï ). Since the Heliocentrick and
Geocentrick places of Jupiter are conftantly fet
down in our vulgar Ephemerides, fuch as thofe
of Mr. Parker and Mr. Weaver; their difference^
or the Parallax of the Orb is eafily found by
fubUrailing the leiTer from the greater.

Coroll. (2). Since this différence or Parallax
vaniihes both in Jupiter's Oppofition to, or
Conjunction with the Sun, at thofe times we

'allow nothing for this Parallax. But then, we
are tofubflrael the Parallax out of the Hetio-
centrtck place, for 6 ~ months ; from the Op-

pofition
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pofition to the Conjunction : And from the
Conjunction to the Oppofition we are to add
it, for 6 т months : in order to gain their Ge-
ocentrick places. And it may be noted, that as
the laft Oppofition of Jupiter to the Sun was
at the end of Auguß, 1737. fo was the laft
Conjunction March i6th, 173-^ and the next
Oppofition will be OStober 7th following, as
thofe Ephemerides inform us. An example or
two will make this matter eafy

November 2d. 1737- at 6 in the evening, the
Heliocentrick place of Jupiter was, by the
forementioned Ephemerides, in и 13°. 38'.
His Geocentrick place was then, ^ 24°. 15'.
Their difference therefore was 10". 37'. which
was the Parallax of the Orb at that time. So
November i8th the fame year, at 6 in the eve-
ning alfo, the Heliocentrick place of "Jupiter
was x I4°- 2i'. His Geocentrick place was
then, x 25°. 48'. their difference was 11°. 27'.
which was then the Parallax of the Orb alfo.

But becaufe the angular motion of thefe
Planets is fufficiently unequal, this Parallax
muft be ftill reduced to its different intervals
in all the four Planets. Thus the firft Paral-
lax of 10°. 37'. is gone over by the feveral Pla-
nts in the intervals following :

h. '
I. in ï 154
II. in 2 31

III. in 5 6
IV. in и 50

Thus
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Thus the fécond Parallax, of n°. 27'. is

gone over in the intervals following :

h. '
I. in I 20

II. in 2 40

III. in 5 25
IV. in i2 55

As a confiant direction for which allowance,
the Reader may confult the following Table.

Pegrees
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Degrees of the Parallax of the Orb; with the hours and minutes correfponding to them: in order to
find the Geocentrick places of Jupiter's Planets, from their Heliocentrick places given.

grad.

I

II

III

IV

1

h '

о 7,1

о 14,2

о 28,7

' 7

2

h '

о 14,16

о 28,4

0 57>4

2 14

3

h '

О 21,2

0 42,6

I 20,1

3 21

4

h '

о 28,3

0 56,8

i 54.8

4 28

5

h '

° 35.4

ï ii

2 23,5

S 35

6

h '

о 42,5

1 25,2

2 5Z,2

6 42

7

h '

о 49,6

i 39.4

3 20

7 49

8

h '

о 56,6

i 53.6

3 49

8 56

9

b '

« 3.7

2 7,8

4 iS

to з

IO

h '

ï 10,8

2 22

4 47

1 I IO

1 1

h

I 17.8

2 36,2

S « 5 > 7

12 I?

I Z

h '

r 25

2 JO

5 44

13 24

Thefe Numbers are thus found I 360 : 42,5 : : ï : ,118=7,1
II 360 : 85,28 : : ï : ,237 = 14,2
III 360 : 172 : : ï : ,477 = 28,7
IV 360 : 402 : : ï : 1,117= lh ?'•

N. B. The finding the firft number gives all the other numbers: which are only 2, 3, 4, Ov. times thofe firft
numbers. And as for the infertion of them upon the Longitude Seãor, of which prefendy, there is no difficulty in
it: fmce the very fame numbers which exhibit the Sines of the 12 firft degrees, give the quar-îities of this Parallax
alfo. The divifions being in a manner equal all the way. .
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XXIV.
The ways by which the Eccentricity of the

Orbits of thefe Planets may be difcovered, are
thefe three: (ï.) That of noting their greateft
errors, with regard to the Calculations from
their mean motions: (2.) That by meafuring
their Utmoß Elongations from Jupiter, by Mi-
crometers : and (3.) That by the different dura-
tions of their Occultations, and chiefly thofe on
this fide Jupiter. Thefe durations in circu-
lar motions would be all equal, but in eccen-
trick and elliptick ones will be as the fquares
of their different diftances from Jupiter's cen-
ter, reciprocally: and by confequence will be
very fit for the accurate determinations of the
quantity of fuch eccentricity. While no more
than an hundredth part of difference in eccen-
tricity, becomes a fiftieth part in apparent
motion.

N. B. It may be here remarked, that the
Utmoß Elongations are at preferi t taken notice
of here: Not with any intention of difcovering
the Longitude by them : for which they are not
at all fit; but to afford opportunities at prefent
to fuch as have very long Telefcopes, and very
good Micrometers belonging to them, for dif-
covering the eccentricity of their Orbits, in or-'
der to the perfecting their Theories. After
jhe attainment of which perfection the noting
fuch Utmoß Elongations may be intirely omitted.

XXV. A
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XXV.
Л Dèfcription of the Longitude Sector.

Fig- (4-)
Take two fmall planks or boards of deal,

each of them fomewhac above 6 feet long, and
full 5 inches broad. Join them fo by hinges,
that they may open and ihut, as common Se-
£tors do, Pafte good white paper upon thofe
inward fides that are to clofe one upon ano-
ther: arid thereon draw four double ftrait pa-
rallel lines, at proper diftances from one ano-
ther, for :fo many femidiameters of the Orbits
of Jupiter & Planets; to be afterward divided
according to fo many lines of Sines: as has been
already explain'd. Then determine a radius,
or femidiameter for each of their Utmoft Elon-
gations, both ways; in the proportions that
agree to their true diftances from the center of
yupiter. The Radius for the firft, or inner-
пюЛ muft then be 16,184 inches: and its in-
tire diameter, when the Sector is opened,
32,368 inches. That for the fécond muft be
25,76,anditsdiameter5i,52. Thatforthe third
muft be 41,08, and its diameter 82,16. That
for the fourth or outmoft muft be the whole
length of the half SeOror 72,24, and its diame-
ter 144,48. Befides the femidiameter for Ju-
piter's body, to be determined by a line drawn
crofs the inftrument on both fides, at the di-
itance of 2371 inches from the center -, and fo
containing 5,43 inches for hi* intire diameter.

F Thefe
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Thefe meafures will always reprefent the Or-
bits of thefe Planets truly, as to their proporti-
ons, with which we are chiefly concern'd:
altho' when the Earth is nearer to, or farther
from Jupiter and his Planets, than at their
mean diftance, they reprefent what is confider-
ably unequal in apparent diameter, or angular
meafure: with which we are very rarely con-
cerned. Then divide each of thefe double
lines, or rather a middle line between them, ac-
cording to the line of Sines: as will be more
fully diredled prefently. All this is to be done
by occult lines, without Ink, or with the leail
ufe of it poffible ; that the numbers may be no
hindrance when the hours, half hours, and
quarters, or even the minutes themfelves are
to be determined by them. For that is what
muft be done in the next place : I mean to fee
the hours, half hours, quarters, &c. within
each line, in their proper places; and to note
them with black Ink: that they may be feen,
and ufed upon all occafions; as will be more
fully directed prefently. After which you are
to divide the two edges of the Sedtor, on the
fame plain with the reft, and on both fides the
center, into inches, and decimals of an inch
alfo. But you are iiill to begin all your num-
bers for the hours, &c. from the middle of the
Sector, on the upper of the two lines; or from
the Oppofition beyond Jupiter: and to count
from your right hand, to your left ; till you
come to its firft Utmoft Elongation: but are

then
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then to turn, and count backward, along the
lower of the two lines, from your left hand,
to your right, till you come to the fécond Ut-
moft Elongation : and then are to return, and,
according to the order of nature, to count from
your right hand, to your lefr, till you come to
the middle where you began. And thus are
you to proceed diftindlly with the hours, &c.
of every one of thefe Planets. And all this
becaufe, if we could fee the motions of thefe
Planets about Jupiter with our naked eyes,
they would then appear to go thus, from Weft
to Eaft perpetually ; and would take their con-
•ftant courfes in a way perfectly analogous to
that before us.

N.B. Becauie this Scale, which was to in-
clude the intire Orbits of all thefe Planets, will
not be exadt enough for determining their mu-
tual Conjunctions ; which are of the greateft
confequence in our prefent defign; we ought
to mark other hours, with the very minutes
belonging to them, upon the outfides of the fore-
mentioned double parallel lines, tho' in the
parts neareit the center only. This fécond Scale
ought to be three times as large as the former:
and need not reach quite fo far as the Orbit of
the fécond Planet in the firft. For as beyond
the third there can be no fuch mutual Conjun-
Sttom at all; fo beyond the féconds Orbit there
cannot be very many, nor very good ones ; be-
caufe of the length of the Periods of the third
and fourth: and becaufe of the comparative

F 2 flow-
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flownefs of their motions there. Whence chis
neglect of the outmoft parts,that are alnaeft uib-
lefs ; will permit us to have a forger Scate for
the parts moil ufefui: which are always thofe
not far from Jupiter. Not lefs indeed than
will give us intire leave to note every ííngfe mi-
nute of time, in almoft every one of thefe Pla-
nets ; without any confufion: and this almoft
in the very remoteft parts here made uib of.
Which advantages will abundantly compenfate
the forementioned fmall difadvajirage m the o-
miffion, under this Scale, of thofe parts of the
Orbits of the fécond, third, and fourth Planers
which are moft remote from the center. This
only we are to take care of, that we fufficient-
]y diftinguifh the divifions belonging to this
Scale, from thofe belonging to the other:
which will be beft done by marking both the
Sines, and the hours and minutes thereto be-
longing with red Ink; as the other are fuppoied
already to be marked with black.

N. B. We may alfo, if we pleafe, make di-
ilind marks upon the Sines of the firft 12 de-
grees of this Scale for the Parallax of the Orb:
and this diftinoily both ways from the center,
and for every one of tb,efe Planets, and1 with
the fame red Ink alfo: That Parallax requiring
no new diviiions: and properly belonging to
the parts neareft the center, as this Scale for
thefe parts of the Orbits do. Its ufe is to de-
note the place where the perpendicular fells
frornvevery Planet upon.that diameter on which

the
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the Sines are noted : and by the fubftraflion or
addition of their íêmidurations at its pofition
in the Heliocentrick Axis in the total ihadow
of Jupiter, to indicate the times of u&Immer-

ßons or Emerßons in thofe Eclipíès; to. be com-
pared with the fame times found by calculati-
on -, and to prevent all poflibk error in fuch
calculations.

N.B. Becauíè of this double Scale, I ihall
prefently fet down a double Table of Sines; the
latter thrice as large as the former ; in order to
the ready infercion of the hours and parts of an,
hour in their proper places, diftirótly by each
Scale, altho' the Tables for the hours and parts
the mfelves require no fuch double Table : but
only that each hour and its parts,, without any
confufion, be applied to the divffions in its proper
Scale.

XXVI.
Tables of Sines, for dividing the femidiameters

of thefe Planets on the Longitude SeSîor, in
the proportions already determined. The latter
numbers of inches and decimais belonging to
the larger Scafe, noted with red Ink-, and be-
ing alwayf. juß. thrice as large as the former
numbers, for the.Jmaller Scale, noted -with
black : and all fa be meafuredfrom the center.

Radius. Inches. Radius. Inches.
I. - - - 16,184 L - 48,552
II. - ^ 25,76 II. beyond the Sedor.
III. - 41,08 III. beyond it.
IV. - 72,24 IV. beyond it.

Sines



3 8 The LON G i т u D E t affcwefd

Sines of 5 Degrees.
Inches. Inches.

I. - - - 1,41 - - 4,23
II. - - 2,24 - - 6,72
III. - 3,58 - - 10,74
IV. - 6,29 - - 18,87

Sines of i o Degrees.

I - - - 2,81 - - - 8,43
II. - - 4,47 - - 13,41
III. - 7,22 - - 21,66

IV. - 12,54 - - 37,62

Sines of 15 Degrees.

I. 4,19 - - 12,57
?.9«II. - - 6,66

HI. - 10,63 - - 31,89
IV. - 18,61 - - 55,83

Sines of 20 Degrees.

I- 5.53 - - l6»59
II. - - 8,81 - - 26,43
III. - 14,06 - - 42,18
IV. - ^24,71 - - 74,13

Sines of 25 Degrees.

I. - - - 6,84 - - 20,52
II. - - 10,89 - - 32,67
III. - 17,37 - - 52,11

- 30,53 - - beyond the Seoorl

Sines
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Sines of 30 Degrees : or half the Radius.
Inches. Inches.

I. - - - 8,09 - - 24,27
II. - - 12,88 - - 38,64
III. - 20,54 - - 61,62
IV. - 36,12 - - beyond the Secbr.

Sines of 35 Degrees.
I. 9,28 - - 27,84
II. - - 14,77 - * 44.31
III. - 23,56 - - 70,68
IV. - 41,43 - - beyond it.

Sines of 40 Degrees.
I. - - - 10,4 - - S1»2

II. - - 16,56 - - 49,68
III. - 26,4 - - beyond it.
IV. - 46,43 - - beyond it.

Sines of 45 Degrees.
I. 11,44 - - 34.32

II. - - 18,22 - - 54,66
III. - 29,05 - - beyond it:
IV. - 51,08 - - beyond it.

Sines of 50 Degrees.

I. 12,04 — 37>02

II - - 19,73 - - 59>ï9
HI. - 3i>54 - - beyond it.
IV. . 55>34 - - beyond it.

Sines
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Sines of 55 Degrees.

Inches. Inches,
I. 13,25 - - 39,75
II. - - 21,1 - - 63,3
III. - 33,65 - - beyond it.
IV. - 59,14 - - beyond it.

Sines of 60 Degrees.
I. 14)02 - - 42,06
II. - - 22,3 - - 66,9
III. - 35,57 - - beyond it.
IV. - 62,55 - - beyond it.

Sines of 65 Degrees.
I. - - - 14,66 - - 43,88
II. - - 23,35 ~ " 7°>°5
III. - 37,23 - - beyond it.
IV. - 65,46 - - beyond it.

Sines of 70 Degrees.
I - - - 15,2 - - 45,6
II. - - 24,2 - - beyond it.
III. - 38,6 - - beyond it.
IV. - 67,7 - - beyond it.

Sines of 75 Degrees.
I. - - - 15,63 - - 46,89
II. - - 24,89 - - beyond it.
III. - 39,68 - - beyond it.
IV. - 69,72 - - beyond it.

Sines



ly JUPITER'Î PLANETS. 41

Sines of 80 Degrees.
Inches. Inches.

I. --- 15,94 - - 47,82
•u. - - 25,37 " " beyond it.
III. - 40,46 - - beyond ir.
IV. - 7ij23 - - beyond it.
N. B. The Sines of 90 Degrees are the fame

with the Radii, or Sinus Toti already fet down.
N. B. The intermediate Sines have their dif-

ferences fo nearly equal, that they hardly ftand
in need of diftincT: Calculations.

N. B. This Table is thus made, by the Lo-
garithms.

As Radius = 10,00000
To Sin. 5a — 8,94030
So Log. of 16,184 inches = 1,20809
To Log. = 0,14838 =

1,41 inches, as in the Sine of 5° of the blacklnk,
in this Table. And fo for ever.

XXVII.
ATable of the hourly motions o/'Jupiter'i Planeis,

in degrees, and decimals of a degree, for divi-
ding their Orbits into hours and minutes ;
upon the foundation of the foregoing divifions
h the Sines.
Ift Planet's horary motion in degrees and

decimals of a degree.

I ==
2 = 16,950 4=33>9

G 5 = 42,375
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h o h o

5=42,375 8 = 67,8

6 = 5°»85° 9 = 76>275
7 = 59,375 'o = 84,75 = 900—5,25

Say then, 8,475^ : 60' : : 5,25' : 37,2'.
Now ioh 37,2', taken 4 rinaes, gives 42h,

28,6' — Period of this Planet, and itfelf is a
quadrant to the firft utrrjioft Elongation.

N. JB. Thefe numbers are found thus :
3h = 60'. Then fay, 42'% 28,6' : 360' : :
i!> : 8,475°, and that »umber added to itfelf,
as far as ю times, gives ail the other numbers,
which ferve for dividing the fkft quadrant
from the Geocentrick Oppofuion.

IF Planet's horary motion, in degrees, and de-
cimals of a dçgree.

h o h o

1= 4,22 12 = 50,6.4
2= 8,44 13 = 54,86
3 = 12,66 14 = 59,08

4= 16,88 15—.63,30
5 = 21,10 16 = 67,52
6 = 25,32 17 = 71,74
7 = 29,64 18 = 75,96
8-33.76 J9-8o,i8
9 = 37,98 20 = 84,42

10 = 42,20 2i — 88,66= oo°— 1,34°
11 = 46,42

Then fay аз before, 4,22° : 60' : : 1,34° : ig'l.
And 21h with 19' 4 taken 4 times, gives 85,18

-•--3'1 i3h 18'= Period of this Planet: and
itfelf is a quadrant to the firil utmoft Elonga-
tion. IIId Pla-
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IIId Planet's horary motion, in degrees, and

decimals of a degree.
h o

I— 2,0931

2 — 4,1862

3= 6>2793
4 = 8'3724-
5 = 10,4655
6—12,5586
7—14,6517
8 — 16,7448
9=18,8379

10 — 20,9310
11 = 23,0241
52 = 25,1172
131=27,2103
14=229,2034

= 33,4896

ï8 = 37,6758
19 = 39,7689
20 = 41,8620
21 — 43'955!
22=^46,0482
23=48,1413
24 = 50,2344 =Iday.
1=52,3275
2 = 54,4206
3 = 56,5137
4 = 58,6068
5 ==60,6999

G 2 6 = 62,^930
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h о

6 = 62,7930
7=164,8861
8 = 66,9792

9 — 69,0723

10 = 71,1654

11 = 73,2585

12 — 75,3516

13—77,4447

H" 79>5378

35 = 81,6309
163=83,7240
17 = 85,8171
18 = 87,9 102 =r 90° — 2)0898» = 59',54"
And ï day, i8h 59' 54" taken 4 times, is —

I7ih 59' 36" = 7e1 3h 59' 36" = Period of this
Planet, and itfelf is a quadrant to the firft ut-
moft Elongation.

IVth Planet's horary motion in degrees, and
decimals of a degree.

h о

i= 0,89534

3 = 2,68602
4= 3>S8l36

5= 44767°

7= 6,26738
8=z 7,16272
9±= 8,05806

io= 8,95340
11= 9,84874
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12 = io,744°8
13 = 1 1,63942
14=12,53476

17= 15,22078
18 = 16,11612
19= 17,01146
20= 17,90680
21 = 18,80214
22 = 19,69748
23 = 20,59282
24 = 21,48816 =1 I day.
ï =22,38350
2 = 23,27884
3 = 24,17418
4 = 25,06952
5 = 25,96486
6 = 26,86020
7 = 27,75554
8 = 28,65088
9 = 29*54622
10 = 30,44156
11 = 31,33690
12 = 32,23224

14 = 34,02292
15 = 34,91826
16 = 35,81360
17 = 36,70894
1 8 = 37,60428
19 = 38,49962
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h о

20 = 39,39496
21=40,29034
22 = 41,18568
23 = 42,08102
24 = 42,97636 — II days.

I=43>8717°
2 = 44,76704
3=45>6Ó238

= 49>24374
= 50,13908
= 51,03442

= 52,2510

15 = 56,40646

18 — 59,09148
19 = 59,98682
20— 60,88216
21—61,77740
22 = 62,67274
23 = 63,56808
24 = 64,46342 ~ III days.

1=65,35876
2 = 66,25410
3=67,14944

4 =
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h о

4=68,04478
5 = 68,94012

70,73080

9 ~ 7^52 148
jo — 73,

= 75,3075.0

= 76, 1 0284

15 = 77,8935216 = 78,78886
i7^79»^420

18 = So,579Ç4
19 = 8-1,47488
20 =£§2,37022
21 s= 835265-60
22 = 84,16094
23=85,05628
24 = 85,95162 = IV days.

1 = 86,84696
2 =87,74230
3=88,63764
4 = 89,53298 — 90 — 0,46702

Then fay as before, 0,89534° : 60' : :
0,46702° : 31'--

And 4d 4h 31' 15" taken 4 times gives 40 2h

5' = i6d i8h 5' — Period of this Planet: and
icfelf is a quadrant to the firft utmoft Elonga-
tion.

N. B. Thdê
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N. B. Thefe Tables are fufficient for divid-

ing the firft quadrants, where the hours begin
at the center; and by allowing the difference
of thofe hours from the center in the fécond
quadrants, as the Planets appear to return a-
long the fame Semidiameters, will ferve for
the divifions of that alfo. But then the third
quadrants, not beginning with compleat hours,
and having no divifions parallel to them yet
made for their guidance, muft have diftinél
Tables made for them, as follows. In order
to which find the parts of the firft hours 'thus,
for the feveral Planets.

' degrees. degrees.
I. 60 : 8,475 : : 45.7 : 6.455
II. 60 : 4,22 : : 21 : 1,47
III. Begins naturally with an hour very

nearly, fo the numbers for the firft quadrant
ferve for this alfo.

IV. 60 : 0,89534 : : 57,4 : 0,85555
To which laft numbers thofe for an hour

are to be ftill added, as follows.

: i
f t = 6,455

-f 8,475
ad = 14,930
3d = 23,405
4" ==3b88
5th = 40.355

.6*- = 48,830
7'h = S7>3°5

8th =
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8 = 65,780

9 = 74.255
IQ = 82,73°

jf- 2,020

= 84'75 = 9°3 — 5>25Э

Then lay, as before, 8,475° : 6o' : : 5,25° :
— 37,2-', which, with half the Period 2ih 14"
i8"and the ю hours,are — id 7h 51' 27" and
very nearly equal to three quarters of the Period
of this Planet : and itfelf is a quadrant, to
the fécond Utmoft Elongation.

II.
h o

i = 1,47
4- 4.22

2 = 5,69

3 = 9'9i
4 - 14.13
5 = 18.35
6 = 22,57
7 = 26,79
8 = 31,01
9 = 35.23

ю = 39.45
11 = 43>67
12 = 47,89

13 = 52,11
H = 5°,33
15 = 60,55
16 A 64,77

17 = 68'" H .8 =
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i8 — 73,21

20 := 81,65

21 = 85,87

Now 85,87 -f 422—90,09° and 90,09°—1,47°
= 88,62°=90' — 1,38°.

Then fay, as before : 4,22° : 60' :: 1,38°: 19'
36", which, with half the Period id i8h 38 57",
and the 2ih is 2d i5h 58' 33", and is very near-
ly equal to three quarters of the Period of this
Planet ; and itfelf is a quadrant to the fécond
Utmoft Elongation.

III.
h o

I = 2,093

+ 2,093

2 — 4,186
3 = 6>279
4 = 8>372

5 = 10,465
6 = 12,558
7 = 14,651
8 = 16,744
9 = 18,837
10 = 20,930
и = 23,023
12 = 25,116

13 = 27,209

J4 s= 29,302

J 5 = 3'»395
jo = 33,488

lo zz
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18 = 37,674
19 = 39,767
20 = 41,860

21 ~ 43>953
22 = 46,046
23 = 48,139
24 = 50,232 = I day.
1 = 52,325
2 = 54,418

3 = 56>Sl*
4 = 58,604
5 = 60,697
6 = 62,790
7 = 64,883
8 =; 66,976
9 =. 69,069
10 =: 71,162
11 = 73,255
12 =: 75,348

13 = 77>44i
H = 79.534
15 — 81,627
16 = 83,720
17 = 85,813
18 = 87,906
19 = 89,999

So id j^b taken four times is 7* 4h which is
very nearly equal to the Period of this Planet :
and itfelf is a quadrant to the fécond Utmoft
Elongation.

H 2 IV. I =
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IV.

2 r=

з — -
4 =
5 ~
6 ~
7 =
8 =
9 —

10 —
[ ï —
12 =

1,75089

2,64623

3.54157
4>4369r

^33225
6,22759
7,12293
8,01827
8,91361
9,80895

10,70429
13 =

14 = 12,49497
15 = 13'39°3Г
16 r= 14,28565
17 ~ 15,18099
18 = 16,07633
19 — 16,97167
20 rr. 17,86701

21 — 18,76235

22 ~ 19,65769

23 rr 20,55303

24 ~ 21,44837

1 — 22,34371

2 = 23,2390̂

3 — 24,13439
4 = 25,02973
5 = 25,92507

6 =
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6 == 26,82041
7 = 27,71575
8 =: aS.ÓIIOÇ

9 = 29>5о643
10 = 3°>40!77
11 = 31>29711

12 = 32,19245
13 = 33>°8779

15 =
16 = 35>7738*
17 = З6»6б915
18 = 37>56449
Î9 = 38>45983

21 — 40,2505 1

22 = 41,Н585
23 = 42,04119
24 = 42,93653

ï =43.83l87
2 = 44,7272
3 = 4
4 -4
5 = 4MI323
6 - 48»3°857
7 = 49»2039 г

8 = 50,09925
9 = 5°>99459

Л =5
12 = 53>6So6i

13 = 54,57595
Ч = 55.
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H = 55>47I29
15 = 56'36663
16 i= 57'20I97
17 = 58>!573i
1 8 — 59>°5265
19 = 59,94799
20 = 60,84333
21 = 61,73867
22 — 62,63401
23 = 63,52935
24 = 64,42469 — III days.

ï = 65,32003
2 = 66,21537
3 = 67,11071
4 = 68,00605
5 =68,90139
6 = 69,79673
7 = 70,69207
8 =71,58741
9 = 72,48275
30 = 73>378°9
л =74,27343
12
 = 75>

l68
77

13 = 76,06411
H = 7

6
.95945

J5 = 77.85479
16
 = 7

8
'75

OI
3

17 = 79.64547
18 = 80,54081
19 = 81,43615
20 = 82,33149

21 = 83,22683
22 =
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22 == 84>I22I7
23=85,01751
24 = 85,9*285 = W' days.

1 =86,80819
2 = 87,70353
3 = 88,59887
4 = 89,49421 = 90— ,50579

Then fay, 0,89534° : 60': : 50579" : 33' 5 1"
which with half the period in days and hours
8d 9h o' oo 4" and thefe 4d 4h are — i2d i3h

33' 51" and very nearly equal to three
quarters of the Period of this Planet: and it-
felf a quadrant, to the fécond Ucmoft Elon-
gation.

N. B. Theíe latter Tables are fufficient for
dividing the third Quadrants, where the hours
do not begin at the center : and by allowing
the difference of thefe hours from the center
in the fourth Quadrants, as the Planets appear
to return along the fame fernidiameters, they
will ferve for the divifions of that alfo.

XXVIII.
A Defcription of the Longitude Refracting

Telefcope.

This is no other than fuch a Refracting
Telefcope, of nine foot long, which has fe<ven,
Object Glafíes inftead of one, all of the fame
focal length, as ground together on the fame
tool ; and placed in the furface of a fpher.e of
the fame.radius. It has, like other Telefcopes,

only

5-
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only one Eye Glafs, but that a very broad one,
of 2 4 inches diameter. It's Tube is much
wider at the Object Glafles, than at the Eye
Glafs. Its intention is to bring 'Jupiter and
his Planets to the eye, notwithftanding the
rolling of a ihip at fea. For that rolling can
do no more than remove thofe Objects appa-
rently from one Object Glafs to another ; while
they ftill come all to the eye through fome
one of them, and through the fingle Eye Glafs;
in the very fame manner as if there were but
a fingle Object Glafs alfo ; as in other Tele-
fcopes. Whether we ihall be ever obliged to
have more than feven Object Glafles, as we
eafily may, experience only can fully deter-
mine. I believe that if we can procure a con-
fiderably broader Eye Glafs, as one of three
inches, inftead of this of 2 4 inches: which I
have not hitherto been able to do: we ihould
have no great occafion for more than the pre-
fent number of feven. For fince common
Telefcopes of this length have ufually Eye
Glaflès little or nothing broader than one inch;
this Telefcope, of feven Object Glaffes, and
one Eye Glafs of three inches broad ; has about
63 times rhe advantage for finding and keep-
ing an Object, which the other have. Since
by its feven Object Glafles thofe advantages be-
come fevenfold ; and by the fquare of three to
the fquare of one no lefs than ninefold. Now
7X9 = 63.

N. B. It is to be here noted farther, that
this Telefcope being too long and unweildy to

be
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be managed by the bare arms of the Obferver,
niuft be placed on a ball and focket, or what
is equivalent thereto ; muft be placed near the
fhip's center of motion ; (which is where the
furface of the fea produced would interfect ths
main maft ;) and muft be prudently guided by
the Obferver, that it may be as little as poffible
diverted from yupiter, during the times of
Obfervation.

XXIX.
Л Defcriptîon of the Longitude Reflecting

Telefcope,

This is a new fort of Reßeoiing rfelefcope^ oi
Mr. Gregory's, or Monf. CajJ'egrain's form, fo
much uled of late : The focal length of my
former large Reflecler, which was of Mera},
was (even foot, or 84 inches; and, by confe-
quence, the length of its Tube, lined with black
velvet, little above half fo long, or 3 4 foor,
whofe breadth or Diameter was 4 v inches : and
its back aperture, with its fmall Reflefter and
Eye Glafs, were all of them about 14 inches in
Diameter, and the focal length of the Eye Glafs
was the fame. They were alfo circular : and the
Reflecter was a circular plain. Thefe meafures
were fo large on purpofe, in order to take in as
great an area in the heavens as might be, with-
out lofing the great advantage of reßeffiom a-
bove refractions. That former Telefcope took
in a full degree of a great circle at once, in dia-
meter : or a circular fpace about four times as
large as the Sun, or Moon, i. e, in diameter

I four
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four times, and in area fixteen times as large as
the circle of Jupiter's remoteft Planet: whofe
apparent diameter is little or nothing above half
the apparent diameter of the Sun or Moon.

The corrected meafures I now pitch upon,
after fome trials of the former, are thefe. The
focal length of the large Reflefter is to be five
feet, or 60 inches: and, by confequence, the
length of its Tube 2 4 feet, or 30 inches. Its
breadth, or diameter, is to be full 6 inches.
The breadth of its back aperture, and Eye Glafs,
not lefs than ï т inch, and the charge, or fo-
cal length of the Eye Glafs about one inch: Its
Imall Refleeter is to be a flat circle, as before,
but at leaft 2 inches in diameter. This Telef-
cope will then magnify objedls in diameter 60
times, and will be abundantly fufficient for our
Obfervations of Jupiter's Planets, and of the
Occultations of the fixed Stars by the Moon :
fuch a Telefcope taking in above three diame-
ters of the Sun or Moon at the fame time; or
including a circular fpace above nine times as
large as is the area of either of their bodies.
Nor will this breadth of the fmall refleäer in-
tercept more than a ninth part of the rays of
light which would otherwife fall upon the
great one; while, even the common refleders,
which can view nothing far from the axis of
vifion, intercept about a fixteenth part of them.

N. B. One thing muft here be farther ex-
plained ; and it is this ; that becaufe, as Sir
Ifaac Newton grants, when he was explaining
the great advantages of Reflection above Re-

fraotion
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fraction in Telefcopes, that ilill more rays of
light are.tranfmitted in refractions through
glafs, than are fent back by metal in refkdti-
ons, Pbiloj: Tranfaã. N" 80. and N 82. the
breadth of the great reflecter ought to be as
large as can conveniently be ground, and u fed,
that fo the charge, or power of magnifying
by a fmall Eye Glafs, may not want a iuffici-
ent quantity of rays to mew thefe Planets with
fufHcient clearnefs. Tho' I fuppofe this great
breadth of the principal reflecters might be
fpared, if they could be made of glafs; which
has been often attempted, but never yet brought
to perfection.

N. B. That thefe Eclipfes of Jupiter's Pla-
nets have been eileemed the beil method for
difcovering the Longitude ; and that thefe Re-
fracting and Reflecting Telefcopes are capable
of difcovering thofe Eclipiës, Occultations, and
Conjunctions of Jupiter's Planets, with fuffi-
cient accuracy, even at Sea, aiîbon as the Porrs
are fettled, take the following teirimonies of
Mr. Flamßeed, Mr. Witty^ or Mr. Hodgfon,
Dr. Halley, and Mr. Hadley, all Perfons of great
ikill in thefe matters.

Mr. Flamßeed's words are thefe: Pbilof.
Tranfatf. № 151. " The Eclipfes of Jupiters
" Satellites have been efteem'd, and certainly
lc are, a much better expedient for the difco-
" very of the Longitude, than any yet known ;
" by reafon that they happen frequently ; and
" are eafily obfervable with a [refraéttng] Te-
" lefcope of 12 feet, or, for need, with one

I 2 " of
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" of 8," Mx.Witty\ or Mr. Hodgfon's words
are thefe> in Mr. Hodgfen's Syflem of the Ma-
thematickS) Vol. I. pag. 378. " When we
" confider the great number of thefe Eclipfes
" every year ; there being more vifible in one
" year, than there are days in it ; and, confe-
" quently, but few nights when Jupiter may
" be feen, and which is near eleven months in
ct the year j but that an Eclipfe of one or other
" happens ; and fometimes two or three in a
" night: the eafinefs with which thefe Obfer-
" varions may be made ; there requiring only
" a Telefcope of eight or ten foot in length;
" which may be almoft managed with the
" hand: and the little likelihood there is of
" miffing the times of ingrefs or egrefs; they
" being in a manner inftantaneous; and, laftly,
" the great exailnefs to which they would
" give the difference of Longitude : it being
" certainly as exaft as the Latitude at prefent
ct can be taken : It is much to be wonder'd at,
" that the more ikilful part of our Seamen
cc have fo long negleâed them ; and efpecially
f< in the feveral ports into which they fail. "
Dr. Hal/efs words are thefe: Phi/of. Tranfotf.
№ 214. " The method the French have ufed
" to determine the Longitude of their places, is
" by the Obfervation of the Eclipfes of the firft
" Satellite of Juptier; which they find almoft
** inftantaneous ; and, with good Telefcopes,
" difcernable almoft to the very oppofition of
<c Jupiter to the Sun. And it may be faid,
" that this account of the Longitudes obferved,

" has
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*' has put it paft doubt, that this is the very heft
" way, could portable Telefcopes fuffice for the
" work." Dr. Halley adds, " However, before
" Sailors can make uíè of this art of finding the
" Longitude, it will be requifite that the coaft
" of the whole ocean be firft laid down truly:
" for which work this method, by the Eclip-
" fes of Jupiter's Satellites, is moft appofite.
" And it may be hoped, that either a true
€< Geometrick Theory of the Moon may be
" difcovered, by the time the Charts are com-
" pleated 5 or elfe that fome invention of
" ihorter Telefcopes may fuffice to íhew the
" Eclipfes of the Satellites at Sea." And in
the Appendix to the 2d Edition of Street's Ca-
roline 'Tables, the fame Dr. Halley afíures us,
that " He had found it only needed a little
** praétice, to be able to manage a five or fix
4 foot Telefcope, capable of (hewing the Ap-
" pulfes or Occultations of the fixed Stars by
" the Moon, on Clipboard, in moderate wea-
* ther:" Andeliewhere; Plnhf.ïranfa&.'№
191. and Abridgment, Vol. I. pag. 647. " It
" will be fit to give the Reader this informa-
" tion ; viz. that the moments of thefe Eclip-
" fes may be, with fufficient diftincbiefs, ob-
" ferved, with a Tube of eight, or even feven
* feet, which is eafily portable: and more
<f efpecially in the outer Satellites. I mean
•'* this in cafe the Aperture of the Objedt Glafs
x< be 2 т or three inches. For by that means
4c a very great quantity of the refracted rays
** of light will come to the Eye j which will

" render
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" render thofe little ftars vifible, even in the
il neighbourhood of Jupiter, which otherwife
" might be obfcured by its overmuch light.
<£ And though they may, in this cafe, be co-
c< loured, and Jupiter's limb may appear dull -,
" yet when our only defign is to obferve the
" moment of the lofs, or recovery of their
" light, we have no other concern, but to in-
" creafe that light as much as poffible, that
<c they may become more certainly vifible."
Mr. Hadley's words are thefe : Pbilof. Tranfaff.
№ 430. " I have been informed, that an
'* Object may be kept in view, without much
" difficulty, even in pretty rough weather,
" through a [refracting] Telefcope magnify-
" ing about ten times; which Telefcopes fel-
" dom comprehend an area of much more
" than one degree in diameter; or at moft
" one degree, twenty minutes." [While I pro-
pofe, even a Reflecting Telefcope that will take
one degree, and confiderably above thirty mi-
nutes, or above three diameters of the Sun or
Moon.]

XXX.

A Defcription of Mr. Barfton'i Quadrant. See
Fig. (7.)

This Quadrant is no other than one of the
ufual form, very exactly divided into degrees ;
whofe Pendulum is confiderably heavy, and is
inclofed between two plains; in order to pre-
vent all diforders from the wind. That Pen-
dulum is connected to, and governs a train of

wheel-
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wheel-work, within the quadrant} adjufted
nicely to the divifion of the Inftrument into
degrees-, and (hewing, by its Index, without,
the minutes belonging to thefe degrees. This
train of wheel-work may be readily ftop'd by
the hand of the Obferver, by means of a tricker,
upon the firft direction of its fights to the Ob-
ject: (which are at the diftance of an intire
diameter, and upon a femicircle.) By this
Quadrant, the true altitude of the Sun, or
Moon, or fixed Stars, or Planets, or Comets,
may be, at any time, taken, both at Sea, and
at Land, as has been frequently experienced,
nearly to a fingle minute. Which altitude of
the heavenly Bodies is always the beft way of
finding the Latitude directly: as it is frequent-
ly the beft way of finding the time at the Ship
alfo: without which the Longitude itfelf can-
not be difcovered, either by Clocks, or by the
Eclipfes, Occultations, and Conjunctions of Ju-
piter's Planets ; or by the Appulfes of the Moon
to the fixed Stars, as all Aftronomers do very
well know. Nor indeed do I at all differ from
Mr. Witty, or Mr. Hodgfon, in the value of fuch
an Inftrument; when it is affirmed (Syftem of
the Mathematicks, Vol.1./».382,383.) that "He
" who can contrive any way to take the height
" of any fixed Star at Sea, to a minute, or two,
" may fairly be intituled to a (hare of the dif-
« covery of the Longitude; and ought to have
" a proportionable reward.

XXXI, A
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XXXI.
A Defcription of the other Longitude Secbr,

taken from Dr. Halley'j Zodiack.

This is only that Zodiack, as publifhed by
Mr.Senex, cut into three parts; and fo parted
upon a Sector, like the former, as to exhibit,
when opened, the intireEcliptick, in one length.
Its ufe is, by putting very fmall pins into the
places of the Moon, at every noon, for a month,
at the Meridian of Greenwich, fromMr Parker's,
or Mr. Weaver's Epbemerts, and ftretching a
fine filver thread along thofe pins, to trace the
true courfe of the Moon, without Parallax, and
as it would appear to an Eye from the Earth's
center, among thofe fixed Stars that are infert-
cd upon that Zodiack: and thereby to know
thofe Stars which the Moon makes its tranfits
over in fuch a pofition : and to determine, very
nearly, the times of thofe Stars Immerfions and
Emerfions in the fame pofition at their Occul-
tations by the Moon. Its ufe is alfo, upon pro*
per allowance for the Parallax, to exhibit the
fame things to an Eye at the Earth's furface
alfo. This method of ufing Dr.Hal/efs Zodi-
ack will greatly improve the advantages to be
reaped from it, in general: and, in particular,
will fupply the curious part of our feamen with a
tolerable method for difcovering the Longitude,
during thofe fix weeks, when Jupiter and his
Planets are invißble. Of all which more fully
hereafter.

N. B. Since
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N.B. Since both my Refraâing and Reflecting

Telefcopes, efpecially the latter, enable us to fee
fomewhat fmaller fixed Stars, and Stars nearer
the full Moon, than thofe uíêd by Dr. Halley^
and others on (hip-board hitherto: It will be a
defirable thing, that as many more of thofe
fmaller fixed Stars as can be now vifible, may
be obferved and inferted into this Zodiack :
that fo the opportunities for difcovering the
Longitude this way may be more frequent, and
advantageous to us. Tho' it muft be confefs'd>
after all, that the opportunities of difcovering
the Longitude by Jupiters Planets, are much
more frequent, the Calculations much more
eafy, and the Determations much more exact
than thofe of the other.

к
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XXXIÍ.
W1 Tables for the Equation of Light: fitted to Mr. BradleyV dßrona-

tnical Tables for J upiter'j ßrß Planet, fuhli/bed in the Philofophical
Tranfaflions, Nu 361. as well as ta be repitblißed at the end of Dr.
Halley'j тип dßranomical Tables : where they are called the fécond
and third Equations.

Л'. В. The reafon of the infertion of thefe NewTables for the Equa-
tion of Light is this; that fmce the publication of thofe Tables,
which fuppofe this Equation to be but 7', and its double 14'.
Mr. Bradley has certainly difcovered it to be no leis than 8' 13",
and doubled 16' 26". &eePbilo/. Tranfail. №406.

Süfitnd* JEquatiore.s Conjunãionum Primi Satellites cum J we.
M. b
УЕЯ.

0

4
í

12

It

2C

24
2b

32

3t
4C

44
4*
.5 i
5*
60

64
6>

72

76
80
84

0

AL<\.

ï 6 26

16 26
16 25
1 6 24
16 23
10 22

10 21

|6 19

,6 ,7

10 15

l6 13

10 11

1 6 8
[6 4
ib ï
K ç 8

100

Aq.

Ч 5
•4 5«
14 52

«4 45
Ч 39
14 З2

Ч 24
14 i6
14 8
14 о
13 <:?

2OO

yEq.

1 l 30

II 1 К

II 6
ю 54
ю 42
IO ЗГ

I O I f )

ю 8
9 56
9 44
0 32

13 4"! 9 1Ь
,3 36
13 27

9 s
8 5 f

13 19 « 44
13 ю 8 з2

i í 54 ï 3 о
Ч 4912 5i
1 5 4 4 1 2 41
Ч 39
Ч 34
Ч 29

88|i 5 23
92.15 17
96 |ч »

12 31

1 2 2 1

12 I 1

12 0

u 50
n 4C

юс'.? с 5 i i 30

8 19
8 6
7 53
7 4°
7 28

7 .6
7 4
6 52
6 4c
6 27

300 400

Aci.-Aq.
. „ . ,.

6 271, 53

ô 14
ò i
5 4«
5 35
í 22

5 t2

5 »
4 V
4 3'
4 2Í-

4 Ч
4 4
í 5^
í 4'
3 3°
3 20
3 Ю
3 c
2 50

2 4O

2 30

г 20
2 I 1

2 2

i 1:3

• <6

I lb>
ï 31
í 2i

' Ч
« 7
0 5Q

о 52
о 46
0 „С

э 3S
о ¥
0 2 Ç

О 22

0 Ifc

0 1C

0 12

о 8
э 6
О 4

о з
о г
О 1

о о
0 0

5ОО боо

ЛЕЯ.|л.ц

-> О

О 0

О 1

О 2

о з
о 4
0 t

^> f
Э I 2

э i5

0 ï?

0 2;

о 25
о зс
о .35
0 4-С

о 4^
о 5-
о 59
' 7
i »í
I 23

ï з1

I .1*
ï 4'.
1 55

I <p
2 2
2 I 1
2 2O

2 3C

2 4-C

2 5C

3 °
3 ю
3 20

3 3C'

3 4l

3 52

4 4
4 Ч
4 2S

4 39
4 5°
5 '
5 12

5 "
5 35
S 4Ь
6 ï
Ь Ч

7OO i 8oo

/tq. Alq.

6 2 7 1 1 30

6 40 n 40
6 5 2 1 1 50
7 41г о
7 1612 n
7 2 8 1 2 2i

7 4012 31
7 5312 41
8 612 51
8 1 9 1 3 о
8 32 13 ю

8 4413 19

900

A.c[.

' "

'í 5
Ч 9
Ч Ч
15 iS
Ч «S
Ч 29
Ч 34
'5 39
Ч 44
'5 49
Ч 54

Ч 5*
8 5613 2 7 J i 6 ï
9 813 3616 4
9 1913 44
O 3 2 I 3 ( J 2

9 44 14 о
9 5614 8

10 8 1 4 1 6

ю 19 14 24
I O 3 О I Л. 32

ID К
i6 i i

16 13
16 15
16 17
16 ib
l6 20

ю 4214 39Ji6 гг
ю 544 45
M 614 5Z

1 6 li
1 1 6 -i~

1 1 1814 58,16 26
6 2 7 1 1 30 i5 5 Лб 20



by J U P I T E R ' S P L A N E T S . 67
N.B. Thef i r f tof thefe

Tables properly fuppofes
'Jupiter and his Planets to
be at their mean diftances
from the Sun and Earth;
as they were at the end of
the year 1731, and will be
again before the end of
1743. But becaufe the
Eccentricity of Jupiter's
own Orbit is equal to one
quarter ъ£the Semidiame-
ter of the Earth's Orbit;
this requires another Ta-
ble: becaufe that Eccen-
tricity alters that Equation
of Light one quarter as
much as the other; or г'
3",which quantity is there-
fore to be added at their
greateft diftance in Jupi-
ter's Aphelion ; and Jùb-
ßracJed at their leaft di-
ftance in "Jupiter's Perihe-
lion, which is provided for

in this fécond Table. However, in Mr.Pound's
Method, all is done by Addition. Accordingly
I have made the proper allowance for both
their Epochas in each of thefe Tables; and do
all by Addition alfo. Nor do we indeed pro-
perly ftand in need of a diftinct Table for this
fécond Equation of Light, as here and in the
Tranfaclions; becaufe the fame number A is

th«

Tertiff jfêquationes
JMdendrf.

iNum.
A

о

2O

1г6э
8o

I OO

120

140

у б э
1 8o
200
2 го
240
200
2ЙО
300
320
34°
360
380
400
420
44°
460
480
500

Aqua-
tíones

4- 6

4 5
4 1
3 5«
3 S2

3 45
3 34
3 24
3 «3
3 c

2 46

z 33
2 19
2 4
i 4?
i 30
i 16
I 2

о 48
о 37
о 26
0 JO

o g
о /
o z
О 0

j. N um
А

о

9 So
960
940
920
900

88o
86o
840
820
800

780
760
74°
720
700
68o
66o
640
бго
6oo
Suo
560
540
520
coo
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the Index for this, as well as for the find or
principal Equation. And the addition of their
Equations together in the Tables, would fome-
what facilita ce our calculations afterward.

2V. B. The Eccentricity of the Earth's Orbit
would itfelf alfo aiford another correction of
the Equation of Light. But this hardly ever
amounting to a quarter of a minute in time;
and being generally not near fo much; neither
Mr. Pound, Mr. Bradley, nor I have made any
allowance for it.

XXXIH.
Sir Ifaac Newton'i Table of Refraffion.

This is published by Dr. На/ley in the Phi/of,
tfranfatf. № 368. The great ufe of it will
appear under the Xth Problem hereafter, when
we come to find the true time at the Ship by
the apparent altitude of the Sun, Moon, and
Stars; which cannot be reduc'd to calculation,
till, by the ufe of this, or the like Table, the
apparent altitudes be reduced to the real ones,
as will be exemplified hereafter.

fabula
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Tabula Refra$itmum Sideram ad altitudines apparentes.

AI. ap.

gra. mi

0 0

о 15
о 30
о 45
I 0

1 J5
ï 30
ï 45
2 о
2 30

3 °
3 3°
4 °
4 30
S о

5 3°
6 0

6 30
7 о
7 3°

8 о
8 30
9 о
9 3°

10 о

II 0

12 0

13 о
14 о
15 о

Refraa.

m. fee.

33 45
30 24
27 35
25 i i
23 7

21 2O

19 46

l8 22

17 8
I5 2

13 2O

ii 57
10 48

9 5°
9 2

8 21

7 45
7 Ч
6 47
6 22

6 0

5 40
5 22

5 6
4 S2

4 27
4 5
3 47
3 3«
3 17

AI. ар.

•grad. .

16 о
17 о
18 о
19 о
20 о

21 О

22 О

23 О

24 0

2S 0

26 о
27 0

28 0

2g o
ЗО о

31 о
32 0

33 о
34 °
35 о

36 о
37 °
38 о
39 с

4О о

41 о
42 0

43 °
44 о
45 °

Refraa.

in. Гее.

3 4
2 5>3.

2 43
2 34
z 26

2 18
2 I 1

z 5
1 59
1 54

i 49
i 44
i 40
ï 36
ï 32

ï 28
ï 25
I 22
I 19
I 10

I 13

I I I
ï 8
ï 6
1 4

I 2

I О

о 5«
о 56
0 Ç4-

AI. ар.

grad.

46 о
47 о
,48 о
49 °
50 о

5i о
52 0

53 о
54 о
55 °

56 о
57 о
58 p
59 о
60 о

6l 0

62 о
63 o
64 о
65 о

66 0

67 о
63 о
6д о
7о о

71 о
72 0

73 °
74 о
75 о

Refraib

fee.

о 52
0 50

о 48
о 47
о 4s

о 44
О 42

о 4о
о 39
о з8

о 36
о 35
о 34
0 32

о 3i

о зо
0 28

0 27

0 20

о 25

0 24

0 23

0 22

0 21

О 2О

о ig
о 18
о i7

О 10
о к

AT. JB. Becaufe in the difcovery of the Lati-
tude by Mr. Barflon's Quadrant, the feamen

frequently want a Table of the Sun's De-
clination
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clination at noon: And, becaufe, in our prefent
way of difcovering the time at the Ship for the
Longitude, we ihall always want a Table of
the Sun's Right Afcenßon for fix in the even-
ing: In the margin of my Ephemer is I have
added both thofe Tables ; and that for the Me-
ridian of Greenwich: for which Meridian all
my other Calculations are made alfo.

XXXIV.
'A Table of tie Right Afcenfion, both in degrees, and in time; and

of the Declination, North, or South of fourteen of the principal
fixedStars; fitted to the year 1740, andJerquing for federalyears
before, and after it: In order to tie difcovery of the time at the
Ship, by Mr. BarftonV Quadrant. Of'which more hereafter.

(i.) Menear, in the Mouth of 7
the Whale. J

(2.) AUebaran, or Bulls Eye.
(3.) Ortoa\ left foot, R ige/.
(4.) In his right Shoulder,
(ç.) The Great Dog, Syrius.
(6.) The Little Dog, Procyon.
(7.) The Lyon's Heart, Regulus.
(8.) The Lyon's Tail.
(9.) The Virgin's Spike.
(10.) Arflurus.
(n.) Scorpion's Heart, Ant ares.
(12.) Bright Star in the Eagle.
(13.) Wing of Pegafus, Marcai.
( 14.) Head of Andromeda.

N. Б. Some Stars of Southern Declination are here fet down,
for the ufe of Ships failing beyond the Line. Otherwife thofe
are not fo ufeful on this fide of it : as never coming to the eaft or
weft points of the Compafs : near to which the belt Obfervations
for our prefent purpofe are to be always made.

RightAf.
in deg.
0 '

42 14
65 16
75 3«
8; 1 8
98 34

in 29
148 39
174 о
'97 55
21 I 4
Z43 '9
294 34
343 3
3S8 47

RightAf.
in time.
h '

2 49

4 zi
ï ZT
5 4'
6 34
7 26
9 54!

1 1 36
13 12

14 4
16 13
'9 38
22 52
2S 55

Decli-
nation.
0 '

3 2

15 58
8 32
7 2I

16 20
5 56

13 16
16 15
9 45

20 40
2 5 45

8 12

13 5127 48

N.
N.
S.
N.
S.
N.
N.
N.
S.
N.
S.
N.
N.
N.

PRO-
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P R O B L E M A T A .

I.
To find the trite time of the Heliocentrick Oppo-

ficions of Jupiter'J Planets, for the Meridian
0f Greenwich.

This is to be done for the firft Planet, by a
Calculation from Mr. Pound's Tables, publiih-
ed in the PhilofopbicalTranfaaiions, № 361. but
ftill as corrected by both the Equations for the
velocity of the rays of light, mentioned under
the XXXIId Lemma foregoing. According to
which rules I have myfelf made new Calculati-
ons for my Ephemeris, for the latter half of the
year 1738.

For example. On November 2. 1737. the
Heliocentrick Oppofition of this firft Planet is to
be found by the method following.

d h ' " A>

P A. D. 1737. i 6 55 33
Novemè, o 9 59 5

ConjunclMed. i 16 54 38
Equat I. 28 33

II. 4 18
III. 4

Navemfa ï 17 27 33=Meantime of g.

-V- Equation of Time 15 12
== ï 17 42 45=True time of §.

For
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For another example of this firft Planet, on

November i8th the fame year, 1737.

d
Ie A. D. 1737. I

Novemb. 1 6

Conj. Med. 17
Equat I.

II.
Ill-

Novemb. 17
-j-EquafcTirne .

— 17

h ' "
6 55 33
8 16 29

15 12 02
29 44
6 21

4
15 48 ii

jo 58
J5 59 9

A.
389
74

463

Mean

True

В.
88o
799

19

688

time of s •

time of 8 •

Corollary. If the Semidurations of the Planets
in the total Shadow of Jupiter \3Gfubßra£led
from,. Q£ added to thefe Heliocentrick Oppoßti-
ons, they give us the true times of mofe their
Immerßons and Emerßom: which we call their
Eclipfes. The former of which are alone vifi-
ble from Jupiter's Conjunction with the Sun, to
his Oppoßtion: and the latter from his Oppoß-
tion, to his Conjunction. Examples of thefe E-
clipfes will be given pcefently.

N.B. In my Ephemeris, or Scheme of Confi-
gurations, I efteem each day to be a vulgar day,
current ; beginning at midnight, and ending at
the midnight following j and adjuft my numbers
accordingly. So that the former 18 hours of it
are fuppofed to be over at that fix in the even-
ing, to which I have fitted the Planets places ;
and the- remaining 6 hours till XII о'-clock ac
night to belong to the fame day. And, Note,

that
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to avoid the ambiguity of the fame numbers of
the hours, as II in the morning and II in the af-
ternoon, V in the morning and V in the after-
noon, &c. 1 imitate the reft of the Aftronomers,
and call the morning hours with them, as if
the day began not at midnight, as in common
ufe, but at the noon foregoing. Thus II in the
morning is by the addition of XII called XIV,
and V is called XVII, and fo in all parallel cafes.
Which the Reader is ever to bear in mind in the
uíè of thefe Calculations, and the Ephemeris.

N. B. No properly correct Aftronomical
Tables for the other three Planets being yet
publiihed ; at leaft not in Co eafy a merhod as
are thofe of Monf. Caffim's for the firft ; we
muft find the time of the féconds coming to its
Heliocentrick Oppofition, by Mr. Hodgjòrís an-i-
nual Calculations of its Eclipfes, out of Mr.
Flamßeed's Tables, corrected by himfelf, and.
inferted of late into the Philofophical Tranfaffi-
ons, as well as we can: and either fubßraff, or
add their fetnidurations. Thofe Tables are fit-
ted to the true time: and the Calculations for
both the foregoing examples here follow ;

d h '

] IJ Nwetnb. 2 3 7 =s true time of Emerfion.
—Semiduration about ï 244

— 2 I 42 ~= true time of § .
For the fécond Example.

Novemb. 16 8 8 = true time of Emerfion.
—Semiduration about ï 247-

= 16 6 5 3 4 — true time °f 8 •
N, 5. The IIP and IVth Planets have hert

both their ImmerßQns and Emerßont fet down by
Mr. Hodgfon : we may therefore, with greater

L, afíurançe,
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afíurance, take the middle time between them
for the true time of their Heliocentrick Oppoßr
tîon : (always here reckon'd from the Noon pre-
ceding) and proceed thus, in the firft Exam-
ple;

d
IIId From Oãoè. 28
Take Oaob. z&

remains о
Whofe half is о
Add the fécond number 1 8

Sum 28

For the fécond Example.
From No<vemb. 1 1
Take Novemb. 1 1

remains
Whofe half is
Add the fecgnd number 1 1

Sum 1 1

IVth From О fob. 26
Take О Hob. 26

remains о
Whofe half is о
Add the fécond number 26

Sum 26

For the fécond Example.
From Novemb. ï 2
Take No'vemb. ï г

remains о
Whofe half is о
Add the fécond number ï 2

Sum 12

h
IO

7
3
i
7
9

18
Ч
2

I

15
«7

9
7
2
ï
7
8

3
ï
2
I
I
2

50 =
49 =

3°-i
49,
19 * =

51 =
52 =
59
29l
52 =
ZI-Ï -

35 =
12 =

23

I I *
12

23 т=-

25 =

15 ss
10

5
Ч
2O —

true time of Emerfion.
true tiane of Immerf.

true time of g .

true time of Emerfion.
true time of Immerf.

true time of g .

truc time of Emeriipn,
true time of Immerf.

true time of § .

true time of Emerfion.
true time of Immerf.

true time of g .

IL
*foßnd the true 'fîmes of the Geocentrick Op-

pofition of Jupiter s Planets, for the Meridian
of Greeawich.
This is to be done by fubftrafling or adding

the Parallax of the Orb, from, or to the true
time
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time of Heliocentrick öppoßtion already found ;
as follows,

In the firft example, which only needs to be
produced in ib eafy a cafe«

n h ' "

Ift Novetnb. ï 17 42 45 = true time of He!iccentrick§ .
Parallax Subfträft o 1 1 5 0

remains i 16 27 45 — true time of Geocentrick & .
IIJ Naveixi. 2 ï 42 30 — true time of Heliocentrick g .
Parallax SubftrâA 2 31 о

remains ï 73 n 30 .= true time of Geocentrick g .
Ill11 ОаоЪ. 28,. g jç 30 = truetimeofHeliocentrickg.
ParallaxSubftraft 'ò" 5 6 о

remains z8 4 13 Jo = true time of Geocentrick Q
IVth Oäol. 26 8,23 30 =i truetimeofHeliocentrickg
Parallax Subftraft o 11 50 о

remains 25 20 33 30 =: true time of Geocentrick §.

N. B. If the Geocentrick Oppoßtion be given,
the HeHocentrick is eafily found, by the reverfe
of this praftice: i.e. by adding the Parallax,
inftead of fubßracting : and Ъу fttbftrafting it,
inftead of adding. This needs no farther ex-
amples.

III.
tfoßnd the places 0/* л»у of thefe Planets at any

given time.

This is to be done ЬуУм£/гя£?Ш£г the time of
the Geocentrick Oppofition, from the time given.

Thus we may find all their places on Novem-
ber 2H, at fix in the evening, as follows : One
example in each of the Planets will be fuffi-
cient.

d Ь ' "

l f t From Novefnb. 2 6 0 0
Take Novemb. ' l 16 27 45 — true g.

remains 13 3 z 15= true place.

t 2 II1 From
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d h ' "

№ From Novetoí. á 6 о о
like i 23 M 30 r= true § .

remains 0 6 4 8 5 0 = true place.
III. From No'uinti. z 6 о о
Take О flab. 28 4 13 30 = true g .

remains 5 ï 46 30 = true place.
IVU1 From Novtmb. 2 6 0 0
Take Ofiob. 25 20 33 30 = true g.

remains 7 9 26 30 = true place.

The time here and elfewhere given, is
fuppos'd to be at the Meridian of Greenwich:
to which the Tables we make ufe of are fitted.
But this time is not the fame in other Meridi-
ans: becaufe at 15, 30°, 45", &c. eaft ward, this
fix a clock is 7, 8, 9 a clock, £?c. As it is, but
5, 4, 3, &c. at Meridians as far weftward.
Which ought always to be borne in mind on
fuch occafions.

IV.
Toßnd the Eclipfes, or Immerfions and Emer-

iîons of thefe Planet^ iscith regard to the total
ßiadow of Jupiter.

This is to be done by fubftradting, and add-
ing the femidurations of thefe Eclipfes, from,
or to their Hcliocentrick Oppoßtion; as follows,

The Mark for fubftrailions and additions, is this : X
d h ' "

I. Ntfvemb. I 17 42 45 = true §.
Л1 о ï 6 о = mean lemiduratlon.
= i 1 6 36 45 — Itnmeriion invifible.
— ï 18 48 45 = Emcrfion vilible.

II. Novemè. 2 I 42 30 = true g .
Zu o i 24 30 = mean femiduration.
=12 о 8 о =з Immerfion invifible.
= 2 3 7 о ~ Emerfion vifible.

III. ОДоЬ.



JUPITER'S P L A N E T S . 77
a h ' "

ni.
4-

—

4 -̂

28
о

2«

28

26

0

26

20

9
ï
7

n
8
2

6

10

'?46
33
s23

23
о

46

Зо
о

30
3°
JO

о

3°
30

—

зи
— ;

=

—

—

true S .
mean femiduration.
Immerfion vifible.
Emerfion vifible.
true § .
mean femiduration.
Immerfion vifible.
Emerfion vifible.

IV. ОаоЬ.

N. В. Thefe calculations fuppofe the Planets
to pafs either over the center of У up tier's iha-
dow, or very near it: as they do when they
are not too remote from their Nodes. Ac o-
ther times thefe mean femidurations are too
long j and the Immerßom happen later, and the
Emerßons fooner than is here determined.

N. B. The former fpecies of thefe Eclipfes,
or the Immerfion^ can be feen commonly for
about 64 months; from Jupiter's Conjunction,
with the Sun, to his Oppofition. And the lat-
ter fpecies of the fame Eclipfes, or the Emer-

ßons, for about 6 4 months from his Oppofiti-
on, to his Conjunction, I mean this, when the
light of the Sun does not hinder us from feeing
either thefe Planets, or even Jupiter himfelf :
which is our unhappy cafe for about three
weeks before, and as many after their Con-
junctions with the Sun. Nor will the weeks
immediately before, and after thofe fix weeks
afford many opportunities for obferving them.
Which opportunities yet will be more and more
as the time before and after is farther diftant
from that Conjunction, and moft numerous of
all about their Oppoßtion, as lafting then all

the
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the night long. Jupiter's own fituation has
alfo a great hand in affording fewer, or more
fuch opportunities. Thefe being in fouthern
ligns fewer, and in northern figns more nume-
rous. I mean this with regard to us who live
in the northern Hemifphere. The reverfe of
which is true in the fouthern.

N.B. Since therefore "Jupiter is now afcending
from the fouthern to the northern figns ï where
he will co&tinue near fix years : thóíè fix years
Wifí peculiarly affurd'&e Aftronomere, Geogra-
pher», andNavigators aí Europe the moft frequent
and valuable opportun k ies for perfecting the
Theories of thefc Planets ï and for making uie
of thofe Theories in their difcovery of the
Longitude, both at land afid fea. Which I
accordingly do earneftly recommend to them ;
and heartily wiih they may not be negleäed by
them.

V.

To ßnd the Occultations, or Immerfions, and
Emerfions of thefe Planéîs, boîb beyond, and
on tbisßde the body of Jupiter.

This is to be done by fubftradirig, or adding
the jemiduraiions of thefe Planets, under this
their obfcurhy, to their Geocentrick Oppofi-
tions or Conjun<ftbns. Only the Reader rnuft
take notice, that the Conjunctions are eafily
found when the Oppofitioni are given : viz. by
fubftracting, or adding half a Synodick period
of each of thefe Pîantts from, or to the Geortn*.

trick



by JUPITER'S PLANETS. 79
Mck Oppoßtions. One example in each Planet
íhall fuffice here.

Ifl Novemè.

4- v Perigd to the firft

II* Nevemí,

•4- -Period to the firft

1Ш ОвоЬ.

4- i Period to the fir ft

IVth O&oi.

4- r Period to the firft
= Nwemb

4"
=*̂

r—

IL

í

-— ;

"jL.

=

JZ
ax

r=
ZL
22

•"̂

jC

=r

Tl

=

=

I

Q

1
I
Q
Z

г
z
i
о
I
z
I
3
о
3
3

о
28
z8
3

З1

о

З1

S'
25

о
25
25
8
3
о
3
3

i6
ï

'S
17
21
*3

I
Ig
13
23
I

21
0

18
17

ï
16
«9
4
ï
2
6

'318
t

16
20
20

2

1.8
23
9
5
2

3
8

27

9
i8
36
Ч

42

9
33
42

1.3
28

45'

S
Si
г8
23
19
'З
5°
23

3
59
'3
5°
23
3

33
276
о
2

зб
27

9
3

45
о

45
45

3
0

3
3
о
о
0
о„

57
57
о

57
57
30
0

30
30.
43-
18
0

18
18
30
0

39
3°
36Í
67
О

= true g.
= Semiduration*
z= Im. in vifible.
z: Em. viûbl*.

* —
— •
^z:
rz;
=;
r^.
^z:

zn
^z;
zz:
zz:
-~r-

-T-
:

r=

— ~
— -
3=

—
=3

T-̂

-
rr.

б-f =

true (f .
SemiduratioiK
Ira. invifiblft
Em. vifible.
true g .
Semiduration.
Im. invifible.
Em. vüible.

true о* .
Semiduration.
Im. vifible.
Em. vifible.
true §.
Semidutation.
Im. invifible:
Em. vifible.

true rf .
Semiduration.
ira. vifible.
Ëm. vifible.
true g.
Semiduration.
Im. inyijible.
Em. vifible.

»,ue rf.
Semiduratioa.
Im. vifible.

6 ï = Em. vifible.

VI. To
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VI.
tfoßnd f be near e ft Utmoft Elongation õf tbefe

Planets from the body of Jupiter.

If the time given be that of the Geocentrick
Oppofition or Conjunction, the bare addition
and fubftradtion of one quarter of a Period gives
the times of the two neareft Utmoft Elongati-
ons^ and needs no examples. But if, as ufual,
that time be any other, as that of fix in the
evening, the folution is thus :

Subitract one, or three quarters of a Period
from the given place ; or the given place from
one, or three quarters of a Period, the lefler
number from the greater : the remains will be
in the former cafe the firft, and in the latter
the fécond neareft Utmoft Elongation. The
ufe of the Longitude Senior, and of the Scheme
of Configurations derived from it, will here pre-
vent any miftakes; and will itfelf folve this
Problem very nearly. However, take the fol-
lowing examples in numbers. Suppofe that No-
vember 18h, 1737, at fix in the evening, true
time, the place of the P Planet has been found
to be od, i5h, 19'. OfthelF, 2\ ih, 434.
Of the IIId, 6d, i8h, 3', and of the IVth, 6d,
i6h, 35'. It is required to find when they did
feverally come to their next Utmoß Elongation.
See Lemma IIId before.

d h '

I. From i of a Period ï 7 51 £
Take the place o 15 19
remains o 16 32 f after 6, or ioh, 32'v the

next day.
II. From
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A h '

JI. From -i of a Period 2 15 581-
Take the place at 6 2 143
remains о 14 tj Rafter 6, or 8h, 15'i the

next day.
III. From the place at 6 6 18 3
Take -?• of a Period 5 8 59 т
remains ï 9 3 i before 6.
IV. From ^-of a Period 12 13 34.
Take the place at 6 6 16 35
remains 5 20 59 after 6.

See the Note after Lemma XXIV before.

VII.
To make a Table for every day of any month, or

year, &c. of the Geocentrick Places of every
one ofthefe Planets at any time given : as here
forßx a clock in the evening ; true, or common
time.
Take the examples following : which are no

other than confequences of the IIP Problem
foregoing: and are obtained by addition of equal
days motions, till they amount to more than a
Period: when that Period is to be fubftradled,
and the remainder ftill folves the Problem.

T - d. h '' "

Novemb. 18 at 6 gives us о 15 i8 44.
19 - - - ï 15 18 44
20 - - •- 2 15 18 44

— ï 18 28 36
= о 20 50 8

21 - - ï 20 50 8
- — ï 18 28 36

О 2 21 32

22- - - I 2 2 1 3 2 &C.

M II. No-
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II.
Novenïb. 1 8 at 6 gives us

19 - - -
20 - -

21 -

22 - -
23 . . .

24 . . .

25 . . .

III.

Novemb. i 8 at 6 gives us
19 - - -

— —
ZQ -
21 - - -
22 - - -
23 ...

24 - - -

25 - - -
26 - - -

27 ...

d h ' "

2 i 43 30
3 ï 43 3°
4 ï 43 3°
3 Ч 17 54
0 12 25 36

I 12 25 36

2 12 25 36

3 12 25 36

4 12 25 36
373 >7 54
о 23 7 42
ï 23 7 42 &c.

6 18 3
7 18 3
7 4 0
о 14 3
i H 3
2 H 3
3 H 3
4 H 3
5 4 3
6 H 3
7 H 3
7 4 0
o IQ з
i IQ з &с.

IV. No-
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IV. а ь *
18 at 6

f
 gives us 6 16 35

1.9 -
 ;
 - - 7 16 35

20 - - 8 16 35
ai - • - -

 9
 16 35

22 - 10 10 3£
23 - - - ii i6 35
24 - - - i2 16 35
25 - - - 13 ?6 35
26 - - - i4 i6 35
27 - - - 15 ?6 35
28 - - - 16 16 35
29 - - - 17 i,6 35

— 1.6 18 5
— Q 22 30

30 - - Í 22 30 &C.

N, B. This Table is thus far made from the
mean motions of theie Planets only ; without
the allowance for any Equations arifing from
the difference of the Parallax of the Orb j or
from the fucceffive motion of Light, or from
the inequality of Jupiter's own motion: which
yet ought to be allow'd for in the Aftronomical
Calculations of thefe Planets, and is allow'd for
in the F, IIa, and IIIa, in the large Table of
thofe places made for the Longitude Sector:
(a fpecimen of which ihall be fet down pre-
íèntly.) If therefore we at any time proceed
in this way, we muft frequently make new
Calculations. Otherwife we ihall foon err, and
that Very confiderably alfo.

M 2 - N.B.
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N. B. The Reader is to be farther informed,

that in this Specimen for the latter half of
1738. I have had ufe of Mr Hodgfons Calcu-
lations of the Eclipfes of the fécond and third,
as they ftand in the PhilofophicalTranfaëtionsïor
this year, № 443. Yet have I made thofe
of the P myfelf, and compared them with
both his, and Mr Weaver's, Calculations; and
hope they will nearly correfpond to the Obfer-
vations. But the fourth Planet having no E-
clipfes, neither in this nor the following year,
the calculations and places of that Planet in my
Ephemer is muft needs, at prefenr, be very grofs.
However, I hope, againft the next year, to
procure fuch helps as will enable me to place
that Planet much more exaotly.

A Table
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A Table of the places of Jupiter 's Planets, as feen from
the Earth, for the latter end of 'November, and for
December 1737, at их a Clock in the evening, true
time.

Nov.
IS

19
20

21

2Í

23

24
25
26

11

28

3°

Dec. ï
2

3

4
S
6
7
8
9

10

1 1
12
13

H
I S

I«

:7
18
IP
20

21

I.
d li '
о is 19

ï IS 19
0 20 Jo

0 2 2 1 y

I 2 2Г-1

o 7 52
I 7 52
0 1 3 2 3
I 13 23
0 IS <4

о о 25

0 5 56

l 5 55
o i l 2 7
I T I 26

о 16 5»
I 16 59

0 22 31

0 4 4
1 4 5
о 9 37
' 9 3 7
о 15 jo
I IS II
о 20 44
0 1 1 7
1 2 1 7
о 7 49
I 7 48
0 13 19

I I] 18

о 18 49

О О 2О

2zl i o 18
23
24
25
26
27
28

29

30
31

o s 48
I 5 48
О II 2O

1 II 20

0 16 SO

r 16 49
0 22 21

O J 5 2

I 3 . S I

U.

d h

г ï 43т
í I 43-j
0 12 25

I 12 25

2 12 25

3 12 27
0 2) IO

I 23 10

1 23 Io
0 9 S2

I 9 52

3 9 5*

0 20 35

I 20 3J
2 20 35

0 7 1 8

I 7 19
2 7 20

3 7 21
o 18 4
I 18 s
2 1 8 6
o 4 49
I 4 so
2 4 SI

3 4 S2
o 'S 33
I 15 34
i IS 34
o 2 1 6
I 2 16

2 2 1 7

3 2 17
o 12 59
I 12 59
2 1 3 o
5 1 3 0
o 23 24
I 23 24

2 23 24

O I O 6

I IO 6
2 IO Л

III.
d h '

6 18 3
o 14 3

I 14 3
2 14 3

3 14 3

4 H 3
S H 3
6 14 3
o Io 4
1 1 0 4
2 1 0 4

4 io 4

S Io 5
6 IO 5
o 6 s
I « 5
2 6 6

3 6 7

4 б 7
S 6 S
í 6 S
0 2 9

I 2 9
. 2 2 1 0

J 2 IO

4 2 II

s г i!
6 2 1 2

7 2 1 2

0 2 2 9

I 21 S
2 2 2 0

3 21 57

IV.
d h '

6 :б 35
7 16 34

8 1б з t

9 16 29

IO 16 28

II 16 2б

12 16 25
13 16 2)
14 16 22

If Тб 20

1б 16 19

I 22 II

2 2 2 9

3 22 7

4 22 J

S 22 2

6 2 2 0

7 2I 54
8 21 48
В 21 42

IO 21 J«

I I 2 Г j o

12 21 24

13 21 18

14 21 12

IS 21 6

о 2 5 4

I 2 48

2 2 42

3 2 36

4 2 30
Ç 2 24

6 2 1 8

4 21 S3| 7 2 12

5 21 50
6 21 47
0 1 7 4Î

I 17 37

8 Z 6
9 2 0

lo i S4

II I 48
2 17 34 T1 ' 41
3 17 30
4 17 2«
S 17 22
6 1 7 l «

13 I 36
14 i 30
IS I 24
16 I 20
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vm.
foßnd the places of thefe Planets by the Longi-

tude Se&or, at any given time, at the Meri-
dian 0/Greenwich,.

Take this Sedlor, and lay it open before you.
Then take four common pins, of the larger
fort, and place them, by fuch a Table as has
been juft now exemplified, at their feveral pla-
ces, for 6 a clock in the evening, on the day
you propofe îo know thofe places. Remove
each pin along its own Orbit, as many hours
and minutes as the time given is different from
6 a clock : backward, if that time be before ;
6 and forward, if it bp aßer 6. Then will
the four pins, reprefenting thefe four Planets,
iland true, and rightly determine their places
at the time given.

Thus if it be required to find the places of
thefc Planets by the Longitude Secjor at 7 'a
clock at nighr, the i8h of November, and the
3i f t of December, 1737. [the former being the
day when the Moon came very near to Jupi-
ter: and the latter the day when there were
four Conjunctions of Jupiter's Planets in a few
hours time.] In the Erû place, write down
their places at 6 a clock on both thofe days, out
of tjhe fpregoing Table, which are thefe.

Nov. i:8.



JUPITER'* PbAtofc t s . 87

B.t 0 1 5 1 9 Dec.$i.\. i 3 51
II. 2 .1 43 -j II. 2 10 6

Ш. 6 1 8 3 III. 6 17 18
IV. 6 16 35 IV. 16 i 20

Ibéh íet thofe four large pins in thefe their
feveral places, at Ò a clock, which Will then
exhibit thefe Planets ftati'ding two over againft
your right hand, or weftward, and wo over
ágainft your left band, or eaftward, from the
body of Júpiter, upon Nov. i8..bur all over
ägainfl: yoür right hand, or weftward, üpdn
Dec. 31. and will have the following diilances
frorh Jupiter's center, in inches, and deciriiáls
of an inch<

inch. inch.
ZVou i8. I. 12,3 Dec. 31. I. 13,7

II. 12,5 II. 23,2
III. 14,5 III. 15.6
IV. 42,8 IV. ï 8,5

Arid thus are they to be truly reprefented în
mihiatiire at 6, in a Scheme of 'Conßgurations,
fuch as I have by me for thòfe months. Then
remove each pin one hour forward, for 7 a
clock, the time requir'd ; when they will ftand
thus.

inch. inch.
Nov. 18. I. 10,5 Uec. 31. I. 1^,1

II. 14,2 H. 24,0
№. iS,a III. 13,3
IV. 42,0 IV. 17,5

Corollary
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Corollary (ï.) If you defire to know far-

ther when any of thefe Planets will come to
an Occultation by the body of Jupiter, from
which it is not too remote, remove its pin
forwards, from its place at 6 a clock, till it
crofs one of the tangents of Jupiter, and ob-
ferve how many hours and minutes you have
removed it. That interval, as before, added
to 6 a clock, gives you the time of fuch Oc-
cultation. Thus if we take the foregoing ex-
amples, we (hall foon fee, both on the Seilor
more exactly, and on a Scheme of Configura-
tions nearly, that in the former example the
IIa and IVth are, the one going away from Ju-
piter, and the other too remote from him :
and that in the fécond example the I1 and IId

are going away from Jupiter; and in the fé-
cond, the IIId and IVth are going towards Ju-
piter, and will not be very long ere they come
to him : And by removing the feveral pins,
that reprelent their places at 6 a clock, thofe
two evenings will crofs the neareft tangent of
Jupiter, and will afford Immerßons, by being
removed forward.

Nov. 18. I. 4 474. Dec. 31. III. 8 50
III. 8 7. IV. 14 m

As alfo that they will crofs the fécond Tan-
gent, and afford Emerßons, by being removed
one intire duration of fuch Occultations far-
ther, "viz.

Nov.
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Nov. 18. I. 2 . 18. Dec. 31. III. 3 . 40.
III. 3 . 40. IV. 4 . 54.

Which are therefore very near the true times
of fuch Occultations, of fuch Immerfions and
Emer/ions refpeitively, i.e. upon the iuppofiti-
on that thefe Planets were then near their
Nodes, but not otherwife ; as has been already
obferved under the Vth Lemma foregoing.

Carol/. (2.) If you defire to know when,
any of thefe Planets will come to one of its
Utmojl Elongations, that is not too remote,
remove its pin to fuch Elongation ; and take
notice, as before, how many hours and mi-
nutes you have removed it forward, or back-
ward. That interval, as before, added to, or
fubftraeled from 6 a clock, gives you nearly
the true time of fuch Elongation. Only ic
muft be noted, that the Sines near fuch Utmoß
Elongation differ little from one another ; and
that therefore fuch time cannot be determined
by the Seitor to any exaftnefs. In that cafe
the former method by numbers, as under Pro-
blem VI. before, aniwers this enquiry with
much greater accuracy. However, to go on
with the fécond example: (the other affording
Ugr no fuch Elongation near.) If we remove
the pins reprelenting the Ia and II! Planet for-
ward from 6 a clock, the hours and minutes
following, they will then be each of them ve-
ry near their utmoil Elongations.

N
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h '

Dec, 3 ï. I. 4 о.
11.5 24.

Coroll. (3.) If you defiré to know when any
two of thefe Planets, which are not at 6 a
clock very remote from each other, have met,
or will meet one another, to our eye, and be
in ConjunSîion ; you muft remove each pin
that reprefents any fuch two of them, forward,
or backward, till you fee them at an equal di-
france from the center of Jupiter, and in the
fame crofs perpendicular. That interval, add-
ed to or fubftrafted from the hour of 6, gives
you the true time : and this, when the Planets
Theories ihall be perfected, to great exadlnefs

Thus if we now make ufe of the red lines,
and the larger fcale, we ihall find that by re-
moving, in the firft example, the IId and IIId

forward; and in the fécond, by removing the
IP and IIId, the Hd and IVth backwards: as al-
fo by removing the Ift and IIId and the Ift and
IVth forward, as far as to bring them to their
Conjunctions refpeilively, thofe Conjunctions will
be found thus,

j?Vciu8. 6 IId and IIId at 6h . 38'. or fomewhat
before the approach of the moon to Jupiter.

à !ft and II.* at б 39 j
Cf lf! a^d I V i h a t 8 20 j

}
after Sun-fet.

In
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In which latter example, the laft day of the

old year, there was fuch a clufter of thefe Pla-
nets, and number of Conjunctions together, as
very rarely happens; the two latter of which,
as well as the firft on Nov. 18 h, were vifible,
and were accordingly well obferved at Mr.
Lynn's at Soufhwick, Nortbampionßrire, and at
Mr. Barker's at Lyndon, Rutland.

N B. It muft be here farther remark'd,
that this branch of the Problem before us is of
the greateft confequence to my prefent defign ;
and that it cannot, without great difficulty, be
folved by numbers, as the other may; and this
by reafon of the continual inequality of thefe
apparent motions, and the four différent femi-
diameters to which the Sines, Hours, and Mi-
nutes are to be accommodated. While the
Longitude Seâîor folves it with the greateft eafe,
accuracy, and fatisfaction.

IX.
To compofe a Scheme of the Configurations of

thefe four Planets, for any number of months^
for an intire year-, or f or any number of yean
required, by the ufe of the Longitude Secíor.

This is the principal and highly valuable
ufe of this Seoor, and what will render the
difcovery of the exact times when the feveral
Occultations and Conjunoiion* of thefe Planets
are to be both computed and obferved, for the
difcovery of the Longitude, very eafy, very
cheap, and very familiar.

N 2 In
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In order ro the obtaining which advantages,

you mull proceed as follows.
Place the Sector open before you. Then fet

the four pins, reprefenting the four Planets, in
their proper places, according to iuch a Table
as has been already exemplify 'd under Problem
VII. before, for fix in the evening. Lay a rule
perpendicularly acrofs the four double lines,
drawn upon the Sector, for the Orbits of thefe
Planets, d i f i i n c t l y , at each of thofe pins: Look
upon the d i v i fions near both the edges of the
Sector, and note how many inches and deci-
mals of an inch each of thole pins is from the
Center or Axis of the Sector, and whether to
the right hand, or to the leit. Take with
your compafles either --, or --., or ^ of thofe
inches and decimals, and fet one of its points
upon your paper, (already ruled, and prepared
for the dai ly infertion of the le Configuration)
from the Center, or Axis to the right hand,
or to the left, as the pins on your Sector do di-
rect you The other point will determine the
true place of the Planet concern'd, that even-
ing at 6 a clock. Do this diftinctly for every
pin or Planer, and for every day of the year
that Jupiter is vifible. You will then have
before you a true reprefenration of the firuati-
on of every one of Jupiter 5 Planets, at that
time of the evening, for every day of the year,
at the meridian of Greenwich.

Corollary. If all thefe pins be'once removed
to the hour and minute when any of them
come to either of the Tangents of Jupiter,

for



by JUPITER'S, P L A N E T S , 93
for Occultations-, or to its greateft diftance
from the center for Utmoß Elongations; or to
the place of their mutual meetings, for their
Conjunctions, as already direaed ; and the in-
tervals of time for fuch removals be noted ;
you will have the fituation of all thefe Planets
ar rhe rimts of fuch Occultation, Utmoß Elon-
gation, or Comunelion. And if the т-, or -?'--•»
or -f~ of fuch removals be imitated on fuch a
Paper of Configurations, rhe paper will then
reprefent, in miniature, the fame iituations
alfo.

N. B. I have noted in my Scheme of thefe
Configurations, not only thole Eclipfes that are
any where vifible, with the true place, at 6 a
clock,, but the prefent direSiion of each Planet,
at that time, by a very fmall line, imitating the
point of an arrow, drawn from the very fmall
circle rhat ftands for fuch a Planet. This is a
circumitance of no fmall advantage, tho' com-
monly omitted in the like Schemes of their
Eclipies hitherto.

N. B. I need not here inform my Aftrono-
mical Readers, that when that fmall line points
eaßward, the Planet thereby reprefented, and
denominated by its number ï, 2, 3, and 4, is
beyond Jupiter; and when it points weftward,
it is on this fide of him. Nor need I inform
him that moft of thofe Telefcopes, by which
we view thefe Planets, contradict my own, and
nature's reprefentation, by inverting all their
objefts ; and exhibiting what is really on the

left
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left hand of Jupiter^ as on his right: and
what is beneath the center of yupitery as above
it, and vice ver/'a. But all Obfervers of the
Heavens by Telefcopes are fo perpetually ufed
to this inverfion, and make fuch confiant al-
lowance for it, that I need add no more about
it in this place.

X.

^Toßnd the Longitude of a Ship at Sea, by any
of the Eclipfes, Occultations, or Conjuncti-
ons of Jupiter'i Planets^ obferved there.

To folve this GRAND PROBLEM, which is
the main defign of the former Lemmata and
Problemata, let fome íkilful Obferver, who has
a (harp eye and dextrous hands, take either the
refradting or refledting Telefcope, already de-
fcribed, and obferve by one of them, either an
Eclipfe^r Occultation^Conjun£fiont(wb\ch will
almoft always be one of thofe noted in my
Scheme of Conßgurations, and whofe time, in
all Meridians, may be near enough guefs'd at by
the Scheme, to forewarn Obfervers to expert
them :) And let this be done with all poflible ac-
curacy. At the very fame moment of time, as
near as poflible, let fome other like Obferver take,
by Mr Barßoris Quadrant, or otherwife, the
altitude of fome one of thofe 14 bright Stars
noted in the Table under Lemma XXXIV
foregoing. Then, by the Rules to be fet down
prefently, find the hour and minute at the
Ship, and this alfo to the greateft nicety pof-
fible. Compare the hour and minute for that

Eclipfe,
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Eclipfe,Occultation,iyeConjun5iionin the fcheme
of Configurations, with the hour, and minute
at the ihip; the difference between that time
in the fcheme, and the time by obfervation,
gives you the difference in time between the
meridian of Greenwich, and the meridian of
the Ship at the time of the obfervations; which
difference is no other than the Longitude of
Greenwich, to which the time of the Configu-
rations is accommodated, from the Longitude
of the Ship, whereon the Obfervations are
made. And, by allowing 15 degrees to an
hour, gives you the fame Longitude in degrees
and minutes of the Equinoctial alfo.

N. B. If fuch Eclipfe, or Occultation, or
Conjunction of Jupiter's Planets cannot be
conveniently obferv'd at the very fame time
with the altitude of the Star, let fome of the
watches on ihipboard be fet exaftly, when fuch
Obfervation of the Planet's Eclipfe, Occultation^
or Conjunction is made, to the hour and mi-
nute noted in the fcheme of Configurations
for that appearance. Thofe watches will then,
for an hour, or more, inform the feamen exactly
enough what a clock ic was at the time of that
Obfervation by the Meridian of Greenwich. As
foon as this is done, let the fame, or another
ikilful Obferver take the altitude of fome one
of thoíè 14 Stars, already noted, by Mr.
Barflon's Quadrant, or otherwife : Then, by
the rules to be fet down prefently, let them
find the time of the Ship from that Obfervati-
on, as exactly as may be. Compare thofe times

together i
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together ; I mean that at Greenwich^ (hewn by
the watch ; and that at the Ship, ihewn by the
calculation from the Star's altitude, and this
exaftly at the taking of that altitude. The
difference of thofe times is the Longitude of the
Ship from Greenwich at that time. And Note,
that the later hours and minutes {hew meridi-
ans more eaflerly, and the earlier more weßerfyt

than the meridian of Greenwich.
Now the Calculation of the time of the Ship

from the Star's altitude is to be thus made
Let us fuppofe that the bright Star in the

right flioulder of Orion was obferved December
31*, 1737. in the evening, on ihipboard, in
the Latitude of c6° north, to be not far off
the eaft point of the compafs, and juft 12"
high above the Horizon. And this at the very

fame time that a Con-
junSlion of Jupiter's
Fand III Planetwas
feen alfo, it is requi-
red to find the time
at the Ship at that
Conjunction. The re«
fraction by the air at
this altitude of 12°
from Sir Ifaac New-
ton's Table already
fet down under Lem-
ma XXXIII forego-
ing is 4. 5". which
is to be fubílraâed
from the apparent

altitude
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altitude of 12°. The remainder is 1 1° 55' $$">
and is the real altitude of the Star at the time
of its Obíèrvation. Now in order to difcover
the true or common time at the Ship from
thefe i/tftajWemuftrefolve the foregoing oblique
angled fpherical Triangle, whofe three fides are
given, I mean the diftance between the Pole of
the World and the vertex or zenith ; which is
equal to the complement of the Latitude =
34°, the complement of the Star's north De-
clination from the Equinodial = 82° 39' 15",
and the Star's diftance from the vertex or ze-
nith j which is equal to the complement of its
altitude = 78° 4' 5" by which the Angle ZPS,
which the Star makes with the meridian, is to
be difcovered. This requires the following
procefs. Noting withal, that it appears by the
pVoper Tables, that the Sun's Right Afcenfion
was; at 6 in the evening, the.laff day of De-
cember, in time i£b 23', and' the Star's Right
Afeenfion, by the^Table under the XXXIVth

Lemma foregoing in time 5h 41'.
Let P be the North Pole: and Z the Vertex,

or Zenith of the Ship: and S the place of the
Star, when its, altitude was obferved, Where
Z'S is the btije] and Z P and PS u&ßdes, inclu-
ding the angle-' fought.- The numbers will ftand
thus: ' •

== 78^ 4 j
PS a fide =; 8z. 3.9 15, — Log. Sine 9,99642
P 7- the other fide ̂  34 о о = Log. Sine 9,7475.6

Sum



98 Tbe L O N G I T U D E difco<üerd

Sum of all three nr 194 43 2o з= 19,7439s*
The half Sum rr 97 z\ 40
(Its fupplement 82 38 20) Log. Sine =n 9,99642
Difference ofZ S Л т с-

and the half Sum/ '9 '7 35 Log. bme = 9,5,903
Log. of the Radius doubled = 20,00000
Sum of the latl three numbers — 39>5I.S4?
J4(amainder, or difference of the former Sum, and this: 19,77147
Half that remainder: =. 9,88573

'=• Coiîr.e of 395 46'
Its double is ZPS the angle fought rr 79 32
Which in time correfponds to — ç1' 18'
The Stars Right Afcenfion was in time me 41
Add to it 24 hours, the Sum is, in time =29 41
'Hike out of it the Sun's Right Afcenlion — 19 23
Remainder = ю 18
From which fubftraft the time, that anfwers"? „

to the angle now found j 5
The remainder is the time at the Ship — 5 о

Which 5b is, in the laft place, to be fubftrafted
from the time at Greenwich: which, by the
Scheme of Configurations, was 6h 39'. The
Difference or Remainder is ih 39', and is no
other than the Longitude of the Ship from
Greenwich in time ; or in degrees 24° 45'
Weftward.

N. B. You are only then to add 24h, or a
whole circle, to the Stars Right Afcenfion,
when it is lejjer than that of the Sun. But re-
member that when the Star is obferved near
the Weft point of the Compafs, you muft not
/ùèflraëî, but add the Suns and the Stars Righc
Afcenfions together, in order to gain the time
at the Ship. As alfo it muft be noted, that

this
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this time is not the mean or equal, but the true;
or common time.

But becaufe this Problem is of Tuch great im-
portance in the difcovery of the Longitude»
I ihall produce another method of trigonome-
trical calculation: that by its agreement, the
former calculation may be confirmé, and that
both of them may be ftill made ufe of at Sea
upon all occafions ; to prevent any poffibility of
error therein. The Procefs will ftand rhusj

о ' '•

Complement of the altitude Z S — 7s 4 5
Complement of the Declination PS = 82 39 15
Complement of the Latitude := 34 о о
Sum of thofe three fides =194 43 2O

HaifSum ZS = 19 >7 35
Half Sum PS = 14 42 zc
Half Sum PZ = 63 21 40

Add together ° '
Log. of the Sine of 14 42 25 = 9,4046-3
And Log. of the Sine of 63 21 40 = 9,95126
And Double the Radius = 20,00000

All three = 39,3 5589
Add alfo together Log. Sine of PS "I _

= 82° 38' 20" S ~~
And Log. of the Sine of 19° 17' 35" =

Thefe two equal to = 19,5 ï 545
Take this fécond Sum out of the firft: ~) __ „

the remainder is / - '9>84°44
Its half is = 9,92022

= Tangent 39° 46' as before.

Accordingly its double m 79° 32' is the angle
Z PS, which was fought: and in time, as be-
fore 5h 18'.

N.B. In my Ephemerh or Scheme of Confi-
gurations, I had not room for the fetting down
the Uimoji Elongations of thefe Planets. So I

О 2 have
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have omitted them there intirely. And indeed,
they being of no particular ufe to any but to
fome few curious Aftronomical Qbfervers, who
are furniihed with very long Telefcopes, and
very good Micrometers, and this at Land, and
for a little time only; it was no way neceflary
to infert them. As for the Eclipfes, they are
to be all noted there. Thofe of the птЛ are
from my own calculations: which alriioil al-
ways very nearly agree with Mr. Weaver's, fo
far as I have tried them by Mr. Pound's Ta-
bles: but corrected, as already explain'd. The
calculations of the IP and IIP are taken from
Mr.Hudfon's Catalogue of them, lately publiih-
ed in our Philojoplucal 'Tranfaftions for this
year. The Conjunctions of thofe Planets are
alfo noted : all thofe I mean that are not beyond
the Scale of my Longitude Sector, nor very re-
mote from Jupiter : The reft are very few, and
of little ufe for the difcovery of the Longi-
tude. And this indeed, is, I think, the very
firil time that ever thofe Conjunctions have
been foretold by Aftronomers. And as for
the Occultations, I have done what the Scale
of my Scheme of Configurations would admit;
I mean, I have fet down the times of all the
Geocentrick Conjunctions on fhis fide Jupiter;
which is the middle time between their Im-
merßons and Emerßons, which are alone vifible ;
and which, upon the Subftráction, and Addi-
tion of their Semidurafions, as ftated under the
Vth Lemma foregoing, directly give the times

of
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of thofe Occultations, As do thé Oppoßtions,
there always noted alfa, by the like fubftraftions
and additions of Semiduratiohs, give their Im-
merßons and Emerßom beyond Jupiter alfö. I
mean, all this is actually noted on the Epbeme-
ris, or Scheme of Configurations, without any
farther trouble of Calculation on ihipboard
whatsoever. Which Ëphéiïieris therefore I
look on as one of the principal advantages that
can be prõpofed, in order to facilitate this
great difcovery of the Longitude, both at Land
and Sea.

'N. B. Wfe have no occafion for Mr. Barßon's
Quadrant in the difcovery of the Longitude,
but when the horizon is fo hazy, or has what
the Seamen call fuch a bank of vapours, as hin-
ders them from feeing the Sun, Moon and Stars,
either rife or fet. Otherwife the time at the
Ship, is beft of all known by thofe rifings or
fettings : which is at no altitude from the ho-
rizon, or at 90° from the Zenith (allowing
the refraction) and is readily found by the fore-
going, or the like trigonometrical Calculations:
which are well known to thofe that have learn-
ed the art of Navigation. Nor will it be im-
proper to ufe the Longitude or other Telefcopes
in thofe cafes : fince thofe Telefcopes will af-
ford a view of thoib rifings and fettings oftener,
and more nicely than when the bare eye, how
{harp foe ver, is trufted in fuch Obfervations.

XI. To
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XL
the Longitude of a Ship at Sea, during

thofe ßx weeks in thirteen months, while Ju-
piter and his Planets are invißble to us.

This is to be done, in general, by thedppulfe
of the Moon to any fixed Star in Dr. Ha/Iefs
Zodiack, or by any of their Occultation by the
Moon, in the manner following. Having placed
the 28 pins, at the places of the Moon on this
Zodiack, as they were each day, at noon, in
the Meridian of Greenwich, taken from Mr.
Parkers or Mr.Weaver's Epbemeris, Note
what time the Moon's center will arrive at the
Star you intend to obferve, fuppofing the Moon
had no Parallax; and this by meafuring the
diftance of the Star from the Noon foregoing,
and comparing it with the intire diftance then
from noon to noon, by the like meafure ; ac-
cording to the following analogy. As the
number of Inches belonging to the intire Day :
is to 24 hours, or 1440 Minutes therein con-
tained :: fo is the number of Inches from the
foregoing Noon, to the place of the Star : to
the number of Hours and Minutes from the
Noon foregoing to the time of the Moon's
Conjunction with the Star. After this, take
your Zodiack, of the largeft fcale, as inclu-
ding a portion of 15 degrees only, and place
thereon the Star, or a point to reprefent it,
from the Table of the Longitudes and Lati-

tudes
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tudes of thefe Stars exhibited on the backfide
of that portion of the Zodiack, and, by mo-
ving its larger fiftitious Moon, correct the for-
mer time of Conjunction : which time will ufu-
ally be fix times as ехай as the firil time, be-
caufe of this fcale fix times as large as the
other; then will you have the very hour and
minute of their Conjunction, fo far I mean as
the Moon's prefent Theory can afford it. And
all thitf upon the fuppofition of no parallax ;
or when the Moon is in the Zenith of the
{hip, at which time all fuch Parallax intirely
vaniib.es. And fo far my Ephemeris of Con-
figurations will guide you ; becaufe I ihall infert
the time of fuch Conjunctions into it, during
the Interval between the difappearing of "Jupi-
ter, and his appearing again, for the Meridian,
of Greenwich. The reft muft be done on
ihipboard, as under the Note following.

N, B. In order to gain the vifible place of
the Moon, and the true time and duration of
this vifible ConjunSiion or Occultation, even up-
on the allowance for the Parallax, in all pla-
ces whatfoever, proceed after the following
manner. Take a celeftial Globe, and mark on
it the point where the Moon is fuppofed to be
at her Conjunction with the Star from the Zo-
diack, according to the largeft fcale ; then re-
otify your Globe to the Latitude of the Ship,
and, as near as you can, to the time of the
night at the meridian of the Ship when that
Conjunction would happen, without allowance

for
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for the Parallax. Draw an occult line from
the Pole of the Ecliptick through that point
downward, as alfo another from the Zenith
the fame way : Meafure that Angle, and make
an Angle equal to it with the line perpendicu-
lar to the, Ecliptick, and either eaftward- or
weilwarcLas the pofitioii of the Ecliptick on
the Globe will dire&you, and-this through the
correfponding point on that portioa of the Zo-
diack, and towards the Horizon. Note the
diftance of the point reprefenting the Star from
the Zenith; then fet 'oii this Line from the
point reprefenting the Star the ïntire Parallax
of the Moon belonging to that diftance from
the Zenkh. This will determine the very
point of the apparent place of the Moon's cen-
ter, on allowance for her Parallax ; take that
diuance parallel to the Ecliptick, or rather to
the Mocn*s way, which near the Nodes may
be a fmali matter different from the other.
This will be the Parallax in Longitude^ and;

apply it to the proper fcale for minutes of de-1

grées in an hour of time, in proportion to the
tycoon's velocity in degrees or minutes belonging
to that day ; which is eafily gathered from Mr.'
Parker's, qrMr.Weaver's Ephemer ii: Add-, or
fubftraot this difference, as the Globe will di-
reet you, to, or from the time found before,
and you will gain the true time of the Moon's
apparent Central Conjunction with the Star at
the Ship ; and, by moving your fictitious
Moon both forward and backward, you will

gain
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gain the true times of the Immerßon and Emer-

Jton of the fame Star ; which true time of the
central Conjunction, when compared with the
true time at the Ship, to be gained, as before,
by Mr. Barßons Quadrant, or ocherwife, will
give you your Longitude from Greenwich. But
a very few hours inftrudtion, vivâ voce, with
the proper Inftruments before you, will make
this practice much eafier to every curious Ma-
riner, than any bare words whatfoever.

N. B. Concerning thefe methods of difco-
vering the Longitude in general, both at Land
and Sea; and how neceiTary it is that the
Charts of the Sea Coafts be firft of all cor-
rected by the fame methods ; take Mr. Witty\
or Mr. Hodgfon's words, in Mr. Hodgfon's Sy-
ßem of the Mathematicks, Vol.1, pag. 384, 385.
It is well known, fays that Author, that " If
" never fo eafy methods for finding the Lon-
" gitude at Sea were propofed, they could not
" be put in practice with any defirable fuccefs,'
" till the Longitude of the Sea Coafts were
" better determined. For moil certain it is,
" that the furer any man is of the Longitude
" of the place he is in at Sea, the furer he is
" to mifs the place he is déûgn'd for, if the
" Longitude of that place be not truly deter-
" mined. So that if the worft of the methods
" hitherto propofed be not practicable at Sea,
" yet it cannot be denied but that they are
,." practicable at Land ; and therefore the firft
" thing neceflary to be done is to have all our

P « Sea
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" Sea Coafts better fettled, and new Sea Charts
<f form'd. Let them attempt this firft, and I
" doubt not but rhe Succefs will encourage
" them fo much, that they will readily find
'• means to put it in practice at Sea. For
" things that we are unacquainted with gene-
" rally feem more difficult than really they
" are ; and Ufe very often renders thofe things
" eafy, which at firft fight we thought impof-
« fible."

" 'Tis to the French Miffronaries chiefly that
*e we owe the knowledge we have of moft of
** the Sea Coafts, but more efpecially the Eaß
" Indies, and the coafts of China. — And is it
" not a fevere Reflection upon us, who want
" no means, and who trade almoft to every
" part of the habitable World, that in three
<l feven years fcarce three Obfervations have
" been made by which the true Longitude of
" any of the places they have been in can be
" truly determined ? "

— "I have often heard the Government
" blamed, for not fending two or three mips
** abroad to put the methods that have been
" proppíèd in practice, and thereby bring us
" fuch a treafure of Obfervations, as might
*-c enable us to draw new Maps of the Sea
« coafts."

Take alfo Dr. lldley\ words, to the fame
purpofe, out of Philof. I'ranfaff. № 354.
widch are thefe. " Of all the methods hither-
*' Co propofcd for finding the Longitude of

«c places
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" places for Geographical ufes, none feems
" more adapted to the purpofe than that by
" the Occultations of the fix'd Stars by the
" Moon, obferved in diftant parts. For thofc
" Immerßons of the Stars, which happen on
" the dark femicircle of the Moon, and their
" Emerßons from the fame, are perfectly mo-
" mentaneous, without that ambiguity to
" which the Obfervations of the Eclipfes of
" thé Moon, and thofe of Jupiter's Satellites
" are fubjedl. Befides, whilft the Moon is
" horned, and her weaker light lefs dazzling,
" an ordinary ihort Telefcope, fuch as by ex-
" perience is found to be manageable on ihip-
" board, fuffices to obferve thefe moment?,
" even in the Occultation of very minute
" Stars. On which account this way feems to
" bid faireft for the defired Solution of the
" grand Problem of finding the Longitude at
" Sea. But fince it would be needlefs to en-
" quire exaftly what Longitude a ihip is in,
" when that of the port to which ihe is bound
" i« ftill unknown, it were to be wiihed that
" the Princes of the Earth would caufe fuch
" Obfervations to be made in the ports, and
" on the principal Headlands of their dornt-
41 nions, each for his own, as might once for
" all fettle truly the limits of the Land and
" Sea."

Take alfo the fame Dr. Halley's words at
the bottom of his Zodtack. " The principal
«' dcfign of this Map is to forefee the Appli-

P 2 " catione
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" cations of the Moon to the fixed Stars.
t( Thefe being duly obferved on ihore, would
" be of great ufe to afcertain the Longitude
" of places, and to verify the Charts of the
" coaib of the Ocean ; and until that be done,
" the Longitude at Sea (for which the Parlia-
<l ment of Great Britain has provided fo ample
*' a reward,) if found, would be of little fer-
" vice. But the Sea Charts being thus once
<c perfected, the fame Appulfes of the Moon
" to the fixed Stars would determine, by the
" only practicable method, the true bearing
" and diftance of a ihip at Sea from her Port,
" without any regard to reckoning ; which is
" the thing required."

N. B. If, after all, the Reader be defirous of
knowing to what degree of exadtnefs thefe two
methods by Jupiter's Planets, and by the Moon's
Appulfe to the fixed Stars, are already capable
of difcovering the Longitude at Sea; and to
what farther degree they may probably be ad-
vanc'd hereafter; I venture to fay, as to the
former method, by Jupiter's Planets, that fince
Monf. Ca/!ni's own original Tables, publiihed
by Dr. Haliey, in the Philofophical "Tranfaâîions,
№ an. upon the comparifon of the Theory
of the P or innermoft Planet, with many good
and certain Obfervations, fcarce ever then err'd
above 3' or 4' of time : fince Sir Ijaac Newton
has inform'd us long ago, from Mr. F/amfleed's
Letters to him, that the EcUpfes of the fame
Planet never then differed from his Theory by

2'of
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u' of time : that in the outmoft the error was
little greater; and in the outmoft but one
fcarcely three times greater: [or fcarcely 6'.]
Syßem of the World, Eng. Ed. pag. 16. Since
Mr. Hodgfon has, long after that, affured us,
from the comparifon of 244 of its Eclipfes,
with his Tables, for 54 years together, that
74 of them do not differ ï' from the Tables
he makes ufe of; that 127 do not differ 2';
that 181 do not differ 3'; that 214 do not
differ 4'; and that the reft do not differ above
54. Philof. TranfaÏÏ. № 436, [wherein above
half are within 2', and almoft 8 out of 9 within
4'.] SinceM.T.Bradley alfo reckons no morethaa
5' 10", error in the fame Eclipfes, Tranfaff.
№ 394, And fince Mr. Bradley informs us far-
ther, that the errors of the IIId Planet are alfò
fmall: fince they therefore do all agree that
none but the II4 errs much from the Tables:
And fince withal it now appears that the Con-
jun&ions of thefe Planets with one another are
more numerous, and more nicely to be difco-
vered and obferved than the Eclipfes them-
felves; I conclude, that this method, if follow-
ed with due care, and if the IId Planet be not
yet made ufe of, may generally difcover the
Longitude ; at leaft in the Latitude of Great-
Britain ; within one degree of a Great Circle,
or 60 Geographical Miles already, which is
here within 7' of time. And there is great
reafon to hope, that after good Obfervations of
a few intire Periods of the three innermoft, or

in
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in a few 144 months. (See Corollary (2.) after
the XIth Lemma foregoing) the fame Longi-
tude will be hereby gradually difcoverable to
50^ nay, to 40, nay, to 30, nay, perhaps, at
length, to 20 fuch miles; which laft number
implies a degree of exaótneís almoft beyond
the utmoft defires and expectations of Aftro*
nomers.

As to the latter method, the Appulfé of the
Moon to the fixed Stars, take its prefent de-
gree of exaftnefs from Dr. Halley's own words,
at the bottom of his Zodiack; which are thefc:
*c In this method we muft fuppofe the inequa-
" lities of the Moon's motion known. When
l* perhaps the beft numbers we hitherto have
" may err a few minutes ; tho* fcarce ever e-
" nough to produce in practice an error of
<c above 40 Leagues [— 120 miles;] And
" this, 'tis likely, may be amended if diligent
*' Obfervations be made. Of which this Zo-
*c diack is very proper to notify the occa-
« fion,"

And after all, I íhall, myíêlf venture to add
this farther; that if once the Theory of thö
Moon's motions be brought to perfection, (to
which Mr. Flam/leed's and Dr Halley's labours
have greatly contributed ;) this method by the
Moon may, by degrees, be not much inferior in
accuracy to the other by Jupiter's Planets. Yet
that the Period of the motions of thefe Planets
neceflary to be iritirely obferved, being no' more
than 144 months, аз we have already proved

under
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under Lemma VII. foregoing : while that of
the Moon is known to be full eighteen years :
the Theory of Jupiter s Planets is likely to be
brought to perfection much fooner than that of
the Moon. It is alfo to be farther remarked,
that the Opportunities for obferving either an
Eclipfe, or Occultation, or ConjunSiion of "Ju-
piter's Planets will always be much more nu-
merous, than thofe for obíèrving the Appulib
of the Moon to fixed Stars; and on that ac-
count will ever be much more advantageous to
us in the difcovery of the Longitude, both at
Land and Sea.

I conclude the whole, as I have done upon
^wo former attempts for the difcovery of this
Longitude, with my hearty wiihes, ai a Mant

that this my defign may tend to the common
benefit of Mankind; as a Briton, that it may tend
particularly to the honour and advantage of this
my Native Country ; and as a Chriftian, that it may
tend to the propagation of our Holy Religion, in
its original purity, throughout the World.

London, July 6.
1738.

WILL. WfnsTON.

E R R A T A .
T) AG. 23. line 3. dele in and read Conjunilitms. pag. 26.
JL line 14. read in: a few periods of 14.£ months, pag. 65.
line 16. read Determinations, pag. 96. line 12. Add this (A
grofs folution being firii made by the Celeftial Globe, if any fuch
be in the Ship, to prevent all fundamental miflakes:) pag. 62.
line 24. add, I mean this on account of the breadth of the Eye-
Glafs of \ т inch only. While the breadth of the fmall reflefter,
of 2 inches, affords us room for near 4 degrees more; without
our loling the fight of Jupiter and his Planets.
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Â TAÍç-Et;:of the EcKpfes of Japiters Four Planets j witli
~~~" ' " iofrhc Immer/toasandEinerflons ofthe F;cftPlanet;

< Hrto,-*nd ffeiB Jupiter's Body ; aiid the Parallax of the OWc for
the Years îyjp and- 1740. Eclipfes, of the ift. Píanèr."

• 1739 - '739 *73Р
E t t H R s i q s í . l

Ja&uary.

D. H. M. S.
ь 7 44 4°
4 ь u 55
5 10 41 IQ
7 15 í> 14
9 9 36 50

ii 4 5 16
ii 11 34 41
14 17 3 M
16 ii 31^ 47
18 6 O 10
IO O í1?' O

ii 18 57 40
13 13 16 19
15 7 55 11
17 i 24 Z5
l'S 10 51 57
30 15 - 5-

. February*.

í 95° 47
3 4 !9 40
4 11 48 40
6 17 J7 30
S n 46 41

I O 6 1 5 4 4
il o 44 48
15 19 f'3 58
15 Ч 43 i?
17 8 li 20
.

io i: 10 4'S

*i K 40 6

^4 JO 9 18

l6 4 ?y 47
'Í7 *3 SI' C

Ем ER s io N s.;1

March.
D. H. M. S.

i 17 37 *3
3 ii 6 43
5 6 36 3
7 1 5 i i ;

8 19 34 ' 44
io 14 4 6
ii 8 33 :i8
1 4 3 2 4
15 ii 30 40
17 16 l 31

19 lo 30 51
ii 5 0 li

Jupiter near the
Sun.
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May.

7 if 55 37
. 9 1 6 1 4 ч
it IQ 51 4Э

Ч 5 : -f ló

Ч Ч 49 51

i6 iS 18 16
iS ii 46 41
10 7 14 53
11 i 45 5

13 10 n 41

15 14 4° °
.1 7 9 8 K,

3-9 3 36 33
,30 . 11 . 4 5'

^V/Vé1.

i 16 35 y
3 ii l 16
5 5 19 3-:|

6 iq (," /;i
8 i? ?•; /ly

I M M Ê R S I O N S

June.
D. H. M. S.
lo ii 53 53
II 7 •!! 57
14 ï 50 ii
15 10 'i8 37
17 14 46 51
19 9 15 7 .
il 3 43 'il
11 11 ii 55
14 i6 39 49-
10 II S !

18 5 36 13
30 о 4 16

«•„/,,
З У ' . ~

i i8 31 19

3 Ч о ,57
5 7 19 49
7 I < 7 < 1/ A ) ! J ~

S ..lo .15 54,
io 14 ; 54 iy.

1 1 9 * 3 4 °

14 5 5í i1

15. 11 : 19 43
1 7 . 1 6 .• 48 9
1 9 . 1 1 , ió 47

ir 5 45 S
13 о ' Ч . 3°
i4 iS 41 11
irt I q il 6

i3 7 39 50-

30 ï 3 36

s!u»tifl.
о го 57 il

' i J 5 6 6
4 У H 5
ó 4 j 26

Л '

I M M E R S I O N з Г
Augitft. . .

D. H. M... S.;

7 11 31 18
9 17 ï IQ
ii ii 30 a1

Ч 5 58 58
ii o 17 54
16 iS ,57 3;
i S . M j 1^ .57,-
1 0 - 7 - J 4 i f i
14 l 1 3 - ^ 4

Ч го 5i, 4r,

15 Ч u 5»
17 ' 9 ' 5° 52*
19 4 19 5 5".
30 ii 48 5Íí

September.
i ' 17 i j' i:

3 'it 47 •" 6
;5 6 16 í.:
7-. о. /45. iS .

' S ' 19 14 li«

to 13 43 iö

U S ii iS
t4 ï 41 i9>
i í n lo ? о

17 i? 39 З 1

19 'Q S • jió;
it, 4 37 4i'
ii 13 . ó 46
14 17 3 í 43
16 ii 5 it
15 , б üj if
30 i i i?..

~Шо/^"7
i 19 31 Ji3
3 14 о il

^ S 19 7

7 г 5 »' .. 5 P •



1740 1740:

I M M E R S I O N S .

Offober.

ß. H. M. S.
8 ir Z7 л

:10 И •)<, 47
•14 IQ 14 24

14 4 51 л
'15 ij 11 3Z
т 7 i/ 50 44
лр il 19 19
21 6 47 ^

a? ï 16 31

*4 'P 4Í 9
16 14 13 45
18 8 41 14
•30 3 ю ii

November.
о и 39 ii
г 16 7 31
л ю з < з ?

6 5 4 9

7 13 Ji- 45
g 18 о 19

it ii 18 55

Jup'tcr in Oppofi-
tion со the Sun.

E M L R 5 J O N S

it 14 36 56

•j 9 Ç 31

15 5 ? 4 "
IO Ы 1 II

1 8 1 6 то i6
ю ю ^S 19
ч 5 if> 16

i í ~> Vf i>
i 5 1 8 11 i í
17 11 50 5
19 7 17 u

E M E R S I ON s .

December.

D. H. M. S.
i i 46 3
2. ю 14 г

4 i4 4i ï
6 9 9 59
8 3 37 5*
9 " 5 45

ir 16 35 37
13 u i 19
15 5 *9 i5
16 13 $7 19
18 18 15 ю

ao ii 53 ii
11 7 il 36

14 ï 49 45

17 14 46 3
19 9 Ч !9
3i 3 41 35

1740.

t- M E R S I O N S.

January.

ï ii ю iS

3 16 58 49
5 1 1 7 ю

7 5 35 31

9 ° 3 54
ю 18 31 17
ii 13 o 43

Ч 7 ~9 3
ló i t,7 16
17 го i6 9

19 14 54 44

i t 9 i ; 1 9

-3 3 5i 54 1
14 _- ю 47
16 16 49 40
:S ц rS 31

jo 5 47 .18

E M E R S I O N S .

February

D. H. M. S.
i o 16 ю

ь 18 45 9
4 13 14 ю

6 7 43 9
8 г il M
9 10 41 ii

ii 15 jo 17
13 9 39 36

15 4 8 45
16 11 37 57

18 17 7 Ч
}0 ir 36 19

11 6 5 44
14 o 35 3

-5 '9 4 •"*
'7 1 3 33 4°
19 8 3 6

March

•* ^ 2 ^ 21
3 ii i i

5 !5 Ji i5

9 43° l l

10 11 59 34

U 17 18 56
14 ii 58 19
16 6 z7 38

18 o 56 54
19 19 ló 35
ii 13 56 j
13 S "5 '7

15 i 54 51
16 ii 14 ii

-S 15 53 30
30 ю 11 50

.ф-ti.

l 4 5 1 7

i гз ii 14

E M E R S I O N S

April.

D. H. -M. S.

4 17 5° 4^
6 ii 19 54
S 6 49 6

ю i 18 19

n 19 47 17
13 14 16 33

15 8 45 37
I7 3 Ч 41
18 ii 43 44

IO 16 j! 41

11 ю 41 38
14 5 ю 36

15 13 39 19
17 i» S 12,

19 11 37 14

May.

I 7 6 30

3 i 34 55
4 ю j 36

6 14 31 17
8 9 o 59.

10 '3 19 35
il il 58 li

Júpiter near the
Sun.

I M M E R S I O N S .
June.

19 18 p 44
ii ii з8 i
13 7 6 18.
15 г 34 37
i6 ю i 5°
i8 14 зг 5
3° ? 59 19.



1740." 1740. 1740;
I M M E R S I O N S .

July.

D. H.- M.' S.

z 3 ï?. 30*
Î ii 55 4V
5 16 14 Z3
7 Ю 5i 48
9 5 u 13

10 13 49 3-7
iz. 18 ia 8
14 ii 46 39
16 7 15 Ii
1 8 I 4? 41

19 20 ij, ii
ii 14 40 43
ij • 9 '9 17
15 3 37 51

'1,6 11 6 37
18 16 35 10

•
30 ii 4 ;

Atiguß.

ï 5 31 46
3 o ï л8
4 i8 30 16
6 ii 59 5
8 7 17 56

Ю ï 56 47
ii 10 г 5 j 8

13 Ч 54 3i
15 9 13 31
17 3 5* 16
jS 11 ir 16
го i6 50 16
11 ii 19 Ч
14 5 48 i6
гб о 17 ji
17 18 46 3
19 Ч 15 5

"51 7 44 7
B. • .'- ™rt '

IM ME S. SI O N S.

September.

D. H. M. S.
г г 13 го

3 го 4г 9
5 15 Ю 58

• 7 9 4 ° 8

9 4 9 8
Ю ii 38 8
ii 17 7 Ю
14х n Зб 7
i6 6 5 4
13 о 34 3
19 19 3 °
li 13 31 57
13 8 о 53
15 L 30 4
гб го 5 8 í 5
18 15 17 гб

30 9 ?б î4

Offober.

i 4 ZS i

3 " 53 SO
5 i7 ii 31
7 ii 51 ч
9 6 19 54

ii o 48 зз

li 19 17 u

Ч Ч 45 50
i6 8 14 li
18 г 41 5i
19 ii n ai
ii 15 39 45
13 Ю 8 6
15 4 36 31
гб 13 4 48
18 17 33 5
30 II I 2,1

, November.
ï 6 19 19.
3. Й 57 37.

I M M E R S I O N S .

November.
D. H. M. S.
4 19 15 415

6 13 53 51
8 £ n 58

IO 2, 50 <

ii ii 17 59
Ч Ч 45 53
15 Ю 13 47
17 4 41 39
18 13 9 ip
го 17 37 il
•» ? I ' í •> T-ъ 1- Ч -7

14 б 33 Зг

гб ï о 35
17 19 18 гб

19 13 5б '?

December.

ï 8 14 6
3 i 51 45
4 ii 19 м
б 15 47 ï
8 IQ 14 41

Ю 44* г о

ii ij 9 5б
1} 17 37 41

15 li 5 18

Jupiter in OppoG-
cion to the Sun.

E M E R S I O N S .

15 14 19 38.
i7 8 47 15

19 3 Ч Ч
lo li 43" ï
ii 16 Ю 51

M I0 38 45
гб 5 б з'8,
17 1,3 34, 3°

E M E R G I O N S .

December. .,

D. H. M. s7
19 1 8 г ' 16

3t il 3° it

\



1759
E M E R S I O N S .

January.

D. H. M. S.

ь 15 17 i?
б 4 35 Зб

9 17 53 3°
j 5 7 9 5°
16 IQ iS 7
Í л о до 2, C

13 -5 4 49
17 ii 15 ii

31 i 41 :7

February.

3, IS o 43
7 4 19 4°

14 6 57 Ю
17 10 ló 31
il 9 ^6 15

-4 « 55 56
18 11 15 30

March.

4 i 35 5
7 14 54 41

i i 4 1 4 1 8

14 17 13 5'
18 6 53 15

13

1 M M Г R S I O N S.

Л/%.
ó 11 47 18

10 ii 5 II

.14 i 13 l»

Eclipfes of tli
1739

I M M E R S I O N S .

May.

D. H. M. S.

17 14 40 54
u 3 58 37
14 17 16 6
18 6 33 34

Jane.

o 19 50 55
4 9 8 ió
7 11 ^5 19

n ii 41 41
Ч гЗ 59 S5
iS 14 17 7

u 3 33 55
15 1 6 - 5 1 41
19 6 9 4

Jalv.

i 19 16 ió
6 8 43 59

9 u I 17
H u ï 9 14
17 o 37 o
10 13 54 53
14 3 ii 49
17 16 30 46
51 5 40 44

y%///?.

3 19 7 li
7 8 15 58

Ю li 44 51

1 4 1 1 3 7
18 o n 11

n 13 4° 37
15 г 59 30

г» 16 18 AI

e 2d. Planet'.

i7?9
I M M E R S I O N S .

September.

D. H. M. S.
I 5 37 15
4 18 56 2,9

8 8 15 11

u ii 34 13
15 Ю 53 8
19 o ji 5

ai 13 31 о
16 i 49 55
19 1б 8 37

Ötfober.
3 5 i7 19
6 iS 45 50

Ю 8 4 ii
15 ii 11 35
17 jo 40 48
10 13 58 51
14 13 16 64
i» z 34 39

November.

о 15 51 14

4 5 9 5S
7 l» 17 33

II 7 44 57

E .M £ R S I 0 N S.

14 ^5 3Ó 55
18 11 53 54
11 ï Ю 51

15 15 *7 43

i9 4 44 34

December.

ï iS ï 15
6 7 17 56
9 «• И :9

1739 _

E M E R S I O N S .

December.

ÏX H. M. S.
13 9 51 u
16 13 8 Ю
10 II 14 58

14 ï 41 5i
17 T4 58 4S
31 4 Ц 44

1740.«

E M E R S I O N S .

January.

3 i? 33 39
7 6 51 15

Ю Ю 8 40
14 9 16 id
17 il 44 í*
il li i IG
15 i J9 5б

Fe&ív/tfíj.

I 3 57 5<>
4 17 lu 34
8 ó 35 35

n 19 54 36
15 9 13 < I
18 11 53 6
11 li 51 34
16 1 li I

March.

o 14 31 ?i>'

4 3 51 i4

7 17 1? Я



E M E U S J p NS.

March.

JP. Jí.'':.M S.
И ;6„.ЗЯ *?

14 19 5°' «>
18 .p -9 $г
aj . .11 - г» 5°
i^ u 49 l?
*9- i s З6

dpril.

'ï ' 14 i8- 4
5 3 47 i?
8 17 6 45

*г 6 ij 5°

^ 5 19 44 54
19 , 9 . 3. .4Í5

Аа « i* Зб

Аб II 4Г- б

30 ° 5? 35

May.

' 5 'J4 ' i8 3
7 3 Зб 3°

IQ Гб, и 44
J.upîcer Is деаг I îs

Conjiinftipn with
the Sun till June
•Li. '

IMME.R.SIOHS.

jfiufie.

D. r«; M. Si
li : -5 4í *9
*ï '1-9 i о *J
2,9 i8> 18 17

;'>/>:• "•;
г ii '54 го

6 ïo - fi 19
I D 0 9 1 6
13 13 16 50
17 г 44 4<э i
to ;i6 : x j«};
14 • $ го ь4 :'
*7. *8 , ЗД jji

З-1 . : 7. 5ö 37;

4«^«/. ;
3 " 14 5Ö

7 IO 33 15
ïo -гз 5i 40
14 гз jo $
18 a 19 8

.ar 15 47 го
*5 5 -.5 56

2$ iS . 24 JZ

Ï M M E A S I O Ï Î S T

'September.

лО H. M S.
i 7 43 го

' 4 il г 6
" 8 ïo ïo $i
•M '23 39 37 j
*5 l* 58 16
19 * 16 53
« 15 35 гг ,
гб 45J 5o ;

гр i« u 48 ?

•O^efcr. f

J 7 3 1 4 5
б ' го 49 L6

4р ïo 6 48
1.3 . '.*î г4 4a-
j 7 ii 41 35 J
г i а о гс-'
Z4 i$ 18 13
18 ? Î5 7

November.

о 17 5ь i4
4 7 9 ю
7 до гб о

iz 9 4r 47

I M M E R S I O N » -

Noyewber.
D.- н. м. ;s;

14 a 59 u'

r8 11 15 J?;
га ï З1 ij
15 Ч 4s 47
г9 4 4 .37,

December. .

г 17 ïo г$
:б б зб гт.

9 Г9 51 30
Ч 9 « 4?
1.6 ii a4 4jî

Í7 х 1-1 *,i.

.. E M E R S I O N ^ .

;*о -14 i 8 -1,5

•*4 3 45 .í
.17 í 7 ,i 30
-îi. 6 tf ^4

I MM E 'RS I 0-N S.
AND

• E M E R S I O N S .

D. H. M S.
Jn. ï 9 ii 55

Eçlipfes of the 3<i. Planet.

.,£w. .8 1.5) a j ' . ' 8

Im. 15 17 il 4<>
Em.. 15 19 13 54
lin. il il 13 il
Em. li 1,3 14 IQ
Im.. 30 í 15. 34'
f.m. jO .3, 16 1 6

•'Fdr:iary. '

Tw. 6' 5" 17 35
Еда. 6' ? tS i

J3

/;». 13 9 Ю 44
£w. 13 i I 31 7
/m. 10 13 l? 46

Ем." 10 15 33 5S
'Im. 2.7 П i? 31
'Em. 17 19 37 41

MM c b
'•.'' j '.lm. 6 il 31 'Ю
£'». 6' i) 41 14

'• '" '

Ля. 14 i 35 7
£w. 14 3 45 7
/w. ir 5 38 5í
£чг. zi 7 48 57
Лл. i8 9 41 j j
£». 18 n 50 5 1

Jupiter is near híi
Conjunftion wicli
the Sun till №j?:.i°- • .



1739- 1740 1740:
IMME RSI о N s

AND
E M E R S I O N S -

May.
D. H. M. S.

/«. io 9 59 33
fm. io it io 17
/я». 17 i J 57 9
£от. 17 16 8 13
Ли. 14 17 54 45
£»». 14 го 6 8

June.

Im. o n 54 6
Em. i o 5 54
Im. 8 ï 53 ii
Em. 8 4 5 zo
'1m. !5 5 51 37
E m . 1 5 8 4 ?
1m. ч 9 50 55
Em. 21 ii ; 18
/я». Z9 13 49 18
£тя, Z9 io ï 41

T7^
//я. 6 17 49 19
£ra». 6 10 z 44
/CT. 13 ZI 48 13

Em. 14 o i 13
J»;, zi i 49 ii
Em. ii 4 j го
/w. z8 5 48 48
Em. iS S 3 58

Atgttfi.

Im. 4 p 50 Z9
£'«. 4 il 5 5 i
Угя. ii 13 5O 57
> w. 1 1 1 6 713

Jm. rS 17 51 58
Em. i S 20 9 38
/w. Z5 zi 53 51
Em. 46 o u 15 ^

September.

D. H. M. S.
Im. г ï 56 59
Em. í 4 14 41
Im. 9 5 58 54
Em. 9 8 17 31
Im. i(5 io ï 44
Em. 16 ii zo 43
Im. 23 14 j i
Em. 23 16 13 17

October.
Im. o 18 5 z
Em. o 10 25 34
Im. 7 21 5 59
£»». 8 o 17 19
Jm. 15 a 7 16
EÎ». 15 4 28 57
Im. ii 6 7 8
Em. z S 8 29 <4
Im. IQ 10 7 zi
£тя. 29 ii 30 37

November.

!'». 5 14 6 8
£от. 5 16 30 zz
Im. 12 18 5 7
£*». u io 19 zi
•fr». 19 zi z 18
Em. zo o 18 го
Ли. Z7 2 o 30
£я». Z7 4 26 46

December.

!'*• 4 5 57 4?
£от. 4 S г 5 13
1'п. u p 55 'P
Ew. 1 1 1 1 1 3 ç
/'л. iS 15 53 4°

1 £w. i8 16 zz 46

I Ifa- M i/ 55 4
[ £м. Z5 10 zo 31

January.

D. H. M. S.
7ж. ï ii 47 58
£m. г о i8 ?8

Im. 9 ï 45 44
Em. 9 4 17 14
Im. 16 í 45 57
Em. 16 8 18 37
Im. 13 9 47 9
Ем. 2j ii 19 49
Im. 30 13 46 36
Em. 30 16 zo 0

February

Im. 6 17 48 zo
Em. 6 zo 13 36
Im. 13 zi 50 2
Еда 14 о гб i6
/m. li i 51 41
Em. г ï 4 19 47
Im. z8 5 5< 18
£от. z8 8 33 18

March.
Im. 6 9 56 13
£m. 6 ii 37 n
Im. 13 14 I IO
Em. 13 1.6 41 4
Im. 2 0 1 8 4 4
£от. zo zo 44 57
Im. 17 zi 7 i

Em. iS о 48 39

ЛргП.

/ / » . 4 1 9 1 9
£>я. 4 4 5i 7
Im, i i on о
£m. it 8 55 36
/от. 1 8 jo 14 38
£;». 18 iz 58 15
Im. 15 14 17 1 8
E»i. 15 16 58 54

Л/лу.
D. H. M. S.

Im. г i8 го 30
£ffi. г 20 58 30
Im. 9 il 14 30
Em. io o $8 6

June,
Im. ii 22 8 ig
£«. IL o 59 6
Im. 19 l 6 5ь
Em. 19 5 o 51

Jílfy.
Im. 6 6 3 гб
£•». 6 8 58 а
/от. i3 io ï 17,
Em. 13 li 58 57
Im. zo 14 I 18
Em. io i<5 58 4
Im. ï? 1 8 о 25
£w. 17 10 57 55

JÍUgU/f.
Im. j 22 ï îj
£тя. 4 О 59 47

/»?. il Z l 17

£от. ii 5 ï 35
Im. 1 8 6 j il
£»». 1 8 9 з 19

/гя. 25 IO 4 3

E«. 15 13 5 7

September.
Im. ï 14 4 56
£гя. I 17 б 44
Im. 8 18 6 •
Em. 8 21 8 51
Im. 15 zi 7 4

ЕТЯ. 16 I II 0

/w. 23 1 7 37

Em. 15 5 « i$
Im. 30 6 8 Ю
Ест. 30 9 13 30



1740- i?4°- 1740-' 1740!
IMMERSIONS.

AND
E M E R S I ONS.

Otfofor.
D. H. M. S.

fa, .7 io 8 го

iw. 7 i J Ч jo
Im. 14 И 8 jo
£w. 14 17 15 30
/M. *l 18 9 6

QUober.
D. H. M. S.
£». ZI íf'17/тб

Ля. г 8 *г í 4°
£»я. *9 f Г4 J8

November.

Im. i г j io
£ж. < f u 46
/w. 12t 6 о 39

£w. u 9 io S3

November.
D. H. M. S.

Im. 19 9 $7 M
Em. 19 ij 8 ii
Im. 16 ij 53 17
Em. гб 17 4 Í7

December.
Im. з 17 49 j
Em. j ti i j j
Im. io it 44 49

December;1

I>. H. M; s7
Em. ii о 58 p
/w. 18 ï 41 u
£я». 18 4 54 53
/я. z5 í 36 5_i
£w. ii, 8 51 J7

Heliocentrick
i739

Ktliecaitríck Off*,
ßtims.

January.

D. H. M. S.
í a 48 50

11 г i i 14

February.
7 Ií l» 45

14 9 ?7 5Ó

March.
13 3 58 44

. Л%.
19 $ 6 4P

June.

4 ij 16 54

?Г 17 aí 4T

;7»/j'.
8 ir 34 7

H S 4,6 4°

OppoßtioWj anc

Heliocentrick Off»-'
ßtient.

Auguß.
D. H. M. S.
u o o 33
18 18 16 35

September.
13 ii 32, 18
3Q 6 48 IJ

Otfober.
17 I I 38

November.
t 19 л i6

19 13 19 19

December.
6 7 14 18

î3 ï г» 5б

1740

January.
8 19 35 35

i$ U 44 5,Р

1 Eclip/ef of the

Heli'qcentrtck Offo-
ß t ions.

February.
D. H. M. S.

ir 6 58 47
18 г i8 59

March.

i5 ьо 31 54

April.
I 13 48 гб

i8 8 45 57

May.

í J Ч *4
Jupiccr is near his

Conjunction wich
the Sun till June
*4-

Eclipfesof the 4th.
I M M E R S I O N S .

AND
E M E R S I O N S .

7w.
/rá. .»4 8 47 33
^»?. 14 19 18 J5

4th Planet.
i M U b R S I O N i .

AND
E M E R S I O N Ï .

.J«/y.
D. H. M. . S,
Ля. II г 44 3i
£m. it -4 31 19
Л». 17 го 44 5*
£i». *7.Я 47 líf

Auglift.
Jm. 13 14 47 г^
í»». 13 17. * iz,
Im. 30 8 53 ij
Em. 30 ц 19 4t

September.
Im.' 16 l- 59 51.
£w. 16 5 34 56

Ottober.
Im. г IQ 56 j
£т». г 13 44 5

.Ы 19 15 5 4J
Em. 19 18 г ij

Ncvembtr.
Im. 5 9 4 5Î
ÍW. | U. 10 U



I M M E R S I O N S .
" -AíÍD

E M E R S I O N S .

p. H. M, S.
Jm. iz г tfi }i

Em. 2* $ 55 î

I M M E R S I C T N S .
AND

3?. H. M, S.
Zw. S ip 54 il

December.
D. H. M. «.
Лог. Ц 14 48 J

£w. § 24 15 13 J д„. 2,5 i8 16 49

A T A B L E of the Qccukationsy tte Immerßons and Emr/tons of
Jupiter's lit. Planet mto, and from Jupiter's Body : with the
Parallax of the Orb,: for every Day of the Years 1739, and
1740, while Jupiter is vifible.

ü
•s
ã,

ï
"T*

,1
о
•»I

§•

|
S,

|

1739 ,9

I
e?

' 8,

ffl Ï739

H. M. H. M. H M. H. M. H. M. H. M.
r
2

3
4
5
6
7
S
9

10

11

li
l;
i<
li
16
17

i*
J5
2Q
l^
~i
?j
l<\
-ъ
Ч
»7
i8

2&
•3«

iJ

22

Ч

Ч

24

1 ,24

ï Ч
l 22

II 21

II 19

II l8

11 17

II 15

II 13

II 1C

Ira. 6 59, Em. 913.
An. 4. ï 3. Eclipíè.
Im. l 27. £от. з 41- !»>• 22 41-
Eclipfe, Im. 19 56. Em. a jo,
/от. 17 lo Eclipfe.
1m. 14 24. £w. 16 38.
Im. ч з 8. Eclipíè.
Im. 8 52. Em. ii 6.
ím. 6 6 Eclipfe.
Im. з 20. Ew. 5 34.' ï
-йя. o 34 Eclipfe. /от. ii 49. i
Em. o ;. /w. 19 4 Eclipfe.
Ая. i<5 18 Em. 18 33. J

L&B..I3 33 Eclipfe.
II -j'\lm. 1048 Em. 13 i.
1.1 -f Lu«. S 3 Eclipfe.
il 2 lire. 5 17 Em. 7 31.
il о 1m. 2 31 Eclipfe /от. 23 46.
lo 58Í£ra. 2 o. Im. ut.
ip 55JEclipfe Im. 18 i 5 £». 20 29.
to 5: l/w. 15 30 Eclipfe.
ío afi'-Im. 12, 44 £тв. 14 ^8.
io 46 JM 9 59 Eclipfe.
to 41! /w. 7 14 £"». 9 28.
io .39JIOT. з 2,9 Eclipfe.
io 35Í/"». ï 4; £да. 3 57 £я. л 2 59.
te 3-z,JEclif»fc Jm. 10 13 Em. 22 27.
lo iSJi-», 17 -S Bclipfe.
;o 2}J///;. 1.4 41 £w. .16 ^o. {
10 ,i$ tlf».i ï 58 Lclipiï.,
;o j j ' i ' / v , y ;i £.v;. [j 1(3.

1,10 9
2 ID 4
3 9 59
4 9 55
5 9 50
6 9 44
7 9 38
8 9 Г-
9 9 16
о 9 20
ï 9 15
2 9 n
3l 9 5

14) 8 58
15) 8 52
6 8 46
7 8 40
81 8 34

[9! 8 28
101 8 22

2i. 8 15
i2> S 8
tjl 8 2

4l 7 55
15| 7 4?
•-•6 -7 4«
27 7 33
îr«-) -7 •*?

£̂
Г I

m. 6 28 Eclipfe.
!m. з 42. Em. 5 56
'm. o 59 Eclipfe, Im 22 t*
Em. о 26 Im. 19 28 Eclipfej
m. iõ 42 Em. 18 56
Ira. 13 57 Eclipfe
"m. ii 12 Em. 13 26
[m. 8 28 Eclipfe
[m. 5 43 Em. 7 57
Im. 2 59 Eclipfe
Im. о 13 Em. 2 27 1m. 2129
Eclipfe Im. 1 8 43 Em. 20 $7
Im. 15 5 9 Eclipfe
Im. 13 14 Em, 15 2S
Im. ю 30 Eclipfe
Im. 7 44 Em. 9 58
Im. 5 о Eclipfë
Im. 2 14 Em. 4 29 Im. 13 30
Eclipfe Im. 20 45 Em. 21 59
m. 1 8 ï Eclipfe
m. 15 16 Em. 17 50
im. 12 34 Eclipfe
'm. 9 47. Em. lit
[m. 7 з Edipfe
im. 4 1 7 Em. 631
1m. 133 Eclipfe' Im. 22 48'
Em. ï 2 Im. 20 4 Eclipfe
tm. 17- iS Em. 19 31



H. M. H. M. H. M.
March Par:

:». 1435 E<Jipfe
ii ijn. ц 4p,Em. 14 j

3 Im. 9 6 Eclipfe
54 Im. 6 il Em. 8 35
48 Im. 337 Eclipfe
43 Im. o 51 Em j 5 Im. 11 8
3.6Eclipfe Im. 1921 Em 1136
zSlm. 16 39 Eclipfe
il ïrh. 1 3 5 3 Era. 16 7
14 Im. ii 9 Eclipfe
6 Im. g 14 Em. ю 38

5 7 Im- 5 4Д Eclipfe.
49 Im. z 5 5 Em. 5 9
41 Im.onEcl. Im. zi 15 £01.13
jilm. i3 41 Eclipfe (39
14 Im. 15 56 Em. 18 ю
lójai. i j i4£clipfe
8 m. ю iSErn. iz 41
о ю. 7 44 Eclipfe

5-iIm.4 59 Em. 7 15
44 Im. z 16 Eclipfe Im. 13 30
36 Em. i 44 Im. zo 47 Eclipfe
z8Im. 18 ï Em. zo 15.
19 Im. 15 18 Eclipfe
ii Im. ii 3z Em. 14 46

; Im. 9 49 Eclipfe
55 Im. 7 3 Em. 9 17
48 Im. 4 zo Eclipfe
40 Im ï 34 Em. 3 48 Im. 11 51
31 Eclipfe Im. zo 5 Em. zz 49
44"Im. 17 zi Eclipfe

Jupiter near the Sue,

4° Eclipfe Em. 15 14
34 Im. ю Z4 Em'. sz 37
" 5$EclipieEm. 9 54

5 Im. 4 54 Ею. 7 8
4 Eclipfe Em. 4 14 Im. 13 Z4
**Em. ï 3$ Eclipfe £in. 11 55
31 Im. 17 55 Em. *,o 9

4 4°, Eclipfe Em. 17 i5J

4 48 Im. ii »5 Em. 14 39
4 56 Eclipfe Em. u 55

' Im. 655 Em. 9 9
lEclipfe Em, 6 14
[m. ï 15 Em. 3 39 Eclipfe
lEro. Q 54 Im. 19 55 Em. n 9

U. M.

I
a

3
4
5
6
7
8f
9
10
ii
iz

U
и
i6
17
1.8
19
zo
21

ii
Z;
z^

*5
z6
*7
28
?9
ÎO
31
2
0
*<

18
19
?o
ZI

zz
ч
»4
M
Z6

17
z8

19

?«
3i

7
7 l
7
6 •
6 i
6 .
6
6
6
6
6
5
5
S
í
5
5
5
5
4
4
4
4
4
4
4
3
3
3
3
3

3
3
3

! 4
i 4

l 4
4

1 4
4
4
?
5
5
5

June Par.
M. H.. M.-

f —

8
9

IO
1 1
1г

i^
i '

i
17

i
i

35
43
5 1

59
8

Чгз
5°
38
45
5г

59
7 6

7 li
7 го
7 *7
7 34
7 4г

7 49
7 55
8 г
8 8
8 15
8 ii
8 г8
8 34
8 4°
8 4б
8 51

3 8 59

Щ
•if9 5
z

3
1
5
6
i
8
9

1C

i :
ii
t г
l.

M

i i
9 »7
9 гЗ
9 г9
9 34
9 39
9 44
9- 49
i? 5->
9 59
ю 4
Ю 10
10 1'.

îclîpfe Им. ' ip. 24
in. 1.415. Em- i $ 39

Eclipfe Em.. 13 54
[m. 8 5 5. E™. M 9

Eclipfe Em. 8 14
[m. 3 14 Em. 5 39 Eclipfe
Em. i 54 Im. ii 54
Em. o S Eclipfe Em. zi 14
Im. 16 14 Em. 18 38
Eclipfe Em. 15 5 j
Im. ю 53 Em. 13 S
Eclipfe Em. ю гз
Im. 5 li Em. 737
Eclipíê Ета. 4 53 Im. гз 5j
Em. z 7 Eclipfe Em. 13 13
tm. 1 8 13 Em. го 37
Eclipfe Em.. 1 6 51
Im li 51 Em. 14 7
Eclipfe Em. ii zz
Ira. 7 zz Em. y 36
Eclipfe Em. 651
Im. 151 Em. 4 6 Eclipfe
Em. in Im. 10 zi Em. i; 35
Eclipíê Em. 1951
Im. 14 51 Em. 175
Eclipfe Em: 14 г о
Im. 9 zo Em. n 34
Eclipfe Em. 8 50
Im. 3 5a Em. 6 4.
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Eclipfe Im. 18 53 Em. 11.9
Im. 169 Eclipf«
Im. 13 13 Em. i5 40
Im. 1040 Eclipfe
Im. 7 14 Em. ю ю
Im. 5 ip Eclipfe
Im. г 15 En» 4 4,i Im. 13 41.
Eclipfe Im. го 55 gm. zj n
[m. 18 л Eclipfe
[m. 15 io Ein. 17 43
[m. n 41 Ecliplê
Im 9 56 Em. ii ij
tm. 7 13 Eclipfe
Im. 4 17 Em. 6 44

Im. ï 44 Eclipfe Im. 11 59
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А Т А в LÉ of the ConjttHtfiont of Jupiters Four Planets
with one another, for every Day of the Years 1739,

!Г "1746 j while Jupiter is vifible.
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E R R A T A .
*** TAM.Ê, ift.of théга. Planet for МапЪ, i^ i6 í<5 5 í »read

14 17 33 j i, and ht June 14 23 45) И» read 15 i o o.

O B S E R V A T I O N S .
(О т Е original Ttulu, on

which the prefêht Calcula-
tions afo fottnded, are thofe
of Mr. Brarf/íy,Pròfe(brof

Agronomy at Oxford, printed ro Years
ago, but not ycc publifhed ; at reduc'd
to an cafler Form-by his Uncle Mr.
Pound, by Dr. Bev/t, and Mr. Catei
•$}toith. Only I always make ufe of thole
cxâfter Tables for the Elation tf Light
which arc exhibited above Page 66. 67.
inftead of tüöfe ríiòre iraperfecí ones in
uft hitherto. Which Correction »mouh'ts
fbmetimes to ho lefs than ï Minute 15
Seconds, which, in Errors of 4 or $
Minutes only, »s are thofe of the firft
Planet, is by no hieans an inconfiderable
Correction.

(г) The MeriM.in to which thefe Та-
blés and Calculations are all fitted, is

that of the Royal Obfervatory ai<7rti»-
wich; which hardly differs half a Minute
from that of London, Eaftward.

(3) The Time in thefe Tables is not
mean, or eqaal ; but common or Apurent
Time, as determined by a trbe Meridian,
or Sun-Dial at Noon; or elfe by a good
Watch, or Clock regulated thereto.

(4) The Days are here jtfnrtmhA
and begin on the foregoing Days at Noofi,
and continue till the Noon of the Days
over-againft which the Humbert ftand.
Thus Jan. ï Days, 7 Hours, 44 Minutes,
and 40 Seconds, 1739. Means 7 Hours,
44 Minutes, and 40 Second» corhbkac,
after our zd of Jamaty 1739,31 Nectn.
And December 31 Days, ir Hour's, -30
Minutes, and 11 Seconds, 1739, denotes
и Hours, 3Q Minutes, 11 Seconds cotn-

: pleat;



( 2
pleat, after líoôn, on our Htcember 3 r,
1739, which we call 30 Minutes 22 Se-
conds after Midnight or in the Morning ot
the firfiof January 1740. And fo in all
other Inftances whatfoever.

(5.) The Eclipjet of all the four Pla-
nets are fet down in the firft Table to
Seconds, as being more .exaftly known
than the Occultations in the Second, or
Conjunctions in the }d Table; while both
thefe laft are only fet down to the neareft
whole Minutes : which is abundantly fut-
fkient at prefent for their Obfervacion.

(6) In the Occultations of the firft Pla-
net, exhibited in the id Table, the Pla-
net it felt, by Reafon of its Diameter,
meafur'd by Mr. Bradley, a 14th Part
of that of Jttpiter, is not lefs than 3
Minutes 46 Seconds of Time during its
Immergini( into, and Emerging from the
Body of Jypiter. Accordingly we are
ftill ro allow the Dvatlans ot fuch Occul-
tations to be from the Entry and Exit of
its Center, given in the Table, 2, Minutes
33 Seconds, or near 3 Minutes after it
firft, and before it Uft touches the Body :
while in the Eclipjcs of all thefe Planets,
we ever eflimate thoíê Qurations to be
only from their laß Appearances at Im-
tnerßons, to their frfl Appearances at
EtnerfwM. And noce farther, that al-
tho'the Ediffef and Cwjxnffiotif of all
the four Planets are fet down in the firft
and third Tables, as being of good Ufe
in Aflronomy, yet are thefe Occultations
in the fécond Table confin'd to the ßrft
Planet only. Since too many Difficul-
ties occur in calculating and obferving
fhe OccultAtions of the reft to permit us
tp expeft any conGderable Advantage
therefrom.

(7.) At the earneil Deiïre of Air. Lymt
I have, in a jd Table added the mutual
oppodte Conjunctions of all the four
Planets one with another, for thefe :wo
Years, at any tolerable nearnefs to the
Body of Jupiter, or where they can be
of any considerable Ufe to us. Sec
Page 35. 36. i>rius. For alrho', on ac-
counc of the picfenc Impcrfcftiou of ch,«;

Theories of the 3d and 4th. but chiefly of
the id. thefe Conjunctions, fo eafily to be
obferved every where, cannot yet be ufeful
for the Longitude at Sea ; becaufc in that
Cafe the Observations, how exaft ioeveri
can only be compared with imperfeft Calcu-
lations ; yet ma'y they be very ufeful al-
ready fot the fame Difcovery at Land ;
and particularly for ietling the Longitude
ot the Ports and Havens : (which is the
fit ft Thing to be done in order to that
Difcovery at Sea:) while the actual
Obfervationt are ftill to be compar'd
with other acittalObftrvatims of the very
fame Cenjwftions feen elfewhcre. They
may alfo be very ufeful for the Correction
of the Theories of the three remoter
Planets; and fofor making all fuch Con-
junctions ufeful for the Dilcovery of the
Longitude at Sei hereafter. Of which
Matter fee Page 21— 16. prius.

(S.) The Number of the Eelfpfer and
Occultations fet down in the id Table,
every one belonging to the ßrß Planet,
and every one_ ufeful f w the Difcovery of
the Lmgitxde ' at Sea already, is 4. in
41 Hours and a half. Which, in thefe two
Years, amount to no fewer than 1472.
See Page г$. гб. and Page 94. —99
prius.

(9.) The timber of the ftliffet of
the other three Planets, íèt down in the
firft Table, is no fewer than 392, in
the fame time.

( ï o.) The Number of the ConjimcJims
in the 3d Table, during the fame time, is
no fewer than 506. The total Sum is
1370.

(i í.) Since th,e Ectipfet of the ift Pla-
net, in the firtt Table, are more nicely
t'o be found, both by Calculation and Ob-
fcrvation, than its Occultations, in the
fécond, They are more carefully to be
watched and obferved, and depended on
than the other. For as by thefe Occultât!'
ans, how carefully foevcr ob/erv'd, we can,
at prefent, hardly pretend to come at the
Longitude at Sea nearer than to 5 or
6 Minutçs in çimç j fo by thefe Eclipft*



( 3 )
,inay we ufuuiîy come already within 3
or 4 Minutes. And when Mr. Brad-
In has made bis Correction in the
Numbers of. the firft of abouc another
Minute, which he is prepared to do, we
may expeft thereby to come within z,
or 3 Minutes. To fay nothing of
Mr. Machia s Hopes of discovering and
correcting the Errors of all the fccondary
Planets anfing from their mutual Influ-
ences upon each other, a friori alfo :
which is indeed the only thing ftill want-
ing in order to bring all their Theories
to the utmoit Perfection.

(U.) As it has appeared already from
Mr. Derhimfi Observations, mention'd
Page 13 before, that the ImUnatiи» of the
Plain of the jd Planet к fomewhat great-
er than thefe Tables fuppofe it to be ; ib
does it appear from Kirckitti's Annota-
tions on MonGeur ТУ VI/let Calculations
of thefe Ecliffts for the laft 5 Years, and
made from Mr. Bradlefs Tables, that
the Nodes of the 4th Planet are a few
Degrees erroneous. And whereas all thofe
Nodes have been hitherto fuppofed to be
in the fame Place of the Heavens, which
would afford corporal Conjuntfitms when
Jut í t er and his Planets were in thofc
Nodes ; Mr. Lynn informs me, thar, in
his long Courfe of obferving them, h*
coulá never find that verify'd -, nor could
ever fee fuch a corporal Qmjiatííitn of any
two of them, in any fuch CircumRance*
whatfoever.

it. B. The Parallax tf the Orb is fee
down here all along in the id Tablc> for
the ufe of fuch as have a mind themfelves
to examine the Helincentrick Phenomena
of thefe Planers, and reduce them to their
Getcenirick. Which Reduction, entirely
depends on the Allowance for that Рл-
rail»*. See Page iS. — j f. prius. ,

К. В. The Ecliffe.' of the 4th Planet
were of nccellity to be here omitted, t i l l
Alidfummcr 1740. bccaufe that Planet
pifles wide of Jupiter's Shadow till that
time.

(ï j.) Since Dr. Smith's admirable Book
of Opticks i> now publiih'd; and Mr.

Мдс-Laurln therein atfures us, Remarks
Page 80. 81. That Mr. Sbwt of Mn-
burgb has not only fo much improv'd the
Method of grinding Metalline Sptcula,
as thereby to enable very ibarp Eyes, in
a very clear Sky to diiccrn all Satxriii
Planets with a focal Length of fifteen
Inches only i but has render'd the grinding
ot Gluffet for fuch reflecting Telefcopes
very practicable alio j I cannot but be
highly pleafed with the mighty Im-
provement hereby afforded to this my
reflecting Telefcope. For as Mr. Scarltt^
lèverai Years ago, fail'd in grinding me
fuch a Glafs Speculum ; and fo forced
me, utterly againft my own Inclinations,
to have recourfe to Mr. Hearne't Metal-
line Refieiter, in this Deiîgn ; fo do I
now very gladly return to my firft In-
tentions. I now hope to procure, from
Mr. Short, fuch Glfft Reftefters as will be
much cheaper ; mush lighter ; and, by
consequence, more eaiîly managable ac
Sea, than tbofü of Metal ; and fiich as,
above all, will never ruft or tarnifh in any
Place whacfoever. This I look upon
as the utmoft Improvement this Telefcope
for the Sea is capable of: and what, I
hope, will render the Obfervations to
be there made by ic very eafy, very ac-

«curate, and very acceptable to all Aftro-
nomers and Navigators. How fuch Ob-
fervations are to be made ; and how the
Calculations therefrom are to be manag'd,
in order to the Difcovery of the Longi-
tude, has been already explained at large,
Page 94. — ic ï. prius, and need not DC
here repeated.

N. B. The correct Meafures for the
rcflefling Telefcope I, ut length, pitch
upon are thefe. "The fecal Length of the
larger Rcfleuer is to be 5 Feet, or 60

. Inches; and, by confequencc, the lengtb
of the Tube no толе than two Feet and a
half, or 30 Inches. The Breadth or
Diameter of theRifleäeris tobe <, Incher.
The Breadth or Diameter of its B»:k jfftt~
tuft, and of its E):e-G!a(f) is to be ï Inch
and an half. 1 he Ciw^e, or focal Length



^ *ef the Eyfi-Glafs, is to be about one Inch.
In (mailer Reflefter is to-be a flat Circle,
very little more in Breadth or Diameter

.than the Back Aperture, or than one
Inch and an half. This-larger Reflefter
is to be-truly centred, and the fmaller
accurately adjuued and kept parallel
theretq. The Telefcope will then take
in about 3 Diameters of the Moon, or
6 Diameters-pf the Orbit of Jupiter's re-
moteft'Planet at enCe ; and will mag-
liify Qbjefts aboHt 60 times in Diameter.
If-the .larger Reflefter be ground imirely
fphcrical, or even a little parabolical ;
and-that very near to the Edges, as Mr.
Shtrtis able to do ; the Image will be very
diftinft; and the fmaller Reflefter will

Lyndon, Rutland,
March ia.

intercept little or nothing more than the
eleventh 'part of the Light that would
otherwife fall on the larger : which is
but little more than our common refleft-
ing Telefcopes intercept already. See
Dr. Smith's OptickSj Page 148, and Re-
marks Page 80. 8~i; 104! iof. When
Mr. Short has procur'd ' himfclf as good
an jipfaratui of Tpqls for this ?осд!
Length of f Feet, as he has already for
9 and 15 Inches, he will, I believe, to
able to furniih me and the Seamen with

fuchj feflefting Telefcopes, as will, with
great Eafe, ftew all thofé Ecltffer, Qcal-
tMt'on.', and GwjuiiSiew of Jitter's PJa-
nets, which are neceflary for the Dilic-
very of the Longitude at Sea,

Will. Whifton*
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A' N

Hiftorical P R E F A c E:
Giving fome Ac C O U N T of

the Invention of îvlagnetick
Needles; j. efpecially of the In-
clmatory or Dipping Needle,
and rfie gfad uai Imptovernents
therein made., till theDifcovery
of the Longitude thereby.

| O W long It ïffmce the Mag-
•']oet t>r Loadftone bas been
tffken notice of, and dtfiin*
emflfd from other Mineral
Stows, is not now known*

mentioned frequently, fmce the Time
of Pfato\ and feveral little Attempts have
been ancientlj made to folve its Appear-
ances. But then all this came to no
more than the Knowledge of the Mag-
ttefs Attraôive Power, with relation to
ether Magnets, or to Irons,tohik its Di-
reftive Power, difpofing.itv Poles nearly

( a )



Ç An Hiftorical Preface.
(dong the Meridian of every flac^'-j and
occaßonirtg álf^ Needles, Wtr-es^ or knp.
Pieces offrofrPotfch'd- by i^t&fom ne arty,
North and South, which is by much its
principal Property, was entirety unknown.
Vor does it appear that before the Litter
Part of the Thirteenth Century, ojie Syl-
lableoccurs tv cbe'.'.ohl Ш^г^Шг^ to
î,h,:t matter. About A. D. 1260, as
feme fayr Patilus^Venetu^ fc.oitgkt in tb$
Mariners,.Compris, and амЦ^ it tjt.tbe
Úfes' of'$avigatwn j' alflo'o' not /ir ' /z»
Invention 'of his own, ' but:*а$'''aern?d

Dißerr.tf fòon) the- Cliiffefe : who are pm&aded to
mi Cç'/";i- b^Zk#<kit-• fliu'more aMwntlfo; fief.has
ЛУ,\-,:,. the very :Ъеате,а.Renaudot. givcn -[ucb
r- 287. ^eafojjs (\gainji th'is 'Antiquity'of!tfteMz-
,-£.i, ^ J ;;)f r'g. górhfâ$i/rtheOrJertâ-lPartsy'&õth

as to Arabia and China, that V/j much
more probable they
this- Compafsi 'till. f
ff to them+\* Others,
much greater Rreibability -±
noble Inventгощ which is -шег'-^аф ~t&e
thegreateft.fòr tb&Ufa of' Mankind thai
'einer war~ yet wa-de^ to a NeapoIitaiTi
John СажЬуЩте, • А.-.-Ц. Ï^OD, who
is, however., awned-to* be: t'be.firß. thai
flp'ptyd it to theföwdancf •of Ship f in the
Mediterranean.' War is
which Dr-rWaUlKtunjee
Nautical Compafs сатнъ W tir,

iïion



fflfíork aí Prt&ce. Щ
líiòn by Sfô/tt , äntt'fy Avérai partial
ïiïfcoyefjér . and ïtiïprofibuiènty , before
any ''one vo aï: able ' tb( apply 'it to-' the
•baßrfeß\of-$npigation\f"?iak& bis "Notion
jn :his ôwfi ' ifards ••' ̂  Wtírè^Iniientions
í"., creep th. ~by degrees, fays" the Dr. it

ffltifinotbe thought ft-range if it be not T*™№*
' ' 2/

-" eefft- TO. f:iy who' is 'the firß Inventor.
tf ''Jntiïepwfait Cafe, fo-wboßrß übfervd
"" (/ Know not by ttihàt.. •accident) that
u the Magnet bath a Polarity , or Incli-
*' rictio'n'ißbrthward^ ináâe the Firft Step
4t fo&afdstfifiln-òention. This, I think,
-u iff as at.^Ftyft iZdM.to fa ßewed by
*' putting V''Magnet 'into a tittle Boat,
*' Swiniiiïïhg on Water ù -ifrb'en it was
" obfarvd tbdt tke, Magnet would of
" h felfß''Steer this little Boat, as that
" a certain f oint in the Magnet ТРОП/С/, if
" not hifldreJ, turn towards thé North:
•* ",tipïçk'Pôfylt iv as thereupon called the
â Magnetvj No'rth P.ole.' ' He that after-
" wards obftrv V that this Verti city or
tl Polarity Wiis communicable to a puce of
*4 7^0?» or Steel, rubbed on a Magnet,
" added afiirtherStep towards the Ьщтф
" in Hpntf. And he who contrived л
•" Way to fat : a Needle or Piece ofoteel,
*' C p touched,*) an a, Jfarp Pin, fo as
" С in the A\r J to tnova Horizontally
*' í he Mon, fo a s ( of it felf} to find out
*' t^e' North and Point towards it, as

( а з ) ( before )



iv An Hiftorical Preface.
" ( before} the fwimming Magnet (in its
" Boat) had done on the Water, bad now
' * discovered a New Experiment in Na-
" tural Philofophy, very fur prizing. Eut
" this cannot jet be called Circulus Nau-
" ticus, ( or the Mariners Compafs, )
" till they had further contrived a Way
" how to piiï a Needle, (thus poised,)
" into a Box, with a Compafs or Circle

round it , Co divided as to denote the
A&imuthal Point s of the Horizon : ( ort
as they be now called, the Points of the
Compafs j J and f o comtnodioußy to

íl ßx this Box, (ft prepared,)- to the Ship,
" as thereby to inßmft the Mariner (or
" Steers- waii) towards what P oint of the
" Compafs the Ship moved j that (by the
" help of the Rudder) he might put it
" into fitch a Courfe, as was proper for
" his Voyage. And it was now indeed
" Pyxis Náutica, or Circulus Nauticus,
" (^Mariners Box, or Compafs) but
" not tiU then. And he who Firjl con-
" triv'd this Application did Compleat
" the Invention of Circulus Nauticus.
" Eut all thofe antecedent Difcoveries
*' were Steps towards it, and Parts of the
" Invention. Thus far Dr. Wallis. Who
silfo there endeavours to claim this Inventi'
on to fb?Engliih Nation, from the Englilh
Thames Compais ; and Box or Boxel ;
•which are îmïtuted h moil other

"

"



An HiíWical Preface.
ttfcd to Navigation. . However, thus far
is certain, that this Noble Invention was
made and applied to Navagation a little
before our Countryman John -Wiclif ap-
peared in the World, and fo before thç
Firß dir ей Origin of the Proteßant Re-
formation in Europe. Butßill it appears
all along the i^th and i^th Centuries,
that there was no Apprehenßon that fitcb
a Magnetical Horizontal Needle pointe ал

any where, to any other than the- North
and South Points of the Horizon : And
when any Declination therefrom appeared,
ir was Juppofed to be from fome Error
or DefeB in the placing of the Wir es ̂  or
the ill Make of the particular Compafs^
and not to the real Variation of fitch a
Needle, when good, and well hung, from
that DireBion. Sebaftian Cahot, a. Vene-
tian, is gener ally allow d to have been the
ßrfi who, discovered that Variation to be
real, and the fame in the fame Place in all
the. Needles. And this was A. D. 1500.
jufl before Luther arofe- in Germany -,
and occaßond that great Event of an
aBual Froteftant Reformation, both there
and elfewhere. T et was it ßill thought,
even by Mr. Norman and Mr. Burrows
themfelves, the ßrß exaÏÏ Qbfervers of New At-
the inclination and Variation, that the g - c - f-
"Declination from the Meridian was only г
different in different f laces and Countries ;c-

While



vj An Hiftorical Preface.
White it was, after all, fttppofed'io be
one arid the fame during all Ages, in thu
f amis Place or Country, notwitkftanding.
It being then commonly fit p p of e d owing to
certain Magnetick Continents, or Moun-
tains, or the like Originals -, which -con-
tinuing the fame for all Generations, inigfrt
naturally occafyn fitch a Declination :
different indeed in feveral Countries, hut in
the fakiè-Còuntry invariably the fame. Eat
flill.'tv life 'Dr. 'WallisV Words here,
inßead of trijf oivn,~* Г think it is now

™'ll°r: „ " agreed on all hands, that (what we
Tranjalf. **,,-. , t т • . r , -tf • •
№.276, call} the Variation -gr the Variation, is

"•ifj ttiißake not j one -of Sir Thomas
" GreíbàmV Prefèfors, at Greíham Coí-
" %Л ) 'about the Tear 1625. Who al-
fo, a* the' DcrElor there inform us, " can-
" fed a great Concave Dial to be ere île d
" in the Privy-Gàrderr at Whitehall,
" \_юЫсЬ is flill remaining, as to the
" main Body of it ~] with great. Care to
" ßx a true Meridian Line, and with a
*' large Magnetick Needle, foewing its
lt Variation from that Meridian from
*' time to time". And where, give me
leave to add^ Mr. Bond informs w^ that
Vuriat'wn ™as taken A. D. 1665. an^
found to be, June 8. i°. 22'. 30". Weit.
And there again, I do not doubt , it w№
taken, as be informs its. i»Tune, A- D1«

1666,



An Hiftorical Prçfecç. vi)
1666- and found^ to, be v. 1°. 35'. 36".
and that by Come of the heft Oußrvers of
that Age : Tho-\ al#s! .the $&riàîns of
tbefr. Noble Сожа-ve ßand.цощ^яцгЦ an d
batte f d i tvtífk the Êrafs .generally-gong -,
Ami no Tidings of that large'Marnetick
fiddle, -no left than Three Feet in uiame-
te*t -as the. Ditfnteter of the Concave it
ßlf, ßill rewwúflgb implies \ о? of the
Nicety of theß Divijioiís, on of the Ex-
ц&пф of tkofff Contrivances,, whereby,
even- in an- -Mqri&outaL Situation, the
jangle, was ъ$1(щ;Пе{1Ц&г than to a fmgle
Minutúi and tfyis i% ̂ gr.&et^ent io Analo~
gy/in the foregoing аца facce&drvg Qbfer*
valions of others alfû. A Löfa the morç
to be lamented^ becaufe this Degree of
Nicety has been fmce Jo far forgot, that

Learned will hardly believe it"ever
nt or ever can bs bravvlu--jo, that
of Perfdefioft, -which t^tis.Cone ave,,

$rtd the Obfervtftions formerly-there made^
4o fuppoßi. I hope fome of our curious
Tfirt.uofo's about the Court mil take care
t&haye this noble Monument of' the Gary
a,nd Accuracy of the-laß Age for Magne-

ефеш of this -Kind recovered,
.ujtt to, iff^erj^mal Ufe<: t l that щ
be able tb»fôto fieri» t^is^ ana, the
ing' 4g№, net (mfy ф&,.Variation of

: Horizontal Meedle, as before ^ but
cfrthe Inclination of the Dipping Needle

to



Vi j An Hiflorical Preface.
Io the fame Degree pf Accuracy, which the
laß Age here jbtivd the Variation. But
to leave this Ttigrejfwn, and to proceed.

Some time after this, about A. D. 1665,
Mft gon(^ airway mentioned^ embraced
the Hypothefis of Moveable Magnetick
Poles, and fuppos'd them in, or above,
our Air ^ and from that Motion of theirs,
which he ejlimated to be Weftward, and
to make its Revolution in 600 Tears, he
computed a Table of the Variation for
London,/row 1663 to 17-15, extant in

phi[o,_ the Philotoph.Tranfaftions. Which, thtf it
sit, agreed well enough with the Qbfervations
4°- till the Beginning of this Century, has

fmce too far disagreed from them ; and f o
has discovered fome Error or DeftB in that
Hypotbefts on which it was founded.

However, this Notion in general of
Moveable Magnetick Poles, has always
feemed fo probable, or rather neceffary,
ever fmce the Variation has been it fel f
found to Vary, and this after a certain
regular manner alfo , that Mr. Philips,
before Mr. Bond, a/ftrted the fame ; and

jjtm'-ïtud'' ftpttd the Revolution to be in 370 Tears*
founJ,p. 7, And after all, our Learned Dr. Halley,
^Lc/,- W]PO has far outdone every body uponFniloj. ^'.. — J. . ... t A •
Tranfatî. btsbject, bas determined it to be Jo.
,N3.148. ly he bas thought himfelf obliged to

the Hypotbefis of two other fxed Poles :
and from the joint Effefts of all Four

Poles.
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Poles, and from thofe only has he been
able to brijtg this Variation of the Varia-
tion to fome kind of Syßem, agreeable to
the Obfervations. He has alfo been obli-
ged to lengthen the Period of the move able
Poles Revolution v and^ as Mr. Bond had
enlarged Mr. Philips'.? Number, from 370
Tears to 600 : So has Dr*. Halley enlargd
the fame farther from 600 to 700 Tears.
Take thé Subßance of-Dr. Halley'j AV
îiony which -was the Refult of many and
accurate Obfervations,-in his own Wont's,
at'they Jland in the Philofophical Tranf-
aétions, №. 148.

^ Théfe Observations,* fays the DoEîof^
" plainly demonflrate the Impojflbility of
" reconciling fhefe Variations by theTheo-
*' ry of Bond : which is by Two Magne-
" tical Poles, and an Axis, inclined td
" the- Axis of the Uarth. From whence
*' it iv'onU follova, that under the fame
*' 'Meridian the Variation JbouU be in all
" Places the fame way. They may
" ferva tu n fure Foundation for this
" Theory, That the whole Globe of the
*' Eqrth is one ' great Magnet j having;
" Four Magnetical Poles, or Points of
" Attraftion : Near each Pole of the
*' Equator 'fwo 5 and that in thofe Parts
" ot the World which lie near adjacent
<l to anv orie of thofe Magnetical Poles^
" the Needle is governed thereby : the

( b ) \\ neareft
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*' ncaréft Pole being always predominant
" over the more remote. "The Partebf
11 the.,Earth, wherein thefe Magnetical
"Roles lie, cannot äs yet be exaßly de-
" • t ermine d, for want ofjufficient Data to
"proceed geometrically. But, : as neaf
" as ÇonjeBure can reach, I reckon that
" f/MPole, which is at prefent neareß to

ш*. lies in, or near the Meridian-ts/ffo
Land's End o/England, and not above,
7 Degrees fiat» tbz. Polc Arftick» .jB/,
this Pole í/Já, Variations in all Europe,
/w<ÍTararyJ^«»í£ the North Sea, are

" principally governed -, tho with regard
" to the Ar.Northern Pole,
" tnation is in & Meridian pajjïng
". the -Middle of California, and.
" H ^^ /^ tbe North Pole <
" World» To t^is the Needle has,
if «_//?го iw ali the. North America, /
" ги rbe Two Oceans ow either fide there-
" ö/> /^ÖW .í^-Azores, Weßwards^ t&
" Japan, and farther. The two Southern
" Poles are rather farther dißant from
" ibe South Pole o/^e World, i/^ owe
" tf£0z*£ 16 ofeg1, therefrom is in a Merid.
" forre 20 deg. to the Weßward of Ma-
*.' gellan's Streights, or 95 deg» Weft
" from London. This commands the

Ci Needle in all the South America, «*
" the Pacifick Sea, and the greatefi Fart
« of the ̂ thiopick Ocean. The Fourth^
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4* and laß Pole feems to have the create ft
"Power, and large ft-Dominions'o f «H;
" as it is the muß remote from the Pole
*' 'of the World, beinc little 1ф than ?o
*' deg. dißant therefrom : In tb» Meridian
" which paffes through Hqilandia'Nova,
'* and the Jßand Celebes, about lî&deg.

EzRfront London. This Pole is pre-
" dominant in the South Part of Africa,
" in Arabia, and the Red Sea, in Perili,
" India, and its Jßands -, and all 'over the
" Indian Sea, from the Cape of Good
*' Hope, Eaßtvards, to the Middle ofr,he
"Great South Sea, .that divides Alia
** from America. '-'This feems to be the
л prefent Difpoßtion of the Magnerical
" Virtue throiighout the whole Globe of
*' the Earth. Now confidering the
" Structure of our Terraqueous Globe,
" the only way to render this Motion in-
'* teuhible and pojjible^ is to fuppofe it
" pojpble to turn about the Center of tlie
**' Globe, having its Center of Gravity
" fix'd and immoveable in the fame com-
" mon Center of the Earth. And there
**• is yet requird, that this moving Inter-
*' nal Subftance be loofe, and detach d
" from the External Parts of the Earth
*' whereon we live. So then the Exter-
" nal Parts of the Globe may well be
" reckoned as the Shell, and the Internal as
" the Nucleus or Inner Globe, included

( b 2 ) 4t wich-
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within ours, with a fluid Medium be-
tween. Which, having the f ame com-
mon Center, and j4xis of Diurnal Ro-
tation, may turn about ivith our Earth
each 24 Hours. Only this Outer
Sphere having its turbinating Motion
fome fmall Matter either fwifter or

ft flower than the Internal Ball -, and a
" very minute Difference in length of
t( Time, by many Repetitions, becoming
*' fe:-:fib!e \ the Internal Parts -will-by de±
" grees recede from -the External, and,
" not keeping pace with one another, pill
" appe-ar gradually to. move either Eaß-
" tennis or IVeflwar-ds, by the Difference
" of their Motions. So that if this Ex-
" terior Shell of Earth be a Magnet,
cc having its Poles at a diflance from the
et PolcsV Diurnal Rotation ; and if the
" Internal Nucleus be likewife a Magnet,
t! having its Poles in two other Places,
" dißant alfo from the Axis, and theß
" latter, by a gradual and flow Motion,
*' change their Place in refpea of the
*' External:, we way then give a reafuna-
" ble Account of the Four Magnetical
" Poles i as likewife of the Changes of
" the Needle's Variations, which, till
<c now, hath been unattempted. The
" Period of this Motion being wonderful
" great, ana there being hardly an bun-
ci dred Tears ßnce thofe Variations.b'qve.

• '* been
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*' been duly obferv.d^ h will be very bard
" to.bwtg this Hyppthefi&fo a Calculus,
" —^—fke Period of-thi-s Motion tip*
"pears; by all Oircanißancei, .to be of
" -.many Centuries of Years. We may.
" with fome reafon conjecture, —that$h~e
" whole,Period thereof is performed in
" 700 Years, or thereabouts ".: Thus far
"Dr. HalleyV own 'Account. To whofe
entire Difcourfe in ihatTrmifafíion, and
the excellent Map of thofe' Variations
published-- afterwards, I nnift jiill refer
the curious Reader»

Thus, far concerning the gradual Im-
provements made in the ^noroladge в f the
Magnetick Horizontal Needle's Variation,
and the Conferences thence deducible.
I now proceed to what I mainly intend in
this Preface, I mean an Account of the
Invention of the Inclinatory or Dipping-
Needle ; the Obfervations hitherto made
with it -, and ibegreat Ufes it may be ap-
ply" d to : Which are no lefs than the сш-
pkat Difcovery of the Longitude and La-
titudet loth by Sea and Land.

AW the ßrft Inventor of the Inclina-
tory or Dipping-Needle was, without all
queßion, an EngHihman, Robert Nor-
man by Naine, ' a-Cotnpafs-maker at Wap-
ping, in the Suburbs of -London, on or
about A. D. 1576. as is'attefled not on-
ly by his own Account in his New Attrav

dive,
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dive, dedicated to Air. Burrows, a very
good Mathematician, and great Sailor at
that Time 5 tritt at the fame time was al-
low" d $v be bis Invention by Mr. Bur-

Burrows of TOWS -, as iveü as by Dr. Gilbert, the Fa-
^riat,on, .tfar ^ Majrnetic-ai philofophyfoon after-

ward, in tbefe Words: "This is that
Gilbert de " Robert Norman,'-that skilful Seaman,
Magnete, «t and ingenious Artificer, who faß found
' '*'•• out the Inclination of the Màgnetick

- Needle ". Mr. Bond alfo affures its,
about a Century after this Invention,
" That himfelffaw an Indinalory Needle
" of one Dr. MerrétV, which was made
" by this Robert Norman, A. D. 1578.
" and which he fitted up for the Doei or" s
" Ufe ". Take the Hiftoy of this Qrigi*
nn\ Invention in Mr. Nofmart'i own
Words-, which you will meet with m the
Hid Chapter of that New Attractive :
which is added at the End of thefe Papers.

Having, fays Ъв^ made many and divers
eompafles, ,ind ufing- aluraièâ to finifti and
end them before I touched the needle, I
found continually, th at after I had touched
the yrons with the Stone,that prefentiy the
north point thereof would bend or De*
dine, downwards under thô Horizon in
fome quantities infomuch that to the
Flie of the ConipalTe, which before was
made equall, I was ftill conftrained

' ' to
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to put..Гоше.fmall peece of waxe in the
South part .thereof, to eounterpöite this
lïôckning;. an<^to ш^ i* equäll againe.

Whjch effeft hauing many times paffed
my .hands...without gny great .regard
thefeuoto, as ignorant of any, fuch.pfo»
pertïë in'the Stone, and not before haying
heard.nqr, read of any fuch matter t It
çliauúced at-length that there came to my
bauson luftrument to bee made* with a.
Ííéftdk.offixe inches long, which needle
after: 'I Jhad poUiihed; cut off at juft
leflgtb^vaftd tnade it to. ffend levell upon»
th*r -.piiîme; fo that nothing refted but
only the, touching of it with the ßtone;
when I had touched the fame, prefently
the. North parte the>reof Declined downe»
in .fueh-fort, that being сспЙгаупеЛ to
cut away fome of that part, to mike it
equal again, in the end 1 cut it too ihort»
and fo fpoiled the ncedle wherein 1 had
takep f<? much paynes.

Hereby beeing ftroken into fome chol-
1er, 1 applyed my felf to feeke further
into this effeft, and making certayne
learfied and expert men (my friends) ac-
quaintçd щ this matter, they advifed me
to frame'fome inftrument, to make fome
exaft tryall, how much the Needle
touched, with the Stone would Decline,
or what greateft Angle it would make
with the Plaine of the Horizon. Thus.
far Mr. Norman. But
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Eut what is here -chiefly remarkable ai

to us*,' is the exaB Quantity of the .Incli-
nation pfthisNeedk'at London thentA.D*
í576'» noted here by Mr. Noi

Norman', №• 5* ** «У* thf Ш "*
Kew At- tff ' fbe Variation there about,
trail, c. 4, ftt„e_ nùte(i fa fàfnfèlfi and 'by bis
Burrows'/ **d Patron ^i^Butiows, 11°
variathn, щага:. Wkuk&bfeifàations o
с- з> 7> 9- Afyglés are^ for wtoin^ the oldefí and faß

n&& üictant in. the '• World : And т»ШсЬ'• ï
ïitkç tio be Original Staridat.de far ih£Ín-
éliïiîâtidn and Variation of í Mœgfigttck
Neediest fvilfa'ibetir fiveraï Vœtïati(fa3\
ш ail-future Ages :' де the Lunar Ecli'p-
fis, • noted at Bâillon by the ancignt
Chaldeans, até -Orîgïttiïl Standards foï
tfoe Periods and Motions of the Sun and
Moon, with their fèveral Inequalitiesf for
all futur г Ages. Nor will tbefe Obfe'f-
dations of the Inclination and Variation
be perhaps hereafter of lefs life in Navi-
gation, than the other have ever Ьып- in
Aft'ronomy.
' <Nor may we pafs over another Notion

advancd by Mr. Burtdws at that tim& $
Variation, viz. -Tioat the Magnetick foles of the
c' ' Earth were different from tfo foles of the

Equator : Whofs Diflance he alfo endea-
voured to finaf j with good Skill as to thé
Mathernattck Part^ but with ill Success fa
the fraBicei. His Data being too «neer-
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tain,, and the Poles mat able.^ neither of
which ' be ™as then acfjitainteA with.
However, baa tie fucceeding Ages but ad-
beSdto Mr. Burro ws'j Opinion, that the
Poles of tJseTerreßrial Magnet werediffer-
ent from the Poles of the Earth, and by
conference their Equator and Parallels
different from tbe Earth's Equator ana
fyrallslt, they bad hardly fo generally
confina their Thoughts to the difcovery
of the.Latitude by the Inclinâtory Needle,
as tbe contrary Mißake obligà them to do:
But.might probably bave thought of dif-
covering the Longitude thereby alfo. Tha
indeed tbe weak and precarious Methods
made ufe of by Dr. Gilbert, Dr. Ridley, Gilbert,
Mr. Bond, and many others, after the [^• «•
Days of Mr. Norman and Mr. Burrows, nillinct;ck
for that Difeovery of even the Latitude f3ti™-
by this Needle ; a thing fo eafy in it f elf, ^°;£ '
bad they <?опе by Observations and Faffs, uonívc*.
inßead of Notions and Hypotbefes -, give ^ r*'
one but a frnall Opinion of their Capaci-
ties far tbe Difeovery of the Longitude
thereby,. Which, tbo" in its own Nature.
very fit for fucb a Pwpofe , yet re-
quiring more and nicer Objervations than
tbe other, 'tis no great Wonder tbe Pif-
'cover) of tbe Longitude efcaped their
Notice at that Time. Cabeus indeed at cabeus, <fe
Ferrara, did wijb he could try tbe Angle f1^-
of Dip on л Terrella or Spherical Load-

C c J ßonl -,
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ßone i but wanted'one ßtfficient fvr bis
Purpofe. He alfo endeavour1 d to procure
fitîual Obfervfltions of that T)ip at Sea,
in a Southern Voyage \ but the rerfon em-
ployed dying before his return^ he got but
a very imperfetï Account thereof. About
A. D. 160$, Mr. Hudfon, a famous
Sailor, and Difcoverer of unknown Coun-
tries, from ivhom Hudfon'J .Bay takes
its Name, failed towards the Pole, be^
yond the North Cape: and took'witb
him a good Inclinatory Needle -, -with
ivhich he made feveral highly •uafuàblè'
Observations of we Angle of Inclination,

from the Latitude of 61°. \ i \ t o t h a t
of 75°. 22', or from 79 of fach Inclina-
tion then, to 895* and Jo altiïofî to the
then Northern Magnetick P ok it. feîf.
Which Obfervations we meet with inj^oî»
III. of Purchas'j Pilgrim, or •CoUeBwn
of fitch Voyages j and -which are of the
greateß Consequence to iny preferit ; Ъе-
ßgn. About the fame Time Mr. Henry
Philips, in his Seaman'j Calendar, às
is already mentioned, approved of mo-
•ueable Magnetick Poles • and computed
their Period to be in 370 Tears.

After him, tho' not very long, Mr. Hen-
ry Bond, Sen. a Teacher of-'Naviga-
tion in Ratcliff, near London, began
to entertain Thoughts of Magnetlck mo-
vealla Poles, • placed abovt 'the Earth;

and
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and revolving in боъ Tears^ of uvkick Ridl

Ьфгеь-i He «//ò, after .Nautonier a W rrf. Hook;
Linton,vwbß SooJb / haw not Ceen, en- °P-P°MU-

- J . -П 1 f t r - l 1Ш,Мо2tertainea l bcugbts of /discovering the 485.
Longitude by tbe Knowledge of \their
fojííionqwd Motion, and by the Oonfo,-
quent: Angltt*. of Inclination of the
ping^e&dlb, in the f ever at. Parts of
World. Ш firß Wote,< as '.hiffifelf'.
us^-w^-Ъц Searaan'i íCalendar, fubltfhed Long-fo
about A-. ï?. 1645,- -V-That, without t- 1'
ft Doubt, tfo Longitude lyiwld. be found
"'•'by. th$&kfervation oßfetmething , below
the ЖооиЛ He àfterwatás. A, D. 1 676.
••puklifbed a\diftin£f.Treatife in 4^0,. int&-
?«tóv,"Th&;Longitud&fcHind :. -wbiekkas
King Charles II. Royal .Privilege before
it : and wkithy as the Book it felf'-in,-
feriM- its, tsuas examined by Six af],îbe
•tnoft. competent Judges about îbn Court at
ikfli. Time. Who then Jeemed. to hope
that Mr. Bond had fame great Secret ,
.and would dißover the 'Longitude. НОТУ-
ever> • Жг-v Bond gives us not in that
-Book^ any particular Accöwit of the FaBs
-he went upon, as to the Inclination of фе
Tapping £jeedk : ï here boing, that I re~
tnembtr4 but two fucb Observations fet,
dawn гп all his Book : the one in the Eîft, й

and the other in the Weft-Indies: Toge- iç.&c.{
tker with the Inclination at London, to
Ы collected, from the pointing of that

( с 2 ) Needle
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Needle in bis'Scheme-thereof. No* does
be çjve us anv particular J&ul#f--or Exani-
íilds,of the Manner how he rödulddifcö-
ver the Lonçitude by that Needle'. ' ' Nay*
whan on the Rewrfe, he attempted to find
that Inclination from the Longitude gi-
•uen, be bulk-*ufón fucb precarimti and
inconfiflent Hypôtfcefës, as real'FaBs*;

•-Ana ivitbal inaJe fach Mißakes • in Ък
'•'"Krífloti'owetnoül -Calculations ^.-.('which
•wtfe'foon demonßrtiud to be fucb by*Mr*
•Blackborou0,h, 'in bis Longitude 'not
found ^ ) that 'tis a Wonder the '-Pitblick
took Co v/wh Notice of it. - Tbo>' it was
indeed great Pity, 'that when fo noble a
Thought tpas '(lartetl for the í t)ifovery
of-the Longitude^ arid fo fair'an Qccaßon
given, for conßJeri-n^ the entire- tfta^ne-
•tick Power, the truly Learned did nßt bet-
ter examine into that Matter, and cauCe
more inithenîick Observations of'-the ftt-

.clinatwn of the Dipping Naedk .to be
wade for 'that Furpofi: but left all to
-ßand or fall by yV/r.Bond'^ own Hypothe-
Jis and Calculations. The. СопСщшпее
of this great Disappointment feems to
'bave been, at le a ft with us, an almoft
tntire Dffufe ofDippingNeedleseverfirtce:
as will appear in the following Hiftery. »

Colonel Wind ha m, a very ftirioits
and incpnfitive Gentleman, indeed, did
both in, and ever fmce the Days of, Mr.

Bond,
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^ cultivate*'.tbls* lãagnetick Part of

Peilofopby •,' and particularly made con-
Jïdtsrable Ufe of the Dipping Needle^
both by Sea and Land: from wbofe Qb-
forvations made about A. D. 1^72.
with^the Allowance of the Incre^fe fines
that Time, I bœve determined••tbe^Dip
<it Salisbury in-try- littk Map prefixed to
this Tteafife : aad from ivbofe other
Obfervations\ wade -at-.Sea\ and on the
French; 'Coaßs.-I.'freuid- willingly'*bav£ de-
termined the Ufa Dip #t tbofe Plae-es.-.alfo,
•could he have recovered tb£. Papers •tphere-
in îbcv were fet'~daivri. -Hut they being-

мдЪ yet:.found^-. 1-:coula not de its -Thai;
great Mathematician and PhUofopber alfo
•'Monf. Fatio,rAJf*/?vni>w fiffiwes we, tbat
•jthff \Hanourablv Mr* Boyle bad a Ter-
-rrffa, and a. little^ Inclinûtoiy.iïcedle •
•keïb; which be fenf ibim, above Thirty
Tears ago-.'. Th^-he tried agreatNiunber
-of'i^EaoAariments: rpith. thejM, and tbat they
wen (onf&nant:, to what I bave tried
ßn,cs\ .itty felf. 'He'.alfo intimates, that
•Jin,'VMS.f^ifibk-tbat-fome Ufe.-.might be
wade of this Dipping Needle;-, in order
to- difcover the Longitude , thai1 be freely
acknowledge^ that " My Theory of the

•*' Properties of Magnetifm, befide the
" .a&ual Obfervations, has a Degree of
^'.Ripenefs and Simplicity, which he
*' .knew nothing of.

A: a
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A.D. 1700, Dr. Halley went to

on pùrpafe to с ample at 'bis Observations
of îb& Vflriaúarii whb- an Horizontal
l^eedle.aniy. Whereas- if '-he bad taken a
large ала good Dipping^eedle with htm
alfo at the fame time, and baa ub'fervd,
With equal ExaSnefs.,. the Inclination, as
t be Variation, 'itwaa next to itup'offible he
fibitld bave miffeâ of discovering tlse Lon-
gitude thereby ; as ivill appear in the Sff-
cfuel. . The very fame Tear did cur gr&at
Aßtonomev of VVanftead, the Revetgnd
Mr. Found, in Company with Mr. James
Cun-ningham, take &V&yage to China >
ana woft part of the ivay they, made Qb-'fervatiens: oftb& IncMnatiw by a 'TMfrping-
Neëdle. which they had with them': Which
Obfenwtwns bave been publifoed, ß>&?n
Mr, Cunningham?j 'Journal^ in the

0 ^ lofo^aiieal Tranfadions. But, by
' '"' bàvd\ Fate I know not , f be ir Di

№e'3;tie - prov'd Co bad, and the Gfr
ïians fa disagreeable the one to the
a-mi IÄÖ/? of them -fô'' different frotn t
'Aihilugy of all other fucb'Qbferv(ftums~j-3n
or "не л* the fame Seas, that, 'excepting
'îb&'wrofs general Correfpvndence, ofafforà-
intr an Horizontal Situation f omewhat be-
yond the Equator ;' the Incr-eafe of- that
Dip Southwards -, and the Return to the
Horizontal Situation- nea? the Weilern.
Coaft of China, гп uhkb all Needles -(on-
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fpîrè, По particular Degrees of întliria.tioh
мп 'be at all fa fended on in this whole
Cvlle&'wn,

A. D. 1706, Pere Noel, of the So-
tîety <?/Jefus, when he failed from Lisbon
to the Eaft Indies, as a Mijfionary, had
'along with him a good Inclinatory Needle }
and all the "Way made accurate Obferva-
tions of the Angle of Inclination, as far
<и Fort St. George : Which, with many
other curious Observations, and an Hypo-
theßs of his own with refpeft to Two
large M-agnets he fuppofed to be within
the Earth^ he publifted at Prague in Bo-
hemia fome time afterward. And indeed,
I eßeetn this to be the principal Set of In-
clinatory Observations that I have yet
feen -, nfpecially a* they appear to have
been carefully made^ and -with a good In-
finiment, and to contain the true Dip over
fo large a fart of the World.

A Tittle after this, about A. D. 1708,
Monfieur Feuiilee, a very curious and ob-
(erving Perfön, when he was rot beyond
South Attierica, to Lima in Peru, pro-
cur d himfelf a good Dipping-needle
there : and therewith obferv'd the Incli-
nation, with great Care and Exaïïnefs,
from 13°. to 56°. <?fSouth Latitude j or
from 18°. of Dip to 55y.
'The Knowledge ofthefe laß Observations,

to that curious and diligent Natu-
valift
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raliß and Mathematician, Samuel Moli-
neu x, Efq; who had thein-cotteEted out of
Monfieur Feuillee'j Account of that Voy-
age : Who alfo'the ßrß of all thereupon in-
timated his Hopes to me, that by fucb Ob-
fervations of the Variation and Dit> com-
par"á together, the Longitude would, one
time or other, be foment ay difcover ed\
tbo* fit that time I bad not the le aß
Thoughts of any fuch thing.

Hitherto therefore, or till about the lat-
ter End of the Tear 1718, / bad no Vo-
tions of difcovering the Longitude by the
Way now proposed. Nor was it poffible I
Jboitld have, fmce I did not then diflinélly
know what a Dipping-needle was : nor
indeed do I remember that, before That
Time, 1 had ever feen fuch an Inßrument
in my Life. But the Occafwn wbicb turned
my Thoughts this way, was as follows :
About the Middle, of November, A. D.
1718, came to me one Mr. Eberhard, a
German, born at Hieben in Saxony, the
very Town where Luther was bimfelf
born ; who pretended to bave a Method
for difcovering the Longitude by the Dip-
ping-Needle ; which be bad been feveral
Months propofmg to the other Mathema-
ticians 'andVirtuofo's inTown , tbóivitb-

• out being able to fatisfy any of them, thai
be bad made any fitch Difcovery. Upon
my Examination into bis Method, which

at
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at ßr-ft I thought migbt admit of fome
My fiery, which be conceaVd ̂  /_/<)-j// /;?
/л/?, w,hen;he .Cent me Père NoclV Boakl
It was 'little- more than .that Anther's Hy-
fotheßs\ already mentions 3, of Two fn-
ternal Loadflones9 and the IiHif-ntion there-
of by,'the 'Infertion of fin/ill'Loadßones
under Mobs;, and whlnnTerreßrial Glob г s. :
ffittb Jörne hopes be'had t tb/it Tsature
n?oitld ,a§onÍ a fort of'Mngnetick l^e&dle.^
wbzffißoiihf.'poi/it E'Îft1 and Weft, as the
ordinary ones pointed 'North and Sourji'i
Wltile fît' 'be- confuted be did not 'knotv
that, tfare was fncb а-Pòiver in ~Natnttt

/is mçfí^ certainly there, is not : And yet
witfyitt^jucb á -Povoçr^ ûU'his Expe'aa-
îîons muu fonie to nothing.

Be'nig ihm disappointed in Mr. Ebçr-
hara's^Prop'oföl of difcovë,fïrig tbt Longi-
tude, I could not, however,-forbear, .to
think of this^ to jm) -ivholly new Inflru-
ment, the 'jDipping-lSeedle it ßlf: .Vor
did I know bnt it might,pofflbly be applißd
to this Purpofe, if 'well ' iindtrßood.
Whereupon ï had- a 'ßrong inclination to
fee a real Dibping-NeeUle, and to try Come
Experiments therewith; For t bofe í/л/С
Mr. Eberhard hadjhcwed mu were Co very
fniau, that they were entirely unfit for
Philofophical Experiments. Nor did I
ivell itnderfland, by what I faw tbere^
eve» the common Nature or Ufe of fwh

( d ) an
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an bißntment. Accordingly, ; to ih Jjati
wy Curiofity, I foon enquired for^fitch an
Infiniment , and found that Colonel Wifld-
fam bad one, tho" it was ßnall\^wbich
upon my Application he readily' ltii$ we 5
Í?HÍ/ as readily fieiv1 d me the w äy ofiîfirig
ft : He inform' d nie. alfo тх> hat QbfcèrvÁ-
tions be bad made by a larger Infiniment
qf that Kind j bow the Dip stood, whey
'jhe ivas younv ; and how much it had w-
creasd in hisTime :, for which, and other
the like Kindneffes ever jlnce, I and
the Publick are greatly obliged to hiw,
For as faon as I bad got this typpincr-
föttedlc, I began to try fome Experiments
with it: Which tho they immediately
fyeived that Mr. Eberhard^ Hopes were
ill grounded, yet famed to promije fome.'
ivh at considerable this ivay^ could a pra-
ticable Method of Application b&hit upon.

Now as I was mujlng of this. 'Matter ',
'and when I could think of no other way\
Dr. HaJlcyV Map of the Variation, al-

* ready nie-ntianed, came very feafonably to
. my mind : And 1 conjtdered, that' by fuch
(in inartificial way of 'describing the Curve

^ Lines of equal Variation, how irregular
foeuer,. upon a Map, he had already given
fome Help for the Difc every, of the'Lon-
eitudc^ at leaß near the Cape of Good
Hope : tho* the Qnicknefs of the Muta-
tion e>f thoft Lbiesj and their ''different

Poß-
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rendredRoßfyon in^thç r,eß of the World$ rendred

ihat^ M.etlsotd .of Ihort-Ufe .there, and al-
MQfï.-.Zvholly, ufelefi elferohere. When
therefore,l canßden~e-d, thai the Lines of
e gîtai'.D-ip could hardly be more irregular
tppnthpfevfthe J^ariation ; and well knew
that... tliifr Mutation <was a-great deal
flower, .)\\and that thefe might probably be
vtfefitl over all the World-^ I conceived
great hopes, .that thiy way of Application
of the Power before.щ.might very proba-
bly difcovtr the Longitude. Ana from
tms Time, ana not : before, do I properly
date: this my .Difcvvery. But then, in
what manner I immediately laid the Pro-
pofal befoïe thç Contmiffíoners appointed
by Parliament for the Longitude j what
diligent', but.-ufuallji fruitlefs, Searches-1
jnade both here, and in ÊYànce, for more
good Inclinatory (Observations 5 what
•Charges 1have been at^ and Difficulties I
have wet luith^.in the Mechanical Part
<of making and ufmg this Inßrttment j
jvhat other DifcoUragernents I inet with j
.Cr what Affißances and Encouragement í
"í have hitherto had -, especially from the
Right Honourable the Lord Paifley, and
the free Ufe of his Loadftones -, and from
Col. Windham'-r Infortriations, and former
Experiments : What Magnética] Trials /
have my felf firß made, and aftenvard
exhibited* before the be ft and moß compe-

' ( d ú ) " tent
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t f rit Judges j and'ibis in order to b
froth thisTbeory-and РгаШ'се to Perfection'.,
fttiiay not, perhaps] bè'proper here minute-
ly t o relate: any farther, I 'mean, than
the followingPapers, which contain the
Sticcefs and Refitlt ~of' the rebele, ^vill'in-
form the Rë'aJtf.' In the wean-time, I
hope the ïvbôta-S'ailing World mill receive
no little Benefit fytheje my Labour $ \ anã
'that the Pubticfr 'ftiff not, in any;J3u,tiorit
'Â'eny 'me 'tbofe Rewards, teh'tch have been
"on 'pitrpofe fei-'араИ'forfo ufefitlàDifco-
'•ü'ery. I ft all-end this Hißortcal Preface,
'in,the 'lfibr,ds tvhich tny dear Friend,
Mr. Humphry Ditton, ftnce 'Aectas^d^ anil
my felf, ûfed on a like Occaßon\ formerly^-

" / conclude 'all with by heafty WtflieJt
*c as a Man, that 'tbis'nyWe/tgn ma}
'*' tend to tbe common Benefit of Mankind ï
" as a Briton, that'it way tèndpartíct^
;" larly to thé Honour 'and''Advantage of
*' this my Native Country-.' and as It
cc Chriftian, that it maftendtothe'Pftf-
<c pugaiwn of. our Holy Religion, in its
*' Original Purity, throughout the
» World. 6

London, iFcb. aí. lyff-.

Will. Whifton.
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о N G ï Tt; u D E and L A-
tf ï т и ЗОЧЕ found by the
I N C L I N A T O & ï or D i p-
Prl N G NE Ë DL E.

:&jfc3d£c}Îo$^

D E fel ^ ir I 0 N.

N inclingtpry or Dipping
is a-: 1шс* ata ftrait 'piece õf Steel^

• etrery1 Way equally .pois'd upon its
[ Gebtet -, ,-̂ nd afterwards: touch*d

with a l^oadftone^ hut' fo con-
triv'd, as not to play on the Pomt'oÎ a Pin,

.as does the common Horizontal Needle j but
to. Swing, in a Vertical Plain; about an Axis,
•parallel to the Horizon 5 „an4 this in .order 'to
"difcover the .éxaít Xendenc^ 'of tííè Power OJÊ
•JMagrietifm.

N.B.
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2V. В. As to the Sort of Iron or Steel which

is be ft for Ma^herical Needles,' 'Dr. Ridley gives
us Direction in thefc Words, which l fùppdfe

are agreeable • to Experience.
"Needles and W ires of .Steel,
" heated to an height, and redu-

ced back to a blewiih Colour, will receive
a ftronger Touch, and retain it ten times,
longer, than Iron will, howfoever it be
hardened : yet Iron is -beft for Caps placed

" near the Stone.

N. 5. If you would have', a ftrongiTcuch,
which ihould not be lafting, it may be beit
fometimes to touch the Needle with the Cap or
Armature of the Loadftone"- but if yon deÏÏre
a ftrong and durable Touch, you muft, by all
means, .touch it on the Stone it felf, and that as
near as may be to the Poles thereof:, the North
End of the Needle on the South Pole, and thc
South End on the North Pole -, and that a do>
zen or twenty times together : Tho' as to this
Repetition of the Touch, which is every where
now fo frequent, hear Dr. Gilbert, under the
following Note.

N. Б. Dr. Gilbert's Direction for, touching of
Needles is this: u When you would toudi a
" Needle with the Loadftone, you are tobë-
'*' gin at the Middle of the Needle, and" draw
u it to the End of it ; And towards the Una,

" con-
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* continue that Touch gently,' or by a tender
ltJ Application, for fojïie time :, I mean for one
11 or two Minutes 'of" : an Hour : /But do not re-
*'• itcrate the Motion 'from the Middle to the
",Йпе; (as'th^ CiAtom is,) for 'thereby its
"-djreclive Power :ist perverted. -Í/. III. c. 17.

I. The trqe,. Tendency of the North or
'South End of every Magnetick ÍSFeedíe, is*Tnot
at all towards that Biac'e in the Horizon whi-
ther the Horizontal Needle points, but towards
"another direftly ander it, in • the fame Ver-
tical ;, and in^differeh't Degfees under it, ià
different Ages and Countries.- Ex. Gr. At
London this Tendency is no'w1 of the North
End of the common Need le, about 75° 45' below
the Horizon. Whereas Â. D. 1576, when this
Property was firft difcovered, it was about
71° 50', as Mr; Norman alfiires us, in his
New Attractive -, which I have added at the
'End of this Paper.

This Obfe'rvation is alfo-'manifeft ;-in all
Try als of common Magnetick Needles j
which though exaftly pois'dr in an Hori-
zontal Pofition, before -they are touch'd
with the Loadftone ; do yet, after that
Touch, tend towards this Direction : And
when contriv'd fo as to fwing in that Ver-
tical Plain, 'will never reft in any other

•'"• ' Poution,
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í uuuvu, • without. fome other Force- ta
counterbalance .that Tendency. •.; And
indeed,.; :by this Alteration of the; Ecjui*
librium of Horizontal.'Й?«3% upon', the
Touch, it was, that Ш Яоупая, щ$ар-
/vng^firft difcovere4 #nd ,ráade -tue öip
ping-Needle -, in or'about A. D. 157"^, as
himfèlf informs us in Çûs forementioned
New Attractive : of which in the Preface.

IL This Line? .of the Needle's Tendency,к
therefore tu..be coniidercd,;when we treat -QÎ
the Power of Magnetifm, in the very, iame
Manner as is*he Line of Dire^jon tow^rqs^tbé
Earth's Center, : when we treat, of the Pewei
of Gravity., This Magnetick Power ^opear-
•ing to be equally conftant and upiform ijn,íhis
Direaion, as is .the Power of Gravity ia.thp

; other.

Ш. The Aiigle of Dip, QÎÎ .Inclination, be-
low the Horizon, is then only the true onerar
the leaft of all -, and the Angle of the Needle
from the Nadir the greatefl -, when the Plain of
[the Needle's Ofcjjlations is direftly along-the
Magnetick Meridian, or when the Interfecîion
.of the Plain with the Horizon is the true Va-
riation of .the Needle in that Place.

IV. When that Plain is at right. Angles with
the former, or in the Magnetick Eaß and Weft^
this Angle of Pip or Inclination is a right

Angle j



Angle -, and the Needle does not at all afcend
from the Nadir.

Corollary. When therefore the Dipping
Needle ftands exaflly perpendicular to the
Horizon, the Interfe&ion of that Plain with
the Horizon, makes an Angle with the true
Eaft and Weft Line, equal to the Variation of
the Needle at that Place.

N. B. Becaufe, as we (hall fee hereafter,
the Alteration of the Afcent of the Needle is
according to the Degrees on the Line of Sines -,
which at firft differ very much, but at laft
exceeding little -, this Angle of the Variation
is difcover'd beft by the Dipping Needle, in
this Pofition of its Plain, and not in that along
the Magnetick Meridian.

N. B. If the Plain of the Needle therefore
be but within Three, Four, or even Five De-
grees of the Magnetick Meridian, the Angle
of Inclination will be almoft as exaft as if it
were perfectly along that Line. The Reafon
is obvious: For the Sine of 85° differing from
that of 90° not quite the 25Oth Part of the
Radius j this Difference can hardly ever
come to more than one Third of a Degree, or
20', and with us never comes to more than
4/. And the Sine of 87° ï differing from that
of 90°, not quite the icocth Part of the
Radius, or but one Quarter of the former Dif-

B ferencG,
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férence, this Error can hardly ever come to
more than 5', ana with us never comes to
more than ï. Which Thing is of great Ad-
vantage for Praftice, in finding the true Angle
of Inclination with Dipping Needles : Though
it has not indeed any Place in the finding the
Angle equal to the Variation j which admits of
no fuch Allowance for Inaccurrcy as is here
mentioned.

V. Great Exaftnefs is neceflary in the Poife
and Situation of the Dipping Needle j viz.
that it be equally ballanced when either Edge
is upward, that its Plain be exaftly Vertical,
or Perpendicular to the Horizon: And that
the Beginning of the Divifions be perpendi-
cularly under the Axis of Motion j which,
in fmall Needles, are beft provided for by
a large circular Pedeftal, with three Screws j
and thofe adjufted by a Spirit Level, whofe
Plain is parallel to the Horizon. By which
means, the Angles of Inclination will be equal,
if either Side of the Infiniment be turned
Eaßivurd : which otherwife will not happen.

N. B. Long Needles which will turn, in
fome degree, with the i2oth or i3oth Part of
a Grain, and will ftand in a perfeft Equilibri-
um both horizontally and perpendicularly, will
yet do fo in no oblique Situation whatfoever.
This is certain in fait -, and plainly arifes from,
a fmall and ufually unperceiv'd Bending of the
Needle, which makes the Center of Gravity a
very fmall matter different from the Center of

Motion,
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Motion, as Monf. Fatio fuggefted to me. We
rauft therefore correft this Inequality before we
touch or ufe fuch Needles : Which is eafily done
by a fmall Poife of Brafs circular Wire, or any
like fmall Weight, placed on the lower Part of
the Needle, and to be remov'd higher and
lower, as Experience ihall direft. For if you
thus ballance this Power, the fame Poife on a
due Removal to its correspondent Mark on the
Needle, will ferve for al) other Inclinations.
Thus my longer Needle of Four Feet was bal-
lanc'd.by a Poife of iL7y Grains, and the
other of Three Feet n \ Inches by 2L44
Grains.

N. B. The Want of the diftinft Knowledge
of this Inequality, and of providing for its
Poife, has rendred moil of our Obfervations
hitherto inaccurate, and the Angle of Inclina-
tion has been ftated too fmall. Accordingly
the Dip at London, which by my former
Needles of one Foot long, unpois'd, was only
73° 5, is in reality by thefe of four Foot pois'd,
7 5 ï- Nay, thefe laft, when unpois'd, differ
from themfelves when pois'd not lefs than 30
degrees :, and make the Dip at London lefs than 45.

Corollary. Hence all Dipping Needles that
pretend to Exaitnefs, and that are to belong to
the fame Sea Chart, ought to be nicely ad-
jufted to the fame Standard, both as to the Ac-
curacy of their Poife, and Quantity of Dip at
one certain Place -, otherwife they will grofsly
deceive the Obfervers.

B 2 L E M-
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L E M M A T A :
O r Preparatory P R O P O S I T I O N S ;

Wherein the Laws of Magnetifm are
discovered.

1.ПРНЕ Loadftone has both an AttraElive,
-*- and a DireEîive Power united together :

While Iron, touch'd by a Loadftone, has the
AttraBive, but little or no Direflive Power at
all. I mean, that the Loadftone not only at-
traEls Needles, or Filings of Steel ^ but direfts
them to certain different Angles with refpeft to
its own Surface and Axis. While Iron,
touch'd therewith, does little or nothing more
than attraff :hem ; and ftill fuffers them to lie
along, or ibnd perpendicular to its Surface and
Edges in all Places, without any fuch fpecial
Direction.

This is a Matter of Experiment, and appears
to be fo upon Trial.

N. B. Neither üießrongeft, nor the large ft
Loadftones give a better Directive Touch to
Needles, than thofc of a more ordinary Virtue
and Bignefs j as I have found upon Trial : The
Quicknefs of the ufual Vibrations not having
been fenfibly altered by fuch Loadftones.
And Monf. Fatio aíTures me, he has formerly
experienc'd the fame thing. Colonel Windham
alfo has himfelf obferv'd this, " That all Load-
" ftones have two Qualities, viz» an Attra-

4



" dive and a Direding Quality -, neither of
" which depend on, or are an Argument of
" the Strength of the other.

N. B. The Attractive Power of Loadftones
and of Iron, will greatly increafe or diminim the
Weight of Needles upon the Ballance -, nay,
will overcome that Weight, and fupport other
additional Weights alfo : while the DireElive
Power feems to have much fmaller Effed. I
fay only fmaller Effed, not none at all, as
Mr. Norman, Gajfendus, with Mer-
fennus, and, as it feems, Dr. Gil- 2?гТ'(?7
bert alfo found: For they alTure Gjffend. dp.*
us, that, upon the niceft Trials Tom- "••
they could make, a Needle weigh'd Gilbe« de
neither more nor lefs after it was Magnete, HL
touch'd with the Loadftone, than 3>.
it did before. But this was only becaufe their
Needles were too fmall to find that Difference
of Weight. For as to my own exader Trials,
my longer Needle of Four Foot, which weigh-
ed before 4584 5 Grains -, being prefently weigh-
ed again, after the Touch, with the fame
Scales and Weights, weighed Two Grains lefs
than it did juft before ; and my ihortcr of 5
Feet iii Inches, which weighed before 4015
Grains, weighed afterwards ï { Grains Icfs :
Contrary to all our Expeditions. Another
Needle alfo of 14792 \ Grains, and 8 Foot long,
which I tried afterwards, loft 2 \ Grains j and
one ft ill much heavier of 65726 Grains Weight,
and 7 ä Foot long, loft no lefs than 14 Grains.

Th
e
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The Fad is evident j the Needles having been
weighed both before and after with the fame
Weights, by our very accurate and skilful Ope-
rator Mr. Hankßse. But as for the Caufe of
this Diminution of Weight, I leave it to the
further Confideration of the Inquifitive j tho*
ray own Conjecture, as to this matter, will
appear under the next Note but one.

N. B. Perhaps Iron is almoft wholly made
up of the AttraElive Particles j and the Load-
ftone of both the Attractive and Direftive com-
pounded together ^ and probably mixed with
other heterogeneous Matter alfo : It having ne-
ver been purged by the Fire, as Iron has been.
And perhaps hence it comes to pafs, that Iron,
after it is touch'd by a Loadftonc, and its Vir-
tue excited, will lift up fo much greater
Weights than the Loadftone it felf, which
touched it -, nay will, upon Contact, take
away Needles or Filings of Steel from the fame
Loadftone j as is well known in Magneticks.

N. B. The Quantity and Direction of Mag-
netick Powers communicated to Needles, is not
properly, after fuch its Communication, owing
to the Magnet which gave the Touch, but to
the Goodnefs of the Steel that received it -, and
to the Strength and Pofition of the Terreftrial
Loadftone, whofe Influence alone thefe Needles
are afterward fubjeft to, and directed by. So
that all fuch good Needles move with the fame
Strength, and point to the fame Angle, what
good Loadftones foever they were excited by,'

as
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aà we have in part already noted. Nor does the
Touch feem to do much more in Magnetick,
than friãwn in Electrical Cafes, I mean, rub
off fome obftrufting Particles that adhere to the
inward and outward Surfaces of the Steel, and
open the Pores of the Bodies touch'd, and fo
make way for the Entrance and Exit of fuch
Effluvia, as occafion or affift the Powers we are
now fpeaking of.

N. B. The Directive Power of Loadftones
feems not to be Immechanical, as Gravity is 5
but Mechanical, and deriv'd from Magnecick
Effluvia, circulating continually round the
Loadftone : Of which Circulation there feem
to be very evident Indications in Magnetick Ex-
periments j tho' it muft be confeiTed, the Mag-
netick Effluvia themfelves have never yet been
rendred fenfible, as the Eleftrick Effluvia begin
to be. However, as to the Attractive Power,
it feems to me as perfectly immechanical as
Gravity it felf j of which more hereafter.

N. B. No natural Bodies whatfoever are
found to hinder, or divert, or retard the Mag-
netick Effluvia, but Iron or Steel : which ftill
turn the fame Lengthways, and receive their
Power from them.

II. The Abfolute Attractive Power of diffe-
rent Armed Loadftones to fupport Weights, is,
cœîeris paribus, according to the Quantity, not
of their Diameters or Solidities, but of the
Surfaces of the Loadftones, or in the duplicate
Proportion of their Diameters.

This



This Propofition has been very lately dif-
covered by the Right Honourable the Lord
faifley, the great Reviver and Encourager of the
Knowledge of Magnetifm among us : Who up-
on this Principle alfo has fo far improv'd the
Attractive Power of his beft Terrella, or Sphe-
rical Loadftone, of i \ Inches Diameter, that
whereas it would fupport little more than 14
Pounds when his Lordihip bought it j it now
fupports about 22 Pounds. Nor is it any great
Wonder, that a Power which ails chiefly on
the Surfaces of Loadftones, and of Iron, ihould
ftill ad in Proportion to thofe Surfaces.

III. The equal Power of good Loadftones
unarmed, not fenfibly unequal in Strength, fi-
milar in Figure and Poiition, but unequal in
Magnitude, is fometimes a little greater, fome-
times a little lefs, than that of their fimilar
Diameters.

This is a Matter of Experiment} and I have
found it fo upon feveral Trials. Only the Dif-
ficulty is fo great in determining when quite
different Loadftones, or indeed different Parts
of the fame Loadftone when feparated there-
from, are equally good, that'tis very hard to come
at any degree of Exaftnefs in this Experiment.

IV. The Loadftone equally attracts Needles
which have been already touch'd, at a farther
Diftance than thofe that have not been touch'd ;
and this at the Diftance of about 5 to 2 , or
where its Power is, as we (hall ihew prefently-
about the Tenth Part of the other.

This has been found fo upon Trial,
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N. Л. Both Poles of a Loadftone do equally

attrait Needles, till they are throughly touch'd';
. and then it is, and then only, that the one Pole
will begin to attract the one End of Needles,
and to repel the other: tho' ftill the repelling
Poles will attraft upon Contact, my at a very
ímall Diftance, notwithftanding.

V. The Attractive Power of Loadftones, in
their fimilar Pofition to, but different Diftances
from, Magnetick Needles^ is in the fefqmdu-
plicate Proportion of the Diftances of their Sur-
faces from thofe Needles reciprocally ; or as the
middle Proportionals between the Squares and
.the Cubes of thofe Diftances reciprocally : or as
the fquare Roots of the Fifth Powers of thofe
Diftances reciprocally.

Thus, becaufe ь 2. 4- 8. are in Geometrical
Progreflion :, and the Square Root of 4 x 8=32^
which is nearly, 5^65 is the middle Proportional
between 4. the Square -, and 8. the Cube of 2 :
I affirm, that the Magnetick Power of Attract
on at twice the Diftance from the Surface of the
Loadftone, is between a fifth and a fixth
Part of that Power at the fir ft Diftance.
Thus alfo, becaufe ï. 3. 9. 27. are alfo in Geo-
metrical Progreflion j and the Square Root of
,9X27=243. which is nearly 15 i. is the
middle Proportional between 9. the Square -,
and 27 the Cube of 2 : I affirm, that the
Magnetick Power at thrice the Diftance from

С the
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the Surface of the Loadftone, is in the Middle
between the Fifteenth and the Sixteenth Part
of the fame Power at the firft Diftance.
Thus aifo at 4 times the Diftance, the Power
will be 32 times as fmall : At 5 times the Di-
ftance, the Power will be almoft 56 times as
fmall : At 6 times the Diftance, the Power will
be a little more than 88 times as fmall : And
if the Diftance of one be to that of the other
as 7 to 9, the Power at the fartheft Diftance
will be to that of the neareft, as the Square
Roots of. the fifth Powers, or almoft as 1 30 to
243, and fo for ever.

N. B. I here take the Diftances, not, as in the
Law of Gravity, from the Center j but from
the Surface : becaufe, as all Experience allures
us, the Magnetick Power is chiefly at the Sur-
faces of Loadftones, and of Iron : and indeed
feems to have no particular Relation to any
Centers at all.

ft в. That Excellent Mathe-
matician, Dr. Brook Taylor; Jäte
Secretary of the Royal Society;
and Mr. Haulubee; Sen. their..

~7* ' Operator, Perfons very fit for
'•making fach Experiments, have, not long
fîéce , at the Society's Recommendation ,
tried the Power of Three feveral Loadftones,
in order to difcover the Law of Magnetick At-
traftion at feveral Diftances j whoíe Numbers

are



( '5 )
are extant. But becaufe they made the Expe-
riments without preserving a fimilar Pofition of
the Line of the Magnet's Motion to the Needles,
which was neceflfary to have been dbferv'd }
the Experiments, how exsft foever, have proved
of little Ufe. Nor did either of them in the
leaft hint what Confequcnces might be drawn
from thofe Obfervations, in order to difcover
this Law of Magnetifm. I was therefore obli-
ged to make new Obfervations of my own for
that purpofe. For tho* the Knowledge of this
Law muft needs be one of the firft Principles
of Reafoning in Magneticks, yet has it hither-
to been almoft entirely negle&ed. „. . Tл 0. тл v7 . • j j Pnncip. L. Г.
Uur great Sir Ijaac frewton indeed seii.ia.P
has demonftrated, that fuch а 85.ия.
Power muft decreafe in more than ^•
a duplicate Proportion of the Diftance -, and
has intimated, from fome grofs Obfervations,
Q pofllbly he means thofe above-mentioned •. for
I know of no others extant3 (Col. Windbnm
having never publimed any-of his Obfervations
relating to Magnetifm at all :, ) that it decreafes
in an almoft triplicate Proportion of that Di-
ftance : Yet does the real Proportion, which I

•have difcovered, fo confiderably differ from
both the duplicate and the triplicate, that thefe
Determinations, which yet are the beß^ if npt
the only ones extant, cannot be acquiefced ify
without further Enquiry, and new Experiments :
Which Experiments I was therefore obliged to
make my felf, as they follow preíèntly.

С 2 N. B.



N. #. In thefe Experiments, I made ufe of
my Lord Paißefs larger Terrellat of aL8 Inches
Diameter. 1 generally expofed the South Pole
qf the Stone to the North End of the Needle,
and that ever fo as to keep the Line of .the
Loadftone's Motion at right Angles with that
Needle. I alfo ufed fometimes a ihort Needle
of 4 i Inches ; fometimes a long one of 4 Feet :
Both which, till the Loadftone came near the
Needles, agreed well enough. But becaufe the
Concern of one Pole of the Loadftone with
one End of the Needle was moft diftinft and
undifturb'd in the long Needle -, and becaufe
that Needle afforded Angles more agreeable to
Analogy, I preferred the Experiments made
thereby.. Only at the greateft Diftances, the
fmall Needle would be moved when the Weight
and Friäion of the larger made its Motion
fcarce fenfible. And indeed, I was forced to
fet down three or four of the fsrtheft Num-
bers, rather from Analogy to the reft, than
from any exaft Obfervations. Nor is the
Reader ever to expeft greater Accuracy in fuch
remote Numbers than 10' or 20', as Mr. Hanks-
bee has juftly obferv'd, in the Place above re-
ferred to. The Reafon of which is plain j That
there the Friftion bears the greateft Proportion
îo.the Magnetick Power of the Needle, and fo
the moft interrupts the Freedom of its Motion.

27. B. The Reader is to remember, that in
fach Experiments phe force is to be meafur'd



by the Chords of thofe Arcs, by which it makes
the Needle decline from its natural Direction ;
To which Chords it is ever pro-
portional i as I have elfewhere de-
monftrated. I have therefore fet
down Half the Chords, or the Sines of Half
thofe Arcs of Declination, as the true Meatures
of the Power of MagnetHm.

Pittance in Inches. Degrees of Déclin.

°

т!

Л

6 ' - -
4

4íT "
э

" f• i s т~

t j '
o'
л ?
Л1

?

Sines of the 4- Arcs,

_ ,, , TnTl7071

11-,.
848
"88

ï ï - . - _ O n Л

174
. •.— . — •<-«, — T £\r~\

- - /з
-о
J1-'

Now if we take out of this Table the Sines
for any Numbers of Inches double to each
other j as for 9 and 18, they are 2334 and
588 j which are nearly as the Squares, or as 4

to



to ï. The Sines for 12 and 24 are 1132, and
262: Thefe are in a greater rroportion than
the Squares, or than 4 to ï $ but in much Icfs
than the Cubes, or than 8 to ï. The Sines to
15 and 30 are 848, and 131. Thefe are in a
much greater Proportion than the Squares, or
than 4 to ï -, but in a kfs than the Cubes, or
than 8 to ï. The Sines to 18 and 36 , are
$88 and 109. Thefe are nearly in the Mean,
between the Squares of the Cubes, or as 5L6$to
ï. The Sines to ъ\ and 42 are 392 and 73 j
thofe to 24 and 48 are 262 and 44 -, the for-
mer a little «nnfer, and the latter a little above,
that mean Proportional. The remoter and
exader Pittances alfo in Mr. Hauksbees Expe-
riments, at 30 and 60 Inches Diftance -, which
gave the Angles of 13°. 20'. and 2°. 15. whofe
Sines of the half Arcs are 1161 and 196, and are
very near to the Proportion of $L65 to ï. So
that this Sefqitiduplicate Proportion appears, by
thefe double Diftances, to be ftill the true one'
The fame Proportion is more fenfible, if we
take Diftances triple to one another : as 9 and
27. whofe Sines are 2334 and 174: or 12
and 36. whofe Sines are 1132 and I O Q J the
one of which is over^ and the other under, that
fefquiduplicateProportion :, which requires about
15Í to ï.That Proportion is ftill more fenfible, if
we take one Diftance quadruple to the other j
as 6 á and 26. whofe Sines are 7071 and 204,
or 9 and 36. whofe Sines are 2334 and 109 }
or j 2 and 48. whole Sines are 1132 and 44 -,

the
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the firft of which exceeds, and the other two
want of, that fefquiduplicate Proportion, which
requires 32 to ï. So that the Mean is ftill on
all Accounts this very fefquiduplicate Propor-
tion, and no other.

N.- B. Take here the Numbers found at
another more accurate Tryal ^ where many cu-
rious and confiderabk Perfons were prefent.

Dift. in Inches Degrees of sines of j Arcs. Rac.fefquidupl.
correited. Décimât. * -i r

- 466.

14!. 4 -349 216.
• 170.

8 •—697 138.
H l 1C 871 105.

9 i——14 1219- 70.

N. B. The Reverend Mr. Benjamin Worßery

a skilful Mathematician and Philofopher, has
propofed another very good Way of finding the
Law of Attraction in Magnets,' which is built
on my Method of comparing Vibrations and
Ofcillations of Needles with the Ofcillations of
a Prifmatick Pendulum, of the fame Radius,
moving by the Force of Gravity, and it is well
worth our Confideration : via. to count the
Number of Vibrations or Ofcillations in a given
Time at feveral Diftances of the Magnet, and
take the Force as the Squares of thofe Numbers

direuly -,
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directly : or as -the Squares of the Times of an
equal Number of thofe Vibrations or Ofcillati-
ons reciprocally. Provided only, that that Part
of the Force which arifes from the Magnetick
Power of the Earth, be fubftrafted from the
entire compounded Force, to give the fingle
Power of the Loadftone. According to which
Method, we found the Numbers following,
upon an exact Trial, made before many curious
and confiderable Perfons, each Experiment be-
ing tried thrice over.

N. B. The Needle vibrated once in ^"L2.
being near 41 Inch long.

N. Б. We ufed at firft Mr. Rofe the Jewel-
ler'i Terrella, of ï £ Inches Diameter.

N.B.
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ÏÏ; В. If we obfcrve, that the Fri&ion is moft

conßderable at the greatefl Diihnces of the
Loadflones, and does there prolong the Time
of the Vibrations j and that, in the Jail Set,
the Loadfbne íèeraato have been a froall matter
too remote from the Needle in the Second and
Fourth.Trials,-..as,the Analogy1 of the reft im-
plies j all thefe Obfervations will nearly agree -,
and will farther demonftrate, that the true Pro-
portion of the Magnetick Power's Decreafe, is
Ui&fifattiiluplicate of the Diftánce -, as all the
other Obfervations have alfo proved.

N. B. I have tried the fame Experiment in
one Magnetick Needle with relation,to another -,
and I. find, that the Decreafe of the Attraction
is in the fameßfqutditplicate'Proportion of the
Diftance, in this Cafe alfo.

A T A B L E of Magnetick Potter., from
this fcfquiduplicate Proportion, at dif-
ferent Dißances from Loaäßcnes.

Diftance from Magnetica'l Power
the Loadftone. in Ргорэцюп.

• I.OÖ

-i I.44
-4t-°
-8L2

-I4t.4
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Corollary (ï.) И therefore we know "the
Power of any Loadftone at any one Diftance
from its Surface, we can readily find it at any
other Diftance. e. g. becaufe the Square Root
of the Fifth Power of i o is little above 300. if
a Needle of a Foot long, at 5 Inches Diftance, be
equally drawn by Magnetiûp, as by Gravity -,
(and we fhall hereafter prove, that the Power of
Gravity is, in that Cafe, to the Power of the Mag-
netifm of the Earth, as 300 to ï) it will begin
to be lifted up at fomewhat farther Diftance
than half one Inch : Which Experience does
alfo atteft. Thus alfo, if we fuppofe a Needle
of a Foot long, ID times fo near the internal
Magnet as we are here j the Power of that
Loadftone there, would be fomewhat greater
than the Power of Gravity here : But of that
more hereafter.

Л7. В. Becaufe the Magnetick Force in
Needles of the fame length feetns, by the Ex-
periments, to be nearly equal j whether they
J?e larger and broader, or icflet a n d . narrower
towards the Ends -, it ieems as if the Magr
netick Effluvia paiTed along the Needle,, fo
as ftill to confine themfelves within its Edges j
or by running, like a River, fo much fwifter
as the Needle or Paflage is narrower, apd fo
much flower as it is wider -, whereby the Quan-
tity of Motion and of directive Power be-
comes nearly equal in all thofe Cafes.

P R O -



VL A Pendulum, whofe Center of Sufpenfïon
is diftant from the Center of OfciUation
39ui2 Inches, makes every Swing in the
jeaft Arc of a Circle in one Second or
6c'".

This is well known by all that make
Pendulum Cjocfcs -, or have, try'd Expe-
riments with :other Pendulous Bodies.

2f. B. I fay here, every Swing, 'in the lea ft
Arc only; for fo is ' theFaft . In Cy-
cloids indeed, the Swings or Qfcillations
3re all exactly equal, be the Arcs never
fo unequal : But in Circles they are not
fo : The larger Arcs requiring ftill a lon-
ger Time than the morter, and the Qua-
drantal Arc requiring fo much more Time
than the fmaUeft, as 34 is more than 29 ;
which the famous Moniieur Hujgens has
demon ftrated

VII. A Pendulum, whofe Center of Sufpen-
fion is diftant from the Center of OfciUation
'Four Inches, defcribes very fmall Arcs in a
little lefs than one Third Part of a Second,
or exactly in i^L2 '". Ancl one 32 Inches long
in 54'";

This
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This is eafily found, , by e2£tfa$ing thé

Square Roots of the _ foiiner
39ui2, and 4, which are £,.25, a
It being well known in Medianieks,
the Len^h^s of Ptadulnms are aa the
Squares of their Time^ of Ofcillation ;
Or, which is all one, that the Times are
as the S^Jare Roots of th*fe ^Le'Bphs.
Whence the Analogy^ will run thus,
6L25. : 2. :: 60"'. : 19^.2'".

V1Í. A Prifmatick, or Cylifldrfck Sptj^ f nd
Pendulous Kódy Six Inches long, fwkafgirig
about one End as а Септет, performs each
Ofcillation in the fame Time with а со»дтс|1
Pendulum or .Plummet, hung . by a Thread of
Four Inches ̂  that is in 19^2'". Asdoesalfo
fuch an one of Four Feet, or 48 Inches long»
ofcillate in the. fame time. with a cornmoa; ona
of 32 Inches long j i. e. in 54-', or L̂ "...

This is we}l known by the Place of the
Center of Ofcillation in all Cylindrick
and Prifinatick Bodies ; which is demon-
ftrated to be at \ of the whole Length :
And by Experiments purpofely made with
fuch Bodies, which fully confirm that
Demonftration.

IX. An Inclinatory or Dipping Needle of
Six Inches Radius, and of a Prifmatick or
Cylindrick Figure, when it ofcillates along the

Mag-
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Mágnetick Meridian, performs here every mean
Ofcillation in about 6" or 360"'. And every
fimll one in about 5"*, or 330"'. And the
fame Sort of Needle 4 Foot long, makes every
mean Ofcillation in about 24", and every fmall
one in about 22"*

Tfci's is a bare Matter of Faft : And I have
my felf often found it to be fo upon
Tryal.

S'''NiBt ï ufe the Words mean andy/ял// OfctJla-
ria^iïere,becaufé in thefe MagnetickOfcillatiohs,
as well as thofe derived from Gravity, the large
Arc's-require longer Time than the fmall ones :
Add, by myTrials, in the fame Proportion. So
that when we compare their Velocities and
Motions ; together, we muft take Similar Of-
cillations, as I generally take the fmall ones
for my Calculations. And indeed the Equa-
lity of the Ofcillations in fuch Cafes wilJ,
on 'a l l Sides, b& fecured better, by beginning
wit-li thofe much lefs than 30 Degrees from
the true Dip, where they are ahnoft equal j
than' with the largeft, which' are'more une-
qual;

X. The Force of Gravity, oii.of any uni-
form Power, in Plains oblique to the Direction
of that Power, is always as the Còfines of the
'Angles made by the Direction of; that Power,
and the oblique Plain: And the Times in

which
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which equal Lines are defcribed, are in the
fubduplicate Proportion of the fame.

Thus the Power of Gravity,
which it felf tends only Fig. L
along the Perpendicular А С :
to accelerate the Body О along the oblique
Plain: AB, is ever as theCofineAC, to
the Radius A B. and the Times of the
Defcription of equal Lines, as the Square
Roots of the fame.

Thus. if AC Devore Quarter of AB-, the
.Force along AB, and the Line defcribed in
equal Time along A B, will be one Quarter
of the Force and Line along A C. and the
Times of the Defcription of equal Lines
as 2 to ï. If А С be 5 of AB, the Force
along AB, and the Line defcribed in;
equal Time along A B, will be \ of the
Force and Line along A C, and the Times
of the Defcription of equal Lines, as %
to ï , and fo for ever : As I
have demonfhrated in my

as is now well known m Mechanicks.

Corollary (ï.) If therefore the fame.Pendu-
lum, finely Poliíhed, do ofcillate both in a
Vertical Plain, and upon a Glafs Plain, inclin'd
to the Horizon, the Times of each iimilar
Ofcillation, or of any equal Number of fuch

E OfcU-



( 3°)
Öfcillations, will be to each other reciprocally,
as the Square Roots of the Numbers expref-
fing the Proportion of the Cofine A C, to the
Radius A13. I mean this, with no greater In-
equality than muft arife from Friâion in the
oblique Glafs Plain, which has no Place in the
Vertical Plain. Thus when I tried the Ex-
periment with a Pendulum Four Inches long,
which, as we have feen, ofcilktes in the Verti-
cal Plain, in 19^2"', yet upon a Glafs Plain
fo inclin'd, that А С was one Quarter of A B,
and where, by Confequence, had there been
no Fridion, the Time would have been only
Double, or 38^4'"., it was fomewhat longer, or
above 42'". Which however is fufficiently
near to this Rule j and is accordingly a real
Confirmation of it.

XI. The entire Power of Gravity, is to the
entire Power of Magnetifm, in this Country,
as it affefts Needles a Foot long, nearly as 300
to ï ; and as it affefts Needles of 4 Foot
long, as 600 to ï.

This is a plain Corollary from the Eighth,
Ninth, and Tenth Propofitions foregoing.
For fince equal Arcs of equal Circles,
are defcribed by thefe Two Powers in un-
equal Times, which Times 'are to one ano-
ther, uponTryal, in Needles of one Foot
long, as 330'" to i9tV" their Squares,
which are 108900, and 368, will give

us
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us the Proportion of the Powers them-
felves : which is nearly the fame with
that of 300 to ï. And by a like Calcu-
lation in Needles of Four Foot long, the
Proportion of Gravity to Magnetifm is
nearly as 600 to ï.

Corollary. This Power therefore affefts
Needles in the fubduplicate Proportion of their
Lengths, reciprocally -, and is only of half the
fame Quantity in a 4 Foot Needle :, and of one
third the fame Quantity in a 9 Foot Needle.

XII. The Quantity of Magnetick Power ac-
celerating the fame Dipping Needle, as it ofcil-
lates in different Vertical Plains, is ever as
the Coßnes of the Angles made by thofe Plains,
and the Magnetick Meridian, taken upon the
Horizon.

Let A I reprefent the greateft
Force,along the Magnetick Meridi- Fig, II.
an, as theSemidiameter of a Circle.
[ A being the Point where the Dipping Nee-
dle would cut the Horizon, when it ftands
Perpendicular thereto, and fwings along the
Tangent AB : and I, being the Point in the
Line of Sines, applied to the Circle, where
the fame Needle, hanging from the fame Cen-
ter, would cut the Horizon in its proper
Inclination, along the Magnetick Meridian.]
Let the Angles at A be drawn at Random,

E 2 or



er, for greater Eafe, as here, exceeding each
other by 15 Decrees. Draw the Chords
A C, A D, A E, A F, and A G. Then will Ac,
Ad, Ae, Af, and Ag, be the Cojines of the
Angles made by the Line of greateft Force AI j
and the feveral Plains, here reprefentçd by the
Chords A C, A D, A Ë, A F, and A G. Thefe
Cofines therefore, as compar'd with the Radius
A I, exprefs the true Proportion of the Power
of Magnetifm in all thete oblique Situations,
juft as A C exprerted that of Gravity along
AB, in Proportion X. foregoing.

Corollary (ï.) Since the Afcents of the Dip-
ping Needle from the Nadir A, taken along the
Circle of the Dipping Needle, muft needs
increafe till they come neareft to the Power at
I, z. £, as far as c, d, e, f, and g, in that
Line of Sines applied to the Circle, which are
the Length of the Cofines above-mentioned j
At which neareft Points alone, the Needle can
reft : 'Tis evident that thefe Afcents, or Com-
plements of the Dips below the Horizon, will
be {till in the Proportion of thofe Cofints re-
fpedively.

Corollary (2.) Becaufe the Sine of 30° is
half the Radius, the Afcent of the Dipping
Needle along the Line, or Plain A D, at 60
Degrees Diftance from the Magnetiçk Meridian
AI, will be one Half of the utnjoft Af-
cent } and is the moil eafily tried by every
body, Thus,
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Thus, becaufe at London^ the utmoft Afcent

along the Magnetick Meridian is in Needles
of a Foot Ions; ló.i and in one of 4 Foot
145, the Alceat at 60 Degrees there-
from, pn either Side, will be 89 è in the
firft, and 7° k in the fécond Cafe, and fo
every where. Accordingly I have feveral
times tried .this Experiment, and always
found it to anfwer the Demonftration,
not in that Angle only, but in the others
alfo.

Corollary (3.) If the former Conftruftion be
fappos'd in a Plain Perpendicular to the Ho-
rizon, upon the fame. AI, as ftill the Semidia-
meter of the fame Circle ; and it be fuppos'd
to be plac'd frora the Center of the Dipping
Needle, along the Magnetick Direction ^ that
fo the Sines Ac, Ad, &c. may reprefent the
oblique Forces as before : We may thence efti-
raate the Quantity of thofe Forces, both in the
Horizontal and Vertical Situation of Needles :
The one exhibiting the Force of the Horizontal
Needle -, the other of the Vertical Dipping
Needle, whofe Plain is along the Magnetick
Eaß and Weß.

Thus, if we would Eftimate the Quantity
of Force at London in the Vertical Plain
here mentioned, in Needles of a Foot
long, we (hall find, that it is to the entire
Force along the Magnetick Meridian, as
c the
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the Sine of 73 | to the Sitms Totus; or as
96 to loo , and by Confequence, that
their Times of Ofciilation are in the fab-
duplicate Proportion of thofe Numbers -,
2. e. nearly as 98 to 100, or 49 to 50,
which agrees to Experience. Thus alfo
in Needles Four Foot long, this Force is
as the Sine of 751 to the Sinus Totus •
or as 968 to ïooo, and their Times as
984 to rood.

Thus alfo, if we would eftimate the Quan-
tity of Force here in the Horizontal
Plain, we ihall find it is to the fame
entire Force above-mentioned, in Needles
of a Foot long, as the Sine of i6°i to the
Sinus Totus ; or as 28 to i©o ^ and in
thofe of 4 Foot, as the Sine of 14 I to
the Sinus lotus, or as 25 to 1000, or ï
to 4 ^ and by Confequence, that the Times
of their Vibrations, and Ofcillations, which
are in the fubduplicate Proportion of thofe
Numbers j are, in the fitft Cafe, as 52L9
to 100 j and in the laft, as 500 to 1000,
or ï to 2, or as 11 \ to 6" , which alfo
agrees to Experience.

N. B. The Power by which all Horizontal
Needles are governed, and all our Navi-
gation direded, in thefe Parts of the
World, is but one Quarter of the Power
by which the Dipping £ieedle is moved,

and



and the Longitude and Latitude of Places
are now propofed to be difcovered.

Corollary (4.) Hence we learn a new and
fure way of finding the true Angle of inclina-
tion of the Dipping Needle, even without
immediately obferving it ; and that by one fin-
gle Analogy, thus : As the Square of the
Time of any Number of Vibrations in the
Horizontal Plane, to the Square of the Time of
the fame Number of Similar Ofcillations in the
Vertical Plane, along the Magnetick Meridian :
So is the Sinus ^otшy to the Cofine of the
Angle of Inclination.

Let us fuppofe that our Needle be one Foot
long, and that 100 of thefe mean Vibra-
tions are to mo Similar Ofcillations j or,
which is the fame thing, one Vibration to
one Ofcillation, as 11" \ to 6''} or that the
fame Needle, when playing horizontally,
takes up ti" i in one Vibration, and
when playing Vertically takes up but 6" ;
Then will the Analogy run thus: n",'^:
6" q :: 128 : 56 : : ioo—Rad : 28 = Sin.
16°£.

Thus alfo, as the Square of 86L8', the Time
of 2 fimll Vibrations in an Horizontal
Needle of Four Foot long, to the Square
of 44", the Time of the like Number of
Vibrations of the fame Needle ufed as a

ï Dipping
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Dipping Needle : So.is 10000=:Radius: to
256o=Sine 14° s. ' And-io in all other
Cafes whatfoever.

Z/. B. Altho' it may be convenient to count
the Ofciliations and Vibrations by a Pen-
dulufti of 9U8 Inches long, which gives
half Seconds precifely -, yet will any
other Pendulum, either longer or ihorter,
do, in cafe it be equally ufed with both
the Vibrations of the Horizontal, and the
Ofcillations of the Dipping Needle.

2?. B. Thefe Ofcillations in Dipping Needles,
rauft be made without their Poizes j and
about the Place where they dip naturally ;
or where the Magnetick and the other
Power are in a perfetT: Equilibrium : Nor
muit the Angle be taken above 6 or 7 de-
grees on either fide :, left the Mixture of
the other Power too much difturb the Vi-
brations.

7$. B. Where the Angle of Inclination is lefs
than 450, it will be beft to find its Com-
plement, the Angle of Afcent, by com-
paring the Ofcillations along the Magnetick
Eaß and Weft^ with thofe along the Mag-
netick Meridian : Which will be done by
the foregoing Analogy.

N. B. If the Power of Magnetifm were as
nearly the fame every where on the

•* » r~> ï »Earth i
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Earth's Surface, as is that of Grivity,
the forerhentioned Angle might be found
by the Horizontal Needle alone, from
the fame Analogy. The Firft and Third
Terms in that Cafe being (landing Quan-
tities :, and there being Occafion for no-
thing but counting the Number of Se-
conds in an equal Number of Vibrations
of the Horizontal Needle. Howeve^
this Method bv Calculation ought every
where to be put in Practice, together with
the direft Obfervatidn of the Dip it felf -,
that fo the Angle may be conrirm'd, or,
on an^ Error happening therein, cor-
rected, for the greater Security of Navi-
gation.

N. B. One eafy way of difcovëring the true
Angle of Inclination in long Needles, is
to pbferve the Needles Ofcillations by a
Plummet or Watch that fhews half Se-
conde, when they are not above one De-^
gree W^ide j and to note that Point for the
true Dip, Where the Arcs and Vibrations
of the fame Number of half Seconds on
each Side meet in the Middle -, for there
both the Arcs attd Times are in a manner
equal on both Sides ; and the Middle of
that entire Arc and Time gives the true
Angle of Inclination1.

F XIII. The
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; СогоЦму (•).) Since the Horizontal Needle
is moved only by a P$rt of the Power which
moves the Dipping Needle ^ and that it only
point's to a certain Place in the Horizon, be-
caufe that Place is neafeft its Original Tenden-
cy -, whenever the Dipping Needle ftands ex-
aclly perpendicular to the Horizon, the Hori-
zontal Needle will not refpeft one Point of the
Compafs more than another, but will wheel
about every way uncertainly.

And whereever it happens that this Needle
does To, as it has fometimes done, it is evident
фе Dipping Needle is there exactly perpendi-
cular to the Horizon: Though indeed that per-
fcd Equilibrium, arifíng from fuch an exact
Perpendicularity, can reach but to a very fmall
Compafs of Ground j and fo muft be a very
rare thing in Obfervation.

XIII. The Times of Ofcillation and Vibra-
tion, in Dipping and Horizontal Needles, equal-
ly good, is that of their Lengths direftly : and
the aftual Velocity of their Points along their
Arcs always equal. Thus, the Time of a fmall
Ofcillation in both my Needles, of one Foot
long, was about 5" | ; and the like Time in
both my Needles of 4 Foot long, is about 22".
which Numbers are as ï to 4 , and confequent-
ly the Points move a fourfold Arc in fourfold
Time, and an equal Arc in equal Time.

Corol.
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N. B. Becaufe fome Steel talces a betterToucli
than others -, and fome Needles do there-
upon confiderably differ from this Propor-
tion, tho' they all keep the fame Angle of
Diredion } This Rule muft be taken with
that Limitation.

Corol. (ï.) Hence Magnetiek Needles are,
c&teris paribiis, ilill better the longer they are j
and that in the fame Proportion with their
Lengths. For fince their Points for Obferva-
tion move along their Arcs with equal Swiftnefs
in all Cafes $ and thofe Arcs are fo much exader,
as their Semidiameters nrelirgerj it follows,
that Needles are fo much the better, as thofe
Semidiameters, or, which is all one, their
Lengths and Diameters are larger. Thus, a
Dipping :or Horizontal Needle of Four Foot
long, is four times as good as thofe One Foot
long : And thus thofe of 8 Foot will be twice
as good as thofe of 4, and fo on.

Coroll. (2.) Hence the Longitude and Lati-
tude, if they depend on Mngnetick Needles,
may be found to what Degree of Exaclnefs we
pleafe : there being, that I find, no more a Li-
mit in Nature in the Cafe of Magnetiek
Needles, than in that of Aftronomical inftru-
ments : Which are alfo known to be better,
CAiens paribus, in exaft Proportion to their,
Semidiameters.

F 2 XIV. A
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XIV. A Dipping Needle of a Foot long will
plainly, ihew an Alteration of the.Angle of In-
clination, in thefe Parts of the World, in half
a Quarter of a Degree,, or 7.£. Geographical
lyiilis; Г mean this, if we go along, or near to
a Meridian.

Ths former Part of this I have found iny
felf upon Trial, in travelling the lait
^Пцтп from Lincoln to near Oxford j and
the Гапзе, or a greater Exaftnefs, appears
praticable not only from my own Qbfer-
vations here with Needles of 4 Foot, but
slfo from thofe in Mr, Norman and Mr.
Бои.'/, when there were good Needle?, and
Care was taken to be accurate in the Qb-
fervations.

N. B, If therefore this Alteration be vifible
in thefe Parts of the World, along or near a
Meridian, within £ of a Degree, or 7 I Miles,
with Needles of one Foot : and within У or ^
or Miles with thofe of 4, where yet the Dipping
Needle alters not nearly fo faft as the Latitude ;
or where we muft go above 100 Geographical
Miles, for the Difference of 7 5' : Such an Al-
feration will be vifible in a much lefs Space of
Ground, in moft other Parts of the World ;
Where .'tis not only common that the Minutes
of thc Dipping Needle alter as fail as the
Geographical Miles of Latitude^ but that, iri

' t h e
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tl>e Tprrid £one efpeçially, thofe Minutes
muchTafter фап,фе pther j a? will appear here-,
after.

Corollary. Hence it is plain, tfyat the Lati-
tude may generally with Eafe be difcovered by,
the Pipping Needle, though it be po more than,
a Foot long, when we travel along or near a
îyieridian, more nicely than to 7' i, pr Mile?, anc^
that it may be difcovered with the like Eafe,
by one of Four Foot, as near as 2' or 3', or Miles j
tha| is, much nearer than it is, novy ufually
known at Sea by Celeftial Obfervations,

XV. Д Dipping Needle of Four Foot long,
in thefe Parts of the World, will fliew an
equal Alteration along a Parallel, that one of
a Foot long wil l mew along a Meridian : That
is, This will with equal Exaftnefs ihew the
Longitude, as That the Latitude, both by Sea
and Land.

This depends upon the Pofition of the
Lines of equal D//>, in thefe Parts of the
VVorld j which are found, upon Tryal,
to lie about 14 or 15 Degrees from the
Parallels : Or where the intercepted Parts
along a Meridian, are about one quarter
of thofe along Parallels :, As the View of
my fmall Map hereto prefixed, wtych is
made from the beft Obfervations, will
jrea,dily clemonftrate,i . ,j ï /-• »Çorol-



Corollary (ï.) Since therefore we can'ob-
ferve an Alteration in the Dipping Needle of
one Foot long, when we go nearly Worto'and
South, in 7 í, Geographical Miles Space-,
We can do the fame with one of Ifouf Feet,
when we go Eaß or Weß : 1. 6. We Can by
fuch a Needle difcover our Longitude to half
a quarter of a Degree, or 7 3 Miles, even here,
and milch nearer in other Parts of the;
World,

Corollary (2.) Since, as we have fhewn,
we can have Needles of $, nay 6, 7, 8, oc more
Feet long -, which will move with Strength
fufficie'nt for exacl: Obferyations : And fince,
by the Ufe of Micrófcopes, in viewing the
fmall Divifions of Degrees on the Limb of
our Inftrument :, we can ftill greatly improve
the Exadnefs of fuch Obfervations , It is evi-
dent, that it is no way impoflible, with mo-
derate Care, to difcover, at Land, by a Dip-
ping Needle» our Longitude, nearer than to
Four Miles.

Corollary ' (5.) Since many Obfefvatiotis have
been already made at Sea, and on Shipboard,
with Dipping Needles > by Mr; Hudfon,
Mr. Noel, Mr. Poitncl^ W[v._Cnnninghafrit Mon-
ficur Feuïllee^ Col. ffiindham, and others j
which have determined the Dip ufually with-
in a Degree ^ fometiiiies within one half, or
one third of a Degree, or nearer, z. e. about

half
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half as exa&ly as at Land; and this with fmall
Needles of 5 or 6, or at the moil 9 Inches
long'. 'Tis evident, that at the fame Rate, and
with the like Care, . we may determine this
Dip, even, at Sea, pnpch nearer than to half a
quarter of a Degree, and-the Longitude ufual-
ly ft ill nearer-, even .without any farther Im-
proveroents of the way of making fuch Obfer-
vations there : "Which yet are juftly to be e,x-
pefted, when the Ccmlequence^f fuch ЕхаД-
nefs ih.al,l appear to, be fo vçry confiderabie,-
Noi.jjp I hereby determine, how .much greater
Accuracy may llili be; expected from that very;
exàíSt.VVay before-mentioned by the Number of
Vibrations, or Ьу; better avoiding the Shaking
of the" Ship j ' bijt" here compute the Nearneft'
that may be arriv'4 at by a common Qbfervation
of the Angle of Inclination it fe,lf only.

XVI. Needles, Inclinatory or Horizontal,
when touch'd with LoadftpneSj of whatfoever
Kinds, of whatfoever..Country,.of whatfoever
Strength, and in wbLatfoever Parts of the Load*
ftones,.do all tend exaftly to the fame Points^
whether of Dip or Variation, refpe&ively.

This is not only clear from the Nature and.
Caufe of thùfe Directions, which as they mtift
be fingly deriv'd frpm one and the fame internal
Loadftone of the Earth, and its Effluvia, of
which prefently, and inuft therefore, all of
them be aíFeíted thereby in the fame manner -,

but
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But from direft Experiments. Which take iri
the Words of Mr. Norman, for the Inclina-
tory ï and of Mr. Sellers for the Horizontal

as follows. " All thefe Stones ^
" Q of feveral Countries ] fays'
„ Mf> уогш^ are different one
"' from another, as Well in Force, as

in Colour and Weight 5 yet all of one Opera-
tion in the Needle, mewing one Point At-
tractive ; as I have proved my felf by three
fundry Sorts of them, which I have. To
, "this Dr. Gubert alto agrees.

Magn". v. 5. And, fays Mr. Seller, "I have*
pfSiiof.Trioifatf.-: " often made Trial with many
№...23. " Needles, touching them in each

Hemifphere of the Stone, with all Variety
**'• of Ways" I could imagine, to fihd, if it were
" poffible, by that Means to catife any of thofe
". Needles, to vary in its Diredion -, but all of
u them conform'd to the Magnetical Meridian ;
" ftanding North and Soitth, as other Needles
u that were touch'd upon the very Pole of the
" Stone. All Needles touch'd upon different
tf Loadftones of feveral Bigriefs, and different
" Virtue, in all Parts of the World, agree iri
" this Magnetical Harmony, that they all give
" the fame Direcaions.

XVII. The Earth upon which we live, in-
cludes within it a vaft Spherical Magnet, con-
centrical thereto :, with its own Poles, Meridi-
ans, Equator, and Parallels : And all тиф of

the

41
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the fame general Nature with thofe fmall Ter-
relU^ or Spherical Loadftones, which are in
the Pofleffion of the Curious1 with us.

That this is true in general, no one can de-
ny, who -has duly confidered the known Phe-
nomena of the ЪггеВгоп^ Variation^ and Incli-
nation of all Needles, touched with a Load-
ftone, in ail the federal Parts of the World i
Which are indeed, in a manner, the very fame
which fuch Needles exhibit to us, not only on
fuch a Magnet's own Surface ^ but on the Out-
fide, nay at a good. Diftance from, any Cafe,
or Box, wherein fiicfa a Terrella or Spherical
Loadftone is included. Nor is the Evidence
for the one much different from, or inferior to
that of the other. I mean at leaft in fuch Cir-
cumihnces, where the Spectators are not per-
mitted to open the Cafe, or Box, and fee the
Magnet it felf within : Of whofe Prefence yet
they may be abundantly fatisffcd by thofe Phas-
norhena, without fuch ocular Demonftration.
And that this Loadftone is concentrical to the
Earth, and Spherical, farther appears by the
invariable Situation of the Earth's Center of
Gravity, not with (landing this Loadftone's per-
petual Alteration of Place j of which prefently*

XV1H. The Power of a good Terrella, or
Spherical Loadftone, as it affecls a Needle of a
Foot long, is equal to the Magqetick Power of
that internal Loadftone, about 21 or 3 Diame-
ters of fuch Loadftone.

G In
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In otder to demonftrate this, the Reader muft

remember, that we have prov'd, that the
Magnetick Power of the Earth, or internal

Loadftone, on Needles of one
^.XLprms. Foot longj is nearlythe 3Ccth

Part of the Power of Gravity with us :
And muft obferve, that the Chord of to' is
nearly the gooth Part of the Chord of 90 ;
or that the Power of a Magnet, when it can
clraw a Needle, hung by a Thread perpendicu-
larly, to 16'from that Perpendicular, is equal
to the gooth Part of our Power of Gravity.
This being fuppos'd, the Propofition will be
ibon prov'd by the Experiments following.

The Lord Paißtifs larger Terrella, of 2L8
Inches diameter, draws a fmall Needle 16', or
a full Quarter of a Degree from the Perpendi-
cular, at the Diftance of about 5 Inches ^ and
his imaller, bur* vaftly ftronger Terrella of ï |
Inches Diameter, draws it as far at about 7 '
Inches. So that by Confequence the former
would affeít a Needle of one Foot long equaU
iy with the Power of Gravity, at about 4
Inches Diftance, or at about i i of its Diameter :
and the latter at about 6 Inches, or at about
5 ; of its Diameter. So that our Determination
of the Diftance of a Foot Needle from any
Spherical Loadftone, when its Force is the
3coth Part of our Power of Gravity, muft be
fuppos'd, by the Experiments hitherto made,
to be, in a Mean, about 2 \ Q i 5. Diameters of
that Loadftone. " CoroL
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fcorot. (ï.) Upon this Hypothefis we may

determine the Quantity of Magnetick Attrafti-
on at all Pittances from the internal Loadftone }
and that by the \Jfe of the Table, p. 22, 23,
24. above, for Needles of a Foot in Length.
For the Column of the Powers will lhe w the
Proportion of thofe Attractions, at all fuch
Diftances : e. g. Let us fuppofe the Surface of
our internal Loadftone to be at the Diftance o£
3400 Miles from the Earth's Surface j I defire
to know in what Proportion the Magnetick
Power, upon a Needle of a Foot long, is
ftronger 2900 Miles deep, or about 500 Miles
Diftance from the Surface, and about 1060
Miles from the Center of the Earth ;> I mean as
compared with that Power here, or with the
3ooth Part of our Power of Gravity. The
Diftances therefore being nearly as ï to 7, the
Number over-againft 4^5— 300,13 to theNumber.
over-againft \ of that Number or = 6L2, or £,
as 300 to •[-'. So that at fuch Diftance the
Power of the internal Magnet, inftead of be-
ing, as here, only the 3ooth Part, is between
the half and the third Part of our Power of
Gravity : And the Calculation is alike for all
other Diftances, and all other Lengths of
Needles, whatfoever.

N. B. If we then take the Proportion of the
Diameters for the true one of equal Force,
and fuppofe that the Power is the fame we
here find it at thrice the Length of ks

G 2 Diame-
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Diameter from its Surface j this Diameter
of the internal Loadftone muft be about
1150 Miles, and its Semidiameter 575
Miles , as every one will readily find up-
on Calculation,

Corel. (2.) Since Sir Ifaac Newton has de-
monftrated, that the Power of

Princip. L. ï. Gravity dirainiihes within- the
Prop. 75. end , т-, , '•* , - « , rr ' .
L.HI,Prop.9. Earth -, and is nearly lefler there,

than at its Surface, in the Propor-
tion of its greater Nearnefe to the Center : That
Magnetick Power, at 2900 Miles Diftance from
us, and nearly 1060 from the Earth's Center,
which is Щ of the Power of Gravity here, will be
fomewhat greater than the Power of Gravity
there. A little above which Place therefore,
is a Limit well deferving our Attention:, it
diftinguifliing the refpeôive Quantity of the
two Powers in the fuperior and inferior Regi-
ons : In the former of which, Gravity is
ft ronger than Magnetifm :, and in the latter,
Magnetifm is flronger than Gravity ; I inean as
it affefts Needles of one Foot Diameter.

Carol. (3.) At that Limit, near the Magne-
tick Poles at leaft, iron of a Foot long will be
twice as heavy, or fall twice as faft, as any
other natural Body whatfoever, viz. by the
Union of thefe two equal Powers, Gravity and
Magnetiftn : And by Confequence, above that
Limit, fuch an Iron will be lefa than twice as
heavy : below it, more than twice as heavy as
ull other natural Bodies whatfoever.

XIX. The
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XIX. The Earth's internal Loadftone is not
fixed to pur upper ,Pa.rts, but is, refpeftively
thereto, moveable, and ajjually revolves, upon
the Earth's Axis, from £§/? to Weßt in a cer-
tain, long Period,of Типе.

This our Learned Dr. Halley
has proved beypnd reafonable.
Contradiction, from the confiant
Variation of tke Variation of the Horizon-
tal Needle Weßward; and it шау be con-
firm'd by the ftill more régula/ ïncreafe of the
Inclination of the Dipping Needk here at Lonr
don alfo : Where alone it has been long and acr
curately known ; while A. D. 1576. it was
here 71° 50', as Mr. Norman hirn-
felf affures us : Where it was. about ^Ivf vif '
24 Years afterward almoft 72°. as Gilbert ac
Mr. Wriibt aflfures us: Where, M»gp«e:En-

. Тл •? , ,: comium.
A. L. 1613. it was between 72° iMky <,/
and 75°-, but neareft 7a0, as Dr. -Magnetick м^
#í%'s Two Schemes of the Dip- ^O

c' ?5'
ping. Needlç, with one of his Ta-
bks of its Inclination, imply : Where it was,
A. D. 1676. about 73°. 3.0'. as Mr. Bond's
Îîcheuae of the Dipping Needle informs us :
And where it was the kft Year, and is this, by a
Needle of one Foot, not pois'd, 73°. 45'. but by
one of 4 Foot pQÍs'd,above 7 ̂ .(which is alfo the
tme Dip of the fmaUeft Needles j ) as I have my
fehf frequently and1 exaéUy obf^rved. Only it

muft



muft be particularly remark'd, that this Revo-
lution of the internal Magnet гготЕлЯ to Weßy

is not abfolute or real -, but refpeftive only ;
that is, it revolves qpt yet quite fo fait from
Weft to Ел/?, as does the upper Earth on which
we live. Which flower Motion one way, muft
needs occaiion with us a refpeclive or apparent
JVbtion the other way -, as every one will readi-
ly underftand, upon the leaft Confideration.

Carol, (ï.) Hence it is clear, that the Diqr-
nal Motion belongs to the Earth, and not to
the Heavens. For we fee here, that Part of
this abfolute Diurnal Motion from Weft to Eaflt

remains yet uncommunicated to the internal
Central Loadftone : and is indeed the proper
Occafion of its refpeftive Diurnal Motion from
Eaß to Weß, to this very Day.

Carol. (2.) Hence it is evident, in Dr. Hal*
lefs own Words, t( That the only

ш»/лгля/йЯ. « ууау to render this Motion in-
'I4 ' " telligible and pofïible, is to fup-

" pofe it poffible to turn about the Center of
" the Globe :, having its Center of Gravity
" nVd and immoveable in the fame common
*' Center of the Earth : And that this moving
" internal Subftance is loofe, and detach'd from
64 the external Parts of the Globe j and may
64 well be reckon'd as the Shell, and the internal
i<p as a 13itcleu£ or Inner Globe, included within
4i ours with a fluid Medium between " : Ex-
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as 1 had collected from the other

mena of Nature, compar'd with the Mofaick
Hiftory of the Creation, long ago, in ray New
Theory of the Earth.

Coral. (3.) Hence alfo, in the fame Dr. Hal-
kfs own Words, 'tis, plain,
" That this Motion is Weßward:
" And, by Confequence, that the aforefaid
" Nucleus has not precifely attained the
" fame Degree of Velocity with the exte-
" rior Parts in their Diurnal Revolution,
" but fo nearly equals it, that in 365 Revolves
" the Difference is fcarce fenfible : And that
*' this, moft probably, has arifen from the
" Impulfe, whereby this Diurnal Motion was
" imprefs'd on the Earth -, being given to the
'* external Parts, and from thence, in time,
" communicated to the internal" : Exailly al-
fo as I had afferted in the fome New Theory.

Coral. (4.) Since therefore the Communica-
tion of the Diurnal Motion from the external
to the internal Parts of the Earth, appears to
be mechanical, and done gradually, according
to the Laws of fuch Communication of Motion
among Bodies :, it is alfo moft probable, that
this firft Impreffion on the external Parts of the
Earth was alfo mechanical, and done by the
oblique Impulfe of fome other Body : Which
is the only Way of impreffing fuch a
Diurnal Rotation from one Body to another.

Carol



Carol. (5.) Since therefore no other Bodies
in the Vifible Univerfe are capable of approach-
ing to, and Obliquely impelling any of the
Planets, but only the Central Solids of Comets -,
which indeed continually pafs through the Pla-
netary Syftem ; and, as Dr. Halley truly fays,
Haiieyrie газУ та^е a Collißon with thefe
comecis.- in Planets : Tis moft probable, that
cake- this Diurnal Motion, thus mecha-
nically imprefs'd on the outer Earth, was de-
riv'd from no other Caufe than the oblique
Collifion of a Comet : as I have alfo long fince
conjeftured, in the fame New Theory. Which
will be farther confirm'd hereafter, when we
come to calculate the Velocity of this Diurnal
Rotation, and to compare it with the Velocity
of Comets.

XX. This internal Magnet has one Centra!
Pole, Northward^ in the Nature of the Poles of
our common Loadftones. But its Southern
Pole appears not to be Central, but Circular ra-
ther -, and that at a great Diftance from the
Southern Pole of the Earth.

This is proved, as to the former Part, by
the Famous Mr. Hudfons Obfer-

Purchas Pil- vations ma(je A. D. 1607, and
grim. Vol. III. , - ' / • • т •• • л ï

1608. of the Inclination of the
Dipping Needle, in one of his Northern Voya-
ges : Whence it appears, that he once, about

the
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the Latitude of 75°. 22'. came within about
a Degree of the Northern Magnetick Polé ; or
near 89»! or 89°. \ Inclination1 of the Dipping
Needle below the Horizon : And that he twice
came to the fame Dip of 84°. -at the Diftance of
about is or 13 Degrees of a great Circle •, once
before he came to the North Cap'e j and again
afterward, at Nova Zembla.

The other Part of this Propofitiori is proved
by P er e Noel'sObfèrvatíòns, in his
Voyagë'to the-E*/? Indies, A. D. ^f at

1706. where it is evident that his
•Ship failed, about 1200 Miles together, very
near the-fame Dip of 89° \ and 90°. or neat
the fame Southern Magnetick Pole. As alfo by
Monfieur Feuilleis Obfèrvatiòns
beyond South America : Which do, *™ted at ^
by Analogy, imply that the Polar
Inclination of 90°. had he proceeded to mak
Obferva.tions fufficiently Southwards, would
have fallen in or near the very fame Circle alfo.
As the Lines of equal Dip, drawn by me, from
all the belt Fafl-s yet publimed, or by Analogy
to them, . upon Mr. Molyneitx's Terreümi
Globe, will demonftrate.

XXI. The 'Northern Magnetick Pole is firunte
now about the Latitude of 76° 3, or 19° \ from
the North Pole of the Earth 5 and about 30°.
Eaßward from the Meridian of London.

H
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This is proved feveral ways j as by Mr. Hnd~
fans Obfervation of the Dip of 8y°f. which,
upon Allowance made for that Pole's Motion
fince, comes near this Point : By the Interfeftion
of the Meridians to that Pole, which are the
perpendiculars to the Magnetick Parallels of
equal Dip in the Map hereto belonging,-and
interfecVthe Parallel of 76° \ about this very
Point : Бу the Alteration of the Variation of
the Horizontal Needle, an entire Point of the
Compafs, or between 11 and 12 Degrees, in a
very fraail Diftance 5 particularly noted there-
about by one that accompanied Mr. Hudfon,
when he went the Northern Voyage already
mentioned. And, laftly, by the remarkable
Ш DC Stair Circumftance, noted near that
Phyfioiog. Place by a Dutch Sailor, that the
P- 487. Compafs, or Horizontal Needle,
fail'd them there, as to its ufual Direction ,
and would turn to any Point of the Horizon
indifferently : Which could only happen over
the very Magnetick Pole it felf.

XXIÍ. The Southern Magnetick Circular Pole
has its Center, or Central Pole, nearly in the
Parallel of 60°. or at 30 Degrees from that
Pole : And in a Meridian paffing along the Eaft
Coaft of Berneo, about 117°. Eaßward of Lon-
don. Its Radius is alfo an Arc of a great Circle,
of about 44 Degrees.

Thefe
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Tliefe are natural Confequences from Ptre

Noel's and Monfieur Feuil!ee*$ Obfervations, al-
ready mentioned -, efpecially when they are
placed rightly on a Terreftrial Globe -, and
when the Center of that Circular Pole is juftly
determined.

N. B. Mr. Benj. Worßer, already mentioned,
is poffefs'd of a Loadftone that gives great Light
to this liincar or Circular Pole : For it has both
its Edg^or Lines Polar -, without any fuch (ingle
Central'Pole''therein, as we ordinarily fee in
Other Loadftones.- Nor are we, who live in
the Northern Regions, which have an- internal
Central Pole, and no other, fo likely to have
many Loadftones of the Linear or Circular
Sort, as the Southern -People :, who alone have
any fuch Linear or Circular Magnetick Pole
within the Earth.

N. B. The Situation of this Southern Circu-
lar Pole, which is very oblique to the Axis of
our Northern Part of the internal Loadftone,
trmft needs:greatly diveriify the Length of the
Magrietick Meridians -, and caufe an uncommon
Ppfition 'to the Magnetick Equator and Parallels,
from thofe in our ordinary Terrellœ or Spherical
Loadftones. The oblique Seftion of a Cone,
or Egg, will give us foine tolerable Reprefenta-
tion -of the fpecial Petition of thefe Lines.
But this will beft be underftood from the View

H a of



of the feveral Magnetick Poles, Parallels, and
Equator, "on Mr. Motyneyx's Terrefkial Gjqbe j
which I have drawn according to the beft
Fads and Obfervations : and to which Linuft
refer the Inquifitiye Reader.

У. В. This great Inequality of the Meridi-
ans of the internal Magnet ought the lefs to be
wondred at, fin ce we fee Inequalities of,trje
Very fame Nature in our Terrell* or, iSpljericaJ
Loadftones here : Their Equators being : by no
means equidiftant from their two Poles, but
fome wh^t oblique to -their Дхез j as Çxperi-
ençe fliews.

XXIIÏ. f feilem. Jo find the Velocity of
îhe refpeäive Motion of the Magnet within the
Earth , or particularly of its Northern Pole. ' •

Let P reprefent the fiortb Pole of the- Earth :
1_. London : P B an Arc of the Meridian of
London of i y ï. B L the remaining Arc of
that Meridian of 25°. B CR D the Parallel
along whicji the Pole of the- Magnet revolves
from Eaß to Weß, or 'from 0 towards. B. , С
the Place of the Magnet's Pole now, detennin*d,
as abovCj at 30 Degrees from 0. Or where the
Line î-xCE, makes with, the Meridiaa of Lon-
don an Aogje of about 14 Degrees. j qnd fo cuts
its ParaUcI at 'ßp° Diftance from фе formpr'

Mcri-
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Meridian. Ndw in order to diicoye? the Place
qjf the Magnetick
Pole 144 Years ago, P
and,byConfequence,
to difeoyer the.AFC
PC defcribed in that ;

pf Years^, we
thefe T)at4.;
;the Dif> from

. tyormarís.i and
. own ;0bfervati?-

gns, was then 3? 40^
of the Magnetick In-
clination, or 5 J of a
great ; Circle of -. the
Earth lefs than it i§
now : Or that CÊ -H

, Draw • therefore
the Arc ED from;
the Center JL j- and
with the Radius LE, :'
That Arc will cut
the Parallel B C R D in D, the Place of the
jMagnetick Pole nt' the former'Time: Whereby
we-truly difcover the Point D, where the Pole
was Л D. 15.76, Qf 144 Years ago} and, by
Ç^níè^uence, the Arc CD, which that Pole has
gone in the fame Interval. Which therefore
appears to be full 27°. o'. or that it goes forward
pbove one Qegree 'in 5 Years, or an entire Re-

volution
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volition -m 1920 Years y which iß much
flower than Mr. Р/л/z/tf, Mr. ft&Htt, Or Di.-Hal-
Ity have uippofcd.

N. B. That the Alteration of the Variation
in the;former 72 Years of 'that Term, was to
the fame 'Alterador) in the latter 72 Years,- (-as

\ •: . ' :Dr.í&%'sTabtó of thofe Obfer-
pbHof.Twfait. ; lyaticng fliers )'flíárly аз ïoVtb

' l 4 ' \.},o^4°. VMhich iáj irt general', here
agreeable 'kifrfe natural IneqUaliiy- of the Angles
DLR and ̂ 14, С , whofe AKS DR and KG
are equal.

Carol. (i.)\' thej Number of Days in
Upper Earth '^Diurnal Revolution, to the
Number of Da^'in the Revolution of the 'in-
ternal Magnet:, %as:i 1070^:000^ fo is the
refpeílive Motiorí of this Magnet from Eaß to
Wejlt to the real Motion of tho Uppet Earth
from W~eß to Eaft .• or, toífpeàk-íiri^ly, fö is
tlie Difference of their Motions- from W-efl to
Eaft, to the entire Miotion of -the Upper Earth
the fame way.

Carol (a.)' This external fked Earth hafi
the'refore GommUnicatcd alnioft'-'all its; Motiorí
already to the ifcwird and moveable Pârtíí, äfld
cari communicate no more thanithis Dí^refleé
of their ! Motion' ; and that only in]àri"infiflîce
Tenn of Years: Ot,- in other Words, thfe real
internal Motion caa neve* be the ^oo^ooth
Part fvvifter than it is at prefent. Cowl»
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Où/. (3.) This internal, .Motion therefore
began upon the Commencement of the Diurnal
Motion of the upper Earth j or asfopn as there
were Days and- Nights, in Diftinttion from
Summer and Winter -, and has gone ftill faiier
and fafter, by th,e. Communication of that Pi-
urnal Motion of the upper Earth, through the
intermediate . ̂ Iui4 to the internal Magnet, in
ali tlie pail Ages cf the World, fmce it came
into its prefer« State.

Carol. (4.) Since therefore, by Sir Ifaaç
Third General Law of

Motion, Aftipn and Readion are. ^rjnc'p. мз.
ever equal, and tend to contrary '2"
Parts} this interaal Loadftone, thus accelerated
by the upper Earth, muft have all along re-
tarded that upper Earth, and made the Diurnal
Rotation, or the true Duration of each Syde-
real Day, ftill flower and flower :, and this ever
fince the Commencement of that Diurnal Rota-
tion.

Cowl. (5.) The Length of a Sydereal, an<J,
by. Confluence, of a Solar or common 'Day,
has been therefore fome what different in aU.thè
paft Ages, finçe the prefent State of the World
began .- And the fame annual or mcnftrual Pe-
riods muft anciently have contained more, and
of late fewer Days, the one than the other.

Corot.



Corol. (6.) This Acceleration on one Side,
and Retardation on the other, was very great
at the firft Beginning of the Diurnal Motion;
when the Difference of their Motions was equal
to; the entire Motion it felf j but muft become
leis and lefsy as the one went flower, and the
other fatter ^ and thereby their Difference of
Motion, which is the fole Caufé of this Accele-
ration and Retardation, became lefs and lefs
continually. So that as they began, in Pro^
portion to their Quantity of Matter, to affect
each other :, fo the fame Quantities continuing
of each Side, muft have gone on to arreft one
another in the fame Proportion : i. e. the entire
impreffions oh both Sides, or the Difference of
thofë Motions, muft have been all along in a
Geometrical Pfogreffion.

Corol. (7.) If therefore We knew, a priori,
the exaft Proportions of the Quantity of Mat-
ter in the upper fixed Earth, to the moveable
internal Fluid and Magnet j with the Nature of
the Surfaces above and below the Fluid, and
the particular Quantity and Tenacity of that
Fluid ; it would be poifible, from the known
Difference of their Velocity now, which is
nearly as ï to 700000 to go backward, and
find thofe Differences and Quantities of Motion
themfelves, à priori, in all the part Ages j and
fo geometrically or mechanically to determine,
how long it has been fince this Difference of

the
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the Diurnal Revolution from a Circle vanifted
away, and the internal Loadftone had no Diur-
nal Motion at all. Nay, if we any way knew
the Velocity of the firft Diurnal Rotation of
our upper Earth it felf, we might then geome-
trically or mechanically determine, à prior-t,
bow long ago that Rotation began j or how an-
cient the prefent State of our Earth was.

Coral. (8.) However, fo far we are fure, that
the Earth on which we live has not been from
all Eternity, in its prefent State -, but at a cer-
tain Period backward, this Diurnal Motion, or
our Day and Night, as diftinft from Summer
and Winter, really began ^ as all ancient Tra-
dition and Records whatfoever do agree : and as
Dr. Halley himfelf is very free to РЬШ!ГГЛП^
conrefs. №. 344.

Corol. (9.) Nor is this Geometrical or Me-
chanical Method of determining the Origin of
our Diurnal Motion, capable of the Suppofal
of thofe 365000, or any like vaft Number of
Years, which fome Pagan Nations pretend to
Have Traditions about. For no Geometrical
Series can be taken, confiftently with the Phas-
nomena of Nature, which can admit any thing
like thofe extravagant Numbers :, nor can we
fhew any thing like fuch a parallel Velocity of
a Diurnal Rotation, as muft then have obtained
at firft, in the whole Univerfe. If any of thefe
Numbers had been true, the firft Diurnal Ro-

I tation



tltio'n muß have gone vaftly fwiftet-tharj the-
Annual Motion of a Comet ^ which yet is the
otvly .poffible Mechanical Caufe of any fuch
Diumai: Motion of a Planet j nay fo fwift, that
it Wí>uId.have exceeded the mutual Gravitation
of its Parts, and.the Earth'would, by Confe-
quGpce, have diflolved it felf, and fcattered
thofe Parts into the Ether, without any Poffibi-.
lity of a Reunion into a Planet again. Nor do
r . . ; ' • . I believe,, by what he has faid al-

: ready, that Dr. Halley himfelf will
pfetfnd to jurtify fuch prodigeous Cumbers,
irotn any Phienomena of prefent Nature what-:

fuever.
Coral, (ic.) The .fame Reafoning is con-

firra'd from all the Records of Antiquity now
estant \ which never. mention an . Annual Pe-:

riod.pf more than 365^ Days, or a menftruaj.,
Period more than 30 Days. Whereas any fuch
vaft Numbers, do, for certain, fupppfe that the
Year and Monti) mqft have beer} of old more
than fp many Centuries of Days, asjthe Recorda,
afcribe to them fingle Days: And thaf Day?
and''Nights, as diftinit from each other, muii
have been'at firft bardl.y a few. Minutes long ;
VV'h'ich would be abfólytely inconvenienf: fojr
Mankind, and utterly without Example in фе,
whole vifible Univëffe« '1

Coral, (n.) .Buj: tho' we cannot, with fuffin
cien't Exaftnefg, calculate 4 рг'мп*. or чfrom dL
jreft Geometrical and ivlecnanical Reafoning.
How lopg agp £hc ßiurna} ^lotion, t?r .Day an,d[

"Night.
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Night, bggân upon our Earth -5 yet may we, П
po/itiriori, come very near to that.Epocha: I
mean by obferving the Proportion of the Effeds
of ttíís Retardation-of the Diurnal Motion; or

'Lengthnirig of trie Day, in the fevefal A&es of
the World $• éï by difco&erinfi; how maiiy Days
have gone'to a Morith, or a Year; in. all the fe-
vefal pail Ages* For if the World has been a
very great/-Number of Thoufands of YOSTS old
ifi 'its prefect State, and without .any great
Change by a Deluge, we fh'sil find that the
Old'Year rrtuft have been' icoo Days long,' ЛеЪ
5oò,thetí4òo,tlien 39D,then 38o,then 57c,andat
laft only 365! j and the Mnr.th in Proportion-:
Contrary to aH the ancient 'Accounts, Records,
oi Traditions Sacred and Prophane í Which, on
the oth«r hand, ever affure us, that the o'tdeil
Yeaf of all; artd the almoft. only Year heard of
till th'efe laft 3000 Years', was of fewer Days
than the prefent ^ and indeed of no trio'te than
$eo: Ari'd that the eldeft Month .of all,
and the only one heard of tiil the fame laft
5000 Years, was of no more than 30- Pays :
As my Learned Friend Mr. ' Allen has- fully
proved in my New Theory. Near to which
ffiey are at this Time alfo.

Carol. (1-2.) The Comparifon therefore of
the prefent Phaahomena of ' Rature with all die
ancient Records^ implies; that the Year it felf
has been lengthened, iince tfoe Time thnt tile
ancient Year contained q:6o Days': And that
before that Tirtie,- thfe Nurnber of Days 1Ы

1 2 been
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been more ana more, or that the Day had been
fhorter and {hotter.

Carol. (13.) Since therefore no other Mecha-
nical or Natural Caufe could change the Length
of the Year, but the Acceleration, by a Comet;
which would alfo naturally caufe a-general De-
luge of Waters on the Eafth , It-is plain that
thefe Phenomena of Nature, as compar'd with
ancient Hiftory, greatly confirm what Ihave long
fince fuppos'd,and almoft demonftratedfrom other
Evidence, in my NewTheory, wes.That there was
above 4000 Years ago a general Deluge of Wa-
ter on the Earth ; and that by fuch a Caufe as
did lengthen the Year :, and did alfo anfwer to
all the Defcription of that Flood in Mofes's
Hiftory, and to the other Phaenoraena of
Nature and of Antiquity. Which Account I
ihall therefore admit here as true -, and make
ufe of it in order to determine more exaftly
the Antiquity of our Diurnal Motion, or of the
prefent State of our Earth j and in order to
compare that Determination with the Sacred
Chronology, and try its Veracity thereby.

CoroL (14.) Since therefore we now know;
that the Difference of our Two Diurnal Mo-
tions is about the *£*> Part of the whole Circle j

'that this Difference has arifen according to a
•Geometrical Progreffion j that the Difference of
'the prefent Day, from the ancient Day, at any
'determinates Period of Time backward, muft

be



be proportionabk to that Difference, and pro-
ceed m. the lame Geometrical Progreffion there-
with : Since alfo we know, that about 5000
Years ,ago, 354 of our Days was nearly equal
to the fame annual Space, which was then
meafured by no fewer than 360 Days j or that
the Day was then about 2o',or a 7§d Part ihorter
than it is now : And fince, laftly, we alfo
know, that the Day has not been confiderably
altered for thefe laft 2400 Years ; .as the Com-
.parifon of the oldeft Eclipfes and Equinoxes
with the prefent, does certainly demonftrate ;
Since, I fay, we have all thefe Data, as the
Foundations of our Calculations, we may thence
determine, in fome meafure, How long it has
been fince the Day had any Number of Mi-
nutes lefs than it has now j and fo, very nearly,
when that Diurnal Rotation, or the Day and
Night firft began: According to the following
.Series ; where ^ cannot be far off Í, or the Yeaç
.of. 360 Days far off the Beginning of the Di-
urnal Motion.

Ey:(v$»ich it appears, that tho' we fuppofed the
Earth to have had no Deluge by the Approach
of a Comet, it could not (till be very much
older than the. 360 Days to з Year. Nor at all
confiderably older, without having had 970^380,
390, 400, 500, and looo Days to a Year: for
which we have not the leaft Authority* That. . . . .



in Cafe we allow of a Deluge by the Approacfi
of a Comet, it cannot be fuppos'd oíder than
Scripture affirms, without the fatne ill-grounded
Hypothefis, of the Year's containing fuch a
great Numbei; of. Days : But that in Cafe vit
allow of the Deluge by the Approach of a
Comet, and determine, what all Antiquity de-
monftntes, that;the Ancient Year before the
Flood contained 960 Days, and no more j the
prefent State of our Earth will be the fame
Number of Years old, and no more, which
the Sacred Scriptures do aflure us it really
was.

N. B. If Dr. Halle/s íhorter Period of the
Magnet's refpedive Revolution of about 700
Years, were the true one} it Would imply, that
the World were ftill of a fliorter Date, by fome
Hundreds of Yeará, as the Reader in-зу eaííly
öbferve, by beginning with 250000 inftead of
700000. Nor can any Computation agree to
the internal Motion before us, and to the ari-
cient Year of 360 Days, but it jnufl fuppofe
that there has been a Deluge , that the Year has
been chang'd at that Deluge ^ that I hive truly
afiign'd the Caufe of that Change at the 0eluge,
in my Ngw Theory ; and that the internal
Conftitution of the Earth there defcribed, is
alfo the : t rue one í Every fuch Ccnnputatioh
will alfo certainly eftablifh the Bible Chronolo-
gy \ and demonftrate, that the prefent State of
the Emh has been of that 'very Antiquity',

and



no other,, .which Mofes affirms concerning.
it 'in the Book of Genejis : which Corollary^
highly deferves the Consideration of every one,:>
who defires to Icnow the Truth, nnd ro exa-
mine the Credit of the Sacred Scriptures by all.
proper Methods of Enquiry.

N. Б. This Antiquity of the prefent State of
the World, of about 6200 Years, (which, as I
ihall (hew in my Effay to reflore the true Text
of the OU Teflanient, is the only original Scri-
pture Chronology thereof ) is grearly confirm'd
from two moil valuable Fragments of Heathen-,
Antiquity, when corinefted together, as they
are by the late Biihop Cumberland, in his Va-
luable and Curious Difcourfes not yet publiíhed,'
Of гЪе nwß Ancient Antiquities of the World ̂
corrected : I mean "from the ancient idolaters
Genealogies in Sanconiatkon, .drawn down,
from the.Beginning of the World till a little,
after the Days of Mifpr and Taaut^ or of Miß
r aim and Thoth, 'the two firft Kings of Egypt.
after the Flood ; and thence from фе Laiercu-
lys of thoie Egyptian Kingß, beginning with
Menés and Alhothes I. or the fame Mizraim
ana'TAci/J, preferv'd ' by Eraioßbcnes the great
Egyptian Mathematician, and Keeper of the
faupous Library of Alexandria, •№& allowed by
the Learned po b.e:of the greateft Authority of
all others. Which entire Series, thus connecl:-
ecT together, afrords us an Heathen Chronology
entirely inaepea%qt on the Bibb ChronologV,

" '' ' '""' '' " " !
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yet perfe&ly agreeable thereto j as I could

here diftindtly (hew, were it my jprefent Der
fign -, and would it not too much prevent the
Reverend Mr. Pain, the Worthy Son-in-Law
to Bifhop Cumberland^ who, with very great
Labour, has retriev'd thofe laft Remains of that
very Learned Biihop, and intends in a little
time to communicate them to the World. But
to return.

Carol. (i;j.) What Dr. Halky has firiVaf-
ferted, and Sir Ifaac Newton from

?'- " Ьш\ afterwards embrac'd , That
. frnce tne oldeft Obfervatiorte' of

p. 481. Aftrqnomers, -the Motion of the,
Moon, as compar'd with the Diur-

nalMotion of the Earth, has been a fmaïl mat-
ter accelerated, may, not improbably, be en-
tirely owing to this fmall Inequality of the
pays, of which we are now difcourfing, and
to nothing elfe. We now know, from certain
Fail, that the Day muft, in tome degree, have
been ihorter formerly than it is now : We do
not at all know in1 Faft, that the Moon has fen-
ÍGbly altere^ its Velocity : ,*.T]S therefore more
reasonable tö fuppöfe, that this fmall Accelera-
fion of the îfîoon is not real,: but apparent on-
ly -, and thJLfVthe; fomewhat ihorter Days by
which its Periods ought to have been raeafur'd,
but of which, 'till now, we were wholly igno-
rant, do gíye:r|i§ the true Solution of that
jbeiping inequality j which is' à neœiîary Confe-

quence



quence therefrom. Î wifh Dr. Halley had pro-
iecuted that Matter farther, as he promifed to
do, and had given us art Account, how/ rauch
this feemrng Acceleration has amounted to j be-
caufe that- Quantity woulçl have been very va-
luable to me, in dating the Earth's Diurnal Mo-
tion for the lèverai paît Ages j and for want of
which, among other Things, I have not been
able to determine particular Numbers of Years
to the Geometrical Progreffion above-mention-
e d . • • • - . • • • : • '

Carol. (16.) There is however no Occafion
to wait many Centuries of Years, in order to
difcover the Antiquity of the Earth, in its pre-,
fent State, from Natural Philofophy, or to intro-
duce any uncertain Ну pothefis about the gradual
Saltnefs of the Ocean, and of certain Seas, as
Dr. Halley propofes for a Calcu-
lation thereof: Since we have here Pbn<>f.Tranfatt.
at hand a much furer Method, and рг^

44'ut

this not built on a bare Hypothe-
fis, but oh Faft, for difcovering the fame alrea-
dy } and that even from Dr. Halley's own Con-
ceffions of the moveable Magnetkk Poles of the
Earth аНЪ.

Corol. (17.) Since therefore it is evident
from Natural Philofophy, efpecially as compar'd
with all the oldeft Records of Mankind, that
the prefent State of this Earth on which we
live, is of no other Antiquity than the Bible

К informs
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informs us: AncLfince the prefentNutpbers pf
Men upon it could npt have arîfen.from a fingle,
or a few Pairs, as all the ancient Records agree
they really did, according to 1пе,иГиа1.ргорр1>
tion of their Increafe and Doubling, if, their,
Lives' had been of their prêtent . Brevity :, 'tis:

plain, that the SacrecjL Writings have given us %
true Account here alfo j. and that tjie'.Jfirft pa-
rents of Mankind* both before and after- the
FJpod, lived much. longer, and fo. doubled much;
quicker than we now do : Which Thing is fuU,
ly confirm'd in all prophane Antiquity alfo.

Since therefore it, is evident,.
from the (till, remaining flower- Revolution of
the" Earth's internal; Loadftone, , that,, in Dr, .
ïf alley's, Words, above recited, '*.* the.piurnal,
ÍC RexQlution has, rnoft probably, arifen from
"'the Impulfe whereby this PiurnaJ-1 ..lyjptiog \
" was- imprefs'd on the Earth. j being given tp t
ct the external Parts^ and from thence, in ^Пше,-
*' communicated tollte Interna^ , ад4,Яцср, as т
Dr. Halle}' well knows , no офег ï^ody, v& \
the vifitile World is' capable of giving-, fucbi anu
Impreííion.| fc^Jt ̂ hef^Cqntral Solid- of a ; Cornet j ,
whicli I liave conjedured in my New, Theory t-.
to have been the inftrumental Origin of the
Diurnal Motion : Let us fee how the , particu-
lar Velocity here affigned to this Earth, at &ЛЙ

I mean between a goth and 4oth Part greateC:
than it now has, will agree with the Velocity ,
of Comets. Our, Great Sir Ifaac Newton has

demon-
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derflônftrãted, that 'the proporti-
onable Velocities of all Comets, at J"™^L

the Diftancesx)f any Planets from .coroi. 7, and
the'Sun;'are nëarW one and the ^r

m;pf°P-
л - • " , ' / • Я - • - • • - • v . . . XL. Coral. 2.
fame •> e. fo much greater than
the âttrmàl Velocity of every Planet, as the
Diagonal is greater than the Side of a Square j
ot 'nearly as io is more than 7. It is álfò, cer-
tain, that Tuch a Velocity is here to our Diur-
nal at the Equator, ( along which alone that
Diurnal: Motion muft have been at firft iin-
prefs'd) as about 77 to ï. , t lf therefore that
Coiiiet's Central Solid.had been as big as the
upper.Earth', arid had hit agàíníl all its outward
Parts dirëftly -, this Velocity would have been
equally di'ftributed between them both j and
therefore, would have tiëén the one half of the
.Velocity .'of, Còráets j i.e. between 38 arid 39
times the pfeferit Velocity. But then, becaufe
this Motiort was very oblique to the Earth, and
fo rather graz'd upon the outfide, than hit
agairift tile whole IVIafs. that was to be moved,
dtherwife a Diurnal Motion coulá not have
arifen thénce j. this Velocity would be ftill
much lefs confiderable. And as Comets Cen-
tral Solids alfp are frequently very much lefs
than the Earth -, fo might they have imprefs'd a
ftill much lefs Quantity.of Motion upon it.
So that we can only hence certainly tell, that
thé Diurnal Velocity imprefs'd muft have been
rriuch lefs than 77, moft probably much leß than
38 times the prefcnt Diurnal Velocity of our

К 2 Equa-
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Equator -, but cannot tell that it was at all
greater.

Cowl. (19.) Let us therefore leave this more
uncertain YVay, à priori, which cannot afford us
any greater Accuracy j and proceed to another,
à poßeriori, from the Diurnal Revolutions of
the reft of the Planets :, which in all Reafon
they every one at firft obtain'd in the fame
way ^ whether that Way were Immecharacal
or Mechanical, which is of no Confequence in
this Corollary. And let us here fee what Pro-
portion any of them bear to the Diurnal Velo-
city of our Earth. For Fad is our fureft
Guide in fuch Matters : And 'tis the fafeft Way
to fuppofe our Diurnal Velocity never to have
much exceeded the Diurnal Velocity of one or
other of the reft of our Fellow-Planets. Now
if we proceed thus, we'ihall foonfmd, that all
Degreesof AngularVelocity much beyond double
the prefent Diurnal Motion of our Earth, is with-
out all Example in the whole Syftem y and that
the greateft Part of the Inftances are of Motions
much flower than its own. To fay nothing then
of the Sun, which is near a Month in revol-
ving round; The Moon herfelf revolves in no
lefs than a Month's Time. Nay, Mars on
one Side of us, and Venus on the other,
which are the neareft and beft Inftances,revolve
little differently from our Earth at prefent ; the
former in 24 f hours, the latter in 23, Saturn
and Mercury are not yet certainly known to

> • • •* '• : • ' • + '- . J, : «
revolve
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revolve about their own Axes at all. Jupiter
alone is known to revolve a good deal quicker
than our Earth at prefent: Its Day being no
longer than 9 Hours 56'. Which angular Mo-
tion is between twice and thrice as fwift as the
like angular Motion in Mars, the Earth, and
Tenus. So that, if we go the fureft Way,
that of Fad-, and chiefly by the neareft and
beft Inftances j the Earth's Original Angular
Motion, muft not have been near thrice fo
fwift as at prefent, and much the mod probably
.but little fwifter; z. e. its prefent State cannot,
by the Fhznomena and Series above, have been
very much older, but with much the greateft
Probability, was not at all older than the Bible
affirms : Which feveral coincident Methods of
Examination, all of them coming to the fame
main Conclufion, highly deferve every one's fe-
rious Consideration,,

Coral. (20.) Tho' we could not before with
fufficient Exaáneís, à priori, fix the Proportion,
which the upper folid or confiftent Parts of our
Earth, bear to the lower moveable Parts there-
of, yet may we now, à poßeriori, nearly de-
termine the fame. For fince the Proportion of
the quickeft Motion of the Earth to that of the
floweft, is the fame with that of the whole
Earth, which at laft is moved to the upper
Earth, which communicates that Motion to the
reft, according to the known Laws of the
Communication of Motion in fu.ch Bodies:

" " ' . - .
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• Än$ tïnce'tfoat Proportion'iaas' the Time of íè-
"V^K'iftg ätlorft-, When rhe'Motioii is ail tdtn-
«iiinicated,- ' to "tíié Time o F revolving àt ;5firft,
wften riöufe 4ttaS ttfrnmoniè'a&d '^ or, as we
Геев, äs *boot 36^5 to 355,:t)r ^6 to. 35 :,
Lengtbètíirig of "fhe Yéjír rat' ;tfee Dauge b
fiOt liëtè «ой^й-пМ j-) it;i:hehce' appea
the ëtftiré Ëar'th fe to èië'upbèr fiaiidtea
36 to 'з 5 ', ' 'aßd the' Diffëreftèë, i?f 'QuaÄiry;of
the lòtoer ínóveable Eárthj, 'éoftfiíling óf 'the
Central, Magnet, anta ihferpoféà Fluid,'.ils tp
that upper íòlid Earth,• • áís < i to -35;.
therefore an outward Oontäve Sphere
Miles thick, is to an inward Sphere of
Miles Radius, nearly as 35^0 i '• wé may :wfeH
ftaté thofè ^Pàrts of the Ebth accordiTjfl^.
Thò' ihdeed What Proportion the internal Mag-
net'bears f ò the upper Earth or interpofed"Fluid,
we cannot exailly determine till we have better
Obfervations. Only we .may, if we pleafe,
reckon the Depth of the interpofèd FitMVwt
mutih dirîêrent fforii the Semidiameter of: the
Central Lòâdftonek

Cord. ("2*0 ' Upon better obiervatrons^ it
not, peïhàps, be wholly impoffible, -a'pv-

ftetletii to détefráine hereafter, x^ithih Tome
Latitude, the Nature and Derifity of the intfef-
pöfcd Fluid,-'by'^hich a ^Iven1 Motion, at firft
imprefs'd öfi the:b'pp^r -Earth1, has, in a given
Time, been cònlrnufllcateel ^d-the internal Load-
ftone : Which Knowledge of that Fluid would

be
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be highly acceptée to the InquifitivQ ; and
make way for tue farther Difcovety of fuch
Ufes, as it may fer,ve to in the Co.urib-of Pro-
vidence, be'fides that of the Communication of
this Motion,

Coral. (22.) Ред-ha^s therefore. tftat Fluid
may prove 'fych àâis_fit_fór,Apii»a|s to live in j
I mean either on tbèJnner.Surfaç^.oE.tJîe. upper
Earth, or ou грлгаг^, Surface р^ШрС^пЧг.а! )Load-
ftcne, or elfe in , the very .]|lu|icí , it. felt, alfo ;
which laft'is the Caie_of the, upper S.udace of
our Earth, arid of^the flai4 Aiç above us.
Nor does tfiis. Place, l _confefsf feßm,toj. me to
be any other, than I the cuJVg. jofr ail Antiquity
Sacred and Propharje j of ^ic^^t js not pro-
per here to treat more jargejy? «Í)(oweyer, the
Reader is deiired to^, cpnuilt w%^ I ,haye elfe-
where faid tp this .Pjirppfe. iu ,щу,, Aßvwomual
Principles of Religion^ Part.^ ar>4 VJI. and to
underftand tbofe H^tipn^v

;?íc:o^^in ÍQ, thefe
Difcoveries, ar}d

Corel. (23.) ЙсЬсе_ we; mpyi е^аШу. com-
pute the Indipatior^pfjhc.l^ping Needle for
London, during the" next gao^arg, ,'tiU Д D.
2040, or I'OA Years, before, and jaftjer the TMag-
netick Pole will c'orue to the, ̂ leridiap ^ Lon-
don ;, which will not be tiU.vf. I), ,i^p,, as in
the following Tabk. .

AD.
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A. IX Á. D.
1720 and 2040-
1725 and 2035
1730 and 2030
1735 and 2025-
1740 and 2O2O-
1745 and 2015-
1750 and 2OIO-
1755 and 2005-
1760 and 2OOO
1765 and 1995-
1770 and 1990-
1775 and 1985-
1780 and 1980-
1785 and 1975-
1790 and 1970-
1795 and 1965-
1800 and 1960-
1805 and 1955-
liho and 1950-
1815 and 1945-

Inclln.
75°. i õ'.
75- 17-
75- 23.
75- 3°-
75- 36'
75- 42-
75. 48.
75- 55»
76. oo-
76. 05.
76. , 09.
76. 13.
76. 17.
76. 21.

76. 24.

.76. 27.

——76. 30.

76- B3-
—76. 36.
•—7̂ . 38.

1820 and 1940 7̂6. 40.
1825 and 1935
1830 and 1930-
1835 and 1925-
1840 and 1920-
1845 and 1915-
1850 and 1910-
1855 and 1905-
1860 and 1900-
1865 and 1895-
1870 and 1890-
1875 and 1885-
1880 and 1880-

— 76- 42-
— -76. 44.

76. 45.
-76- 47-
76. 48.

— 76. 49.
76. 50.
76. 51.

— 76. 52.
76. 53-
76- 54-

—7б. 55- N.B.
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N. B. That this TaMe being made from the
Hypothefis, That the Revolution of the Mag-
net is evert, and will .be no flower the next three
Centuries than it was this hft ; which is not
ftriäly traé \ the real Times anfwering to each
Dip are to 'be fappofed fomewhat later than
thofe here fet down ; But how much later can-
not yet be exaftly determined : And therefore I
have not here made any Allowance for that In-
equality.

N. BÍ Since it will hereafter appear, that the
Variation of Magnetiek Needles from the Azi-
muth of the Meridians of the internal Magnet,
is derived from the ©inference of the -Strength
of the feverai Pans of the internal Magnet's
Surface, -which is no Way to be known but by
Experience, we cannot, with any Afiuranc'e,
foretel fhiit Variation •as to-our own Meridian's
long before-hand. Unlefs where we have good
Accounts, how that Variation from the internal
Magnet's Meridian has been, in any'Parallel,
for the Ages foregoing.-•• Which being not yet
to be .met with, even as to the Parallel of Lon-
don, much lêfs as to any other Parallel, :I dare
Hot venture at all to predict that Variation, as
1 'have here 'done fat'Inclination : Only thac
it may probably ftili return ran rid, and be
every where the fume in any Year of the next
Revolution of -the internal Magnet, that it has
rj?en in the like Year -of any former Revolution

L thcreofj
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thereof j or will it felf have a Revolution in
fomewhat above 1920 Years.

XXIV. Thofe Two Magnetick Poles which
Dr. Halley fir ft introduced., and fuppofed fixed
in, our upper Earth j and that as neceflary to
folve the Irregularity of the Variation of the
Horizontal Needle from the Meridians of the
moveable Magnet within the Earth, of which
in the Preface, have no juft Foundation in Na.
ture, but ought to be wholly rejected.

The Reafon of this is very plain -, that fuch
Irregularity of Variation belongs to our com-
mon ТешЦл or Spherical Loadftone, as well as

to the Earth's internal Loadftone -,

?iv!snet' as Dr- Gïîbert has lon§ a§° ob-
ferv'd; and as every body may

foon fatisfy himfelf upon Trial. Thus that
Terretta which I have chiefly made ufe of, af-
fords us but feldom a Direction ilriclly along
the Meridians :, while the Needles vary fome-
times Faß-waräs^ fometimes Weßwards : Info-
much that between its 'North Tropick and Polar
Circle, that Variation amounts, in one place,
to above 30 Degrees \ which is a Quan-
tity rarely known upon the Earth it felf.
Nor is the Reafon thereof obfcure, vix.
that Loadftones have never been purified
in the Fire, as Iron has ^ but are ufually ftill
compos'd of Parts of very different Degrees of
Strength and Perfection ^ as all that cut them
know very well: And that therefore where ару

Parts
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Parts are weaker than the reft, .the ftronger
neighbouring Parts prevail, and draw the
Needles that way -, as is the Cafe notoriously
at the Place of greateft Variation on the Terreî-
1л above-mentioned. Nor is Dr. Gilbert's No-
tion of prominent or concave Parts> like Hills
and Valleys, upon fuch Terrellœ^ as Occafions
of fuch Variations, perhaps wholly unapplica-
ble to the internal Loadftone : Tho', í confefs,
Lrather think the forementioned unequalStrength
of its fuperficial Parts to be generally the Caufe
of the Needle's Variation upon the Earth ^ as
it evidently is fo upon our Terrellœ.

N. B. This Variation, as to the Azimuth of
Magnetick Needles, feems nothing at all to af-
feft their Angle of Inclination or Dip j as I
have exactly tried on the Place of greateft Va-
riation in the Terrella above-mentioned : Which
Property is very wonderful, and highly re-
markable ^ and what gives a vaft Preference to
Dipping Needles above Horizontal ones, in all
fuch Attempts for difcovering both of Longi-
tude and Latitude thereby. Dr. Gil-
bert indeed aflerts the contrary. But v* I0>

fince I perceive he did not diftinguiih between
theStrengtb of the Magnet in the Elevation of
a longer heavy Needle, and the Angle it f elf of
that Elevation, which in that Cafe is beft fecn
in a ihorter and a lighter one, he is therein
evidently miftaken. Accordingly I find, that
in thefe Parts of the World, where the Varia-

L 2 tion
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tioD on the Azimuth is 25 or 26 Degrees Weft-
ivar.d from the Meridians of the internal Mag-
net, yet is the Angle of Inclination below the
Horizon the very fame that our Diftance from
the--Northern Pole of that internal Loadftone
requires :, without any fenfible Inequality at
all on account of ,fucli Variation. Which
thing, as I faid, is very wonderful, .and -bigbljt
remarkable.

XXV, The Interval» between the Lines of
equal Dip, taken in any equal Number of De-
grees, as 10°. 20°. 30?. .40°, &c.. are regu-
lar , and nearly, if not exaftly, obferve the
Proportion of the Sines- of fuch Angles j
whofe Radius is a Quadrantal Arc, and begins
where the Dip is perpendicular to the Horizon.
The Lines themfelvefi alfo of fuch equal Dip,
approach to parallel Circles, about the Magne-
îick Poles of the Earth.

This Propofition is proved both a Priori, and
a Pofteriori : From the Experiment of the
Situation of fmall Needles, and their
equal Dips, upon the Surface of Spherical
Loadftones ; and from the «раД of the
Diftance and Pofition of fuch Lines upon
the Surface of the Earth, found by Qb-
fervation there,

AS to the former Proof, a 'Priori, I have rny
felf exaftly tried it upon Two Terrell*, or

Sphericai



Spherical Lpadftones«-, I mean thofe in the,
РоЯеДюп of the Right Honourable the
Lord faißy :• ..And have found that the
Dip of the (mall lind of a Needle, be-
Jow its Surface or Horizon, is at 22° I
from its Equator, 41 ^Degrees: at 45°
from it, 60 Degrees : And at 67 '\ from it,
75 j Begf ess ;, While at' the Equator,
this firuil Needle lies along* chat Surface j
ami at each Pole ilands ' perpendicular
thereto. .Anaf,in general, I find the Angles
well enough anfwèr to thé followingTable,
made according to the Line of Sines, and
beginning from the Poles.

Sines Inclination,
eouauv

o. ooöo. -90. °
9. юоо. §4- 15
i§. гооо. 7̂ '

 2
^

27» $оос. 7
2
- 3

?

дб. 4°°°* 66.
 2
5

45- 5°°°* °̂* °54« босо. 53- 7
63. 7°°°* 45« 34
72. 8оос. з̂ * 5̂ *
8i. 9

ОО
°*

 2
5- 5°

QO. IOOOO. О. Q

All which the Nature of the Line of Sines,
and of no other Line, does exactly require.
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The Lines of eqml Dip are thereon alfo no
other than the Parallels to the Equator j as all
our Trials demonftrate-, and as every body
ufed to Spherical Loadfton.es will readily
agree.

As to the latter Proof, a Pofteriori, it is to
be taken, as to both Parts, from the Situ-
ation and Diftance of thefe Lines of equal
Dip, upon a Terreftrial Globe or Map,
made from the beft Obfervations, whereon
I have drawn them ; and which, in both
Cafes, do nearly and generally agree to
this Propofition.

N. B. The Quantity of this Angle of Incli-
nation made by the Needle and the Horizon of a
Terrella has been long fought, but never found

before. Dr, Gilbert thought, that
1 ' IV> ,. at 45° the Needle pointed to the

Pole, and that this Angle was there by Con-
fequence 67°. 3.0'. inftead of 60°. and the
reit commonly followed him, without any fuf-
h'cient Expenmenis.

Carol, (ï.) It appears from the Fads, that
the proportional D i (lances of the Lines or
Circles of equal Dip, taken along the Meridi-
ans of the internal Loadftone j and from its
Poles on each Side, are 360° of Dip in 272°
of a great Circle on the Earth : I mean this щ
taken in grofs, and one with another, alttio*
íbmçtimes the Inequality will be on one fide,

and
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and fometimes on the other -, as the Nature of
the Line of Sines does require.

Carol (2.) In order to the defcribing thefe
Lines or Circles of equal Dip upon a Globe,
we rauft draw them through three obferved
Points where they can be had : or elfe through
2, or at leaft ï obferved Point, and where we
want them, through the Divifions of the Meri-
dians already mentioned,according to the Line of
Sines : Refpeft being ftill had to the Analogy
of thofe that are drawn through 3 obferved
Points : According to which Rule, I have drawn
thePrincipal of them Upon MT.Mofyneux's Globe,
for the eafier Comprehenfion of the Curious.

Corol. (3.) Since it appears from Obferva-
tion, that the Poles of the internal Magnet are
confiderably diftant from the Poles of the Earth,
thefe Parallels, or Lines of equal Dip, will
very rarely be coincident with the Parallels of
the Earth's Equator : Which yet is the only
poffible Cafe, where this Methojl will difcover
no more than the Latitude.

N. B. This Coincidence with our Parallels,
feems now to be between Europe and America,
near 30° North Latitude : To which alone, of
all the Places now frequented in Navigation,
this Imperfection of our prefent Method np-
pears to belong. However, as the Ufe of very
long Dipping Needles will reduce that Space to
a fimll Breadth, on each Side of fuch coinci-

dent
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áent Parallels -, fo will it "te eaíy to avoid fhe
Inconvenience arifing therefrom. For fince the
Longitude may ftill be found along other Paral-
lels at а ГвдаЦ Diífonce both 'North arid Sbutbr

Pilots may eafily fail along one of tliofe Pa-
rallels, where the Longitude can be found., till
they come to the Meridian of the Place they
fail to:.:Aud" then they may run along that
Meridian nil they arrive there. Which wiU
be the moi3,eaGly done,,becaufe the Parallel of
that Place" will, m this Cafe, be found by Out
Dipping Needle in the greateft Perfection."
Nor will .tbe Length of this Courfe Ъе confide-
rably greater than the ufual one by the Rumb
Line.

Carol. (4.) Where we ' have'. feveral good
Obfervations of the Angles of Inclination, or
Dip, at confîderable Diftaaiçes from each other,
we may nearly find the reft now, by Analogy
to the Line of Siqes, without waiting for other
Obfervations. Nor will Sea Charts made from
fuch Data, be wholly ufelefs at Sea, even at
prefent ^.becaufe the Obfervations to be ,made
at fome particular Places, efgecially as join'd to
the Ufe of the Line, of Sines, will foon enable
the Pilots to correft thofe Lines of equal Dip
upon their Charts, and to guide themfelves, ,in
fome meafure, the reft or their Voyage, by
fuch correfted Lines alfo. Though it muft be
confçfs'd, that fuch Charts cannot but require
many more, and much nicer Obfervations, than

we
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we yet have, in order to their utmoft Perfc-
ftion*

Corol. (5.) The Perpendiculars to thefe
Magnetick Parallels mùft be nearly the Meridi-
ans of this internal Magnet, and pafs not far
off its Northern Pole.

N. B. Since the Quantity of the Inclination
of the Dipping Needle has varied here at Lon-
don^ [the only Place in the World where it
has been long enough known to determine that
Alteration,] not much above 3 Degrees in 144
Years : ( Ás appears by Mr. Norman's Original
Quantity 71» 50', compar'd with that now,
75° io'j) and will alter much more ilowly
for a long time hereafter, as pur Table in Prf£.
76, (hews: 'Tis certain, that Charts made
with thefe Lines of equal Dip upon them, will
ferve, at leaft in thefe Parts of the World,
many Years, without any Neceffity of Altera-
tion, or any confiderable inconvenience to Na-
vigation.

XXVI.Pro^fcw. FromThree Obfervations given,
to find the Pofition of the Magnetick Parallels,
or Lines of equal Dip, to the Parallels of the
Earth, in every Country.

Let L be the Place of the Fir ft
Obfervation t S of the Second : and Fig. Ill,
С of the Third. The Pofition of the

M Lines



Lines-Lj$ and L; Ç being, given, with, Regard to,
L R a Parallel of the Earth : Take the Djftan-;
cês LM, L N, as is the Number of Geogra-
phical Miles correfponding to the Aitera.tipp> of
one Degree of Dip along the Line Í^Ç^te çhq
Number of Miles correfponding to the, Altera^
tion of one Degree of Dip al,ong the Line L Si,
Draw the Line MN, with its Parallels L B and
$O. Thefe are"Magnetical Parallels,, or Lines
of equal Dip :, and determine the Angle BLR,
which is their Inclination to the-pith's Paral-
lels in :that Country...

:Thus, if with us L be London^ whe-re thc
Dip is 7.5°' i o'. S be Salffeet, • at the Sea-fide
in Linwlnfinre, in.or very near the Meridian of
London, and at the Diftance of labour twq De-
grees, or. 120 Geographical Miles j where
ÎDip is 77° 15'. arid G be Cheßer,
of about 42 Degrees ïïQm-\l^yortb
and at the Diibnce, of about 150 fucli
where the Dip is 76° 22.'. L M will be to LN,
as 130, the Number of Miies for the AUe,ratiofli
of one Degree of Dip along the Line L C,- to 58*
the Number of Miles for the Alteration of one
Degree of Dip along the Line L S j or nearly
as 2.2 to MO. The Angle B.LR, whicfc is th&
Inclination of the Parallels, will be about 22?.
And the Firß and Principal Magnetick Parallel^
or Line of equal Dip paffing through London^
will alfo pafs nearly through 'Calais, Dover^
Wopdßock or Blenbeim, Hereford, Aberißivith irf
Wales, and ao. Miles Sauth of Dublin in Ire-
kind.' j. E. L Carol-
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Corollary. Since BR, is .to RL, ,or the

Change1 'of the Dip along our- Parallels* to the
Change of the Dip along, our Meridians ЦГее
ither of- t&e-Maps } as 4 to ro. The Lon|i-

tiífléf may r^ítíi us1 be difcovered between jÊhe
orife hãlÇ; and one third Part, as exaftly'as the

ofrin the Proportion of 4 to ic.

Since therefore 'tis eafy in Кай
Dip to, 4", as I have found by

fréquent Experience, 'twill be alike eafy to dîf-
còvet our Latitude to 4 Miles, and our Longi-
tude гад о Miles*

H Ш The Pöife made ufe of in thefe 'Ob-
iefvaiibris is To neceflary-in our Needles of ths
ordinary 'Shape, that my Needles of one Foor,
ünpöis'd, differed from the true Dip of thofe of
four Feet rightly ppls'd here at Londbn^ no lefs
than ; i°. '25'. and thofe of four Feet thcmfelveSi
tv'hen' uhoois'd, ftiil differ from themfelves,
when poifed, in the fame Place, not leis than
ijo Degrees.

N. B. However, ä fmall terror in the placing
t)F. this Poife, is of.almòít no Cohfequence as
to the altering of the true Angle of Inclination«
Thus if here in England we miftake an entire
'Quarter of .a Degree, in the true Place of the
Poife, we"iîiali err only Two Minutes in the
Angle of inclination. And the like is to be
fuppofed iii other Places.

M » .- Л ое-
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A General O B S E R V A T I O N ^

T T may poffibly be here expefted, that, after
JL the Difcovery of fo many and fo ftrange
Vhasnomena of the Loadftone, I ihould offer
fome Philofophical or Mechanical Hypothefis
for their Solution. Nor have I been wanting
in my Thoughts and Endeavours that way. But
not being able to fatisfy my felf at all m any
fuch Hypothefis, I mall not propofe any thing
of that Nature to others* Sir Ifaac Newton
himfeif, in the 2d Edition of his moil famous
fkilofopbiœ Naturells Principia Mathematics
after he had made the vafteft and moft amazing
Difcoveries about the Power of Gravity, and

, given us his Thoughts concerning
.481—44. QO^ jn an admirable Scholium, is

content to conclude his Work, without being
able to give any Philofophical or Mathematical
Account of that Power of Gravity -, nay in-
deed very juftly fpeaks fo, as gives us the greateft
Keafon to fuppofe he beíieved it was not Me-
chanical, but deriv'd from the immediate Power
of God himfeif, the Great Author of Nature.
Nor did the very Learned Dr. Bentley^ not
that Excellent Mathematician, the Editor, Mr.
Cotest at all miftake him, or the dired: Ten-
dency of his Difcoveries -, when the former in
his Beyle's Leãures, and the latter in his
Preface 'to that Edition, all along own and
plead for the fame Thing* Accordingly I ащ

a driven,
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driven, by thb like Neceffity, to Confefs; that
I can no way folve the Phenomena of Magne-
tifm mechanically ; nor can 1 fo much as devife
any fuch Motion of a fubtil Fluid belonging to
thc Loadftone, as ihall account for an Attra-
ctive Power in the Sefquiduplicate Proportion
of the Diftance reciprocally : Nor indeed, if i
could devife any fuch Motion of a Fluid,
would that be a fufficient Reafon to determine,
that fuch a Fluid was the real Caufe of thofe
Appearances, as Mr. Cotes has well obferv'd in
the like Cafe, in that Preface. Nay indeed, tho'
I could prove the Being of fuch a Fluid, and
devife a proper Motion of that Fluid, and
make it probable, that fome hitherto unknown
Property of that moving Fluid, made it certain-
ly capable of folving thefe Phenomena mecha-
cically j yet would this do no more than re-
move the immediate Power of the Supreme
Being one Degree farther. It ever appearing that
the laft Refort, the final Refult of all fuch Mecha-
nical Principles whatfoever, always do, always
will, and always muft be refolved into the Im-
mechanical Power and Efficiency of God himfelf,
the Firft and Continual Caufe ; the Firft and Con-
tinual Mover -, the Firft and Continual, moft Wife
and Powerful Author, Difpofer, and Governor
of the Univerfe : In ivhofe World v>e live j and
without whofe conihnt Interpofition and Pro-
vidence, that World of his in which ive live,
would immediately diflolve into a Chaos of
Coofufion, if not be reduced into its firft State

of
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of Annihilation, or Non-Ëxiftence. I (hall
therefore chufe to end all in the honeflr Words

of the firrt Inventor of the Dip-
ping Needle, Ro'bert Nortnan, re-
lating to this Matter : " Now,

" fays he, peradventure you will ask me, How
" this Stone hath this Power, and how it is iri-

gendred ? lam no more able to fatisfy you
lt therein, than if you ihould ask me, How

and by what Means the Celeftial Spheres are
moved ? But that God, in his Omnipotent
Providehce, hath appointed it foto be : Which

" may ferve for a general Anfwer to all fuch
" curious Searchers of the fecrët Works of God
" in his Creatures. Now therefore, as di-
" vers have whetted their Wits, yea and dul-
" led them, fo have ï /mine : and yet in the
" End have been conftrained to fly to the Coi-
" ner Stone, I mean God -, who hath given
" Power to this Stone, which was received ,at
" his mighty Hand in Creation.

"

"

"
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P R O B L E M

T0 fnd the Longitude or Latitude by the
Dicing "Needle.

TF the Lines of equal Inclination or Dip be-
Д_ low the Horizon/ be drawn upon Maps
and Charts, from good Óbfervations, it will be
very eafy from the Longitude known, to find
the Latitude j .and from the Latitude known,
to find the Longitude •, and this both at Sea-
and Land.

. Thus in that firft Sketch of a Map for fom»
Pans of England and Francs, here exhibi-
tedjWhere 1 either have my felf obferved the-
Inclination with a Dippipg Needle of one
Foot unpois'd., the lait Year 1719. or pro-
cur'4 former pbfervations ^ viz,, one at
Sarntn^ roade^by Col. W'm^bani j and
.another au Roiwn in T\orriiiindyv extant in
РГ. Power:

Suppofe we are travelling or f i l l ing along the
Meridian of London^ and we find the
Angle of Dip or Incl inat ion, with a
Needle of one Foot unpois'd, to be 750.
Tis evident, that this Meridian, and the
Line of this Dip, can meet no where but
in the Latitude of 530. n'. which is
therefore the Latitude fought. Or
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Or fuppofe we are travelling or failing along

the Parallel of London, i. e. in 51». 32'.
North Latitude ^ and we find the Angle of
Dip or Inclination to be 74°. This Pa-
rallel, and the Line of this Dip, can meet
no where but in ï". 46'. of Eaft Longi-
tude from London, which is therefore the
Longitude fought. But the fmall Map
hereto prefixed, makes this Method fo ve-
ry eafy by bare Infpeftion, that I need fay
no more about it.

N. B. The Cafe is the very fame in the Second
fmall Map, containing theObfervations I madethis
Year, 1720. with a Magnetick Needle of 47 |
Inches rightly poifed ; and needs no farther Ex-
plication. Nor is the great Difference between the
Dips in thefe Two Maps any Objection againft
this Method ; becaufe when the feveral Needles
come to have every one their proper Poife, and
to be all adjufted to one Standard, as they
ought to be, that Difference will entirely ceafe.
And if we confider the firil Map, we ihall find
that the fame Pofition of the Lines of equal
Dip, which agrees to the Obfervations this
Year, viz,, that of 22 Degrees from the Parallels
of the Equator, do alfo beft agree to Two of
the remoteft and beft Obfervations fet down in
the other Map, I mean thofe at Santnt^ and Roven$
as will be obvious on a little Attention.

CoroL (ï.) Hence we may find the Place
where we are at Sea, by the Dipping Needle,
even without the Knowledge of the Latitude.

For
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For if either we know the Number of Leagues
we have failed, or the Angle from the Meridian
in which we have failed from any known Place,
which may one or both be ufually done pretty
nearly -, the Interfeftion of a Circle of the
given Diftance, or of a ftrait Line drawn in the
given Angle, with the Line of the true Dip, will
determine our Place, and at once give us both
its Latitude and Longitude.

^Corollary (ï.) Hence we may correct all out
Sea-Charts, and Geographical Maps of Coun-
tries, with their Ports, and that to great Ex-
aftnefs , thofe of the Land efpccially, where
there can be no Difficulty in making the niceft
Obfervations.

Carol. (2.) Hence alfo, by the Help of a ve-
ry few more good Obfervations, to be made at
the Lands-End, 5d//y, Exeter, Dublin, Carliße,
AberdeenJJfbant, Limrnerick^Tdrmoutb, uizTexel,
and the like convenient Places, we may foon draw
the Lines of equal Dip. in our Coafting Charts ;
which, ufed with a Dipping Needle of Four
Foot long, will preferve the Ships near Great
Britain and Ireland ^ and particularly near Scilly
Iflands, from all Danger, for want of knowing
their Longitude :, or even their Latitude fome-
times alfo. Which Thirig I would therefore
humbly recommend to the Right Honourable,
and others the Commiffioners appointed by Act
of Parliament for the Difcovery of the Longi-
tude, as the firft Thing proper for their Conli-
deration,

N Rules



Rules of Tra&ice for the Management of
the Dicing Needley in order to the
Difiovery of the true Angle of Incli-
nation.

(i.) T) U B your Needle,the Edges on which
Xv. it revolves, ( which muft be ftrait

Lines, exaftly horizontal, and nicely poliihed )
and its Pivots playing thereon, with a clean
Cloth or Handkerchief, that no Duft or Dirt
may cleave to them, or alter the true Poife j
and that the Needle may move eafily and
freely. ' • . .

(2.) By the means of the three Screws, ad-
ju(i the Situation of the Pedeftal, or Frame, to
the Perpendicular j which a Spirit Level will
exactly difcover at Land j and which the Frame
it felf at Sea cannot vary from, by its original
Contrivance.

(3.) Remove the Poife to that Divifion upon
the Needle from the Center, which you expeft
the true Dip will have below the, Horizon ; as
at London to 75е ю: becaufe the Dip is there
'.75° jo below the Horizon j and foevery where«
If you find, upon Trial, that your Dip is a
fmall matter different from what you expeded,
remove your Pcife a little, till it .agree with
the true Dip, as near aspoffible.

(4.) Set a fmall Compafs^ or Horizontal
Needle; on, or parallel to the Direction of your

InJftru-
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Itiftrüment ; and remove your Infiniment, till
its principal Direftion lies parallel to your
fmall Needle : .For-then, and then only is it in
that Magnetick Meridian, and rightly difpofed
to'{hew the true Angle of Dip or Inclinati-
o n . , '

(5.) Put your Dipping Needle into its- Place,.
the right Side or Edge upwards, and guide it
within a few Degrees of that Situation, where
you expeft it will íhew the Inclination : And,
letting it freely ofciHate feveral times, note all
along by the middle Point of Time, ( from
your Watch, or Pendulum, or Pujfe :, ) and
alfo by-the middle Point of the fmalleft Arc
defçrib'd, the middle Angle of each Ofcillation :
Then fet down, that Angle in a Paper, as the
true Angle of Inclination, by this firft Method j
as at London 7 5° 10.
..: (6.) Take off the Poife, and let the Needle
find its own Equilibrium. Then remove the
Needlô about, 6 Degrees on either Side j and
соцц-^ 8r:or- 12 of th#fe Vibrations by your
Watch >ot Pendulum^ -ancl fet down the 4th,
&th, or-1 ath Part of that Number of Ofcillati-
tjons, cp be fpvae, ufe of prefently:

(7,) Then .place the fame Needle, with'
out any Poife at all, in an Horizontal Situation }
and count, in like manner, the .Number of Se-
conds in half the Number of Vibrations here,
ás. you did of Ofcillations ; there, ( the half
of thefe, if you pleafe, with one, and the
Other half with the other Side upward : )

N 2 begin-
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beguming fome what above :^p Degrees oft
either Side çhe natural Diredioti of the Needlç ̂
and Cet down the one half the 4th or 6th Part
of this Number alfo. •

(8.) Then having firft fquared both the
Numbers, work by the Rule of Three, thus :
As the Square of the, larger Number of Se-
conds, of the Vibrations -, to the Square of the
fmaller Number of Seconds, of theOfcilhtions :
So is the Radius to be to a fourth Number :
which-will be the Coime of.the Dip, E. G.

// ft

at London thus: 43^4 q = 1890^6 : 22 q

—484: : locoo: 2560:—Cofine75°. 10'. Now
if thefe two Ways of difcoveririg the true Dip
agree within about a Quarter, of "however with-
in Half a Degree, you may fecurely take the
former Dip, found direftly, for "the true one.
But if they differ more than that, 'tis probable
fome Error has been committed in the Experi-
ment, by reafon of fome Iron' or Loadftone
too near the Needle ;;or becaufe the Frame wa.$
either not exaoHy' Horizontal, or not truly Ш
the Magnetick Meridian, as it ought1 to have
been : In which Cafe the Experiment is to be
repeated, for greater Satisfaction.

N. B. Since this Second Method cannot
come near to the fame Exaolnefs with the Firft,
and is, more difficult to be put in Practice, I ra-
ther recommend it to the curious Seaman, when

he
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fce has' any particular Doubt as-to his Longitude
or Latitude, or when he is near the Shoar, or
when he has fopie reafon to fufpeft his Needle
to be- out of 'Order ^..than require it in the or-
dinary Coarfe of hi&;Praelice. .And indeed, if
he will but make the other Obfervation at
Noon, or at a fet Time, every Day -, there
will be fuch a natural Harmony and Ana-
logy between thefe Angles of Inclination, as
appearing upon his Journal, when carefully ob-
ferv'd } and fuch Difcord and Difagreement
when earelefely noted, that he will not be
much liable to any confiderable Error arifing
from this Head : Any particular Error of the
Obfervation in one Day, being naturally cor-
rected bv the better Observations of the fore-
going and following Days.

N. B. Since the Latitude, when we fail
within a Point or two of the North or South,
is.moft exaftly djfcoverabie by this Method, as
weU as the Longitude fomewhat lefs exadly,
when- we fail along, or very near a Parallel,
by even or proportional Alterations of the Dip
every Day -, in fuch Cafes the obferving Sailor
will difcover his Place originally, even without
recourfe to his Chart, or to any other Method
pf Obfervation whatfoever.

N. B- Y^t fince the Courfe is very frequent-
ly upon other intermediate Points of the Com-
pafs ; in which Cafe, the natural way of dif-

covering



covering the Longitude is by the Interfeerioft
of the Lines of equal Dip, with the Parallels
of Latitude; 'tis certain, that the offener and
the exafter we can take our Latitude at Sea, the
more accurately ihall we know our Longitude.
Whence that ne weft and beft Contrivance of
the very Ingenious Mr. Rowey whereby he can
much more frequently, and fomewhat more e:&
aaly than'formerly take that Latitude, will-be
of great Ufe here :, and will enable us to dii-
cover even our Longitude from this Method;
to a greater Degree of Accuracy than we could
otherwife do. To fay nothing here of an Im-
provement of my own, to the like Purpofej
of which more prefently.

К В. The beft Place and beft Way for ufing
the Dipping Needle on Shipboard, 1 take to be
thefe. • That in or near the Lower Deck, as
clofe to the main Mail as may be, or éxadly
where the Center of the Ship's Motion-'is,
which is efteemed by the Ship-Builders to be,
where the Surface of the Sea produc'd would
cut the main Mail, ( which Place mufthave no
Iron at all within a Foot or two j and no great
Quantity of Iron within a Yard or two of it:)
a round and ftrang Hole be made, of about
two Foot Diameter--, that in this Hole be 3
ftrong Circular Horizontal Table hung, within
a very ftrong Circle of Brafs, which has two
Axes, at right Angles one to another, "in tKe
way of Sea CompalTes, that to the Bottom of

this
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this Table be firmly join'd, and, if need bcj
brac'd, a long and,heavy Pensum, as I may
call it, (tho' fomewhat improperly : for 'tis the
Ship it ielf, and not this, that principally of-
cillates, in the way of a real Pendulum : ) in
order to keep. the Circular Table Horizontal.
Upon this Table place your Inftrument, with
itsfmall Needle to guide it to the Magnetick
Meridian ^ and-with its Spirit Level, if there be
Qccafion, to guide it to the Horizontal Situa-
tion. For in this Method, as I have frequent-
ly tried my felf, and (hewn it to many curious
and exaft Obfervers alfo, the ihaking of the
Ship is almoft wholly; avoided, and the Angle
of Inclination is found near as exadly as it is at
Land , where there is no Concuffion at all.

Ni, B* Upon fuch an Horizontal Table we
may place Pendulum Clocks, Large Hour-
glaues, or the like equal Movements, for the
exaiter Meafure of Time, at leafl for fome
Days, if not Weeks, ,in order to the Difcovery
of the Longitude by 'any other Methods which
require it. Upon the fame Table alfo may In-
ftruments be plac'd for the exader Difcovery of
the Latitude j at leaft when the Sun ihines at
Noon: All whiehvMethods have hitherto
been too impracticable, for want of fuch an
Horizontal Table. And tho' this Table will
not be free from аЦ Pegrees of Motion • yet
will that Motion be very ftmll, where the
Pendulum is 3 or 4 Foot long j and will flill

be
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be equally below the Horizon on one Side, arid
above it on the other : Which will hardly in-
commode the Accuracy of fuch Movements and
Obfervations at all.

N. Б. I once thought to have fhewn in this
place, how the Inclination of the Dipping
Needle might alfo have been found at Sea,
without any Concuffion from the Ship at all,
in the Places of greateft Danger, or within 80
or 90 Miles of tpe Shores, which the Seamen
call the Seundin^s : I mean, by defcending in á
Clofe Chamber or Diving Bell, to the Bottom of
the Sea j and there making the Experiment :
Which thing is by no means impracticable, as
Dr. HaUey well knows : [ He having been One
of Five at the Bottom, even in an Open Diving
Bvtl, in 9 or i o Fathom Water, for above an
Hour and a half at a time, Without any fort of
ill Confequence, as himfelf informs us, Philof.
TranfoEl. №. 349.] But becaufe I find, up-
on Trial, that there will feldom or never be
Occafion for fo troublefome and chargeable a
Method, I omit what 1 had written on that
Head.

N. B. Whether this, or any other Method,
either for Longitude or Latitude, can be put in
Practice in a very great Storm at Sea, 1 do not
know : Only this I will fay, that if, on thé
Expectation of fuch a Storm, 'the Longitude
and Latitude be known , and if, as foori as

4 fuch



fuch a Storm is over, the fame b"e alfo known,
which fuch a Storm can fjo ways hinder, there
can be no great Inconvenience in not knowing
either of them, daring thé Storm it felf^ when
the Seaipeti, to be füre, are otherwife employ'd }
end when it frequently happens, that fuch their
Knowledge would be of no Advantage to them :
It being to fmall purpofe to know anew where
the Ship is, or whither they are to guide her,
at a time when (he either lies at Anchor im-
moveable, or elfe drives before the Wind, with-
out fubrftitting at all to the Guidance of her
Pilot;

О Addend»
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Addenda & Corrigenda.

N. ВЛГ HAT in the Title Page, all the Co-
-*- pies of the Sibylline Oracles, as well

as Theopbilus's Copy i have о^я^т», a Word
not known in the Greek Language, inftead .-of

PR E F A C E.

Page 20. Line ï,- for particular, read but
precarious.

Line 29. Add: However, I muft not here
omit that highly valuable Attempt which was
made by Captain John Wood, a very Inquifitive
and Judicious Sailor, for the Difcovery of thofe
Things by Theory and Pradice together, which
Mr. Bond was chiefly trying to do by Theory.
For about this very Time, or A. D. 1676.
this Captain Wood failed North, in order to
difcover the North?Eaß Paffage. Where one
of the Reafons that induced, him to this Voyage,
as 'he tells us himfelf, was this : * That he

having for fome Years part framed an Hypo-
thefis of the Motion of the Two Magnética!
Poles; (for, fays he, Two fuch there be :)
And having by the Obfervations of all or
moft that writ of that Subjed, with his
own Obfervations, and coftly Experiment,
upon a great many Places of the Superficies
of the Terreftrial Globe, found out their

' Motion
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' Motion very near : [ The Northern Pole, he
had juft told us, ' he was certain was riot the
* fame with the Pole of the World.] Where-
* by the inclination of the Mignetick Needle
' under the Horizon in all Latitudes and all
* Longitudes, and Variation of the Compafs
' might be found in any Place in this World,
' without the AiTiftance of any other Lumina-
* ry : He wanted to come nearer the Pole, in
' order to better Satisfaction. Tho', as he
' tells us afterward, when he intended to have
' given a more full and nice Account of all the
4 Experiments he had and ihould have made ̂
í efpecially thofe of the Magnet, which he
' forbears to mention, becaufe he intended to
* publiih them in a Treatife by themfelves -,
* He, alas! with his Ship, loft all his Papers,
' and with them all that he had in the World
* befide '. See Sir John Narborongtfs Voyages,
fag. 150, 151. and,/tag. 195, 196. And this
indeed feems to have been the laft and beft
Attempt that has been made in this Kind to
this very Day. And Pity, great Pity it was
that it had no better Succefs ; and that it was
not feconded by fome other fit Perfon, or by
the Publick afterward ! Mr. Bond
indeed once appeals to this Captain In Illitio-
John Wood's Obfervation in the
Streights of Magellan, for the Confirmation of
his Hypothefis : But what that Obfervation was
in particular, he does not inform us. I ima-
gine he may mean that of his fuppofed Dip

О 2 there,



there, of 65°. 26'. which: is not very remoto
from my own Détermination of the fame, de*
riv'd from other Obfervations.

í*age7i. L. ii. Add: Dr. Halley did alfo him-
felf make fome ufe of a frmll Dipping Needle,
near the lilands of Cape Verd, and found that
it there lay Horizontal, contrary to all other
Analogy : as if there were fome Rocks of
Loadftone there. But when he made the like
Obfervation at the lihnd of St. Helena, he
found the Dip there to be regular, and in a
near Agreement with the beft of the other Ob-
fervations thereabouts, and to my own Theory.

Page 23. Line 3. Add: Only this they
found, that near the Ilhnd of Jerfey; and in
the Eeiß Indies, both very near the great Car-
dotnum lilind, in the Streigbts of Malacca j
and on a Rock at Pulo Condor e, their common
C-ompafs would turn feveral ways j and fo muft
either have been over a Pole of the internal
Loadflone, ornear fome Magnetick Rocks: The
latter of which Mr. Pound juitly thinks to
have been the Cafe in all thofe Places. And
indeed what Grounds of Sufpicion foever there
may be as to certain Coafts and Iflands, where
the Longitude cannot be wanted -, and where,
in cafe it were wanted, a fmall Removal of the
Ship would give it as before -, there is not, that I
know of, any certain Examples of Irregularity
of the Dip in the open Seas j where alone we
have the principal Occafion for that Longitude}
either from Iron Mines, which indeed make

little



little or no Impreffion upon Magnetick Needles,
even placed in the very Middle of them j ot
from Magnetick Rocks, or any other Caufe
whatfoever; Upon which Occafion, Hear the
tneft authentick Teftitnony of Mr. found him-
felf, who has made Obfervations with a Dip-
ping Needle in more remote Regions than any
other Perfon whomfoever^ and who has affiired
me by his Letters, ' That I was mifinformed,

when I fuppofed he had affirm'd, concerning
the Horizontal Needle, that it was fo irregib.
lar in a certain Place of the Open Seas, that
it would turn every way* And He declares^
that it did fo only in the fotementioned Plaeeá
between Iflands, and on Rocksj ( which might:
be great Loadftone?.) He adds, That hé
had made Obfervations with the Dipping
Needle in feveral Places at Land, [ in the
Eaß Indies,'] which he efteemed pretty good,
and agreeable to one another j tho' they Were
all loft at the Deftruftion of the Faftory at
Pulo Conclure ', and his Memory does not now

enable him. in any Degree to recover them.
The Obfervations themfelves alfo, which he
and Mr. Cunningham, as well as Mr. Hudfon^
Mr. Noel, and Mr. Fewttee, made in their feve-
ral Voyages, already mentioned, give no certain
Indications of any fuch Irregularity at all.

Line ii, &c. Dde: and an Hypothefis of
his own, with refpeft to two large Magnets,
which he fuppofed to be within the Earth.

**£>



Tage з 5. "Line 4, 5. read \ than an Hypo*
thefís, fuppos'd to be deducible from that Au-
thor's Obfcrvations, of two, &c.

At the End of the Preface add: Since this
Preface was printed off, 1 have received Infor-
mation from Mr. Campbel, a very inquiiitive
Friend of mine, That the Mariner's Compafs
was, in fome fort, for Certain, known in the
Southern Parts of France above a Century
fooner than John Goia is generally fuppos'd to
have firft applied it to Navigation in the Medi-
terranean. Of which Difcovery I will give
the Account in my Friends own Words, as
follows : * The following Lines are found in

an old provincial Poet, commonly call'd, Guyot
de Provins, who fiouriih'd before the End of
the 12th Century. And by the Date of his
Work, they appear to hive been wrote in the
Year 1180. And they contain fo very clear
and plain a Defcription of the Mariner's
Compafs, as puts it pail all doubt that 'twas

V known at that time.

Jcolle eßoile ne fe imtet
Un art font, qui Mont ir ne f net
Par -vertu de 1л Marmette
Une pierre laide Õ1 noirette
Ou li fer Volontiers fe joint»

* I have put them down exaftly as they ftand
6 in the Original, according to the Orthogra-
• phy and Spelling us'd at that Time. J íhall

' now
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* now give you their Tranflation very near li-
' terally.

There is á Star that never moves ̂  ( meaning the
And tbere is an Art that never deceives^olat one.
By vertue of the Compafst

And an ugly black Stone,
That always attracts Iron.

* Thofe Lines are cited, by Mr. Fauchet, a
* famous French Antiquary, who Uv'd in thé
c Reign of Lewis ï gth, in his Book, entituled,

Lés Antiquités de la France, And from (him
by Mr. Perrault, in his Parallel of the An-
cients and Moderns with refpe& to Arts and
Sciences^ T. 3. And the Age of this Poet
is as certainly known among his Countrymen,
as we know that of our Chaucer*

B O O K .

Vage i. Line nit. Add: N. B. A good
Needle of 4 Foot long ought, before it is
touch'd, to be fo nicely poifed, that it will feel
the i2oth or 13oth Part of a Grain in the ho-
rizontal Situation ; and, as near as may be, in
the perpendicular Situation alfo : Which laft,
as it is very much harder to do, fo on its being
well done depends the greateft Accuracy of
every Needle.

Page 3. Line 16. read: Of the pois'd
Needle, about 75°. 10'.

3 Page



- Tíage 4. Line 9. Adds N. B. This Power
of Magnetick Inclination in the horizontal Si-
tuation of my two long Needles, the one of

and the other of 401 2 I Grains Wei
balknced, the former by about ï ^ and the

latter by i g Grains : Which is by a little abdVe
the gocoth Part of their entire Weight : 1
mean when hung at the Southern Extremity of
each Needle.

Page 7. Line 14. Add: But if we make the
Needles themfelves much broader and ftronger
In the Middle than towards the Ends j as haà
been fometimes done formerly j we ihall avoid
the greateft Part of this Power. Nay j perhaps
jt will not be impoffible to avoid it fo far, that
we may not have Occafion for fuch a Poife at
all. Any little Error that ihall frill thence
arife being eafily allow'd for in the Charts be-
longing to this Method -, which may be fitted
exaftly and fokly to iuch Needles, and not to
thofe that, by being truly pois'd, are more regu-
feri I mean this only in cafe they be all made
of one Length, Weight, and Standard. Aria
perhaps this will be the beft way for ordinary
Praftice at Sea* Experience will foon deteiM
fciine between thefe two Methods^

'N* B. All fuch Dipping Needles ought to
be made fo heavy, that by their Weight they
may fix themfelves to certain Places of the
Edges whereon they lie, to prevent their Re-
moval any way* And a fourfoot Needle ought
to be confiderably above a Pouná Weight fot



;-• Vage 9. 'éhaîigë the Places of the two Num-<
bers 4584 and 4015.
'• Page 26. ; Line 3. riW 39Í.2» ^^ 27.

Zu«*? 3» read-$cjiï. and 626. ^W /ляг 10.
read 616.

Page 33. Lbtf 4. raft/ 14!. Л»^ Lw* у.

34. Líwá 8. у/гла 75s. to the 5i««j T<?-
or as 9667-10 10000. Lztó 17, 18. read

to -the Sinus Totus: or -as '0560- to 10000.-
which is^nearly as ï to 4. Lhte 23, «^24,-
read nearly as-' 500« and nearly as ï to 2*-
U«« 24. -áí/í or- as 1 1 \ to 6.

f age 53. Lz«e'i5. л^: By Mr. Normans
Obfervãtiòn^ Chap. w/r. where he tells us, 'He-'
*• had heard many fay that 'had' travelled far to>
*г the S0ttrôtí>/?ftfc,/that the horizontal Compafs'
'"hath feemed to lofe hie Force, and to waKi
^weak and dull'. Which is neceffiirily fa,:
whenever we are fonrtí what near a Pole,'
and no wh&re etfe* By Mn Pound's and'
Mr. Cunningham's Obfervátion? alfõj whicb^
tho* made with4 a Needle not equally pois'd o£i
hung, ihew that thek greateft -Angles of InclU
ration altered not- very mucti in abov« 2400'
Miles, near the fame Read- with the other ^
which could on'ly happen in the Neighbour,
hood of fuch a Circular Pole.: Line 21. adds
And, laftly, by^Captain Tafmans ObferVatiofi^ ̂
made A. D. 164^. where not very far Weß from
Флп Diemens Land, his Horizontal Needle '
would rtót ftánd ftill upon any tprtiicular Poinr
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of the Compafs : Which was a Sign it was
then over the Southern Pole of the internal"
Loadftone,as we have already remark'd, pag. 38.
frius. See Sir Jobn Nar borough's Voyages,
№132.

Page 54. Line ï5. read, and either two or
four Points, by Mr. Norman himfelf, C. 9. See
alfo Gilb, de Magnet. IV. 16.

Page 54. Line 22. add: N. B. ThisPropo-
Gtion, and thofe that depend on it, as to the
Exaftnefs of the Numbers, relies on the Truth
of Mr. Hudfons greateft Dip j which both in
the Text and Margin is faid to be 89 £. tho* in
Figures only : While the Analogy of the reft
of his own Numbers feems plainly to re-
quireus to read rather 86 \. Nor do my
own Obfervations this Year, 1720. contained
in the Second fmall Map, well agree to that
larger Nuipber. So that till we have more
exaft Trials beyond the North Cape j or . can
find the very Place of the Northern Magnetick
P,ole more nicely fome other way ; the Reader
is to fuppofe foch Numbers and Calculations to
admit of a confiderable Latitude. Line 25.
read 69. or at 21. Line 26, 27. ready by
Ballafore about 90. Line 29. read 40.
. Page 55. Line 2. add: Mr, Pound's, and

Mr. Cunningham\ and Captain Tafmans Ob-
fervations.

Page 56. Line 13. add : What the State of
the Magnetick Power of the Earth, or internal
Loadftonc, beyond, or within. the Southern

Circu-
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Circular Pole, is, does not yet fully appear by
any Fafts that 1 know of. Very few, if any,
befides Mr. Pound and Mr. Cunningham having
£ver made Obfervations either of the Variation
or Inclination there. Only it feems to me
fomewhat probable, that the Dipping Needle
will lie Horizontally ac the Center, as it cer-
tainly (lands perpendicularly at the Circumfe-
rence of that Circle ; or if it be otherwife,
that the Dip will be perpendicular to the Hori-
,zon within that entire Circumference. But the '
Determination of this Matter muft be left to
future Trials.

Page 57. Line ult. read, almoft.
f age 58. Line 12. add: N. B. This Propo-

fition is direetly fitted to the Obfervations I
made 1719. while thofe I have made this Year
1720. require the Angle BLC, to be rather 22
Degrees j and by Confequence the Angle В PC
above 50 Degrees -, and the Arc gone by the
'Pole in 144 Years hardly 2 5 Degrees ; and its
whole Period not lefs than 2000 Years. Farther
Obfervations will determine between all fuch
Numbers.

Page 74. Line 23. add-, V. B. All this
Reafoning confiders the Upper Earth, here men-
tioned, as including that Fluid, near the Top,
-which in my New Theory I have, from other
Evidence fuppofed to be there : Which being
denfer than the fupericr Parts, would fo fudden-
ly receive and communicate the Diurnal Rota-
tion, that it may here be well included under

P 2 that
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that entire 'Upper- -Earth of which I am here
Seating, as djftinft from the much lower, and
.vauly rarerFiuid, and from the Central Load>
.{tone, therewith encompaifed« 'Nor indeed,
will any fuch:Quantity as 50-or too Miles of

•Juch-.a derife Fluid -, encompaiTed perhaps with
лоо.ог 2ОО Miles of an Upper, and about
.3500 or 2ÓCO .Miles of a Lower folid Earth,
defe-rve much oilier Gonfideration in this Place,
.than if the entire Upper Earth were fuppofed
to be throughout one continued folid Earth,
without the Interpofition of fuch. a Fluid.

Page 80. Line 9. add: N.B. The Diffe-
rence of this Strength of the Mâgnçtick Power,

.from its Direßion, is moil vifible in.my Second
Map hereto prefix'd : Where I 'have all along

•let down the Seconds wherein \$jf Needle per-
form'd a fingle horizontal Vibration, at about
120 Degrees from the Magn.etiqk Meridian, in
moil Places : Whofe Squares, when Allowance
has been made for .the différent Obliquity of the
feveral Directions as to our Horizon, will give
us the different Strength of that Magnetick
Power at thofe feveral Places : As does thp
Angle of Dip give us the different Direftion of
the fame Power there. Now at the firft Sight,
the former there appears to be irregular, and
the latter regular, as is the Cafe alfo of our
Terrellœ.

Page 82. Line 27. read 280.
f age 85. Line 6. add : N. B. Tho' the Ter-

feem to give us thefe Angles exa&ly
enough,



, on their Surfaces, according to the Line
of Sines } yet may both they, and the Earth's
Loadflone alfo, at great JDiftances from fuch
•Surfaces, .adroit of fome Variation of that
Proportion-, as Dr. Gilbert has particularly
obferv'd in the former Cafe : and as many of
the Obfervationis on the Earth feem torequireun
the latter. ,-Experience alone : can determine
this Matter. Nor is it of any great,Confe-
«juence, as to the Difçovery of the Longitude
or -Latitude, How it is determined. For what-
ever this Proportion proves to be, when it is
once known, it will be almoft Equally advanta-
geous to fuch 'Experiments.

. Pag. zoo. Line 4. add : №. B* The true
$eafqn why the round Table guided by a Pen-
dulum, will not QÍbilla.te with the :Sbtp-, and
w.hy the Magnetick Needle will not vibrate
•eitiher with the Ship or Pendulum, is evidently
.this ^ that the feveral Times of each of thefe
Ofci'Uations, or Vibrations, are fo entirely .dif-
jferent, that their beginning Mtrtions do mu-
JOAally hiader tbeir Influences upon each other,
as 3o Difcords in Mufick. Thus a 5hip roUing
in 7", when compar'd with a Pendulum ofcií-
lating in 2", or a Magnetick Needle ofcillating
in 17" or Q2V, or vibrating in 44", arc fo dif-
ferent and difagreeable, that they cannot
confiderably influence each others Motions}
which Difagreement, or Diifonancy of the
Motions, muft therefore ever be taken ex-
aft Care of, in all Cafes of this Nature. And- as

to



the Degree of this Avoidance of the Ship*e
Motion by the Pendulum, and of the Exaft-
nefs of the Needle's Vibrations notwithftand-
ing that fmall remaining Motion, I Appeal to
Mr. Molyneux, Dr. Defagnliers, and Mr. Ma-
chin, all Worthy Members of the Royal So-
ciety, and Eye-witnefíès j who I doubt not
will do me Juftice in this Matter.

Ж ft. . The Reader is to remark, that it
having hitherto been eafy. to poife Needles in
their Horizontal, and very hard to poife them
in their Vertical Situation, it has been much
eafier to find the Equator, than either of the
Poles of the Internal Magnet by the Dipping.
Needle : And that the other Method, by the
Horizontal Needle, when it will turn 'every
way equally over fuch a Pole, is almoft the
only one that will ftill find it exaftly. How-
ever, the Obfervation is evident in Fail, that
while feveral Dipping-Needles have hitherto
confiderably differ'd near the Magnetick Poles,
they have agreed much better about their
Equator : as they rauft needs do in their pre-
fent Conftruftion.

®ЯЮ№УЖХ^^

POSTSCRIPT.
Fter all my other Trials with Brafs or

Steel Edges, or Cylindrical Needles,
ior me Pivots of my Dipping-Needle to play

ï upon,
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upon, I have at lail tried almoft the íàme with
Mr. Normans own firft propofed Method ; viz.
that of the plain Surface of Coach-Glafs;
\vhich I find to be, at lead, twice as exadl:,
and as fure as any of the reft ; which Method
therefore I intend ever to put in Practice for
the future ; and which I find will difcover the
Latitude, even in thefe Parts of the World, to
two Minutes or Miles, and theLongitude to ßre.

I have alfo very lately been fliewn by
Mr. Hutchinfon, a very Curious and Inquifitive
Perfon, a Copy of a MS. Map of the World,
made about 80 Years ago, taken by himfelf
from an Original, wherein the Variation is re-
duc'd to a Theory, much like that which
Dr. Halley has fmce propofed ; and in general
exadly agreeing to his Obfervations, as he
freely confciTes ; but with this Advantage,
that therein the Northern Pole of the internal
Loadilone is much better flared than it is by
Dr. Halley : And indeed is here plac'd almoft
in the very fame Parallel arid Meridian, where-
in, by my other Obfervations, it muft have
been at that Time : Its Place then being, ac-
cording to this unknown, very curious and fa-
gacious Author, about the Meridian of Mof-
coiV) and the Latitude of 78 \ Degrees. Which
ancient and authentic!« Determination of its
Place, I defire the Reader particularly to ob-,
ferve, in Confirmation of my foregoing Theory.

L O K D О К,
]an. 28. 17*-.

. Wißt*.



B O O K S Yrinicd for J. S E N E x in
Salisbury-Court., and W. T A Y L O R
at the Ship in Pater-Nofier-Row.

I.npHE Elements of E«cU3, with feled Theo-
J_ rems out of Archimedes : By the Learned

Andrere Tiicqiiet. To which ate added, Practical
Corollaries, fhewing the Ufes of many of the Pro-
poiltions. The whole abridg'd, and in this 4th
Edit, publiih'd in Evgliß. By If. Wbifltm, M. A.
Mr. Lucas's Profeiïor of the Mathematicks in the
Univeriîty of Cambridge.

II. His Aftronomical Leftures read in the pub-
lick Schools at Cambridge.

III. His Lectures to explain Sir Ifaac New-
ttín^ Philofophy, 8î;o.

IV. . His Solar Syftem, a large Sheet.
"V. . His and Mr. Hawkßee's Book belong-

ing to their Courfe of Mechanical, Optical, Hy^
droftatical, and Pneumatical Experiments, with
Twenty Copper Plates.

VI. Dr. DefagitUen's Tranflation of Alatriofs
Hydroftaticks, Svo.

VII. His Tranflation of Dr. Gravefanat's
ïntroduftion to Sir Ifaac Newtons Philofophy, "evo,
Vol. ï.

VIII. ——His 2d Volume is in the Prefs, and
will fpeedily be publiih'd, evo.

IX. The Religious Philofopher ; by Dr. Nieven-
tys ; in 3 Vol. 8w„ Adorn'd with Cuts.

X. Mr, Rapb-



Books printed for J. Sertex, and'W. Taylor.
X. Mr. RapbfoKS Tranflation of Sir Ifaac New-

ton's Algebraic Lectures, 8vo.
XI. Mr. Hajrkßeis Phyiïco-Mechanical Experi-

ments on Variety of Subjefts, Bvo.
XII. Mr. Wlr.gates Arithmetick, the i4th Edit.

8ш.
XIII. The Roads of England and Wales in a

Portable Volume, engraved on 100 Copper-Plates :
ByJ.Settex.

XIV. Mr. Gfww's Treatife of Vulgar and Deci*
mal Fractions. Recommended by Dr. Halley.

XV. A Zodiac, containing a Defcription of a^
the Fixed Stars to which the Moon or Planets can
at any time apply. Of great Ше in Aftronomical
Obfervations. By Dr. Halley.

XVI. Trigonometry improv'd, and Projection
of the Sphere made eafy. Teaching the Projection
of the Sphere Orthographick and Stereograph i ck ;
as alfo Trigonometry, Plain and Spherical: With
plain and intelligible Reafons for the various and
moft ufeful Methods both in Projection and Cal-
culation "With the Application of the whole to
Aftrbnomy, Dialling and Geography. By Henry
Wilfcv.

XVII. The London Accomprant, or Arithme-
tick in all its Parts, viz. in whole Numbers and
Fractions, Vulgar and Decimal ; with the Extra-
ction of the Square and Cube Root, not only
taught, but the Reafons of the Operations demoh-
ftrated, and made intelligible to all Capacities.
By Hevry W'ufon, Author of Trigonometry im-
prov'd.

XVIII. A New General Atlas, containing a
Geographical and Hiftorical Account of all the
Empires, Kingdoms, and other Dominions of the
World, with the Natural Hiftory and Trade of
each Country, Taken from the beft Authors, par-

ticuh-1



rint e il for"]. Senex, and W. Taylor.
ticularly Cliwerius, Brietius, Celariiis, Eleait, Eau-
irani, Hoffman, Mo/-eri, the Two Sauf mis, Lypts,
the Atlafs Hijlorique, Sir John Chardin, Le Bnni,
Toiirnefort, Sec. To which is prefix'd, an Intro-
duction to Geography, rendring the principal Parts
of that Science eafy, and containing all that is ne-
ceflary for the ready underftanding of Maps, to-
gether with a copious Alphabetical Index. The
Maps, which are all engraven or revis'd by Mr. Se-
nex, are laid down according to the Obfervations
communicated to the Engliß Royal Society, the
French Royal Academy or Sciences, and thoie
made by the lateft Travellers ; and the Defcrip-
tions fuited to the Courfe of each Map, which has
not been obferv'd in any other Atlas.

XIX. Dr. Gregorys Elements of Ca top tricks and
Diopticks, &c.

XX. A Treatife of Painting. By Leorardo da
Vira. Tranflated from the Original Italian, and
adorn'd with a great Number of Cuts. To which
is prefix'd the Author's Life. Done from the laft
Edition of the French.

XXI. Geodefa or, The Art of Surveying and
Meafuring of Land made eafy. Shewing, by plain
and practical Rules, how to Survey, Protraft, Caft
up, Reduce or Divide any Piece of Land whatfo-
cver ; with new Tables for the Eafe of the Survey-
or in reducing the Meafurcs of Land. Moreover,
a more facile and fure Way of Surveying by the
Chain, than has hitherto been taught. As alio,
how to lay out new Lands in America, or elie-
wherc : And how to make a perfect Map of a Ri-
ver's Mouth or Harbour ; with feveral other Things
never yet publifh'd in our Language. By John
Luve, The 5d Edition with Additions.
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A S T R O N O M I C A L T E A R :

O R, A N

A C C O U N T
Of the many remarkable

C E L E S T I A L P H E N O M E N A
O F TH E

G R E A T Y E A R MDCCXXXVI.

Particularly of the

L A T E C O M E T ,
Which was forerold by Sir 1 S A A С NEWTON^

and appeared at its Conclufion.

By WILLIAM WH1STON, M. A.

Ego noilris non affentior. Non enim cxiftimo Cometen fub-
itaneum ignem, fed inter seterna naturae opera. Non-
dum funt anni mille quingcnti ex quo Grsecia —— Stellis
números, ó1 nomina fecit. Veniet tempus, quo ifta
qua: nunc latent, in lucem dies extrahet, 8c longioris aevi
diligentia. Veniet tempus, quo pofteri noftri tarn a-
perta nos nefciiffe mirentur. Erit .qui demonftret ali-
quando, in quibus Comet» partibus errent, cur tam fedufti
à caîteris eant; quanti, qualel'que fint. Senec. ^ал/i. Na-
tural. L. VII.

L O N D O N :

I*rmted for JOHN WHISTON, at Mr. Boyle's Head,
t. 1737. (Price 6d.)
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A C C O U N T
O F T H E

ASTRONOMICAL YEAR,

] N order to proceed regularly td
this account} I muft obferve$ irt
the firft place, that» befides the in-
timations relating to this great
year 1736. given a century ago
by Mr. Mede: and fince by Bp.

Lhyd, Dr. AlliX) Monf. Daubuz, &c. And be-
fides the intimations given by myfelf thirty years
ago, in the Effay on tbe Rsvelalign of St. John,
pag. 213, 215, 216, 221, 222, 223, 234, and
270. And more fully among the carrelions
thereto belonging, eleven years ago, in my Li"
teral Accomplißment of Scripture Prophecies, pag.
95, 96, 99, юг, 102, 103, 104, 105, no, and
113. I fix years ago, in the Memoirs of the Life of
Dr. Clarke, pag. 92. of the ï* Edition, gave far-
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ther intimations concerning the fame year, as the
grand period of the ten kingdoms of tyranny
and perfecution in the Roman Empire-, or of
the laft antichrittian State of the Roman Mo-
narchy, under ten Kingdoms ; and that this year
would be remarkable ror great Eclipfes of the
Moon. I alfo, at the end of my Reply to Dr.
Sykes, about Phlegon'sEclipfe, A. D. 1733. which
is the IIId of my Vl.Dijfirtations, added, that the
fame year would be famous alfo for a great
many Eclipfes of the Sun, in the words follow-
ing, " that 1736. the grand period of the ten
*' Kingdoms, or of the laft ftate of the Roman
" Monarchy, would be peculiarly remarkable
" for great Eclipfes of the Moon, as well as for
" the uncommon number of Eclipfes of the Sun."
Moreover, in the IV th of thofe VI. Diflrtations,
pag. 261. I farther enlarged upon this matter,
in the following words :

" N. B. Since there will be an annular Eclipfe
" of the Sun on Feb. 18. A. D. 1737. of about
*'ten digits at London ; and whole centre will
«' pafs nearly from north of Dublin, to Edin-
«' burgh, with a ring of light round the Moon
*' all the way : which path of the center is very
«' nearly the utmoft weflern limit of the Roman
*' Empire : and whofe partial fhadow will ex-
«' tend over the Roman Empire as far as Eu-
«' pbrates, (of which fee my eight Eclipíès
" drawn on the Map of Europe) we may, with
«' the old Romans, [and with the Jews] begin
«v the year with [the New Moon in] March;
*.* and take this Eclipfe into our confideration
«' alfo. Which if we do, we ihall find, that in
«* the fame year 1736. there will be feen, in one
«' place or other, [and generally in ihe Roman
" Empire.] no fewer than five Eclipfes of the

" Sun :
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*• Sun : On March ï. and March 31. On Aug.
«•* 25. On -Sept. 23. and Feb. 18. befides thé
" two great Eclipfes of the Moon [on March 15.
*.'• and Sept. 9.] feven in all. Which is a greater
«'number of Eclipfes than I have ever met
«•' with in any of thofe 72 years, for which I
«* have computed them. Nay, if we take in
*,' but five days farther, in March 1734-. we fhall
«'•have, fomewhere or other, no fewer than
*« eight fuch Eclipfes ; five of the Sun, and three
«< of the Moon. There will alfo be a very fmall
" Eclipfe of the Sun, or a tranfit of Mercury
«« over the Sun the fame year, Offob.qi. ioh 53'
" mane, and vifible over all the Roman Empire
" alfo. Which number of.'Eclipfes cannot but
«( render this year exceeding remarkable to A-
" ftronomers. Tbat number of Eclipfes having
** hardly ever been equalled; to be fure never
*« exceeded in any one year fince the creation. "
Moreover, in the beginning of that year, I re-
publiihed my open Sheet of the Tranfits of Ve-
nus and Mercury over the Sati, for 2- centuries :
with an addition of xxiv Eclipfes of this great
year, beginning with March. Which are there
all fet down in order : though in grofs cmly,
and without the exael calculation of any of
them.

About the fame time I was informed by. a
learned friend, that Monf. Cajjim had obferved
the tail of a Comet, at Botionia, in Italy, in the
conftellation called The whale, about the end of
February 1668. Old Stile. And I foon found fe-
veral accounts of the Comet itfelf, as well as its
tail in our Philofophical 'TranfaStions, №• 35. I
alfo was then ihewed a Chronological Diflerta-
tion about it, written by Monf. Fignoles, in the
Mifcellanea Berolinenfta, printed in the year 1710.

fag.
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fag. zgi • ' •• 260. upon the fuppafition that
this Comet was the fame wich that which ••Art-
ßotle faw on >йхе 373* or 372" year before the
Chrißian Жга : as Caßni believed : and upon
this farther fttppdfítion, that its period was no
more than 34 years, as the fame great Aftrono4-
mer had determined alfo. Befides which, Mi-
raldi, an Aftronomer, then at Rome, faw fuck-
a ftrange light ,in the whale, about the end of
February, A. D. 1702. as was deemed to be the
tail of the fame Comet, though we no where
hear of the Comet itfclf. Which, upon the for-
mer determination of a 34 years period, was
alfo expected to return, abotat the end of Fe-
bruary I73-Í-. AH which Hypothefes and Ex-
pectations feemed to come to nothing, upon the
failure of fuch Comets return at that time.

However, I was informed about the fame
time by a friend of mine, Col. Guiß, that He
had himfelf heard Sir Ifaac Newton declare, thac
" Though he would not fay he was fure of it,
«' nor would publifli it, he had fome reafon to
«* believe a Comet would return about the latter
«' end of 1736. " And that he afterward added,
that " Such a Comet had appeared formerly :
*' although the Colonel could not remember what
*' year it was when Sir Ifaac faid it had fo ap-
" pear'd. " He alfo, at the firft, informed me,
that Mr. Howard, another acquaintance of mine,
had alfo heard Sir Ifaac Newton fay the fame
thing. All which I communicated to the Queen,
on March 15. when I waited upon her Majefty,
to give her fome account of the great Eclipfe
of the Moon, which was to be that night ; as
well as of thofe other numerous Eclipfes and
Occultations that were coining on the fame year.
And when Mr. Howard was afterward aiked.

ï about
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about it by another friend of mine, and at my
defire, he remembered it immediately : and add-
ed,, upon the queftion, that "."Col. Gmfs was
*^rnot with him; when Sir Ifaac Nefyton íaid fo
"• to him. ". Bat that when he was once at din-
ner, at Mr. Tolleii'̂  atr tHe îw-rogff, with Sir
Ifaac^ and Dr. Gregory; SirrTfaac faid, that " He
" expeébed the appearance:of a. Comet [1735
"or] 1736. or thereabout. " And that upon
his putting fomequeftions to him about it, "Sir
" Ifcutc feemed to draw back:: as forry that he
•" had faid fa much : but ftill could not deny he
" had fuch an expectation. " All! which1 Mr.
Howard hath, lately confirmed!to myfelf alfo.
Both which informations I have.communicated,
during the courfe of this laft year, to great
numbers of my auditors and acquaintance: and
on their account have been long- in fome ex-
peftation of the coming of fuch a Comet, dur^
ing the fame year. This being premifed, I
íhaH now come to my account of all thefe Ec-
Jipfes, and Occultations of the Planets, and of
the Hyades-, or particularly of the OccuJeation
ofdidebaran, Palilicium, or the Bulls Eye, which
is the principal o£ them ; as well as;of the ap-
pearance of, the Comet itfelf, foret»ld by Sir
Ifaac Newton: and every one according to the-
order of time.-

(i)-Qn the firft:day of this year then^ ac-
cording to my eftimation^ or March ï, 173-!-.
ttere was an Eclipfe of the Sun^ feen. in the
moil-northern parts of the Eanth-j though to us
inviilble.

(2) The fécond was1 a.very great, total, .and'
aJrnoft central Eclipfe of the Moon, March 15.
173 .̂. j u ft before midnight: and feen over all
the Roman Empire : beginning, as Mr. Wright

truly
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truly foretold in his Scheme, about 9' after ten
o* clock. Was in the greateft darknefs about
58' after eleven-, and ended about 46' after one:
and fo lafted about 3h 37'. This Eclipfe hap-
pened near the Moon's Perigee : and, by con-
fequence, left the Moon almoft as dark in the
center as it is poffible for it to be. The Earth's
atmofphere ftill admitting fo many rays to fall
upon it, by refraction, that it never can be to-
tally obfcured in any fuch Eclipfe whatfoever.
And by reafon of the quicknefs of the Moon's
motion near the fame Perigee, this Eclipfe did
not laft fo long as we fhall fee its next Eclipfe
in September did, near its Apogee. This I faw,
and almoft every body elfe, by. reafon of the
air's clearnefs ; and the early hour of the night
for its beginning.
• (3) The next Eclipfe was that of the Sun,
on March the 31" about feven in the morning.
But vifible only in the remoter fouthern parts
of the Earth, and invifible to us in Europe.

(4) The next vifible Eclipfe, or Occultation,
was that of Aldebaran by the Moon, April the
3d 'about eight at night : and vifible over all the
Roman Empire : which I, and fome friends faw,
as far as was poffible to be feen. The latitude
of the Moon then allowing it to pafs through
the other Hyades ; but not permitting it to
reach this Star itfelf: though it came within
about 2! Minutes of it.

N. B. I íhall hereafter take no particular no-
tice of fuch,; occultations of this Star as were
invifible here : or happened in the day time,
which occultations yet come once every pe-
riodical month, when the Moon arrives at
6". 5' longitude in Gemini : during this and the
three next years fucceflively. See the VI. Dif-

fertations,
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fertatioKS, pag. 227, 228. where like occulta-
tions of the Hyades, as foretold by the Prophet
Ifaiabi are brought to я'calculation, and (hew-
ed to hate been exaftly fulfilled accordingly.

(5) The next Eclipfe, or Occultation was that
•when the Moon puffed over Venus, April zj^-
it was vifiWe over all the Roman Empire. At
Ltmãon it was a very bright day: and I, With
a fkilful friend, tried to fee it through a fmoak-
ed ghfs, and â telefcope. But that brightnefs,
and ehe inconvenience of our ftation, hindered
us from feeing either Venus or the Moon. It
Was, by the beft calculation, to begin at half an
hour after twelve at -noon/, and to end three
quarters after one.

(6) The next vifible Eclipfe, or Occultation
was that of Alaebaran by the Moon, July 21"
between three and four a clock in the morn-
ing, and vifible over all the Romatt Empire.
This happened at fuch an unfeafonable time
of the night, that I did not attempt to fee
it. '

(7) Thé next Eclipfe Was that of the Sun upon
Attgttfi 25'* between eight and nine in the morn-
ings but invifible in Europe : and only feen it»
the fou them parts of the-Earth.

(8) The next was that very great, total, and
almoft central Eclipfe of the Moon, vifible over
all the Roman Empire, on the 9'" Day of Sep~
tember, early in the Morning : beginning, by
Mr. tFrigbfs calculation, 5'i after one a clock :
at the greateft darknefs about il' i after three:
end ending at 17'f after five. Which implies
its lifting about 4h 12'. This long duration
was oceafioned by the flownefs of the Moon*s
motion, near its Apogee, at that time. Nor
could the Moon be near fo dark at the centre,

В as



$s It was in March'; by reafon of its greater
diftance from the Earth at this time. Now
although this was at fo inconvenient a time of
night, and the air was cloudy in Rutland, where
J then was, when I went to bed -, yet did I rife
more than once out of bed to fee it : and found
the air cleared up, and the Eclipfe very vifi-
ble ; both when it was partial, and when it was
total. Though indeed I did not fit up, nor at*
tempt to make any nicer obfervations about it.

(9) The next Eclipfe was that of the Sun,
Sept. 23* a little before, and at Sun-fetting. The
common Almanacks told us this Eclipfe would
be inviiible with us. While the many calcula-
tions in the Ladies Diary ; and Dr. Hallefs own
calculation ihew'd that it would be vifible at
London, and above 4 digits in quantity there.
We made fome preparation in Rutland, where
I then was, to obferve it. But the iky grew
too thick and hazy to afford us the fight
pf it-

(10) The next Eclipfe, or Occultation was
f hat of Mars, by the Moon, Oïïob. 8th between
two and three a clock in the morning -, and vi-
fible over all the Roman Empire. J was then
in Rutland alfo : and fa w the Moon going to
make that occultation, before 1 went to bed:
for the njght was then yery clear: but I did
not fit up long enough to fee the occultation
itfelf.

(n) The next Eclipfe, pr Occultation was
that of АЦеЬагап., by the Moon, between
Qfiob, nth and 12th a little before midnight;
and vifible over all the Roman Empire, But ic
was fp cloudy in Rutland, where I ftill was,
that no fight of it could be had by any body
jthere»

(12) The
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(il) The next frhall Eclipfe, if I may io call

it, was .that curious Phenomenon, the tranííc
of Mercury over the Sun ; vifible over all the
Roman Empire. With the explication of which,
and of the great ufe fuch tranfits may fome-
times be, in order to difcover the parallax arid
diftance of the Sun, I began my Aftronomical
Lectures this laft "Winter. This tranfit hap-
pened O£tob. 31". It began about 9" 25'. and
•was at its middle about 10" 48' ^. and ended
about 12" n'~. and fo lafted about 2" 46' ï.
And although the day was, for the main, cloudy
with us at London, yet did fome careful ob-
fervers fee, very nearly, both the ingrefs and
egrefs of the planet : though they could not fee
ä great deal of its paiTage over the fun it felft
By the favour of one of which obfervers, I had
the fatisfacbon of feeing it my felf in Fleetßreet,
through a fmoaked glafs, and a good telefcope,
foon after Mercury was come upon the body oT
the Sun, As Ij and many more had feen it, for
a great while together, upon that body, Octob.
29. 1723. till Sun-fetting. And as the curious
in Aftronorhy may hope to fee it upon the Sun
again April 25. 1753. and Venus, May 26. 1761.
As the forementioned fcheme will inform them.
The principal ufe of which tranfits, already
mentioned, with its demonftration, is fully given
in that fcheme.

(13) The next Eclipfe, or Occultation was
that of Aldebaran, by the Moon, Jan. 2. 1734.
about 40' paft one in the morning : and was vi-
fible over all the Roman .Empire. But it was
too cloudy to be íèen with us at London. Though
this and all the reft of fuch Phenomena were
probablv^well feen in other parts of Europe and

within the bounds of that Empire.
В 2 (i4) The
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(14) The next Eclipfe was that famous one

of the Sun, Feb. 18. 1734« vifible over all the
Roman Empire. It began at London about a 6'
paft two in the afternoon ; and ended about
3' i paft five : and was in its middle about 44' £
paß three, and ended about 3'^ paft five : and
fo lafted about 2" 37'é- It was here fcarceJy
ID digits: but in Rutland at leait 107 digits.
While, in the north of Ireland? and a little
north of Edinburgh in Scotland^ the utraoft north-
weftern limit of the Raman Empire, there was
a moft uncommon and curious fight: about half
a digit round the body of the Sun being not
Eclipfed by the Moon ; which was then too
fmall to cover k all over: and fo there ap-
peared an annulas or ring of light round the
body of the Moon. Whence fuch Eclipfes are
denominated annular Eclipfes. This fight, as
very few of mankind ever fee, ib have not we
of JfOnion feen it, I think, for íèvcral genera-
tions. Nor are any here, I believe, likely to
fee it» till March 21. 1764. about 40' after ten
in the morning. When the centre of fuch an
annular ihadow will pafs near Ufbott, and Lon-
don : and when the breadth of the annular
light will be larger than it hath been any where
in the Eclipfe before us. Now although this
Eclipfe Feb. 18th could be no where total, yet
would its ihadow reach as far as Euphrates ; and
exhibit a partial Eclipfe of the Sun to all the
regions within the bounds of the Roman Em-
pire, as I have already noted. Thefe two an-
nular Eclipfes of the Sun are fo remarkable,
that they are among thofe eight eminent Ec-
lipfes, whofe paths I drew upon a Map of Eu-
rope, and publiihed. A. D. 1733. To which I

refer
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tefer the inquifitive Reader, who delires to know
more abouc them.

(15) The next Eclipfe or Occultation wa»
that of АиеЬагащ Feb. 25'" about fix in the
evening. It was a clear night, and the occulta-
tion was well obferv'd. It began 5' later, and
ended 5' fooner than the beft calculation had
determined beforehand. Which ihews that the
Moon's Latitude hath not yet arrived at the
ucmoft accuracy of determination. Which indeed
appears to be true alfo by the obfervation of
the foregoing Eclipfe at Edinburgh ; when, as
I ала informed, the path of the centre went
fenfibly north of that city : whereas it was ra-
ther expected to have paffed fomewhat fouth.
of it.

(16) I now proceed to give fome account of
that Comet -, which was the only curious pha>
nomenon wanting to render this great year fuffi-
ciently remarkable: and which I was accordingly
all along very defirous of feeing, for that reaforv.
I do not mean to give here an account in ge-
neral of the theory ef Comets. That I hare ie-
veral times done already, from Sir Ifaac Nnv-
to», and Dr. Hälley, in my New Theory, and
its Appendix : in my LeSures at Cambridge up-
on Sir Ifaac Newîon's Philofophy : in my Solar
Syflem : and in my Agronomical Principle s of. Re-
ligion : To which I muft therefore refer the
inquifitive Reader. But to come now to the
hiftorical account of the Comet before us.

This Comet, as I have already faid, was fore-
told to come about this time by Sir Ifaac New-
ton many years ago. The firft appearance of
it, that I have yet heard of, was on Jan. 2gtk

laft: when it was feen both at Gibraltar and
L\jbon. At the latter of which places it was

obferved
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cbfervcd at б" 49' p. m. to have had 5". ig
altitude : when Venus had 20°. 40/ altitude :
and was 18°. 5' diftant from the Comet. Whence
its place was computed to be 3í 13°. 38'. and
its latitude north to have been 3°. 59' 40".
Though a fomewhat lefs latitude agrees better
with other obfervations. The tail was then like
a bruih, of fome confiderable length í and all
was feen by the naked eye. It was alfo feen
by the naked eye, and through a fhort tele-
fcope, in the weft of England, from Feb. 4. And
was there on Feb. 12. feen about 6 or 7 de*
grées below Venus ; and a little on the fouth
fide of a perpendicular from Venus to the Ho*
rizon. When the length of its tail was eftimated
to be about 2 ~ or 3 degrees. It was alfo feert
by an aftronomical friend of mine at Weft
Horfely in Surrey, Feb. 5. It was then fo fl*
tuate, as to be almoft exaffly under Venus, and
about ID or ii degrees from it: and was feert
both by the naked eye, and through an 18 foot
telefcope. It was in the fame place feen, Feb.
12th. much nearer to Venus ; and tending to the
fouth; but near a fmall telefcopick ftar : which
in two day's time it deferted, and left at fomc
diftance behind it. It was there feen alfo every
clear evening through the telefcope till the
25th. and even on the 26th and 27th. which were
clear evenings alfo, it ftill appeared ', though
very obfcurely} by reafon of the neighbourhood
and brightnefs of the Moon. And the tail,
which had at flrft appear'd about 2°. long, was
now become very mort ; and the nucleus very
obfcure alfo. The fame Comet was feen by
more than one curious obferver of my acquaint-
ance Feb. I51". when it pafled a little north of
the principal ftar or knot in that Knum or rib-

band



band which joins the two northern fiihes toge-
ther : as alfo it was noted then to make near-
ly a right angle with Menear, in the mouth of
the whale; and with Venus: which was then
about 21°. in Aries, and about i°. 45' north la-
titude. It was farther obferv'd at Newcafllc,
Feb. 22d. to pafs between the ftars y and | in
the whale : and to cover the intermediate ftar v,
which is nearly 4°. in taurus, and about 9". £
fouth latitude. On March 4th it was feen by
another aftronomical friend of mine near Lon-
don: and that when it made nearly an equila-
teral triangle with the Pleiades and Alâebaran.
On March 7th it was feen by another altrono-
rnical friend on 'Tower ЦШ, with an eight foot
telefcope-, but very obfcurely. On which even-
ing J had a great deal of company with me ;
and tried hard both to fee it myfelf, and to
íhew jt my auditors : and this chiefly with my
Longitude Telefcope, of about nine foot long,
and feven objeft glaiTes -, and one very broad eye
glafs. But all was in vain. The following even-
ings were too cloudy or mifty at London to af-
ford a fight of fo fmall a remainder of this
Comet as was then in being. However, on Sa-
turday evening, March i2 lh. which was very
clear, I took two of my fons with me, and two
other perfons, and went to the purer air of
Hamfßead, and made all the efTays poffible,
with the forementioned Longitude Telefcope,
to difcover what remained of this Comet : but
ftill all in vain. Yet was it feen at Oxford, by
ЛП accurate obferver, fo lately as the 2p'h ab-
out 4°. in Gemini, and that as going direftly
to the ftars in the head of Orion ; which is, I.
fuppofe, the laft time it will be feen at this
t;me. Nor has ppr famous Дйгрпотег Royal
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at Greenwicb) Dr. Halley^ been ever able to fee
it -, any more than my felf. He was forced, in
fome meafure, as well as I, to look for it through
the vapours of London^ in this Comet's weftern
fituation from him, and was not fufficiently ap-
prized where to look for it neither. Which I
fuppofe to have been the proper occafions of his
not difcovering the fame alfo. And fo much
for the bare hiftorical part.

The refult of the whole is this : that the
Comet has been feen, in clear evenings, which
yet have not been very many with us, for
fifty days together, from Jan. 19'" to March
2otk. that during this time, it paflèd, in its afcent
from the Sun, about 80 degrees of a great circle,
along its own orbit, to appearance : that is it
went about 1°. 36' in a day: and this from the
i4tb ofPifces, through the figns Aries, and Tau-
rus, to the 4th of Gemini. That therefore its
courfe was direct ; or according to the order
of the figns : and that it made an angle with the
Eeliptick of about 13 degrees and that its de-
fcending Node was about the ггл of Pifces : or
but 8 degrees from the point of the vernal Equi-
nox itfelf : and that it has been vifible over alf
the Roman Empire.

It remains now to enquire, When this Comer
came before ? and whence it was that Sir Ifaac
Newtort was able to foretel its return fo long
beforehand ?

Now here it muft be allow'd, that this is
none of thofe 24 Comets whofe catalogue we
have in РГ. Hallefs famous Cometographia -, and
whence their orbits are defcribed in my Solar
Syßem, It muft alfo be allow'd, that Sir Ifaac
Newton could no other way foretel the return
0f this Comet, than as he fome way had dif-

covered
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Covered its having formerly appear'd, at more
than one certain interval of time backward :
•which neither Dr.Halley, nor perhaps any other
Aftronomer had obferved. It has indeed been
propofed, that the characters of the Comet of

• 1556. which is in Dr.Hattefs Catalogue, and
thence in my Solar Syflem might be examined. I
have examined them accordingly. And find,
that although this Comet be dire ft, as that was :
and although this has its Nodes in, or very near
the fame places-, yet is the angle which this
orbit makes with the Ecliptick, of hardly 13°. fo
different from the angle of the others orbit, of
above 32°. that we cannot fuppofe them to be
the fame Orbit, or the fame Comet.

Nor could that Comet in 1556 be vifible fo
high as 4 degrees in Gemini, as this has been.
So that this Comet cannot be the fame with that.
There was indeed a Comet that appeared A. 7X
1530. and after twice 69 years another Comet
appear'dy/. D. 1668. which laft has been already
mentioned, as having its Tail feen by Ca/mi
and others; and the Comet itfelf by fome in the,
more fouthern parts alfo. And this has now
appeared nearly after another 69 years. If thefe
two former Comets were one and the fame, there
will be little reafon to doubt but this is one
and the fame with them. But then, the former
of them firft appearing in the morning in June,
and afterward in Anguß and September in the
evenings -, and running through Cancer, Leo, and
Virgo * and not difappearing till it was gotten
into Libra, could hot, I think, be the fame
Comet with either that in 1668. or this in
1737. which have been chitfly confined to the
Whale, and to the figns of Aries and Taurus
thereto belonging. But then, that Comet which

С
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Anßotle faw A°. 372. before the Chriftian Жга,
has been juftly fuppofed by the great CaJ/im to
hare been the fame with that which was feen
1668. and this from their magnitude, figure, mo-
tion, and fituation among the ftars. And that
this laft Comet is the fame with that feen by
Fracaflorius in September, OSlober, and November,
A. D. 1532. of which he gives us a full and
diftinct account in ~f the words fet down in the
margin, will be very plain upon the compa-
rifon. They both took the lame direft courfe

•f " The fécond Comet that I faw, fays Fracafloríus, Ji>-
mocentr. Sedt. III. Cap. 23. pag. 211,212. " vjzsA.D. 1532.

It always rofe before the Sun. Its ftar was thrice as large
as Jupiter. Its hair or beard was of the length brackio-
nem duorum, of tivo ells. It was firlt feen the 22d day of
September : and lafted till the 3'' of December : which were
about 71 days. [Or rather to the 4th of November on-
ly; which were about 42 days.] Now from the time
that we began to obferve it with inftruments, the Comet
was at firft about 5 degrees in Virgo, with 6 degrees fouth
[north] declination from the Equinoftial : and 15 [,j]
degrees latitude from the Ecliptick. Soon afterward'it
appear'd in the 7th of Virgo, with 3 [6] degrees of decli-
nation from the EquinodHal : and 14 [4] degrees of la-
titude from the Ecliptick. After fome time it appeared
about the j i t h degree ol Virgo, with i°. 31'. fouth decli-
nation from the Equincftial [latitude from the Ecliptick]
and 12 [5"] from the Equinoftial. After fome time it
was 12 degrees in Virgo: and afterward 17. and then ap-
pear'J 4 degrees north of the EquinofHal, and 3 degrees
fouth of the Ecliptick. But on Oãob. I2t!l it was 21 de-
grees in Virgo, and 3°. 30'. north of the Equinoctial; but
with no latitude from the Ecliptick. On the 14th [z4th]
it was 12 degrees in Libra, and 2°. north of the Ecliptick :
but 2". fouth of the Equinouial. On Novemb. 4th it ap-
pcar'd 8 degrees in Sco/pia, and б degrees fouth of the E-
quinoilial. But it was now fmall, and almoft vani/hed
away. And on Decemb. 3''. it was intirely gone. " [Some

parts of this defcription want great corrections, which I have
made; in brackets accordingly, from the analogy of the reft.]

in



in the heavens. They both made much the
fame angle with the Ecliptick : they both have
had their Nodes about the very fame places of
the Ecliptick : their tails-were the one longer
and brighter, near the Sun; and the other
ihorter and duller when more remote from him,
as ought to be expecled. Their velocity was
fomewhat greater than that of Venus, or 63°. in
about forty two days for the former : and 80°. in
fifty days for the latter. And the figns they
went through the very fame figns that a Comet
defcending about Oftober., compared with the
fame Comet afcending about Februar}', ought to
pafs over, becaufe in thefe cafes the earth was
on different fides of that orbit. Nor is there
much reafon to doubt but they are both the
fame Comet that appeared to Arifioîle and Caf-
fini ; excepting the change to be made in Caf-
Jini's period : which is much more likely to be
68 years, than barely 34. Nor have we any
example of fo mort a period : nor could one
that came twice round in the compafs of the
life of one man be well fuppofed to be fo very
feldom feen as this has been. Nor is it known
upon what foundation Caffini could fuppofe a
Comet that came only 2039 years before, mould
have fo very ihort a period as only 34 years,
and that without any deficient or redundant
months or days alfo. It is much more agree-
able to the analogy of the other Comets, to
fuppofe its period to be twice 68 years, or
136. than half of them, or only 34. But here
Caßni is to be in part excufed, if he wrote be-
fore Sir Ifaac Newton and Dr. Halley had d i fco -
vered that Comets have certain periods ; and
thofe from 575 years of the longeft, to 75 or per-
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haps now to 68 years of the ihorteft period,
But then, if this objection be made, that how-
ever the former 30 periods, from the days of
Arißotle, to the days of Caffini, may be 68 years
very nearly j [yet this laft period mqft- be 68
years, and above ю months: which will not
well agree to the reft ; Take the Anfwer from
Dr. Halley : who obferves a ftill greater inequa-
lity of periods in that Comet, which he efteems
to have returned ./£ D. 1456. 1531. 1607. and
1682. and which he confidently expedis again
175$. See the Latin Edition of my LeElures
upon Sir Ifaac Newton'j Pbilofopby, pag. 358,
359. where the fécond period is above a year
larger than any of the reft. And yet he juftly
gathers, from the agreement of all the other
characters, that it was the very fame Comet;
and fhews how fmall an attraction from other
celeftial bodies may occafion fuch errors in the
periods of Comets, as that of a fingleyear only.
But ftill, if the queftion be aiked, upon the
fuppofition that Sir Ifaac Newton believed, with
Caffini, that the Comet feen by Arißotle, and by
Çaffini were one and the fame; and upon the
fuppofition that the Comet feen by Fracaßorius
was the fame with them both ; v/hich hypothefes
feem to me highly probable: why he ihould
prefer the period of 68 years, before its double
136 years? fmce it was fo long between the
former times of this Comet's appearance, A. D,
1532. and the next of 1668. (for we hear nothing
of it in, or about the intermediate year 1600.) I
guefs his true reafon to have been this, that he
thought it more likely that it pafled by un-
pbferved in the year 1600. and that it would
come to fignalize this great year 1736. than be

deferred
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deferred .till the .common year 1804. Though I
fu'ppofe bis uncertainty about thofe two periods
occafioned his caution in determining the fame:
and made him alrnoft fupprefs his difcovery of
any expectation he had of its corning about this
time.

N. B. The Orbit of this Comet, upon the
comparifon of Fracaßonus'b and our prefent ob-
fervations, feems tobe very nearly'in the peti-
tion of that moft eminent one of i68£. Qnly
its plane is not near fo oblique to the plane of
the Ecliptick as the other. Nor did it come by
any means fo near to the Sun in its perihelion
as that did : nor is it, by confequence, near fo
narrow a parabola as that was. See my Solaf
Syjïem. ,

N. B. So far as we yet know, Sir Ifaac Newton
is the very firft man -, and this the very firft in-
ftance ; when the coming of a Comet has been
predicted beforehand ; and has actually come ac-,
cording to that prediction j from the creation,
rill this very day.

(17) The next Eclipfe, which I add as an
Appendix to thofe of the foregoing year, was
that of the Moon, on Saturday^ the fifth of this
month of March: and ftill in the fame year
1736. according to our Legal and Ecçlefmftical
computation : between four and five a clock in
the afternoon : and was over a l i t t le before the
Moon rofe at London, and fo was to us invifible.
But .then this Eclipfe was ftill vifible to all the
eaftern parts of the Roman Empire : and the
Moon rofe to them under the Eclipfe itfelf.
Where alfo fomewhat above one half of the
Moon's diameter was darkened.

(18) The
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(i8) The laft Eclipfe, or Occultation that any

way belongs to this year, and with which I íhall
conclude, is the occultation of Aldebaran, juft
at midnight, between the 24'" and 25th day of
this month of March, and vifible over all the
weitem part of the Roman Empire : though the
clouds have hindered us from feeing it at London.
So that the old legal or ecclefiaftical year 1736
went out; and the new year 1737 comes in,
during the time of this occultation itfelf. Which
is a remarkable aftronomical memorial of the
exit qf this great year, in its utmoft duration,
to aJl pofterity.

'N. B. It is worth our while here alfo to take
notice of the very ̂ uncommon fituation of the
heavens at the exit of this great year. The Moon
having very lately been in conjunction with the
Pleiades, and next with the evening ftar, Venus -t
then applied itfelf to the Hyades : and about
midnight, paflèd over, and eclipfed their prin-
cipal ftar, Aldebaran. A little after which it
came to a conjunction with Saturn: and foon
afterward with the Comet, juft becoming invi-
fible : and then with Mars. Infomuch that a
fmall circle, of about 14 degrees radius, will
then include no fewer than four of the feven
Planets, with the Pleiades, and Hyades, and
the Comet itfelf alfo. Which is fuch a collection
of celeftial bodies clofe together, as is not to be
paralleled in many generations.

N. B. It is worth our while to obferve farther,
that all the conftellations mentioned in fcri-
pture : either in the Kings, in Job, in Ifaïaht or
in Amos, were then, and have been for fome time
very viiible every night fouth-weftward. I mean
the crooked Serpent, or Draco : Kimah, or the

Plêiada r



.
Pleiades: Kefillm, or the Hyadei : Haß and Us
fans, or Orion : and Mazeroib., or the Great Dog
ßar. See the IV"1 of my VI. Di/ertaîionsy pag.
"221. Nor was there ever a more glorious pro-
Tpeet of this kind to be feen in the iky, than
every clear evening has lately prefented us withaî,
fouthweft, and weftward : and which hath con-
tinued for fome time, even paft the next full
Moon, till the length of the days, and of the
twilight, do now gradually diminiih that their
glorious appearance.

" N. B. I fay little of thofe northern lights which
have in former ages been fo rare, but are of
late become fo frequent, as to be little regarded.
Nor can I tell why feveral of them about No-
vember and December were of fo unu-fual a red
and fiery colour. No more than I can fay any
thing in particular to the unufual number of
double Halos, mock funs, inverted rainbows,
ÖV. obferved about the fame time. Nor indeed
can I tell whether what I call the Sun's Milky
way, mentioned by Mr. Cbildrey, and vifible
now near a century, be a new phenomenon ; or
•was in being, but not noted, in ancient times.
All which things I only mention, as deferving
not to be wholly overlooked by confidering
men : and particularly not by me, now I am
upon fuch natural and aftronomical, but ftill
moft remarkable phenomena of this great yeai*
Time will difcover whether thefe be not provi-
dential alfo. See Joßpbus, Of the Jewißi War^
L. VI. €.5.

But now, as to the principal point I have all
along in view ; and the main ufe I would make
of the numerous and extraordinary aftronomical
phenomena of this great year 1736. for the

ï marking



í •*•».?
ítoarklng out fome great defighs of providence ;
thfe foundation of, what l have to fay is con-
tained in an observation of very great cbn'fe-
quértce, made by rne feverai years ago. Which
take in my own words, from thi IV* of my
' Vl. Dijffertat'wns, pag. 248. as follows :
. " XXIII. I obferve, that as the downfall of
"the firft, i. e. of the Ajjfyrian or Babylonian
'* Monarchy ; with the Devera! captivities of the
** fen, and of thé'two tribes -of Ifrael, were foré-
*« told ;.by Amas, Ifaiab^ .and Jeremiah, as hav-
*' ing both frightful Eclipfes, ' and ibmetîmçs

• «' terrible earthquakes alfo, as fignals of their
4t approach ; and all 'ftill about 38 yean beforf-
** hand : which we have already feen : fo do
*' we find, that both the partial and the total
"downfalls or deftruftions of every one of the
*' four Monarchies, the Affyrian or Babylonian^
*' lhe Medo-Perßan, the Grecian, and the Ro-
"« man were uihered in, and fometimes, in part,
*'occafioned by tbe like Eclipfes immediately
te beforehand; forrietimes in a natural, fometimes
Ct in a fuperriatural way. And fo that the in-
'** termediate breaches made upon the feverai
•**.Empires were conftantly introduced by great
" 'Eclipfes of the Sun : and their final periods by
" great Eclipfes of the Moon, ftill vifible over
«' the fame Monarchies. As the calculations

"there fet down do demonftrare.
Take alfo this additional Note out of the

'larrie treatife: which follows the feverai aflro-
nomical calculations, -fag, 262.

" Ж È. That fuch a regular correfpondence
** of Eclipfes, Total Eclipfes of the Sun, juft be-
'"fore the grand breaches upon every one of th'i
'*' four Monarchies! anüthofe allvifible through

" thofe
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" thofe Monarchies : as alfo, That fuch a re-
" guiar correfpondence ofEclipfes, total Ec-
" lipfes of the Moon, juft before the Ends of
" every one of the fame four Monarchies : and
" thofe all vifible through thofe Monarchies :
*' ihould be all by chance, and without deßgn, is
" plainly incredible. And if that be incredi-
** ble, this correfpondence can be no other
" than directly fupernatural and providential.
" Known unto God are all his works from the be-
"ginning of the world. Act, xv. 18."

N, B. It would be invidious and offenfive to
many, if I ihould here declare too particularly
my own thoughts or fufpicions concerning the
purport and meaning of the feveral providen-
tial correfpondencies relating to this great year.
They (hall be, for the main, referved for the
fécond Edition of my Ejjay on the Revelation of
St. John -, which has been now almoft a year,
ready for the prefs : and which I intend ere
long to republiih, with great corrections and
improvements. Only I do' not at all fcruple
letting my greateft and belt friends fo far
know my opinion, that thefe phaenomena all
feem to me to confpire as happy fignals, of
the End of all perfection in Great Britain. How-
ever, it can be no way offenfive to take notice,
that during the introduction of the Proteftant Re-
ligion into Germany, and thence into other Parts
of Europe, A.D. 1530. 1531- 1532. and 1533.
there appeared no fewer than fix Comets : one
of which proves to have been the very fame
with this before us: and to wiih that the re-
turn of this Comet at the end of this great
year, may be, among the reft of the aftrono-
mical phenomena thereto belonging, intro-
duftive of the old primitive Chrjftian Religion

D into
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into Britain ; and the other parts of £#гв#* :
that fo gradually the Kingdoms of this.'world
jnay tecòtàe ihé Kingdoms of our Lord, and tf hií
Cbriß i anà be may reign for ever and ever,
ßfian. Amen.

•dfril 15. 1737. . •
WILL. WHISTON»

F I N I S .

A Compleat Chronological Catalogue
of Mi. W H i s t o N 's Writings*

j. A New Theory of the; Earth, frofft' tht
J\L. Creation po the Cbnfurnmatidn of all

things: with great Corrections and Improve-
ments, Sw. firft publiihed 1696. Price bound 6s.
The Fifth Edition, with an Appendix on the
Deluge.

2. The Chronology of the Old Teftament,
and the bïarmony of the Four Evangelifts, j^to.
1702. 8s. .

3. Eu'didis' Elementa juxta • Editionerri CI.
Ta'cquetti, cum additamehtis, 8vo. 1703. 45. 6d.
reprinted with great Additions. 'Tis alfo iri
'Englijh.

4. -An Efíày on the Revelation of St. John \
with two Diflertátions at the End, 4/0. 1706.
7^. This Eííày js largely correfted and irn-
prov'd in my tiiteral Accomplilhment of Scri-
pture ProghecjesV
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