
But if w c  allow the Place of the ibc’d Star to be as by the Caroline 
Tables, the Place of Ju¡}Ucr will come out & 13* 32' 09".

Having thus the Place and Latitude of the ftanct, we ihall thence endea
vour to derive the Inclination of JufiUt^s Orbit to the Plain ol the Earth’s 
Orbit.

For finding of which the mutual Diflances of Jupiter and the Earth, to
gether with the Place of the Sun, are required ; which we may fafely take 
trom any approved Tables. I generally ufe the Caroline Tables, wliich I 
liave found to be more accurate and more eafy than any others. From thefe 
1 have uken at 8** 16' after Noon,
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r  10̂  40' 18"The true Place of the Sun-------------
His Diftance from the Earth--------------  iooo:T4
The Diftancc of JupiUr from the Sun —  544921 
-------------------- from die Earth --------  44495^

Now in the annexed Figure let S be the Sun, T  the Earth, % the Planet, 
S E  a Radius of the Ecliprick continued to the Orbit of Jupitery and the 
Angle % T S  the Latitude of the Planet feen from the Earth 1° 55' 40 '̂',

In the Triangle S T , having given the Angle y  T  S the Complement 
of the obfcrved Latitude to a Circle, % S and v  T  the Diilances of the 
Planet from the Sun and the Earth, being found above, the Angle U S E  
will be had, the Latitude or Inclination of the Planet as fcen from the Sun,
j O  j

The Geoccntrick Place of Jupiter yfis ^  i f  3 /  33'* Therefore from the 
eiven Diftances of Jupiter and the Earth from the Sun, the Heliocentrick 
Place of the Planet will be found ¿s 13“ 3' 33" > whence feverally fub- 
tra¿üne ihofe Places of the Node, which have been aíTumed by die Authors 
menti^’d in the following Tabic, the Arguments of Latitude here annexed 
will come out. Whcnce it may be obfcrved, that none of them makes Ju- 
Diter more ad van ced  from his Limit than 6» 29' 59", or lefs than 3“ 58' 59": 
Which how great foever the Difference may feem, in inveftigating the great- 
eft Inclination of the Orbit, cannot produce a greater Error than 23 Seconds.

Auibwi, places of Arguments of 
Latitude,

Kepler.
Street.
Wing.
Ricciolus.
CafTini,
Bullialdus.

0 / "

3 6 33 37 
3 6 33 47
3 7 '*  39
3 7 i8 GO 
3 8 45 00
A 9 4 34

- o ' "
 ̂ 6 20 56 

3 6 29 46
3 5 54 
i  5 45 33 
3 4 18 33 
3 3 58 59

That Place of the Node wluch Mr. Crffi'ii has made 
feems a little more advanced than it ought, yet tor djvers ot cr ^  ,
it bcft. Thcrcf.)re in the Triangle v  A  SI, tabng SI A the Argument oí 
titude 94- 18' 33". and V A  the Inclinauon 1“ 18 ' 7" i the Angle ot^^hejn-

Fi¿. 14̂*

f
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'cllnatlon o f the Plain of Ju p iter's  Orbit to the Ecliptick will be found i 
20", which K epler makes i° 19' o". Street 1“ 20', Bullialdus and tVtng j  
48" ; all o f  them fomething greater than it ihoiild be.

And that the Inclination is ib much, at ieaft not greater than this, not only 
the Obfervations o f lail Night, but alfo thofe o f the Months February^ M arch 
and M ay  o f laft Year, prevail with me to believe. Y et in the mean time I 
muft acknowledge, that it may be proved to be greater, that is, 20' 20" 
from that T ranfitof Ju p iter  near the 8th o f 'if, M ay 29 and 30 An. 1649, ob* 
ferved at St. Julian^  at Bologna and M ajorca^ by thofe veiy learned Men 
ciolus and Mutns. W hich feems to infinuate to us, that fmce die Inclinations 
o f the Orbits are efteem’d as invariable by all, there muft be fome Error in 
thofe Latitudes afligned by ‘Tycho to fome o f tiiefe fix’d Stars. And this will 
hinder us from exadtiy determining the Quantity of this Inclination, till thofe 
Latitudes are duly rcilored. Y et this I dare affirm, bccaufe thofe Latitudes, 
o f the fix’d Stars are alfo found to be immutable ; that the Angle of the 
greateft Inclination of the Plain o f Ju p iter's  Orbit to the Ecliptick, is lefs 
than 26' 4 0 " ;  or than the Latitude o f the 9th Star o f n? of the Fourth Mag
nitude, which by Tycho is call’d the laft o f the Four in the left W ing of Virgo. 
Whenever therefore this is given corre¿t, the Inclination aforefaid will be 
known alfo.

L X X X V I. Examining our antient Ephem erides I  do not find that three Con- 
junB ions of Saturn and Ju p iter  have ever happened in one Year’s Space, fmce 
. they were firft in ufe to this prefent. Thofe of M oletius calculated from the 
A lphonfjie Tables indeed make three in the Space o f eight Months betwixt 
Augiijt 1563, and A pril 1564, inclufive j but ih t  E phem erides of Statius cú - 
culated from the Priilenick^ make only one, on the 26 o f Augujl:^ of which 
Jm S lim is gives us the following Obfervation in the Preface to his AJlronomical 
Tables^ An. 1563- Aug. 24. M** 3 6 '^ . m. On the Nordiern Side Ju p iter xm  
manner cover’d Saturn^ v/ho was on the Southern Side j now each of thefe 
Stars was found to be at the end o f the 28th Degree o f C ancer. Riccioli 
hence concludes, that the Planet % covered fome part of Satur7i at this Time. 
But without Reafon, for the W ords quajt cooperiebat intimate not that the one 
did corporally cover the other, but rather that there was fome fmall Interval 
betwixt them. The Caroline T ables make the vifible Latitude o f Saturn now,
11 '4 5 " , O Í Ju p iter  20  10", both N o rth ; the Conjundlion being fome few 
Days pail : but becaufe their Latitudes alter flowly, we may hence conclude 
the Difterence 8' 25", to have been nearly their Diftance at that Tim e. Thefe
1  ables being grounded on the Tychonick Obfervations, made within lefs than 
4 0  Years after, and Ihewing die Latitudes o f the Planets well at this Time 
near 100 Years later, we may conclude to have anfwer’d them as well then i 
and if  we confider how fmall a Space the Diftance o f 8 i  Minutes appears to 
the naked Eye in the Heavens, efpecially betwixt two fuch bright t'ianets as 
Saturn  and Ju p iter  are, that the C aroline Diftance agrees very well with the 
W ords of Jun^iimis., and that R iccioli was miftaken.

Their next Conjunction according to M aginus^s E phem erides founded on 
ú itP rH ten ick  Numbers, was A pril 1583- in 21 D eg, o f  the Sun being

then

(390)
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(  3 9 1  )
then in 17 Deg. o f  b , fo that that P lanet’s R if in g  before him  in Signs o f  ih ort 
Afcenfion and w ith South  L atitu d e, this Congrefs could  not be obferved by  
the N oble Tycho w ho was m indful o f  it ,  as appears by  this N ote  in P a g e  5 5  
o f  his Hiftoria Ccelejlis. May 3 0 . before N o o n . A s  foon as ever we faw •S’iZ- 
/«r» after the Conjun(5lio n , thefe D iftances between and Saturn were
taken by a R adiu s j

I
I

47
5 0

3
3

2 4
2 4

T h e  fam e Ephetmrides ihew  the next CctijiinSllon o f  Saturn and Jupiter 
1 6 0 3 , Dtcember 14  at N oon in 9° 3 6 ' o f ?  •, bu t the ingenious Kephr 2ix\á 
our Sir Chr, Heydon found it by  O bfervation  7 D ays fooner, o r  the D a y  o f  
the fam e M o n th  in the M orn in g , in near 8 Degrees o f  t , the Planets being  
but then newly em erged  from  the R a y s  o f  the Sun.

T h e  Ephemerides o f  the L earned  Kepler, calculated from  his own Rudolphine 
tables, m a k e  the next Conjunction 1 6 2 3 ,  betw ixt the 7 th  and 8 th o í July m. 
6 “ 4 6 ' ,  o f  the P lanet o f  Saturn being  then only 4  M inutes to  the N o rth  
o f  Jupiter ;  bu t this fir il Conjun5lion in the Fiery Trigon happening under tiie  
Sun's B eam s was not obfervable.

B y  the fam e Tableŝ  and Ephemerides o f  Eichftade calculated from  th em , 
thefe Planets m et again in the 2.5° o f  K , betw ixt the 15 and 16  o f  February 
1 6 4 3 , w ith a D egree D ifference o f  L atitu d e.

B y  the jo in t  C onfent o f  Eichftade's and our Winf% Ephemerides  ̂ the fam e 
Planets were in ConjunEt'on again 1 6 6 3 , on the 10 o f  October at N o o n  in 13° 
30 ' o f  Í ,  w ith one D eg ree  o f  D ifference o f  L a titu d e  ; this Conjuniiion was 
obfervable after Sun-Jet in our L a titu d e , bu t I  hear n ot th a t any one o b 
ferved it.

In every one o f  thefe Y e a rs  there happened only  one ConjunSlion o f  the tw o 
Superiors, nor is it  poifible that there ihou ld  be m ore , excep t the Helioccen-' 
trical Conjunction fal near the Oppofttion o f  the Sun j  fo r  then there m ay be 
three, tw o DireSt, and one Retrograde, as has been w ithin the Space o f  7 
M onths, betw ixt October and May laft inclufive, o f  w hich the tru e T im e s  are 
determined from  the fo llow ing OlDfervations.

An. 1 6 8 2 .
-

d.
Oct. 5 17  5 *

17 54
B etw ix t the C enters o f  Sat. and Jup.

o f f /
0  34  54 
0  3 4  4 8

12 ' 3  49
Í 3 54
1 4  3

B etw ix t their C enters--------------------- 0 1 6  2 
0 1 6 4  
0  15 22B etw ixt their next L i m b s ----- - - - - - - - - - -

QU. 17.
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d. h.

0¿?, 17 14 10
14 17

21
14 2 5
14 33
15 9
Í 5 14
15 17
15 2 0
15 5 0

19 15
15 45
15 4 7

22 18 2 5 '
118 2 9 -

Betwixt their Centers

Betw ixt their next L im b s  —  
Betw ixt their rem oter L im b s  - 
Saturn from  the Heel o f  Cafior

• rep. 
again

rep,

I  ̂ ^
4i| B etw ixt their rem ote Lim bs- 

T h e ir  C en ter---- - - - - - - - - - - -
Theh* next L im b s

rep.

! °
ft

1 0 2 0 90 2 0 12
0 2 0 H0 19 44
0 2 0 374 8 32 254 8 45 5

48 45 20
48 20

0 2 0 30

0 2 6 2
0 25 370 2 5 l i

0 33 190 3^ 26

T h e  Dijiances betw ixt tlie Plmels were m eafiired w ith the Micrometer and 
1 6  F o o t G lafs, from  the F ix t  Stars w ith th& Sextant : thofe o f  the 12th by 
m y  A fiiilant, the reft m yfelf.

O n the 22 D ay , the P lanet Jupiter was in Confequence o f  Saturn fome- 
th in g  lefs diftant from  him  than he had been obferved on the 5 th  Day near 
the lam e H o u r. H e n ce  the m iddle T im e ,  betw ixt thefe O bfervations is point
ed out for the T im e  o f  their true Conjun îon ; but to  determ ine it  more accu
rately , I  ihall exam ine the O bfervations m ade w ith  the Sextant on the fe- 
venteenth D ay , w hich being neareft the T im e  are m o ft proper for this 
P u rp o le .

I ’he correét L o n g itu d e  o f  the Heel o f  Cafior now  $  0 “ 5 0 '  4 2 " ,  its Lati
tude 5 1 '  4 0 " ,  South. T h e  L a titu d e  o f  Saturn by  the Caroline ‘Tables 9 6 ' 20", 
o f  Jupiter 4 1 ' 3 0 " ,  both  N orth .

B y  the aíTumed L atitu d e o f  Saturn 5 6 ' 2 0 " ,  and his D iftan ce  from  the 
Heel o f  Cafior obferved and corre6led  4 8 °  3 2 ' 3 0 " ,  I  found their Difference of 
L o n g itu d e  48° 3 0 ' 3 7 "  ; therefore Saturn in £119® 21' 19".

B y  the L atitu d e  o f  Jupiter aíTumed 4 1 '  3 0 " ,  and his D iftance from  the 
Star 4 8 “ 4 5 '  2 o " j their Difference o f  L o n g itu d e  4 8 °  4 3 '  5 6 " ,  and 
Place in i l ,  19“ 3 4 ' 3 9 " .

Hence/«/irVfr’ s P lace in confequence o f  .J î/wnz’s 13 ' 2 0 " ,  w ith which and 
th e  D iftance o f  their Centers obferved the fam e N ig h t  2 0 ' 1 2 " ,  I  find the 
true D ifference o f  their L atitu d es 15' 2 0 "  •, but h a lf  a M in u te  different from 
w hat I aíTumed it on the A u thority  o f  the "bables.

T h e  apparent M o tio n  o f  Jupiter from  the 14 to  the 18 D a y  o f  Oiioher by 
an Ephemeris e x a d ly  calculated and m ade agreeable to  thefe O bfervations, is 
2 9 '  1 6 " ,  o f  Saturn 1 5 ' 0 1 " ,  both  d ir e £ t ; hence the M o tio n  o f  Jupiter ixova. 
Saturn in four D ay s is 1 4  1 3 " . I  fay therefore as 4  D a y s  M o tio n , or 14

15", is

| i
|T''J
1
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1 5", Is to  4  D ay s, or 9 6  H o u r s ; fo is 13 ' 2 0 "  (w hich Jupiter is p a il the Con- 

junUion o’t SattirrT̂ '̂ x.o 9 0  H o u rs  or 3 D a y s  18 H o u r s ;  the T im e  interlapfed 
fmce the Conjunilion.\ w hich taken  from  the 17 D a y  15 H o u rs , the T im e  o f  
m y O bfervation , gives the true T im e  of the Qonjtiniiion o f  the tw o Planets on 
the 13 D ay , one and tw enty H o u rs  after N o o n , o r accord ing  to the co m m o n  
A ccou n t, the 14 D a y , at 9  a C lo ck  in the M o rn in g .

A t  w hich T im e  Saturn is w ith Jupiter in 51 19* 0 7 ' f ,  with 1 5 m ore 
N orthern L atitu d e.

Tht'Acta Eruditorum Lipjienfia  ̂ p . 3 6 6 .  m ake this Conjunction to  have hap
pened the fam e D ay  in the fam e L o n g itu d e  w ith tlie Eleventh Star c f Leo •, 
whofe P lace they ftate in i). 19° 04.' L a t .  0' i 6 " N .  with 1 4  M inutes D iffe
rence o f  Latitudes betw ixt the tw o 'Planets. B u t  their O bfervation feem s to 
have been m ade only by the Ju d g m e n t o f  the bare E y e  w ithout an Inftrum ent, 
which confiderM , I  w onder not that á t differs at a ll, but rather that the D iffe
rence is fo fm all from  this D eterm ination .

O n the . 19  o f  January fo llow ing, view ing then th e  P lanets bo th  Retrograde 
with the 16 F o o tG la fs ,  I  found them  approached within a m eafurable D iftance 
o f  each other. _

Vol. I,

An. 1Ü83.

d. h. '
Jan. 19 6  41

6  45•
« 6  4 9

2 6 ^ 3
Both being 6  7
in § to the 7 0 0
Sun. 7 8

7 12
7 H
7 17
7 2 0
7 21
9 2 4
9  2 6
9  28
9 3 ^̂
9  37

9 39
9  4 0 Í
9 4 2 Í

Betw ixt their Centers

B etw ixt their rem ote L im b s

B etw ixt their Centers

B etw ix t their rem ote L im b s  
B y  T. Smith —  —  -  

Betw ixt their Centers ----

B etw ixt their next L im b s

Jupiter Jrom  the lieel o f  Cqftor

Saturn from  the faid Heel

rep.
o 33 28
o  33 2 4  
o  33  5 2

rep,

rep,

rep.
again

rep.

-------  ---------  ---------  rep.
Jupiter from  the brigh t S tar o f  the 

Lionas Head E .  —  - - - - - - ------------

Saturn from  the fam e Star
rep.

rep

o  
o 
o 
o 
o  
o 
o 
o
o  

4 6  
4 6  
4 6  
4 6

8 
8 

8 
8

15
15

8 
6

' 5  31 
15 9 
15 5 
I 2 
1 4  29
1 4  3 »
14 2 6
1 5 10 
18 ,

8 5 0
9 55 

4 2  5
4 2  5
2 9  35 
2 9  4 0

E e e o  4S
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\i:

V , *

T

Jupiter from the Uon^s Heart

Saturn from the fame

XFeb.

The Lionas Heart from E  in the
Head ------  ---------  ------

The Heel o f Cajlor from the Lionas
Heart -------- -----

The Heel of Cajior from E  - ■ ■
Betwixt their Centers —  -----

Betwixt their remote Limbs
rep,

Betwixt their next Limbs
rep,

rep.

12

54
46

o
o
o
o
o
o

58 50

34 20 
24 45
I I
I* 33
11 58
12
I I
11 0 0

I
I

Between their Centers
rep.

From Obfervations formerly made, I have determined the true Places and 
Latitudes, to this prefent Tim e, of.

Heel o f C 4 < ^ ____ _ ® o 51 10 o  5* 40 South.
« 1 1 6 1 5 2 7  9  4 1  0 7
^  25 24 45 o 26 20

And from the above recited Meafures, the true Diftances o f the Flantis

Saturn from the Heel o f Cajior 
Jupiter from the fame 
Saturn from the hiorCs Heart 
Jupiter from the fame^ A
Saturn from the bright ♦ in the Uon*s Head E  
Jupiter from the fame — ^

0 / //
46 09 00
46 18 10

8 29 40
8 18 00
8 29 40
8 42 10

Whence I colled the true Places at this Tim e.

$ 0 9 tt 0 f a

O f Saturn Si 1 6  57 10 Lat. I 13 10
O f Jupiter SX 1 7  07 10 Lat. I 01 30

Difference of Long. — — 10 00 of Lat. 11 40
The

£0
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T h e  Retriigrade Motion ©F Ju fiu t fro m  Saturn In 4  Days, betwixt theTwenty- 

fixth and thirtieth  o f  this M o n th , by  m y  c o r r e d  Ephemeris is 12' 15". I fay 
therefore as 12' 1 5 " , is to  4  D ays o r 9 6  H ours*, fo is 10' 0 0 "  (the D ifference 
o f  the Planett prefent L o n g itu d e s) to  78  H o u rs , or three D ays fix  H o u rs  •, 
which therefore added to  the T im e  or that O bfervation Jan. 26̂  g ives 
the true T im e  o f  the Conjunction Ja n . 29** 16'', o r  according to  the com m on 
A ccount Jan.. 3 0  at 4*" in the M orn in g . A t  w hich T im e  both the Planets are 
in ^  ló "  5 i '4 , w ith 1 1 'i  D ifference o f  L atitu d e or D iftan ce from  each o th e r ; 
which is further confirm ed by the m eafured D iftances o f  the Planets on the 
^oth at N ig h t before recited.

O n  the 26/^ D ay  at 9** 4 0 '  the 5««*s true P lace  was b y  m y T a b le s  in ly"* 
2 i ' f ,  fo that he was now about f  o f  a D egree paft their O ppofition .

T o w ard s the latter end o f  the f o l l o w i n g , t h e  P lanet Jupiterht^m  to  
approach again, b o th  being  now d ir e f t ;  the 28  at N ig h t w ith the 16
F o o t G lafs and Micr&meter I  m eam red the D iftances.

xin. I 6 8 3 .

d. h. y 01 / //.

Apr. 2 8 . lO 21 B etw ixt their Centers —
J 32 3 5

10 23 rep. 0 32 33
10 2 4 B etw ixt their next L im b s  ----- 0 3 2 4
.10 2 6 rep., 0 3 2 2

B etw ixt their rem ote L im b s  bu t not ac
curately , C louds interpofing.

10 29 0 33 22
Mâ 7 - 8 59 Jupiter from  the Lion's Heart i 10 5 9 0 0

9 I rep. 10 5 9 G O

9 3 t Saturn fro m  the Uon's Heart 10 58 5 0
9 5 . . . . .  ........  — rep., 10 58 5ci
9 I I Jupiter from  E  in the Lionas Head 8 5 5 35
9 15 -- - - - - -  ------  —- rep. 8 55 4 0
9 17 Saturn from  the fam e S tar — 8 39 4 0
9 18 —  —  — rep. 8 39 4 0
9 3 0 B etw ixt their Centers — 0 38
9 33 —  —  —  — rep 0 15 37
9 35 B etw ixt their next L im b s 0 ^5 3
9 3 6 rep. 0 0 0
9 4 0 B etw ixt their rem ote L im b s 0 16 2
9 4 2 rep. 0 15 58

10 2 0 Jupiter fro m  — 3 8 11 45
10 23 —  — rep. 38 1 1 45
10 26 Saturn from  the fam e Star — 38 10 55
10 2 8 —  — rep. 38 10 4 5

May 11. 9 28 B etw ixt their Centers — 0 0 2 0 2
31 —  — rep. 0 0 2 0 2

16. 9 22 Betw ixt their C enters ----- 0 0 34 4
L  e e 2 From

OED
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(  3 9 6  )
From thefe Obfervations I ftate the Diftances o í'th e  j^jáfíiís from the 

Stars'A/rfy at 9** 5 'p. OT. as follows. . ̂

Saiumirom  the Lion’ s Heart 
Jupiter from the fame 
Saturn from E  in the Lionas Heed 
Jupiter from the fame

ft

I

1 0  5 8  . 50
1 0  59<' GO

8 39  4 0
8  55  35//

\ >

■ ii

I

1 len ce  the true L o n g itu d e ot Sat. 14  2 7  4^* Lat, i 12 4 6 .  Ncrtb̂ ;
OÍ Jupiter <51 14  2 6  3 7 . Lat. o  5 6  4 3 .  North,

D ifference o f  L o n g itu d e  i 4 - Lat. o  16  3 .

T h e  D ifference o f  L atitu d es fom ething exceeds the D iftance meafured with 
{he Micrometer, by  reafon that the W in d  then ih ak in g  the Sextant permitted
us not to  be fo e x a d  as ufually •, but the D ifference, being lefs than half a
M in u te , I efteem  inconfiderable.

T h e D iurnal M otion  oi Jupiter from  Saturn was now 3' 15". I t  holds there
fore , as 3 ' 15" (one day’s M o tio n ,)  is to one D a y  or 2 4  H o u rs  ; fo i '  4 "  (the 
D iftance o f  Júpiter from  the with Saturn), to  8 H o u rs , the Interval be
tw ixt the O bfervation and follow ing ConjunUion̂  w hich was therefore after 
N o o n , or according to  the vu lgar reck o n in g , May 8. at 5 a C lo c k  in the 
M o r n in g :  A t  w hich T im e  the true P lace  o f  the Planet is 14° 28 ' 4-, the 
D ifference o t  their L atitu d es, 15 ' 4 0 " .  Saturn being fo  m u ch  m ore Norther
ly  than Jupiter.

In all beft e^eem ed Aftronomical ’Tables extant, the M ean  M o tio n s o f  the 
Vianet Saturn are too  fw ift, o f  Jupiter tpo flow confiderably : H en ce  it came 
to  pafs that they  m ade the t)ire£i ConjunSiions fom e D ays later, the Retrograde 
earlier than they were found by  O bfervation.

. . . ------- -  2. 05iob. 2 6 . N ew  Sty le , at i "  40̂  ̂ in the M o rn in g , I  happen’d to  take the
Saturn w ith m y  T u b e  and M icro m eter , as well as I 

n. 15:.^. 316. could  w ifli. A t  the fam e tim e a certain confpicuous f ix ’d S ta r , (w hich is worth
obferving) was very near the faid Planets. Jupiter then offer’d him felf to me 
w ith three o f  his Com panions *, and perhaps the fourth was prefent, but becaufe 
o f  the little Clouds was not to be ieen. Saturn was d iftant from  Jupiter 16' 
4 4 "  •, Jupiter was diftant from  the Star (in the right Shoulder o f  A ,  if  I am 
not m iftak en ,) 2 7 ' 5 5 "  j and again Saturn was diftant from  the Star 38 '1 "  
T h is  S tar was now according to  our C atalogue in 19® 2 ' 9 "  o f  i l ,  with 
N orthern  L atitu d e  0 “ 2 0 ' 45". O n OStoh. 30. at ^  in the M o rn in g , the Dif
tance o f  Saturn and Jupiter was 2 5 ' 5 "  •, whence we m ay furely conclude, that 
th e  C o n ju n d io n  was celebrated ieveral D ays fooner than Nov. 3. when the 
E p h em erid es and the Calculation exhibit it.

T h is  the follow ing Obfervations will ftill farther evince. F o r  i f  the Con- 
jimcftion v/as near, the D iftance o f  Jupiter and Saturn w ould daily decreafe; 
v/hereas it continually increafed. O n the firft D a y  o f  November at two in the 
M o rn in g , b y  help^ p f  our M icrom eter the aforefaid D iftance was found to be 
3 1 ' 35". A n d  Nov. 2. I  found the fam e D iftance to  be 35 ' 2 1 " .  O n Nov. 3- 
at O ne in the M o rn in g , I  found it now 3 9 ' 9", A n d  Nev. 4 .  the S k

jtt Dantóck;

very clear, the fame Diftance was ftill greatei-.
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A s to  th e  other C o n jtm ftio n , w hich accord ing to  th e  W rite rs  o f  E ^ e m e -
rht m  hcinnpn Iw the R etroereffions o f  thefe Planefc nn

( 397 )
: OLficr v^onjunLLiuij, wiiiv.ii ai-wi^inrg tu tuc v v r iic rso i xipneiTie-
to happen by the RetrogreiTions o f  thefe Planets bn the 2 6  D ay  o f  
he current Y e a r  1 6 8 3  j I  fliall here add fom e o f  the principal O b -

rides ou gh t ............
January o f  the current Y e a r  1 6 8 2  
fervations. ^

An. 1 6 8 3 .
•

Tme cor
real, by Alt. 
inEvening.

Feb. I 

F̂eb. 2 
F-eb. 3 

' Feb. 4
Ftb, 5
Feb. 6 
Feb. 7 
Feb. 8

h. '  "
6  4 0  0  
9  3 0  0  
9  0 0  0

10 GO 0
8 2 0  0
7 5  ̂ 0
8 17 19
6 1 0  0

Obfervations.

D ift. o f  Sat. and Jup. was found to  be
A g ain , &c. ---- -- - - - - - -
A gain , fffc. ------ -------- -
A g a in , 6 f i .  - - - - - - - - -  -------- -
A g ain , (^c. — ----------
A g ain , ^c. ------  ------
A g ain , &c. ---------
A g ain , &c. ---------  ------

Bijiances,

\ 0 f

3300 0 35 ■ 5
2 9 0 0 0 22 3
2 5 0 0 0 0
2 3 0 0 0 17 .29
2 1 0 0 0 ^5 59
1 8 5 0 0 H ' 6
1 7 0 0 0 12 55
1 6 0 0 0 12 10

f ' - —

Feb. 9 . in the E v en in g , .at 9̂ “ 0 ' 8 ", I  perceived the Planets in m y  T u b e  
th^oygh the th ick  opening C louds, and purfuing them  w ith m y  E y e ,  I  p er
ceived the C on ju nftion  had been celebrated die N ig h t before between the 8 
and 9  o f  February, F o r .th e  iaid D iftance now appear’d fom ething.larger ; A s  
alib happen’ d Feb. 11 in th e  E v e n in g  at 9*' 0 '  o ". F o r  the D iftance between 
Saturn zná Jupiter was 2 0 0 0 ,  th at is, 0 “ 15' 1 2 "  in the M icro m e te r , w hich  on 
the 8 D ay  o f  February was found only  0° 11! o " .

Befides, that the C onjunétion was now  paft m o ft furely  appeared fro m  
hence, that each P lanet was no longer in a rig h t L in e  w ith the B elly  o f  Urfa 
M ajoras, it  was on the 8*'' o f  Februarŷ  and likew ife th at Saturn was no longer 
in a r ig h t A n g le  to  the O rb it  o f  Júpiteres Satellites.

N ow  that this m ay becom e ftill m ore  evident, I  ihall here add ib m e O b -  
fcrvations, w hich were continued on the follow ing D ays.

h. " / • //
Feb. 12 9 0 D ift. o f  Sat. and Jup. was ta k e n  —  2 2 0 0 17 6

1 3 7 1 5 - - - - - - - - -  ---------  2 5 5 0 19 2 4
14 9 0 ------  - - - - - -  2 9 0 0 22  3
1 7 6 0 3 7 5 0 28 3 0
20 9 0 - - - - - - - - - . 5 2 5 0 [30 12

F ro m  the Continuation o f  thefe O bfervations it is abundantly manifeft, that 
fince the Planets from  day to  day recede farther from  one another, the C on- 
ju n d io n  itfe lf happen’d really between the 8 and 9  o f  February.

L a ft ly , for the S ak e  o f ,  the L o v ers  o f  A ftro n o m y , I  ihall here add w hat I  
have obferved concerning their third Conjundlion in the M onth  o f  May.

An, 1 6 S 3 ,

I
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t  3 9 8  )

Ohfervatms. • -  ♦

The Diítance o f and Júpiter was
found by the Micrometer

Dijiancesy

ft

i»ii I l ine

— ^  4 3 0 0 3« 4 i
■ . 3750 28 30

3450 2 6 13
3050 23 10
2 8 0 0 4 I 17

•232 5 5 ^ 1 9
2 4 0 0 IS ?5l
2 2 5 0 Í 7 6'

. 2150 I 1 6 •10
2I0 0 1 58

Conjund.
2 4 5 0 18 37
2 6 5 0 20 9
2 9 0 0 22 3 \
3250 24 '43
3 6 0 0 27-. 22
40 G 0 30 'H
4453 33 50
4 9 0 0 37 15
53^5 4 0 29

. From which Obfervations it now appears to every one, that fince the Dif- 
tance o f Saturn and Jupiter continually decreafed from day to day to the. 
18th, and from tliis Day again increafed, the Conjun6tion o f theie Planets 
liappen’d on that fame Day and indeed, (as appears from the Obfervations 
o f  the 15 and 20 of May,) at the Hour o f lO in ttie Forenoon: Which ac* 
cording to the Compilers o f the Ephemerides, ought to have come on not 
befori the 26. So that this third and laft great Conjunftion o f this Yeár has 
alfo much eluded the Tables, as having happen’d above 8 whole Days Iponer 
than they predifbed ' i

Befides, it appears from hence, that this laft Conjun6lion was celebrated on 
May 18 at 10 in the Evening, becaufe Saturn at that time was no longer at 
right Angles to the Orbit o í Jupiter*% Satellites ; and further, (as may bé feen 
from the Obfervations of the following days,) that from the 18 o f May to the 
28, the Diftance o f Saturn and Jupiter went on continually increafing, as fat as 
I could determine that Diftance by my Micrometer.

Laftly, it is alfo to be noted, that on the 2 1 o f in the Evening, when 
among other Obfervations I alfo obtain’d with my Sextant the Diftance of

each
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each o f  the Planets from  the upper S tar in the anterior right F o o t  o f  the great 
B ear, and the aforefaid Star was then a lm oft in the fam e right L in e  w ith each 
o f  the Planets ; fo that it  is eafy for an A ftro n om er to  ju d g e , w hether the 
Obfervations obtain’d w ith m y new Sextant agree w ith thofe taken by the M i 
crom eter. B y  the Sextant the D iilan ce  o f  Jupiter from  the faid Star was 32*
3 8 '4 0 " ,  and o f  Saturn 32° 1 9 '4  $". S o  that the true D iilan ce  o f  each P lanet 
was 18 ' 5 5 " . B u t the fam e D iiiance  found by the M icro m eter  the fame D a y , 
that is. May 2 1 ,  was 2 0 ' 9 "  •, fo that it was i '  1 4 "  lefs than that obtain’d by 
the Sextant *, yet I  would not Iiave you th in k , m y Frien d , that I  err’d cither 
w ith this or that Inftrum ent *, by no means. F o r  Saturn and Jupiter were not /
e x a d ly  in the fam e L in e  w ith the faid S ta r , as m ay appear to  any one e i- ^
ther from  the G lob e , o r  by  C alculation. H e n ce  it neceiTarily follow s, that 
the D iilance  derived by  the Sextant íhould  be fom ething lefs.

L X X X V I I .  Riccioli in the Second P art o f  the firft T o m e  o f  his Almagejl̂  The mean 
has given us a T a b le  o f  all the mean ConjunEiions o f  the tw o Superiors 
the Creation till the Tear o f  Chrift 1 3 5 8 ,  but very  coarfe and incorreft. 
have therefore m ade a new one for 43 Revolutionŝ  w hich  are com pleted  in 
853  Julian Tearsy and 2 3 5  D ay s, from  their mean M o tio n s, w hich  I  have c o r - >/7 au/iéís,. 
re á e d  by v ery  late Obfervations^ T h is  being the Period o f  the greatefi Con- 
junctions, after w hich Space o f  T im e  they  return to  the lam e P la ce  o f  the Zo- 1
diack within 4- o f  a D egree.

T h e  ordinary Conjunctions happen once in tw enty Y ears , o r  m ore precifely in 
19 Julian Y ears , and 3 1 2  D a y s j  in w hich T im e  Saturn'i m ean M o tio n  is 8* 4
2* 4 8 ' i , Jupiter’% the fam e above one Revolution. 1

T h e fe  are com m on ly  te rm ’d the Lejfer o f  the Great Conjun̂ ionŝ  w hich 
continue in Signs o f  the fam e TripUcity for 10  Revolutions to  each other, or 198  I
Y e a r s :  each ConjunElion accord ing  to  the m ean M o tio n s b e in g T 'á ^  ^ S ' j  re -  í
m oved from  the p re ce d in g ; fo that i f  any Conjuniiion was m ade upon the firft \
o f  T ,  the next follow ing ihall be in 2° 4 8 '  of Í ,  and all th e  follow ing fo r  *
198 Y ears  ihall fall in T ,  51 and Í , Signs o f the fam e Ĵ riplicity. ;

B u t the 1 1 Conjun5iions a fter, ihall happen in the i ir i l  D eg ree  o f  and the 
following ten Conjun5iions in and vy. Signs o f  the fam e Trípítcity. O f
thefe the firft are called by our A ftro log ers  the Greater Conjim6licns,

B u t the Greateji is, when after 4 3  Conjuntlions com pleted  in 8 5 3  Y ears , 2 3 5  
D ays, the mean Conjunilions, having been m ade in all the return to  that 
Point o f  the Ecliptick from  w hence they  b e g a n : thou gh I  m u ft confeis, had I  
been to  nam e them , I  w ould have called thofe  úit greateji w hich happen in 
the Signŝ  ®  and becaufe then the Planets rife h ig h efl, and are longeft v i -  
fible in our Horizon *, as alfo being near their N o rth  Nodes, they approach 
neareft, and i f  they have any extraordinary Influence (w hich Nabcyd thinks 
either they have not, or i f  they have, we underfland not) it  m u ft accord ing 
to their A x io m s Ke ilrongeft.

T h o fe  w hich happen in and ^  I  fhould  call the Greater o r  Middlê  b e 
caufe the Planets being then near their S o u th  Nodes, m ay approach each

other ||

1
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o th er again very  nearly, th o ’ they rife, not h igh in our being in Sou,
th e m  Sigfis;  the reft m ig h t be accounted the L̂ ’Jfer o r  Ordiiinry, ^

T h e  Mean Conjunction cá Saturn zTÁJv.piter this Y e a r  1 6 8 3 ,  was on the 
14//̂  D ay  o f  January old Stile , at 12 H o u rs ,a fte r  N o o n , in the M eridian of 
London ; at w hich T im e  the mean M otion s o f  both  the Planets were 4’ 11® a¡-* 
I 'h i s  m ay  be th e  Radix o f  the fo llow ing Table.

( 4 0 0 ) ’

rl

f.

I

A  T a b le  o f  the mean Conjun îom o f Saturn and Jupiter.

t% ’
Intervals. - ' Intervals. •

Revolu Revolu (

tions Ttme. Motion. tions 'Time. Motion.
complete complete

Y- d. 0 / y- d- S • /
I 19 3 1 2 8 2 4 8 2 3 2IÜ 6 4 31
2 39 2 5 8 4 5  37 2 4 47Ó 165 2 7 19
.3 59 2 0 4 0 8 25 2 5 4 9 6 I I I 10 ID 8
4 79 150 8 I I  13 2 6 5 1 6 5 7 6 12 56

5 99 9 6 4 1 4  I 27 5 3 6 3 2 15 44
6 1 1 9 4 2 0 16 5 0 28 555 3^5 10 18 32
7 138 353 8 19 38 2.9 575 2 6 1 6 21 21
8 2 9 9 4 2 2  26 3 0 5 9 5 2 0 7 2 2 4 9

9 178 2 4 5 0
«

2 5  15 *31 6 1 5 1 5 3 10 2 6 57
10 198 191 8 2 8  3 . .. 32. 6 3 5 99 6 2 9  45
11 2 1 8 137 5 0 0  .51 . 3 3 ' 6 5 5 45 3 2 34
12 2 3 8 83 I 3 4 0 ( 34 6 7 4 3 5 6 I I 5 22

^3' 2 5 8 29 9 6  28
# » * •

35 6 9 4 3 0 2 7 8 10
14 2 7 7 3 4 0 5 9 16 3 6 7 * 4 2 4 8 3 10 59

2 9 7 2 8 6 I 1 2 ,  4• 37. 7 3 4 1 9 4 11 13 4 7
16 3*7 2 3 2 9 14  53 38 754 1 4 0 7 16 35

1 337 178 5 17 41 .3 9 774 8 6 3 19 2 4
18 3 5 7 1 2 4 j 2 0  29 4 0 7 9 4 32 I I 22 12
19 377 7 0 9 23 18 41 8 1 3 343 7 2 5 0 0
2 0 397 16 5 2 6  6 4 2 8 3 3 2 8 9 3 2 7  49

21 4 1 6 3 2 7 1 28 5 4 43 8 5 3 2 3 5 0 0 0 37
2 2 4 3 ^ 2 7 3 10 I 43
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B y  this Tahle to find the Time o f  any mean Conjunction̂  paft or future, near- 
c f t .to  any P lace o f  the Zodiack ;  fo r  T im e s  paft, fubtraél th e  L o n g itu d e  o f  
the given P lace from  the L o n g itu d e  o f  the Radia 4 ’ 11° 4 5 ',  the R efid u e feelc 
in the laft C olum n of the Tables i f  you find not the precife N u m ber tak e  the 
í t ó  to  it» againft this you have in the fecond C olu m n th e  Y ears and D ays, in 
the firft the N u m ber o f  ConjunSiiom paft fince any was m ade in that jPlace ; 
fubtraél the Y ears  and D ays from  1 6 8 3 . Jan. 14 . and the M o tio n  from 4* i  
15 ', fo have you the true T im e  o f  the mean CcnjunSiion̂  and L ongitu d es o f  1 
"Planets then.

B u t for T im e s  to co m e fubtraél the Radix from  the given P lace , feek  the 
R efidu e as before in the laft C olum n ; i f  you find it not, tak e  that you find 
neareft it*, againft w hich, as before, you have in the fecond C olum n, the Y ears 
and D ays ; in the firft, the R evolutions fu tu r e : for E x a m p le ,

I f  it were required to  know  when the laft Conjunction happen’ d in the firft 
D eg . o f  Sí;, Subtraéling  i s  or T e n  Signs iro m  4  ̂ 11° 15 ', the R efidue is 6 ’
I I "  15^ w hich feeking I cannot find in the third C olum n o f  the Tablê  but Í  

find 6* 12° 5 6 ',  w hich is not tw o D egrees m ore, and againft them  5 1 6  Y ears 
5 7  D ays, and in the firft C olu m n 2 6 , for the N u m ber o f  Cor.jmSlions inter- 
lapfed. Subtraéling 5 1 6  Y ears 5 7  D ays from  1 6 8 3 . Jan. 14 . there rem ains 
1 1 6 6  Y ears , 3 2 2  D ays ; w hich ihew s m e that the ConjunSiion -wzs in the Tear 
1 1 6 6 . iVbu. 18 . and fubtraéling the M o tio n  6 ’ 12° 5 6 ',  from  4 ’ n °  4 5 ' ,  it 
points m e to  the P lace  in 9* 28* 4 9 '.

O r  i f  the T im e  of the firft Canjun̂ ion in to  co m e were dem anded, I  fu b- 
t r a d  the Radix 4* 11® 4 5 ' ,  from  6  Signŝ  the R efidue i® 17® 1 5 ', I  feek in the 
Table but find it  not, I  tak e  therefore the next to  it  i* 2 0 “ 2 9 ',  againft w hich 
ftands 3 5 7  Y ears, 1 2 4  D ays, thefe added to  1 6 8 3 . Jan. 1 4 , g ive m e the 
Y ear 2 0 4 0 ,  and 138  D ay s, May 1 8 ,  for the T im e  o f  this ConjnnSiion, and 
adding the i*  20® 29% to  the Radix 4 ’ i i *  4 5 ',  i t  m akes 6 ’ 2® 14 ', for the 
true mean L o n g itu d e  o f  this Conjunñton.

F ro m  the mean Conjunction the apparent m ay be found by  the H e lp  o f  a 
Planetary Inftrum ent, or the ufual A ftronom ical T a b le s .

L X X X V I I I .  I ,  S . Campani affirm s, that he hath  rem arked  in the Belts oíThtShadífws»f 
Jupiter  ̂ the Shadows o f  his Satellites, and follow ed th em , and at length feen 
them  em erge out o f  his Dijk. h s. campañi.

2. M . Cajini, after he had d ifcover’ d (by  the M eans o f  thofe excellent
Glajfes o f  3 5  F o o t  m ade by  S. Campani) th e  Shadows caft b y  the Satellites and others, n. s, 
Jupiter upon his 'Dijk when they happen to  be between tlie Sun and Him; an d p' 
after he had alfo diftinguifh’d their Bodies upon the Di/̂ ' o f  Jupitery m ade 
fome Prediélions when they  fhould appear, to  the E n d  that the Curious 
m ight be  convinc’d o f  this M atter  by  their ov/n O bfervations.

Som e o f  thefe Prediébions have been verified, not only at Rome., and in 
other P laces o f  Italy, bu t alfo at V>iris by  M . Auzout, and iji Holland by  
M . Huygens; particularly  Sep. 2 6 ,  1 6 6 5 . at half an H o u r  after Seven a C lo c k ,
One o f  thefe Shadows was feen both  in France and in Holland,

V o l . J .  F  f  f  T h e 'c
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T h e ie  Spois have this Pecu liar, w hich d iftln g iilíh e th -th era -fro m  all others, 

that tlrcy are foim d precifely in that P lace o t Jupiter  ̂ \vhere fom e Satellite.̂  
feen by the 5/.'« i that they g o  from  the Oriental L im b  to  the O ccidental of 
the D iik  o f  'Jupiter., w ith a M o tio n  always equal to that o f  the Satellite; th^t 
in reípe¿l to  us they precede the Saullite  ̂ before the O p p ofition  o f  Jupiier to 
the Sun., and follow  liim  after the O ppofition ; tiiat the further Jupiter is di- 
ftant from  the O ppofition, the greater is the apparent D iftance o f  the fame 
Satellite \ that at divers T im e s  o f  the Y e a r , this D iftance changeth in propor
tion o f  die annual Parallax o f  the Satellite., according as he is differently feen 
by the Suv., and by the E a rth  •, and that at one and the fam e T im e  o f  the 
Y e a r , when divers -Satellites happen to be between Jupiter and the Sun, the 
Spots correfpondent to  them  are diftant from  tliem  in proportion  o f  the Semi- 
diam eters ot the C irclcs o f  the fam e Satellites.

3. An. 16 6 6 .  Jan. 2 6 . about 3” 15 ' in the M o rn in g , I  perceived (with a 
6 0  F o o t  G lafs) near the M id d le  o f  the Z one d, a very  round S p o t, like that 
reprefented a t ^ ,  w hich was not to be perceived about h a lf  an H o u r  before,; 
and I  obferv’d it in about lo '  T im e  to  be, gotten  alm oft to  d̂ , keeping equal 
D iftance from  the w hich m oved alfo w eftw ardly, and was joined
to  the D iik  at /, at 3** 2 5 ' : So  that it was fufficiently evident that this black 

was nothing elfc, fave the Shadow  o f  t\\c Satellite eclipfing a Part of 
the F a ce  o f  Jupiter. T h e  other three Satellites in the T im e  o f  the Eclipfe were 
weftwards o f  the B o d y  ot Jupiter.

L X X X I X .  I .  ’ T is  now above tw o Y ears  fince the learned R. Townlg Efq; 
com m unicated  to  m e the greateft D igrcflions, w hich he had obferved, o f  Ju- 
piteras. Satellites from  the Center o f  Jupiter., as alfo the m ean M o tio n  o f  every 
one, and the E p o ch s  o f  thofe M o tion s, deduced from  his O bfcrvations made 
at his Seat d.t.̂ o'wnley. A fterw ards I  obtain’d from  him  your Ephem erides, 0  
m o ft learned o f the Medicean S tars, for thq Y e a r  1 6 6 8  ; from,wJiich
having found, that not only the M o tio n s, but the E p o ch s  of M o tio n , as alfo 
th e  greateft E longations determ in’d by  you , were fom eth ing  different from 
thoj'e o f M r. Tcwnh'y •, I  thou ght it m ig h t be worth" w hile to  m a k e  fome Ob- 
fervations as O pportunity  ihould prefent, being earneftly defired by him lb to 
do. T h erefo re  in the M o n th  o f  M arch  o f  the Y ear 1 6 7 ^ , Julian Style, with 
a M icro m eter  and a T u b e  o f  14  F e e t , w ith as m uch  Care as 1 was able, I 
m ade th e  fo U o w n g  firft E xp erim en ts, repeating m y  O bfervations every Night 
for greater Certainty.

"f 1 1'. T h e  rem oter L im b  o f  Jupiter was diftant froro
1 6 0 1  * = 9 ' —

8 . T h e  rem oter L im b  from  the.fam e fourth Satellite
159 1  =  9" ' 3°

2 8 . 8 .  T h e  fam e D iftance 15^8 =  9 — 33

B y  feveral O bfervations the D iam eter o f  Jupiter was found 1 2 8 . There
fore its Sem idiam eter was 64 •, by  w hich the obferved D iftances being divided,

there

An. 1672. Mar. 19' 
the fburth  Satellite

27.
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there will arlfe the apparent D lilances o f  the Satellite from  the refnoter L im b  
o f  Jupiter in his Sem idiam eters.

d. fd. '   ̂ / - f d -  '
Mar. 19 . 2 5  * 1  T h e  Sem idiam eter being taken aw ay, i t  will ^ 7  •

no .V M  H  i  ■■ ^  ---------  I  U  i
., ( • . t  ̂ ‘ •'I I

T h e n  the M o tion  o f  which from  Jupiter^ and the D iftances from  the C en
ter, accord ing-to  your-N um bers were tlius. ,

* d. h. ' s 0 / fd. /
» j , j * • • * JS^rt. 19 7 i r 8 2 5 33 22 56

/ ̂• » 8 . . 2 ^9 35 22  ■ 37• . ■ c  -.i 28 8 . . ■3 11 3̂ 22 34
* \

I .T h erefo re  in the fir il 'O b ferv a tio n  the Satellite was diftant from  his extream  
]^lpngation only 4 ' }  in 'th e  fecond 23/ ; in the third 2 6 ' fexagertary Scruples 
o f  t:Ke;Semidiametef. .Tiliercfore i f  w-e add thefe to  tlie 'obferved  E longations in 
á due m anner, the greateft D igreilions o f  this fourth Satellite from  the Center 
o f  Jupiter will be by the firft O bfervation 2 4  Sem idiam eters, 5 ' ;  by  the fecond
2 4  Sem idiam eters, 1 4 ' ;  by the third 2 4  Sem idiam eters, 2 4 ' ;  w hich you fix a t  
only 23  Sem idiam eters, and M.r. Townley at 2 4  Sem idiam eters, 7 2 '.

O f  thefe three E lon gatio n s I  ju d g e  the tw o latter to  be the m ore accurate, 
becaufe tor their D eterm ination I had very  com m odious O bfervations, which
I p erform ’d with all pofiible care. -Afterwards I • found the form er am on g 
feveral N otes w hich had taken on. the 19th  N ig h t, w hich I  cannot affirm 
was m ade w ith the fam e E xaftn efs . H o w ev er 1 adm itted the O bfervations, 
a¿ not fo far difagreeing w ith the reft, but that it m ay ferve to  confirm  them  *, 
as aifo to  fliew, very little if at all lefs, that the E lo n g atio n  o f  this Satellite 
from Jupiter was to  the L e f t  H and rather than to  the R ig h t.

Y e t  in m y O bfervation 1 felt the M otion  o f  the A ir  and W in d , which by 
ihaking and agitating the T u b e , (hanging in the open A ir  at an upright P o le , 
by means o f  a R o p e  and P u lley ,)  m ade the ObferVation difficult •, and often 
was the O ccafion , that I m ight take the D iftances to o  narrow. T h erefore  I  
refolved to  forbear from  m ak in g  many fuch O bfervations, -which require the 
utm oft Care and P recilion , till 1 have fitted up a m ore convenient P lace for 
perform ing th em , w hich at laft I  have provided. I  have to o k  card to 'h av e  a 
W ood en  M ach in e, like a ih o r t  L ad d er, fitted into m y W in d o w , upon w hich 
my T u b e  being layed, m ay be turned about all ways, nor can be agitated this 
way or that by the W in d s, except they are very violent, as it was’ in the open 
Air. L a y in g  m y  T u b e  upon this, the 4 th  in the E v e n in g , An. 1 6 S ? . I  ap- 
ply’d m y fe lf  to m ak in g  O bfervations with the greateil D iligence, nor w ithout 
Succefs. F o r  the S k y  being exceeding clear, I- faw all the lour SateUites thro ’ 
a T u b e  confifting o f  convex  L en s’ s, and meafured their Diilances fron\ the 
rem oter L im b  o f  Jiipiter^ as follows.

F  i f  2 3 9 8 5

a£ ii
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3  9 8 5  Again-
2 6 2 8  -------
I 4 2 5  --------
4  2 7 2

tw o F o o t  lo n g  24 '

9 8 8
6 3 6
4 2 7
2 7 2 T h e  A ltitud e o f  Jupiter taken  w ith a Q uadrant near 

•00' T h ere fo re  the apparent H o u r  a t Derby was 8̂ “ 2 6 ' 
after N o o n . A n d  then the fourth Satellite appear’d below  the L in e  drawn on 
both  Sides through the ou tm oft Satellites 5 b u t, i f  I  m iftak e  n o t, hardly a 
w hole Sem idiam eter.

T h e  D iam eter o f  was found 1 3 3 , b y  O bfervationsTeveral T im e s  re
peated. T h erefore  the Sem idiam eter was 6 6 ^ , w hich  being taken from  the 
obfcrved  D iftances, the Intervals between the Centers o f  Jupiter and o f  
the SatelJites w ill becom e, that o f  the firft 3 6 0 ,  o f  tlie fecond 5 6 9 ,  o f  the 
third 9 2 1 ,  o f  the fourth 2 0 5  ;  w hich being  divided b y  6 6 t»  there w ill arife 
the vifible E longations from  the C enter o f  Jupiter in his Sem idiam eters.

fd. fd.
I 5 2 5 '1 ‘he M o tio n s o f  d ie  Satellites from  Ju  I 9 4 52 4 59
2 8 33 piter  ̂ and the apparent D iftances, a c  2 2 22  4 7 7 57
3 1 3  5Í cord in g  to  your T a b le s  acco m m o d a 3 a 2 0  2 0 1 2  48

4 3 5 ted to  Derby, were 4 4 2 3  49 2 29

T h erefo re  the firft Satellite was deficient only  \\ the fecond 3 ',  the third 
1 2 ', fexagenary Scruples o f  the Sem id iam eter, fro m  the u tm o ft E lo n g atio n  *, 
i f  therefore we add thefe to  w hat w ere obferved , the extream  DigreiTions will 
becom e

fd. '  fd . fd. '
O f  the F ir f t ,  

Second, 
T h ir d ,

5 * 6  
8 37

1 4  2
W h ic h  you 

m a k e ,
B u t M r . Townl^i as

I  find in fom e 
Pap ers,

5 31
8 4 7  

13 28
I t  b e in g  forefeen that a convenient O p p ortu n ity  w ould be ofi^er’ d Jpr. 11. 

in the E v en in g , and as 1 concluded that thefe D iftances were not to  be dedu
ced fro m  an E xp erim en t o r tw o, I  refolved w ith  m y  fe lf  to  m a k e  a farther 
In q u iry , by  Observations th at m ig h t then be had. W h e n  I  firft began thefe, 
the S k y  near Jupiter was fo cover’d w ith thin C lou d s, th at fom etim es I  could 
p erceive  the Satellites but obfcurely . Y e t  I  to o k  their D iftances fro m  the re
m o te r  L im b  o f  Jupiter^ as tlie A ir  w ould g iv e  m e  L e a v e , w hich were as 
follow s.

A t  the H o u r  7-1 after N o o n  3 9 4 7  A g ain  9 3 2
2 6 2 8 ----- - - -  6 1 4
I 4 0 5 .  A fterw ards w hen the H eav en  be

cam e as clear as I  could  w ilh , I  obferved m ore accurately
3 9 4 7
2 6 2 2
I 4 0 5
4  9 4 2 .  A g ain  9 5 7 .  T h e  A ltitu d e o f  Jupiter m s  2^* 0 ' 

apparent H o u r  was 7'' 56 ',
Therefore the

The
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T h e  fourth  SatelUté appear’d a  little above the L in e  drawn through the firft 
and fecond •, the third be ow  that L in e , but fom etim es I  thouo-ht it was in it. 
T h e  D iam eter o f  Jupiter was taken at 1 3 2 ,  and therefore his Scm idiam eter is 
6 6  i w hich taken from  the obferved D iftances, gives the Interval between the 
Center o f  Jupiter and o f  the firft 3 3 9 ,  o f  the fecond 5 5 6 ,  o f  the third 8 8 1 ,  
o f  the fourth 8 9 1  ; w hich being feverally divided by 6 6 , the apparent E lo n 
gations o f  the Center o f  Jupiter co m e out in the fam e Sem idiam eters, o f  the 
firft 5 Sem idiam eters, 8 ' ;  o f  tlie fecond 8 Sem idiam eters, 2 5 ' j o f  the third 
13 Sem idiam eters, 2 1 ' ;  o f  the fourth  13 Sem idiam eters, 3 0 '.

T h e  M ean  M o tio n s o f  the Satellites from  the Pleni-mediceans  ̂ w ith their
D iftances from  the C enter o í Jupiter  ̂ according to  your 
N u m bers were as i s f e t  down in this T a b le . W h e n ce  it  
is to  be feen, that the firft was diftant from  its greateft 
E lo n g atio n  10 ' Scruples o f  the Sem idiam eter, the fecond 
2 6 ',  the third 3 8 '. W h ic h  therefore i f  we add to  the 
obferved E lo n g atio n s, the greateft Digi-efiions to  be de-

í  405 ) I

9 0  f id , '
I 8 1 5  35 4  50
2 2 1 0  5 9 7 3 4
3 2 1 2  2 12 ¿ 2
4 10 2 5  8113 15

duced from  hence will becom e
O f  the firft 
the fecond 
the third

5 18 
8 51 

13 59 very  little  differing from  thoie w hich we have dedu
ced from  the O bfervations o f  the fourth  N ig h t.

N o w  a t each T im e  the inm oft Satellite appear’d to  the L e f t  H and from  
Jupiter, and the fecond and third  to  the R ig h t  H a n d . B u t Apr. 15 . in the 
E v en in g  I  forefaw that the third would appear on the L e f t  H an d  in its greateft 
E lo n g atio n , on w hich  Phaenom enon therefore I  th ou gh t it w orth while to  at
tend, that 1 m ig h t be fatisfied, w hether the greateft E lon gatio n  from  the 
Center o f  Jupiter  ̂ o f  the fam e Satellite , were the fam e on either H and. T h e  
S k y  was clear fo r  O b ferv ation  th at N ig h t , fo that about the H o u r o f  7 i  I  
obferved accord ing  to  m y W ifh ,  that the D iftance o f  the third was 9 5 5 ,  and 
the D iam eter of Jupiter 1 3 1 . T h ere fo re  his Sem idiam cter was 5 6 ; ,  which 
being fubdufted  from  tlie obferved D iftance, m ade the Interval between the 
Center o f  Jupiter and the Satellite to  be 8 8 9  •, w hich being divided by the 
fame vifib le  Sem idiam eter, gives the E lo n g atio n  o f  the Satellite from  the 
Center o f  Jupiter in his Sem idiam eters 13 Sem idiam eters, 3 5 '. T h e  M ean 
M otion  of the Satellite was 3* 4® 9 '.  T h e  true P lace  of Jupiter ca 10° 2 7 '.  
Therefore the P lanet was d iftant fro m  the Pleni-medicean 9 ’ 3* 4 2 ' ,  and from  
the greateft E lon gatio n  on ly  3 Scruples. N ow  i f  w e add thefe to  the obferved 
Digreffion 1 3 Sem idiam eters, 3 5 ' ;  we iliall have the greateft DigreiTion this 
T u n e  to  the L e f t  H an d  13 Sem idiam eters, 3 8 '. T h is  is lefs by the third part 
o f  a Sem idiam eter than that on the R ig h t  H a n d , as we have found by O bfer
vations tw ice repeated and agreeing together. T h is  Icem s to  infinuate, that 
there is fom e E x ce n tr ic ity  o f  the C enter o f  the O rb it  o f  this P lanet from  the 
Center o f  Jupiter.

2. T h e  L it t le  C irc le  in the M id d le  reprefents the P lanet Jupiter  ̂ the four 
C oncentrick  C ircles, the proper O rb its  of his four Satellites.̂  duly p ro p o rtio n -
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í la m f t c c d .  «• 
178. p. iz 6 s  
Dec. An. 16S5. 
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{ 4 0 6 ' )
ed to the Breadth of his Body ; the Diftanees betvm f the'parallel Lines inter
fering them, being each equal to one .of liisScmidiamerers. • ‘ '

7 ’he 4  divided C ircles next w ithout : thefe, are diftirigiiiilied in to  fó many 
Parts as there are D ays and H o u rs in each Satellite’s R ev ó lu tio n  •, the inner- 
m oil o f  them  ferving for the jirji o r  imcrmofi. Satellite  ̂ that next it , 'for the 
2** i that next w ithout this for the ; 'an d  oiiterm oft for the 4 '” j  above whicli 
is a fm ali divided A rch  o f  15 D egrees. ■

B y  this to  find the D iftanees o f  tht Satelliies from  y-*S‘Axis to  a piopofed 
T im e . . . .  i ■> ■ i

Ik F iiid  the Payallex o f  Jupiter̂ 'i O rb  to  the T im e  p ropofed , and note whe
ther it ,be to be added or lubtra6ted. • i *■: ~ ^

2 E xten d  the I 'h r e a d ’ from  the C enter o f th e  Infirnm^nt oyer jthe Para\kk 
r.um bred in tlie fm all A rch -, it  cuts o f f  in the four divided Circles,, ib many 
H o u rs  as :each Satellite fpends in pafling from  the Axis d f  th e  Shadow  to |th$ 
Axis o f  % viewed from  our E arth -, thefe 1 call the -fimple SaralloMkk Irisen 
valŝ  wJjieh if the Parallax was to be added, are alfo A dditional, it t o  be fub- 
tra ile d , Subd uitive.

1 0  thefe paralla^ick Intervals add the T im e s  o f  h a lf  the Duration’ of 
the Eclipfe o f  each Satellitê  w hich for the ijl m a y b e  ^iliimed i*’ l o " ;  for the 
id. i"* 30V  (greater Exaétñefe being needlefs^ )  but f o r t i i e  and 4/^ when 
Eclipfed, (their Immerfton into the Shadow  and. Emerfton from  it being com 
m on ly  given in the Catalógliís) tak e  h a lf  tlie D ifference o f  thefe T im e s  at the 
ne-xt Eclipfe to  the T im e  propofed for h a lf  the D u ration , and acid them  to  the 

parallatlick Intervalsi fo have you tiiem  augm ented . B u t  as often as 
th e  4 th  Satellite is not luUpfed  ̂ (w hich is tw o Y ears  in every fix ), its Interval 
ne;eds np Aj-igmentation. • ■

4 . F in d  in the Tables the T im e s  o f  the Eclipfes o f  each Satellite next prece
d ing  tlie T im e  propoied, and w hen the 4 th  is not eclipfid  ̂ o f  its pafiing the 
Axis o f  the Shadow •, to  w hich  i f  the parallaEiick Intervals augm ented were 
A dd itional, add them  to , i f  S u b d u iliv e , fubtra6t them  fro m , each the T im e  of 
its proper Satellite’s Eclipfe ;  fo have you very  near the apparent T im e s  when 
eac 1 Satellite laft paft over the Axis o f  % v iew ed from  our E a r th .

5 . Subtradt each o f  the T im e s  thus g o t  from  the T im e  propofed , the R e 
m ainders are the Intervals o f  the M o tio n  o f  each Satellite trom  X’s Axis.

6. E x te n d  the T h rea d  from  the C en ter, over each o f  theie Intervals o f  M o 
tion  num bred feverally in the divided C ircles, belonging  each to  its proper 
Satellite -, where it cuts the proper Orhit o f  that Satellite, w hofe Interval was 
num bred in its peculiar C ircle , it ihews am on gft the Parallels how  m any Semi
diam eters o f  X that Satellite is d iftant fro m  h im , and on w hich  fide o f  him 
*tis pofited.

N o te  further, th at the T h rea d  as it  lay extended over the Parallax o f  the 
Orb num bred in the fmall A rch , w here it  cu t the feveral proper O rbits o f  each 
Satellite  ̂ fhewed am ongft the Parallels, how  m any Sem idiam eters o f  ^ the 
C enter o f  the Shadow  was diftant from  the C enter o f  "V, view ed from  our

E a rth :

é
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E arth  : A nd-that i f  the Parallax o f  the Orb were A dditional, the Shadow  lies 
oh the R igh t-han d  from  V , i f  S u b d u ftiv e , on the L e ft .  '

T o  explain thefe P recep ts , 1 íhall g ive tw o brie f E xam p les. L e t  it  be then 
propofed to  know , how  far each Satellite appears diftant from  U on the 2 6 th  
o f  Dec. this prefent Y e a r  1 6 8 5 ,  at 6̂  5 2 ' p.m. when the Third Satellite h\h 
into the Shadow ", alfo on Jul. 16. 1 6 8 6 . at 10'' 0 0 '  p. m, when there is no 
Eclipfe-̂  " I

An. 1 6 8 5 . Decmher 26'* iS'" 52' p. m. the Parallax o f  the Ori is 9° 2 0 ' A d - Fig. 143. 
ditionál j T h erefore

T h e  Simple ParallaSiick
Intervals add. -------

T l ie  h a lf Durations o f  
the EcHpfes to  be ad
ded -----  -------

T h e  Parallaiiick Inten-
vals a u g m e n te d ---- ^

L a f t  Immerftonŝ  and <S. 
Dec. -------  -------

T im es  o f  laft paffing 
Jupiter's Axiŝ D̂ec.—  

Subtracted  from  the 
I ’im e  propofed, Dec.

L<eaves the Intervals o f
Motion, - - - - - - - - -

O ver w hich , num bred 
in their peculiar C ir
cles, the T h rea d  be- 

‘ in g  feverally laid’, 
cuts the proper Orbit 
o f  each at their v i- 
fible Dijtanees from  
Ju piter- - - - - - - - - - - — ^

o  1 . 5

o  I  10

o  2 15

25 9  3-7

0 2 1 0

o  I 3 0

o  4  25

o  I  18

2 5  I I  52

2 6  16  52

I  5 00

o  3 4 0

^5 5 47

o  5 43 

19 12 58

2 5  9  27

2 6  1 6  52

12 18 41

2 6  16  52

I 7 2 5

fd.
5. dext.

fd.
6\Jin.

6 21 11

fd .
3. dext.

o  10  2 0

0 0 0

O 1 0  2 0

10 0 0  3 0

io  10 5 0

2 6  16 52

16 6 2

fd.
4 f  dext.

Again.

RED
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Mclípfíi and
JPUtH ef thg
¿Satellites 0/ 
J o p i t w  obfet- 
%'td Mt Paris 5
hy • • « • t 
«. 44* f. 892.

Vgain, An. 1686. 7«/. 16, 10’’ p. m, the ParalJaa o f  the Orh is xo' 
)du¿tive. Hence

.. Í

, 2. ' ' I 3 j
•

4

f
T]ie Si7})ple ParallaSlick

Intervals S u b.---------
H alf Duration o f the

d. h. '* • * # 

0 I 12 

0 I 10

d.^h, '•

0 2 35

0 I 30

d._h. ' 

0 5 10 

0 1 2 1

d. h. '

0 12 00

Á̂ CLí*PJcS ilClCl»

The ParallaStick Inter
vals augmented. —  

The next laft Emerji- 
0iSy and pafilng the 
Axis o f the Shadow  ̂
J u l ---------------------

«
0 2 22 

•

15 5 55

0 4 5

15 22 2

0 6 3 1  

15 9 9̂

0 12 00

15 17 52

The Tim e o f laft paf- 
fing the vifible Axis
o f Jupiter------ ------- -

The 'lim e propofed —
15 3 33
16 ID 00

15 17 57
16 10 00

•

,15 !2 48 
16 1 0 ‘00

15'' 5 52 
16 10 00

The Intervals of Mo
tion —  — -------

Therefore Dijian. from 
Júpiteres A x is---------

I 6 27
fd.
5-1- dext.

«

0 1 6 2
fd.

fin.

I 7 12 
:fd.

1 4 8
fd.
i c |  fin.

And the Satellites ftand at the two propofed Time? as in the two Figures.
In drawing of which, though I have confjdered their Latitudes from the Line 

o f their utmoft Ebngations pafllng thro* Júpiteres Center yet I give no Rules 
for determining it, the Contrivances and Direétions neceffary on that Accoijint, 
being too many and troublefome to be inferted here: my defign is only to 
ihew the ingenious Obferver, how to find at what Diftance from % each 5«- 
tellite appears, that fo he may not miftake one for another when he is to ob- 
ferve any o f their Eclipfes.

X C . I. An, 1688. The French JJironomers have made thefe Obfervations 
by a 14 Foot Telefcope.

O M .  7. 10'* 3 2 'p. w. The H r/  Satellite {cúhá Pallas) entred upon the 
Face o f Jupiter.

oaok  8.
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OEloh. 8 . S'* 11 '. T h e  Second Satellite (called Jm o) went out behind Jupiter.
0 3 ob. 9 . 8“ 5 4 '. T h e  Second Satellite went out from  the F ace  o f  Jupiier,
O f̂ob. 16. 10'' 4 '. T h e  Second Satellite entered upon the Face o f  Jupiter.
Ottob. 22 . 10“ 4 1 '  3 3 " .  T h e  entred into the Shadow ot
05iob. 2 3 . S'* 32 '. T h e  Firfl Satellite entred upon the F ace  o f  Jupiter.
Nov. 12. 10'’ 4 0 '.  T h e  Second Satellite entred into tJie Shadow o f  Jupiter.
Nov. 2 0 . 3 8 ' 3 0 " . A fter  M id n ig h t, the ^hird Satellite (called Themis)

entred into the Shadow  o f  Jupiter.

1. An. 1 6 7 1 ,  Sept. j .  N ew  Sty le, in the M orn in g . I t  had been agreed on 
by M r. Cijfini at Paris, and M r. Picard at Uraniburgy to  obferve the O ccultati- 
on o f  the firfl: Satellite o f  Jupiter; wherefore I  alfo thou ght proper to  attend 
diligently to  the fam e Phasnomenon. T h erefo re  at 4*' 2 7 ' as foon as Jupiter 
appeared, I  found that all his Satellites were prefent alfo, three to the left H an d , 
and one to the R ig h t. T h e  two w hich were neareft him  to  the left feemed to  
be not far from  his L im b , as alfo that on the right, w hich was the leaft o f  
them  all. A ll four appear’d diftinótly almofl: to  5** 7 ', th o ’ now  the H eavens 
began to grow  blue. A t  5** 12 ', beyond m y  E xp ecta tio n  that nearer Sa
tellite on the left H and (in refped: o f  m y T u b e , w lich  exhibits O bjeóls in an 
inverted O rd er ,)  fecm ’d to m e intirely to vaniih, the three others rem aining, 
though that on the right H and  alfo feem ’d to  approach nearer and nearer to  
Jupiter. W h eth er indeed that was the very  M o m en t o f  the im m erfion  o f  
that Satellite., I  dare not certainly a ff irm ; however that O ccultation  did not 
happen later. B u t I  can readily grant that it  m ig h t happen perhaps about a 
M in u te  fooner, o r  thereabouts.

At D a n m ic k ;
H evel us. m. 

7 8 . 3 0 2 9 .

By the 
Watch in 
the Morn.

i

Obfervations.
.  Dijlances 
and Alti
tudes.

1 ’he Time 
correili'd.

h. '

4  3^ 25

5 7 25
5 16 35 

5 26 5

0 t // 
/ h. '  "

4 32 0

5 2 7 
5 1 2 0
5 23 27

T h e  A ltitu d e o f  Procyon- - - - - - - - - - - - - - - - - -- - - - - - - -
T h e  firfl:,of yupiter'% Satellites difappeared —  
T h e  A ltitude o f  Procyon-----------------------------------------------------------------------

34  43  0

3 6  39  0

i m

3. An. i6y i. Feb. 17. y'' 25 ' A fternoon, the A ltitude o í Jupiter was i 5 “-f/Derby. iy 
B u t at s'* 5 9 ', A fternoon, or perhaps one M inu te fooner, the firll 

idlite on the right H and o f  Jupiter fell into his Shadow , and as he vanifli’d 
his Diftance from  the L im b  was fo fm all, that I  could not form  a Ju d g m en t 
iiow m uch it was.

March 19'' 6̂  4 5 '.  T h e  A ltitude o f  was 29° 35'. T h e  firfl: 433-.
approach’d to the L im b  o f  Jupiter., to which it was jo y n ’d at 7** 51 '.

An. 1 672 . Apr. 15. 7** 43' in the E vening . T h e  A ltitude o f  w a s“*9 -̂P*
25° o'. T h e  firfl: Satellite appeared to  be about i  o f  his D iam eter from  his 
L im b , being  about to  difappear behind him.

G  g  g  A t
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A t  S!' 6 ' T h e  A ltitu d e  o f  Jupiier w-as 27* 2 0 '. H e  CnterM Jupiter  ̂ hi

height being 2 7 “ 2 6 ' *, for certainly he could not be feen. 
yif Paris; ¿yA/. 4 . 7 ^^ 6  N cw  S ty le , 1 6 7 5 . betore M id nigh t, the H o u r  bein g  11** and 16''
( aíTmi. n. 1:7. precifely. '̂ Jupiler̂ % fecond Satellite began to em erge out of the Shadow  of this 
P' 3̂ 9- l^lanct, w hich had obfcur’d him .

5 . A n . 1 6 7 9 . Jnn. 5  ̂ ft. n. 3 “ in. 1 difcovered 3 Satellites o f  Jupiter:
Fî ft was d iflant W eftw ard  o f  the L im b  o f  Júpiter, a little  lefs than a Diame
ter ; the Second was diftant, on the E a ft-f id e , a little  m ore than a Diameter. 
T h e  Third was m ore lia ftw ard  than the Second, by  fom ew hat lefs than a Dia-' 
m eter o f  Jupiter.

Thc-Equ»tUnof X C I .  I .  L e t  A  be the Sun, B  Jupiter, C  the Firfi Satellite o f  Júpiter, which 
L!ikt; tyii. entcfs into the Shadow o f  Jupiter, to  co m e ou t o f  it  at D  ; and le t E F G H L K  
n j>. S93. be the Earth placed at divers D iftances fro m  Jupiter.

H r N ow  fuppofe the Earth, being in L  towards the Q uad rature o f  Juplur, 
'  n. j  77. Satellite at the T im e  o f  its Em^rfm, or iíTuing out o f the

Shadow , in D  ; and that about 4 2 Í  H o u rs  after {viz. after one Revolution of 
this Satellite) the Earth being in K , doth  fee it  returned in D ; it  is manifeft, that 
i f  the L ig h t  require tim e to  traverfe the Internal L K ,  the Satellite will be feen 
returned later in D , than it would have been i f  the Earth had remained in L ; 
fo that the R evolution  o f  this Satellite being thus obferved by  th e  Emerfions, 
will be retarded by fo 'm n ch  tim e as the L ig h t  ihall have taken  in pafTing from 
L  to  K  i and that on the co n tra ry , in the other Q u ad ratu re F G ,  where the 
Earth by  approaching goes to  m eet the lig h t, the K evolutions o f  the Emerfh 
ons w ill appear to be fhortened b y  fo m u ch , as thofe o f the Emerfms had ap
peared to  be lengthened.

T h is  new Equation jof the M o tio n  o f  LigTit, w hicli hath been eftabliihed "by 
the Ro^al Academŷ  and in the OJervatory iox o í  8 Y e a rs , was con
firm ed by the Emerfton o f  the Firjl Satellite obferv’d at Paris 1 6 7 6 . Nofv. 9. 

”c r  Aif'1676’ s'" 35" 4 5 N ig h t, 10 ' later than i t  was exp e ited  by d edu cing  it from thole 
caffiDi’i  ̂ that had been obferved in the M o n th  o f  -¿iugujt, w hen the E a r th  was much 

Z  nearer to  Jupiter:
F*rft Satellite
b̂rJĵ edTluRe- X C I L  I .  M. Caffini, having form ed a new H y p o th efis  for the Satellites of

¿need to the JupitcT, different fVom that o f  í l i in k s  that the P lane o f  their Or^i is
B̂dnn Sy inclined to  the Plane o f  the Eclipiick ;~ H e  fettles their Nodes w ith the Oris of

Edm. Jupiter towards the 13° o f  Leo and Aquarius: and finds that the Obliquil) of
their C ircles to the O rb it o f  Jupiter is a lm oft double to  the Obliquity di 

Wov. Ad. 1694. O rb it  to  the Ecliptich
2. M. Cajfini, in the la i l  T reatife  o f  a B o o k , entitul*d, Recuil d’Oh/ervali-

ons faites en Plufteurs Voyages, & c .  has em ployed  his S k il l ,  to  m ake eafy the
C alculation o f  the Eclipfes o f  the Firji Satellite o f  Jupiter, w hich  is otheiwife 
operofe even to  the ikilful. T h e  T a b le s  have for P rincip les, that this 
Satellite revolves to  the Sun in i"* 18'' 2 8 ' 3 6 " ,  fo precifely , that in 100 
Y ears  the D ifference is not ie n fib le : T h a t  in the T im e  o f  the Revolution 0: 
Jfipiter to his Aphelion, w hich he fuppofes in  4332 '* 14*“ 5 2 '  4 8 " ,  this

I  '  li(i

The Theory of 
Jupiter’s Satellites ; by M, 
Cailini.
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lite m akes exaftly 2448 Months or R ev olu tion s to the Sun j and dividing the 
O rbit o f  Jupiter into 2448 parts, he has in a large T a b le  o f  Equaiion lliewn 
what is the Inequality o t the M o tio n  o f  Jupiter in each R evolution reduced to  
tim e i affum ing. Thirdlŷ  the greateft Equation o f  Jupiter 5“ 32 ' 4 0 " ,  w hence 
the hourly M o tion  o f  the Satellite ivom Jupiter being 8“ 28 i ' ,  it follows that 
the greateft Inequality {Jupiter paiting tiie S ighs o f  Cancer and Capricorn) a- 
m ounts to  3 9 ' 8 "  o f  T im e ,  to  be added in  Cancer̂  fubtrafted  in Capricorn,
Lajlly  ̂ as to  the Epodhâ  o r  beginning o f  this Series o f  R evolutions, he has de
term ined the Aphelion o f  Jupiter about i  \ D eg ree  forw arder than Aftronomia 
Carolinâ  and above tw o D egrees m ore than the Rudolphine T v i z .  pre- 
cifely in 9° o f  Libra,, in the beginning o f  this Century i w hich perhaps he 
finds the proper M o tio n  o f  Jupiter the Sun at this T im e  to re q u ire : and 
the N um ber o f  R evolu tions, fince Jupiter was laft in Perihelia  ̂ is here ftiled 
Num. I . ' ,

A  fecond Inequality is th at w hich dépcnds on the D iftance o f  the Sun from  
Jupiter., w hich he fays M r . Romer did m o ft ingenioufly explain by the H y p o - 
thefis o f  the M o tio n  o f  L ig h t  *, to  w hich yet Cqffini by his m anner o f  Calculus 
leem s not to affent, th o ’ it bé hard to  im agine how  th e  Earth’s P ofition  in re- 
fped: o f  Jupiter iliould any \yay aííé<3- the M o tio n  o f  th e  Satellites. T h is  In e
quality  he m akes to eríióühT|:o tw g  D egrees in the Satellite's M o tio n , or 1 4 '
1 0 "  o f  T im e  ; wherein he f u p p d f e s - ' t h e ' t o  happen fo m uch fooner when 
Jupiter oppofes the Su% than when he is in Conjuríftion w ith him. T h e  D i-  
ilribution o f  this Inequality  he m akes w holly  to  depend on the A ngle at the Sun 
between the Earth and Jupiter  ̂ w ithoUt-any R eg ard  to  the Excentricity o f  Ju 
piter̂  (who is fom etim es  ̂a Sem idiam eter .of the Earth's O rb  farther from  the 
Sun than at other tim es) w hich would oCcafion a m uch greater D ifference than 
the Inequality o f  Jupiter and the Earth*s M o tio n  v bot|i o f  which are accounted 
for in thefe T ab les  w ith great S k ill  and A ddrefs. B u t  what is m o ftftra n g e , 
he affirms that the fam e Inequality  o f  tw o D egrees in the M o tio n , is likewife 
found in the other Satelliteŝ  .requiring a  m u ch  greater T im e  *, as above two 
H ours in the 4*'“ Satellite: w hich  if it  appeared .by p b ferv a tio n  would over
throw M . Romeras H yp bthefis  entirely. Y e t  1 doubt e o t  herein to  m ake it de- 
m onftratively plain, 'th a t the H y p o th efis  o f  the P ro g re ííiv e  M o tio n  o f  L ig h t  is y¡d. §. 
found in all the oxhtx Satellites o f  Jupiterxo be neceffdi^, and that it  is the fame^^^ 
in a l l ; there being i-^thing near fp great an A n n u al Inequality as M . Cojfini 
fuppofesin  their M o tion s, by  his T a b le ,  p. 9 . and his Pracepta Calculi. T h e  
M ethod how ever u ild  to  co m p tu e tiiis, is very  curioys ; for having found that 
w h ilftth e5a« revolves iojupiter f l^ re  pafs' 398** 29* r ¿ ,  wherein are m ade 2 2 5 ’ 
Revolutions o f  the MeUite oif Jupit&, the N u m b er o f jR e  volutions fince Jupiter 
was laft in O p pofitic^  tp th e :5«.»;, js  w hat he calls 'Nî yn. I I .  in which the Ine
quality o f  the Earths M o tio n  is , allowed fo r  in the M o n th s , and that o f  Ju 
piter's O rb  by a T a l i e  cÁ'ú\t E.q¿td̂ on oi-Ntm. II . am ounting in all to  3^ R e v o 
lutions o f  the Satellw to  Jupitet. ¡ T h is  in the T a b le s  follow ing I  have thought 
fit to leave ou t, íh a v iñ g ' how to  ¡ find i f  by  the lielp  o f  the form er E qu ation  
o f  Num. I . T h e  Ivum bers are i f ix f fe d  d ie ia to e  .with M . CaJJini's, only re
duced to our S ty le  and M erid ian , and the form  of them  abridged, and, it’s 
hopted, am ended.
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Í
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(  4 1 4  )
Epochs o f the Revolutions o f the fir ft Satellite to the Sbadovs 

o f  Jupiter, under the M eridian o f London.

In the
Julian
Tear
current.

•
•

•
1—< 
•

m
d. h.

/ //

i66o 0 11 5 48 968 200 6

i6 6 i 0 I 17 24 1174 181 2

1662 I . 9 57 36 1381 162 2

1663 1 00 9 12 1587 143 5
1664 I 8 49 ^4 1794 125 I

1665 0 23 1 00 2000 105 7

1666 0 13 12 36 2206 86 4

i66y 0 3 2412 2412 67 0

1668 0 12 4 24 171 48 6

1669 0 2 16 00 377 29 2

1670 I 10 5612 584 10 9

1671 1 I 7 48 790 216 9

1672 I 9 48 00 997 198 5

1673 0 23 59 36 1203 179 I

1674 0 J4 I I  12 1409 159 7

1675 0 4 22 48 1615 140 3

1676 0 13 3 00 1822 121 9

1677 0 3 14 36 2028 102 5

1678 I 11 54 48 2235 84 1

1679 I 2 6 24 2441 64 7

1680 1 10 46 36 200 46 4

1681 I GO 58 12 406 27 0

1682 0 15 9 48 612 7 6
1683 0 5 21 24 818 213 6

1684 0 H I 36 1025 195 3

168^ 0 4 13 12 1231 175 9
1686 1 12 53 24 1438 157 5
1687 I 3 5 00 1644 138 I

1688 I 11 45  12 1851 119 7

1689 1 I 56 48 2057 ICO 4

Epocbi'



Epochs o f the Revolutions of the firji Satellite to the Shadow 
c / Ju p ite r ,  under the Meridian e/" Lond on.

( 4 13  )

In the
Julian
Tear
Cur, HH

♦

•

•

d. h. '  "
1 6 9 0 0 1 6  8 2 4 2 2 6 3 81 0
1691 0 6  2 0  0 0 31 61 6
1 6 9 2 0 15 0 0  12 2 2 8 4 3  3
169 3 0 5  I I  4 8 4 3 4 23 91 6 9 4 I 13 5 2  0 0 6 4 1 5  5

1 6 9 5 1 4  3 36 847 2 1 1 5
1 6 9 6 1 12 4 3  4 8 1054 1 9 3 11 6 9 7 I 2 5 5  2 4 1 2 6 0 *73  7
1 6 9 8 0 17 7 0 0 1 4 6 6 1 5 4  41 6 9 9 0 7 1 8  3 6 1 6 7 2 1 3 5  0

1 7 0 0 0 15 5 8  4 8 1879 1 1 6  6
1701 0 6  1 0  2 4 2 0 8 5 97  3
170 2 1 1 4  5 0  3 6 2 2 9 2 7 8  9
Í7 0 3 1 5  2 12 5 0 5 9  5
1 7 0 4 1 13 4 2  2 4 2 5 7 4 1  I

1 7 0 5 I 3 5 4  0 0 4 6 3 21 8
1 7 0 6 0 18 5  36 6 6 9 2 4
1 7 0 7 0 8 17  12 8 7 5 2 0 8  4
1 7 0 8 0 1 6  5 7  2 4 1082 1 9 0  0
1 7 0 9 0 7  9  0 0 1288 1 7 0  6

1 7 1 0 I 15 4 9  12 1 4 9 5 1 5 2  3
1 7 1 1 I 0 0 0  4 8 1701 1 3 2  9
1712 1 14  4 1  0 0 1908 1 1 4  5
1 7 1 3 I 4  52  36 2 1 1 4 9 5  1
1 7 1 4 0 19 4  12 2 3 2 0 7 5  8

0 9  15 48 78 5 ^ 4
1 7 1 6 0  17  5 6  0 0 2 8 5 3 8  9
I 7 1 7 0 8 7 36 4 9 1 18 6
1 7 1 8 I 1 6  4 7  48 6 9 8 0  3
I 7 1 9 I 6  59  24 9 0 4 2 0 6  3

172 0 I *5  39  36 I I I I •87 9

V

Ii
É

t
I

Íi - i

i

1

I
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^  tabU of the Revolutions of the fir ft Satellite Jupiter in a Tear.

i
ii

Jamary. M l . N .ll March. M  I. AT. 11.

. 4»4 d. h. ' j " d. h. ' "

.<4 0 0 0 ! 0 0 0 0 I 4 12 24 34 34 8• •
I 18 28 ^6 I I 0 2 22 41 00 35 35 8

•1 3 Í2 57 J2 2 2 1 • 4 1 7  9 36 36 36 8
Ííi» 5 7 ^5 48 3 3 I 6 1 1  38 12 37 37 9
It! 7 I 54 M 4A 4  I 8 6 6 48 38 38 9

8 20 23 po ' 5 5 2 10 00 35 24 39 39 9
10 14 51 '.̂6 6 6 2 II 19 4  00 40 40 9

1 12 9 20 J2 7 7 2 13 13 32 36 41 41 9
- 14 3 48 4S 8 8 2 15 8 I 12 42 42 9

15 22 17 24  ̂ 9 9 3 > A 17 2 29 48 43 43 9
17 16 46 00

f
10 10 3 18 20 58 24 44 44 9

19 II 14 36 ► II ”  3 20 15 27 00 45 45 9
ij 21 5 43 .12 12 12 3 1 22 9 55 3^ 46 46 9

I
23 00 11 48 3̂ Í3 4 24 4  24 12 47 47 9m

; 24 10 40 Í24 14 14 4
•

25 22 52 48 48 48 9

Í 26 13 9 -oo ■. 15 15 4
1

27 17 21 24 49 49 9
28 7 37 ¡36 16 16 5

. 29 II  50 00 50 50 9
30 2 6 12 17 «7 5 31 6 18 36 51 51 9

S 31 20 34 48 18 18 5
* “  •-

February. '> A #
;  * 1

1
1

0 20 34 *48 '1'^ 18 5 0 6 18 36 51 51 91
t

2 15 3 24 Í 9 19 6 • ' 2  00 47 12 52 52 9
Í

1
4 19 32 ,<Ki 20 20 6 3 19 15 48 53 53 9
6 4 00

4
2i 21 6 5 13 44-^4 54 54- 9

1

1 •

7 22 29 \I2 22i 22 6
w

7 8 13 op 55 55 9
9 16 57 48

^  i  * 23 23 7 9 2 41 36 56 56 91
t

II n . 2 6 ' 2 4 >24 24 7 10 21 10 12 57 57 9
! V
■) Í3 5 5 5 ;po 25 25 7 

«
•

12 15  38 48 58 58 9
Í

i 15 00 23,7tT ^r6. 26 7 14 10 7 24 59 59 9
•
* «

16 1 8 52 ['12 ■̂7 27 7 16 4 36 ,00 60 60 8
18 13 20"48' .28 28 7 17 23 4 36 61 61 8

' i 

I J

20 7 49,'4^ 29 29 7 • 19 17 33 12 62 62 8
t,
J 22 2 i8.ocj| 'go .

30 8 21 12 I 48 63 63 8
23 20 4 6 .-^

-
8 23 6 30 24 64 64 8

1 25 15 I5 M ^ ' 3 2 - $2 8 25 00 59 00 65 65 7
27 9 4 3“ 4T '1  ̂^'53 ^ 26 19 27 36 66 66 7

I 28 13 56 12 67 67 7

! 30 8 24 48 68 68 6
A fable
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(' 4 1 5  )
^  M Ié o f the Revolutions o f the firji Satellite* <p/ JupUer in a Td&̂ ,

7 W’M ay. N. 1. TV. 11.

d. h.
/ //

0 8 24 48 68 68 6
2 2 53 24 69 69 6

3 2l 22 00 70 70 6

5 15 50 36 71 71 6

7 10 19 12 72 72 5

9 4  47  48 73 73 5
10 23 10 24 74 74 5
12 17 45 00 75 75 5
H 12 13 36 76 76 4

16 6 42 12 77 77 4
18 I 10 48 78 78 4
19 19 39 24 79 79 3
21 14 8 00 80 80 3
23 08 3^ 3^ 81 8i 3

25 3 5 12 82 82 3
26 21 33 4S 83 83 3
28 j 6 2 24 84 84 2

30 10 31 00 85 85 2

June.
1 4  59 3^ 86 86 I

2 23 28 12 87 87 I

4 17 56 48 88 88 0
6 12 25 24

■ > *

89 89 0

8 6 54 GO 90 90 0

10 I 22 36 91 90 9
r  I 19 51 12 92 91 9
13 18 19 40 93 92 9

15 8 48 24 94 93 8

17 3 17 00 95 94 8

18 21 45  36 96 95 7
20 16 14 12 97 96 7

22 10 42 48 98 97 7
24 5 11 24 99 98 6

25 23 4O OC> lOO 99 6

27 18 8 36
1

l o l ICO 6

" 4 12 12 102 101 6

uh. d.
I 7 5 48
3 I 34  2 4
4  2 0  3 0 0  
6  1 4  31 36
8 9  0 0  12

10 3 2 8  4 8
11 31  57  24
13 16 2 6  0 0  
15 10  54 . 36  
17 5 2 3  12

18 2 3  51 48  
2 0  18 2 0  24  
22 12 4 9  0 0  
24. 7 17  36

2 6 4 6  12
27 2 0  1 4  48 1 1 8

103
1 0 4
10 5
106
ro 7

108
109
1 10
111
112

113
Í 1 4

115
1 1 6

117

2 9  J 4  .43 24 
31 9  12 OQ

Auguft.

119
120

O
2

3
5
7

9  12 0 0
3 40 3*6 

2 2  9 1 2  
16 3 7  4 8  
I I  ^ 2 4

1 2 0
121
122
1 2 3
124

9 5 35
11 0 0  3
12 18 32  
Í4  13  0 0

0 0
3 6
12
4 8

16 7 2 9
18 1 5 8
19 2 0  2 6  
21 14 55

2 4
0 0
3 ^
12

1 2 5
1 2 6
1 2 7
128

23  9  2 3  4 8
-5 3 5 2  2 4  
26 2 2  2 1  0 0  
28  1 6  4 9  3 6
30  I I  18 I '2

■

102 5
103 5
1 0 4 4
1 0 5 4
1 0 6 5

1 0 7 3
108 3
109 3
1 10 2
I I I 2
112 2
113 j
1 1 4 1
115 ]

1 2 9
1 3 0

1 3 1
132

1 1 6
117  
i j 8  
1 19 o]

119  o
1 1 9  9
1 2 0  9
121  9
122  9

123  8
1 2 4  8
1 2 5  8
1 2 6  8

133
1 3 4
1 3 5
1 3 6
Í 37

1 2 7  71
1 2 8  7
1 2 9  7
1 3 0  7

131
12.2
133
134
135

71
7
6
6
6

i

i
I-

1

|!
i

Í
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A  ^able of the Rtvólutions of the firji Satellite of Jupiter in a Tear,

September• M I . iV̂ . 11. November. M J . /V. 11.

d. h. / >tf d. h. t it
I 5  4 6  48 138 1 3 6 6 0 9 59 12 172 17 0 7
3 0 0 15 139 •37 6 2 4  2 7  4 ^ *73 171 8
4 18 4 4 0 0 140 138 6 3 22 5 6  2 4 *74 172 8
6 *3 12 3 6 141 *39 6 5 *7 2 5 0 0 *75 '73 8
8 7 41 12 142

-
1 4 0 6 7 1 1 5 3  3 6 176 *74 8

ro 2 9  4 8 H 3 141 5 9 6 22 12 *77 '7 5  9
I I 2 0 3 8  2 4 144 142 5 11 0 0 5 0  4 8 178 176 9
‘ 3 15 7 0 0 145 143 5 12 *9 *9 2 4 179 *77  9
15 9 35  36 146 1 4 4 5 *4 13 4 8 0 0 180 [7 8  9

16 8 16  36 181 180 0

17 4 4 12 *47 145 5 18 2 45 12
K .

182 1 8 1 0
18 2 2 3 2  4 8 148 1 4 6  5 *9 21 13 4 8 183 182 0
20 »7 I 2 4 1 4 9 * 4 7 5 21 15  4 2 24 184 ^83 0
22 I I 3 0 0 0 1 5 0 1 4 8  5 23 10 11 0 0 18 1 8 4  0

2 4 5 5 8  3 6 *51 *49 5 25 4  39 36 18C 1 8 5 1
2 6 0 0 2 7 12 '5 2 1 5 0 5 26 23 8 12 187 186 I
2 7  18 5 5  4 8 *53 * 5 * 5 28 17 3 6  4 8 i8 b 1 8 7 2
29 13 2 4 2 4 1 5 4 •52 5 3 0 12 5 2 4 189 i 8 8 2

T ' OSioher,

I 7 53 0 0 155 »53 5 0 12 5 2 4 189 188 2

3 2 21 36 1 5 6 154 5 2 6 3 4 0 0 1 9 0 [ 89 2

4 20 5 0 12 *57 1 5 5 5 4 I 2 A 191 190 3
6 15 18 4 8 158 Í50 5 5 *9 3 J 12. 192 191 3
8 9 47  2 7 1 5 9 *57 5 7 *3  59  4 8 *93 192 3

10 4 16 0 0 1 6 0 158 5 9 8 28 24 1 9 4 093 4
I r 22 4 4  36 161 *59 5 11 2 57 0 0 *95 1 9 4  4
13 Í 7 ^3 12 162 I 60 5 12 21 2 5  3 6 196 *95 5
15 11 41 4 8 163 161 6 14 *5 5 4 12 *97 196 6
17 6 JO 2 4 1 6 4 162 6 16 10 22 48 198 *97 C

*9 00 3 9 00 165 163 6 iS 4 5 * 24 ' 9 9 198 6
20 19 7 3 6 1 6 6 1 6 4  6 *9 2 3 2 0 00 200 *99 /
22 Í 3 3 6 12 1 6 7 165 6 21 17 48 30 201 2 0 0 7
2 4 8 4  4 8 168 1 6 6 6 23 12 *7 12 2 0 2 201

26 2 33 24 1 6 9 167 7 25 6  4 5  4 8 2 0 3 2 0 2 8
2 7 21 2 00 170 16 8 7 27 I 1 4  2 4 2 0 4 2 0 3 9
2 9  1 5  3 0  3 6 171 1 6 9  7 28 *9 43 00 20 5 2 0 4 9

9 59 12 T72 1 7 0 7 30 14 1 1 36 ''062 0 6 0
A  fd lt
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''A ̂ dbli of the JirJl Equation of the ConjunSfions of the fr ji  Satellite with Jupiter.

Vol. I.

N . I .

i //

0 0 0

10 I 3
20 2 5
30 3 8
40 4 12

50 5 *5
60 6 16
70 7 19
80 8 20
90 9 23

100 10 25

n o IX 25
120 12 25
130 13 25
140 X4 25
150 15 22

160 16 18
170 17 17
180 18 I I
190 19 9
200 20 5
210 20 56
220 211 49
230 221 4 1
240 23 32
250 24 20

260 25 7
270 25 57
280 26 43
290 27 27
300 28 9
310 28 54
320 29 35
330 30 I I

340 30 45
350 31 28

360 32 10

370 32 44
380 33 IC

390 33 %
400 34 20

A ' . l .

400 34 20
4 1 0 3 4
4 2 0 3 5
430
440
450

460
470
480
490
500
510
520
530
540
550

560
570
580

590
600 39

6 1 0 3 9
620
630
640

660 38 
67038 
680 
690 
700

710
720

730
740
750

760 
770 
780 
790 
80034

35
36 
36

36
37
37
37
37

38
38
38
38
38

38
39 
39 
39

39
38
38

38
37
37

37
37
36
36
36

35
35
34
34

//

51
21

47
6

26

47
8

29
44
59
16
29

39
49
55

59
3
6
8
7

5
03
58
5«

650 38 4 4

34
24
10
5 6
40

24

5
45
25
4

40

IS
49
19
49

8 i o 3 3 _ 2 i
a  h h

82032 
83032 
840(31 
85031 
8 6 0 3 0

98022  
99021  

20 

19
18

1000

l O I O

1020

1030

X060

1080 
1090 
I roo
I I I O
1120

113 0
1140
1150
1160
117 0

r i8 o  
1 190 
1200

1224

87029  56 
8 8 0 2 9  19
89028  40 
9 0 0 2 7  59
9 1 0 2 7  19
9 2 0 2 6  37
930,25 53
9 40 2 5 8
95024 2.3
960.23 37 
9 7 0 2 2  50

3
15
26
37
47

17 56
17 5
16 13
15 19

25

'3 32
12 37
n 42
10 47
9 52

8 57
8 00

7 3
6 7
5 1

4 «3
3 15
2 19
I 21
0 20

0 0.

1
I

A  7 a b l e
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(  4 i 8  )
A  1 ‘abk of the feccnd Equation of the ConjmUions of the firji Satellite with Jupiten

VI\ ,I
I

f

M qual. % .E quat. M qiiat. /E qu al.

•
•

iidi. h—• add. »m4• add. • add.

/ // / u i 4 r tt

0 0 0 2 4 56 7 0 84 12 0

I 0 0 ' 29 2 13 57 7 12 85 12 9
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A  'labk o f half ihs Morse c f tbefirjl Satellite in the Skadcw p/Jupiter.
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From thefe Talles  ̂ to' anŷ  given Tear, Month and Day., Ufind the next Eclipfe 
c f tbs Firfi Satellite c f  Ju p ite r , proceed thus.

1. In the T a b le  o f  the Epch<e find the Y e a r  o f  o u r 'L ó r d ,  and fet down
the D ay , H o u rs , M inutes and Seconds, w ith ISiim. I. and Num. II. thereto 
annex’d \ and in the T ab le  o f  R evolutions, feek  the M o'nth, and Day of 
the M o n th , w ith the H ours and M inutes, and Num. I. and Ntm. II . affix’d 
and add them  together *, and the refp ed iv e Sum s ihall fliew the mean I’ime 
o f  the m iddle o f  the Eclipfe fought, w ith Nur/i. I. and Num. W. required. But 
it  mu ft be oblerved, that in Jan. and Feb. in the Leap Tear, one D ay is to 
be added to  the D ay  thus found. - - ;

2 . I f  Nu:n I. be found lefs than 1 2 2 4 ,  w ith Nufn. I . gr i f  greater than
2 4 4 8 ,  fubtratfting 2 4 4 8 ,  therefrom , w ith the Rejddué ..enter the T a b le , and 
you will have the firft E q u a t io n  to be added to  the m e a a  T im e  before found. 
B u t  i f  Num. I. be lefs than 2 4 4 8 ,  bu t greater than I 2 2 4 , j  fubtracl it from 
2 4 4 8 ,  and entring the fam e T a b le  w ith the R em ain d er, you iliall have the 
firft ./Equation to  be fiibtracted from  the mean T im e.. T h e n  divide the 
M inutes o f  the faid firft ^Equation by 1 1 , or rather V »  aJid the ^£>/ííliall 
be the .E q u atio n  o f  Num. I I .  (anfwering to the E ccen tric Jc 'M o tio n  o f  Jupiter) 
to  be added thereto when the fiijft ^Equation fu b tra d s , and e contra fubtrafted 
when that adds* • ' .

3 . I f  Num. I I .  thus íE q u a te d  exceed 2 2 5 ,4  fubtraót 2 2 5 ,4  th erefro m ; 
and i f  the R em aind er or Num. I I ,  be lefs than 1 1 3 , w ith the faid Rem ainder 
o r  N u m b e r ; or i f  greater than 1 1 3 , w ith the C om p lem en t th ereof to 
2 2 5 ,4 ,  feek  in the '1 able the fecond E q u a t i o n ;  w hich being added to  the 
T im e  before found, g ives the true T im e  o f  the m iddle o f  the Eclipfe.

4 . W it h  Num. I. jfeek the h a lf  Continuance o f  the T o ta l  Eclipfe., which 
is to  be added for the Emerfton., when the e q u a te d  Num. I I .  is lefs than 
1 1 3 ,  or i f  m ore than 2 2 5 ,4 ,  it be lefs than 3 3 8 .  B u t  i f  it exceed 1 1 3 ,  or 
3 3 8 ,  then is the'; Semimora to  be fubtrafted  for the Fmmerjion.

5. L a f t ly ,  W ith  the. -5««’s true Flace tak e  out the iE q u atio n  o f  Natural 
D ay s, w hich  added o r  fu btrad ed  according to  the T i t le ,  gives the T im e  of 
the Imm-rjion or Emerfion fought.

N o w  how  few F igu res ferve for this C om p u tation , will heft appear by  an 
E xam p le .

( 420 )
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/in, i 6 7 7 ' 7̂' 9' 40" !it Greenw/ch, .F/an^eed ohkrved \ht JirJi Sa

tellite to  begin x.o emerge-, that is S'* 9 ' 26^/ at London.

d. h.
1 6 7 7 . o  3 
SepL 17 4

t  * //
1 4  3 6  
4  12

N. I .
2 0 2 8

147

N .I I .
1 0 2 , 5 
H 5’ 5 *

Sept 1 7 
Mquat. I .  —

1:8 48
2 6  I I

2 1 7 5  , 24'á, o  
2 4 4 8 2.

jEquat. 2. 17 6  52  37
,  . +  O  I  39
bemimora +  i  7 0 0

Eq̂ ual Time 17  8 1 1 6
Equation -1- o  9  2 5

273 -250, 3
.225, 4

2 4 ,  9  
i i ) ‘ 2 6 ,  2 (a ,
©  in  ¡2: - 5% 0 0

Apparent. íT. 17 8 10  4 1  •
Obferv, 0 0  8 9  2 0
Error. i 21 ■'

I

An Immerjion of this Satellite hún^ com puted after the fam e manner ac
cording to thefe T ab les , ou gh t to  have happened, An. 1 6 8 3 . Nov. 3 0 .
16  ̂ 5 2 ' 7 " j  but I  obferv’d it  at ló** 4 8 ' 4 0 " ,  fo  that the E rro r  was.

A gain , M . obferved an at Paris  ̂ An. 1 6 9 3 , Jan. 14'  ̂ 10
40' 2 8 " ;  that is, at London i o ‘* 3 0 ' 4 8 " ,  w hich thefe T a b les  give at i o ‘‘
30' 3 9 "  •> and therefore the E rro r  was no m ore than

A fter this m anner I  have com pared thefe T ab les  with many good and certain 
Obfcrvations, and fcarce ever find them  err above 3 or 4  M inutes o f  
T im e •, w hich E rro rs  are exceeding fm all in com parifon o f  the ih ort T im e  
that the Satellites have been difcover’d.

In the C onftru ftion  o f  the T a b le , w hich Ihews the h a lf Continuance o f  
thefe Eclipfeŝ  the Sem idiam eter o f  the Shadow  o f  Jupiter is m ade by Cajftni 
ju il 10 D eg . and that o f  the Satellite 3 0 ' ;  and the Satellite's afcendiag Node be
ing fuppofed in 15° of Aquarius, at the end o f  this Century (that is 55° 20 ' 
before the Perihelion o f  Jupiter) i t  will thence follow , that Num. I . being 
116, or 2 1 0 2 ,  Jupiter pafles the Nodes o f  the Satellite's O rb , and confe- 
quently thefe Eclipfes are Central, and o f  the greateft D uration. But Num.
I. being 2 1 5 ,  or 1 4 8 1 , the Satellite paiTes the Shadow with the greateft 
Obliquity, Vi2,. 2“ 55' from the Center j whence the Semimora becomes of 
all the ihorteft.

3. T h e  T a b les  o f  the other three Satellites not being fo perfed: or e x a d  ^
as thofe o f  the fir it , are here given in another F o rm . T h e  Periods 
their R ev olu tion s to Jupiter'% Shade are as follow .

Period,

Í Í F
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Period. Secundi 
Period. T e r t i i  
Period. Q u arti

d.
3
7

i 6

h.
13
3

i 8

// ///

17
59

5

54

'^6

o /m  2 TÍT R ‘'0' Primi-
t o .  P r im i. 

5 0 / « 9 t t  K t í ’- P r im i -

/V
u
•l

•if

W h e n c e  the T a b le  o f  the F ir i t  E q u a t io n  o f  , the F irfi Satellite^ or M 
Cqffini’s larger T a b le , m a y  b y  an eafy R^duétion ferve the other three ; the 
E q u a t io n  o t the 2d being  ̂ o r  tw ice -th e  M inutes w ith half fo many 
Seconds as there are M inutes in the ^Equation o f  the F irji, and the greateft 
^Equation th ereof iS ' 3 5 " .  - .E q u a tio n  o f  tkt-^d is 4  tim es greater 
than th a t  o f  the Firji^ and when greateft am oiintcth  t o  2** 2 9 '. A n d  the 
^Equation o f  the 4/^ being  9 /-j- tim es that o f  the F trjl, is had by fubtrac* 
tin g  i  and f  from  10  ̂ tim es the .3 ilquation o f  the w hence the greateft
becom es 6 “ 10' 2 8 "  ; fo that Î um. I .  and Num. I I .  as here co llefted  for the 

• F irjl, m ay indifferently ferve all the reft.
M Romer'i 4 . A s to  the Sccond E q u a t io n  o f  the other Satelliteŝ  M .  0 ^ 7 /  has, by

Pracepta Calculi (as is betore m entioned ) fuppofed the M inutes thereof to 
Ibid. p. 254. be increafed in the fam e P ro p o rtio n , as inftead o f  14' 10" in the Firjl to be

2 8 ' 2 7 "  in t\\Q Second̂  5 7 ' ¿2" in the ^hird, and no lefs than 2*‘ 14' 7 " in
the Fourth ; whereas i f  this Second Inequality  did  proceed from  t le fuc- 
ceiTive P ropagation  o f  L ig h t ,  this .E q u a tio n  ou gh t to  be the fam e in all of 
th en i, w hich M . C¿>ffini fays, was w anting  to  be fliew n, to  p erfe ft M . Romet\ 
D em onftration  : wherefore he has rejedted it as ill founded B u t there is a 
g o o d  Caufe to  believe, th a t his M o tiv e  thereto is w hat he has thought not 
proper to  difcover. A nd  the follow ing O bfervations do fufficiently fu|)piy 
the D e fe d  com plained o f  in the m a k in g  out o f  that H y p o th efis .

Av. i6.y6  ̂ 0 6 1 . ft. XL 6^ 10' 3 7 " ,  App. b u t 5** 5 9 ' 3 7 " ,  Equal‘Time \ M.
Cajfini at Paris obferved the Emerficn o f  the 3^ Satellite from  Jupiter's Shadow. 
A n d  again Nov. 14. fo llow ing G" 20 5 5 " . App. T im e ,  but 6 “ s' 55'\ 
Time, he obferved die lik e  E m erfio n  o f  the lam e Satellite. T h e  obferved 
Interval o f  T im £  between thefe Emerjhns was 4 3 “* o'* 6 ' 1 8 " , w hich  is 8' 22" 
m ore than 6  M ean R evolu tion s o f  th is Satellite., o f  w hich 4 '  2 7 '' arife from 
the D ifference o f  the F ir f t  E q u a tio n , and the greater Continuance o f  the Latter 
Eclipfe;  fo that the other 4  M inutes is all that is le ft to  anfwer fo r  the Dif
ference of the id  .iSEquations and Nmn. I I .  in that T im e  increafing from 48 
to  7 2 ,  gives 4  3 6 '' for the D ifference o f  the zd E q u a t io n s  o f  the 
Satellite. S o  that liere the 2d .¿i^quation o f  the Third is found rather lefs 
than that of the FirJl; b u t the D ifference is fo fm all that it  m ay rather be 
attributed  to  the U n certa in ty  o f  O bfervation : W h ereas accord ing  to M. 
Cfifiiii's M e th o d  o f  C alculating, inftead o f  four M inutes it o u g h t to  be 18' 38'̂ } 
and the Interval o f  tliefe tw o Emerfions 4 3 “̂ o*' 2 1 ', exceeding the T im e  ob- 
ferved by a w hole Q uarter o f  an H o u r  j  w hich  that curious Obl'erver could no! 
be deceived in.

T h e  like  appears y«t m ore evidently in the Fourth Satellite. B y  th e  Obfé^ 
varions o f  M r . Flamjieed at Gr̂ enzvich., An, 1 6 8 2 . Sept. 2 4 . i f '  45 ', 
Af>p. but 1 7 ’' 3 2 ',  T. Ej. the Fourth Satellite was feen newly co m e out o f  the

2 Shadow
I f !
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Shadow i fo that about ^o', T. Eq. the firft beginning o f  Emerfion was 
conjv.'(5tured i and after 5  R ev olu tion s, Decemb. 17** i i ' ‘ 1 6 ' or ii*" i 8 ' ,  
f .  Eq. he again obferved the firft A ppcarance o f  the Satellite beginning to  
¡.merge, that is, after an Interval o f  § 3 “ 17" 4 8 ' ;  whereas this Saiellite m akes 
five mean R evolutions in 83'* iS** H ere  we have 37'-^ to be accounted
for by the feveral Inequalities. O f  this 2 1 ' is due to  the firft E q u a t io n s , 
which is reduced to  19 ' by  the G reater Continuance o f  the latter Eclipfê  Ju- 
piier then approaching to  his Defcendhg Node : So  that there remains only 
l 8 ' f  for the D ifference o f  the 2** iilq u ation s, w hilft the E a rth  approached 
Jupiter̂  by  m ore than the Radius o f  its own O rb  : and the Difi^erence o f  the 
2̂  E q u a tio n s  o f  the Firji Satellitê  being according to  Ca¡fmi 8' 3 0 " ,  the faid 
Difference ip the Fourth ou ght to be i 2 0 ' i ,  inftead o f  18' J j  whence the 
Interval o f  thefe tw o Emerftons would be, according to his Precepts, but 83* 
ló** 4 6 ',  inftead o f  83'* 17*" 4 8 '  obferved. A nd whereas i 8 ' i ,  m ay feem  to o  
great a D ifference j it  m uft be noted, firft, that M . Komer had ftated the 
whole 2*' -/Equation 2 2 ' 0 0 " ,  w hich M . Cfíffmi has dim iniihed to  14 ' 10" ; fo 
that inftead o f  8 ' a. M . Romcf allows 13'-, and iecondly, that in the firft o f  
thefe O bfervations, being about hali an H o u r before Sun-rile, the Brightnefs 
of the M o rn in g  m ig h t well hinder the feeing o f  this fm alleft and ilow eft Sa
tellitê  till luch tim e as a good  p a it  thereof wás Emerged.

X C II I .  H a v in g  a great defire to obferve the B o d y  o f  MarSy whilft y/- 
croftjcal and Retrograde i having form erly  w ith a Glafs about 12 F o o t  Io n s , ®/

L T  r  1 • 1  r  • 1 . .  r  r  .  > I > • • I r »  0 ’  M a r s  A j ,oblerv a  lom e km d o f  Sp ots in the Pliafe o f  i t ;  tho it was not in the Pert- Axh; by Dr. 
helium o f  its O rb , but nearer its ylphelium *, yet i  found that the F ace  o f  it , ^
when near its oppofition to the Sun (w ith  a C harge, the 3 6  F o o t  Glafs In. 14. p.S39. 
made ufe o f, would well bear) appeared very  near as b ig , as that o f  the M o o n ^ ^ ’ 
to the naked E y e .

But fuch had been the ill D ifpofition o f  the A ir for feveral N ig h ts , that 
from m ore than 2 0  O bfervations o f  it, w hich I had m ade fince its being Re- 
trogradey 1 could find nothing o í Satisfaction, th o ’ I  often im agined 1 faw 
Spots ; yet the inflc6tive V eins o f  the A ir  (if 1 m ay fo call thofe parts, w hich 
being inierfpers’d up and down in it ,  have a greater or lefs R efractiv e  Pow er 
than the A ir  next ad joining, witii which they are m ix ’d) did m ak e it  fo con- 
fufed and g laring , that I  could not conclude upon aay  thing.

On the 3** o f  M iJr. o'' 30', i 6 6  ‘ ,  in the M o rn in g , th o ’ the A ir  was ftill 
bad enough, yet I could  fee now and then the B o d y  o f  Mars., w hich I de- 
fcribed by tiic Schem e B ,  as exactly  reprefenting What I  faw th ro ’ the Glafs, 
as I could.

yin. i6'6^*-,. Mar. 10. o'* 2 0 ',  in the M o rn in g , finding the A ir  very  bad, I  
made ufe o f  a very  fhallow E y e-G la fs , as finding nothing diftinót with the 
greater C h a r g e ; and faw the A ppcarance o f  it  as in C , w hich I  im agined 
might be the Reprefentation o f  the form er Spcis by  a lefTer Ciiarge. A b o u t 3 
o f  the C lock  the fam e M orn in g , the A ir  being very  bad (tho’ to appearance 
exceeding clear, and caufing all the Stars to tw in k le , and the minute Stars to

appear

Tig* 7451

Fig. 147*
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appear very th ick ) the B o d y  íéemed like  D  ;• v/hich I  - i!I!l fnppofed tó  be the 
Reprefentation o f  the fam e th ro ’ a m ore confiifed and g  aring A ir.

B u t oblerving  Mtir. 2 1 . 1 was Airprized to find the A ir  ( th o ’ not fo clear, 
as to the appearance o f  fm all Stars) fo exceeding tranfparent, and the Face of 
Mars fo very  well definedj' and round and diftinót, that I  could manifeftly fee 
it  o f  the Shape in E ,  about half an H o u r  after 9 at N ig h t . ' T h e  '1 riangular 
Spot on the R ig h t-fid e  (as it was inverted by the T e le fco p e) according to the 
appearances, thro ’ which all the preceding Figures are drawn, appeared very 
b lack  and d iftin ft, and the other towards the left m ore d im  •, but both of 
them  fufficiently plain and defined. A b o u t a Q u arter before 12 o f  the Clock, 
the fam e N ig h t, I obferved it again w ith the fam e G lafs, and found the A p 
pearance e x a d ly , as in F  ; which I  im agined to  fliew m e a M o tion  © f the form 
er Triangular Spoi.

Mar. 22 . about h a lf an H o u r  after 8 at N ig h t , finding the fam e Spois in 
the lam e poilure (as in G )  1 concluded that the preceding O bfervation was only 
the Appearance o f  the fame Spots at another H e ig h t and T h ick n e fs  of the Air-, 
and thou ght m y fe lf confirm ed in this O pinion, by  finding them  in m uch the 
fame F o ih ire , Mar. 2 3 . about half an H o u r  after 9 (as in H )  th o ’ the A ir  was 
nothing fo good  as before.

Alar. 28. about 3 o f  the C lo c k , the A ir  being light (in W e ig h t)  th o ’ moift- 
and a little hazy , I  plainly faw ic to  have the F o rm  reprefented in I which is 
n o t reconcileable with the other A ppearances, unlefs we allow a Turbinated 
M o tio n  o f  Mars upon its Center : W h ich , i f  fuch there be, from  the Obfer- 
vations m ade Mar. 2 1 ,  2 2 ,  and 23. we m ay guefs it to  be once or tw ice in a- 
bout 2 4  H o u rs , unlefs it  m ay have fom e kind  o f L ib ra tin g  M o tio n  •, which 
feem s not fo likely .

X C I V .  yifi. 1 6 7 2 . Sept. I  meafured w ith a M icro m eter  and a T u b e  o f  14 
feet, the D iftance o f  Mars from  tw o fixt Stars the fam e N ig h t. W h en ce  I 
learn’d that his A cronic and Perigean Parallax is never greater than 2 5  fecond 
Scruples. W h en ce  it follow s, that at m o il the Su»’s is 1 0 " ,  and his diftance 
is 2 10 0 0  o f  the Earth'% Sem idiam eters.

X C V ,  I .  An. 1 6 7 2 . May 14  in the M o rn in g . T h e  P lanet Mars pafled 
near the Star called that at the B u tto ck s  o f  Aquarius.̂  w hofe L a titu d e  is 2° 0' 
o'. Its  P lace  at that T im e  according to  m e was 2 4 “ 12 ' 9 "  x  '■> according to 
Street 24° 9" d'. F ro m  whence I  obferved

T h e  true A ltitu d e o f  
the fix t Star being 9  4 0

11 12
12 0 0

A t  2** 2 9 ' in the M o rn in g , the 
diftance o f  Mars e x a il ly  in the 
fam e Azimuth 

T h e  fam e diftance again —  — 
A t  2*' 5 1 '. T h e  Planet had de

parted from  the fam e Â zimutĥ  
and was to the E a ft  o f  the Azi
muth L in e  i the DifF. being

O
24 17

24 24

o  0 0  55

2* 25'
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A t 2̂  2 9 '. in the M o rn in g  the "ParallaElkal Angle was 
T herefore  Mars is in Confcquence of the fixt Star —
W ith  greater Southern L atitu d e  ---------  ---------
T h erefore  the L atitu d e o f  Mars ------- --  ---- -  .

H is  true P lace according to Street sc. 
M e —

fr

82 2 6  0 0  
0 0  3 1 1  
0 0  2 4  4  

2 2 4  4
2 4  12 17 
2 4  15 0 4

2. An. 1683.. M a y 9 ’* 12'. M izrj celebrated a C onjunélion with the laft Oantzick;
Star but one o f  the Southern W in g  o f  Virgô  w hich now is in 13° 4 9 ' 14". 
e : ,  and its L atitu d e 1“ 4 8 ' 3 3 "  N orth  ; ib  that at the T im e  o f  the Conjunéti-  ̂
on Mars pafs’d hardly m ore than 4 0 "  below  the faid Star.

X C V I .  I .  M . hath fignified from  Poland̂  that he hath o b f e r v e d m v m u s ;
Inequalities in Venus as in the Moon. ^

2. I  have at laft d ifcovered towards the M id d le  o f  the B o d y  o f  Venus Zm RotatíM̂f 
part clearer than the reft, by  w hich one m ay iudge o f  the M o tio n , or the"''«"“*i ^r^- 
R e ft  o f  this P lanet. ^

T h e  firft tim e I  faw.it^ was 05lob. 14. 1 6 6 6 . 5'' 4 5 ',  p.m. and then this "■ 3s-p-«Sr*
bright part was very near the Center, on the N orth-fide. A nd at the fame 
tim e I obferv ’d W e f t  ward two obfcure S ôts, fom ew hat oblong ; but I  
could not then fee that refplendent part long enough to conclude any thing 
from  thence, nor was I  able to fee any thing wel o f  thofe parts till April 
28 . 1 6 6 7 . on w hich D ay  a quarter o f  an H o u r before Sun-rifing, I fa w  a- 
gain a bright part, fituated near the Section , and diftant from  the Southern 
H o rn  a little m ore than ^ o f  its D iam eter. A nd near the Eaftern  R in g  Í 
faw a dark and fom ew hat oblong Spot̂  which was nearer to the N orthern 
than the Southern H o rn . A t  the R ifin g  o f  the 5«w, I  perceived, that this 
bright part was then no m ore fo near the Southern H o rn , but diftant from  
it Y o f  its D iam eter. T h is  gave m e great Satisfadtion. B u t I was furprized 
at the fam e tim e to  find, that the fam e M o tio n , which was made fi-om 
South to  N o rth  in the inferior part, o f  the D isk , was on the contrary matle 
from N o rth  to South  in the Superior part whence the Determ ination oí 
the M otion  m ay be better ta k e n : F o r  we have no E xam p le  o f  the like 
M otion, except it be that o f  the L ib ra tio n  o f  the Moon.

T h e  next D ay , at the R ifin g  o f  th e  Sun̂  the faid brigh t part was not far 
from the Sedtion, and diftant from  the Southern H o rn  -J: o f the Diam eter.
W hen the Sun was 4  D egrees h igh , the lam e was fituated near tlie Seélion, 
remote from  the Soutliern H o rn  4- ot the D iam eter. T h e  Sun being high 
6° 10 ', it  i'eemed to  have pafled the Center, and that the Section or the 
Diflc did cu t the fam e. T h e  Sun being 7° high, it appeared yet more a t - 
vanced N orthw ard, together w ith tw o obfcure Spots feated between the S ec
tion and the C ircum ference, and equally diftant from  one another, and from  
each H o rn  on both  Sides, A nd the S k y  being very clear, 1 oblervcd the M o 
tion o f  the bright part tor 1-5^ which then Icem td  to be exactly made from  
South to N o rth  w ithout auy fenfible Inclination Eaftw ard or Weftwai'd. M ean
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(  4 2 6  )
tim e I  perceived in the M o tio n  o f  the d ark  Spois fo great a V ariation , that it 
o w n o tb e  afcribed to  any R<iafon in Opticks, , ;

May \o a|nd 1 3 . B efore  Sufi-RiJtHgy 1 faw ftill the b rig h t part near tlie C enter 
T^orthwz^rd. . , ,  ,  ,

L ^ l y - ,  Jtine .$ and 6. B e fo re  the RiJGag o f  the S;ííí\¡ I  faw tli^ f^ifiq tw». 
tween th ? N orth ern  H o r a  and the Center o f  this Planet,, and I  noted the lame 
irregular Variati:on in the^obfcure Ik it  w h e n b e g a n  to  be farther
rem oved  from  the Éartk  ̂ it was m ore difficult to  obferve the Phcsnomena.

It  is very  diiSculc to  determ ine any th ing  o f  tlie  M o tio n  o f  thefe^^i?/^;  _Yet 
tbiiS i  c^n fey (luppofing tliat this brigh t part o f  Ventû  -vvhich I  h?ve vi?í¿rV d, 
e fp ^ w il j5 jt l i^  Y e a r  1 6 6 7 , hath always be^n the Ik iie )  that ir> lefs than.one 
D a y  it abfolves its IVfetiion, w hether o f  R e v o k itio n  o f  Libraftion, fo ap jn, 
near 23  H ou rs it returns to  the fam e Situation in th is Planet̂  which* yet hap> 
]:fei>s n^W (í6hput lo m e irregularity . j  r

• “
•  -  T

-í-i’.Vfíjí/wc- } ^ G ¥ IL  An. 1683» Aug. 4 . at a lm oft 2*’ in the A fternoon. Vmm was
diftfir^ towfifds the N o rd i only 16 ' from  a fix t S tar  o f  the third M agnitude» 
called the B<̂ /̂  o f Pollux j  w hich I  found exaélly  by  the M icro m e te r ,

154. p* 419.

X C V I I I .
Mcrcyry obferved 
in the Sun, 1 6 9 0 .  

jtt Nuremberg,* 
M , fo. Phil. 

‘VV'urtzelbaur.
»• 29Z. p. 483«

Time iy the 
Clock.

h. '  "
6  3 2  G O  

9  0 0  0 0  
9 4  30

8 3 0  0 0

8 36 GO

8 49 00
8 59 45
9 7 10

9 50 GO
11 I 30

Obfcruations.

OSiob. 3 0 , A ftern o o n , An. 1690.
Os Pegafi culm inates — —- -------
Andromeáa'% H e a d  culm inates -----
Jupiter culm inates ---------  -------

Oñoh. 3 1 . M o rn in g .
T h e  Sun em erged  out o f  the C lo u d s ; above his D ifk , in 

the T a b le  o f  O bíérvation , at the D ifta n ce  o f  more 
than h a lf  a D ig it  from  the V ertica l to  the rig h t H and, 
(th o ’ really to  the le ft ,)  Mercury appear’d g o in g  out 
o f  his L im b .

A fter Mercury had adhered a M in u te  o f  T im e  to  the 
undulating L im b  o f  the Sun̂  he w ent ou t at 14° from  
the Zenith towards the N o rth .

T h e  A ltitu d e o f  the Sun - - ----  ■■■■■'■ » —

’l̂ ime by 
Calculation

h. ' " 
6  2 8  4.Í 
8 52  17

0 h. ' "
10 5 8 38 38
I I 10 8 47 48
12 10 8 56 24
16 28 9 38 7
21 31 10 56 32

T h e  R a t io  o f  th e  D iam eters o f  the Stin̂  and o f  the Nucleus o f  Mercury, 
v/hile he continued in the lucid D ifk  o f  the Sun̂  as far as could  be guefs’d 
th ro u g h  the A ir  th a t was p retty  th ic k , was as 1 0 0 0  to  8-¿. A fte r  he had ar

rived
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rived at the L im b  o f  the 5«« , and had adhered alm oft a M inute to  the undu
lating L im b , and had recovered his genuine Roundnefs ;  (for he had aíTumed 
as it were an E llip tical F o rm  before, from  the L ig h t  o f  the the pro
portion was as 10 0 0  to  12 4-

X C I X .  An. Nov. N e w  S t y le ;  at 7 ” 25 '. A fte r  the iW  had e-Mercuryoi-
nierged out o f  the C louds, d ireftin g  m y  T elefco p e to  h im , the Difference ^
the right A fcenfion o f  the Center o f  Mercury to the W e ft ,  and the Center ot». 1697; M
the 5/Í77, was obferved by the C lo ck  ----- ^ -------  ------

T h e  Difference o f  the D eclination of Mercury to  the Sou th  was 
A t  S'* 3'. T h e  D ifference o f  R ig h t  A fcenfion o f  the Centers o f

Mercury to  the W e f t  and o f  the Sun w as. H o u rs  ---------
T h e  D ifference o f  D eclination w as. D egrees -------  — —

( 427 )

o'-
o
o
o

I I '
6

52
2 0

Cafmi II 215*
p. 37a.

3 0
4  4 2

A t  S'* 8' 3 8 " . T h e  preceding L im b  o t Mercury arrived at the preceding 
L im b  o f  the Sun.

A t S'* 10' 2 4 " .  M i r íT«r7 w holly em erged out o f  the 5aa’s D iik , being ob
ferved with a T e le fco p e  o f  1 8 F e e t.

F ro m  thefe O bfervations com pared together, as far as can be co lled ed  
fi'oni lb  fhort an Interval, I  found by T rig o n o m etry  that Mercury cam e to the 
M id d le ot his P ath  in the Diflc at ó** i 18"  in the A fternoon.

A nd that the A fcending N ode o f  Mercwy was in 14° 4 2 '.  ftill m ore ad
vanced than by the Obfervations o f  the Y e a r  1 6 7 7 .

A lfo  I  found by com parifon o f  the laft O bfervations, that the Inclination 
o f  Mercurf% O rb it to the E c lip t ic k  was 6° 2 3 ' ;  w hich how ever, becauie o f  
the fhort Interval o f  thefe O bfervations, I  dare not prefer to that w hich I  de
rived from  the Chlneje O bfervations o f  the R everend  F ath er Fontenaŷ  which 
were diftant b y  a m uch greater Interval. T h is  was 6° 4 0 '.  w hich approaches 
nearer to  the Rudt>lphine T ab les.

C . I t  has been long ago d ifcover’d , not only from  the Principles of true 
A ilro n o m y , but upon the C redit o f  the beit O blervers, that the Planets Mcr- 
cuT) and Venus fom etim cs enter the D ifk  o f  the Sun̂  and are feen within his 
bright O rb  to  pafs along like bhtckifh Spots. B u t by  w hat L a w  and on what 
Conditions, alfo in w hat Intervals o f  Y ears, thefe Phenom ena are prcfented to 
our V iew , has not yet ( I  th in k ) been duly determ in’d by our m odern A ftrono- 
niers. Sure I  am , that about this M atter I have feen nothing yet in Print. T h ere 
fore I thought i“ m ight not be unacceptable, i f  I ferioufly apply ’d m yfclt to 
this Inquiry i and I truft that in this DifTertation I  iliall fully unfold the whole 
Affair, which is perplexed enough, and underftood but by few.

It is fuííiciently  m anifeft, that thefe Phafes o f  thefe Planets always happen 
when they are retrograde and in their Conjunólions w ith the Suñ \ that is, when 
the Sun is fo near their N odes, th at the L atitu d e o f  the P lanet in Conjundtion 
with the 5«//, m ay not exceed the iS««’s Sem idiam eter. N ow  that I may the 
m ore cafily  inveftigate the L im its  and Conditions o f  thefe Conjunctions, and 
as the E lem en ts  o f  Calculation tor each ot theie Planets are very d iíe re n t , I 
fliall m anage them  feparately ; and ftrft I  will begin with Mercury.

1 i i 2

The C.,n-
iunfíiom o f  the  ̂ * 
In'enor IMancrs 
with the Sun > 
hy M r. HallfV.
« * 9 5 ■ 5 ' ' •
«Var. An. 1601



W e  are well aflured, that the A fcending N od e o f  this P lanet, according to 
the lateft and beft O bfervations, is about 15 D egrees in ’Tauruŝ  o r  rather at 
o* 15° 4 4 '  from  the firft S tar in Arieŝ  in the prefent A g e . A nd  that the De- 
fcending or O p pofite  N od e is at 6* 15° 44  from  the ñ r íl  S tar o f  Aries. And 
the A n g le  in w hich the Plain o f  Mercury‘s O rb it is inclined to  the Ecliptic, is 
p retty  well determ in’d by  Kepler to  be 6° 54'. N ow  by the m oft approved 
H y p o th efes  it appears, that when Mercury is in his A fcending N ode his dif- 
tance from  the 0’«« is 3 1 3 6 5  o f  fuch Parts, as the mean D iftance o f  the 8hh 
fro m  die E a rth  is 1 0 0 0 0 0 . B u t when he is in his other N o d e, his Diftance 
then meafured in the fam e Parts is 4 5 3 0 8 .  B u t  the Sun when oppofite to the 
A fcending  N o d e, is d iftant from  the E a rth  in C o n ju n d io n  to  the fam e 9 8 9 5 5  
o f  the fam e Parts ; but at the other N od e the fam e D iftance is 1 0 1 0 0 7 . And 
therefore Mercury in C o n ju n d io n  with the Sun at the A fcending N od e is dif
tant from  the 6 7 5 9 1  Parts, and at the D efcending N o d e 5 5 6 9 9  Parts. 
A s  thefe differ very w idely, the Conjunctions m ade at different N odes m uft be 
confidercd  feparateiy ; and.for brevity  fake we fliall g ive the E lem en ts o f  Cal
culation in a Synoptical M anner.

M ercu ry  being Retrograde is in central Conjtm îon with the Su n , at the Afcending 
Node, in the Month o f O fto b e r  ; and from the aforefaid Hypothefes we fliall havê

( 4'28 )

tf

T h e  Sun’s L o n g itu d e  from  the firft Star o f  Aries 
T h e  L on g itu d e o f  Mercury feen from  the Sun
Mercury’s D iftance from  the Sun — --- - - -  ----
Mercury’s D iftance from  the Earth

3 ^ 9 6 5
0 7 5 9 1

T h e  A n g le  o f  the Inclination o f  Mercury's O rb it ----
S ix  H o u rs  M otions o f  Mercury feen from  the Sun -- - - - - - - - -
T h e  Suî s M o tio n  in the fam e fix H o u r s --------- ----------  —
H e n c e  Mercury's M otion  from  the Sun in fix  H o u rs - - - - - - - - -
A n d  his M otion  in 6  H ours from  the Sun feen from  the Earth 
A n d  the A n gle  o f  Mercury’s P a th  feen within the Sun with tlie

Ecliptic -----  ------  — -  - - - - - -  ------  ------  —
H e n c e  Mercury’s M o tion  in 6  H o u rs in his vifible O rb it -----
T h e n  A/ifrc«;3'’s M o tio n  in a Sidereal Y e a r  beyond 4  R evolutions
T h e re fo re  in 13 Y ears ---------  .  ■ ■ - - - - - -  ---------------  —
T h e re fo re  w anting to 5 4  intire R ev olu tion s • ■ ■ ■

W h ic h  Space Mercury pafies over in — —  ■ ■ ■■ ■—
In  w hich tim e the Sun’s P lace  is advanced, and the Situation o f  

the C onjun6lion  in  the N o d e is as m uch diftant from  the
Conjunórion ot the Earth ------  ------  ■■ ------

N o w  that A rch  view ’d from  the Earth is ------  -------  —
W h e n c e  fro m  the given A n gle  o f  the P ath  feen 8“ 15'. the Bafe 

m ay  be found, or  the D iftance from  the vifible Conjundtion

6  15 4 4  00  
o  15 4 4  0 0

o
o
o
o
o

6  5 4  00 
I 3 0  58
0 * 5  5 
I ^5 53 
o  3 5  12

o 8 15 00
0 o 35 40
1 24 45 8

II  21 î i6 44
o 8 13 16 

d. h. '
2 CO I I//

2 I 00 
O 5 6  10

o  55 H 
Which
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W h ich  A rch  is pafled over by  Mercury according to  the given
horary M otion  in ---------  -----  ---------  -------  —

But 13 fidereal Y ears exceed fo m any Julian w ith three Inter
calations by  ------  ------  ------  ------ - - - - - - - - - -  ----- -

Therefore Mercury returns to tlie Sun after 13 Julian Y ears, and
moreover ---  ---  —  -----  ---  -----

O r with four Intercalations, i f  the foregoing Y e a r  be the third
from  the BiJJexiile ------  ------  --------  — ——  ■■

But from  the A rch  5 6 ' 10". and the given A n g le , the Perpen
dicular, or the neareft D iftance o f  t  le C on ju nftion  from  the
Sufi, is -----  ——  -----  - - - - - -  - - - - - -  -----  ------

Therefore the C onjunftion  confpicuous within the Sun after 13 
Y ears proceeds m ore N ortherly  8' 3 ". -- - - - - - - - -  ■■ ■

( 429 )
h. //

9 21

8 0
d. h. /
2 17 3 4

I 17 34
/ ff

0 8 3

//
B y  a like R eafoning  in 4 6  Sidereal Years the Conjunólion m oves 1 1 
Therefore to 19 1 intire R evolutions are wanting -------  —  o

T h a t  is in T im e

28 3 6  8
I 2 3  52  

h . '
8 1 2 //

In which the Sun advances — —  ------
T h is  A rch  view ’d from  the Earth becom es 
And the Bafe belonging to it is ------  —

But the T im e  in which Mercury defcribes the Bafe is *—  —  
But 4 6  Sidereal Y ears  exceed fo m any Julian Y ears , w ith 1 1

Intercalations, by  -----  -  —  - - - - - - - - -  - - - - - -  - - - - - - - -
A nd Mercury returns to  the Sun after 4 6  Julian Y ears , and 

m oreover

o  2 0  4 1  
o  9  3 6
0  9 3 0  
h. ' "
1 3 0  0 0

19
d.

O r w ith 12 Intercalations, as it happens when the foregoing
Y ear in the fecond or third from  the Bijfextile -------  —

But the Perpendicular, by w hich Mcrcury advances N ortherly , 
is ■- ’  . . . . . .  ■> ----    - - - - - -  — —  -----   —

N ow  the m o il accurate Period  o f  Mercury to  the Sun is fin iih ’d
in 2 6 3  Sidereal Y ears, and m oreover ------- - ---------

But theie Sidereal Y ears exceed fo m any Julian  ̂ w ith 6 6  Inter
calations, b y  ---------  — — — ---------  ■ -  ——

W hence after 2 6 3  Julian Y ears  Mercury returns to  the Sun, 
but later by ——  ■ ■ ..........  ...........  ...........  

N ow  i f  the foregoin g  Y e a r  is BtJJextiley let there be added —  
T hen  after this Interval he goes m ore to  the N o rth  b y  —

o
o

4  5 Í  / //
0  I 22

h. ' "
1 II 30

10 2 0  o

11 33  3 0
d.
I I I  31 3 0
o  G O 1 0

N ow  the other m o re  extenfive Periods are very eaüly derived from  thefe al
ready found, and are o f  6 or 7 Y ears.

 ̂  ̂ T h a t



T h a t  w hich is com p lcatcd  in 7  Y ears  depreffes Mercury 2 2 ' 4 7 " ,  toWarcís 
the South , and com es fooner by  7 w hole D ay s, excepting  9  M inu tes, it there 
are tw o Intercalations. B u t w ith one Intercalation, that is when the foreo-oing 
Y e a r  is Bijfextile  ̂ 6  D ays are to  be fubtra<iled, adding only 9  M inu tes as béfor^

B u t th at V ag abo n d  Planet is feldom  again to  be found in the Sun̂ % D ifk  af
te r  6  Y ea rs  ; for having this P eriod , he palles 3 0 ' 5 0 "  m o re  to  the North • 
A n d  this later by  9 “* 17'* 2 5 ',  i f  tlie foregoing  Y e a r  be the fecond or third from 
the Bijfdxtilei otherwife S'* 17'’ 25 '. are to  be added.

In like manner i f  the C o n ju n d io n  happen at the D efcend ing  N o d e , in the
Month o f A p ril.

( 4 3 0 )

T h e  Sun*s L o n g itu d e  from  the firft S tar o f Aries 
T h e  L ongitu d e o f  Mercury feen from  the Sun — 
T h e  D iftanee o f  the P lanet from  the Sun as before 
H is  D iftanee from  the Earth - - - - - - ----- -----  —
T h e  M o tio n  o f  Mercury feen from  tlie Sun̂  in fix  H o u rs  
T h e  M o tio n  in the fam e T im e  
T h e  M o tio n  o f  Mercury from  the Sun

4 5 3 0 8
55^99

s,
o
6

if

15 44  00 
15 4 4  00

H en ce  the A n g le  o f  the Path  o f  Mercury feen within the <S'/í;;’s
D iik  m ade with th e  becom es ------  - --------  —

B u t his M otion  feen from  th e  Earth, in f ix  H o u rs  is ■

o
o
o

o
o

o  1 4  29 
O 4 3  21 
o  28  52

10 18 00 
o  23  52

W h e n ce  if  v/e follow  the M eth o d  o f  the foreg o in g  C alculation, it is found 
that after 13 Y ea rs , and m oreover 3** 7'' 37 '. Mercury will rea irn  to his Con- 
ju n ft io n  w ith the Sim. A nd  i f  the foregoin g  Y e a r  be the third from  the Bijjex- 

then only 3 7^ are to  be  added, tiien Mercury will be found to move 
1 6 ' 5 5 "  m ore to  the South .

B u t  after 46 Y e a rs , w ith 12 Intercalations m u ft be added o'* f" 14'. anc 
there will be had Mercury in Conjun6Hon w ith the Sun in a m ore Southern Path 
b y  2 ' 2 3 "  B u t i f  the foreg o in g  Y e a r  be Bíjje>:tílê  or the firil from  it, there 
m u ft be added i** 7" 14 ', that the C onjun6lion m ay  be had accurately. In  like 
m anner after 2 6 3  Y ears , in w hich Mercury will dedine- tow ards the South 0' 
2 2 " ,  there m uft be added ii** 4 9 ' or i i ‘‘ 49 '. accord ing  to  the R u le  pre- 
fcr ib ed  in the fo rm er Cafe.

B u t  in 6  or 7 Y ears , becaufe o f  the V ic in ity  o f  th e  Earth and tlie Planet, 
and thereiore becaufe o f  the A rches enlarged at th is -N o d e , he does not return 
to  the San fo as to  appear within his D ilk . B u t after 3 3  Y ears  he paffes the 
Sun at a m ore northerly P a th  o f  14 ' 2 " . A nd  the M o m en t o f  ConjOnftion 
w ill be had by  fu btraftin g  3*“- 2 5 ',  from  the tim e o f  the fo rm e r, i f  i t  be in
th e  third Y e a r  from  the Bijjextile. O therw ife only  2“* o*' 2 3 ' m uft be fubtracled.

T h e fe  being found it  will be eafy to  continue th e  Calculation fo r  all thefe 
C on ju nélion s o f  Mercury with the Sun̂  and that w ith the greateft ccrtainty, 
and w ithou t any doubt w hether o r no all that are poffible are included. 
B y  A d d itio n  alone the M o m en ts  o f  the Conjundtions w ill be obtain ’d , and the 
D iftan ces o f  the P lanet from  the C enter o f  the Sun •, w hence alfo by  help of

I the

nED



(  43* )
the T a b le  the D urations o f  thefe Eclipfes  ̂ as they may^be called, m ay be taken 
out, fo that nothing m ay be wantin'^ to ^on>pldat thi& 'Affair.

A s to  the Epochŝ  they m ay be found w ith m ore fafety by the Induftry o f  
Obfervers, than dei^ved b y  any- .^btll.e Calculation. Therefore in the firft 
Cafe we have m ade choice o f  that ijotable T r á n f i f  o f  Mercurŷ  which I m y fe lf 
made a m o il co m p h a t O b ferv ation lo f, ifi the I lk n d  o f  S t. Helem  ̂ O£lob. 2 8 . 
An. 1 6 7 7 , O ld  Stjlle^ aiid.wlioÍ£. M id d le  I  detewn-ined from  the Beginning 
and E n d , to  be in ¡the faid ifland át o'* 4' A fternoon, bu t at London o'» 2 8 ' 
Afternoon. N ow  tjbe P a th  .w hich; |the P lanet feera’d to  oibferve, was 4.' 4.0" 
more northerly thail the Ceptí r. Ih. the othei; Cafe^ that is , when Mer
cury is in Conjun6tii>h w iili the Sm in  th e  M o n th  of  ̂JiprtU I  have thought fit 
to take the Epoch frjam .the karne^»f/íw//«J»^í Treatrfs o f M ercu ry  feen m the 
Sun, p. 7 2 ,  7 5 ,  w i i c h i s ,  that / ^ V  2^..4n. j6 6 2 y Ó id  Sty le , at 6'' 8 ' A fter
noon at Dantzick  ̂ khat is, a t4 * ‘ ^^4' arc Mercury appeared very  near
the Center o f  the 5«^, as being ir> t&c M id d le  o f  his T ra n fit , and at the fame 
T im e  was diftant from  .that Center , 4 '  2 7 "  to  the N o rth . H en ce  by the fore
going Precepts it will be a W o r k  of but little T ro u b le , to  exhibit in order all 
tiie vifible Conjunótions o f  Mercur'j y i t h  the Sm at.the fam e T im e . A nd  for 
an E xam p le  that any one m ay imitaite hereafter, here are all the Phenom ena o f  
this k in d , that have ever appeared this p re fe n tA g e  lince the Invention o f  the 
T elefcop e, o r  that will appear to  P o ile r ity  in the A gp'follow ing.

A Series o f the Moments at which M ercu ry  is feen in ConjunBion •with the Sun,. 
and within his Dijk, for the prefiní and the next Agê  with the Dijianees of the 
fame Planet from the Sun’ j  Qnter.

In A P  R 1 L .

Tean%
Times o f the Con- 

jtmUion.
Difiances from  the 

Su n ’ j  Center.

d. h. / / tf

1615 2 2 21 3 8  *  , 7 2 0 N .
1628 25 5 15  * 9 35 S.
1661 23 4 52 *■ 4 27 N .
1 6 7 4 2 6 12 2 9 12 28 S .AM
Í7 0 7 24 12 6 I 34 N .
1 7 2 0 2 6 1 9 43 * '5 2 1 S.
1 7 4 0 21 11 43 •5 36 N .
Í 753 2 4 19 2 0  * I 19 s .
Í 7 8 6 22 18 57 * 12 43 N .
1 7 9 9 2 6 2 34 * 4 1 2 S.
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I n 0 C 2 - 0 5 £ i?.

Tears Times of the Con- 
• #

Diftances from 
the Suh*Jjuncuon. ter. 1

d. h. / / //
1605 22 8 2 9 I 2 4 8 South
1 6 1 8 25 2 4 4 45 S .
1631 2 7 19 37

»

3 18 N orth
1 6 4 4 30 13 I I I I 2 1 N .
1651 23 13 2 0 i i 26 S.
1 6 6 4 25 ’ 6 5 4 3 23 S.
1 6 7 7 28 0 2 8 *  *

4 4 0 N .
1 6 9 0 30 18 2 12 43 N . 1
1 6 9 7 23 18 I I 10 4 S.
1 7 1 0 2 5 I I 45 2 I S.
1723 29 5 19 5 2 N .
1 7 3 0 22 5 2 8 16 45 S.
1 7 3 6 30 2 2 53 '3 5 N .
^743 2 4 23 2 8 4 2 S.
1756 2 6 16 3 6 0 39 S.
1769 2 9 10 10 7 2 4 N .
177 6 22 10 19 Í 5 23 S .

Nov.
1 7 8 2 I 3 4 4 2 7 N .

.  ■ OSl.
178 9 25 3 5 3 7 2 0 S.

14 ji
I k

T h o fe  T ran fits  which have the M a r k  are b u t partly  vifible at London; 
b u t tho le  w hich are m arked  *  * ,  are totally vifible.

N o w  it i s , t o  be ob íérv ed , th at at the A fcending  N o d e o f  Mercury in the 
M o n th  o f  Oilober, the D iam eter o f  the Sun takes up 3 2 ' 3 4 " ,  and therefore 
th e  greateft D uration o f  a Central T ra n fit  is 5>> 2 9 '. B u t in die M onth  of 
^pril the D iam eter o f  the Sun is 3 1 ' 5 4 " ,  w hence b y  reafon o f  the flower M o
tion  o f  the P lanet, there arifes the greateft D uration  S'* i ' .  N ow  i f  Mercury 
approaches obliquely, thefe D urations becom e iliorter on account o f  the Dil- 
lan ce  fro m  the Center o f  the Sun. A n d  that the Calculation m ay be made 
m o re  p e rfe ft , I  have added the follow ing T a b le s , in w hich are exhibited the 
h a lf  D urations o f  thefe Eclipfes  ̂ to  every M in u te  o f  the D iftance feen feom 
th e  C enter o í the Sun. T h e fe  added to  o r fu btra ited  from  the M o m en t of 
C o n ju n étio n  found by the foreg o in g  T a b le  m ark  out the Beginning and Enc 
o f  the w hole Phenom enon.
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A P R I L .

•

‘The half 
duration

The half 
duration

h. ' f h' '
0 2 44» 0 4  ot
I 2 44 1 4 0
2 2 43

2 414

2 3 581
3 3 3 56
4 2 39t 4 3 53 

3 48Í5 2 36t 5

6 2 33 
2 28Í

•

6 3 43
7 7 3 36
8 2 23 8 .3 28
9 2 17 9 3 i 8|

10 2 10 10 3 7

I I 2 I 11 2 54
12 I 51

•
» 12 2 38

13 I 39 % 13 2 19

14 I 24 • >4 I 55
15 I 4 -

15 I 2 l i

16
0 50 

0 30
I 5i 0 56

Thefe Numbers truly reprefent all the Obfervations hitherto made, nor have 
T any reafon to doubt o f the future, fince of all the Planets Mercury being 
neareft the iSa», approaches fo near to his Center, that it is leaft difturb’d by 
the Intervention of other Centers ; nor is it fenfibly affefted by thofe Deviati
ons which arife from the Syftem o f the reft, to which the fuperior Planets, 
and efpecially Saiurn  ̂ is much expofed.

I have purpofely omitted the Parallaxes as very fmall, and which being dif
ferent in different Places, ought not to be admitted in a general Calculation. 
And likewife becaufe it is not yet certain how much they are, but ratlier may 
be very fafely derived from fuch Obfervations. Neither have I taken any Ac
count of Mercury^5 Diameter, becaufe being incredibly fmall, he feems to ad
here to the Sufi's Limb only a very few Minutes. From a moft accurate Ob- 
fervation I have found, that hardly two Minutes were over whilft he wholly 
came out of the Sun̂  O£lob. 28. 1677. whence I concluded his Diameter tobe 

V ol. I. K  k k  0' i i "



ir*

m
i

i '

l!r.:

I

i
(■

.11 i. 
J  J> *•

r!.i»ii"

1«

Pit

‘il;

o  1 1
(  4 ^ 3 4  )

•, and according to  the ratio o f  the D iftances from  the Earth, at the 
o th er Node it was a lm oft o ' 1 3 " t .  T h ere fo re  then M in u tes o f  T im e  were 
fpent, w hilft the w hole P lanet dire¿tly  pafs’d th ro u g h  the L im b  o f  the Sun. 
B u t  when he paiTes oljriquely, he continues fom eth ing  lo n g er, according as 
the Secants o f  the A ngles o f  Incidence are encreaied. A lfo  there is hardly any 
need that we ihould mjakc any E ftim a te  o f  the E q u atio n s o f  I ’i m e ; becaufe a 
great m any Dalys they continue conftant, and as it  were invariable on both  fides 
in  each IMonth.

Of the ñftfibU'Con'jmSlion of V enus •mith the Sun.
! *- 'T h o ’ Venus is the njiO'ft beautiful o f  all the Stars, y e t  lik e  the reft o f  her 

S e x , ilie does not car? to  appear in fight w ithout her borrow ed Ornam ents, 
and her affumed Splendor. F o r  the confined L aw s o f  M otion  envy this 
Sp ectacle  to the-M ortals o f  a w hole A g e , like  the Secular G am es o f  the A n ci
ents ; th o ’ it be far the m oft noble am ong all thofe that A ilro n o m y  can pre
tend to  ihow . N o w  it iliall be declared hereafter, that by  this one O bfervati- 
on alone, the D iilan ce  o f the Sun from  the Earth m ay be determ ined with the 
greateft C ertainty, w hich hitherto has been included within wide L im its ,  be
caufe o f  the Parallax w hich is otherwife infenfible. B u t  as to  the Periods, they 
cannot be defcribed fo accurately  as thofe o f  Mercwy, fince Venus has been ob- 
ierved within the Sun̂ s D iik  but once fince the B eginning  o f  the W o rld , and 
that by our Horrcx. T a k e  here the Su m  o f  the C alcu lation , the M otion s be
in g  corre£ted, as far as was poiTible by the rude O bfervations o f  the Ancients.

T h e  L o n g itu d e  o f  the Afcending Node o f  Venus from  the fir il
Star o f  Aries - - - - - - - - -  -- - - - - - - - -  ---------  ---------  —

T h erefo re  the Sun is in C onju nation w ith it in the oppofite 
P o in t, that is , for forne A ges about the E n d  o f  November

T h e  D iilan ce  o f  Venus from  the Sun in P arts ------  7 *997
T h e -D iila n ce  o f  Venus from  the Earth ---------  —  2 6 4 3 8
T h e  Inclination o f  the O rb it o f  Venus to  the Ecliptic ---------
T h e  M o tion  o f  Venus in 8 Sidereal Y ea rs , above 13 R evolu tion s 
T h e  M o tio n  o f  Venus in 2 3 5  Sidereal Y ears , above 3 8 1  R e v o 

lutions ---------  - - - - - - - - -  --------- , - - - - - - -  ------  —
T h e  M o tio n  o f  Venus in 2 4 3  SiderealYtzr^, above 3 9 5  R e v o 

lutions «—  — — —  ------  ■ ■ -  — —-

F r o m  thefe Principles a Calculation being m ad e, accord ing to  the M ethod 
explain’ d in Mercury, the Intervals o f  T im e s  and D iftances will co m e out as 
follow s.

A fte r  18 Y ears  Venus returns to  the Sun, tak in g  away 2* lO** from
the M o m e n t o f  the foregoing T r a n f i t ;  and the P lanet proceeds in a Path 
w hich is 24'' 4 1 " .  m ore to  the Sou th  than the form er.

A fte r  2 3 5  Y ears  adding \<̂  9 ',  Venus m ay again enter the Sun̂  but in a
more

s. 0 / //

1 15 16 GO

7 15 16 0 0

0 3 23 0
0 I 3 0 281-

11 2 9 T7 39

0 0 4 8 8
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m ore northern Path  by i i '  3 3 " .  B u t i f  the foregoing Y ear Is BiJJexiile, 3'' 10'« 9 ' 
m uft be added.

A fter 2 4 3  Y ears Venus m ay alfo pafs the Su», only taking away o ‘  4 3 ' from  
the T im e  o f  the fo r m e r ; b u t procceeds m ore fouthcrly by 13' 8". N ow  i f  
the foregoing Y e a r  be Bijfextile, add 2 3 “ 17'.

A nd in all thefe A ppulfes o f  Fenus to  the Sun, in the M onth o f  November̂  
the A ngle o f  her Path  with the Ecliptic is 9* 5 ', and her H o rary  M otion w ith
in the Sun is 4 ' 7 ". A nd  fince the Sem idiam eter o f  the Sun is i 6 '  2 1 " , the 
greateft D uration o f  the T ra n fit  o f  the Center o f  Venus com es out 7'* 56 '.

T h e n  let the Sun and Venus be in C on ju n ftion  at the Defcending Node in the 
M o n th  o f  May;  and b y  the fame N um bers the fam e Intervals m ay be co m 
puted. A fter 8 Y ears let there be taken  away 2“ 6 " 55'. A nd  Venus will 
m ake her T ra n fit  in a m ore northern P ath  b y  19 ' 58".

A fter 2 3 5  Y ears add 2** S'* 18 ', or i f  the foregoing  Y ear  be Bijfextile 3'* S'* 18 ', 
and you will have Venus m ore to  the South by  9 ' 2 1 " .

L a ft ly  after 2 4 3  Y ears  add i"* 2 3 ',  or i f  the foregoing Y ear  be Bijfextile  ̂
1** I** 2 3 ',  and Venus will be found again in Conjunólion with the Sun, but in 
a m ore northerly P ath  by 10 ' 3 7 " .

In every T ra n fit  within the Sun at this Node, the A ngle o f  Venus*s P ath  w ith 
the Ecliptic is 8® 2 8 ',  and her H o rary  M o tio n  is 4 '  o" and the Sem idiam eter 
o f  the fubtending. 15' 5 1 " ,  the greateft D uration o f  the central T ra n fit  
com es out alfo 7“ 56 ' exaótly the fam e as at the other Node.

A s to the Epochs, from  that only Ingrefs w hich Horrox obferved, the Sun 
being then ju f t  read.y to  fet, it is concluded, that Venus was in C on ju nd ion  with 
the 5«« at in the Y e a r  1 6 3 9 , Nov. 2̂ '̂  6̂  3 7 ',  and that ihe declined
towards the South  6 ' 30". B u t in the M o n th  o f  May no M ortal has feen her 
as y et within the Sun. B u t from  m y N u m bers, w hich I  ju d g e  to be not very 
different from  the H eavens, it  appears that Vatus for the next T im e  will enter 
the Stm An. 1 7 6 1 . 2 5 “* 17'' 5 5 ',  tliat being the M iddle o f  xh&Eclipfe, and
then will be diftant from  his Center 4 ' 15 " ,  towards the South. H ence and 
from  the foregoing R evolutions all the Phenom ena o f  this kind will be eafily 
exhibited for a  whole M illennium , as 1 have com puted  them  in the following 
T ab le .

In N O V E M B E R .

( 43S )

Tears. '1 mes o f  the Con 
junción.

D ip, from  the
Cent, o f  the Sun

d. h. / / H

9 1 8 2 0 21 53 6 12 N
I I 6 1 2 0 2 1 10 6 5 5 S.
1 3 9 6 23 7 2 0 4 38 N .
1631 2 6 17 2 9 16 1 1 N .
163 9 2 4 6 37 8 3 0 S.
1 8 7 4 26 16 4 6 3 3 ■N
2 1 0 9 29 2 56 14 36 N .
2 I I 7 26 16 3 10 5 S'
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In M  ^  r.

Tears,
Tiwes o f  the Con- Diji.from  iht

junción. Cent, o f  the'ii x̂a.

d. h.
/ ! //

1048 24- >3 45 3 50 N.

1283 23 8 14 5 31 S.

1 2 9 1 - 0 *5 9 14 27 N.

1518 25 10 32 52 S.

1 5 2 6 n 9 37 5 6 N .
1761 25 17 55 4 15 s.
1 7 6 9 23 11 GO ^5 43 N .
1 9 9 6 28 2 13 13 36 S.
2 0 0 4 25 19 18 6 22 N .

:‘|1:'Mt' ■;
* * *
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A s for the D urations o f  thefe Ecltpfes o f  Vems  ̂ they m ay be com puted  after 
the fam e M anner as thofe o f  Mercury in refpedt o f  the Center. B u t fince 
Verius’ s D iam eter is pretty  large, and fince the Parallaxes alfo m ay bring a ver/  
notable D ifference as to Tinne, a particular Calculation m uft neeelTarily be 
m ade for every P lace.

N ow  the D iam eter o f  Venus is fo  great, that while flie adheres to the Sun's 
L im b  alm oft 2 0  M inutes o f  T im e  will be elapfed, th a t is, when flie applies 
d ire ftly  to  the Sun. B u t when ílie is incident obliquely , ihe continues longer 
in  the L im b . N o w  that D iam eter, accord in g  to  Horrox's O bfervation. takes 
u p  i '  1 8 " , when íhe is in C on ju n ftion  with the 5a« at the Afcending Ĵ odê . and 
1' 1 2" at the other N ow  the c h ie f  ufe o f  thefe C on ju n ftion s is accurate
ly  to  determ ine the Sun's D iftance from  the Earthy or his Parallax , which Af- 
tronomers have in vain attem pted to  find by várious other M eth od s •, for the 
M inutenefs o f  the A ngles required eafily elude the niceft Inftrum ents. B u t in 
obferv ing  the Ingrefs o f  Venus into the and her E g re ls  fro m  the fam e, the 
Space o f  T im e  between the M o m en ts o f  the internal C o n tafts , obferved to a 
Second o f  T im e ,  that is, to --e-o f a Second o r 4 "  o f  an A rch , m ay be o b 
ta in ’d by  the A fliftance ,'of a m oderate T e le fco p e  and a Pendulum  C lo ck , that 
is confiftent w ith itfelf exaftly  for 6 o r 8 H o u rs. N o w  from  tw o fuch O bfer- 
vations rig h tly  m ade in proper P laces, the D iftance o f  the Sun within a five 
hundredth P a rt  m ay be certainly concluded, as I  iliall Ihew  at another O ppor
tunity.

L e f t  any th in g  ihould feem  obfcure to  a R ead er not m uch  verfed in AJirono- 
w/Vtf/Matters,, I  have delineated Schem es for the T ra n  fit o f  each P lanet, by 
w h ich  I  have endeavour’ d tcx reprefent every th in g  to  view .

TheMotim •/ C l .  I .  M . Auzout  ̂ after he had feen the Comet (w hich  was firft obferved
in Holland Dscemh. 2 1 6 6 4 .)  4  or 5 tim es, m ade the Ephemerides o f  its M o ti-  

etdity M. Aa- on upoH an Hypolhejis that it m oveth  ju ft ly  enough in the Plane o f  a great C ircle,

r J
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which inclm eth to  the E^uino5iical about 30°, and to the EcUptlck 49* or 49* 
cutting the Equator at about 4 5 “ Í ,  and the Ecliptick at 28° o f  Aries or a lit
tle more.

I H e  takes notice, that m ore Comets enter into our Syftem  by the Sign o f  Lihra n. 2. f. i j .  

and about Spica Virginis tlian by all the other parts o f  the H e a v en s : F o r ,  
both the prefent Comei and m any others regiilred  in Hijiory have entered that 
way, and confequently pafs’d out o f  it  by the Sign o f  Aries ; by  which alfo many 
have entered.

2. T i l l  the 6 th 0Í Feb. this Comet always advanced : B u t after that D ay, lohferved; ly 
found that it returned in augm enting always its Latitude. I  left it Mar. 8. a t ^ ‘
the 18. o f  the Horn o f  Aries  ̂ a lm oft in the fame Latitude ; and I am apt 
to  believe it will be Eclipfed this Evening.

I fhall only addy that on Feb. 3. we were furprizcd, to  fee the Comet again 
m uch brighter than ordinary, and with a confiderable 'Train. Som e did be
lieve that it approached agaiji to  us. B u t having beheld it with a T e le -  
fcope, I  foon laid, that it  was jo ined  with tw o fm all Stars, w hereof one was 
pretty bright, and that this ConjimStion gave the Comet that Brightnefs. H en ce  
it  was, that I  allur’d m y P'riends here, that we ihould  no m ore fee it  fo 
bright.

M . Auzout alfo ilrongly  conceives, that this Comet could not be Feb. 1 8 “* *07»
ft. n. where M . Hevelius  ̂ in his Prodromus Cometicuŝ  hath placed it, viz. in 
prima Arietis j  unlefs it be faid that it vifited that Star o f  Aries on the 18“ ,̂ 
and returned thence the 19'*', ihto its ordinary Courfe : F o r ,  according to his, 
and his feveral Correfpondents Obfervations, the Comet on Feb. r j. was diftant 
from  that Firji Star of Aries-¿x. leaft 1° 1 7 ;  and on Feb. 19. (H e  having 
miffed, as well as his other Friends, the O bfervation onFeb. 18 .)  was advanced 
in its way 12' or 13 ', but yet diftant from  the faid Star fom e M inutes a - 
bove a whole D egree, and confequently far from  having then paffed it.
A fter  w hich tim e M . Aizout affirms to  have feen it as well as feveral others, 
for m any D ays, and that until Mar. 17, obferving, that about Feb. 2 6  or 2 7 ,  
when the Comet w asneareft to the often m entioned Firjl of Aries  ̂ i t  approachr 

ed n o t nearer than 50'.
3. Som e E m in en t Englifh Aflronomers., who have attentively obferved the Pofi- Eagüíh 

tion o f  Ú\\s,Comet̂  do jo in tly  conclude, that whatever that A ppearance was, which
was feen near the Firfi Star of Aries by M . Heveliiis (the T r u th  o f  whofep- 
Relation concerning the fame they  do in no wife queftion) the faid Comet did 
not com e near that S tar  in the left Ear of Aries, where the faid M . Hevelius 
iuppofes it to  have paffed, bu t to o k  its Courfe near the Bright Star in its Left 
Horn̂  according to  Bayer's T ab les,

4 . I  have eafily found the Principle o f  M . Auzout’’s Ephemerides: and ’tis prindpk»/ 
this, that this Cornet m oves about a Centre, in a ftraight L in e  drawn from
Earth  th ro ’ the Great Dog, in fo great a .Circle, that that Portion which is de- Motion ó f  that

fcribed, is exceeding fm all in re fp e ft ’o f  the whole C ircum ference thereof,
hardly dirtinguiihable by  us from  a ftraight L in e . «. x.p. 17 .

Concerning the iV¡?w you m ention, I  obferv’ d it 1 1 , about the
24° o f  Aries, w itlia  N orthern  L atitu d e o f  24° 4 0 '.
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n* ñfetien ef C l I .  I . M. aFtér  ̂ o r  4  O bfervations, hath publifhed another

eontíérrHng the Motion of the Come!, which he firft begati to ob- 
*y w. Aucout, ‘ íérveyípr, 2. 1665. He affirms that the Line defcribed by this ¿"/¿ir refeiTí-

bles hitherto a great Circle, as it is found in all other Cofnels in the midft of 
their Cdurfe. H e finds the faid Circle inclined to tht J^ctiptick about 26“. 30'. 

'and the Nodes where it cuts it, towards the beginning o f Gmirn and 
Sagittary : that it declines from the Mquator about 26% and cuts it towards 
the II®; and cpnfequently that its greateft Latitude hath been towards Fijces  ̂
and its greatéft Declination towards the 25® of the JEquator. He puts it in 
its Perigee about 15° df Pifceŝ  a little more Wefterly thzn Marchaby or the 
Wing of Pegafus.

tVervtii hyM. 2. He obferves in General, that this fecond Comet is contrary to the precedent 
Auiout.»i.p.37.̂ ĵ ĵ f̂  in all Partirtilars ; Seeing that the former moved very fwift, this

pretty flow *, that againft the Order of the Signs from Eail to W eft, this, 
bllowihg them, from W eil to Eaft •, that, from South to North, this, from 

North to South, as far as it hath been hitherto, that we hear of, obferved: 
that, on the fidé oppofite to the Sun, this on the fame fide ; that having been 
in its Perigee at the Tim e o f its Oppofition, this having been there, out of the 
time of its Conjunélion. He taketh alfo notice, that this Comet differs in Brightnefs 
from the other, as well in its Body, which is-far more vivid and diftinft, as in 
iisTrnin, whofe Splendor is much greater, fince it may befeen even with great 
Telefcopes, which were ufelefs in the former by reafon o f its Dimnefs.

A Cmitt An CIII. I. Ahn. 1668. Mar. lo  ̂ i** of the following night (after the 
i668. -f Bono- way of counting) I obferved a Path o f Light extended from the Whale thro*

Eridanus % which I judged to be the of a Comet hoik by the Figure
p .  6 8 3 «

At Lisbon :
« I «  p *  6 8 4 *

h

and Colour, as alfo becaufe that- the Direftion of it was to the part oppofite 
to th'2 San, like other Comets. By its-extreme Point it reached to that Star 
in Eridanus, which is called the 1 4  by Bayerus: But it ilfued out of the 
Horizontal Clouds, fo that I thought* the Head o f the Ccmet was either 
veiled by them, or Vid. xmátr th& Horizon. Mar ir . there was feen a Bright- 
nefs in the Whale  ̂ amongft the thin Clouds, at leaft for half an Hour, which 
was very like the Splendor o f Venus, likewife veiled with thin Clouds.

Mar. 12. When the Great Dog v72l̂  in the Mid-heaven, the fame 3 /̂7appeared 
again. It paffed thro’ the Star in jEr/Wawaj, which calls the 15, and,
left to the Southward the 1 4 , where it did terminate Mar. 10 . Being by the 
Imagination drawn out to about 3% and further, it tended to that Southern 
Star which precedes the Ear o f Lcpus. It was therefore more ^Northerly than 
the Day before Yefterday, and more Eafterly. W e were doubtful whether 
its Head was hid by the Clouds or under the Horizon. But the Line from 
Jupiter to the Extremity of the faid Tail in the Clouds was perpendicular 
to that Tail •, fo that it was in the Whale, and the apparent part ot the Train 
reached out in Length about 32°.

2. Mar ^.Ji. n. The Comet was firft difcovered : but for as much as it 
fet few hours after the Sm , there could hitherto be taken no confiderable Ob- 
ferv^tions o f it. The Body thereof is not feen, becaufe it remains hid in
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the H o rizo n , Its  Train is o f  a ftupendious L en g th , extended in Appearance 
over alm oft the 4th  p art o f  the vifible H eaven , from  W e ft  to E a ft  *, its ap
parent Breadth is o f  a g o o d  Palm  ̂ and its Splendour very great, but it  lafts 
bwt a few H ours.

A t  S t , Salvador Mar.̂  5 . (y?. w.)-at 7 a C lo ck  at N ig h t, F. Eflancel began t o BraM ¿ by 
fee this Comet a little above the H o rizo n  from  W e ft  to E .S .E .  T h e  beginning  ̂ vaiemme 
o f  its was a little under the tw o lucid Stars, the 15 and ló'*» o f  the 
Whale's Back, over w hich it  then pañéd, its P o in t being as ’ twere at the 8 
and 9'*‘ which are at the bottom  o f  tlxe IVhale's Belly ; and thus the whole 
L e n g th  thereof was about 2 3°. T h e  Gloh or Head o f  i t  was fo  fipall and 
th in , that very few could difcern it  with the naked E y e .

Mar. 7 . T h e  form er Brightneis was fom ew hat lefs, and becom e fo thin, 
that the E y e  could eafily fee the Stars that were behind it , which by C on jed u re 
were the 14. and 2 0

T h e  'Tail was always direótly oppofite to  tlie Sm , and when it appear’d 
tlie firft T im e  alm oft H o rizo n ta l, it was feen in the form  o f  a P illar, the Head 
ftandiog  a little under, and on the fide o f  the Star o f  the Wbalê  which is in 
the L a t .  o f  15® 4 6 ', and the L o n g , o f  12° 4 2 '. o f  Aries. A n d  the Point did 
ihave the 14"' N orth  o f  the three that are in the Belly, in the L a t . o f  2 0 “.
3 0 '. and Long", o f  s i -  Aries.

T h is  Comet was a t firft very fplendid, and ca ft 'itfe lf  with that Vividnefs 
upon the Sea, that the R ay s  thereof were reverberated unto the Shoar, where 
the O bfervers ftood. B u t this Brightnefs lafted only for three D ays, after which 
it  did confiderably decay. B u t that wliich ibemed fomewhat ftrange was, that 
having loft fo m uch  o f  its L ig h t ,  yet its B u lk  was not d im iniihcd, but con
tinued rather increafing until the Comet difappear*d. I t  pafs’d m ore fwiftly 
than Venm, whence he infers that it was under Venus : yet the Anticipation 
was not fo great, that it could be believ’d  to be under the Moon, as he would 
have it.

4 . P. Pietro Sufarte, R e f to r  o f  Macao, in the Eajt-Indies, well verfed in M atters Africa; bj 
JJtro7iomical, writes to  liave feen the fame all along the C oaft o f  Bona Speranza.

C IV . T h e re  hath been feen here a N ew  Qmet from  the 2d o f  M ar.fi. n. 
1 6 7 1 . I t  is but little , having a Train not above a D egree or a Degree and 
an h alf long. I t  is now ( Mar. 9 . )  about the Stars in the Right Arm o f Andromeda 
on her Shoulder B lade. A s  far as I  can colledt from  one or two Obfer- 
vations, it  tends towards the Lucida o f  Andronuda’s Girdle, and that with a 
d ireft diurnal M o tio n  o f  about 2 D egrees in its Courfe.

T h e  6 th  o f  March in the E v en in g  7** 4 0 '  it was in 7° "V". and in 35* o f  N o r
thern L atitu d e  *, as I  guefs’d by the hafty Infpeftion o f a G lobe.

Mar. 7 , in the M orn in g  3'’ 3 0 ',  its L ongitud e was about 8° V'. with a fome
what leffer L atitu d e than b e fo re : in the E v en in g  o f  the fam e D ay it ’s Longitude 
was 10° T. and L a t .  34" fere.

Mar. S. In  the M o rn in g  4!', the L o n g , was 12® T .  and the L at. 33“ W h ich  
yet I  w ould n o t have tak en  precifely , becaufe I  cannot yet reduce m y Obfer- 
vations to  a Calculns,

2, M r .

^  Cornet̂  A n >  

167’ . tffDant. 
l i c k  i by M, 
Hevelius. n* 
p. 40 17.
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(  4 4 0  )
2 . M r . Ifaac Newton about the 16 o f  March, ft. V. fa w a  dull S tar South- 

W e f t  o f  Perfeus, w hich  he now takes to have been that Coma I t  was very- 
very fm all, and had not any v i f ib le - M ,  which m ade him regard it  no further. 

uy « 3 ‘ Mathematicians o f  La Flefche perceived him  from  the 16 o f  Mnrcĥ
SffinV/n.li?'/. n. and gave us here at Paris the firft notice o f  it. T h o fe  o f  the College o f 
p. 4oi8.n.8i. being advertifed o f  it , faw him the 2 5  o f  the fame M onth .
^ Mar. 2 6 . 7*’ 3 0 ' in theE v en in g , 'Wl. OJp.ni fav/ him between the HeadoiMedufa

and the Pleiades', w ithout a T e lc fco p e  he appeared no otherwife than a Star 
o f  the 3** M a g n itu d e ; his Head feen w ith a I ’elefcope o f  17 F o o t ,  appear’d 
ah n oft round *, but it was well defined, and d iftinguiili’d from  the M ifti iefs, 
w hich form ed a k ind  o f  Cbevelurê  wherewith it  was encom pafled ; and even 
t h e  m iddle was a little confufed, and feemed to  have In -qualities, as are feen 
in Clouds.

T h e  Tail was alm oft im perceptible ; y et by  the T e le fco p e  it was feen turned 
cp p o fite  to  the Stm, and it appeared o f  the L e n g th  o f  tw o D iam eters o f  the 
Head or thereabout ■: F o r  it  was not eafy to meafure it precifely, becaufe be
in g  thinner according as it  was farther from  the Head, its E x tre m ity  was 
infenfibly lo ft. A nd fo the whole Comet., Head., Tail, and Chevelure, taken 
all together, to o k  up no m ore than 3 or 4  M inutes of a D egree. A t  7 “ 4 8 ', 
he was in a ftraight L in e  with the Lucida in the Head o f  Medufa, and w ith the 
m oft Occidental one o f  the Pleiades, and above the tw o cleareft Stars o f  the 
Southern Foot o f  Per feus; fo that a ftraight L in e  drawn th ro ’ thefe tw o Stars, 
did alm oft touch the Southern E x tre m ity  o f  his Chevelure. T h is  P lace of 
the Comet, transferred upon the M a p  o f  the f ix ’d Stars, fell precifely  enough 
upon 23® 2 5 ' o f  Taurus, in 15° N orth ern  L atitu d e .

W ith  a T e lefco p e 3 F o o t ,  we faw near the Comet tw o fm all Stars diftantone 
D iam eter o f  the Sun from  one another, w hich Stars are not in the Catalogues. 
T h e  Comet was in a Straight L in e , drawn from  one o f  thofe tw o Stars to the 
-other percifely at 9'’ 15'. bu t a little nigher to that w hich was W eftw ard  ; But 
9*' 33' ,̂ he was equally diftant from  them  both. I t  was taken notice of, 
th a t from  S ’" 5 ' till lO** 26', He m ade, in refpeft o f  thefe tw o Stars, an oblique 
M o tio n  fenfible enough, g o in g  from  N o rth  to  So u th  in the fam e tim e that he 
advanced from  W e ft  to E a ft .

Mar. 2 8 .7 '*  4 2 '.  in the E v e n in g , the Comet was diftant from  the lefs bright 
Star o f  the Southern Foot o f  Perfeus, no more than about 2 4 ' W eftw ard . He 
had alm oft the fame L atitu d e  with this Star fo that he was precifely enough 
at 26° 8 ' y ,  and in the L a t . 12° 8 '. A t  S*" 14' we to o k , as well as we could, 
the D iftance o f  the Comet to  the Star in the E y e  o f  Taurus, called Aldeharm, 
19° 3 8 '. and 8** 29 '. T h e  D iftance o f  the Comet to  the Star called Cappella, 
was found to  be o f  22° 3 2 '.

Mar. 30 . 9^ 3 5 ', at N ig h t, the Cctnet, feen w ithout a T e le fco p e , appear
ed no otherw ife than a Star o f  the fourth M a g n itu d e : th ro ’ the T elefco p e he 
exceeded even tliofe ot the F ir f t  ; but he was very d ark , and in what m anner 
ib ev er we lo o k ’d upon him , we could obferve alm oft no Tail a t all o f  him.
H e  had paiTed one D egree and an h alf beneath the Lucida o t the Southern Foot
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o f  Perfeus ;  fo that this S tar was e x a flly  in the m ldft o f  the Cmet and the lit
tle S tar o f  the Leg o f  Perfeuŝ  m arked » by Bayerm  ̂ which then we faw not 
bu t by  a T e lefco p e. A  ftraight L in e  drawn from  one o f  thcfe Stars to the 
other, did alm oft touch the Southern Limb o f  the Cmet̂  ̂ which being transferred 
upon the M a p  o f  the Fix’d Slars, fell upon 2 8 “ 4 5 ' o f  TauruSy in the N orthern 
L a tit . o f  9° 5 6 '. A t  9 “ 4 5 ',  the W eftern  L im b  o f  the Comet touched a 
ftraight L in e , drawn th ro ’ this lefs bright Star o f  Perfeus'̂  Southern Footy and 
th ro ’ the m o il N orthern o f  the H ead o f  Tmrus ; bu t that he was already got 
fom ew hat nearer to  the L a tter .

Mar. g r .  8** in the E v en in g , the Comet-was in a d ireft L in e  with the Lucida 
in the Foot o f  PerfeuSy and w ith the m oft N orthern in the Head o f  ‘Taurus ; 
bu t he was rtiore than tw ice as m uch rem oter from  the firil than the other, 
and being transferred upon the M ap  o f  the Fix'd Slarsy he was found at 
15 ' from  Geminiy in the L a t it .  o f  8° 4 9 '.  D u rin g  the whole tim e that we 
could obferve him  this N ig h t (w hich was till 10  a Clock.) he quitted not this 
ftraight L in e ,  w hich was alm oft parallel to  the H o r iz o n ; notwithftanding that 
his own particular m otion fhould raife him  a little above it j as the Parallax, 
on the contrary , ihould fink  him  beneath it in approaching to the H orizon. 
I t  m ay b e , there was a com penfation m ade o f  thele tw o contrary M o tio n s ; 
poiTibly alfo the EíFeót o f  both was not fenfible.

JpriL  I . T h e  Comet could not be feen w ithout a T e lefco p e, becaufe the Mootty 
being very  near it , hid him  from  our fight. B u t with a T e le fco p e  only o f  
one F o o t  we difcerned him  eafily enough, and found that he had palled 
4 5 '  beyond the m oft N orth ern  Star of the Head o f  Taurus, and that he m uft 
have to u ch ’d it b y  his Southern L im b  j as alfo that he was diftant 1° 4 3 ',  
from  the S tar that was neareft to  that toward the Sou th  j w hich is equally 
bright, y et not m arked by Bayerus. T h is  place being transferred upon the 
M ap  o f  the Fix'd Stars, we found that he was at 1® 3 0 ' o f  Geminiy in the 
N orth ern  L a tit .  o f  7° 4 4 '.

April. 2 . 8'' in E v e n . Cajfiniy having obferved the Comet with a T e lefco p e 
o f  one F o o t ,  w hich difcovered 5°, found that he was two D eg. and half diftant 
from  the m oft N orthern  Star o í Tnurus •, and one D eg . from  the Star o f  
the Ear m arked  4) b y  BayeruSy and by Tycho called Sequentis Lateris Borei.

T w o  L in es  drawn from  the m oft N orthern Star o f  TauruSy one to the Co- 
mety the other to  the Star that is wanting in Bayerusy made a R ig h t  A ngle ; and 
the D iftance o f  the Csmet to  this A n g le , was double to  that which is between 
thefe tw o Stars. T h is  place transferred upon the M ap  o f  the Fix'd Stars fell 
on 2° 4 8 ' o f  Geminiy in tlie N orthern  L a tit .  o f  6° 4 0 '.

April t̂ y we faw him  with the one F o o t  'I ’elefcope. H e  hadpafifed over 
the upper Star o f  the F.ar o t Tauruŝ  and he m ade w ith this Star the Bafts o f  
an Ifofceles T r ia n g le , on the T o p  w hereof was the inferior Star o f  the Ear. 
T h e  tw o Sides o f  this T rian g le  were tw o tim es and an half bigger than the 
Bajis ; fo that the Comet was 4° o f  Geminiy in the N orthern L a tit . o f  5» 38'.

Apr. 5 . S'* at E v e n , the Comet had pafied the N orthern Ear oi Taurus, and 
was equally diftant from  the U p p er Star o f  the N orthern Ear and from that 
wliich was on the Front o f  Taurus. H e  was alfo as diftant irorn the Inferior
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Star o f  die Ear o f  Tauruŝ  as this Star is from  the next W e f t  ward, by  Tych» 
called hfericrpracedentis Lateris ^adrilateri ; and a ftra ig h t L in e , drawn thro* 
the Comet and the upper Star o f  the Ear  ̂ m ade an alm oft R ig h t  A n g ie  with 
another L in e , drawn from  the Comet to  the Inferior o í the tw o Stars, that 
are above the Eye o f  Taurus. T h is  P lace  being carried over to  the M ap  o f 
the Fix'd Siarŝ  the Comet was found at 6° 1 8 ' o f  Gemini, in the Northern 
L a t it .  o f  3° 4 1 '.  H e  was fo confiifed this N ig h t , that even w ith the ly Foot 
T e le fc o p e  we could not exaélly d iftinguiih  the Head from  the Chtvelure which 
environed h im . T h e  whole appeared a little  b igg er than the D iíl í  o f  Júpiter, 
feen by the fam e T e lefco p e.

j/ipr. 6. S'* at E v e n , a ftraight L in e  drawn fro m  the Comet to  the Star that 
is in the Front o f Taurus, m ade a R ig h t  A n g le  w ith another ftra ight L in e 
draw n from  this fam e S tar to  the Inferior o f  the tw o that are above the Eye : 
and the D iftance o f  this latter S tar to  that o f  the Front o f  Taurus was tw ice the 
D iftan ce  o f  the fam e S tar o f  th e  Front o f  Taurus to  the Comet. T h is  Place be
in g  transferred upon the M a p  o f  the Fix'd Stars, the Ceniet was found at 7° 25 ' 
o f  Gemini, in the N orthern  L a tit ,  o f  2“ 45 '. A t  6' we faw on the fide o f 
the Cofnet a S tar fufficiently clear, w hich  was not farther d iftant from  him  than 
a  little m ore than the D iam eter  o f  the Comet, and that was at the fam e H e ig h t 
o f  the H o riz o n .

■̂ pr. y, in the E v e n in g , the Comet w'as equally  diftant from  the Inferior 
S tar  o f  the Northern Ear o f  Taurus, and fro m  the Su p erior o f  the R o o t  o f  the 
Northern Horn. H e  was alfo as far d iftant from  this la tter S tar , as this Star is 
fro m  that o f  the Front. T h is  P lace being carried over to  the M a p  o f  the Fix'd 
Stars, fell on 8" 3 0 ' o f  Gemini, in the N orthern  L a tit .  o f  1° 56 '.

A ll  the P laces o f  the Comet, th at w e have obferved till now , fall into a Line 
little  differing from  an A rch  o f  a great C irc le , w hich  cuts the Ecliptick in 10“ 
4 5 '  o f  Gemini, and w hich confequently  hath  its greateft L a titu d e  in 10" 4 5 '  o f 
Fijces ;  w hich L a titu d e  is between 3 9 “ and 4 0 “ N orthw ard . T h e  fam e Circle 
cuts the Mquator at l o i  degrees o f  the VernalSeBion Eaftw ard  ; and its great
e ft Declination from  the N orthw ard  is o f  3 S “i -

H a v in g  chofen tw o o f  our F ir f t  O bfervations (becaufe the latter are not fo 
p rop er fo r  this Purpofe) and having taken  a M ean  between the firft Obferva
tions o f  the Mathematicians o f La Flefche, we found, by our Method explained 
in the T h e o r y  o f  the Comet o f  1 6 6 5 ,  th at this Comet had been in his Perigee 
the 1 2 o f  March at 8 a C lo ck  in the M o r n in g : that in th at tim e, which is 
that o f  his greateft apparent C elerity , he m ade about 2° 3 2 '  a day in the great 
C ircle  o f  his apparent M o tio n , and o f  his Periŝ ee D iftan ce in the L ine
o f  his E q u a l M otion  : that he was in his greateft D eclination  the i  ith and \ith 
o f  March and that at that tim e, he paffed th ro ’ the Inferior M erid ian  at about 
tw o a C lo c k  after M id n igh t.

I f  we have r ig h tly  determ ined his Perigee, and th a t the Hypothefis o f  the 
E q u a lity  o f  his M otion  be ju f t  for that tim e , he hath been vifible fince the 
M id d le  o f  February, at w hich tim e he was as far d iftant from  his Perigee by 
A p p ro a ch in g  to  the Earth, as he is at prefent by R e ce d in g  from  it. H e  mufl: 
then have been, at the extrem ity  o f  the Southern Wing o f  the Swan., and arrived
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at the Southern Foot o f  Pegafus on the 23  o f  Fehr. o f  the fame bignefs that he 
was feen to  be of, Mar. 2 8 . H e  m uft have arrived at the Stars o f  the Northern 
Jrm  o f  Andromedâ  Mar.c^. at thofe o f  her Girdle, 12. when he was in his 
Perigee  ̂ and in his greateft Declination-, to  her Southern Leg, Mar. 15 . be
tween her Southern Leg and the "Triangle, Mar. 18. very near as he was obferv- 
ed at La Flefche and under the Head o f  Meduja, Mar. 25 . T h e  D ays enfu- 
ing he m uft have arrived at the Places m arked in our F ir ft  Obfervations : B u t 
in the laft J ie  hath been fwifter than this Hypothefis will bear. I 'o  reprefent 
thefe latter O bfervations, the L in e  o f  the M o tio n  ou ght to  have been made 
C urve, as we did for the end o f  the A pparent M otion  o f  the Comet 1065. 
w ith this difference, that inftead o f  that L in e ’s being C onvex in regard of the 
Earth, becaufe the M o tio n  was Retrograde, this was to be Concave towards 
the Earth, becaufe that the M o tio n  o f this Comet is Direct.

I t ’s a T h in g  w orth obferving, that this Comet keeps his Courfe alm oft like 
that o f  the 2 Comet o f  1 6 6 5 , and another o f  i577>  ot>ferved by T'jcho. F o r  
they have paíTed thro ’ a lm oft the fame Conjlellations *, tho’ this be m ore inclin
ed N orth w ard , and cu t the Ecliptick 5  or 6 D egrees m ore forward than that 
o f  1 6 6 5 . S o  that it feem s that in this P lace o f  the H eavens there is, as ’ twere, 
a Zodiack for Comets.

(  4 4 3  )

M id n ig h t we to o k  its A ltitud e 12“ 2 2 ' 10". I ju d g ed
d in in g  from  the E a ft  towards the N orth  about 330. O n the 29  in the M o rn 
ing  it  was feen by  M r. Picard for a M o m en t through the Clouds at 3** 9 ' 3 1 "  
after M id nigh t in the A ltitude o f 4° 39 '.

O n May 2 “* in the M o rn in g , the R ig h t  Afcenfion o f  the M idheaven by  the 
fix t Stars being 267°. the A ltitude o f  the C om et was 4 “ 5 '. T h e  Diftance o f  
the V ertical from  the N o rth  towards the E a ft  was about 42° S'. O n the fourth 
D ay  in the M orn in g  at q** 3 0 '. after M id n igh t, the A ltitude o f the Comet was 
5* 33 '. T h e  Azimuth D iftance from  the N orth  to the E a ft  was about 42® 32 '.

O n the fifth D ay  at 3'' 3 2 '. T h e  A ltitude o f  the Comet was 5*̂  10'. T h e  
Azimuth D iftance from  N orth  to  E a ft  was about 44® 10'.

B y  thefe O bfervations the Comet at firft was in the I 'r ia n g le , afterwards near 
die Head o f  Medufa, and ftiew that it proceeded according to the Series o f  the 
S igns, by a L in e  that was very near and alm oft parallel to that, which was de- 
fcribed by the Comet in the Y e a r  1 5 9 0 , in the M o n th  o f  February. T h e  big
nefs o f  its Head feen through the T elefco p e was alm oft equal to the D ilk  o f  
Jupiter, or fom ething lefs. N o r did it  appear perfedtly round, but o f  an O val 
F ig u re , the longer D iam eter being paralle to the H o rizo n  i w hich feem ’d to 
be ow ing to the H o rizon ta l Refradtion.

Its Capillitium feen through the T elefco p e was fom ething wide, .and nearly 
Parabolical ; but to the naked E y e  it feem’d narrow, and was a little inflected 
towards the W e ft .

2. A  Comet has appear’d lately, which was firft obferved here at Dantzick, ,
Apr. iy . in the M orn ing . O n the 29"' it arofe, o r  r a t h e r  appear’d to fight,
a : i'* 52 ' at N o rth -E a ft  and by N orth . I t  had no large Head, yet it was
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brigh t enough, confifting  o f  one ih in ing N ucleus, lik e  that w hich was feen 
1 6 6 5 . i t  ftre tch ’d ou t a T a i l  pretty  lum inous, w ith R ays divaricating 

upw ards, o f  a lm o il tw o D egrees. T h e  L in e  o f  D ire ftio n  o f  the T a i l  being 
continued, proceeded between Alamac the brigh t foot o f  Andromedâ  and her 
Girdle, and divided the D iftance o f  thefe Stars as it  were in to  tw o equal Parts. 
I t  was at that tim e above the Head o f  Aries, in the T ria n g le  between the Apex 
and the N o rth ern  Star in its Bafe, that is, in 5 °  Taurus, and in 12® N orth  
L a titu d e . A t  this tim e it was d iftant from  the Sun only 5° accord ing  to L o n 
g itu d e, b u t in its own great C ircle  20®. Since then this Comet was fo near the 
Sun̂  it  could not fliew its I 'a i l  any longer, tho’ in m y O pinion it  Jiad one much 
lo n g er, nay, I  th ink in a few D ays it will ihew it m uch  iliorter.

Apr. 3 0 .  it was found in 9° o f  Taurus, w ith 18 “ o f  N o rth  L a titu d e , and al- 
m o ft  as far from  the Suv, being in 12® o f  b .  I t  fpread its T a il  again tw o De> 
grees or  m o re , to  the N orth ern  Star in the Bafe o f  the T r ia n g le , w hich Star 
m ig h t plainly be feen b y  g ood  T u b e s  at the P o in t o f  the T a i l .

May I .  at 2*' 32 '. in the M o rn in g  it was found in 1 1° o f  Taurus w ith N orth  
L a titu d e  18° a lm oft in Conjundtion w ith the Sun, and being diftant a im oft as 
m an y  D egrees from  the Sun. Its  T a il  was ftill brigh t, but fom eth ing  iliorter, 
th o ’ w ider, w hich it  ftretched out to  the bright F o o t  o f  Andromeda.

From Apr. 2 9 . when firft lobferved it, to this Day May i .  it com pleated 
nearly 5° 30', by its own proper Motion.

A s far as I can colleét from  thefe O bfervations, it  m oves w ith a direét M o 
tion  to the left F o o t  o f  Perfeus, above Taurus, to  the F e e t  o f Gemini, i f  it  will 
continue lon g  enough. T h e  D efcending Node is about 2 0 °  o f  Gemini, (but 
this is only  a rude Conje<5h ire ,)  and thus it  will pafs the Ecliptic in that Place, 
and then will b eco m e Southw ard , w ith an Inclination o f  its O rb it  o f  a lm oft 27“.

May 2. in the E v en in g , at 8'' 4 5 '  altho’ no Stars fhined ou t in th at P art o f 
the H eav en s, and there was an intenfe T w ilig h t ,  y et I  prefently  found the 
Comet w ith  m y  O p tica l T u b e . A  little aften I  found h im  w ith 3® 3 0 ' o f  A lti
tude. H is  T a i l  on account o f  the T w ilig h t  was very  th in , w hich he flretched 
ou t between each Knee o f  Cajftopea, but neai-er to  the left. I t  fat th a t Evening 
at N orth -north -w eft.

O n  May 3 . in the M o rn in g , the Comet arofe at N . N . E .  at 1*“ 2 3 ',  th o ’ the 
T a i l  was difcovered by us fom eth ing  fooner at i** 18 '. I t  was at 14® in b ,  
a lm o ft in Conjunción w ith the Sun, having 17" o f  L a titu d e , and a lm oft the 
fam e D iftance from  the Sun. T h is  day it Ihew ’d its T a i l  m uch longer and bet
ter defined, and very brigh t, o f  near 2 or 3 D egrees. T h u s  it  was found by 
m y fe if  and other qu ick-fighted  Speétators w ith the naked E y e , at 3 
w ith the T e le fco p e  at g** 4 0 ',  at the height o f  1 1 “ 3 0 ' j lo  that the 
tim e was depreíTed only 6** below the H o riz o n  j nay, we had feen it  longer, 
i f  fom e litte Clouds had not intervened. H is  daily M o tio n  feem ’d to  decreafe, 
as far as I could ju d g e  by  C o n je tu r e  w ithout any Calculation. F o r  between 
2 9  and 3 0  o f  April it was near 2« 4 5 ',  between Apr. 3 0  and May it was 2® 
15', betw een i  and 2 o f  May it  was i® 5 5 ',  betw een 2 and 3 May it was 1° 
4 0 '.  B u t the O bfervations them felves and the Calculation will fliew this plainer. 
O n May 4 .  in the E v en in g , the A ir  being very pure, a t S'* 5 3 ' th e  Comet

was
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was agaia difcover’d , bu t was a little obfcurer than the foregoing D ays, and 
its T a i l  was iTiorter. O n May 5  in the M o rn in g  at i** 4 1 ',  projeóling its T a i l  
towards the right K nee o f  Cajftopeâ  it  was in 17» o f  W, with 16° o f  N o rth  L a 
titude, and at the fam e D iftance fro m  the Sun. Its  proper M otion  from  the

to the 5**' o f  May was a lm oft 2° 4 0 ' ,  the L atitu d e decreafing, that is, from  
the Beginning a lm oft to  3°, fo  as from  the 2 9  o f  April. T h e  proper M otion  
o f  the Chmst from  May 5. was alm oft 12". O n May 6 ,  in the M orning its 
Place was in 180 o f  t í ,  with N o rth  L atitud e 15° 3 0 '. T h e  5a» being then 
in i f  o f  t í .  T h e  daily M o tion  was about 50 '. A s to  its H ea d , it  feem ’d 
thinner and w eaker than the T a i l ,  becaufe the Sun was diftant not above i6\
Degrees. O n May 6 ,  in the E v en in g  it  was feen with the O p tic  T u b e  at 8*̂
25'. w ith i t s T a i l  ftill iliorter and m ore dilute ;  bu t as it was in a lower Situation , 
and an intenfe T w ilig h t, it could not at all be perceived by the naked E y e .

O n May 7. i t  was firft perceived at 2*̂  2 2', at the A ltitude o f 3®, fo that it 
feem’ d to  be very  thin. I t  was at that tim e in 19" o f  y *  Its proper M otion  
decreafed m ore and m ore, as far as could be know n w ithout Calculation. O n 
May 8 . from  one in the M orn in g  it was carefully fought for with the naked 
E y e , but did not appear. Y e t  it was found with a 12 foo t T elefcop e, having 
a T a i l  ftill, bu t a v ery  ílio rt one, extended a little from  the V ertical Circle to  
the le ft ,H an d . A s  far as I  could guefs it  was in 2 0 “ o f  t í ,  a t the D iftance o f  
15® fro m  the Sun, w hich was then in 19° o f  t í .  A t  this tim e it was nearly in 
a right L in e  w ith the right Shoulder o f  Perfeus, and Algol o f  Medufa. T h ^
D iam eter o f  the Comet com pared w ith that of Jupiter hardly cam e up to  half.
A s to  the re ft , it was ftill confpicuous enough by help o f  the T u b e , fo that ac 
3'* 4 5 '.  I  could fee it d ift in d ly , at the A ltitude a lm oft o f  9°, whence we m ay 
colle6t, that the A rch  o f  V ifion  was then hardly 5°. F o r  then the Sun was 
hardly 5" be low ‘th e  H o riz o n , at what tim e all die Stars except Jupiter 
vaniihed. O n  May 8 in the E v e n in g , the Comet was no longer to be difcover- 
ed , either w ith the naked E y e ,  or w ith any T e lefco p e.

3 . T h e  firft certain notice I  had o f  this was on April 21 . T h e  2 2 Greenwich i 
o f  Apr. at about 2 a C lo ck  after the M id n ig h t ffo llow ing, I fa w  the "Tail̂ /̂̂  
r^fed  a lm oft perpendicular to  the H o r iz o n ; foon after the Head appeared thro’ 
a thin V ap ou r, from  w hich the ^ail pointed, as near as I  could guefs, upon 
the *  in the Knee o f  Cajftopeiâ  its L e n g th  being about 6 T>eg. and Breadth 
at the T o p  o f  about 7 or  8 Min. V iew ing  the Head w ith a T e lefco p e o f  16 
F o o t, I  found it  was not perfectly  round, bu t indented, and not near one 
Min. D iam eter. A fterw ards I  haftened to  m eafure its D iftances from  feveral 
fixed Stars j  w hich were as follow.
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Its Head and the Foot o f  Androm. Alamech.
T h a t  D iftance repeated ---------  - - - - - - - -
Its  Head from  Capella - - - - - - - - -  — —

if

Its Head from  Algcl in Medufa*s 
------ from  Mirach — ■

repeated

from  Alamech again 
from  Capella again

0I I  2 6  
I I  2 6  50
31  I 15
31 I 24
18 16
19 35  o 
' I 33 30 
3 0  59  45

A  Comett A n .  
26S2. at D a n t-  
z i c k by M .  
jHcvelius. Ph*̂  
CoL «. 3* p. 6 5 .

^  Cornett An» 
16 8 2 . at D a n t-  
zick hy A/. 
Hcvelius.

143* ^

A t 4** 2i'xp. m. th e  height o f  the Comet was about 5 ° i ,  therefore the 
D iftance o f  the Head o f  the Comet from  Algol co rred ed  by  R efraétion , 8° 19'.

from  Mirach------ 1 9 3 7
A n d  ad m itting  w ith Hevelius the P lace o f  Mirach now in V .  21° 4 0 '  3 4 '  

w ith N o rth  L a titu d e  2 5 “ 5 7 ',  its D iftance from  Algol w ill be 2 3 °  4 2 '  4 0 " ,  
and the P lace  o f  the Head o f  the Comet in «  14° 4 8  7 ,  w ith N o rth  L atitu d e 
1 7° S'.

A t  3 ’' 2 8 ' ,  I  ftate th e ’ corredl D iftance o f  the Comeths Head from  Capella 
3 1 ° go'*, from  Alamech 11° 4 0 ' ;  and therefore its true P la ce  in b  14*’ 0 5 ^ ,  
w ith N o rth  L atitu d e  17® S' 2 5 " :  agreeing  v ery  well w ith the P lace  derived 
fro m  the form er D iftances fro m  tw o oth er and different Stars.

T h e  Tail was not, it  feem s, d ire ftly  oppofite  to  the^zm ; fo r  the iSww’s'P lace  
was now b  t 3° 7 ' ;  bu t the Comet being in 14 “ 4 7 '  of the fam e Sign̂  that is 
1“ 4 0 '  in the Confequence o f  the Sun, the Tail o u g h t, i f  it had been exaé^ly 
oppofite  to  the 5««, to  have lain in C onlequence o f  the Head bu t the Knee oi 
Cqjfiopeia is now  in b ,  13® 2 4 ',  in A ntecedence o f  the Comet̂  w hofe ‘Tail lay 
not therefore in C onfequence, but in A ntecedence o f  the L in e  pafling thro* 
its Head and the Sun, at about an A n g le  o f  10®.

N e x t  N ig h t, being that follow ing the 2 3  o f  April, about  ̂ o f  an H o u r  after 
tw o , its Tail appeared m uch fhorter than laft M o rn in g : A t  2 '’ 51',- its Head 
was from  Mirach 21° H e n ce , and from  a C ourfe o f  O bfervation  o f  it fent 
m e by an ingenions F rien d , I  found its M o tio n  was d ire ft , and its Latitude 
decreafing.

C V I .  I  obferved the late Comet firft in the M o rn in g  before Su n-rifing , from 
the 2 “* to  the 4 '“ o f  An. 1 6 8 0 . T h e n  in the E v e n in g , from  De->
cetnber 2 4 . to  the Vernal Equinox. In  the M o rn in g  it  was in ^  and fil, with 
Southern L atitu d e. In  the E v e n in g  in vy. s;:, r ,  and « ,  w ith Northern 
L a titu d e ,

C V II .  I  have obtain’ d m any D iftances from  the fixt Stars, as alfo Meridian 
A ltitu d es, ot the late Comet. It would be to o  long to m ention them  all, nor 
have I  t im e  to  fubm it them  to  a ftriét Calculation. I t  m ay fufRce to  fay at 
this tim e, that this Comet was firft feen here a t Dantzick on Aug. 2 5 .  N ew  Style, 
1 6 8 2 . A n d  that from  Aug. 2 6 .  to  Sept. 7 . it was duly  obferved by m e. But

w h a t

nED



( 447 )
w h a t  was its P a th , what its V e lo c ity , w hat was the A ngle that its  O rb it made 
with the Ecliptic, m ay  appear from  the follow ing T a b le . B u t this I  would 
have you k n ow , that it was not com pofed by any accurate Calculation, but 
drawn from  a confideration o f  the G lo b e , b y  a loofer way of reafoning.

CX»

Aug.
Auv.
Aug.
Aug.
Aug.
Aug.
Aug.
Sept.
Sept.
Sept.
Sept.
Sept.
Sept.
Sept.
Sept,
Sept.
Sept.
Sept.
Sept.
Sept.
Sept.

2 6
27
28
29
3 0
3 0
31

I

I

h. '
3 o  Morn, 

o Even. 
• Even. 

Even,

11

^ ----------------

3 8 30  Even.
 4 --- - - - -  Even.
5I------- Even.

7
8
9

10
11
12
13

3 3 0  Morn. 
9  o  Even. 
3 3 0  Morn. 
3 3 0  Morn. 
9 o  Even,

9 o  Even. 
-  Even.^  V v r r #

8 o  Even. 
8 3 0  Even. 
8 o  Even. 

Even.-----------  rfi rf V  #* •

8 o  jEw;z. 
7 3 0  Even.

Longitude o f the \ 
Comet.

0 s.
23 30 «  2

5 0 SI :

r8 0 SI
22 0 a
2 4 30 a

I 0 m :
. 6 0  nearly ^

20 0 nearly VV :

5 0

12 0 WÍU

15 30
18 30 t£!

23 0 hTU

25 0 t£;

Comet.
Motion in its 
own Orbit.

~>aily Mo
tion fome- 
thingmore 
exahly.

10 o nearly

13 2 0  
3 3 0

2 4  3 0  North.

2 0  3 0  N orth .

2
5
4

2 0
45
45

5
5
5

28
35
4 i

I I  3 0

3 * - - - - -
17 15 N orth . 
15 4 5  N orth .

14  o  N orth. 
1 3 3 0  N orth .

8 o  nearly 
3 3 0  ■ —  

o nearlyn0

5 o 
2 o

5
5

5
5
5
5
5
5
4
4
3
3
2
2
2

4 6
5 0

4 6
43
4 0
34
24
GO

30
GO

30
0 0
40
20

0 0

So as by  its own M otion  in its own O rb it from  Aug. 2 6 . to  Sept. 13. it has 
moved 8 3 °  2 7 '. A nd  in the Ecliptic 9 1 °  30 '. B u t its N orthern Latitude has 
increafed to  26° , and again has decreaied to  12° 30 '.

Obferve, that its N orthern Node is in 24° b ,  and its Southern Node in 24*=̂  
B u t its Liinits were in 24" ^  and T h e  Angle o f  the Orbit and the E~ 

cliptic was nearly 2 6 ° .  B u t w hether for its whole D uration it was intirely con- 
fiftent w ith  its Nodes., or whether it  varied and how  m uch , will appear by the 
Calculation.

F o r  its w hole Continuance the H ead  was fom ething brighter and greater 
than that o f  the Y e a r  1 6 8 1 . B u t on the contrary it had m uch a ihorter T a il . 
In the H ead , by means o f  a long  T e le fco p e , we could obferve but one Nucleuŝ  
and that always o f  an Oval and Gibbous Figure j  except that on Sept. 8. eipeci- 
ally, a very  b rig h t R a y  proceeded from  the Nucleuŝ  w hich was partly cro o k -

ñ
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ed, and paíTed into the T a i l .  T l i is  deferves notice , For as I  rem em ber I  have 
not fe^n; the like appearance in any other Comet.

Befides it m ay be obferved , th at fom etim es it  direéted its T a i l  pretty  exaft- 
iy  in Ó ppofition  to  .tlie as ^ug. ,30. in the M o rn in g . B u t often v/ith 
notable D ev ia tion , as is com m on  in m o ft Comets, A lfo  its Coma had not al
ways th e  fam e length. ¡ A t  firft t h e  T a iH e S m ’d to  h a y e T le h g th  o T i  2^ , aFter- 
wards fom etim es Ih o r te f , 'a n d  fom etirncs longer as far as 1 5 '"or i 6 * .  B u t to
wards the E n d  it  dim iniihed continually.

%

C V I I I .  An. 1 6 S 3 . Jid. 3.0- at n** 3 0 '.  In  our new C onftellation the 'Tygcr 
Dant- or Lvwx, I  perceivcd a ômet here a t  Dantzick ; ftretch ing  out its T a i l ,  wliich 

was not very lo n g , upwards between the Polar Star and Cajftopeia, w ith fome 
4Já. Inclination. I t  m ade a r ig h t L in e  w ith the u p perm oft S tar  o f  the Head o f  Au

riga and the rig h t Shoulder o f  Perftus ; as alfo w ith the Belly o f  the greater Bear 
and the right Shoulder o f  Auriga ;  as alfo  w ith the m id d le  Star o f  the Tail and 
o f  the Side o f  the great Bear. T h e n  ta k in g  a T u b e  o f  10 F e e t ,  I  confidered 
this Phenom enon. T h e  H e a d  indeed was pretty  large, bu t the M a tter  was not 
very  denie. S o  that in this there appear’d no b rig h t Nucleus, nor diftinól C o r- 
pufcles, as are generally  found in m o ft others. A t  near la** its A ltitu d e  was 
19® 57 '-

July 3 1 . in tíie E v en in g , that i s ,  a t  12̂  3 0 ',  w hen its A ltitu d e  was 2 1 °  28' 
it  m ade a  r ig h t L in e  w ith th e  Foot o f  Auriga and Capella,. T h e  Tail was very 
dilute and thinner than Bfefterday, b u t fom eth in g  longer.

Aug. 4 . in the M oi-nihg, at th a i tim e i t  w a sfo  far rem oved  fro m  th e  right 
Shoulder o f  Aurigâ  as the faid Shoulder is diftant fro m  the Head o f  the Kid. 
B u t the left Leg o f  PerfeuSj Capellâ  and the Comet, feem ’d  to  be in  a right 
L in e .

Aug. \6-\n the E v e n in g , a t near ii**. the Comet was w ithin  fo u r little 
Stars, one o f  which was at the upper P a r t  of the Comet in C on junótion  with it, 
at the D iftance o f  only 1', fo near it  was to  the L im b . A t  w hich tim e I  mea- 
fured the D iam eter o f  the Comet w ith m y  M icro m eter , and found it 6 ' 5".

Aug. 2 0 . in the E v en in g , it extended its v ery  ih o rt and th in  Coma between 
Capella and the Head o f  the Kid.

O n the 2 0  o f  Aug. in the E v e n in g  it  was v ery  near to  each Kid, fo that it 
m ade a lm oft an Equilateral T r ia n g le  w ith th em , the Sides o f  w hich almoft 
equal’d the D iftance ©f the Kids, w hich  is about 4 7 '.  Befides the Comet made 
an E quilateral T r ia n g le  w ith Capella and the S tar  at the b o tto m  o f  the right 
Foot o f  Pcrfeus, the Bafe o f  w hich was the D iftance o f  the fam e fix t Stars.

Aug. 2 4 .  in the E v en in g , it  was between Capella and the Pleiades, fo that it 
feem ’d at the fam e D iftance from  each. T h e n  Capella, the Comet, and the 
'Pleiades alfo Almanac, the Head o f  Medufa, and the Ccmet alfo the right 
Shoulder o f  Auriga, the Comet, and the S tar that follow s the left Foot o f  Per- 
feus ; nearly m ade a rig h t L in e . Y e t  in  this laft C o n ftitu tio n , the Comet 
feem ’d to  g o  rather below  the rig h t L ine.

Aug. 2 5 . in the E v en in g  j  i t  a lm oft m ade a r ig h t L in e  w ith Capella and the 
Head o f  the Kid.

2 Aug.
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/iug. 2 9 . at I*’ 5'. in the M o rn in g , it was accompanyM  wiHi m any very 
minute and bright fix t Stars, that is, the Subiefcian Stars; and w ai diflrant from  
the W eftern  Point o f  tlie Pleiades not above 4 2 '  3 5 " .

T h e  fam e D ay in the E v en in g , it was found m uch more advanced, con
trary to  the Series o f  the Signs ; that is, a lm oil 4 °  in the Space o f 2 4  H ou rs.

Aug. 3 0 . in the E v en in g , the Comet was diftant not above 32 ' 4 1 " ;  from  a 
certain very  confpicuous little S tar, and conilituted a right L ine with Mufca, 
and that in the Bafe o f  the T r ia n g le , and then aífo w ith the forem oft in the 
fooi, and that in the Knee o f  Perieus.

Sept. 2 . in the M orn in g , the Comet was between the Pleiades and the K not o f  
the L in e , m aking  a rig h t L ine  with Mufca and the bright Star in the Whale's 
JaWy and w ith the low eft in the Haunch o f  the Bull and the Jaw  a T rian g le  
alm oft equicrural, the V ertex  o f  which is the aforefaid Jaw. A lfo  it made a 
right L in e  with the tw o in the F ro n t o f  the ¡Vhále *, alfo it was as far diftant 
nearly from  that towards the W e f t ,  as they were from  one another.

T h is  D ay  I  again m cafured very  diligently with a M icrom eter the D iam eter 
o f  the Comet's Head̂  being 9 ' 7 " . Aug. 16. w ith the - fame M icrom eter I  
found it  only 6 ' 5 " ,  fo that it had notably increafed in the Space o f  17 D ays. 
I t  m ig h t be faid the R eafon is, becaufe in the laft O bfervation it was m uch  
nearer the Earth. B u t therefore it  ought to iliew its H ead m uch clearer and 
brighter, efpecially i f  it were a perm anent B o d y , as fdm é aifert, w hich fin ilh- 
ing its Courfe in a certain T im e  com es again into our V iew . B u t on the con
trary its H ead  is m uch m ore dull and rare at laft, Jfp that we m ight very dif- 
t in ftly  perceive the M atter o f  its H ead  to  be gradually diflolved. A nd this 
agrees m uch  better w ith our H ypothefis.

Sept, 4 .  in the M orn in g  the Comet feem’d to  be in a right L in e  w ith the Star 
in the W e fte rn  F ro n t o f  tlie Whale., and the brigh t Star o f  Aries. A lfo  with 
that in the Mouth and Jaw  o f  .the Whale. Befides it m ade alm oft an E qu ila
teral T ria n g le  w ith that in the Mouth and at the Cheek o f  the Whale. L a ft ly , 
it fell out as I  could w iih , that to the South  at 3  ̂ 4 0 '  in the M orning nearly, 
with a m oft exa6l Q uadrant I  obtain’d  its M eridian A ltitu d e, which was
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! S^/SSS^A Lcff̂ ’/fwdí» Latitude, Diurna/Motion, RigbtAfcin̂
1 * 0 r 0

K
t 0 * / 0 / 0 /

Ju ly 30 7 0 29 15 N 31
1

30 N 100 0

31 6 25 *  1 29 0 N 0 42
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F ro m  henee it  m ay very  clearly be feen, that tliis Comet m oved  conftantly' 

againft the O rder o f  the Signs s fo that in the Ecliptick it went 6 3  5 5 ',  but in
its own Oi'bit 7 4 °  3 5 ',  under an A n g le  o f  its Orbit and ú\& Ecliptic o f  a lm oft 

but o f  its Orbit w ith the Equator o f  56°^  its  Latitude at firft was 29®
15 ' N o rth , and at laft 1 1 °  2 0 ' South . So  that it  varied its L atitu d e a lm oft 41® .

T h is  I  ihall take notice o f  as to its H ead , that at jBrft its D iam eter was m uch 
lefs than afterw ard s;  but on the contrary , that at firft it  was far brighter than 
towards the E n d . B u t it exhibited no diíÜnét and fu lgent Nucleî  a? I  have 
feen in m oft, but a confufed M afs  o f  M a tter , m u ch  thinner towards the E n d .
This Comet, fince it was feen m o ftly  w ithout a T a i l ,  m ay tru ly  be reckoned 
am on g H airy  Stars, or thofc that have Beards lik e  G o a t s ; for it  extended u p
wards its very  ftiort and dilute Briftles only  to  Aug, 18 . w hich afterw ards quite
difappear’d.

C I X .  A  new Comet was lately feen in the H eaven s, by  the íh a r p E y e  a » .

A b . Blanchiniy th e D ifc ip le  o f  Geminiani Montamrius. T h e  Comet was indeed 
but fm all but appear’d regular in its O rb it , o f  a  thin L ig h t , and as an obfcure p- 
Star, B u t it was m ore lum inous through the T e lefco p e.

June 3 0 . N ew  Style. An. 1 6 8 4 . the Comet was firft feen by  m e in 9  D egrees 
of Libra  ̂ w ith fom e M inutes \ the L atitu d e o f  the fam e was 8 D egrees N o rth , 
w ith fom e M inutes.
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t

T h e  four laft O bfervations require fom e better C alcu lation , for perhaps an 
E rro r  o f  lo m e M inutes m ay have crept in. T h e  O bfervation  o f  the firft of. 
yuly is very  exadt, for the Comet appear’d in the T e le fco p e  along w ith that S tar  
in Fjrgo w hich by Bayer is m a rk ’d i i ,  and fell under the G irdle o f  the firft 
N orthern P art. I ’he fureft O bfervation o f  all is th at o f  the fix th  D a y , w hen 
Arfiurus was feen th ro u gh  the T u b e  together w ith  the Comet, A lfo  on  the 14*
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the Cornel and the Star x  in Booteŝ s H u n tin g  P o le , under his Shoulder̂  were 
feen at one V iew .

Comet. An. e x .  S ep iS . f t .v .A  1 6 8 6 . 4!' mane, about D ay -b reak , M . Kirk found 
litk̂ - íyAí'̂  this in the Gonftellation o f  Leo, to  the R igh t-h an d  o f  the'L»dda in-
Kirk. ’ Lutnbis <51 (as it  is conceived, for the 'LalinQo^y is defedlive in this place) and 
R. refefnbling that S tar in C olour and M ag n itu d e, w ith a thin and fhort Tail

extended upright. Over tht̂ Comet \n the lam e V ertical was the Star o f  6 of 
Bf^er, o r  21 'Tycbom, d iftant therefrom , by the M icrom eter, exaérly a D eg ree ; 
and a L.ine drawn from  xht: Lucida in Lumhî s ^  to the Cme/, paficd much a- 
bo u t h a lf  a degree to. the R ig h t-h an d  o f  the Ú L̂ ’o»is. T h e  D iftance o f  the 
Gíwííjf f r o m f a k d n - b y  á  R adius was about 17“. T h e  next Mornino- 
Sepf: 9 . at 3** 5 8 ',  the DiftiWice th ereof from  6 ^  was found by the M icrom eter' 
2° 2 3 'f ,  and at 4 ' '4 0 ' ,  again 2° 25 '-!. T o  verify the T im e s , the A ltitude of 
the Lucida in Lurnbis 51 w asobferved  11° lo ' ,  at 4** 8 ' mane. A  R ig h t  L ine 
<3rawn by the Ccmet, and th e fa id  6 Leonis tow ards ^ Leonis, or the Lucida Colli, 
le ft  that S tar a little to  the R ig h t-H a n d ,

T h is  was feen by a' C duntrym an, w ho firft g av e  N otice thereof, from 
the 6th to  the i ith oi-^ep^.

T h e  R efiilt  o f  tHefe O bfervations is, thát the Comet was d ire fl in M otion , 
th a t it m o v ’d about D eg ree  Diem, and that itfeem ed  rather to  decreafe 
in  L atitu d e. O n the yth ot Sept. it was about 2 4 ' d iftant from  6 Leonis, but 
its bearing dierefroni is not fet dov/n.

T h is  Star, S SI, was then in 9 ° ;2 ' o f  ’i?, wTth N o rth  L a t .  9° 4 1 ' i .  W h en ce  
a t the tim e o f  the f ir il  O b fó v á tio n  it m ay be concluded, that the Comet was in 
9° 5 5 ' o f  *3?, w ith N o rth  L a t .  9? 15^. A n d  at th e  2 * 'O bfervation , the L o n g i
tu d e o f  the Comet will be found abou t 11” 2 0 ' o f  w ith m u ch  the fam e N o rth  
L a titu d e  a s -b e f© i€ .— ---------- ¡- - ¡ —

AComt.An. C X I .  Feb. 19. "Hevf 'St'!f\e,̂ 4 n. the Royol Obfervatory zt Paris, a
169«. Paris; fm all Comet began to  -be feen, w liich w^s lik e  a nebulous S tar o f  the third

M agnitude.! i t  refem bled that w hich  wasi obferved in September 1 6 9 8 .
Its  Situation was am ong th e  u n form ’d Stars o f  the fixth  M ag n itu d e, near 

th e  ArSlic Polar C ir-cle,-above the Head' o f  Auriga, a lm oft at an equal D i f 
tance betw een the W e fte rn  Elbow o f  Per feus and the Head oi the great Bear. 

[ij ‘Tycho afcribes them  to  the unform ’d  Stars about the leiTer Bear. A s  we con
tinued ou r O bfervations, it feem ’d  b y  its ow n M o tio n  to diredb its way towards- 
Capella, w ith a fm all D eviation  from  its C ircle  o f  D eclination. Its  V elocity  
w as fuch, th at in the Sp ace o f  one D a y  it  defcribed about 7 D egrees o f  a great 
C irc le , b y  w hich M o tio n  in lefs than 4  D ay s it  m ig h t co m e to  the P o le , and 
be jo y n ’d to  the Polar Star.
ri'A t 6" after M id n ig h t we com pared  the Comet with a S tar o f  the ó'”" M ag n i

tu d e , w hich  Tycho calls the fecond o f  thofe w hich are in a r ig h t L in e  w ith the 
P o ie . In  its Paffage through the H o ra ry  C ircle  it preceded this S tar  by  15' 
5 3 ' ' ,  b y  w h ich  the D ifference o f  rig h t A fcenfion  will be g iven  4 “ 4 3 '.  B u t it 
was m o re  to  the N o rth  than this S tar by  8". w hence fuppofm g Tycho*s L o n g i
tude and L a titu d e  o f  this S ta r , to  this T im e ,  the Comet is referr’d to  1 5 °  51^ 
o f  Geminii w ith  N o rth  L a titu d e  3 7 °  2 5 '.  T h is



This Comet moves to the oppofite Parts of the Heavens in refpeiV’o f  thofe 
to which the Comei o í  the foregoing Year tended; whereas it was almoft at 
the fame Diilance from the Pole, as this Comei o f ours when it was firft feen ; 
nor very diibint from the fame Place.

But the Cofnet o f the Month of September proceeded in the fame way as the 
Comet of the Year 1652. purfued among the Stars, as it was obferved by us at 
Bologna. On which Occafion we diftindtly defcribed that way by the fame 
Stars as our Comet held, 1698. in Letters addrefs’d to the M oil Serene 
Fran. EJi Duke of Molisna. That Comet pafs’d in the Month o f  December from 
the Southern Parts o f  the Heaven through the Conftellations o f  the Hare,
Orion, and the Bull, where it cut the Ecliptic with an Inclination o f 76°, and 
througii Perfeus and Cafftopeia, where it eras’d to be feen in the Month o f 
January, An. 1653. This began to be feen in the beginning o f the Month o f  
September, in the fame Part o f Cajfiopeia where the other ceafed to be feen, and. 
thence proceeding through the Shoulders znáxht Arms o f Cepheus, where it 
had the greatefl: Latitude from the Ecliptic of 76® it pafs’d through the Dragon 
and the Swan, through the Lion's Skin in Hercules, through Ophiucus, to the 
Conftellation oi.Scorpio, which it kept in our lait Obfervations from the 24 to 
the 28 o f September. N ow  from thefe Obfervations we colleited, that this 
Comet had its Perigee Sept. 7, in the Evening, with the greatefl: apparent Velo
city of nearly 10° in the Space o f one Day.

CX II. Papers of lefs General Ufe Omitted. Cygnuj.».2i.
,1. The Conftellation-of Cygnuŝ  with the New Star in Peñore in it,

Hevelius ; together with the Names o f the Stars in that Conftellation by Tycho Mr. Korrox'/ 
and o f thofe added by himfelf.

2. Mr. Flamfleed having perufed Mr. Street’ s Difcourfe, and c o n f i d e r e d t h e » - 368* 
Contrivance o ih h  Moon-PFifer, aíTures, that for theMotion of Longitude ’ tisthe 
very fame, and for the Motion o f  Latitude not much better than Mr. Horrox ŝ.

But Mr. Flamfteed hath thought o f  another Contrivance, that will ihew the 
Moon’s true Place to a Minute.

I. T h e more Notable Ccelefiial Appearances calculated, by M r. Flam-í*!f 'Í^ ^ ‘ ',^n r  ̂ /V'*  ̂ riomena caUtUak.jteeay tor the 2ear loyo. ted.
2. T h e fame for the 1671.
3. T he fame for the 2''ear i6y 2.
4. The fame for the I'ear 1673.
5. The fame for the Tear 1674.
4. I. T h e Eclipfes 0 Í  the ¿ W t o  o f Jupiter viñble at Uraniburg t h c h ñ l

four Months o f the Tear 1671. calculated by M . Cojfini. n.177. p. azjg.
2. The Eclipfes o f the Satellites of Jupiter vifible at the Obfervatory at Green-'"' 

wich'm the three laft Months of xhtTear 1683. calculated by Mr. Flamfleed.
3. T he Satellite Eclipfes calculated by Mr. Flamfteed for the Tear 1684Í n« 754. 404*
4. The fame for the 1685. n. i6y./>.76o.
5. The fame together with the Parallaxes of Jupiter’ s Orb and his Geocen-^^^^ '̂ * 

trick Places, for the Tear 1686.
6. T he fame for the Tear 1687.
7. T h e Satellites Eclipfes calculated by Mr. Hailey, for the Tear 1688.  ̂  ̂ ^
8. I .  An Account of the Ephemerides o í Cornet̂  A . 1 6 6 calculated *

( 453 )
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n. SS’ p. 1099 . 
H» 66. p, 1.0&9* 
JU77.P, 2197.
n. 79 p. 3061« 
n* 86. p, 5040. 
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i.p. 17, i8. by M . Ai£íoüt’, and the. Principle o í his Hypotbejts difcovered by M . CcJJini, 

n. 3-P-36- 2. A n  Account of the Ephemerides o f the Comet A. 166s. Calculated by
M. Auzout.

CXIII. Accounts ¿y''Books Emendations, Omitted, 
n, 101. p . 43. '1.. A  new Size o f  Globes about 15 inches Diameter re£tified by R . Mordm

and Will,. Berry.
Phil. cd. 2. A  Reprefentation o f  the Heavens in two large Hemifpheres of 30 Inches
"• I- p- 44- Diameter, Stereographically projedled upon the Plane o f the jEquinox; by 

•’ M r. Fr. Lamb.
n. 9 0 .  ̂ siyo. Deux Machines propres á faire les ^adrans., avec tres grande facilité, par

le P . Ignace Gajlon Par dies, S. J. á Paris ̂ 1673. in 12°.
114. p. 215. 4. Sciotericum ’Telefcopicum.̂  or a new Contrivance o f adapting a Telefcope to 

an Horizontal Dial., for Oblerving the Moment o f T im e by Day or Night
by Will. Molineux R. S. S. Dublin., 1686. in t̂o. 

n. h i-p- mo- 5* Meridian Line o f the Church of St, Petronio., drawn and fitted for
Ailronomical Obfervations, in the Tear 1655. revifed and reftored in the 
Tear i 6 g ^ by ^o. Dom. CaJJjni. A t  Bononia 1695. Fol.

 ̂ n. 66. p. 2018, 6. Joa. Hevelii Machinje cscleftis Pars prior, Organographiam AJironomicam
“i- ».99. p. 6171. plurimis Iconibus illuítratam &  exornatam exhibens, i^c. Gedani 1673 in Fol.
ii n, log.p. 21/. y- Animadverjions on the Firi^ part 0Í the Machina cí^lejíis o f Joa. Hevelius^

together with an Explication o f  Ibme Inftruments made by R . Flook. P. of 
Geometry in Grefh. Coll. and R .S .S . London 1674. in t̂o. Dr. Wallises Let
ter to M. Hevelius., concerning Divijions hy Diagonals there inferted, but faultily, 
is here Reprinted more correftly.

«. 17Í.;. if6z. 8. Joannis Hevelii QonfuWs Dantifcani Knnns Climadiericus. Gedani 1685.
Fol. Wherein (among other Things) M . Hevelius vindicates the Juftnefs of 
his Celejlial Obfervations againft the Exceptions by fome made to the Accuracy 

■ib.p. 1164. o f  them. T he Controverfy between Him and Dr. Hook, about the Ufe o f fe- 
w. I I  I.  p. 244. lefcopick and Plain Sights, and Dr. U^allis's Calculation, for Dividing the Limb
n. J7S- p. 1176. o f Inftruments by Diagonals, are alfo here Abridged.

9. Excerpta ex Literis 111. &  ClariiT. Virorum ad Nob. AmpliiT &  Conful- 
n. ISO. p. 308. tiíT, D. Jo, Hevelium Conf. Gedanenfem perfcriptis, Judicia de Rebus AJlronomi-

cis, ejufdemque Scriptis, exhibentia; Studio ac Opera Joa. Erici Olbojfii Se
iji cretarii Gedani 1683. in 4/0.

10. A  Defcription o f the Heliofcop, and fome other Injiruments, made by 
^ . 1 1 8 , p. 440. R. Hook, R. S. S, Lond, 1675. in ¿\to.

n .  T h e Sphere o f  M. Manilius made an Englijh Poem, with. Annotations, 
and an Afirommical Appendix by Ed. Sherburn, Efq; Lond. 1675. in Fol.

12. Albatenii Obfervationes Afironomica, Quas ex Arabico in Latinum Tranf- 
» ,20 4 , p. 9 >3. tuYit Plato Tiburtinus.. Noribergis 1 5 3 7 ; ^  Bononia 164^. The Arabick Copy

o f  thofe Obfervations does not appear, whereby that 'Tranjlation might be eX' 
amined: But M r. Hailey., by calculating Tables from the Principles there deliver
ed, hath here difcovered and correSied above 30 confiderable Faults in a few Pages. 

«.43. p. 858. 13. Hifioria cceleflisex Libris &  Commentariis MS. Obfervationum Vicen
nalium Tychonis Brahe, Dani, Augufia Vindelic. Ann. 1666. in Fi?/.

». 102. p. 27. 14. A ll  the Maniifcripts o f  the famous Kepler, (both publifhed and impublifhcd)
^  9̂, which are purchafed, and carefully preferved by M . Hevelius. 15- J^'

n* 1 0 7 . p. 233.
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Jeremía Tiorroccii Angli Opera Poílhum a: una cum Guil. Crahtresi Ob-«' h-p- s®7*- 

fervationibus Coeleftibus, nec non Jo. Flamjfeedii de Temporis JEqtiatione Diatri
ba, numerifque Lmaribus ad Novum Luna; Syftema Horroccii. Lond. 1672. in \to.

16. Ajironomm Reformata. Auftore Joan. Bapt. Riccioli S. J . Stephano de An- «• 394-
conceiving the Arguments of this Author., againil the Motion o f the».36.̂ .69?.

Earth., to be none of the ftrongeft, taketh Occafion to let the world fee that 
they are not more efteem’d in Italy., than in other places : Manfredi, in behalf 
of Riccioli, endeavours to anfwer the Objedlions of Angeli., and this latter replies 
to Manfredih Anfwer. The Subftance of which Controverfy is here given by 
Mr. Ja. Gregory \ with fome Remarks and Explications of his own upon it.

17. An Attempt to prove the Motion o f the Earth from Obfervations, made”’ 
by A  Hook., F .R .S . Lond. 1674. in t̂o. The Method of this Undertaking is”* 
approved and commended by M. Chr. Huygens, and M. Cajfini.

18. Nicolai Mercatoris Holfati, é Soc. Regia, Injlitutionum Ajironomicarum"'
Libri duo. Lend. 1676. in Oñavo.

19. Annales Coeli &  Temporum perpetui, five Myíleria AJlronomo-Chrono-n.Tô ,p.T/̂ , 
logica á Seculo abfcondita nunc per Dei Gratiam deteéta &  evidenter aíTer-
ta. Libris tribus. Kiloni. This Book is Preparing by Dr. Wafmuth.

20. A  Catalogue o f Fixed Stars with their Longitudes, Latitudes, and Mag- «• s. p. 
nitudes, according to the Obfervatiou of Uleg Beig. Oxford 1666.

21. Catalogus Stellarum Aujiralium, five Supplementum Catalogi T’ychonici\n. 
exhibens Longitudines &  Latitudines Stellarum Fixarum., qufe prope Polum An
tarcticum fitie, ill Horizonte Uraniburgico  ̂ Tychoni inconfpicuae fuere. Authore 
Edm. Halleio., é Col. Reg. Oxon. in ¿¡̂ .to.

22. Congietture Phyfico Afironomiche della Natura dei Uw/wryfii •, da P/V/ro M .«. ¿y. p. 2012» 
Cavina, m Faenza 1669. in 4/1?,

23. Profe de Signori Academici di Bolô na., in Bologna 1672. in \to. S. iV ibw -g j.p . 512^, 

tañarías Difcourfe concerning the admirable Changes and other Novelties ob-
ferved in the Heavens.

24. Ifmaelis Bullialdi ad Ailronomos Monita duo. Primum de Stella novâ p̂ \2t ü- p- 3*1* 
,n Collo Ceti ante An. aliquot vifa eft. Alterum átNebulofa in Andromeda Cin

guli p^rte Borea, ante Biennium iterum orta. Approv’d by M . Hevelius.
25. Three Letters of Jo. Dominicus Cajfmus., concerning his Hypothejis o f». 84 p. s°oi. 

the Sun's Motion, and his Doólrine of RefraSlions. A t Bononia, in 4/1?.
26. Refraélio Solis Inoccidui, in Septentrionalibus Oris circa Solflitium>».233 P-73i* 

.ffiflivum. An. 1695. aliquot Obfervationibus Aflronomicis deteéla. Holmia  ̂ in
4-to. Tranjlated iutoEngliJh. Lond. in 8w.

27. Tabularum Afironomicarum Paris priory de Motibus 5i»/zj &  Luna necnon'»'i9*'p-4«* 
de Pofitione Fixarum., ex ipfis Obfervationibus dedu6tis : Authore Ph, de la
Hire. Paris 16%y. m Some Animadverjions on it are here inferted.

28. I. The Royal Almanack ÍOV the Tear 1675 : by iV. Stevenfon. in 12“.
2 . ---- — ' - For tlie Tear 1676.
3  . ------------  ̂For the Tear 1677.
29. Ephemeris, 2id. Annum 1686, exaftiflime fupputata. Lond. in 8m
30. The Celejlial World difcovered, or Conjetures concerning the Inhabitants, f. 537

Plants, and Produftions, of the Worlds in the Planets, Written in Latin by 
M. Cfjr, Huygens, in 8w. 3 1

ÍO8. 192.
n, 120. p. 490.

«. 130. p. 7 7 4 ,  
n. 179. 3 f
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P' 900. w. 4 .
P' 69.

p, 74. 
w. 3f. p. 68S,
?{«44' P* 

n. 2i4»p*

9t$ 14. p, 242.
w, 2S' p* <587.

». 13 4 .  p. 85-3, 

/2. 6. p. X04*

Tjé 0̂1«

ff. 4 0 . p. Soj*.

»• 2S‘ P 691. 

n*SZ* P* 1069«

w JS. p. io7J«

». 139. p. 980. 

'Ib 98̂ ,

P/;, CflA n. 4. 
p . .Jo6 ,

/¿. p* 11-4«

p. i i 5.

To/. «• 7*
p. .196,

//f. p. 159,

71. J4 ^ . p. 272.

( 4 5 6  )
3 1 . Ragguaglio de Nuove Obfervationi da S. Giofeppe Campani. This Book 

was nnlwer’d by M. Aaxout, who gives his Opinion o f Campanil GlaiTes, and 
his new Obfervationi o f Saturn and Jupiar made with th en i; to this S. Campavi 
publiilies a Reply  ̂ and M . Anzoitt his Ammadvrr/tons thereon.

32. I .  , Mediceorum Siderum, ex Hypothefibus &  Tabulis Jí.
Dom. Cajfmi, Bo}2oni¿e \bb^. in Fot. The like have been formerly pub-
liih’d by the Learned J . Bopt. Hodierna at Rent'’., about 1656.

2. T h e I'able of the Eclipfes of the Firjl Satellite of Jupiter by M. Cqffinî  
publiih’d 2X Paris in xhtRecueil d' Obfervations faites en plufteurs Voyages pour 
parfeSiioncr /’Aftronomie ¿S? la Geographic, being not printed with the ufualCare 
o f  the Impnmerie Royale.̂  M r. Hailey here amends fome o f  the Errata.

33. Martis., circa Axem  proprium revolubilis, Übfervationes Bononia a 
Joa. Dominico Caffino habitas 1666, Here M . Cafftni judges it evident, that 
the Period o f  this Planet^ Revolution is not performed in the fpaceof 12'' 20', 
but in about 24** 40' •, and that thole, who affirm the former, m uil have been 
deceived by not well diftinguilliing the two Faces.

34. Mercurius in Sole viilis ; ^Jo. Hevelio, Ged. 1662.
35. Prodromus Corneti cus-, by Hevelius.
36. Joannis Hevelii Dcfcriptio Cometa., á n .M v^  Chrijiiana 1665. exorti: una 

cum Mantiifa Prodromi Ccmetici.̂  obfervationes omnes Prioris Cometae 1654, 
ex iifque genuinum Motum,accurate deduálum, cum Notis &  Animadverfioni- 
bus, exhibens.

37. Jo. Hevelii Cometagraphia. Dajifzicky in Fol.
38. Staniflai á t Lubienietz Theatrum Cometicum. Amfielod. 1668. in Fo/.
39. Del Movimento della Cometâ  apparfail mefe di Decembri 1 6 6 da Pietro 

Maria Mutoli., in Pifa, in 4/0.
40. Erafmi Bartholini de Cometis., An. 1664 1665, Opufculum ; ex

Obfervationibus Hafnia., habitis adornatum. Hafnia., in 4¿¿?.
41. Joh. IValliJii, De Cometarum Diftantiis inveftigandis. hond. 1678.
42. Lectures and Colledions made by R. Hook., Sec. of the R. S. Lend. 1678 

in ^to.
43. Obfervat. ot ú it Comet of i6.§oand 1681. made at the Col. o í  Clermont 

by P . J . de Fontenay é S. J . Profcjf. 01 Matbematicks, Paris 1681.
44. A  Treatiie concerning the late Comet, pubhihed at Turin, i68r. by 

Donato Roffetti, S. T . D. Canon o f  Leghorn, and Tutor in Mathematicks to the 
Duke o f Savoy.

45. A n  Explication o f the Comet which appeared at the End o f  1680, and 
in the Beginning o f 1681, upon the Obfervations o f D . Anthelme, Car- 
thujian o í  Dijon. A t  Dijon, 16 8 1. in onefingle Sheet.

46. A  fmall Difcourle about Comets publiflied in the High Dutch at Nurenhurgb 
1 681 i by a Lover of AJtronomy.

47. A  new Introduólion, íliewing liow the Motions o f  the Comets may be 
reduced to fome certain and Geometrical Rules, that their Appearance may be 
predided : in High Dutch', by Ja. Bernouly, at Ba%il. An. !6 8 i.

48. Joannis Jacobi Zimmermanni Cometo-fcopia. Or, three AJirommical Rs- 
concerning the Comets thd.t have been leen in the 2''ears 1680, 1681,

1682. SJuígard, 1682. in 4/;?. C H A P *
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C H A P  V.

M e c h a n i c k s . A c o u s t i c k s .

I. I . F  an Agent as A  produces an EfFeft as E ; an A gent as m  atmrs!
2 A , will produce the EfFe6t 2 E , 3 A  as 3 E , & c. all other 
things being like. And univerfaily, m A  will produce the ssi*' 
Effeól ff? E , whatever ratio fn be the Exponent of.

2. Therefore if a Force as V  move the W eight P, the 
Force m V  will move m P, other things a lik e : Suppofe 

the fame Space in the fame Tim e, that is, with the fame Velocity.
3. A lfo if  in the Tim e T  it move it the Length L  ; in the Tim e » T  it will 

move it the Length « L .
4. Therefore i f  the Force V , in the Tim e T ,  move the W eight P , the 

Length L  ; the Force m V , in the Tim e ?? T  *, will move the W'eight P , the 
Length » L .  And therefore as V T ,  (the Produól o f the Forces and Tim e,) 
to P L ,  (the Produil o f the W eight and Length,) fo is m n V T t  to

5. Becaufe the Degrees o f Velocity are proportional to the Lengths per
form’d in the fame 1  ime *, or, (which comes to the fame,) are reciprocally 
proportional to the Tim es ipent in performing the fame Length ; it will be

— C  : : ------ C. That is, the Degrees o f  Velocity ai-e in a ratio compound-
1 ' n ' V  n
ed o f  the Direft Ratio o f the Lengths, and a Reciprocal Ratio o f  the Times.

6. Therefore becaufe V  T  . P L  ::  w » V  T  . w « P  L  *, it will be V  . ^ ^
T

w V . « P L  
n T

7. That is, if the Force V  is able to move the "Weight P  with the Velocity 
C ;  the Force »?V will move either the fame W eight P  with the Velocity 
?« C j or with the fame Velocity will move the W eight »7 P-, orlailly , any 
W eight with fuch Velocity, that the Produfl of the W eight and Velocily 
may be m P  C.

8. And on this depends the Reafoh o f the Conftruélión of all Machines for 
facilitating Motions : So that in whatever ratio the W eight is incrcafed, the 
Velocity muft be diminifh’din  the fame. So that the Produd: o f  the Velocity 
and W eight, that is to be moved with the íáme Force, may alwáys be the

iiime. That is, V  : P C  ::  V  : í;/Px i  C = P  C.
7)1

V o l . I. N  n n Q. If

n ^ O
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g. I f the W eight P, moving with the Velocity C, by means o f the Force 

V , ftrikes diredly againft the W eight mPt which is at reft, and is no ways

hindred 5 each will be carry’d by the Velocity
i-\-m

C. For becaufe of tlie fame

Force, which is apply’d to the moving of a greater Body ; the Velocity of the 
increafed Body muft be diminifhed in the fame ratio. That is, V : P C ;; y :

P x — I— C = P C . Therefore the Shock o f one, (by which is meant t
i-{-m

I 1 -\~m

Prodiiót o f the Weight and Velocity,) v.ill bccome

T

le

P C, and of the otlier

10. I f  againft the Body P, moving with the Velocity C, (by means of the 
Force V ,) another Body follows it the fame way with greater Velocity, and 
Itrikes direftly againft i t ; fuppofe the Body m P, with the Velocity nC  (and 
therefore moved by the Force m tiY  -,) both will be carry’d with the Velocity

F o r i t i s V : P C : : » i « V :  w « P C :  : V + » i« V  ( i ± ^  V ) : i ± ^
i+ m  " I '  I

P C = l z t ^ P x i i ^ ^ C .  Therefore the Shock of the preceding will be
1 i+m ® i-fw

P  C, and that of the fubfeqiient will be  ̂  ̂m P  C.
I

11. I f  Bodies moving contrary ways meet and ftrike each other direftly, 
fuppofe the Body P moves to the right Hand with the Velocity C  by means 
of the Force V  j and the Body m P  moves to the left Hand with the Velocity 
n C , and therefore by the Force w « V  ; the Velocity, Shock, and Diredion 
o f each may be determined. The Body that moves to the right Hand would

communicate to the other, if  it were at reft, the Velocity — —̂ C, and there-
i--m

fore the Impetus
i-f-w

m VQ  to the right Hand, and \vould retain to itfelf this

fame Velocity, and confequently the Impetus wPC to the right Hand,by

Se6t. 9. And the Body moving to the left Hand (by a like reafoning) would

communicate to the other, if at reft, the Velocity
mn

i-\-m
C , and therefore the

Impetus
mn

i+ m
P C  to the leftj and would retain to itfelf this fame Velocity,

and therefore the Impetus mn 
i-\-m

P C  to the left. Now fince the Motion is

on each fide, the Impetus of the Body that before moved to the right Hand

will now be the Aggregate of P  C to the right Hand, and
m n P C  to

I  -\ -m  I  -\ -m

the left Hand ; and therefore will really be to the right Hand or left, accord-
1  ing

HED
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iíig as this or that is tlie biggeft, with that Impetus which Is the Difference of 
tlie two. That is, (making the Sign 4 - to fignifie to the right Hand, and —

{ 459 )

■»} n
to the left Hand,) the Impetus will be +7:^::;;^? C—  P ^ »

and the Velocity - C i and therefore to the right Hand or left, accord

ing as I or »;« iliall be greater. And in like manner the Impetus of that Body 

that before moved to the left Hand will be - f w  P C —14-;«
mn

m P C =
I— m n

mVC ,  and its Velocity i — and therefore to the right Hand or left,
i+ w

according as i or w « is the greater.
'12. But if the Bodies do not move direftly the fame way, nor direftly con- 

traiy ways, but ftrike one another obliquely *, the foregoing Calculation is to 
be accommodated to the Degree of Obliquity. Now the Impetus of a Body 
ftriking obliquely, is to the Impetus that would be produced if  they ftruck 
direótly, other things being aUke, in the ratio or Radius to the Secant 
of the Angle of Obliquity. Which is alfo to be underftood, when the 
the Body falls not perpendicularly but obliquely on the Surface of the Body 
that is ftruck, as well as when the W ays of their Motion crofs one another 
obliquely. This Confideration rightly apply’d to the foregoing Calculation, 
will determine what will be the Velocity, Impetus, and Direftion. oí Bodies 
that impinge thus obliquely. That is, with what Impeais, with what Veloci
ty, and towards what Parts thofe Bodies will refied from each other, which 
impinge in this manner. The Reafon is the fame of the Gravitation of heavy 
Bodies that defcend obliquely, to the Gravitation of thofe which defcend per
pendicularly.

13. If the Bodies fo impinging are fuppofed to be not ablblutely hard, 
(which we have conceived hitherto,) but yielding to the Stroke, yet fo as to 
be able to reftore themfelves by their Elaftic Force ; it may hence happen that 
thofe Bodies iliall rebound from one another which otherwife would go toge
ther ; (and indeed more or lefs, according as this Power of Reftitution is 
greater or lefs ;) that is, if  the Impetus proceeding from the Reftitutive Force 
is greater than the ProgreiTive.

In Motions that are continually accelerated or retarded, that is tobe efteem- 
ed the Impetus for every Moment, which belongs to the Degree of Velocity 
then acquired. But when the Motion is along a Curve, that is to be reputed 
the Dire<5lion in every Point of the Motion, which is the Direction ot the 
Tangent in that Place. And whenever the Motion is accelerated or retarded, 
and alfo along a Curve, as in the Vibrations ot a Pendulum ; the Impetus is 
to be eftimated for every Point, both according to the Degree of Accelerati
on, and the Obliquity of the Tangent in that Place.

2, The Law of Nature in the Collifion of Bodies.
The proper and moil natural Velocities of Bodies are reciprocally propor-

p. S67
N n n 2 There-

tional to thofe Bodies.

Chrlíí-í
Ibid.
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Therefore the Bodies R , S, having their proper Velodties, alfo after Colli- 
fion retain thofe proper Velocities.

And die Bodies R , S, liiving improper Velocities, by Impulfe are reftored 
to Equihbrinm, That is, as much as; R exceeds, and S is deficient from their 
proper Velocity before Impulfe, fo much by the impulfe is taken from R, and 
is added to S :< And coiii:rary>\'ife.

V'.'hereiore the Collifion of Bodies having their proper Velocities is equiva
lent to. a Balance ofcillating upon two Centers, which on each fide are equally 
iiiftant fr-ocn the Center of Gravity. Now the Beam o f the Balance is produc
ed as there is occafion.

Thepel^re there are; three Cafes of equal Bodies moving improperly. But 
o f unequal Bodies moving improperly, (whether contrary ways or the fame 
way) there are in all ten Cafes, five of which arife by Converfion.

R , S, are equal Bodies, or R  is tha greater Body, and S the lefler. a is the 
Cent-er of Gravity, or the Handle of the Balance *, Z  is the Sum- o f the Velo
cities of both Bodies.
5  R Í Í Vtloc; 7 R 5 given before
¿ S  ̂5 o f Body 3 S ¿ Impullé.

J  R‘ 7 V«loc. 7 R 5 required af- 
¿ (7 S  ̂of Body 3 S ¿ ter impulfe.

or

S o ? Veloc» 5 s ?  given before 7 
R 0 5 Body ¿ R  5 Impulfcv §

S 7 Veloc. Í S 7 required after 7
^  R 3 of Body c R  3 Impulfe. 5

The Rule. Rí", S í ,  make <?R, ¿>S : R¿7, Sí?, make eS , e R .
[Read the Syllables ( tho’ disjoyn’d) R S <7 R , S ; or R  í?, S ¿7, eS , eR^

in the Line o f every Cafe j and o f thefe that which is written in the Scheme in 
the Hebrew manner, fliews a Motion contrary to the Motion which the Latin 
wav o f writing of each Syllable denotes. A  Syllable conjoyn’d fignifies the 
Reft of the Body.

Calcul.
R-{-S : S ::  Z  : R  Í? 
R-J-S : R  : : Z  : S «

R f — 2R¿?=<?R 
2 Si7+  S f =0 S

S Q— 2 S a— e S. 
2Ri?-i- R o = ^ R .

Nature obferves the Rules of Specious Addition and Subtradion.
Af. Huygcn*. 3. The Rules concerning the Motion of Bodies, after their mutual Impulfe.

Ap/An 1̂065. I • If a hard Body ftrikes another equal hard Body at reft, after the Contaft
’ that will be at reft, and the Body at reft will acquire the fame Velocity as was 

in the ftriking Body.
2. But if  the other equal Body move alfo, and in the fame right Line, after 

Contaél they will both continue to move, but with Velocities mutually inter
changed.

3. A  Body ever fo great will be moved by a Body ever fo little, that ftrikes 
againft it with any Velocity.

4. The General Rule for determining the Motion which hard Bodies ac
quire by their direft meeting is this following.

fti. 15S, Let the Bodies be A  and B, o f which A  is moved with the Velocity A  D •, 
and let B meet it, or let it move the fame way with the Velocity B D , or 
laftiy let it be at reft, that is, in this cafe let the point D  fall in B. Let the 
Line A B  be divided in C , (which is the Center o f (Gravity o f the Bodies A ,B ,)

2 and

nED
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and let C E be taken equal to C  D. I iky, E  A  will be the Velocity of the 
Body A  after meeting» and E B  of the Body B, and each will proceed in that 
•way as is fliewn by the order of the Points E  A , E  B. Now if the Point E  
falls in A  or B, the Bodies A  or B will be reduced to reft.

5. The Quantity of Motion o f two Bodies may be increafed or diminiilied 
by Conflift ; But there always remains the fame Quantity the fame way, taking 
from thence the Quantity o f contrary Motion.

6. The Sum of the Produils made by the Bulk of every hard Body drawn 
into the Square of its Velocity, is the fame both before and after the Conñi¿t.

7. A  hard Body at reft receives more Motion from another hard Body, 
whether greater or lefs, by the Interpofition of fome third Body which is of an 
intermediate Qiiantity, than if it had been ftruck by it immediately. And if 
that interpofed Body ihould be a mean Proportional between the two others, 
it will aft the moft forcibly of all againft the Body at reft.

In all thefc Conclufions the Author fuppofes the Bodies to be of the fame 
Matter, as he acknowledges himfelf •, or he intends, that their Bulk may be 
eftimated by their Weight.

But he adds, that he has obferved a certain wonderful Law of Nature, 
which he affirms that he can demonftrate in Spherical Bodies, and which feems 
to him to be general in all other Bodies whether hard or foft, or whetlaer they 
ftrike direóÜy or obliquely j that is, that the common Center o f Gravity of 
two, three, or any Number of Bodies, is always equally promoted the lame 
way, in the fame right Line, both before and after the PercuiTion.

4. For fome Months laft pafs’d, feveral Members of the Royal Societŷ  at s»me hj3„tIcji 
their |)ublick Meetings, had infifted very earneftly, that that impoitant Sub- t f̂h$p7pérsT 
je¿t o f the Laws o f Motion ihould at laft undergo a ftridb Examination, ha-̂ ĵ Mr. owen- 
ving formerly been propofed to the Society, but not yet difcufs’d as it de- 
ferved to be. It then feem’d proper to that Illuftrious Society to determine, 
that which ever of their Members feem’d fitteft for this Inquiry, into the N a
ture o f Motion, ihould be defired to produce their Thoughts and Difcoveries 
about it, and likewife to colleft what had been done in this matter by other ex
cellent Men, as Galilaus, Des Cartes  ̂ H&noratus Faber, Joachimiis Jmgiiis^
Peter Borellus, and others. Chiefly with this View, that thus confulting and 
comparing the Opinions of all, a Theory might thence be eftabhftied in the 
Philofophical W orld, which might agree as much as poiTible with Obfervati- 
ons and Experiments, which ihould be often repeated with due Care and 
Fidelity.

This their Defire being made known, feveral of the Members of the faid
Society comply’d with it, as Chrijtian Huygens-, Jchn Wallis  ̂ and ChrifiopUr
Ĥ ren •, who undertook to compleat as foon as might be thofe Hypotheles and
Rules of Motion, in digefting of which they had been employed for fome
time. Hence it was that thofe three great Mathematicians, in the Space ot a
few W eeks, comunicated their Theories neatly abridged, and as it were by
ftrife, defiring the Sentiments of the Royal Society upon the fame. Firft of all
D r . t r a n f m i t t e d  his Principles concerning the Eftimation of Motion, by
a Letter dated iVb'y. 15. 1688, which was deliver’d and read the 26 ot the

fame
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fame Month. He was Toon fucceeded by Sir Chrijlopher TFren, who on the 
17th o f the Month following exhibited to the Society the Laws ot Nature con
cerning the ColUfion of Bodies. Thefe the Society ordered to be printed, hav
ing firft obtained theConfent of the Authors, for the more commodious Com
munication and ampler DifcuiTion of this Subject.

Whilft thefe Things were doing with us, on the 4'*’ of January following, 
EngliJJ} Stile, the Poit brought us Letters from Mr. Hmgenŝ  written on the 
5*’' day of the fame Month, but New Stile, containing the four firft Rules con
cerning the Motion o f Bodies arifing from mutual Impulfe, together with their 
Demonftrations. I had at hand a Copy of IVren ŝ Theory, which I fent the 
fame Day to Mr. Hiv.’gcns by W ay of RetaUation, the Foil then favouring. I 
forbore to open Mr. Huygens’s Letters, fufpefting fomething of this Nature to 
be included in them becaufe o f their Bulk, and becaufe o f his Promife, till I 
had an Opportunity of laying them before the moft noble and worthy Prefi- 
dcnt of the Royal Society, the Lord Vifcount Bromkcr. Which being done, 
and the Rules of each being compared by the faid Society, there prefently ap
peared a wonderful Agreement between them ; which produced in us a great 

! Defire o f committing both their Writings to the Prefs. On Mr. Huyge'ns\ 
Side nothing w'as wanting but his Confent, without which we did not think it 
fair to print his Difcoveries, efpecially as he had not given them then compleat. 
However we took care to regifter his Paper in the publick A6ls of the Royal 
Society, and to return our folemn Thanks to the Author on Jan. 11, for his 
agreeable Communication ; afterwards adding (on Feb. 4.) our earneft Wiihes, 
that he would caufe his Theory to be printed either at Paris., (which he might 
eafily do in the Journal des Scavans, as it is called,) or fuffer us to print it here 
at London in the Philofophical Tranfaélions. W hich Letters being fent to Mr. 
Htiygens., we foon afterwards received an Anfwer from him, acknowledging 
the Receipt o f Sir Chrijlopher Wren ŝ Paper on this Subjeót, but mentioning no
thing about the Publication of his own Paper, either at Paris or London.

Hence I conclude it is very plain, that Mr. Huygens has been wanting to him- 
felf, in not haftning the Publication-, and by his Delay has given occalion, that 
Mr. Wren having by his Sagacity diicovered both the Theories, juftly claims 
a right to the Glory due to this Difcovery. Since it is beyond all doubt, that 
neither o f the Gentlemen knew what was done by the other, before their Writ
ings appeared together *, but each by his own Ingenuity produced thefe beauti
ful Originals.

Indeed Mr. Huygens., when he was at London fome Years ago, folved thefe 
Cafes o f Motion which were then propofed to him. A  fure Argument that he 
had even then found out the Rules, by the Evidence o f which he performed 
this Matter. But he will not affirm, that he difclofed any Thing of his Theo
ry at that Tim e to any of the Englijh. Nay, he muft confefs, that though he 
was folicited by fome of them to make this Communication, yet he could ne
rer be prevail’d on to do it till very lately.

II. I  ̂ et all the Lines <3 h, b c de., &cc. be all equal to one another, and 
¿ I ,  ¿“ 2,  ̂ f  &c. increafe equally as the Numbers i ,  3, 5, 7, 9,

I lav
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I fay that any heavy Body falling in this Line from any Point of it, m]\ nt Symhrcnifi»
reach the Bottom in the fame Space of Time, as it would reach it if it ih o u ld l* 2 *Ic?' 
fall from any other Point of the fame. cioidei Dmon

for you a d = h c = c d . See. a n d ¿ = .5 i ,  zná x =  zny
ber of either; then if a is put for a / , then x x b muft reprefent/ í ,  and there- "•

fore the Tim e of Defcent will neceíTariiy be - í í ^ o r  - L . And the fame obtains '
xxaa aa

%

i n  all Cafes. Tiierefore, & c.
I fay moreover that this Curve is a Cycloid, which is eafily demonftratcd 

from the Conftruftioii, and from what is now ihewn. For this Curve a b e d  
e f z i s  equal to the double of the laft of the right Lines, that is 2 2: w, and

w is equal to the Semicircumference of the Circle whofe Diameter isz w •, and 
in general the Triangle T  « n reprefents the right Line 2: w; and the Square 
r  n D 35 reprefents the Curve a b cd e f z - ,  and the Quadrant Y  b s  repre
fents the rig It Line a u •, and the Parts of one the Parts of the other refpeélive- 
ly. As if reprefents /<?, then will T reprefent a Í, and r^siil® 
will reprefent a f .  But I have no time to purfue this farther.

Laftly I fay, that a Ball lufpended by a String of a due Length, and vibrat
ing between two Cycloids, will move in a Cycloid. Wherefore fuch Vibrati
ons will be Synchronous. ^  E. I).

III. I .  Prob. T o  determine the Curve-line connecting two given Points which Trobkm  

are at different Diftances from the Horizon, and not in the lame Vertical Line, 
upon which a Body moving by its own Gravity, and beginning to move írom/íjr¿/weí» 
the upper Point, fhall defcend to the lower Point in the ihorteft time, prlpcjtd̂ yM ]o

The Senfe o f the Problem is this; of the infinite number of Lines that may BtmouUi. 
be drawn between thofe Points, from one to the other, to make choice of that, 
according to which if a Plate be bent having the form of a Tube or a Canal, fo 
that a Ball being laid upon it, and fuffer’d to defcend freely, it may perform its 
PaiTage from one Point to the other in the ihorteft Time pofiible.

2. Yefterday I received copies o f two Problems, propofed by that moft ; h
acute Mathematician Mr. Júbn Bernoulü  ̂ printed at Groningen̂  Cal. Jan. 1697. .............
Of the firft of which this is the Solution.

From a given Point A  let there be drawn an indefinite right Line A P C Z f,¿. 160» 
parallel to the Horizon, and upon the fame right Line let there be de- 
icribed any Cycloid A  Q^B, meeting a right Line drawn through the 
other given Point B in the Point Q , as alfo another Cycloid A B C ,  whofe 
Bafe and Altitude may be to the Bafe and AJtitude o f the former as A B  to AQ^ 
refpeftively. Then this laft Cycloid will pais through the Point B, and will 
be that Curve-line, in which a Body falling by the Force o f Gravity will arrive
fooneft from the Point A  to the Point B. Q. E. I.

3. Let A  P be an Horizontal Line, P  the Point from whence the heavy Bo-
dy defcends through the Curve-line required A  D  E, C  and D  two Points infi-w/i i Sy Mr. 
nitely near, through which the Body will fall, C  D a right Line connecting the p • ’
two Points, D  C and j C ,  D  F  and S G , F  S and G  C or jH ,  Moments of An. iM. 
the Abfcifs o f the Curve and ot the Ordinate refpeCtively. Take D r —• D /,  ̂
and / C =  B C. Beeaufe

( 4 6 3 )
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S  Becaufe in the little nafecnt Lines the Tim e is diredly as the W ay defcribed
and the Velocity inverfely, (that is, in this Cafe as the Square-root o f the AU

titude o f the falling Body,) by Hypothefisit will be theleaft
V V

I ’ime. And becaufe the Velocity in the Points o f the fame Altitude S and B 
along the Curve D  j  C  and the right Line D B C is the fame, the Tim e along

D C ,  which evidently is the leaft, will be a s — r7=̂ -< Therefore let
V x D  V

S  d.efe Times be equal, and then that ! ,

'] D B — D j ^ j C — B C  B r  t s
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V Q  V V C^D

> But the Evanefcent Triangles Br^, B t s ,  are equiangular to the Triangles

D J F , H  5 C ; therefore and , Let thefe two Ratios of E*
D j  i t  H /  S t

quality be compounded, and then —  ^ —  And ex aguo ^ ^  ^  =
'1 y X D j x H j  s F x s t  s t x s t

. Now becaufe any o f the Elements may be fuppofed to flow equably,
D  .Í X H  Í
jet us fuppofe D C, and the moft fimple Expreffion o f die Curve becomes

every where. That is, in the Point o f Flexure the Curve
j F  D j

will always be in a Ratio compounded of the Velocity direflly, and o f the Mo- 
inent of the Ordinate reciprocally. Let x, y\ and ¿  be the Fluxions of the

Abfcifs, the Ordinate, and o f the Curve refpedively, then 1,1 is conftant as a-
y

bove. T h e r e f o r e I  ; but we fuppofed z  (=Vxx-{-yy) to be conftant.

Therefore that this may be conftant Unity, and may obtain its due Dimenfi* 

ons, will be -- -.= íl==..; and after Reduólion y = — whi ch is a known
y  s ^ x x - \ - y y  ' s / a —

Expreffion of the Cycloid P D E. E. D,

HoK> much the IV- ^heonm. In the A V  D , whofe Bafe A  D  is parallel to the Ho- 
h I'izon, and Vertex V  is downwards •, if  from A  be any how drawn the right 

peloid Line A B  meeting the Cycloid in B, from whence let there be drawn the right
*jtra's,ht Lme Line B C  perpendicular to the Curve o f the C-̂ cloid in B, to which from A  let
p ! t h e r e  be drawn the Perpendicular A  C. I fay that the Tim e in which a Body 
An. j6j7. j-gfl- falling from A  by the force o f its Gravity defcribes the right Line A  B,

is to the Tim e in which it paffes along the Curve A V  B, as the right Line
A  B to the right Line A  C.

:6i. Through B draAv B L  parallel to the Axis of the Cycloid V  E , and B K pa- 
rallel to the Bale A  D/ meeting the Axis in G , and a Circle defcribed upon the

Diameter
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Diameter E  V  in F  and H , and laftly meeting the Cycloid in K. Draw the 
right Line E  F, which from the Nature of the Cycloid will be parallel to the 
right Line B C. Whence B M is equal to E  F, and E  M  to B F, which be- 
caufe of the Cycloid is equal to the Arch V  F. Therefore A  M  is equal to the 
Arch E  H  V F.

By Prop. 25. Part II. of Huygmsh Horologium Ofcillatorium  ̂ the Time in 
which a Body falling from reft defcribes A  V, is to the Time of the Fall along 
E  V , as the Semicircumference is to the Diameter; and by the laft Propofiti- 
on o f the fame, the Time in which a Body defcribes V B, after having de- 
fcribed A V , (which is equal to the Tim e in which a Body defcribes K V , 
after having defcribed A K ,)  is to the Time of the Fall along A V , as the 
Arch V F  is to the Semicircumference and therefore to the Tim e of the 
Fall along E  V, as F V  to the Diameter. Wherefore the Time in which 
a Body defcribes the Curve A V B  is to the Tim e-of the Fall along E  V , as 
the Arch E  H  V  F to the Diameter E  V . But the Time of the Fall along E V  
is to the Tim e of the Fall along L B , or E G , as E V  is to E F . Therefore 
ex aquô  the Time in which a Body defcribes A V  B is to the Tim e of the Fall 
along L  B, as the Arch E  H  V  F  to the Subtenfe E  F ; tliat is, as the right 
Line A  M  to M  B. Again, the Time of the Fall along L B  is to the Time of 
the Fall along A  B, as L  B to A  B. Therefore the Ratio of the Time in 1
which the Body defcribes A V  B to the Tim e in which it defcribes A  B, is 
compofed of tlie Ratio of A  M  to M  B, and of the Ratio of L  B to B A  ; and 
therefore is equal to the Ratio of A M x L B  t o M B x B A .  But A M x L B  
is equal to M  B X A  C, becaufe each is equal to the double of the Triangle 
A B M .  Therefore the Tim e in which a Body falling from reft defcribes the P
Curve of the Cycloid A V  B, is to the Tim e in which it defcribes the right Line 
A B , as M B x  A C  is to M B x B A ,  that is as A C  to A B .  ^ E . D .  And 
the Demonftration proceeds in the fame Manner, if  the Point B be between A  
and V.

V . I . The upper Plate of the fVaicb is A  B : The Circular Balance-Wheel 
C  D, o f which the J r h r  is E F : The Spring turned Spirally  ̂ G  H  M , faftned ■
to the o f the Balance-Wheel \n y i, and to the piece that is faft to thcn.’,,̂ p̂!“72. 
Watch-Plate, in G , all the Spires or Windings of the Spring being free without '
touching any thing. N O P Q J s  the Cock̂  in which one of the Pivots o f the 
Balance-Wheel turns *, R  S, is one of the Indented-Wheels of the Watch having a '
Balancing Motion, which the Balance-Wheel gives to it. And this Wheel R  S, 
catches in the Pinion T , which holds on the Arbor o f the Balancê  of which by 
this means the Motion is entertained as much as is neceflary. Thefe Watches 
are exaft for the Pocket, and when made greater, will be ufeful to find the 1,
Longitudes both by Sea and Land.

2. The Principle I thought upon fome Years ago for m a k in g  exadt P o r t a - Goth. 
ble Watches  ̂ is altogether different from that of M . Huygens: his depending 
upon a phyfical Obfervation, but mine upon a mere m ech a n ica l Refleftion ; Apr. An. 167/. iH»
which hath not been taken notice of for want of the Art of Combination  ̂ the ufe 
of which is far more general than that o f Algebra. For, having confidered

V o l . I. O  o o ^ith
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with my felf, that a Spring being bent to the fame Degree, will always im- 
bend itfeltin the fame Tim e, provided it find the fame freedom of unbending 
it felf fuddenly •, I inferred frcm thence, that there might be imployed two 
fuch, one of which ihould play, wliilft the Firft Mover of úvtlVaich <X\á. bend 
the other again.

Thefe Thoughts I have executed in the following manner: Let A  B be 
one o f the Watch-Phtes, C  and M , two indented Barrels wherein the fmall 
Springs arc inclofed. The Teeth o f the Barrels catch thofe of the Pinionsic/, 
which carry the Balances e e \ and other Teeth of the faid Barrels are catched 
by tliofe of the interrupted Wheel F G. Now let us imagine, that this Wheel 
F G , being moved towards H  F, by the force of the Firjt Mover o f the Watch  ̂
and turning the Barrel C, bends the Spring inclofed in it, and flops with the 
Barrel as foon as it hath bent this Spring. This piece which ferves to flop, is éafy, 
and hath not been thought neceíTary to be marked here, to avoid embarrafTing 
the Figure. But whilft one indented part o f the interrupted Wheel F G , viz. 
F , turns the Barrel C, the empty part, oppofed thereunto, which is G, anfwers 
to the other Barrel M, and gives Liberty to the Spring, it inclofeth, to unbend 
itfelf. Thus whilft the Movement o f the Watch bends the fmall Spring of the 
Barrel C , in the fame Tim e the fmall Spring o f die other Barrel M , unbends 
o f itfelf: I fay, in the fame Tim e, except xhtSpring C, fhaJl have done bending 
a little fooner than the Spring M  fliali have unbent itfe lf: So that the Spring C, 
being bent, and the Wheel F  G  ftopped *, both o f them flay in tliis Poflure, till 
the Spring M , when it ihall be quite unbent, doth, at the end of its Moti
on, touch a Piece which delivers it. And then the Spring C unbends of itfelf 
in its turn ; the Teeth o f the interrupted W heel, which continues its M oti
on the fame way as before, fmce ’ tis delivered, not being any more able to 
hinder it thereform, becaufe the Barrel C , doth now meet with the empty part
H , of the faid Wheel. But before it hatli done witli unbending, it felf, the 
indented pai'tL, being oppofite to the empty p artH , that turns the Barrel M , 
bends its Spring again, and having done fo, flops with i t ; whilft the Spring C, 
making an end o f unbending itfelf, delivers them by a reciprocal good Office, 
and renders to the Spring M , the fame Services which it had received from it, 
with an Expeftation o f receiving the like again.

W hich being well confidered, *tis manifeft. That the fame Alternative 
Motions will continue alw ays: That the Periods, taken from the very M o
ment o f that one Spring begins to unbend, until the Moment it once unbends it
felf again, will always be of equal Duration, tho* the two fmall Springs be not 
eq u alyftro n g: That the Balance o f inch li. Watch will be double, and may 
be charged more or lefs, and receive delay, by advancing or recoiling along 
the two Arms two equal Weights, Counter-balancing one another, that fo the 
Change of the Situation may not at all prejudice the Equality of the Watch, 
For the reft, we may in this kind of Watches fpare the Fufee, and confequent- 
ly the String or Chain. ’Tis alfo eafy to judge, that fuch Watches as thefe 
may be o f a Size fufficiently fmall*, that they will make no more Noife than 
ordinary Watches ; that they will be as exaél as Petidulums, and ceafe not to
go whilft they are W inding up. And tho’ the Motion o f the W atch Wheels 

may
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ni ay be altered by many Accidents, yet the Periods of the fmall Springs will 
not be concerned in all or any of them, provided the Motion of tlie Watch 
Wheels have always more Sti'ength than it needs to bend them again j 
which is in our Power.

The Objeftions tliat have been made againft this Contrivance, if employed 
for finding Longitudes  ̂ are thel'e ; that toiFing of Ships would fhake the Springs 
as well as other pieces that Ruft would fpoil them, fince the faltiili Humidity 
of the Sea in remote Voyages, fpares not the very Needles of Compaffes 
tho’ inclofed in Boxes ; that the Changes of Seafons and Climates wil fen- 
fibly alter the Springŝ  efpecially the great Heats or Rains within the 'í'ropicks, 
which at length will fomewhat iintemper the Steel j as is confirmed by 
the Experiments o f the illujirious Academy of Florencê  iliewing how eafily 
that Heat and Cold do change Jlender Springs: Belides that, the Air more 
or lefs condenfed willalfo more or lefs refiftthe Motion of the Balance. T o  
which may be added, that Springs by working are weakened: and laftly.
That there will be always fome little FriEtion  ̂ that will make the feverd 
pieces go more or lefs eafily, and that even in lengtli of time they will 
wear out.

But I anfwer. That all thefe Defefls, that proceed from the Imperfedion of 
the Matter, may be furmounted by a general Remedy, witliout Examin
ing them here in particular: And that is, That for executing it in great, we 
make ufe of maíTy Springs, as are thofe of Crofs-Bows, we being Mailers o f 
them, not wanting Force or Place in a Ship, to govern a great W eight that i
may ferve to bend them continually again. Now thefe majjy Sprinp that may 
be fo great, and their Reftitution fo fpeedy, by augmenting their Number, ||jl
that all the above-named Defedls will have no confiderable Proportion to this 
Strength, and the Aggregate of their Repetitions will not be fenfible till after 
a very long time. And ’ tis eafy to Demonftrate, That by augmenting the 
bignefs of the Engine, and the force of the majjy Springŝ  we may make the 
Error as fmall as we will, provided we pafs not the bounds o f Conveniency, ''
and content our felves with Exaólnefs fufiicient for dieir chief End, viz. For ;!'
finding die Longitudes. v

f
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V I. The Circle, F  G  H , being placed upon a Plane inclined A  B, is di- ^  c m  Afcen- 
vided into two unequal Parts by the Line G I. T o  reftore to the lefs S e c - . 
ture its Mquilihrium^ there is fattened to the Extremity o f the Radius a^yw.deGe^s;
W eight F , which is fufficiently heavy to recover what the leiTer Seiture 
lofes by its Situation. That a Wheel or Clock may thus ftand not only inJu'yAn. »678. 
^Equilibrium  ̂ but alfo afcend upward, there is placed in the middle of the 
Clock a Drunî  which inclofes the Spring o f the Pendulum ; upon which Drum 
is fattened the Radius D F. For thus the Spring being mounted, enforces the 
Drum to turn, and fo to raife the W eight, which it cannot raife without its 
becoming more heavy, in regard that coming to the Point E, it is farther from 
the Center, than when it was in F , and thus all the Wheel turns on that Side 
as the Spring gives way.

O  0 0 2 V II. Aitho* I''



acimí d<* v i l  Altho’ the Marquis o f Worcejier is faid to have contrived a IVatcb that
lliould Move upon a 'DecUvity  ̂ and M. dt Gennes has given feme Account of 

 ̂ jffcendenton a Plane inclined \ yet neither of them, nor any like them, 
n T i t f i . w a s  everfeenby me, and for ought I could ever learn, the Reajon oí their 
Miy An. i6S¿ Motiom remains to this Hour as great a Secret, as it they had never been.

J ihall therefore an Account ot a Movemcnty which I have dcíign*d to 
meafure Tim e after a peculiar Manner.

F¡i i«6. X. x h e  exteriour Structure of it is a circular Body o f 3 i  Inches Diameter,
confiding o f  two Plates meafured by die fame Radiuŝ  and fixed in a parallel 

^  Fofition to each other by the Hoop the breadth o f  which is about an Inch.
1 ‘his Hoop and the cwo Plates form die Cafe o f the M cvsmni j o f which,

J
that which appears in the Front, is towards the Verge thereof infcribed with 
a Hiirary Circle  ̂ the Divifions whereof anfwer the Hours of a natural Day. 
j The deep Shades within this Circle are intended to rcprefent a Concave, of

J I near halt a Inch deep and the Prominence in the middle of this Concave,
*J is a Hcmifphere o f Brafs or Silver, riding looily on a Pin, which lies hid,

and is the yixfs o f  the Movement. The upper half o f this Hemifpiiere is 
hollow, but the nether filled with Lead j and the fmall Gentleman that 
fits thereon, docs with an creéled Finger perform the Office of ar. Index, 

Til. 169. But this being only for Ornament, you may fubftitute in the room thereof 
any other Index, provided the Axis whereon it is fupportcd. mo’ r:t:ly 
in the Hole H , and the lower part thereof H L , fo far prcpondt : k f ; HP, 
as always to keep it Pendulous, with its Point to the Vertical Houn 

f6i, manner o f its Motion, as far forth as it appears outwardly ; it
is thus : S E  reprefents a Board or Shelf, of a ftraight and even Surface, about 
6 Foot long, and fo thick as not to be apt to caft with change o f W  eather; 
nor to grow camber under a fmall W eight j on this is the Movement placed, 
and here to perform its Courfe ; and therefore I call it the o f the Miwe- 
ment. This t̂age is raifed at the end S, about 10 J}eg. above the Horizon or 
U ne o f L evel H E ; but this Angle o f its Declivity D E  H , is variable. The 
two Plates which form the Cafe of the Movement, arc to be extant all round 
without the Hoop 4 ^  Inch, and the Edges o f them lightly indented;
that while the Movement defccnds upon the it may turn only, and not 
ilide. The Movement being placed as high as it may, near the point S, 
(hall move downward towards E> with that flownefs, as to finiih one entire 
Revolution in 24 hours ; and while it docs fo, the Divifions on the Horaty 
Circle {01 Dial-PIate^ fucceffively Culminating over tlie Point o f the Index 

1 I (which is always to keep the fame Pofirion) will ihew the Hours o f the Day
*  and Night. And when by fcveral repeated Revolutions, it has meafured

the length o f its Stagê  it is to be replaced at S, as before  ̂ which may be done 
in lefs than half the time you are Winding up a W atch; and it the Stage be 
6 Foot long, no oftener than once in a whole W eek.

5.* The way o f Adjufting the Motion to the exaft Meafure o f an Hour, 
and Reftifying its Errors, is thus: viz. By the turning a Skrew infcrted
at S, rhe Stage may be elevated or depreis’d, and accordingly the Movement 
jvill go Fañer or Slower : Faftcr, if raifed up, and Slower, if  lec dow n;

and

n
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ur̂ î 'r>'

■ : \,. .I '- ./ i- . 't' •' .• k'/
* %

r  >

t
\

• 'V;*«r* |s
r-r-i^ ‘-*vi ;.. ,
. tt ^

 ̂ ■ T
*^.v

l*u‘ •♦
‘  >

.Í
i4'I , • 
t

%• ^ .:*̂ -
. - Vi. ti’
II

• r. _- f..
' -v'̂ *,̂ .’S/ ?■.

> - _ y j E ... >s.
14 _ _T̂

'̂-1 •• .>♦iLc*:
'- ' I:..i- 'U

(•-i?
- -T . »•

V >.'

• **

,• ‘̂i Í i ' .■ r

a , ij ‘
a: A-

!l-
I I  • •

ur¿
;*3k j •'

I {
.¿■4;

»•

■ ̂ vMi* : »•
fL

>'
.̂ 1

I K . * '  V

unED :
uk._- .. -  a LL -..-

- í’- j í - j j  ■■

•. I V
:«w. •.-.  1 '’’* - ' V ^

*'-jBÍÍÍ -ti

i-
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and by making the Horary CdrcU m ovedle, and Inferting fcveral fmall Bofles 
or Buctons, here and there upon the Verge thereof» it may with an eafy touch 
of the Finger be moved to the right and left as there íhall be Occafion, till 
the jull l  ime be brought to the Point o f the Sufpmdtd Indtx,

The Keafon o f this Movmmt m vf be thus explained : 1, Let the Circle 1̂ 7;
L  O D N, reprelent any Circular Body, whofe Centers both of Gravity and Mag
nitude arc coincident at M. Let this Circular Body be placed upon fome 
Level Plane G G ; and then it is evident that the Angle o f its Contadt with 
tiiat Planéate?, will alfo be the Point of its Libration, and confequendy it j
muft reil: there : Becauie the Moment and Impediment art equal.

2, Let D E  reprefent a Defcending Plane, making an Angle of Contaft with 
this Circular Body at b: and here ’ tis manifeft it cannot reft; becaufe the 
Line of Direction rtf, which (while it infifted upon a Level) divided the 
Circular Body by the Centers o f Magnitude and Gravity into parts Equiponde
rate, is now removed to L D ;  wliich Line L D  falling without, or befidc, 
the Center M , evidently deftroys the ^quipoife of its Parts, and there
fore muft leave it to tumble down towards E. For here the Moment is greater 
than the Impediment. The Reafon therefore o f its Defcent now being the 
Over-balance of the Parts L N D , to the remaining Seftion L D O , it muft 
necelTariJy follow,

3. That if fome Weight equal to the Excefs o f L N D , above L O D , were 
afiix’d to the Limb o f the Quadrant O  as at P : then the Circular Body 
would reft as quietly at as it did before at a. The Suppofition cannot be 
denied, and die confequence is unavoidable, becaufe L  D  0 *|- P  =  L  N  D , 
the Impediment is equal to the Moment.

Let then the Numbers, i ,  2, 3, 4, reprefent a Train o f Wheel-work, where- jg*.
in there is no material difference from what is found in a common Watch ; 
only the numbers o f theTeeth on the Wheels and Pinions are to be fo calculat
ed, that the Motion o f the Whole Train may correfpond to the aíTigned 
Revolution o f the Body o f the Movemnt which is to be once in 24 Hours ;
It would be expedient alfo. That a Spiral Spring were applied to its Balancê  
as in later Movmmis^ is ufual j but o f a Fufee here*s no need, for the Turns 
of the Body of the himjmcnt as it defcends upon the Stâ ê  anfwer all the In
tentions of a String or Chain; and the Cmtranittnce o f the W eight P, to the 
Exccfs of L E D , above L Q D , ferves inftead of a Perpetual Spring; and the 
Mor^ment wants only a Perpetual Defcent̂  to make its Motion fo. And whereas 
the great Wheel in ordinary Mavmenis^ is placed as near the edge o f the 
Framing P la te/r, as it may be; here it muft (with its /Ixis or Arbor M ) 
poíTeíi the Center o f the M ovmetit: Becaufe this Wheel is to carry the Weight 

P, by the M P , and that W’̂ eight P muft always keep an 
Equidiitance i'rom the Center of the Movement \ that while the Body thereof 
(/. c. of the performs its Revolutions j the faid Weight P, and the
great Wlieel (to which it is affixed) may, without any confiderable Variation, 
contini^ in, or near the fame Pofition, wherein they now are. Now fuppofc 
this Weight P, with its Ve8is M P, to be taken quite out of the Movement̂  
iuid the Body o f the Movement to be placed on a Horizontal Plane H  H , its 
Point o f Contact in that Plane is T  j where it ihouJd, but cannot, reft;

becaufe
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becaufe the W eight of that part of tlie Train, marked with the Numbers 
2, 3, 4, removes the Center of Gravity from M ; and therefore on the oppofite 
l^art of the Movement as about C  Q , the 1 nfide of the Hoop, which forms 
the Cafe, is to be loaded with a thin Lining of Lead, which may be a 
Counterpoife to that part o f the Train •, that fo, the whole Body of the 
Movement  ̂ together with all its Furniture, within and without (excepting only p 
with its Vetlis) may, on that Horizontal Plane, or while it rides upon its own 
Axis., reír indifferently in any Point. This reducing of the Movement to 
an Equilibration of all its Parts in the Center M , muft be performed 
'lentando  ̂ i. e. by Rafping the Lead at C  Q , as much and in fuch Places as is 
needful j which, to an Artificer o f Ordinary Sagacity, will not be at all 
difficult.

The Center of Gravity being thus reduced to M , replace the Weight p, 
by the Hole H , on the Arbor of the Central-Wheel M. I'hen let the Body 
o f the Movement be placed on the Declivity D E , and fuppofing P-f-LQ^D 
= L D E , then the Body muft needs reft there : But becaufe the W eight P, is 
not now fix’d to any part o f the Quadrant QJD, but hangs upon the Train 
o f Wheel-work i ,  2, 3, 4, it evidently follows, That if the Power thereof be 
iuperior to the Refiftance of the Train, then the whole Body o f t\\̂  Move
ment muft needs defcend, towards E. By this you fee there are two Offices 
affigned to the W eight or Power P. T he Firft is, to be a Counterpoife to the 
excefs of the W eight o f L  E  D , above L  Q^D.

The Second is, that it be o f force fuificient to put the Train into a Motion 
fo adjufted, as may exadtly comport with the time aíTigned for the Revolution 
of the whole Body. So that if  there be any Difficulty remaining, it confifts 
in fuch an exa¿t Stating of the W eight and Power of P , that it may adequately 
ferve both tliefe Intentions. Now how eafy this is, will be manifeft from 
thefe Propofitions following,

1. That whatever theüntrinfick W eight o f P ihall be, as fuppofeit4 
Ounces Troy j yet the Power o f that W eight will be augmented or dimi- 
niilied according to the different Degrees o f its Elevation in the Quadrant TQ  ̂
Thus confidering P M , as a Ve£iiSy its Hypomochlium is M , the Point where it 
exerts its Power on the Train, is at V ; I fay then, whatever Power it has upon 
the Point V , in its prefent Elevation of 45 Deg. it will acquire a greater by 
being raifed to 50, 55, í¿c. and the greateft o f all in 90 Deg. at Q j  And on 
the contrary, let it fink to 40°, 35°, ^ c. its Power upon the Point V , will ftill 
be diminiihed, infomuch that in T ,  it will be utterly extinguifh’d. And 
therefore if  P be of a competent W eight (z. e. not utterly too light) to mcrje 
the Train at all, it will certainly move it in fome Degree of Elevation or 
other in the Quadrant Q T .

2. If the W eight P  be confidered as to its Office o f being a Counterpoil'e 
to the Body of the M vem cnt; as I need not to prove, that it will perform 
this no lefs, while it hangs by upon the VeSiis M  P, than if it were fail rivet
ed in the fame place to the Cafe o f the Movement: fo, in what Point of the 
•Quadrant foever it will move the Train, it may be alfo a Counterpoife to the 
Body of the Msz'emsni. For,

I .  A t
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1. A t what Point foever oF the Circle L E T C ^  the Line of Declivity 

D E, makes an Angle of Contact j on the fame Point will the Diameter S D 
fall at Right Angles with D  E.

2. The Line of Direftion L D , will ever fall upon the Point of Contaft D , 
making an Angle with the Diameter, as S D  L .

3. I'he Angle S D L ,  will be always equal to D E  H , i. e. As great as is the 166, 
Elevation of the Line of Declivity D E, above the Horizontal E H ;  fo great
will the Angle o f Diftance be between the Diameter S D , and the Line of 
Dire6tion L  D.

4. The greater the Angle of Declivity is, the lefs will be the Seétion L  QJD; 
and fo on the contrary, the lefs that Angle is, the greater the Section. And 
therefore,

5. The Excefs o f the W eight o f L E D ,  above L Q J D , muft be alfo 
greater, by Raifing up the Stage with the Skrew at S ; and that E^tcefs leis 
by Skrewing it down.

6. The Lighter that part of the Body is, which is reprefented by the Seilion 
L  Q D , the more Heavy ought the Counterpoife P , to be ; and that either in its 
own Intrinfick W eight, (in Ounces and Parts o f Ounces) or elfe in its Potential 
W eight, by being laifed higher in the Quadrant Q T .

7. The Skrewing up the Ŝ tage o i the. Movement at ,S, will raife the Coun- 
terpoife higher in the Qiiadrant Q_T, by Prop. 3. and therefore potentially 
heavier. And from hence appears (I take it moil clearly) both the Reafon of 
the due Adjuftment o f the Motion of die Train to the exa6t Meaiure o f an 
Hour> and what W eight is to be affigned to P , that moves it •, and that we 
are not confined to Scniples and Grains, but are allowed fuch a confid^rable 
Latitude, as it is not eafy to err therein.

Having therefore fet.the Stage Qdy the help of the arched Skrew) at the Ele
vation o f above 10 Deg. place the Movement thereon, and try what W eight, 
hanging at the end of the Ve£iis M  Pj will ftir the Train *, mean while hold
ing the Movement with the Hand in fuch a Pofition, as the Ve3is may make 
an Angle of about 30 Deg. with the Perpendicular M  T ; then let the Mov'e~ 
ment loofe, to undulate upon the Stage 1, and when the Vibration ceafes,. ob- 
ferve to what Degree o f t le Quadrant the Ve£iis Po-ints, and at the fame time 
mind the Pulfes of the Balance. If at this Obfervation, the W eight lies low,
(as for inilance, between 25 and 3.5 Deg. o f the Quadrant) and the Beats of the 
Balance are gueffed to be not much different from their due time, the W eight 
P, is well enough proportioned. But if it chance to be much heavier than is 
abfolutely needful, that Excefs will be moderated by Skrewing down the Stage \ 
and if it be not abfolutely too light, its Defeit will be compenfated, by Skrew
ing the Stage higher. I'herefore o f thefe two Extremes, choofe the form er; 
for the fewer Degrees that P arifes in the Quadrant, beyond what is abfolutely 
neceíTary, it will (for Reafons very obvious) be fo much the better. ^ravi‘f*fhe

Defcent $f Hea*

VIIL his Notion, I muil needs confefs to be to me
nenfible, while he will have the Particles of his C¿elejiial Matter  ̂ by being Mr.
refle(5ted on the Surface o f the Earth, and fo aicending therefrom, to ab]
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clown into cheir Places thofe Terreilm l Bodies they find above t!iem; This is, 
asnearas I can gather, the Scope of the 20, 21, 22, and 23 Sections of the 
laft Book o f his Principia Philojophia \ yet neither he nor any o f his Follow
ers can Diew, how a Body fufpended in Lihero JEthere  ̂ fhall be carried down
wards by a continual Irnpulfe tending upwards, and afting upon all its Parts 
equally : And befides, the Obfcurity wherewith he expreíTes himfelf, particu
larly, Se6l. 23, does fufficiently argue, according to his own Rules, t\<t Con- 

ftifed Idea he had of the thing he wrote.
Others, and among them, Dr. Vojftus, aíTerts the Caufe of the Defcent of 

H eavy Bodies, to be the Diurnal Rotation o f the Earth upon its dxis^ .with
out confidering, that according to the Doélrine o f Motion fortified with De- 
nionfliration, all Bodies moved in Circulô  would recede from tlie Center of 
their Motion ; whereby the contrary to Gravity would follow, and all loofe 
Bodies w^juld be caft into the Air in a Tangent to the Parallel of Latitude, 
without the Intervention of fome other Principle to keep them faft, fuch as is 
that o f Gravity. Befides the Effedt o f this Principle is throughout the whole 
Surface o f the Globe found nearly equal, and certain Experiment feems to ar
gue it rather lefs near the Equinoftial, than towards the Poles ; which could 
not be by any means, i f  the Diurnal Rotation o f the Earth upon its Axis were 
the Caufe o f Gravity ; for where the Motion was fwifteft, the Eflfeób would be 
moft confiderable.

Others aflign the PreJJure o f the Atmofphere to be the Caufe o f this 'Tendency 
towards the Center o f  the Earth; but unhappily they have miftaken the Caufe 

u for the EfFed, it being from undoubted Principles plain, that the Atmofphere
I has no other PreiTure, but what it derives from its Gravity \ and that the
\ W eight of the upper Parts of the Air, preifing on the lower Parts thereof,

do fo far l?end the Springs o f that Elaftick Body, as to give it a Force equal 
to the W eight that comprefled it, having of itfelf no Force at a l l : And lup- 
pofing it had, it will be very hai*d to explain the Modus  ̂ ho^v that Preflurc 

j ihould occafion the Defcent o f a Body circumfcribed by it, and prefled equally
} above and below, without fome other Force to Draw or Thruft it downwards.

But to demonftrate the contrary o f this Opinion, an Experiment was long 
fince ihewn before the Royal Society *, whereby it appeared, that the Atmofphere 
was fo far from being the Caufe o f Gravity  ̂ that the EfFeds thereof were much 
more vigorous where the PreiTure o f the Atmofphere was taken o ff; for a 
long Glafs-Receiver, having a light Down-Feather included, being Evacuated 
o f A ir, the Feather, which in the A ir would hardly fink, did in Vacuo defcend 
with nearly the fame Velocity as if it had been a Stone.

Some think to illuftrate this Defcent o f Heavy Bodies, by comparing it with 
the Virtue o f  the Loadjlone •, but fetting afide the Difference there is in the man
ner o f their Attraótions, the Loadjione drawing only in and about its Poles, and 
the Earth near equally in all Parts o f its Surface, this Comparifon avails no 
more than to explain Jgnotum per aque Ignotum.

Others afiign a certain Sympathetical AttraElion between the Earth and its 
Parts, whereby they have, as it were, a Defire to be united, to be the
Caufe we enquire after: but this is fo far from explaining the Modus, that

it
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it is'little more, than to tell us in other terms, that Heavy Bodies defcend, be- 
caufe they defcend.

But tho’ the Efficient Caufe o f Gravity be fo obfcure, yet tlie Final Caufe 
thereof is clear enough ; for it is by this fingle Principle that the Earth and 
all the Celeftial Bodies are kept from DilTolution; the eaft of their Particles 
not being fuffered to recede far from their Surfaces, without being immediate
ly brought down again by Virtue of this Natural Tendencŷ  which, for their 
JPrefcrvation, the Infinite W ifdom of their Creator has ordained to be towards 
each o f their Centers; nor can the Globes of the Sun and Planets otherwife 
be deftroyed, but by taking from them this power o f keeping their Parts 
united.

The AfFe6tions or Properties o í Gravity  ̂ and its manner o f aóbing upon 7*« «/
Bodies Falling, have been in a great meafure difcovered, and. moft o f them 
made out by Mathematical Demonftration in this our Century, by the accu-^' 
rate Diligence o f Galilaus, ^orricellius  ̂ Huygenitiŝ  and others •, and now lately, 
by our worthy Countryman Mr. If. Newton. W hich Properties 1 ihall here 
enumerate.

1. Th.t Property That by this Principle o í Gravitation  ̂ all Bodies do 
defcend towards a Pointy which either is, or elfe is very near to the Center o f 
Magnitude o f the Earth and Sea, about which the Sea forms itfelf exa6bly into 
a Spherical Surface, and the Prominences o f the Land, confidering the Bulk 
o f the whole, differ but infenfibly therefrom.

2. That this Point, or Center of Gravitation, is fix 'd  within the Earth, or 
at lead has been fo, ever fmce we have any Authentick Hiilory : For a Con- 
fequence of its Change, tho’ never fo little, would be the over-flowing of the 
Low-lands on that fide o f the Globe towards which it approached, and the 
leaving new Ifiands bare on the oppofite fide, from which it receded *, but for 
this T w o Thoufand Years it appears, that the L ow  Iflands of the Mediterranean 
Sea (near to which the jAntienteft Writers lived) have continued much at the 
fame Height above the Water, as they now are found ; and no Inundations or 
Receiies of the Sea arguing any fuch Change, are recorded inH iftory, except
ing the Unive'ifnl Deluge, which can no better way be accounted for, than by 
fuppofing this Center o f Gravitation removed for a time, towards the Middle 
oi the then Inhabited Parts o f the W o rld ; and a Change of its place, but 
the two thoufandth Fart o f the Radius o f this Globe, were fufRcient to bury 
the Tops of the H igheil Hills under Water.

3. That in all Parts of the Surface o f the Earth, or rather in all Points equi- 
diftant from its Center, the Force o f Gravity is nearly Equal fo that the 
length of the Pendulum vibrating Seconds o f Tim e, is found in all Parts of 
the World to be very near the fame. ’T is true, at St. Helena, in the Latitude 
o f 16 Deg. South, I found that the Pendulum of my Clock, which vibrated 
Seconds, needed to be made ihorter than it had been in England, by a very 
fenfible Space (but which at that time I negleáred to obferve accurately) before 
it would keep Tim e *, and fince, the like Obfervations have been made by the 
French Obfervers near the Equinoftial; yet I dare not affirm, that in mine 
it proceeded from any other Caufe, than the great Height o f my Place of

P  p p Obfer-
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Obfervation above the Surfacc o f the Sea, whereby the Gravity being dimi- 
nifhed, the Length o f the Pendulum, vibrating Seconds, is proportionably
ihortned.

4. That Gravity does equally affeSl all Bodies, without regard either to their 
Matter, Bulk, or Figure ; fo that the Impediment o f the Medium being re
moved, the m oil compad: and moil loofe, the greateil and fmalleil Bodies, 
would defcend the fame Spaces in equal Times ; the Truth whereof will ap
pear from the Experiment I before cited. In thefe two lail Particulars, is 
ihewn, the great Difference between Gravity and Mognetifm  ̂ the one affefting 
only Iron, and that towards its Poles, the otiier all Bodies alike in every part. 
A s a Corollarŷ  from hence it will follow. That there is no fuch thing as Pofi- 
tive Levity, ihofe things that appear Light, being only comparatively fo ; and 
whereas feveral things rife and fwim in Fluids : ’ tis becaufe. Bulk for Bulk, 
they are not fo heavy as thole Fluids *, nor is there any Reafon why Cork, for 
inilance, ihould be laid to be Light becaufe it fwirns on JVater, any more than 
Iron, becaufe it fwims on Mercury.

5. That this Pc'iver Increafes as you Defcend to, and Decreafes as you Afcend 
from the Center, and that in the Proportion of the Squares o f the Dijtances 
therefrom Reciprocally, fo as at a double Diilance to have but a quarter o f the 
F orce: This Property is the Principle on which Mr. Newton has made out 
all the Phaenomena of tlie Celeftial Motions, fo eafily and naturally, that its 
Truth is paildifpute. Befides that, it is highly rational, that the AtlraSii^e 
or Gravitating Power ihould exert itfelf more vigoroufly in a fmall Sphere, 
and weaker in a greater, in proportion as it is contraded or expanded *, and 
i f  fo, feeing that the Surfaces o f Spheres are as the Squares o f their Radii, 
this Power at feveral Diftances will be as the Squares of thofe Diilances Red- 
■procally-, and then its whole Adiion upon each Spherical Surface, be it great 
or fmall, will be always equal. And this is evidently the Rule o f Gravitation 
towards the Centers o f the Sun, Jupiter, Saturn, and the Earth, and thence 
reaibnably inferred, to be the general Principle obferved by Nature in all the 
reft of the Celejiial Bodies.

Thefe are the principal Affe6bions o f Gravity, from which the Rules of the 
Fall o f Bodies, and the Motion o f Projects, are Mathematically deducible. 
M r. If. Newton hath Ihewed how to define the Spaces o f the Defcent of a 
Body, let fall from any given Height, down to the Center, fuppofing the 
Gravitation to increafe, as in the Fifth Property *, but confidering the Small- 
nefs ot Height, to which any ProjeSl can be made to afcend, and over how 
little an Arch ot the Globe it can be caft by any o f our Engines, we may 
well enough fuppofe the Gravity Equal throughout, and tlie Defcents of Pro- 

j(£ts in Parallel Unes, which, in Truth, are towards the Center i the Difference 
being fo fmall as by no means to be difcovered in Pra6lice.

frtpcfuhns cm- Prop. I.] T̂ he Velocities of falling Bodies, are Proportionate to the 'Times from 
h ‘  Beginning of their Fdls,

‘Bodies, xnd the This follows, for that the Aótion o f Gravity being continual, in every fpace
Tim e, the tailing Body receives a new Impulfc, equal to what it had be-

ibid. p. 9, fore.
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fore, in the fame Space o f Tim e, received from the fame Power: For in- 
ftance, in the Firft Second of Tim e, the faUing Body has acquired a Velo
city, which in That Tim e would carry it to a certain Diftance, fuppofe 32 
Foot, and were there no new Force, would dsfcend at that Rate with an 
Equable Motion •, but in the next Second o f Tim e, the fame P c^ gr o f Gra~ 
'vily continually A ilin g  thereon, fuperadds a New Velocity equal to the former ; 
fo that at the end of two Seconds, the Velocity is double to what it was at the 
end of the firft; and after the iame manner may it be proved to be Triple, 
at the end of the Third Second, and fo on. Wherefore the Velocities of Falling 
Bodieŝ  are fro^ortionate to the Times of their Falls. E . D.

Prop. I I ]  The Spaces defcrihed by the Fall of a Bodŷ  are as the Squares of
the Times from the Beginning of the Fall.

Demonjlration.'] Let A B  reprefent the Tim e o f the Fall of a Body, B C , 
perpendicular to A B , the Velocity acquired at the End of the Fall, and 
draw the Line A  C  ; then divide the Line A  B, reprefenting the Tim e, into 
as many equal Parts as you pleafe, as b, and through thefe Points
draw the Lines, be, be, be, be, & ‘c. parallel to B C ; ’ tis manifeft that the 
feveral Lines, be, reprefent the feveral Velocities o f the Falling Body, in fuch 
oartsof the Tim e, a sA b , is o f A  B, by tht Former Propojition. It is evident 
ikewife that the Area, A B C ,  is the Sum of all the Lines be, being taken 

according to the Method o f Indivijibles infinitely many •, fo that the Area A B C ,  
reprefents the Sum of all the Velocities between none and BC, fuppofed infinite
ly m any; which Sum is the Space defcended in the Tim e reprcfented by A  B. 
And by the fame Reafon, the Areas A  be, will reprefent the Spaces defcended 
in the Times A b ', fo then the Spaces defcended in the Times A  B, A  b, are as 
the Areas o f the Triangle, A B C ,  A b e ,  which by the zoth o f the \6th o f 
Euelid are as the Squares ot their Homologous Sides A  B, A b , that is to fay, of 
the Times: Wherefore the Defeents o f Falling Bodies, are as the Squares o f the 
Tir/tes o f their Fall. E . D.

Prop. III.] The Velocity which a falling Body acquires in any fpace of Time, is
double to that, wherewith it would have moved the Space defcended by an Equable
Motion, in the fame Time.

Demonflration.'] Draw the Line E  C  parallel to A B , and A E  parallel to B C , 
and compleat the Parallelogram A B C E  ; it is evident that the Îrea thereof may 
reprefent the Space, a Body moved Equably with the Velocity BC, would de- 
fcribe in the Tim e A B  *, and the THangle A B C ,  reprefents the Space defcribed 
by the Fall o f a Body, in the fame Tim e A B , by the Second Propofition. Now 
ú it Triangle A B C ,  is H alf of ú it Parallelogram and confequently
the Space defcribed by the Fall, is H alf what would have been defcribed by an 
Equable Motion with the Velocity B C , in the fame T im e : wherefore the Veloci
ty BC, at the End o f the Fall, is Double to that Velocity, which in the Tim e A  B, 
would have defcribed the Space fallen, reprefented by the Triangle A^Qj with 
an Equable Motion. Q^E. D.
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Prov. IV.] A ll Bodies on or near the Surface of the Earthy in their Fall̂  de- 

fcend fô  as at the End of the Firjt Second of I'imê  they have defcribed 16 Feet 
one Incĥ  London Meafure  ̂ and acquired the Velocity of ^2 Feet, two Inches, 
in a Second.

This is made out from the 25/^ Prop. Par. 2. Porol. Ofcill. Hugen. where
in he demonftrates the Tim e of the leail Vibrations of a Pendulum, to be to 
the Tim e o f the Fall o f a Body, from the Height o f H alf the Length of the 
Pendulum, as the Circumference of a Circle to its Diameter; whence, as a 
Corollary, it follows, That as the Square o f the Diameter to the Square of 
the Circumference, fo half the Length of the Pendulum vibrating Seconds, 
to the Space defcribed by the Fall of a Body in a fecond o f Tim e ; and the 
Length of the Pendulum vibrating Seconds, being found 39,125, o r i  Inches, 
the Defcent in a Second will be found, by the aforefaid Analogy, 16 Foot and 
one Inch : and by the Third Propofition, the Velocity will be double thereto; 
and near to this it hath been found by feveral Experiments, which by 
reafon of the Swiftnefs of the Fall, cannot fo exadly determine its 
Quantity.

From thefe Four Propofitions, all Queftions concerning the Perpendicidar Fall 
o f  Bodies are eafily folved, and either Time, Height, or Velocity being aíTigned, 
one may readily find the other two. From them likewife is the DoSirine 
of ProjeSls deducible, aíTuming the two following Axioms: viz.

1. That a Body fet a moving, will move on continually in a Right Line with an 
Equable Motion, unlefs fome other Force or Fmpedirnent intervene, whereby it is 
accelerated, or retarded, or defleSled.

2. That a Body being agitated by two Motions at a Time, does by their Com
pounded Forces pafs thro' the fame Points, as it would do, were the two Motions 
divided and aEied fuccejfively. A s for inftance,

Suppofe a Body moved in the Line G  F , from G  to R , and there flopping, 
by another Impulfe fuppofe it moved in a Space o f Tim e equal to the former 
from R  towards K  to V ; I fay the Body lhall pafs thro’ the point V , tho’ 
thefe two feveral Forces afted both in the fame Time.

Prop. V.] The Motion of all Projects is in the Curve of a Parabola,
Demonfiration.'\ Let the Line G R F  be the Line in which the Proje¿í is di- 

refted, and in which by the firfi Axiom it would move equal Spaces in equal 
Times, were it not deflefted downwards by the Force o f L e t G B
be the Horizontal Line, and G  C a perpendicular thereto. Then the Line 
G R F , being divided into equal Parts, anfwering to equal Spaces o f Tim e, let 
the Defcents of the Projeft be laid down in Lines Parallel to G C , propor
tioned as the Squares o f the Lines, GS, G R , G L , G F , or as the Squares of 
the Times, from S to T ,  from R  to V , from L  to X , and from F  to B ; anc. 
draw the Lines T  H , V  D , X  Y , B C, Parallel to G  F  : I fay, the Points 
T ,  V , X , B, are Points in the Curve defcribed by the Projeii, and that that Curve 
is a Parabola. By the fecond Axiom they are Points in the Curve ; and the Parts 
o f the Defcent G  H , G D , G Y ,  G C , = t o S T ,  R V , L X ,  F B , being as the 
Squares of the Times (by the fecond Prop.) that is, as the Squares o f the Or
dinates H T f  D  V , Y  X , C  Bj equal to GS, G R , G L , G F , the Spaces

meafured



meafured in tliofe Times j and there being no other C « m  but the Parabola  ̂
whofe Parts o f the Diameter are as the Squares ot the Ordimies  ̂ it follows, 
that the Curve defcribed by a Projeóí can be no other than a Parabola: And 
faying, as R V , the Defcent in Tim e, to G R , o r V D ,  the dired Motion in 
the fame Time ; fo is V D , to a third Proportional; that Third will be the 
Line called by all Writers o f Conicks, the Parameter o f the Parabola to the 
Diameter G  C j which is always the fame in Proje^s caft with the fame Velocity: 
and the Velocity being defined by the number o f Feet, moved in a Second of 
Time, the Parameter will be found by dividing the Square o f the Velocity by 
16 Feet i Inch, the Fall o f a Body in the fame Time.

Lemma. \^:e Sim of the Double of any Arch  ̂ is equal to twice the Sine of 
that Arch into its Co-Sine  ̂ divided by Radius ■, and the verfed Sine o f the 
Double of any Archy is equal to the Square of the Sine thereof divided by 
Radius.

Let the Arch B C  be double the Arch B F , and A  the Center *, draw the 
Radii A B , A  F , A C ,  and the Chord B D C ,  and let Fall B E , perpen
dicular to A  C  ; and the Angle E  B C, will be equal to the Angle B A D ,  and 
the Triangle B C E ,  will be like the 1  riangle A  B D ; wherefore it will be, 
as A  B to A  D  ; fo B C , or twice B D, to B E  *, that is, as Radius to Co-Sine, 
fo twice Sine to Sine of the double Arch ; and as A  B to B D, fo twice B D  or 
B C, to E  C  ; that is, as Radius to Sine, fo twice that Sine to the verfed Sine of the 
double Arch: which two Analogies KÍoXvtá into Equations, are the Propfitions 
contained in the Lemma tobe proved.

Prop. VI.] ‘The Horizontal dijiancc o f Projections made with the fame Velo
city ̂ at feveral Elevations of the Line of DireSiiony are as the Sines of the doubled 
Angles of Elevation.

Let G B, the horizontal Diftance be = z ,  the Sine of the Angle of Elevati- mg, vjú 
on, F  G B, be =  its Co-fme =  Radius =  r, and the Parameter =  p. It

will be, as f to fo z  to ~  =  F  B =  G  C, and by reafon o f the ParabolaZ^  y
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r— to the Square o f C  B, or G  F. N ow  as c to r, fo is a: to ~  —  G  F , and

•  ̂̂
its Square ------ will be therefore =  to

€  C

: which Equation reduccd, will be

^  S C Q» S C •^—  =  z. But by the former Lemma---- is equal to the Sine o f the double
rr  r ^

Angle, whereof s is the Sine : Wherefore ’ twill be, as Radius to Sine o f double 
the Angle F  G B, fo is half the Parameter, to the horizontal Range or Dijlance 
ib u gh t; and at the feveral Elevations, the Ranges are as the Sines of the double 
Angles o f Elevation, Q ^E. D.

Coroll,'] Hence it follows. That half the Parameter is the greatefi Random  ̂
and that that happens at the Elsvaiion of the Sine o f whofe double is Radius.. 

I Likewife,
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Likewife, Tliat the 'Ranges eqttally dijlant above and below 45* are eqt̂ al̂  as aré 
the Sines of all doubled Arches  ̂ to the Sines of their doubled Complements,

Prop. VII.] The Altitudes c f  Proje5lions made with the fame Velocity  ̂ at feveral 
Elevations.̂  are as the verfed Sines of the doubled Angles o f Elevation.

A s f is to f o i s ^ = G B , t o ^ = B F ,  and V K = R V = i B F ,  th-

( 4 7 8 )

Altitude o f the Proje£lion =
_p s s

;Ŝ ow by the foreelne Lemma =  to th<*
4 r  r  r

ve%fed Sine o f the double Angle; and therefore it will be, as Radius to verfed Sim 
o f  double the Angle F G  B, ib 7  o f Parameter to the height of the Proje£lion
V  K  i and fo thole Heights at feveral Elevations are as the faid verfed Sines, 
Q . E . D.

Coroll.'] From hence it is plain, That the great eft Altitude of the Perpendicu
lar ProjeSlion is a .̂th c f  the Parameter.̂  or half the greatefl horizontal Range : 
The verfed Sine o f 1 Bo Degrees being = 2  r.

Prop. V III.1 The Lines G F ,  or Times of the Flight o f a ProjeSl cafl with the 
fame degree of Velocity at different Elevations  ̂ are as the Sines of the Elevations,

A s c is to r, fo is t l l . —  G  B (by the 6 Prop.) to =  G  F , that is, as Ra-
r r  r

dius to the Zine o f Elevation  ̂ fo the Parameter to the Line G  F  ; fo the Lines
G  F are as the Sines o f Elevation., and the Times are proportional to thofe Lines:
•wherefore the Times are as the Sines c f Elevations j therefore the Propqfition is
manifeft.

Prop. IX . Prob. i."] A  ProjeUion being made., as you pleafe, having the Bi- 
fiance and Altitude., or Defcent o f an Objc£l, thro* which the Proje£i paffes, tcge- 
ther with the Angle of Elevation of the Line o f DireSiion % to find the Parameter 
and Velocity •, that is, (having the Angle F  G B, G  M ,) and M  X .

Solution.'] A s Radius to Secant o f F  G  B,|fo G  M  the diftance given, to G L  j 
and as Radius to Tangent of F  G B, fo G  M  to L  M. Then L  M — M  X  in 
Heights., or +  M  X  in Dsfcents : or elfe M  X — M  L , if  the Dire^ion be below 
the Horizontal-Line^ is the Fall in the Time that the dire£t Impulfe given in G, 
would have carried the Proje¿l from G  to L = L X = G Y  *, then by reafon of 
the Parabola *, as L X ,  or G Y ,  is to G L  or Y X  •, fo is G  L ,  to the Para
meter fought. T o  find the Velocity ot the Impulfe., by Prop. 2 and 4. find the 
Time in Seconds that a Body would fa ll the Space L  X , and by that dividing 
the Line G  L , the Quote will be the Velocity., or Space moved in a Second 
fought, which is always a mQ.2.n Proportional between the Parameter zná 16 
Feet, 1 Inch.

Prop. X . Prob. 2.] Having the Parameter., Horizontal Bifiance, and HeigH
or Defcent of an ObjeSl j to find the Elevations of the Lines o f DireSiion  ̂neceffary

to
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to hit the ghen ObjeSl \ that is, having G M , M X» and the greateft Random 
eq u a l to h a l f  the Parameter *, to find the Angles F  G B.

Let the Tangent o f the Angle fought be = / ,  the horizontal Diftance 
G M  =  ̂ , the Altitude of the O bjed M X  =  ^, the Parameter = and

Radius and it will be, as r to/,  fo ¿> to -—  =  M L ;  and—  +  h
r r

{ in I ^ fc e n t s  ^  =  L  X ,  an d  ^ /:> =  G  L  ?. =  X  Y  ratione Parabola v

t t b b  , T- r-j N Wherefore =  +but b b
r r

=  G  L  2- (47.  I • Euclid.)

t t b b  1 • L T- • r r j  ' t t b b  p t b ~ . i; which Equation tranipoled, is—---- i -  + b by divided by
r r  r r r

b b, is — I. This Equation lliews the Queftion to have two An-
rr  br a u

fwers, and the Roots thereof are - = — +  \ /  -  i ; from wliich I de-
r 2b \ b b

rive the following Rule. Divide half the Parameter by the Horizontal D if

tance, and keep the Quote, viz. ; then fay, as Square o f the Diftance given
2. b

Height
to half the Parameter, fo half Parameter { double -j  ̂ to the

-j- j  (. Defcent

Square of a Secant _  Tangent anfwering to that Secant will be

— I, orr r : fo then the Sum and Difference of the afore-found
4.bb

^ o te  and this T'ingent, will be the Root o f the Equation,, and the Tangents o£ 
the Elevations fought.

Note here, That in Defcents  ̂ if the Tangent exceed the ^ote^  as it does 
when^¿ is more than bb, the Direction o\ the lower Elevation will be below the 
Horizon \ and ph~ bb, it muft be direSied Horizontal, and the Tangent o i the

upper Elevation will be : Note likewife, That if  4 ¿ b-\-4rph in Aftent^, or

jifbh— 4^ h in Defcents, be equal to p p , there is but one Elevation that can hit 

the ObJe£I, and its Tangent is ^  •, and if 4 ¿ ¿ + 4 P  h in Afcents, or 4 — ^ph

m Defcents, do exceed/»/>, the is without the Reach q í ?l Project cail
with that Velccity, and fo the thing impoffible.

From this Equation j\.b b'^^p hz=.pp  ̂ are determined the utmoft Limits o f 
the Reach of any Projeii, and the Figure aíTigned, wherein are all the Heights 
upon each horizontal Diilance, beyond which it cannot pafs j for by Redudion

o f that Eauation, h will be found =  i p  —  —  in Heights  ̂and —  — i  p in Def-
P P

T cems 5-

I
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cents; From whence it follows, tliat all the Points b are in the Curve o f the 
Parabola, whofe Focus is the Point from whence the ProjeiJ is caft, and whofe 
Latus ReSlum  ̂ or Parameter ad Axem is =  p. L.ikewife from the fame Equa
tion may tlie leaft Parameter or Velocity be found capable to rcach the Objeft
propofed *, for h h = : \ p p ^ p  h being reduced, \ p  will ht —  ^~FF^Th~h 
r  in Afcents 1
< > which is the Horizontal Range at 45% that would juft
t  in De/cents J

reach the Object, and the Elevation requlilte will be caiily had ; for dividing 
the fo found Semi-Parameter by the' Horizontal 'Diftance given, the Quote 
into Radius will be the ‘Tangent o f the Elevation fought.

But if a Geometrical Conjiru^ion o f this Problem be required, I think I have 
one, that is as eafy as any can be expcded, which I deduce from the fore

going Analytical Solution  ̂ viz. —  1,? .? ^

( 48o )

lib

■

2 1? bb
and it

is this: Having made the right Angle L D A ,  make D A , D F=r/!, or 
greateft Range, D G  =  b, the Horizontal Dijlance  ̂ and D B, D the

Tig-174.

I'
I p. 69.

Perpendicular Height o f  the O bje¿t; and draw GB, and make D E — thereto. 
Then with the Radius A C ,  and Center E , fweep an Arch, which if the 
thing be poflible, will interfed the Line A D ,  in H *, and the Line D  H, 
being laid both ways from F, will give the Points K, and L , to which draw 
the Lines G  L ,  G  K  •, I fay, the Angles L  G  D , K  G  D, are the Elevations 
required for hitting the ObjeSi, B. But Note, that if B be below the Plori- 
zon, its Defcent D  C  =  D  B, muit be laid upon A , fo as to have A  C =  
A D - j - D C .  iVíJ/é likewife, that if m Defcents, D H  be greater than F D , 
and fo K  fall below D , the Angle K  G D  ihall be the Deprejfion below the 
Horizon.

W hen I gaive the preceding Solution o f this Problem, viz. To hit an Objeñ 
Mar. Ail. 1695, cr below the Horizontal Line, with the greateft Certainty and leaft Force, I

was not aware, that the Elevation there fought did conftantly bifeSi the 
Angle between the Perpendicular and the Objedt, as is demonftrated from the 
Difference and Sum o f the Ta>}gent and Secant o f any Arch, being always 
equal to the Tangê it and Co-Tangent o f the half Complement thereof to a 
C^iadrant. But having difcovcr’d this, I think nothing can be more compen
dious, or bid fairer to compleat the Art o f Gunnery, it being as eafy to fhoot 
with a Mortar at any Objeft on demand, as if it were on the L e v e l; neither 
is there need o f any Computation, but only fimply laying the Gun , to pafs 
in the middle Line between the Zenith and the Objedt, and giving it its due 
Charge. Nor is there any great need o f Inftruments for this Purpofe : For, if 
the M uzzle o f the Mortar be turned truly Square to the Bore o f the Piece, as 
it ufually is, or ought to be, a Piece o f Looking-Glafs Plate applied Parallel 
to the M uzzle, wi 1, by its Reñeótion, give the true Pofition o f the Piece; 
the Bombardier having no more to do, but to look perpendicularly down on 
the Looking-Glafs, along a fmall Thread with a Plummet, and to raife or de- 
•3refs the Elevation o f the Piece, till the Objeél appear refledled on the 
"ame Point o f the Speculum on which the Plummet fa lls ; for the Angle of

In-

i f f *  > ••• 
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Irtcidme and RejleSlion being Equal, in this cafe a Line at Right Angles to 
the Speculum  ̂ as is the Ay¡is o f the Chafe of the Piecc, will bifeil the An^lc 
between the Perpendicular and the O bjed, according as our PropoJiTion 
requires.

Prop. X I. Prob. 3.] A  Shot being made on an inclined Plane, having the Ho
rizontal Difiance of the Ohje5l  it firikes^ with ths Elevation of the Piecê  and 
the Angle at the Gun betxveen the Object and the Perpendicular; to find the greatefi 
Horizmtal Range of that Piece, laden with thefame Charge; that is, half the 
Latus Reftum of all the Parabolas made with the fame Impetus.

Take half the Diftance of the Obje¿t from the Nadir, and take the Diffe
rence o f the given Elevation from that Half-, the ver fed Sine o f twice that 
Difference fubtraft from the verfed Sine o f the Diilance of the Obje¿t from 
the Zenith : then ihall the Difference of thofe verfed Sines be to the Sine of 
the Diftance o f the Obje6b from the Zenith, as the Horizontal Diflance o f 
the Objedt ftruck to the greateft Horizontal Range at 45®.

Prop. XII. Prob. 4.] Having the greatefi Horizontal Range of a Gun, the 
Horizontal Diflance and Angle of Inclination of an Object to the Perpendicular ; to 

find the two Elevations necefjary tofirike that Object.
Halve the Diflance o f the Objeélfrom the Nadir; this H alf is always equal 

to the H alf Sum o f the two Elevations we feek. Then fay, as the greateft 
Horizontal Range, is to the Horizontal Diftance of the Object •, ib is the 
Sine o f the Angle of Inclination, or Diftance o f the Objeót from the Perpen
dicular, to a áftb Proportional which â th being fubtrafted from the verfed 
Sine of the Diftance o f the Objeit from the Zenith, leaves the verfed Sine o f 
the Difference of the Elevations fought; which Elevations are therefore had, 
by adding and fubtrading that half Difference to, and from, the aforefaid 
half Sum;

I;

11

’■i
'1

PVop. XIII.] To determine the Force or Velocity of a Projeii, in every Point i*, 
cf the Curve it defer ibes.

T o  do this, we need no other Pr¿ecognita, but only the ^hird Propofition,
viz. That the Velocity of falling Bodies is double to that, which in the fame Time 
would have defcribed the Space fallen by an equable Motion: For the Velocity 
of a ProjeU is compounded o f the conftant equal Velocity o f the imprefled 
Motion, and the Velocity o f the Fall, under a given Angle, viz, the Com
plement of the Elevation: For inftance, In the Tim e wherein a ProjeSl would f/j. -
move from G to L , it defcends from L  to X , and by the third Propofition !i
has acquired a Velocity, which in that Tim e would have carried it by an equa-- 
ble Motion from L  to Z , or twice the Defcent L  X  •, and drawing the 
Line G  Z , I fay the Velocity in the Point X , compounded of the Velnities 
G  L , and L  Z , under the Angle G  L  Z , is to the Velocity imprefTed in the ^
Point G , as G  Z  is to G  L ; this follows from our fecond Axiom *, and by j
the 20/¿ and iifiP rop . Lib. i .  Conic. Midorgii, X  O, Parallel and Equal to 
G  Z , fhall touch the Parabola in the Point X . So that the Velocities in the 
feveral Points, are as the I^engths o f the fatigents to the Parabola in thofc Í

Q q q  Points, f
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Points, intercepted between any two Diameters : and thefe again are as the 
Secants of the Angles, which thofe tangents continued make with the Hori
zontal Line G B . From what is here laid down, may the comparative Force 
of a Shot in any two Points of the Curve, be either Geometrically or Arith
metically difcovered.

Coroll.'] From hence it follows, that the force of a Shot is always leaft at 
V , or the Vertex o f the Parabola ; and that at equal Diftances therefrom, as at 
T  and X , G  and B, its force is always equal •, and that the leaft Force in V , 
is to that in G  and B, as Radius to úvt Secant o f the Angle of Elevation  ̂ FGB.

The 'Tenth Propofiiion contains a Problem, untouched by ‘Torricellius, which 
is o f the greateft ufe in Gunnery, and for the fake o f which this Difcourfe- 
was principally intended, it was firft folved by Mr. Anderfon, in his Book 
of tie  Genuine Ufe and Effe¿ís of the Gun, printed in the Year 1674, but 
his Soliiiion required fo much Calculation, that it put me upon Search, whe
ther it might not be done more eafily ; and thereupon in the Year 1678,
I found out the Ride I now publiih, and from it the Geometrical Conilru<5li- 
on : Since which time, there has a large Treatife o f this Subjeit, Intitled, 
U  A rt de Jet ter les Bombes, been publiilied in France by M . Blondel, where
in he gives the Solutions o f this Problem, by Meflieurs Bout, Romer, and de la 
Heir : but none o f them are the fame with mine, or in m y Opinion more 
eafy.

It was formerly the Opinion o f thofe concerned in Artillery, that there 
was a certain requifite o f Powder for each Gun, and that in Mortars where 
their Diftance was to be varied, it muft be done by giving a greater or leiTer 
Elevation to the Piece. But now our later Experience has taught us, That 
the fame thing may be more certainly and readily performed, by increafing 
and dimini(hing the quantity of Powder, whether regard be had to the Exe
cution to be done, or to the Charge of doing it. For when Bombs are dif- 
charged with great Elevations o f the Mortar, they fall too Perpendicular, 
and bury themfelves too deep in the ground, to do all that Damage they 
might, if  they came more oblique, and broke upon or near the Surface of 
the Earth •, which is a thing acknowledged by the befieged in all Towns, who 
unpave their Streets to let the Bombs bury themfelves, and thereby ftifle the 
force o f their Splinters. A  Second Convenience \s, that at the Extreme Elevati-- 
on, the Gunner is not obliged to be fo airious in the Dire6lion of his Piece, 
but it will fuffice to be within a Degree or two o f the T ru th ; whereas in the 
other method of Shooting, he ought to be very curious. But a Third and no 
iefs confiderable Advantage is, in the faving of the King's Powder, which in fo 
great andfo numerous Difcharges, as we have lately feen, muft needs amount 
to a confiderable Value. And for Sea Mortars it is fcarce praóticable other- 
wife to ufe them, where the Agitation o f the Sea continually changes the Tii- 
re îion ol the Mortar, and would render the Shot very uncertain, were it 
not that they are placed about 45° Elevation, where feveral degrees above 
or under makes very little difference in the Effect.

It only remains, by good and valid Experiments, to be aíTured o f the Force
Gm-PQwder j how to make and conferve it equal •, and to know the E f

fect
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Feft thereof m each Piece *, that is, how far differing Charges will caft the fame 
Shot out o f it i which may moil conveniently be Engraven on the out- 
fide thereof, as a ftanding Direction to all Gunnerŝ  who fhall from thence 
forward have occafion to ufe that Piece: and were this Matter well afcer- 
tained, it might be worth the while to make all Mortars o f the like Diameter  ̂
as near as may be alike in Length of Chafe, PFeight, Chamber̂  and all other 
Circumftances.

Now the foregoing Rules would be rigidly true, were it not for the Oppo/t- *79-?• ’9' 
tion o f the Medium  ̂ whereby not only the direót impreíTed Motion is con
tinually retarded, but likewife the Increafe of the Velocity of the Fall, fo 
that the Spaces defcribed thereby, are not exaólly as the Squares of the 
Times: But what this Oppojition of the Air is, againft feveral Velocities,
Bulks, and Weights, is not fo eafy to determine. ’Tis certain, That the 
Weight o f the Air to that of Water, is nearly as i to 800 •, whence the Weight 
thereof, to that o f any ProjeSl is given: ’ tis very likely, that to the fame 
Velocity and Magnitude, but of different Matter, the Oppojition iliould be 
reciprocall'j as the Weights o f the Shot as likewife that to Shot o f the iame 
Velocity and Matter, but o f different Sizes, it fhould be as the Diameters 
repprocally: Whence generally the Oppojition to Shot with the fame Velocity, 
but of differing Diameters, and Materials, fliould be as their Spscifick Gra
vities into their Diameters reciprocally: but whether the Oppofition to differ
ing Velocities o f the fame Shot, be as the Squares of thofe Velocities, or as the 
Velocities themfelves, or otherwife, is yet a harder Qiieftion. However it be,
’ tis certain. That in large Shot of Metal, whofe W eight many thoufand 
times furpaffes that o f tĥ e Air, and whofe Force is very great in proportion 
to the Surface wherewith they prefs thereon, this Oppojition isfcarce discernible:
For by feveral Experiments, made with all Care and Circumfpeátion, with a 
Mortar-Piece, extraordinary well fixed to the Earth on purpofe, which carried 
a folid Brafs Shot of 4-Í- Inches Diameter, and of about 14 Pound Weight, 
the Ranges above and below 45°, were found nearly equal •, if there were 
any Difference, the under Ranges w'ent rather the fartheft, but thofe Diffe
rences were ufually lefs than the Errors committed in ordinary Pradice, by 
the unequal Goodnefsand Drynefsof the fame fort o f Powder, by the Unfit- 
jpefs of the Shot to the Bore, and by the Loofenefs of the Carriage. In x 
fmaller Brafs Shot of about an Inch and half Diameter, caft by a Crofs-Bow, 
which ranged it at moil about 400 Foot, the Force being much more equal 
than the 'this Difference was found more curiouily, andcon-
llantly, and moil evidently, the under Ranges out-went the upper, Prom 
which Trials I conclude, that altho’ in fmall and light Shot the Oppofttx 
o f the Air, ought and muft be accounted for j yet in ihooting of great and 
weighty Bombs, there need be very little orno Allowance made: and fo theie 
Rules may be put in practice to all Intents and Purpofes, as it this Impedi
ment were abfolutely removed. t/;« .Htuj»re

the Air's R«Ji*

IX . I .  In order to compute the Rejijlayice of the Air to all Proje£fs, I ¿y

prcmife this Lemma (as the moil rational that doth occur, tor my firil foot-
Q ^ q  q  2 Jan- An. 16X7.
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ing) That (fuppofing other things equal) The Rejtjiance is a proportional to tht 
Celerity. For in a double Cekrily^ there is tobe removed (in the fame time) 
twice as much Air (which is a áovitíitlmpedimeni 5) in a treble, thrice as much; 
and fo in other Proportions.

2. Suppofe we then the Force impreíTed (and confequently the Celerity  ̂
if there were no Rejiftance) as i ; the Refifiance as r (which muft be lefs than 
the Force, or elfe tlie Force would not prevail over the Impediment, to 
create a Motion.') And therefore the effedive Force at a firft Moment̂  is to 
be reputed as i — r: That is, fo much as the Force imprelTed, is more 
thaa the Imptdiment or Reftjlance.

3. Be it as 1— r to i ,  fo i to m (which m is therefore greater than i.)
4. And therefore the effedive Force (and confequently the Celerity) as

to a firil Moment.̂  is to be i- o f what it would be, had there been no Re->
m

ftjtance.

5. This i  is alfo the remaining Force after iuch firft M om en t; and

tJiis remaining Force is (for the fame Reafon) to be proportionably abated.

as to a fecond Moment : That is, we are to take —  thereof, that is,
m

o f the imprelTed Force. And for a third Moment (at equal Diftance

o f  Tim e) — L_ ; for a fourth—  ; and fo onward infinitely.
mmni m*

6. Becaufe the Length difpatched (in equal Times) is proportional to 
the Celerities; the Lines of Motion (anfwering to thofe equal Times) are

to be as i ,  -ir, -i-, - i ,  o f what they would have been in the fame
m m

Times, had there been no Refinance,
7. This therefore is a Geometrical Progrejfion ; and (becaufe o f m greater 

than I ) continually decreafing.
8. This decreafing Progrefiion infinitely continued (determining in the 

fame Point o f Reft, where the Motion is fuppofed. to expire) is yet o f a

finite Magnitude, and equal to — i—  o f what it would have been in fo

{ 484 )

m— 1
much time, if  there had been no Rejijlance: A s is demonftrated in my 
Algebra  ̂ Chap. 95. Prop. 8. For (as I have elfewhere demonftrated) the

Sum or Aggregate o f a Geometrical Progrejfion is , (fuppofing V
R — I

the greateft Term , A  the leaft, and R  the common Multiplier •,) That is,
V  R  A

Now in the prefent Cafe ( fuppofing the Progrefllon
R I R
infinitely continued) the leaft Term  A , becomes infinitely fmall, or = 0 :  

And ccnfequently —  doth alfo vanifti, and thereby the Aggregate be-
R-

comes

y  n  i
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fi;

comes -f=- That is (as will appear by Dividing V  R  by R —• 1 ;)

(fuppofing the Progreflion to be-
I v  K K  K  K .  —  I

gin at V =  I . )  That is, (dividing all by R , that fo the Progrefiion
, . ,  V  I , V  V , V  , V  , . ,  . .

may begin a t - =  - :)  ^ c. That is, in our

prefent Cafe (becaufe o f V = i ,  and R=«?) i . 1 - — , ^ c . — — I—
r m mm w} m— i

That is (putting »=w;— i) i ,  o f what it would have been, if  there had
n

been no Rejijlance.
9. This infinite Progreffion is fitly expreíTed by an Ordinate in the E x

terior Hyperhla, parallel to one of the Afymptotes •, and the feveral Mem
bers o f that, by the feveral Members of this, cut in Continual Proportion :
A s is there demonftrated at Prop. 15. For let S H  be an Hyperbola be
tween the Afymptotes  ̂ A  B, A F  : And let the Ordinate D H  (in the rig. 17;. 
Exterior Hyperbola, parallel to A  F) reprefent the imprefled Force undi- 
miniihed ; or the Line to be defcribed in fuch Tim e, by a Celerity anfwer-

able to fuch Undiminiih’d Force. And let B S (a like Ordinate) be ~

{ 48s)
V  R

thereof; which therefore, being lefs than D  H  (as being equal to a part 
o f it) will be further than it from A F .  In A  B (which I put = 1 ,)
let B ^ be fuch a part thereof, as is B S o f D  H . Now becaufe (as
is well known) all the infcribed Parallelograms, in the Exterior Hyperbolâ  
A S ,  A H ,  l£c, are equal; and therefore their Sides reciprocal:

Therefore as A  i/ =  i —  i - ,  (fuppofing B ¿í, to be taken from B toward
m

A,) to A  B = i, (or as m— i to m :) fo is B S = -Í D  H  to d h, which is 

therefore equal to — o f D  H  5 that is (as will appear by Dividing i  by
W---1

W— I») to ^ c. o f D H .
tn rn tn

O r if  B ¿  be taken beyond B : then as A ¿  =  i + '~ »  to A B =  i ,

or as -f. 1 to m-t fo is ~  D  H , to ¿Í which is therefore equal to
m

D  H  ; that is, (as will appear by like dividing o f i  by w +  ii|í
w -J-1

m mm
10. inch. Ordinate dh, or (equal to Afymptote) A  F , befo  »76*

divided in L ,  M , N , & c. (by Perpendiculars cuttipg the Hyperb»la in Ujn^
Tty & C . )

m j
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«, £ífí.) as that F  L , L  M , M N , be as -i, —í - ,  ^ c . T hat is, fo con-m mm tn? »
tinually decreafing, as that each Antecedent be to its Confequent, as i to
T

—, or as m to i. 
ni

11. This is done by taking A F ,  A  L ,  A N ,  ^ c , in fuch ProportioH. 
For, o f continual Proportionals the Differences are alfo continually Propor
tional, and in the fame Proportion. For let A , B, C , D , ^ c . be fuch Pro
portionals, and their Differences, b, c, That is, A — B=^, B—
C — D = c,

Then becaufe, A , B, C, D , & c. are in continual Proportion ;
That is, A  : B ::  B : C  :: C  : D  : iffc.
And dividing, A — B : B ::  B— C : C  : :  C— D  : D  : iffr.
That is, a : B :: ¿f : C :: d : Y) : ^c .
And Alternately ; ¿¡.kc. üfc. : :  B. C. D. & c. : :  A . B. C.
That is, In Continual Proportion, as A  to B, or as w to i.
12. This being done; the Hyperbolick Spaces F /, L w , M « , i^c. are 

equal, as is demonflrated by Gregory San-Vincent j and as fuch is commonly 
admitted.

13. So that F/, L w ,  M » , & c, may fitly reprefent equal Times in 
which are difpatched unequal Lengths, reprefented by F  L ,  L  M , M  N,

14. And becaufe they are in Number infinite, (tho* equal to a finite 
Magnitude) the Duration is infinite ; and confequently the imprefled Force, 
and Motion thence arifing, never to be wholly extinguiihed (without fome 
further Impediment) but perpetually approaching to A ,  in the Nature of 
^fymp totes.

1 5. The Spaces F  /, F F », & c. are therefore as Logarithms ( in 
Arithmetical Progrejftm increafing) anfwering to the Lines, A  F , A  L , 
A M ,  ^ c.''ox  to F L ,  L M ,  M N ,  in Geometrical Progrejfton de
creafing.

1 6. Becaufe F  L , L  M , M  N , ^ c . are as —, —L ., — , i£c. Infinitely
m mm

• ♦

terminated at A  •, therefore (by Prop. '8.) their A ggrégáte'F A , óí* d'ĥ  is 
to D H , (fo much Length as would have been difpatched in the fame Time, 
by fuch impreíTed Force undiminiihed) as i to m— i — n.

17. I f  therefore we take, as i to », fo A F  to D H  ; this will reprefent 
the Length to be difpatched, in the fame Tim e, by fuch undiminiihed 
Force.

1 8. And if  fuch D H  be fuppofed to be divided into equal Parts innume
rable (and therefore infinitely fmall j) thefe anfwer to thofe (as m a n y )  Parts 
unequal in F A , ov hd. . . _

19. But, what is the Proportion o f r to i ,  or (which depends on \i) of 
I— r to I, or I to m', remains to be enquired by Experiment,

2 • 2.0. IÍ
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20, If the Progreflion be not infinitely continued ) but end (fuppofe) 

ftt N , and its leaft Term be A  =  M  N  ; Then out of ____I--+  —
K —  I m mm 

T . A
is to be fubdufted.^------ , (as at Prop. 8.) that is, (as by Divifi-

trî  R — I  ̂ ]

on will appear) i^c. That is, (in our prefent Cafe) —+
K  K  RJ ‘ m m m

+  ^ c. And fo the Aggregate will be I ̂ ^ 4 -  ̂ —
m m m

+

1-—
n

And thus as to the Line o f Proje5iiofî  in which (fecluding the Reftfiing) 
the Motion is reputed uniform; difpatching equal Lengths at cquai 
Times. Confider we next the Line of Defcent.

21. In the Defcent of Heavy Bodies, it is fuppofed, that to each Moment 
of Tim e, there is fuperadded a new Impulfe of Gravity to what was before:
And each o f thefe, fecluding the Confideration of the A ’̂ s  Reftfiance  ̂ to pro
ceed equally (from their feveral beginnings) thro’ the fucceeding Moments. J j 
A s, (in the Ere6t Lines) 1111 I l l  1 1 I. &V. and fo continually, i i i 
as in the Line of Projehion.

22. Hence arifeth(in the.Tranfverfe Lines) for the firft Moment i ,  for
the fecond i -}- i » for the third i -|- i 4 “  ̂ forth, in Arithmetical
Progrejfion. As are the Ordinates in a Triangle at equal Diftance.

23. And fuch are the continual Increments o f the Diameter, or of the 
Ordinates in the Exterior Parabola, anfwering to the interior Ordinates  ̂ or 
Segments of the 'Tangent̂  equally increafing j as is known, and commonly 
admitted.

24. I f  we take in the Confideration o f the Air's Rejijlance ; we are then 
for each o f thefe equal Progreflions, to fubilitute a decreafing Progrejfion 
Geometrical; in like manner (and for the fame Reafons) as in the Line of 
Projeftion.

2 c. Hence arifeth for the firft Moment - i. i for the fecond— +  ; for L
m m m I X

the third J — L-l—L  ; i^c. And fuch is therefore the Defcent of a heavy
m m

m
I I
in̂  mBody falling by its own W eight. The feveral impulfes o f Gravity being” 

fuppofed equal. ^
26. That is, a s F L ,  F M , F N , Csfc. in the Line of Defcent, anfwering 

to F L ,  L M , M N , Í£c. in the Line o f Projeólion.
27. But tho’ the ProgreiTions for the Line of Projection, are hke to each 

o f thofe many in the Line of Defcent; It is not to be thence inferred.

that therefore — • in the one is equal to — r in the other : But in the Line
tn m

of

D



o f  Projeíbion (fuppofe) (fuch a part o f the Force Imprefled, and a

Celerity anfwerable :) in the Line o f Defcent (fuch a part o f theim- 

pulfe o f Gravity.)
28. Thofe for the Line of Defcent (of the fame Body) are all equal each 

to other : Becaufe^, (the new Impulfe o f Gravity) in each Momentis fup- 
pofed to be the fame.

29. But what is the Proportion o f /  to ^  (that is, of the Force impref- 
fed, to the Impulfe of Gravity, in each Body) remains to be enquired by
Experiment. •

30. This Proportion being found as to one known Force ; the fame is 
thence known as to any other Forcc (whofe Proportion to this is given) in 
the fame uniform Medium.

3 1 . And this being known as to one Medium  ̂ the fame is thence known 
as to any other Medium  ̂ the Proportion of whofe Refiftance to that o f this 
is known.

32. I f  a heavy Body be projected downward in a Perpendicular Line, it 

defcends therefore at the rate

( 488 )

I
m

^ c . o f/  (the imprefled Force) 

increafe by Impulfe o f G ravity: (by
m“ '

Prop. 5. and P . 25.) becaufe both Forces are here united.
33. If in a perpendicular Projedion upwards ; it afcends in the Rate of 

the former, abated by that o f the latter. Becaufe here the Impulfe o f Gra
vity  is contrary to the Force impreíTed.

34. W hen therefore this latter (continually increafing) becomes equal to 
that former (continually decreafing) it then ceafeth to afcend; and doth 
thenceforth defcend at the rate wherein the latter continually exceeds the 
former.

35. In an Horizon or oblique Projeélion: I f  to a Tangent, whofe

Increments are as F  L ,  L  M , M  N , ^ c . that is, as — be fitted
m

Ordinates (at a given Angle) whofe Increments are as F  L , F  M , F  N , i3c. 

that is, as ^ c . The Curve anfwering to the Compound o f thefc
m

Motions, is that wherein the Projeft is to move.
36. This Curve (being hitherto without a Name) may be called Linea 

Projectorum, the Line o f Proje<5ts, or things projedled j which refembles a 
Parabola deformed.

37. Celerity and Tendency.̂  as to each Point tjf the Line, is deter
mined. by a Tangent at that Point.

38. And that againft which it makes the greateft Stroak or PercuiTion, is
that which (at that point) is at right Angles to that Tangent.

.39. If the Projeótion (at fag. 25.) be not infinitely continued, but ter
minate

nED
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mínate (fuppofe) at N , fo that the laft Term in the firfl; Column or Series 
ereit, be¿?j and confequently in the fecond, ma\ in the tliird ^ c,
(each Series having one Term fewer tlian that before i t :) then (for the 
fame Reafons as at P. 20.) the Aggregates o f the feveral Columns (or ereól

Series) will be i-Ulf, i mma  ̂ forth, till (the Multiple of
n 71 n ^

a becoming = r , )  the ProgrelTion expire.
40. Now all the Abatements here, mâ  mma^ & c. are the fame with 

the Terms o f the firft Column taken backward. For a is the laft» ma the 
next before it •, and fo of the reft.

41. And the Aggregate of all the Numerators is fo many times i ,  as is 
the Number of Terms (fuppofe /) wanting the firft Column ; that is, /— •

1 a nt i4-£^ again divided by the common Denominator «,■a n t- - o r  —
n

becomes
nt— i-}-a

And therefore,
n i— i-^a

nn
is the Line of Defcent by

nn
its own Gravity.

42. If therefore this be added to a projedling Force downward in a Per
pendicular, or fubduded from fuch projeéling Force upward j that is, to

or from i l Z f / :  The Defcent in the firft Cafe, will be 1 7̂7  ̂/ + —
n

and the Afcent in the other Cafe f -
n t— i-\-a

n tin

And in this latter
n ■ n)t

Cafe, when the Ablative part becomes equal to the Pofitive part, the A f
cent is at the higheft: And thenceforth (the Ablative part exceeding the 
Pofitive) it will defcend.

43. In an Horizontal or Oblique Projedion, having taken -  ^/, in the
n

Line o f Proje6tion, and thence (at the Angle given) ÍLÍZZlldzf ¡n the
n n

Line of Defcent ; the Point in the Curve anfwering to thefe, is the place 
of the Projeft anfwering to that Moment.

44. I am aware of fome Objeftions to be made, whether to fome Points 
o f the Procefs, or to fome of the Suppofitions. But I law not well how to 
wave it, without making the Computation much more perplexed. And in 
a manner fo nice, and which muft depend upon phyfical Obfervations, ’twill 
be hard to attain fuch Accuracy, as not to ftand in need of fuch Allow
ances.

45. Somewhat might have been further added, todireót the Experiments 
iliggefted at P. 19. and 29. But that may be done at leifure, after Deli
beration had, v/hich way to attempt the Experiment.

46 The like is to be faid o f the different Refiftance which different Bo
dies may meet v/Íth in the fame Medium  ̂ according to their different Gravi
ties, (extenfively or intenfively confidered) and their different Figures and 

V o l. I. R  r r Pofi-
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Pofitlonis in M otio n : W hereof hitherto we have takeir no account j but: 
iuppoled them, as to all thefe, to be adike and equal.

47. I'lie Computation (in P . 39, 4.0, 41) niay, it that be alfo defired, be 
thus réprefénted by Lines and Spaces- The Ablatives, m a, m m a, (¿c. 
(being the fame with the firft Column taken backward) are fitly reprefented 
by the Segments o f N 'F , (beginning at N) and therefore by Parallelogranls 
on thefe Bafes, aflliming the common height o f F  or N the Aggre
gate o f which is N  or F  Q , and fo many times i ,  by fo many equal 
Spaces, Qn the fame Bafes, between the fame Parallels terminated at the Hy
perbola ; the Aggregate o f which is b F  N Q n . From whence,if wefubduót 
the Aggregate of Ablatives F Q j  the remaining Trilinear h Q jiy  repre- 
fents the Defcent.

48. If to this of Gravity, be joined a Proje6ling Force *, wliich is to the 
impulfe o f Gravity, aSi&K to ¿ F ,  (be it greater, lefs or equal) taken in' 
the fame Line j the fame Parallels determine proportional Parallelograms, 
whofe A ^ reg a te  is K

49. And therefore, if this be a Perpendicular Projeding downwards-, thea 
h K k m  (the Sum o f this with the former) reprefents the Defcent.

50. I f  it be a Perpendicular upwards 5 then the difference o f thefe two 
reprefents the Motion, which, fo long as K  Q^is the greater, is Afcendant; 
but Defcendant, when h Q j i  becomes greater ; and it is tlien at the higheit 
when they be equal.

51. If the Projedion be^not in the fame Perpendiculár, (but H ’oriziontal 
or Oblique) then K  reprefents the Tangent o f the Curve •, and b Q j;, 
the Ordinates to that Tangent, at the given Angle.

52. But the Computation before given, I take to be of better ufe than 
this Reprefentation in Figure. Becaufe in fuch methametical Enquiries, I 
chufe to feparate (as much as may be) what purely concerns Proportions ; 
and coniider it abftradlly from Lines or other matter wherewith it is incum- 
bred.

A s to the Queilion propofed Whether the refiftance o f the Medium does 
not always take off fuch a proportional part o f the Force, moving thro’ it, 
as is the Specifick Gravity o f the Medium to that o f the Body moved in it 
(for if  fo, it will fave us the trouble o f Obfervation •,) I think this can by 
no means be admitted; for there be many other things o f Confideration 
herein, befide the inteniive Gravity (or, as fome call it  ̂ the Specifick 
Gravity) o f the Medium.

A  vifcous Medium ihall more rcfift than one more fluid, tho’* o f like 
Intenfive Gravity.

And a £h^p Arrow ihall bore its way more eafily thro’ the Medium 
chan a: blunt-headed Bolt, tho’ o f equal W eight and like intenfive Gravity.

A nd the fame Pyramid with the Point, than with the Bafe forward.
A nd many other like Varieties intended in m y P , 46.  ̂ ¡
A nd this I think may be admitted, namely, that different Mediums, 

equally liquid, (and other Circumftances alikej do in fuch Proportion refift,
is their intenfive Gravity. Becaufe there is, in fuch proportion,, a hea-

i
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vier Objedl to be removed, by the iame Force j which is one o f the tlúngs 
to which /*.31.  refers.

And again: the heavier Projefb once in motion, (being equally fwift, 
and all other Circumftan,ces alike), moves thro’ the fame Medium in fuch 
Proportion more ilrongly, as is its intenfive Gravity: for now the Force is 
in fuch Proportion greater, for the Removal of the fame Refinance. And this 
is part of what my P . 30 infmuates,

. But where there is a Complication of thefe Confiderations one with ano
ther, and with many other Circumilances, whereof each is feverally to be 
confidered ; there muft be refped had to all of them.

t

X . I.-Th know how far a Gunjhoots Point Blanks {as they call it) that is, 7  ̂
the Level of the Cylinder of the Piece, that the Difference is either not d if pólnllalmk" 

cernibU, or non covjiderable. Dijimu -, the
On a fit Platform  ̂ place and point the Gun at a M ark as large as the Bui- der; and beft 

let, fome 50, 60, or more Yards diftant, fo as the underfide of the MaTk^*'^^j^“”' j.,., 
may be in the fame Level or L-ine with the underfide o f the Cylinder o f the Rob. Moray. 
Piece. Then between the Gun and the Mark at convenient Diilances, place 
pieces of Canvas, Sheets of Paper pafted together, or the like, upon flakes 
fix’d in the ground ; fo as the underfide, being level with the Horizon, may 
juil touch the vifual Line, that paiTeth from w e Eye to the upperfide of the 
M ark, when the Eye is placed in the Line that paffetb from it to the upper
fide of the Cylinder o f the Gun; the Canvas being fo broad and long, that if 
the Bullet pafs thro’ it 2 or 3 Foot higher than the Level of the Mark, or 
o f  either hand, the Hole it makes may make it known, how much it flietli 
higher than the Level o f that Place. If the Bullet falls lower than the Mark, 
and touch not the Canvas, the Gun may be the next time raifed a little, and 
fo on, till the Bullet hit the M ark, or as high as it. If it fall high as the 
M ark an‘d cut the Canvas, the Mark and. Canvas may be brought nearer the 
Gun: But if  it fall as high as the M ark an̂ i do not cut the. Canvas, the 
Mark may be removed to greater and greater Difbx;nces.

I f  this w'ay of Experiment be made for iurther Diilafices and Raifings of the 
Piecê  as high as conveniently may be above the Level, and the Diilances 
meafured, and then all Randoms above thefe likewife tried and meafured; 
the Diilance of an Objeél, to be ihot at, being known, and other neceifary 
Cautions, beneathto.be mentioned, carefully obferved *, good Gunners may 
with great Confidence undertake to hit the M ark, be the Diftance what.it 
v ill, fo it exceed not the reach of tlie Gun.

2. To know what ̂ m ntity of Pcrjoder is the ju fl Charge o f any Picc^y fo as it 
inakcth the farthefl Shot, and Fires totally. ■ -

I. Raife the Gun tp a mean Random, as of 20% or 25°, and flioot .widi 
the ordinary Charge o f Powder, in fome convenient Ground where the Fall 
o f the Bullet may be eafily feen, and having made a Shot, meafure the Dil- 
tances with a Chain between the Hole made by the Bullet and xht M uzzk  
o f the Gun.

R r r 2 2. Then
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2. Then inftead o f a full Charge of Powder ufed in tlie firft Shot, take 

part lefs, or fome fuch Proportion, for the next Trial,' 'doing all things elVe 
as before.

3. For a third, fourth, or more Trials, diminifli ilill the ^.antily of 
Powder, by -,V at a Time, till the Shot be confiderably iliorter than at firft.

4. Then take rV more than the firft Charge, and do all things elfe as be
fore, and fo continue more Trials, increafing ftill the ^lantily o f Powder 
in the fame Proportion every new Trial, till you find the Increafe of the 
■Charge- does not make th.e Piece íHoot flirther ; Only over-charge not fo far 
as to endanger the Gun,

5. Three or more Shot are to be made with every different and at
every feveral Trial, that the Certainty may the better appear.

6. The firft Shot being meafvired and marked, the reft may all be mea- 
fured from it, or from one another, to fave Labour.

7. The Gun is to be pointed, placed and ordered, every time in one and 
the fame Place and Pofition, aiming ftill at the fame Mark, or Pointing 
ftill at the fame Line or Azimuth j that fo all the Shot may fall in the fame 
Line as near as is pofiible.

8. I'he Powder (which ought to be all of the fame Goodnefs) muft be ex- 
aótly weighed every time the Piece is Charged, left it having been weighed 
long before, the W eight may be altered; tho’ Experiment may be made 
with Cartridges and without.

9. The Powder and Bullet is to be Rammed home, equally at every Shot j 
tho*, the loofer the Powder lie, it fire the better.

10. W hen the right Charge o f a Piece is found, that makes the farthefi 
Shot in the ordinary and plain way o f Charging, M . de Som’s Contrivance of 
a TFedge may be tried, to make it ftioot farther j which is a piece of Board, 
fo long, as being thruft home to the Breech o f the Piece at one End, the o- 
ther may reach farther out than the Outfide o f the Bullet being Rammed up 
to its place 5 broad about an Inch, and thin fo far as the Wadd before the 
Bullet reaches on the outfide ; there it is to have a Shoulder, from which for
ward to the end, it is to be cut a-flope, like a Wedge, being o f fuch thick- 
nefs, as that at the Place, where the Center o f the Bullet is to be, it may 
make it ftick fo faft, that the Powder finding more Refiftance, may at 
length drive it out with the greater Violence.

1 1 . Another of this Nature is a Wooden Tampion, like a piece o f a Cylin
der, big enough to fill the hollow Cylinder o f the Gun, the length fomewhat 
more than the Diameter of it, and hollow’d towards the Bullet, fo as to fit 
i t ; and either flat or (which is better) hollow likewife towards the Powder, 
and ferving inftead of Wadd. Thefe, and fuch others, will probably ren
der the Eflfeit o f the Powder greater, than otherwife it would be : But care 
muft be had that they do not endanger the Piece.

12. The Strength o í the Powder muft be examin’d by a Powder Trier, 
that raifeth a W eight, fuch an one as hath been contrived by Mr. Hook.

13. T he fame Bullet is to be made ufe of, if it can be had, till the Figure
o f

lU n c L'



í ( 4 9 3  )
'of it be marfód ; ótherwlfe another as near of the fame Size, ‘ Shápe and 
W eight, as is poflible.

14. Obferve the Strength and Pofition of the JVind, and at what Azimuth 
the Mark ftands from the-Gm at every time o f Shooting : And take pre- 
cife notice what effedt it hath upon the Bullet in carrying it further, in 
hindring, or turning it afide.

15. Noté the F'igure, Dimenfions, and W eight of the Carriage, and
Wheels; and record every thing exaftly in a Book, as alfo every Accident -r
aikl Obfervation. ■

16. After all other Experiments are made, every Piece may be tried with 
the right Charge o f Pvwder, laying every time more and more W eight up
on the Carriage and at laft fixing the 6'««, fo as it may not Recoil at ail, 
obferving every Time how fai- the Bullet goes, and how much lefs Powder 
than the full Charge will ferve to ihoot the Bullet, when the Piece is Fixt, 
as far -as the whole Charge does, when it Recoils freely.

17. The Right Charge ío\má, the beft Random is to be fought, by trying 
all Randoms, by Degrees at a time.

3. ^0 know what Gun pjoots fartheji.
1. A  Gun to be prepared o f Culverine-Bore (as being held the beft for 

ihooting far) but much longer (double the ordinary Length may do well) 
and without any Ring about the M uzzle, is to be placed as in the former 
Experiments, and charged with the Ordinary Charge of a Culverine, or rather 
with that Quantity, which by the former Experiments ihall be found the beft ; 
and being fhot, the Fall of the Bullet is to be mark’d, and Diftance meafured.

2. Then try lefs, and more Powder in her, as before.
3. Then cut off two Inches of the Muzzle with a Saw, and place the 

Pieces fo cut off in the Carriage, or their Weight of Lead in a convenient 
Figure, that the Recoil may ftill be the fame: and try as before, doing every 
thing in the fame manner : and fo cut off ftill for new Trials, till the Shot 
begin to fall ftiorter than before.

4. The fame may be done with Guns of different Bores.

2. Mar. 18. 1651. A t 200 Yards diftange from the Platform for great 
Ordinance at Woolwich, there were raifed three Butts  ̂ one behind another: if Cuat Cuns; 
The fpace between the firft and fecond Butt was 14 Yards; between the 
fecond and the third, eight. The thicknefs o f each Butt was 19 Inches, 
whereof 13 was o f Beams of Maffey oak faftened into the Ground, and fet 
fo clofe that they touched each other: On each fide were Planks of Oak, 3 
Inches a-piecein Thicknefs, and thefe were joined clofe, and faftened on both 
Sides with Iron bolts, and ftrong Pins o f W ood ; and on the Back, at the 
Ends, and on the Middle there were 3 Braces of Elm , a Foot in Breadth» 
and 5 Inches in Thicknefs.

The firft Experiment was with an Iron T>emy-Camion, having a Cylinder Bore 
of 3500 lib. Weight, the Bullet 32 lib. o f Iron, the Ponder 10 lib. which 
pierced thro’ the two firft Butts  ̂ and ftuck in the third, fo as the Ball 
was almoft quite within, but the Timber not ftiivered (fmall) nor fcarcc

fpUt.
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fpilt. The Butts being touched by me, felt not warm ;• the lik^ Exuutm  
was done when it was charged with 9 lib. as alfo when with %Ub. of 
Powder.

The fecond Experiment was with an Iron Demy-Camm^ having a Taper 
Bore and being 3600 lib. in Weighty and 4 Inches longer than the former ; the 
Iron Bullet 32 lib. and the Po'wder 7. lib. which in three Trials feetned to 
havethe fame Force with the firfb. One o f the. Shots piercing thro’ the fe- 
io n d  Biitt  ̂ and lighting near the Edge o f the middle * Butt o f Elm, tore 
it, but by the yielding of it, the Bullet glanced afide off the third Butt̂  an̂
entered 3nto the Earth.

The third Eapsriment was with a whole Culverine in Brafs  ̂ o f 5300 Ub. 
in Weighty 11 Foot i Inch in Length, with a Taper Bore: the Iron, Bullet was 
1 8 lib. in Weight *, the Powder in the firft Trial i o lib. in the ieeond 9 lib. 
in the third 8. lib. which laft Proportion did the beft Execution, and pafíed 
thro’ the two firji Butts  ̂ entering gently into the Third, which the former 
tw o did touch, but not enter. - ^

The fourth Experiment was with a whole Culverine in Brafs, ma.de at 
Amjlerdam for the French, with this M ark, 3580, being 10 Foot long, and 
TMt yery thick in.the Bñech \ the firft Shot with 9 lib. o f Powder, 1 8 lib. of 
Bulkt-lron, paft thro’ the three Butt, and entered one Foot into the Ground ; 
it  paffed by the Joints o f the Tiipber, two Planks,having been beat down 
■¿Defore. The fecond Shot with 8. lib. Powder, paiTed thro’ two Butts and 
grazed between them- The third with 8 lib. paft two Butts, and 7 Inches 
into the tliird •, but the firft Butt was much battered before, where it entered.

The fourth Shot paffed, with 8 lib. o f Powder, two Butts, and in both 
Butts ;tliro’ the midft of a Maffey ftrong B,eam (below) that had not been 
“¡battered.

The Fifth Experiment was with an Iron Demy-Culverine, having 9 lib, 
.Bullet m irón , and 4. lib. Powder', this paft one .5«/; (which was torn be
fore) and entered the fecond. .

This 7 Culverine was £hot 8 Tim es, as faft as they could charge it with 
Powder, and the Iron-Bullet, and yet was but fcarce lukewarm at the Breech, 
a little more in the midft, moft at the Muzzle, and this laft fcarce fo hot as 
m y Hand ; and yet the Gunners in charging her, wet not at all the Scoop, or 
Spunge.

T he Sixth Experiment w^s with a Brafs D  my-Culverine, the Breech of 
her was 13 Inches .4» tlie Mouth T he firft Shot, with 4 lib. o f Powder, 
ĉ .Ub. Iron-Bullet, paft two Butts : The Secoiid Shot with 3 lib. o f Pov^er,, 
paft almoft two Butts: This proved to be the beft Shot, becaule the Tim- 
bers wjere the ftrongeft.

X I. Whereas ordinary ¡Vind Guns do their Effeft by the Comprejfton o f the 
A ir : Ottho Ghericke hath found a New fort that fhoots by Rarefaction % and 
he hath publiilied that Device at large in his Book about Pneumatick Experi
ments, I have contrived another which I take to be better.

A A



( 4 9 5  )
A  A  is a Pipe, very equal from one end to the other.
B B a fmall Pips folder’d in a Hole near the End of the Pips A  A , and ap- ‘ 

ply’d to the Plate o f the Pneumatick Etigim.
G C C C  fome kind of Stool̂  to bear up the hinder part of the
A  A.
D  a Piece o f Lead fitted to the Bore of the Pipe A  A.
The Pipe A  A  is to be íhut at both Ends by Valves outwardly applied, 

and fo the faid Pipe A  A , tho’ never fo big, may be exhaufted o f Air by 
means of the Pneumatick Engine: Which done, the Valve towards D mult 
be fuddenly opened, fo that the whole PrelTure of the Atmofphere acting 
upon the Lead D, may drive it along the Pipe A  A , with fuch a Swiftnefs, 
that it will be able to carry it to a great Diftance: and becaufe fuch a 
Valve fliutting a great Hole, would prove very difficult to be opened, when the 
Pipe A  A , is of a great Bore, the Aperture towards D , may be left much 
fmaller than the Pipe; the Swiftnefs of the Air being fo great, that even thro’ 
a pretty fmall Aperture, it preffed the Lead D, as freely almoil, as if the 
whole Bore was quite open.

Having prepared a Barrel carrying a head o f two Ounces, the Experinufit 
was iliewn before the Royal Society and the EfFeét was found very confide-  ̂
rabie, the Force being little lefs than that o f the Wind-Giin by CompreJJivi •, 
the fame Experiment being afterwards repeated with a longer Barrel̂  ’ twas 
found that the length in this way o f Shooting was very little, if  any Advan-
tage.

XII. M y way o f conlputing the Velocity o f the Air (which I think is bet- The Ktiidty 
ter than the Trial mad« by the Royal Academy at Paris) is grounded upon this 
hydrojiatical Principle, That Liquors have a Strength to afccnd as high as their an exh/iúfitd 
Source is ; and altho’ the Rejifiance of the Medium does always hinder Jets 
d^Eau in the open Air from reaching quite fo high, neverthelefs the Liquor p .  193. 
at its firft fpouting out, hath the neeeffary fwiftnefs to come to that height.

Prop. I.] From this Principle may be eafily deduced this Propofition,
Thati of two different Liquors driven by the fame Prejfure, that which is in 
Specie lighter mufl afc-end higher than that which is heavier, and their heightstvill 
be reciprocally in the fame Reafon as their fpecifick Gravities are.

Prop. II ] From the foregoing Propofition another may eafily be deduced, 
viz. That, of differing Liquors hearing the fame Preffurc, thofe that are lighter 
in Specie muft acquire a greater Swiftnefs,. and their di^ering Velocities are to one 
another * as the Roots of the fpecifick Gravities of the faid Liquors. *

For we have feen, P. I. That the Heights to be attained are * in the * 
fame Reafon as the fpecifick Gravities: Now GalliUus, Hugfnius, and others, 
have demonftrated. That the Velocities o f Bodies are to one another, as the 
fquare Roots o f the Heights to which they may afcend : And fo in this occa- 
fion they are alfo * as the Roots of the fpecifick Gravities.

If therefore we would know what is the Velocity o f the Air being driven
by any degree o f Preffure whatibever, we ought but to* find what would-be
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the Velocity of Water under the fame Prejjure: And then take tlie fqiiare Roots 
o f  the fpecifick Gravities o f thefe two Liquors \ becaufe as much as the 
fquare Root o f the fpecifick Gravity of Water doth excecd the fquan Root of 
the fpecifick Gravity o f the Air ; fo much in proportion will the Velocity of 
A ir  exceed the Velocity o f Water. For Example i when I would compute 
what fliould be the Swiftnefs o f a Bullet fiiot by my Pnetmatick Engine, I 
ihould at firft compute what was tlie Velocity o f the A ir itfelf that drove the 
B u llet: I did therefore take notice. That in this Occafion the Air bears a 
Preflure much about the fame as that of Water when its Spring is 32 Foot 
high. Now fuch Water would fpout out with a fufficient Velocity to afcend 32 
Foot Perpendicular, and therefore according to the Rules and Obfervations of 
Galliaus, Htigeniusy and others, fuch Water hath the Velocity o f 45 Foot in a 
Second. It remains therefore but to know the Proportion of the Gravity of 
the Air to that o f W ater: And we have found it not to be always the fame; 
becaufe the Height, the Heat, and the Moifture, o f the Atrnofpherê  are va
riable : Neverthelefs, we may fay in general, That the Reafon between the 
fpecifick Gravities of Water ax\á Air is much about 840 to i .  Taking then 
their Square Roots as I have iaid above, which Roots are 29 and i ,  we may 
conclude that the Velocity o f A ir  muft exceed that of Water  ̂ by 29 Times : 
A nd fo multiplying 45, the Velocity o f Water  ̂ by 29, we ihall ñnd, that 
the Velocity o f Air driven by the whole Preflure o f the Atmofphere  ̂ is about 
1305 F'oot in a Second.

XIII. In the Brafs-Works at Tivolî  the Waters hlov) the Fire  ̂ not by 
moving the Bellows, but by affording the Thus:  A , is the River.

n which it falls. L  G , a Pipe. G , the Ori-
F'l'm - o f Pips-i or Nofe o f the Bellows. G K , the Hearth. E , a Hole in the 

Apr. An. 166;. pjpg.  ̂ Stopper to that Hole. D , a place under ground, by which tlie
"Water runs away. Stopping the H o le E , there is a perpetual ftrong Windy 
ifTuing forth at G  j and G being ilopt, the Wind comes out fo vehemently 
at E , that it will, I believe, make a .§¿2//play, like that at Frefcati..

The htj} Form of X IV . Whatever Men may imagine concerning liorizontal Sails, I doubt 
fo7'a°mif‘'iy* there never will be found a better, and more advantageous way, for receiv- 
I 'r .  Rob. Hook, ing the Strcngdi o f the Wind, or Motion o f the A ir, than Perpendicular Vanes 
nf'3. pfg,. made o f a true Form, fo as every part thereof may draw dike. But be-
Dec. Ann. j(S8i. caufe I find divers have o f late attempted Horixontal Vanes for M ills, I ihali

explain a way of making Horizontal Vanes capable of performing the rnoft 
that is pojfible with Vanes o f  equal Extenfton.

The Invention is founded upon the fame Principle with that of the SaiBtg 
o f Ships, and other Vejfels upon the Sea 5 namely, upon difpofing and or
dering of the Vane or Sail fo, as to fiand in the bejt Pofture t̂ispcffible to movi 
the Arms o f the M ill, cr the Body o f the Ship, in that way it is to he moved, 
by the Force of the Wind blowing thus or thus againli them.

l^he Firft Principle then common to both, is, that the Vane or Sail be as 
near as ’ tis.poffible, a p e r f e c t a n d  fmooth Superficies, without anyBelly-

I ing,

( 4 9 6 )

u n £ 0



íng» Bunting, or Curvlty in the Superficies thereof, upon which tiie M o
tion or Force o f the JVind is impreíTed.

Secondlŷ  That the A r  may have as many Paffagcs between the parts of 
the Vme or Sail̂  as may be, that the moved Air may come to it as freely as 
may be, without being intercepted by a Jiagnant Air before it, to impede oi 
divert its Force.

Thirdly-, That t!ie 'Plane o f the Vane or Sail be put in the middle Inclination̂  
between the way of the IVind and the way o f the yfm , or that ot the Body 
o f the Ship.

The Contrivance itfelf is ‘This.
Let A B  fignify the Stream or Current o f the Air or Wind, moving fromF/j. lio. 

A  to B, and let C reprefent the Center of the Axis or Spindle, (landing 
perpendicular to the Horizon, upon which, at the Top, is fixed at right 
Angles, the piece D H , making the two C D , a n d C H ,  upon the 
Ends of which the Vanes M  N , are moved on Spindles fo as that the Plane 
of the Vane doth always pafs thro’ the Point D  ; I fay, thefe Vanes fo or
dered, ihfall be always placed in the moit advantageous Pojiure for moving 
the Arms round upon the faid Spindle, whofe Center is C, in the Order oí
D E F G H I K L D .

Firfi, For the Vanes placed at D and H , I fay. They are fet in the moil 
advantageous Pofture poflible, in thofe two Points ; For Firjl, the Vane M  N  
at D being to move direélly againfl: the Wind, the moil advantageous Pojiure 
is to turn its edge direftly againft the Wind, and thereby to give the leaft 
Refinance poflible, that being the only Point in which the Vane, fuppofed only 
a Superficies, draws not. And Secondly, For the Vme M  N  placed at H , it 
ilandeth the mofl advantageoujfy, becaufe its Motion being direélly from or 
before the Wtnd, it ilandeth full Crofs, or oppofed to the Motion thereof.

Secondly, The Vanes at E, F , G , and I, K , L ,  ftand the moil advantageoujly 
becaufe they divide the Angle, between the wcey of the Wind, and that o f 
the Arms in thofe Points into two equal Parts, and confequently the Wind 
impreiTeth the greateil Force in the moil dire<5l  W ay : For it is eafy to be 
demonilrated. That the Force impreíTed on the Vane by the Wind, is per
pendicular to the Surface, and confequently that the Obliquity o f the Force 
to the way o f the Arms, increafed by the Vanes ilanding more full againil 
the Wind, will have a lefs Proportion o f Power to promote the Motion 
thereof, than in the Poilure here fet. And fuppofing the Vanes fet lharper 
to the Wind, the Diminution o f the Force impreíTed by the Wtnd on its 
Surface, will be greater than the Augmentation of its Power by being mo
ved more diredly to the way o f the Arms. This is eafy enough to be geo
metrically demonjirated.

The Vane may be fo ordered, as always to iland in this Pofture by a great 
many w a y s : I ihall only inilance in one, not the beil for PraEiice, but the 
moH eafy to be underftood and demonjirated.

Let the Vane be equally expanded on each fide o f its Axis, by which the f{£- iJx 
PreiTure on the Extremes o f it are always counterpoifed; then failen upon 
the lower end thereof a Wheel, which may be in a Diameter about i  o f the

V o l .  1 S f f  length
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length oF the ^ rm  from Hole to Hole ; then fix a Wheel upon the Frame 
in which xht Spindle of the Arms do move, that ihallbe o f half the Diame
ter with the former, and to contain half the number of Teeth. Then by 
a third fmall W heel, fixed under the Arms  ̂ of a convenient bignefs, 
communicate the Motion o f the one to the other ; for by this means each 
Vane being fo provided, they will, being once fet right, always continue 
to be moved and difpofed in the true Fofture defired.

This Contrhance will not only be ufeful for all manner o f common Wind- 
M ills, butalfo for Water-Mills in Rivers^ where there can no Dam be made \ I
as may alfo the perpendicular Vanes o f other Mill;^ neither of which has been \
fo much as hinted  ̂ by any Perfon whatfoever, that I have hitherto heard of.

Jin Account of X V . I . The A rt of Flying hath been in all Ages aitempted by many, particu-
larly in the Times of our famous Friar Roger Bacon  ̂ who lived about 500 years 

ptii. Coll.'a. I. fmce. H e was believed a Magician or Conjurer  ̂and to have performed what
was related o f him, by the help o f diabolical M agick; but from the perufal 
o f  fevcral o f his excellent Works yet extant, I efteem him no fuch Ferfon.
I rather find Iiim to have been a good Mathematician  ̂ a knowing Mechanick, 
a rare Chemijit and a moft accompliihed experimental Philofopher  ̂ which was 
a Miracle for that dark A g e . , This Man affirms the A rt o f Flying poffible, 
and that he himfelf knew how to make aft Engine  ̂ in which a Man fitting, 
might be able to carry himfelf thro* the Air like zB ird :  And affirms, 
that there was then another Perfon who had actually tried it with good 
Succefs. W e have not wanted later Inftances in England  ̂ of feveral inge
nious M en, who have employed their W its and Tim e about this T>cfign. 
Particularly, I have been credibly informed, that one Mr. Gafcoigne did 
about 40 Years fmce try it with good Effe6t ■, tho* he fince dying, the 
Thing alfo died with him. And even now, there are not wanting fome in 
Etigland, who affirm tliemfelves able to do it, and that they, have proved 
as much by Experiment. W e have little or no account of the ways they 
have taken to effed their D efigns; but we may conclude them defeftive 
in fomewhat or other, fince we do not find them brought into common XJfe,

Tht Art of Fly- 2- The Sieur Befnier  ̂ a Smith o f Sable in the County o f Maine  ̂ hath in- 
i by S . B ef- vented an Engine for Flyivg. It confifts o f two Poles or Rods, which have

15. at each end o f them an oblong Chaffie of TafFety *, which Cbajfic folds from 
fig. i8i. above downwards, as the frame o f a folding Window Chcjfie. H e fits thefe 

Poles upon his Shoulders, fo that two o f the Chajfies may be before him, and 
the other two behind him. I ’he order o f moving them is thus : When the 
right Hand ftrikes down the right Wing before. A , the left Leg by means of 
the String E , pulls downwards the left Wing behind, B ; then immediately 
after, the left Hand moves or ftrikes downwards the left Wing before, C ; 
and at the fame time the right Foot, by the String F, moves or pulls down 
the right Wing behind, D ; and fo fucceflively, or alternately, the diago
nally oppofite Wings always m oving downwards, or ftriking the Air toge
ther.
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g. I. P. Frmdfco Lana m\m Prodromo  ̂ finding by an That-f
the IVeight o f the is part o f the Weigbi o f a like quantity of IVaíer  ̂ ÚL. 
he concludes certainly. That if we could make a Veffel of Glafs or other 
Matter that might weigh lefs than the Air that is in it, and íhould draw 
out all its Air  ̂ this Veffel would be lighter in Specie than Air itfelf, and 
thereiore v/ould fwim in it and afcend on high. This he fuppofes may be 
done, by making a round VeiTel o f thin Plate Brafs {'weighing q Ounces 
in a Jqmre Foot) of the Diameter o f 14 Foot. For the Surface o f the Veffel 
will be 616 fqtiare Feet̂  and the Brafs will weigh no more than 1848 Ounccs •, 
whereas the Content will be 14371- íind that Quantity o f Air will
weigh 2 1551 Ounces : So that that Air being evacuated, the Veffel will 
be 3o7t  Ounces lighter than Air  ̂ and therefore will not only afcend into 
the Air, but alfo carry up with it a weight of 3074. Ounces. And thus by 
encreafing the Bulk ot the Veffel, without encreafing the Thicknefs of the 
Plates of Brafs, he fuppofes a kind of Ship may be made, to fwim in the 
Air, and to carry two or three Men in it.

. The fallacy o f the Author''% Reafoning lies in this; he fuppofes Copper o f -s/kkw JmptaHi-
3 Ounces in a Foot Square to be o f fufficient Thicknefs to refift the Preffure 
o f the Air in a Globe o f 14 Foot Diameter, nay of any Dimevjion. But in this f • »7-
we can no wife affent to hi m: For the Preffure from without inwards, tho’ 
it be always the fame upon equal Surfaces, yet upon unequal Surfaces the 
Cafe is quite otherwife, for there the Preffure will be found not the fame, 
but to encreafe always in the fame Proportion with the Surface, and thence 
confequently the Thicknefs o f his Copper̂  or any Metal or Material, which he 
iha!]' make ufe of, muft increafe in the fame Proportion, with the Diameter 
o f the Spherê  and confequently the Weight of his Copper muft always increafe 
in the fame Proportion at leaft to the Solidity o f  his Sphere-, fo that by his 
augmenting the ^antity  o f his Sphere, he has no manner of Advantage of 
making it proportionably lighter than the Air  ̂ and proportionably Jirong, 
but the contrary : For it is manifeft. That a bigger Sphere fo made of any 
Matter we yet know, has lefs Power o f refifting the fame Prejfure of the 
A ir  than a lefs, becaufe o f finite Refiftance o f Matter to Preffure, there be
ing fome degree o f Prefjure that will crujh every Body.

X V I. This Engine is compofed o f four principal Parts ; the Serpent A  A  »̂Engintu 
two Foot-Steps or Treddles B B, one Clapper C , and two Arms D  D, D D.

T he Serpent or Iron Bar A  A , has two Elbows, E  E , whereto the Ends of m. d« cenne*. 
the Ropes are fix’d that raife and put down the Foot-Jieps B B ; F  F  are 
fourths of a Circle, that fucceffively reft upon two Arches or Bows of J“̂ y> '̂ 78.
Iron, G  G , which are above the Clappler C , to raife it. H  H  are two Teeth 
o f Iron, added to the Serpent, making an Angle of 25 Deg. with F  F, and 
K  K ; which ferve to put down a B^cule, or Sweep, which is in the Arm 
that carries the Shuttle. The Foot-fteps or ^reddles differ in nothing from 
thofe that are ufually made ufe of, only the Cords that hold them pendent 
from the Ground are fix’d in the Elbows of the Serpent̂  which in turning

S f  f  2 raifes
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raifes and puts them down by the help of two little Pullies, upon wliich 
the Ropes turn.

The Clapper is fupported between two Pillars, with a Rope double twill
ed, which occafions it to make a kind of Spring, and caufes it naturally to
give forwards to beat the Cloth.

L M ,  is one o f the Arms which paíTes freely into the Canal or Pipe N N , 
fupported by four Pillars o f ^Vood O O  O O . Tihe Motion o f it proceeds 
from the following Parts. P Q ¿  is a Bafculê  which tho’ unequally divided 
by its Supporter R , is yet in Mqnilibrio, the end P R  being made to weigh
exadlly as much as R  J

A t the Extremity o f this Bafcule is ty ’d a Cord which paiTes thro* the ,
Pulley S, and terminates at the Extremity o f the Arm, where it is faftened, 
to a little Bow M. A t the other Extremity of the fame Ann, that is to iliy, 
towards L ,  is alfo faftened underneath, a Cord, which paiTes thro’ the 
Pulfey T ,  and which carries the W eight V .

A t the fame end of the Arm is added a little Niche Z , about the bignefs of  ̂
half the Shuttle : Then over a little Bar X  Y ,  which paffes a-thwart the Arm  ̂
there are two other little pieces o f W ood, having at the end o f them two 
Teeth which enter into the Niche Z , thro’ two Holes which are there, 
o f  the one fide and t’other.

T o  the Ends o f thefe little pieces of W ood, there is a little Boiv o f  W hale
bone or Steel, which keeps the two Ends afunder, and forces the Teeth,
•which are at the other end, to enter into the Niche before the faid pieces 
can themfelves. A t  the Points i i , are two Ropes that pafs thro’ the 
Pullies 2 2, faftened to tlie Pillars,  ̂3 4, and have each o f them a little 
weight at the end big enough to keep it from paffing thro’ a little Bowl ,
which is under each Pulley.

This Arm thus difpofed, goes and comes in tíie H o le N  N , in the follow
ing manner. One Tooth o f the Serpent, already defcribed, ftrikes upon the 
Extremity o f the Bafcule P  Q , and fo caufes the End Q_ to rife up, which 
drawing the Cord faftened to me Point Q , makes the Arm L  M , to advance 
forward. But when afterwards the Tooth of the Serpent is come forth a- 
gain, then the W eight V , tied to the other End of the fame Aj-m, by a 
Cord that paiTes thro* the Pulley T ,  forces the faid Arm by its own W eight 
to return again.

W hen the Arm L M  is in its ordinary place, the two little pieces o f W ood 
into which enters the Bar X Y , enclofe the Shuttle by means o f  the Whale
bone-iS’pnwg'. But when the faid Arm approaches the other oppofite Arm , 
then the Cords tied to the Points i i ,  being a little too fhort, and the 
W eight which is at the end of them not being able to pafs thro’, the Spring 
gives way a little, and fo the Shuttle is no longer enclofed by the Arm which 
carries it, but is wholly received and grafp’ d by the other j which likewife 
in its turn, delivers it back again in the fame manner.

T h e Motion of the whole Machine is made at the rate as you move the 
Handle o f  the Serpent, for then the Arms caufe the Threads to open, and 
immediately one o f the Arms begins to Aide in towards the oppofite Arm,

to
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to which it carries the Shuttle, and retires immediately : A t the fame time, 
one o f the Quarters o f a Circle, which held the Clapper elevated, forfakes 
it, and leaves it for to flap, and then the oppofite Quarter of a Circle ele
vating itfelf, the other Elbow changes the Threads, and the other Arm re
tires i and fo fuccelTively.

The Advantages of this Engine are thefe. i. One M ill will fet lo  or 12 
oí thefe Looms at W ork. 2. You may make the Cloth o f what Breadth you 
pleafe. 3. There will be fewer Knots in the Cloth, fince the Threads will 
not break fo fail as in other Looms, becaufe the Shuttle that breaks the great- 
eft Part, can never touch them. In fhort, The ff̂ ork will be carried on 
flicker, and at lefs Qm ge, in regard that inftead o f feveral W ork-Folks 
which are required in making very large Cloths, One Boy will ferve to tie 
the Threads at the feveral Looms as fait as they break, and to order the 
^ ills  about the Shuttle.

X VII. I ordered a Model o f a part of a Waggon to be made confifting of Aivmma»/ 
four Wheels, two Axes, and a Board nailed upon the Axes. The Lejjer Wheels 
were 44 Inches high, and the Bigger-Wheels 54 Inches high, viz, o f the ̂  Member’./ 
ordinary Height o f the Wheels o f a Waggon: The W eight o f the Model was 
almoft IJ- I had alfo two other Wheels made 5 f Inches high to be putn. 167, p. 856. 
on inilead of the LeiTer. The Middle o f the two Axes were Inches 
afunder. A ll the Wheels turned very eafily upon the Axes.

A  piece o f Lead 50+- lih. Averdupoife, was laid upon the Model, fo forward, 
that the Lejfer Wheels feemed to bear above \  parts o f the Weight. Then 
the Model was drawn with a String laid over a Pulley, the T op  whereof 
was i  o f an Inch higher than the T o p  o f the Hinder Axis, and the Middle 
o f this Pully was 74 Inches from the Middle of the Fore Axis.

The LeJJer Wheels being put on, and the String bemg tied to the Top of 
their Axis,

1. Three Pound drew the Model on the fmooth Level Table.
2. ‘Twenty Pound drew the Lejfer Wheels over a Squared Rod i  of an 

Inch thick.
3. 'Thirt'̂  Pound drew them over a round Rod a little more than i  an 

Inch thick.
4. "Thirty One Pound drew them over a Square Rod half an Inch thick.
5. Twelve Pound drew the Hinder Wheels over the bigger Square Rod.
The String being laid under the Axis, viz. o f an Inch lower than before,
6. T'joenty nine Pound drew the Lejjer Wheels over the Bigger Square Rod.
Then the two Bigger Wheels being put on inftead of the Lejfer, and the

String lying over the Axis,
7. Three Pound drew the Model on the Table.
8. Twenty jive Pound drew the Fore Wheels over the Round Rod.
9. Twenty five Pound drew them over the Bigger Square Rod.
10. The String lying under the Axis, 16 Pound drew them over the

leail Rod.
11. Twenty three Pound drew them over the round Rod.

12. Twenty

\ *
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12. "Twenty three Pound drew them over the Bigger Square Rod.
13. Thirteen Pound drew the Hinder ÍVheels over the Bigger Square Rod. 
In all thefe Experiments, the Ijsad was laid exaélly upon the fame part of

the Boards but yet when the Lrjfcr Wheels were taken off, the Lead did not 
Í lean fo much forward, fo that the Hinder Wheels were fomewhat more pref-

fed than they were before.
By comparing the fecond, third, and fourth Experiments  ̂ with the tenth, 

eleventh and twelfth, it appears how much more eafily a Waggon, (¿c. 
miglit be drawn in rough W ays, if  the Foi>¡e Wheels were as high as the 
Hinder U ĵselŝ  and if  the T̂ hills were fixed under the Axis. Such a Wag
gon as this, would likewife be drawn more eafily, where the Wloeels cut in 
CU '̂ or Sand., or any Soft Ground. And moreover. High Wheels would 
not cut fo deep as Low Wheels.

Low Wheels indeed are better for Turning in a narrow Compafs than high 
Ones ; But it feems probable that Waggons witli four High-Wheels., mi^ht be, 
fo contrived, that there ihould be no great Inconvenience in that relpeót; 
at ieaft, fuch Waggons as feldom have odcafion to turn fhort, as Carriers 
Waggons.̂  and fuch like.

The Difi'erence which you may obferVe in the eighth and eleventli Expe  ̂
riments., is agreeable to what is faid by S. Stevinus  ̂ and D r. Wallis., viz. 
That if  a Coach, & c. muil be drawn over rough, uneven Places, it is 
beft to fix the Traces to the Coach lower than the H eight o f the Horfes 
Shoulders.

14. A  Table 27 Foot long, was fet with one End 85 Inches higher than 
the other End, and the Model being loaded as before, lefs W eight by 6 
Ounces drew it up the Table, when the four Bigger Wheels were on, than 
when two B i^ er  and two Lefs were on. Becaufe, in the firft Cafe there was 
almoft the fame DireSion o f the Motion o f the Model and o f the String that 
drew it •, but not in the fecond Cafe, when the Fore Axis was fo much lower 
than the Top o f the Pulley.

A new fort of X V III. This goes ott two W heels; carries one Perfon, is light
enough ; tho’ it hangs not on Braces, yet it is eafier than the Common 

r. 171. p. 102S. Coach : A  common Coach will overturn, i f  one Wheel goonaSuperf i -  
ju n e .A n ,   ̂ Foot and a half higher than that o f the other, but this will admit of

the Difference o f 37 Foot in H eight of the Superficies, without danger of 
Over-turning: W e chofe all the irregular Banks, and fides o f Ditches to 
run over ; and I have this Day feen it at five feveral Times turn over and 
over, and the Horie not at all difordered. If the Horfe ihould be in the leaft 
unruly, with the help o f one Pin, you difingage him from the Calejh with
out any Inconvenience. I myfelf have been once overturned, and knew it 
not till I looked up, and faw the Wheel fiat over my Head ; and if  a Man 
went with his Eyes fliut, he ihould imagine himfelf in the mofi; fmooth way. 
tho’ at the fame time there be three Foot Difference in the H eight o f the 
Ground,of each Wheel.

I ( s°2 )
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X IX . Let D  E  F, be a pair of Bellows 40 Inches long, that may be open- ctntrivamt 

‘•ed by removing the Part F, from E ’; Let them be exadly ihut every where,
but at the Aperture E ; and Let a Pipe E G , 20 or 22 Inches long, be fodered • • • ';...........
to the faid Aperture E , having its other end in a Veffel G , full of Mercu- or vlliá. 
rŷ  and placed near the middle of the Belloivs, |77- p- »»40*

A , is an^y/xis for the Bellows to turn upon. DĴ ’Anftegj.
B, a Counterpoife faftened to the lower end of the Bellows.
C, a W eight with a Clafp to keep the Bellows upright. .
Now if  we fuppofe the opened only to 4» or^, iVandlng upright,

and full o f Mercury *, it is plain that the faid Mcrcury being 40 Inches high, 
muft fall, as in ú\t Torricellian Experiment  ̂ to the Height of about 27 Inches, 
and confequently the Bellows muil open before F, and leave a Vacuity there.
This Vacuity muft be filled with Mercury aicending from G thro’ the 
Pipe GE, the faid Pipe being but 22 Inches long : By this means the Bel
lows muft be opened more and more till the Mercury continuing to afcend, 
makes the upper part of the Bellows fo heavy, that the lower part.muft get 
loofe from the Clafp C, and Bellows ihould turn quite upfide.down j but 
the Veffel G, being fet in a convenient place, keeps thfem Horizontal, and 
the part F, engageth there in another Clafp C ; then the Mcrcury by íte- 
its W eight runs out from the Bellows into the Veffel C, thro’ the Pipe E G , 
and the Bellows muft ihut clofer and clofer until the part E F  comes to be
fo light, that the Counterpoife B is able to make the part F, get loofe from
the Clafp C  •, then the Bellows comes to be upright again as before ; the 
Mercury left in them falls again to the height o f 27 Inches, and- confe- 
quently all the other Effefts will follow, as we have already feen, and die 
Motion will continue for ever.

Upon this, it is to be obferÂ ’d, That the Bellows can never be opened by ̂ ndihetm m- 
the internal Preffure, unlefs the faid Preffure be ftronger than the external.
Now in the Cafe before us, it is plain, That altho’ the lowermoft part of«-'¿i.p. ijs. 
the Bellows be preffed outward by 40 Inches ot Mercury, yet the Upper 
part having no Mercury above it, bears none at all j the parts that lie in the 
middle near the Axis o f the Bellows bear but 20 Inches, and fo all the reft 
muft bear more or lefs, according as they lie higher or lower : It is evident 
therefore, That there are as many parts that bear lefs than 20 Inches, as 
there are that bear more, and the Increafe of Preffure following an Arithme
tical Progrejfion  ̂ it is undeniable, that all thefe Preffures added together, will 
do more than one uniform Preffure, that would be equal to 20 Inches every 
where. It is alfo plain, that the W eight of the Aimofphere  ̂ cannot come at 
the inward part o f the Bellows., but thro’ the Pipe G  E , which containing 
22 Perpendicular Inches o f Mercur-ĵ  doth counterpoife fo much o f the 
W eight o f the A lm o jfh ere fo that this being fuppoled to be 27 Inches ot 
Mtrcury  ̂ it cannot prefs the inward part of the Bellowŝ  but with a weight 
equivalent to 5 Perpendicular Inches of Mercury. So that we find, the In
ward Preffure both of the Mercury and the Atmnfphere  ̂ is equivalent but to 
25 Inches of Mercury \n sXw whereas the Preffure of the Aanolpbere xi]ion. 
the Outfide is every where equal to 27 Inches j from whence it appears.
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That tlie PreíTure without is ítronger than the PrisíTure within. From 
this we may conclude, that tlae Bellows ftancling upright will ratlier íhut 
than open.

I fhall fay nothing to die Alterations this Author may make in his 
refolving to leave it to others to ihew him, that upon that Principle all he 
can do fignifies nothing. And I doubt not, but if he pleafes to confult 
M . Fcraulr  ̂ Be la Hirê  or any other at Paris  ̂ he will ünd them o f the fame 
Opinion with Mr. Boyle, and Mr. Hook̂  and others here,

TheSpeakmx X X . Tlús, rcfle¿iing 2lr«w/>i/confifts o f two Parts. The utmoft is
a large Concave Pyramid, about a Yard long, (or may be o f any manage- 

Conycri. able Length) open at the Bafe B, and clofed not with a Flac> but a
Sfptt An/1678*. Concave Head, at the Cone B. Within this is faftened abended Tt:be A íí.

jF»g. 186. This Trumpet did at a Meeting of the Royal Society Arundel Honfê  diftindlly
deliver fome W ords, crofs the Garden and the Rivef ‘Thames, and thata- 
gainft the W ind which was then ftrong; and the words were written down 
by one, that was fent over for that purpofe : Whereby it appeared. That a 
refieSiing Trumpety after this, or fome other like manner o f W ood, Tin, 
Pewter, Stone, or Earth, or which ma ybe  beft, of-Bell-M etal,. will car
ry the Voice as far, i f  not farther, than the long one invented by Sir Sanmd 
Moreland, Befides that, it feems to take oiF from the aftonifhing Noife 
near at hand, which happens in ufe o f  the íú á  \on^ Trumpet: By SiriĴ ?/», 
Moreland''̂  Trumpet angularly arched in the middle, tlie delivery of Sound 
to any diftant Place was much ihortened j and by another with three large 
angular Arches, reaching almoft from one end to the other, the Sound was 
almoft wholly obftruded.

Tht Smftfitjs of X X I. I provided a Pendulum, of fmall virginal W ire, with a Piftol Bullet
$brí“%^ions of ^̂5 which had two Vibrations in one Second o f Tim e, I took
trEuhocs-.by this Pendukm, and (landing over-againft ahigh W all, Iclapt two pieces 

433. o f Boards together, and obferved how long it was ere the Eccho return- 
Dec. An. 1698. ed j and I removed m y Station till I found the place whither the Eccho re

turned in about half a Second. But that I might diftinguifh the Tim e more 
nicely, I claptevery Second o f Tim e, lo  or 15 times together; fo that by 
this means, I could the better difcover whether the diftances betwixt the 
Claps and the Ecchoes, and the following Claps, were equal. And tho* it 
be very difficult to be exaét, yet I could come within fome few Yards of 
the place I fought for, thus I obferved the two Places, where I could but 
ju ft difcover that 1 was too near, and where I was too far off i and from the 
midway betwixt them I meafured to the W all, which Meafure doubled, was 
the Space that the Sound moved in half a Second.

Here follow the Numbers o f EngUJh Feet which a Sound moved in one Se
cond o f  Tim e at feveral Trials.

Trioh
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T̂rials. Feet. ’Trials. beet. 'mats. Feet.

I 1256 5 I  292 9 1278
2

1 5 0 7
6 10 1 2 9 0

3 1526 7 1292 11 1 2 0 0

4 1 1 50 8 1 1 8 / Í

Merfennus mentions an Exper'ment wherein he found the Motion of rhe SourJ 
to be 1474 Feet in a Second. The Academy del Cimento cauicd 6 Harquebul- 
fes, and 6 Chambers to be fired one after another at the Diitance o f 5739 
Englifh Feet̂  and from the Flafli to the Arrival of the Report each v/as 5": 
And repeating the Experiment at the Midway, the Motion was exactly in half 
the time *, and Mr. Boyle obferved, that the Motion of Sound paffes above 
400 Yards in a Second.

When the Firji Trial was made, there was fome Wind ftirring, tho’ not 
much ; the 2d, 3d and 6th were made in a Calm Morning, in the 8th, 
the Eccho was returned from a Wall at 395 Tards Diftance in two Seconds \ 
and in the 9th and loth, at 213 and 2 15 DUlance, \n ox\t Second.
The 4th was made at one end o f St. John's Cloijkr, in Oxford., wliich is 104. 
Feet 7 Inches long, where the Sound was Rejle^ed 11 times in two Seconds : 
And the 5th, on the North fide of New College Cloijler (which is 160 Feet 8 
Inches long) where there are about 7-5: Ecchoes in two Seconds.

By fome of thofe Experiments that I tried, I am inclined to think, That 
the Sound moved quicker when it was Calm, than in a Wind, even when 
the Sound moved half way with the W ind ■, and that it moves fwifter at firft, 
than afterwards.

There is feldom any Eccho., where there is not fome W all, W ood, Bank, 
or fuch like, direilly oppofite, that may Refleft the Sound to the Perlón that 
makes i t ; but in St. John's Grove, if you (land near the Gate leading from 
the College to the Grove, and Clap, the Eccho will return to you from the 
Ball Court, tho’ a Line drawn from you to the Ball Court be not perpendi
cular to the W all there, but as much obhque as the Line A  B is to the Line 
B C  j where A  reprefents the Gate, B C  the Ball Court W ail, and B I) an
other Wall. Or, if you ftand at E , the Corner of the Grove next to trinity, 
and clap, the Eccho will return to you from the Ball Court.

In the fame Grove i ftood about 20 Yards from the fame Gate, and the 
Gate being ihut, Clapt, and at other times Stamped, and the Eccho returned 
irom the Gate as loud, if not louder than the Clap or Stamp.

An Eccho reflefted from a Gate or Door, has ufually a bafer and duller 
Sound than that which is returned from a W all, this being much briiker.

As I have been walking towards a W all, I have clapped my Hands toge
ther feveral times, and I could diilinguilh the Eccho from the Clap, till I
came within 7 or 8 Yards ot the Wall.

In the Cloijlers, where, as we faid before, the Eccho was repeated feveral 
times, the firft Repetition fcemed to be llower than the kcond or third •, 
V o l . T  1 1  but
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but of all the Repetitions, befides the firft, the fubfequent ftemed flower 
than the precedent.

J have obferved the Toiung of a Sound forward and back again, in very- 
many Places where there are Parallel V/ul^s •, and where the D iftanceof the- 
Walls is lei's, there the Ecchoes follow one another quicker.

Wherefoever a Sound was thus toiled betwixt two W alls, if I flood about 
the Middle, I could hear the Sound twice as quick, that is twice as often 
repeated in one Sccond, as if I flood near one W a l l : The Sound being re- 
ficdled to me from both ends, when Í flood in the middle.

In Trinity Ball Courts when I flood and clapt at B, three or four Yards 
from the End of the W all C , or at A , which is oppofite to B, the Sound was 
tolled betv/ixt the oppofite W alls, but not half fo long as when I flood be- 
rwixf the W’’ails. In Places where there are Parallel W alls, not above fix or 
eight Yards afunder, as in Trinit-j Ball Court, and at the Entrance into 
St. / o h is  Grcve  ̂ {ffi. I have heard the Ecchoes of a Clap following one 
another diilinclly enough : But there the Ecchoes o f a rnufical Note, which was 
longer than a Clap, were fo confufed, that they feemed one continued long 
Sound: which makes me think, that the Eccho m fome Vaults, is nothing 
elfe bur the Sound tofTed betwixt the fide W alls, and betwixt the top and 
bottom. "J'his alfo makes me conjefture, That the Reafon why Jiringed 
Mvjical Infinimeras give a greater and longer Sound to the Strings than if the 
Strings were iixt to a fingle Board, may be this ; becaufe the Sound\% tofTed 
from fide to fide in the Belly o f the Injirumcnt,

( 506 )
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DodriiK of X X I Í. I cannot better explain the Ufefulnefs o f this Theory o f  Sounds, than 
Kardfliisf by making a Comparilbn ’ twixt the Faculty o f Seeing and Hearing, as to their

Improvements. In order to which, I obferve, That Vijion is threefold, di- 
472. refmSled, and refiea'‘d anfwerable whereunto we have Opticks, Diop- 

K>v. A n . 1683. tricks, and Catoptricks,
In like mdSinoxHearing may be divided into dire£f, refra£ied, and reflex'd; 

whereto anlwer three Parts of our Do6lrine o f Acoufticks, which are yet 
namelefs, unlefs we call them Acoufticks, Diacoujiicks, and Catacoufl;icks (or in 
another Senlc, but to as good Purpol'e) Phonicks, Diaphonicks, and Catapho- 
nicks.

D irctl Vijion hz.s been improved two ways.
1. E x parte Obje^ti, by the Arts of producing, conferving, and imitating  ̂

and duly appljing. L igh t and Colours.
2. E x parte Organi vel Medii, by making ufe o f Tubes without GlaJJes, or, 

a Man's clofed Hand to look thro’ . So likewife direSl Hearing, partly 
Isas, and partly may further receive great and notable Improvements, both 
ex parte Oljc¿ii, and ex parte Organt vel Medii.

I .  A s to tlie Objeól o f Hearing, which is Sound, Improvement has been 
and may be made, both as to the begetting, and as to the conveying and pro
pagating (which is a kind of Conferving) o f Sounds.

I . A s to the begetting o f Sounds. I'he A rt o f imitating any Sound whe
ther by fpeaking (that is pronouncing) any kind of Language (which really

is
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Is an A t t ; and the A rt of Speaking perhaps one of the greateft) or by Wliift- 
Jing, or by Singing (which are allowed Arts) or by Hollowing, or Luring» 
(which i\\Q Huntfman and Falconer would have to be an Artz\{'o)ov by 
imitating with the Mouth (or otherwife) the Voice of any Animal •, as of 
Qiiails, Cats, and the like •, or by reprelenting any Sound begotten by the 
Collifion o f folid Bodies, or after any other manner thefe are all Improve
ments of direEi Hearing, and may be improved.

Moreover, the Skill to make all forts o f mvfical hiftnments^ both antient 
and modern, whether Wind Infiruments or Jiririg'd  ̂ or of any other fort, 
whereof there are very many (as Drtimŝ  Bells, the S)finon o f the Egyptians, 
or the like) that Beget (and not only Propagate') Sounds: The Skill o f making 
thefe, I fay, is an A 't, that has much improv’d direSi Hearing *, and an 
harmonious Sound exceeds a fingle and rude one, that is an immujical Tune ; 
■which A n  is yet capable of farther Improvement And 1 hope, 'i'hatby the 
Rules which may happily be laid down, concerijing the Nature., Propagation., 
and Pi'oportion or adapting o f Sounds., a way may be found out, both to im
prove Muftcal Infiruments already in ufe, and to invent new ones, that iliali 
De more fweet and lufcious than any yet known. Befides, that by tlie lame 

means Infiruments may be made, that iliall imitate any Sound in Nature, tiiat 
Is not Articulate % be it o f Bird, Beaft, or what thing elfe loever.

2. The Conveying and Propagating (which is a kind of Confirving) o f Soundsy 
is much helped by duly Placing the fonorous Body, and aUb by the Medium.

For if the Medium be “Tbin and ^uiefcent., and the fi)unding Body placed 
conveniently, the Sound will be eafily and regularly propagated and mightily 
confet‘ved.

1. T\\t Medium be jT/6z« and ^uiefcent: Hence in a ftill Evening, 
or the Dead of the Night (when the W ind ceafes) a Sound is better fent out, 
and to a greater Diftance, than otherwife.

2. The fonorous Body muft be placed conveniently, viz. Near a fmooth Wally 
either Plain or Arched {Cycloidically or Elliptically, rather than otherwife •, 
tho’ a Circular or any Arch will do ; but not fo well.) Hence in a Church., 
the nearer the Preacher ilands to the Wall (and certainly it’s much the beil: 
way to place Pulpils near the fVall) the better is he heard, efpeciaily by thofe 
who Hand near the IVall-, alfo, tho’ at a greater Diilance irom the Pulpit  ̂
thofe at the remoteft End of the Church, by laying their Ears fomewhat 
clofe to the W all, may hear him eafier than thofe in the middle.

Elence alfo do arife Whifpering Places. For the Voice being applied to one 
end of an Arch., eafily rowls to the other. And indeed were the Motion 
and Propagation o f Sounds but rightly underftood, ’twould be no hard matter 
to contrive Whifpering Places of infinite variety and ufe. And perhaps there 
could be no better or morepleafant hearing a Concert oí Muftc, than at fuch 
a Place as this j where the Sounds rowling long together before they come to 
the Ear, muft needs confolidate and imbody in one •, which becomes a true 
Compojition o f Soundŝ  and is the very Life and Soul oi Concert.

2. If the fonorous Body be placed near Water., the Sound will eafily be
csnvey’d., yet mollify’d ; as Experience teacheih us from a Ri»g o í Bells near

T  11  2 a River,
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a River, and a great Gun fliot off at Sea; which differ much in the ilrength, 
and yet Softnefs and Continuance, or Propagation o f their Soundŝ  from the 
lame at Land j where the Sound is more harih and more periihing, or much 
fooner decays.

3. In a Plain a Voice may be heard at a far greater Diilance, than in 
uneven Ground. The Reafon of all which laft nam’d Phanomena is the fame ; 
becaufe the fonorous Air meeting with little or no Refiftance upon a Plane 
(much lefs upon an /Irch'd) fmooth Superficiesy eafily rowls along it, without 
being let or hindred in its Motion, and confequencly without having its Parts 
disfigured, and put into another kind o f Revolution, than what they had 
at the iiril begetting o f the Sound, which is the true Cauie of its Prefervation 
or Progrfffmi i and fails much when the Air pañes over an uneven Surface, 
according to the degrees of its Inequality j and fomewhat alfo, when it 
paiTes over the Plain Supeyficies o f a Body that is hard and refifting.

Wherefore the frnooth T op  of the IVater (by reafon o f its yielding to the 
Arched Air, and gently rifing again with a kind o f Rejurge, like to Elafiicily 
tho’ it be not fo by which H’̂ furge it quickens and haftens the Motion 
o f the A ir rowling over it, and by its yielding preferves it in its Arched 
Cycloidical or Elliptical Figure) the jmooih T o p  o f the Water, I fay, for thefe 
Reafons, and by thefe Means, conveys a Sound more entire, and to a greater 
Diilance, than the Plane Surface o f a piece o f Ground, a W all, or any other 
foJid Body whatever, can do.

2. The Organ, which is the Ear, is helpt much by placing it near a W all, 
(efpecially at one end o f an Arch, the Sound being begotten at the other) or 
near the Surface o f Water, or o f the E arth ; along which the Sounds are 
m oil eafily and naturally conveyed ; as was before declared. And ’tis Incre
dible, how far a Sound made upon Earth (by the Trampling o f a Troop 
o f Horfes, for Example) may be heard in a ilill Night, if a Man lays his 
Ear clofe to the Ground in a large Plain.

Otacoujiicks here come in for helping the Ear ; which maybe fo contrived 
(by a right underitanding the Progrejfion o f Sounds, which is the principal 
T h in g  to be known for the due regulating all fuch kinds o f Inftruments) 
as that the Sound might enter the Ear without any Refraction.

2. R ef railed Vijion (which is always made ex parte Medii) arifes from the 
different Benjity, Figure, and Magnitude o f the Medium ; which is fomewhat 
altered by the divers Incidence o f the Vifivz Rays, and fo it is in Refracted 
Hearing, all thefe Caufes concur to its Produ5iion 5 and fome others to be 
hereafter confidered.

Now as any O bjeil (a Man for Example) feen thro* a Thickened Air, 
by RefraSiion appears greater than really he i s ; So likewife a Sound heard 
thro’ the fame I ’hickened part of the Atmofphere, will be confiderably va- 
ry ’d from what it would feem to be, i f  heard thro’ a Thinner Medium. 
And this I call a Refracted Sound.

Improvements o f  RefraSied Vifion have been made, by Grinding or Blow
ing GiaiTes into a certain Figure, and placing them at due Diilances j v/hereby

the
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the Object may be (as *twas) enabled to fend forth its Rays more Vigoroufly, 
and the Faculty impowered the better to receive them. Thus,

1. A  fine Glafs Bubble, filled with clear Water, and placed before a 
burning Candle or Lamp, does help it to dart forth its Rays to a prodigi
ous Length and Brightnefs,

2. The Viftve Faculty is much helped,
1 . By SpeSiacles an^ other GlaiTes, which arc made to help the Purhlind 

and JVeak Eyes, to fee at any competent Diftance.
2. By Perfpe^live Glajfes and Tele/copeŝ  which help the Eye to fee Objefts 

at a very great Diftance, which otherwife would not be difcernible.
By Microfcopes or Magnifying Glajfes, which help the Eye to fee near 

Objects, that by reafon of their Smallnefs were Inviftble before.
4. By Polyfcopes or Multiplying Glajfes, whereby one thing is reprefented 

to the Eye as many, whether in the fame or different Shapes.
‘ After the fame manner, Inftruments may be contrived for affifting both 
the Sonor-ous Body to fend forth ix.̂  Sound more ftrongly, and the Acoufttck Fa
culty to receive and difcern it more eafily and diftindtiy. And thus j

1 . An Inftrument may be invented, that applied to the Mouthy (or any 
Sonorous Body) ihall fend forth the Voice diilinctly as to a prodigious Dijiance 
and Loudnefs. For if the Stenloro-phonicon (which is but a Rude and Inarti
ficial Inftrument) does fuch great Feats ; what might be done with One 
compofed according to the Rules o f Art, whofe Make ihould comply with 
the Laws o f Sonorous Motion, which that does not ?

2. There are fome Inftruments, and more fuch may be Invented to help 
the E a r: As,

1 . Otacoufticks (and better may be made) to help Wmk Ears to hear at a 
reafonable Diftance alfo. W hich would be as great a help to the Infirmity o f 
Old Age, as the other Invention of SpeSiacles is, and perhaps greater •, foraf- 
much as the Hearing what’s fpoken is of more daily Ufe and Concern to fuch 
Men, than to be able to read Books, or to view Piftures.

2. A  fort o f Otacoufticks may be fo contrived, as that they ihall receive 
in Sounds made at a very great Diftance, which otherwife would have been 
Inaudible: and thefe Otacoufticks, in fome Refpeéls, would be o f greater
ufe than PerfpeSiives.

1. In Tim e of War, for difcovering the Enemy at a good Diftance, when 
he marches or lies incamp’d behind a Mountain or W ood, or any fuch 
Place of Shelter, which hinder the Sight from reaching very far.

2. A t Sea, when in dark Hazy Weather the Air is top thick, or in Stormy 
Tempeftuous Weather, the W aves rife too high, for Perjpcdlive tobe
made ufe of.

3. In Dark Nights, when Perfpe^ives become almoft infignificant, and 
yet at fuch times, generally. Soldiers take their March, when they would
furprize their Enemies.

4. Microphones, or Mcracoufticks, that is, Magnifying Ear Inftrumnts,
which may be contrived after that manner, that they ihall render the moft
Minute Sound in Nature diftinitly Audible by Mognifyin^ it to an uncon-

ceiveable
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ceiveable Loudnefs: By the help whereof we may hear the diife rent Cries 
and Tones of the fmalleft Animals.

5. A  Polyphone  ̂ or Polycoujiick, fo ordered that One Soutid may be heard, 
either o f the Same, or a diíFerent Note: Infomuch that who ufes this In-

Jlrument, he fhall at the Sound o f a Single Viol feem to hear a whole Concert̂
and all True Harmony. By wliich means this Injlrument has much the A d 
vantage o f the Polyfcope.

I have called it RejraSied Hearings becaufe made thro’ a Medium  ̂ viz. 
T h ick  Air, or an Inilrument, thro’ which the Sound pailing is broken or 
RefraBed^

3. Refleted Vifton (which is always made ex parte Object) hath been im
prov’d by the Invention o f Looking Ghjjes and Polijh'd Metals  ̂ whether 
Plane  ̂ Concave or Convex  ̂ o f feveral Figures, and placed at Determinate 
Diftances.

In like manner reflex"'d Audition (which is’only made ex parte Corporis Op~ 
pofiii) may be improved by contriving feveral forts o f Artificial Ecchoes. For 
(fpeaking in general) any Sound falling direilly or obliquely upon any denle 
Body o f a fmooth (whether Plane or Arch’d) Superficies, is beat back again 
and reflected, or does Eccho more or Jefs.

1 fay, ( i . )  Falling directly or obliquely ; becaufe, i f  the Sound be fent out 
and Propagated Parallel to the Surface o f the denfe Body, there will be no 
Reflexion o f Sounds no Eccho.

I fay, (2.) Upon a Body of a fmooth Superficies ; becaufe if  the Surface of 
the Corpus Objlans be uneven, the A ir by Reverberation will be put out o f its 
regular Motion, and the Souníí thereby broken and extinguiih’d : So that, 
tho’ in this cafe alfo the A ir be beaten back again, yet Sound is not reflected, 
nor is there any Eccho.

I fay, (3.) It does Eccho more or lefŝ  to ihew, that when all things are, 
as is before defcrib’d, there is ilill an ecchoing  ̂ tho’ it be not always heard, 
cither becaufe the dire£i Sound is too weak to be beaten quite back again 
to him that made i t ; or that it does return home to him, but fo weak, 
that without the help o f a good Otacoujiick it cannot be difcerned j or that he 
ftands in a wrong Place to receive the refle5ied Sounds which pafles over his 
Head, under his Feet, or to one fide of him j which therefore may be heard 
by a Man Handing in that place,, where the refle5ied Sound will conie, pro
vided no interpos’d Body does intercept it j but not by him that firit 
made it.

Ecchoes Refleofed Vifion) may be feveral ways produced  ̂ as;
1 . A  Plane Corpus Objlans refleits the Sound back in its due Tone and Loud

nefs ; if  allowance be made for the porportionable Decreafe o f  the Somid ac
cording to its Diflance.

2. A ,  Convex Corpus Obftam repels the Sound (infenfibly) fmaller : but 
lomewhat quicker ''tho’ weaker) than other wife it would be.

3. A  Concave Corpus Objlans eccchoes back the Sound (infenfibly) bigger, 
flower, (tho’ ilronger) and alfo inverted \ but never according to the o j -  

dcr o f W ords. Nor do I think it pofiible for the Art of Man to contrive

( S io  )
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a Tingle Eccho  ̂ that ihall invert the Sound and repeat backwards; becaufe 
then the Words laft fpoken, that is, which do lafl: occur to the Corpus Obiians  ̂
muft firil be repcWd\ which cannot be. For where in the mean time fliould 
the firll Words hang and be conceal’d or lie dormant? Or how, after fuch 
a Paufe be reviv’d and animated again into Motion ? Y et in complicated or 
compound Ecchoeŝ  where many receive from one another, I know not 
whether fomething that way may not be done.

From this determinate Concavity or Archednefs of thefe refle^in^ Bodieŝ  it 
comes to pafs, that fome o f them from a certain Diftance or Pofiture, will 
eccho back but one determinate Note, and from no other Place will they re~ 
mrberate any •, becaufe o f the undue Pofition o f the founding Body. Such 
an one (as I remember) is the Vault in Merton College in Oxford.

4. The Echoing Body, being removed farther off, refieSls more o f the 
Sound, than when nearer. And this is the Reafon, why fome Eccboes repeat 
but one Syllable, fome one W ord, and fome many.

5. Echoing Bodies may be fo contriv’d and plac’d, as that refle l̂ing the 
Sound from one to the other, either dire£ily and mutuallŷ  or ohhque’y ani. 
by SucceiTion, out of one Sound fhall many Echoes be begotten ; wJiich in 
the firftCafe will be all together and fomewhat involv’d orfwallow’d up of 
each other ; and thereby conflifed (as a Face in Looking-Glafies obvcrtcd ;) 
in the other they will be diftind;, feparate and fucceeding one another, as 
moft multiple Echoes do.

Moreover, a ?7iuUiple Echo may be made, by fo placing the Echoing Bo
dies, at unequal Diftances, that they refie£i all one way, and not one on 
the other j by which means a úanifold fucceffive Sound will be heard (not 
without Aftoniihment *, one Clap of the Hands like many •, one Ha like a 
Laughter *, one fingle W ord like many of the fame Tone and Acccnt •, and 
fo one Viol like many o f the fame kind, imitating each other.

Furthermore, Echoing Bodies may be fo ordered, that from any one Sound 
given, they ihall produce many Echoes different both as to their Tone and 
intention. By this means a mufical Room may be fo contrived, that not only 
one Inflrumcnt, played on in it, iliall feem many of the fame Sort and S ize ; 
but even a Concert o f (fomewhat) different ones j only by placing certain 
Echoing Bodies fo, as that any Note (played) ihall be returned by them in 
3¿j, ^ths, and ^ths, which is not poffible to be done otherwife than was 
mentioned before in ref raffed Audition.

I have been thus large, that I might give you a little Profpe6l into the 
Excellency and Ufefulnefs of Acoufiicks, and that thereby I might excite 
others to bend their Thoughts, towards the making of Experiments for the 
compleating this (yet very Imperfed tho’ Noble) Science j a Specimen 
whereof 1 will give in thefe three Problems.

Prob. I.] To make theleaft Sound {by the help of Injlruments) as loud as the 
¿reateji ; a Whifper to become as loud as the Shot of a Cannon.

Prob,
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By the help oF this Problem the m oil minute Sounds In Nature may be 

clearly and diftin6tly heard.

Prob. II. To propagate any {the leaH) Sound to the greatefi Dijiance.
By the help thereof any Seund may be conveyed to any and therefore heard 

at any Dijiance^ (I muft add, within a certain, tho’ very large Sphere.)
Moreover by this means a Weather-Cock may be fo contrived, as that witk 

an ordinary blaft of \Yind it ihall cry (or whiftle) loud enough to be 
heard many Leagues. W hich haply may be found of fome TJfe, not only 
for Pilots in mighty tempeiluous Weather, when Light Hotifes are rendered 
almoft ufclefs : But alfo tor the meafuring the Strength o f Winds, if allow
ance be made for their different Moifture. For I conceive, That the more 
dry any W ind is, the louder it will whiftle, cateris paribus : I fay, caterh 
paribus  ̂ becaufe, befides the ftrength and drynefs o f Winds or Breath, there 
are a great many other things (hereafter to be confider’d) that concur to 
the increafe of magnifyî ig of Soundŝ  begotten by them in an Inftrument cx- 
pofed to their Violence, or blown into. ,

Prob. III.] That a Sound may be convefd from one extreme to the other [or 
from one diilant Place to another') fo as not to be heard in the middlê

By the Help o f this Problem a Man may talk to his Friend at a very con- 
fiderable Diftance, fo that thofe in the middle Space fhall hear nothing of 
what paiTed betwixt them.

I ihall here add a Semiplane o f an Acoufiick or Phonical Sphere  ̂ as an A t
tempt to explicate the great Principle in this Science, which is the Progref- 

fion o f Sounds.
Y o u  are to conceive this (rude) Semiplane as Parallel to the Horizon ; for, 

i f  it be Perpendicular thereunto, I fuppofe the upper Extremity will be no 
longer Circular, but Hyperbolical, and the lower part of it fuited to a grea
ter Circle of the Earth. So that the whole Phonical Sphere f i f  I may fo call 
it) will be a folid Hyperbola., ftanding upon a Concave Spherical Bafe. I fpeak 
this concerning Sounds made (as ufually they are) nigh the Earthy and whofe 
fonorous Medium has a freé PaíTage every way. For if  they are generated 
liigh in the Air, or direéted one way, the Cafe will be different; which is 
partly defigned in the Inequality o f  the Draught.

X X III A  Paper, of lefs General Ufê  omitted, viz.

E xperim ents to be made, relating to Carriages j propofed by S ir  William 
Petty.

XXIV. Ac-
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X X IV . Accounts of Books and Additions, omitted.

I. E  vi Percuftonis, Joh.  ̂Alphonf. Borelli. Bononije, 1667. in ¿̂ to, n. 31. p.
I  J  2 De Motwiibus Gravitate dependentibus Liber  ̂ Jo. Alphonfi®'73 P- 

Borelli, in Academia Pifana Mathefeos ProfeiToris, Regio Julio 1670. in ¿̂ to.
3. Bialogi Phyftci, quorum Primus de Lumine-, Secundus ^ ‘ Tertius de Vi n. 67. p. soy;. 

PercuíTionis £íf Motu ; Q^artus dejimnpris Elevatione Cmalicuhm; ^ in 
tus Sextus de Variis Seleíiis. Auth. Plonor. Fabry, S, Jefu. Lugduni Ga -
liarunn. 1669. in ^uo.

4. M e c h a n i c a , de Motu, ^raStalus Geometricus: Auth. Joa. Wallis, n. <¡4,  ̂io8(S.
5 . .S. T/&. jD. Londini, 1670. 1671. in 1̂0. Ti6/? . Author here makes
Additions /0 Prop. I. Chap, X V . p. 753. concerning the Center of Gravity 
the Hyperbola.

5. Exercitationes MechaTiica, Alexandri Marchetti. Pifis, \66^. in ¿,to. n.6i.p.ioo«.
6. De Rejijieniia Solidorum, Alexandri Marchetti in V\{m2i' Academia Phil. a. %í.p.

Prof. Florentiae. 1665. in /̂ to.
7. HypothefiSy Phyfica nova, five Peoria Motus Concreti, um cum TIoeoriaa.Ti.p.zix ,̂ 

Motus Abftradi. 'Auth. Gotlifredo GulieJmó Lebnitio. J . V. D . Lond.
1621 in 12°. O f this Book Dr. Wallis here gives his Opiĵ ion. n. 74J.. p, %%vj.

8. La Statique ou la Science de Forces Mouvantes, rpar le P . Ignace Ga-n. 9+ p.6o+», 
iVon Pardies, S. J,  ̂Paris 1673. in 12°. The fr jl Part being <?/Local M o
tion, Printed at'Pdx'iSi 1670. was Engliíhed printed at London, /¿in, es.y.xoio. 
fame Tear̂  in 12®.

9. Chriftiani Hugenii Z u l i c h e m i i P a r i f i i s ,  1673. n.9y.  ̂6068.
in Fol.

10. A  Difcourfe made before the Royal Society concerning the Ufe of Dupli-n. 109.p. 109. 
cate Proportion in fundry important Particulars *, together with a New Hypo-
thefis £?/Elailique or fpHngy Bodies: By Sir William Petty.

11. Traite de la Percuifion ou Choq des Corps, Í¿c. par M . Marriotte, Jfn. 134.1». 8̂ 9. 
r  Academic Royal des Sciences. A  Paris, 1673. in 12®.

12. Philofothia ’Naturalis Principia Mathematica, Authore If. Newton“-'8̂ ’f-̂ 9*-'. •/ n. az6. p. 445.
hond, in \to.

13. Traite de Mouvement des Eaux 6? des autres Corps Fluids. Par feu a. 18 i.i>. 1*1.
M . Mariotte, a Paris, 1686. in 8w.

14. Mechanick Exercifes\ or. The Do6brine of Handy Works. By Mr.n.^t.p.^eyi
Jof, Moxon. Lond. 1677. in î to. n. 1J9.P . 967.

15. The Speaking-Trumpet, as it hath been contrived  ̂ and Puhlijhed, ^  n. 7 9 .?. 3056. 

Sir Samuel Moreland j together with its Ufes both at Sea atid Land. Lond.
1671.
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Hydrofiatich, Hydraulicks.

Towt!gh Water, I. I. fT T ^ A K E  E Viol With a vcry narrow Bodŷ  and, when it is almoftfuU,
X  Water is to be dropt into it, drop by drop, till it can hold 

UÍ nin Areo- no more. Then weiŝ h it exaótly, and dedu6l the weight o f the empty Viol. 
M̂ HorXerg. 2. A  is a Glafs Bottle like a little Matracium, o f which the Neck B C  is 
n. aóa.f.. 530. fo fmall that a drop o f Water therein takes up the Space of 5 or 6 L in es;

near that Neck is a little Capillar Tube D , about 6 L.ines long, and Parallel 
to the Neck E C ;  the opening B is a little dilated, in the Faihion o f a Tun
nel, for pouring more eafily the Liquors into the Bottle, and the little 
Tuble D  is for giving a way to the Air contained in that VeiTel to go out, 
when the Liquor is poured in at B 5 the Point C  is a little M ark at the fame 
height as the end of the little Tube D.

W hen we fill the VeiTel, we pour the Liquors into it, by the opening B, 
until it goes out by the little Tube D , and, if the H eight o f  the Liquor is 
even to the M ark C , ’ tis w e ll; i f  it is lower, we muft fill more to that
Point i if it is higher, we muft ftrike foftly upon the opening B, till the
Overplus o f the Liquor be even to the Point C  in the Neck o f the Bottle. 
B y that means we have always exa6tly the fame Volume o f Liquor, and we 
can know how the fame Volume o f the leveral Liquors weighs more one than 
another precifely. But we muft confider the variation of the Weather, when 
we compare the weight of a Liquor which we weigh in Summer time, with 
the weight of another which we have weighed in the W inter; for the fame 
Liquor, being more rarified in the hot time, and condenfed in the cold, tlie 
fame Volume o f it will be more weighty in cold Weather than in warm.

wfNewEj74y U- I* Many Years ago I made ufe o f a little Glafs Injlrument, confifting 
hfirwnmt; Qf a Bubbk  ̂ and furniíhed with a long and Jlender Stem to compare the fpe-
D. 24! p.°f47*. Gravities o f different Liquors by its more or lefs finking in them: And I
n. 115. p. 319. iiave fince employed it to difcover the fpecifick Gravities o f feveral Solids, ap-

pended, by its being more or lefs deprefled by them in the fame Liquor. For 
’ tis clearly deducible from the Grounds o f Hydrojiaticks, that any folid Body 
heavier than Water, lofes in the W ater as much o f the weight it had in Air, 
as Water of equal Bulk to the immerfed Solid would weigh in the A ir ; 
and confequently, fince Gold is by far the moft ponderous of Metals, a piecc 
o f Gold, and one o f equal W eight o f Copper, Brafs, or any other Metal, 
being propofed, the Gold muft be lefs in bulk, than the Copper or Brafs. 
And by this means, if both o f  them be weighed in the W ater, the Gold

muft
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niuíl lofe in that Liquor lefs o f its former W eight than the Brafs or Copper; 
becaufe the bafer Metal, as well as the Gold, grows lighter by the weight of 
a bulk of Water equal to i t : and the bafer Metal being the more volumi
nous, the correfpondent Water muft weigh more than that which is corre- 
Ipondent to the Gold. Whence I concluded, that the floating Inftrument 
abovementioned would be made to fink deeper by an Ounce, for Inftance of 
Gold, hanging at it under Water, than by an Ounce o f Brafs, or any other 
Metal, which, by reafon of its greater Bulk than Gold, lofing more of its 
weight by the Immerfion, muft needs retain lefs, and fo have lefs power to 
deprefs the Inftrument ’ twas faftened to. Which Conclufion will alfo hold 
(tho’ the Difparity be not fo great and ccnfpicuous) in reference to other 
Metals, as Lead and Tin, that differ in fpecfick Gravity.

This Injiniment may be of Glafs, Copper̂  Silver, or almoft any other fo- 
lid Bodŷ  that is, or may be made, fit to float on the Water, with a Guinea^
& c. hanging at it, and o f a Texture clofe enough to keep out the Water.
It confifts of three Parts : The Ball or Globulous part j the Stem or Pipe •, 
and that which holds the Coin.

The Ball or Round part o f B C D E  (if o f Metal) confifts of two thin Fi. 194- 
concave Plates, exaftly foldered together in the middle ; and at the diftanteft 
parts from the CommiiTure, there ought to be left two oppofite Holeŝ  one in 
each Plate, for the two other parts o f the Inftrument. This middle part, 
tho’ for Brevity’ s fake we name it the Ball, ihould not be exaftly round ; 
but o f any Shape that ihall be found fit to make the Inftrument keep to its 
ere€l pofture fteadily in the Water. It muft contain as much Air as may 
ferve to keep the whole Inftrument, when loaded, from finking beneath the 
top o f the Stem,

The Stem A  B is to be foldered on to the Ball at the uppermoft of the 
two mention’d Holes. It may be either hollow or folid : But it ought to be 
made very fiender, that the different DeprefTions of the Inftrument in the 
W ater may be the more notable. And, for the fame reafon, it ought not 
to be too ihort, efpecially if it be to be applied to other Ufes than the E x
amining o f Guineas.

A t the undermoft o f the two Holes in the Ball, is inferted and folder’d 
the undermoft part of the Inftrument, which I call the Screws, or the Stirrup.
T he Screw F  is a very íhort Piece o f Brafs with a broad Slit in it, capable 
o f  receiving the Edge o f the Guinea, which with one turn or two of a fmall 
and flight lateral Screw may be kept faft in it, and readily, the Operation 
bein" ended, taken out again. The Stirrup G  is made of a piece of Wire, 
th a t ,a  little beneath the bottom o f the Ball, is bent round, fo as to ftand 
Horizontally, that the Guinea may be laid on it.

It would be convenient, that the undermoft Stem and the Screw be made by ng, 196. 
itfelf, that it may be at pleafure thruft upon the Stem, and taken off again.
For, by this means, if t le Ball o f the Inilrument be made large enough, you 
may have room to put on for Ballaft, as occafion ihall require, one, two, or 
three flat and round pieces of Copper, Lead, ^ c. with each o f them a Hole
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in the middle fitted to the Size of the Stem, fo that they may. be put on as 
near tlie lower part o f the Bal! as you think fit, and then the Screw may be 
thruft on after them, not oniy to take Hold of the Coin or metalline M ix
ture to be exami'fCd̂  but to fupport the thin Plates.

T o  adjuft this Infinmsnt for the ufe o f examining Guineaŝ  which are by 
far the m oil ufual Gold Coins that pafs in England  ̂ you muil by the help of 
the Stirrup or Screw  ̂ hang, at the bottom o f it, a piece o f that Coin which 
you know to be genuine, and having carefully ilopt the Orifice o f the Stem 
(if it be a Pipe) that no W ater may get in at it, immerfe the Infirument lei- 
jfurely and perpendicularly into -a VeiTel full of clean Water, ’till it be depreft 
almoft to the top o f the Stem, and then letting it alone j if, being fettled, it 
continue in the fame Station and Pofture, your work is done, if it emerge, 
you muft add a little weight to it, either by putting into the 6Vm, if  it be 
Hollow, fome Duft Shot, Filings o f Lead, or fome other minute and heavy 
Body, or elfe by putting on the ihort Stem abovementioned, that comes out 
beneath the Ball̂  a fiat, round and perforated piece o f Lead, o f W eight fuf- 
ficient to enable the Guinea to deprefs the W eight as low as ’ tis defired : But, 
i f  it fink quite under Water, you muft lighten it either with a File, or by 
fcraping or grating off a little o f the Ballaft Plate abovementioned j or, if  
you have put any W eight into the Cavity to poize it, by taking out fome o f 
that, till you have made it light enough: This being done, a M ark, H , is 
to be made juft at the place where the Surface o f  the- W ater touches the 
Stem̂  and then taking out your Injtruments, fubftitute, in the place of your 
Guinea  ̂ a little round Plate o f Brafs, o f the fame W eight, or a Grain or two 
heavier, in the A ir ; and, putting the Infirument into the Water, as before, 
fuffer it to Settle, and make another M ark I, at the Interfeftion o f the Stein 
and the Horizontal Surface o f the Water.

There may (tho* ’ tis like there very feldom will) happen a Cafe where
in, tho* the Principle our Ivjirument is framed on, will hold good, yet 
the Pra6tical Application may be Unfecure. For, if  a Falfifier of Money have 
the Skill, by Wajhir.g or otherwife, to take ofî  much o f the Quantity or Sub- 
ftance o f the Guinea  ̂ without altering or impairing either the Figure or Stamp, 
the piece of Coin will not be able to deprefs our Inftrument to the ufual 
M ark, and may thereby make it to be judged Counterfeit, when ’ tis indeed 
but too Ught. But it prefently fiiews, that the propofed Guineas  ̂ if it be not 
Coiinterfeit, is otherwife Abujed \ and, tho’ it does not clearly determine, 
whether tliat likewife proceed from the want o f Specijick Gravity in the M e
tal, or from the Coins having been 'wajhed̂  or otherwife fraudulently lejfen- 
ed i yet it probably refolves the doubt, becaule, if the want of W eight ap
pear by the Injirwnent to be very great, as it ufually does, where the piece 
tas been robbed of fome o f its Subftance, ’ tis a ftrong Prefúmption, that 
’ tis rather fcff. than Counterfeited. However, it will be fure to
prompt him that ufes it, to employ the Balance, which will prefently aifift 
him to refolve his Doubt. For if the Sufpeited Coin have in the A ir its 
due W eight, ’twill argue that the great Lighmefs of it in the Water pro

ceeds
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ceeds from its not being o f the requifite Finenefs; and, if  it want much of 
its due W eight in the Air, ’ tis very probable, that ’tis IVaJhed, ^ c. rather 
of another Metal than Gold,

Any other kind o f Gold Coin̂  that is near about the Weight of a Guineâ  
may be examined by our Injtrument after the Manner above deliver’d. If 
the Coin be heavier than a Guinea, as is a twenty Shilling piece of Broad 
Gold, the Balbjl, whether internal or external, o f the Injirument, muft be 
taken off, that fo heavy a Coin may not quite fink it. But, if it be lighter 
than a Guinea, one may add as much Gold (of the fame Alloy) beaten into 
diin Plates, as with the Coin propofed, will make up in the Air the Weight 
of a Guinea. For then this Aggregate, being examined, as if it were a Guineâ  
will difcover in the Water, whether the Coin be Right or Counterfeit.

This Infirument may be alfo made to ferve to examine fome forts o f white 
Money, lefs heavy than Half-Crowns. And, becaufe it may be ufeful to know 
in General, what Coins may, and what may not, be examined by this or that 
particular Infirument propofed, I ihall here add a general way that is not dif
ficult for finding tliis o u t; namely, firft by W eighing the piece of Gold or 
Silver in the A ir, and afterwards in the Water, and Subtrafling the Jatter 
from the former, to obtain the Diflerence o f the two W eights: And next by 
Weighing alfo in the A ir and in the Water a piece o f Copper or Brafs, i f  
this be the likelieft to be employed in Counterfeiting the Coin, and obferving 
likewife the Difference between thofe Weights. For, if the leiTer of thefe Diffe
rences being fubtraded from the greater, the Remains will iliew, how much 
the true piece of Coin will out-weigh the other in the Water, and confe- 
quently, if fo many Grains, as this refidue amounts to, being added to the 
W eight of the lighter Metal, do make a fufficiently manifeft Deprisflion of 
it below the Mark it would ftay at without that Addition, one may probably 
conclude, that the Difference between a True and Counterfeit piece of Coin 
propofed, will be difcoverable by the Infirument. But it may be Expedient, 
for thofe that have frequent Occafions to examine various forts of Coin, 
to have a íéveral Infirument adjuiled for each of them, to fave themfelves 
fome Pains and Trouble. . , ' .

W itli this Infirument, Pure may be certainly diftinguiih’d from fuch 
as is adulterated. For, as Gold, being the Heavieft of Metals, cannot be 
allay’d by any other that will not deprefs our Infirument lefs than Gold can 
do fo ^in, being the lighteft of Metals, cannot be mixed with any o.ther 
that will not fink it lower than unoiix’d Tin, (ilill fuppofing the Weight t<̂
be the fame in the Air.) • , r-

After the fame manner niay Pewter be compared and examin’d. For, ha
ving once obferv’d how much die Infirumnt is depreft by a piece of two, 
three, or four Drams, or even an Ounce W eight of Pewier, which is known 
to be good, and to contain fuch a proportion of Lead, in reference to the Tin, 
if you load the Infirument with an equally Heavy piece of any other Mafs of 
Pewter propounded, if the Infirument fink deeper, ’ twill be  ̂ fign^that the
former Proportion of Lead may be very probably argued to exceed in the

 ̂ mixture *,
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mixture; I Tay probably, becaufe perhaps ’ tis poflible to embafe Pewter by 
mixing not only Lead, but other Mineral Subilances, whofe Specifick Gra
vity is not well known ; But yet I fay very probably, becaufe the Addition 
o f too much Lead is the moft Gainful way of Adulterating Pewter.

This Injlrument may alfo alTift us, to make luch an Eftimate as will not 
much deceive us o f the Finenefs o f Gold and its differing Allays with Silver, 
or fome other determinate Metal.

In order to this, the Injlrument may be fitted to fink to the tip o f the Pipe 
with f o m e  determinate W eight of the FinejlGold^ as of 2¿\. Carats, as they call 
that which is moft Pure and Fine. But ’ twill be convenient, that this Metal, 
in the Air, be juft an Ounce, or half an Ounce, or fome fuch Determinate 
W eight, that is commodioufly Divifiblc into many aliquot Parts. Then 
you may make a Mixture, that contains a known Proportion o f the Metal 
wherewith you allay the Gold; as if it hold 19 or 15 parts of Gold, and one 
of Silver •, and, letting the Faftrument fettle in the W ater, mark the place 

f* where the Surface of the W ater cuts the Stem or Pipe. And then putting in
^ another Mixture, wherein the Silver has a new and greater Proportion to

the Gold; as i f  the former be an 18 th or 14/  ̂ part o f the latter, you may 
obferve, how much lefs than before this depreíTes the Injiriment, and fo you 
may proceed with as many Mixtures or Degrees o f Allies as you think fit, 
or can be diftinguiíh’d conveniently on the Stern; being always careful, 
that, whatever be the Proportion o f the two Ingredients, the W eight o f the 
Mafs in the A ir be ju ft the fame with that o f  the Pure Gold., which we may  ̂
have lately fuppofed to be an Ounce, or half an Ounce.

B y the fame Method may be examined the differing Allays o f Pure Silvery 
upon the Admixture o f fuch and fuch determinate Proportions o f Copper, or 
any other Metal lighter in Specie than Silver ; and by the fame way, with a 
flight Variation, ’ twill not be difficult to eftimate, how much divers Coinŝ  
whether of Silver or Goldy are more or lefs embas’d by the known ignobler 
M etal that is mix’ d in the piece propofed. Thefe Eftimates (which may be 
made without much Trouble) will come nearer the Truth, not only than 
the Eftimates wont to be made by the ’Touch-Stone  ̂ but perhaps too, than 
fome o f thofethat divers make with Trouble, Inconvenience, and Charge.

It may be alfo employ’d to examine other Mixtures befides A llafd Coins, 
and that if  the Injirument be adjufted to an Ounce, for inftance, o f Pure 
Copper, it may help Men to make an Eftimate o f the Allay o f 'Tin, or the 
Quantity o f it that is oftentimes added to Copper, to make difi^erent Sorts 
o f  Bell-Metal, and o f thofe Metalline Specula, whether Plane or Concave, 
that are call’ d Steel Glaifes, as alfo o f Solders confifting o f certain Propor
tions o f Silver aud Brafs, or C opper; in all which, and divers others, the 
Difcovery of the Proportion o f the Ingredients may, on fome Occafions, be 
ufeful toTradefmen, as well as defirable to Virtuoji. And tho’ 1 have ob- 
ferved, that by Mixture, Tin and Copper acquire a Specific Gravity fome- 
what differing from what their Ingredients promife ; yet, fince the Injiru-
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(  5 * 9  )
m nl is to  be fitted for fuch E ftim ates, not b y  Calculation, but b y  T ria ls, 
the E ftim ates m ay be m ade near enough to the T ru th .

2. L o n g  fince I to o k  N o tice , how  ligh t and Silver-like the Pew ter was, 
w hichdefcended to  us *, but, as foon as, to  fo llo w  the Faíhion, we changed 
it, the W e ig h t and the v e ry  C o lo u r was altered ; and is in every Change 
m ore and m ore em bafed. A n d , i f  omt Silver-Smiths ho\á on their degra
ding M ixtu res, I ihall queftion, w hether our Silver-Plate m ay not ihortly 
com e dow n to  approach our Fore-Fathers P e w te r ; I m ean, in the Coun
try, w here ’ tis never or feldom  tried.

III. A  G lafs B ubble, o f  about the Bignefs o f  a P u llet’ s E g g ,  w as p urpofely  rht Weight«/ 
blow n at the F lam e o f  a L a m p , w ith  a fom ew hat lon g Stem  turn’d up
the E n d , that it m igh t the m ore conveniently be broken oiF. T h is  B ubble 50??. 6mi. 
being v e ry  w ell heated to  rarify the A ir , and thereby drive out a g o o d  parr o f  
it, n im bly fealed at the E n d , and, b y  the help  o f  the F ig u re  o f  the Stem , 
was b y  a convenient W e ig h t  o f  L e a d  depreffed under W a te r , the L e a d  and 
G lafs being tied  b y  a String to one Scale o f a g o o d  Balance, in w hofe other 
there w as p u t fo m uch W e ig h t , as fufficed to  Counterpoife the B ubble, as 
it hung freely in the m id ft o f  the W ater. T h e n  w ith  a lo n g  Iron Forceps I 
carefu lly  b ro k e  o f f  the Seal’d E n d  o f  the B ubble under W a te r , fo as no Bubble 
o f  A ir  appear’ d  to  em erge or efcape thro ’ the W a ter, but the L iq u o r  b y  
th e]W eigh t o f  the A tm ofp h ere fprung into the unrepleniih’ d part o f  the G lafs- 
B u b b le , and filled the w hole C a v ity  about h a lf fu ll •, and prefently, as I fore
to ld , the Bubble fubfided, and made the Scale it w asfaftened to, preponderate 
fo  m u ch , that there needed 4  D rachm s and 38 Grains to  reduce the Balance 
to  2iñ/Equilibrium. T h e n , ta k in g  out the B ubble w ith  the W a te r  in’ t, w e did, 
b y  the help o f  the F lam e o f  a C andle, w arily  applied , d rive  out the W ater 
('which otherw ife is not eafily  exclu ded  at a  very  narrow Stem ) into a Glafs 
counterpoifed  before *, and w e found it, as w e exp efted , to  w eigh  about 4  
D rach m s and 30 G rains, befides fom e little that rem ained in the E g g , and 
fom e fm all m atter that m ay have been rarify ’ d into V ap o u rs, w hich  added to  
th e  P iece  o f  G lafs that was broken  o ff  under W a te r  and lo ft there, m ight v e 
ry  w ell am ount to 7 or 8 Grains. B y  w h ich  it appears not o n ly , that W ater 
hath fom e W e ig h t in W a te r , bu t then it w eighs v e ry  near or altogether as 
m u ch  in W a te r , as the felf fam e Portion  o f  a L iq u o r  w ould  w eigh  in the 
A ir . W^e repeated the E xp erim en t w ith  another feal’ d Bubble as big as a 
great H e n -E g g , w ith  lik e  Succefs.

IV. Apr. 7. 1680. B ein g o ff  o f  Pantalara near Sicily in a C alm , I let r*» Prf/'Wi«f 
dow n a Bottle 70 Fathom  ̂ fto p ’ d w ith  an excellent go o d  tender C o rk , w ell
fitted, and the C o r k  cam e up in the B ottle ~ full o f  Salt W a ter. T h e  B ottle  Perfon »/ho- 
was again  fitted w ith  an excellent good  C o r k , bu t o f  a W oodinefs or 
H ardnefs as fom e C o rk s  are •, w ith  the w hich, being let dow n in like manner, 
the C o r k  continued in its Place-, but as it w ere bruifed, and the Bottle, as be
fore, about fu ll o f S alt W a te r :  W h ereu p on  I to o k  a g o o d  O x  Bladder,
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and bound it four fold over the M outh o f the Bottle without any Cork at all, 
only I put a piece of Leather to keep the Glafs from cutting the Bladder 
and fo ordered, it was let down as before, but taken up without any Water, 
or the lead; Moifture in it.

May 18. 1680. Being inaftark Calm fome Leagues diilant from the 
Coaft o f  South Spain  ̂ oiF the great Hills o f Granada, we took a Bottle and 

clapt a Leather on the mouth o f it, tying over that a fingle part o f the Blad
der, the which we letdown 75 Fathom, but it came up again entire: We 
then made a Hole in the Leather, about the bignefs of a large Pea, and 
let the fame down again 75 Fathom  ̂ but it came up perforated in the va
cant place where the Leather had the Hole in it, and almoft full o f W ater: 
we then bound over another part o f the Bladder fingle, and let it down but 
30 Fathom, but it came up whole and entire j whereupon immediately we 
let it down 50 Fathom, but it came up broke and full of Water. Then, 
we again fitted the Bottle with the faid perforated piece o f Leather and a 
double Bladder, and let it down 50 Fathom ; but it again came up entire ; 
So again, immediateJy we let it down 75 Fathom, but then it came up bró- 
ken and full o f Water.

June 24. 1680. Being in 39Í- Degrees o f  Latitude, and by the Ship’s Ac
count 150 Leagues W eftward of Portugal, I caufed a Florence Flask to bé 
well flopped with a Bladder over the Mouth o f it, and lower’d it dowii 
30 Fathom, but it was taken up broken. Whereupon, imagining that the 
roughnefs o f the Lead’s hailing fo tender aBody fo violently thro* the Water 
might be the breaking thereof, I caufed another Flajk in like manner to be 
fitted, and clofe by it I tied likewife another FlaJk, fo as to be borne with the 
M outh downwards, as were tlie other, but which was not (topp’d *, and théfe 
I caufed to be taken up when they had been but 10 Fathom under Water, 
and found them both entire ; but the open Flajk almoft full o f W ater 5 the 
which being emptied, were both let down again and taken up at 20 Fathom, 
when the open Flask was entire, tho* full o f Water, but the other broken to 
pieces.

f' 508. ^^93* the^izy o f Bifcay, when we had 100 Fathom o f Water,
* we took a Quart-Glafs-Bottle ftopt with a large C o rk ; And, faftening it to 

our Plumbing-Rope with the Lead at the end, we funk it to the Bottom of the 
Sea, which as foon as we perceived, we drew it up again, and found the Cork 
quite prefled thro’ the N eck o f the Bottle into its Cavity, and the Botde 
full of^Salt Sea-Water. W e repeated our Experiment with another Bottle and 
Cork in the fame manner as before; but, the Cork being not found, the Sea- 
W ater foaked thro* it, and the Bottle was half full o f Water*, fo the Cork 
remained in the Mouth o f the Bottle, not preiTcd down at all. W e repeated 
our Experiment a third time in 90 Fathom o f W ater, with a very found Cork, 
and much larger than the Mouth o f the Bottle. W e beat it in with a Ham
mer as far as it would go, leaving about an Inch o f the Cork above the Mouth 
o f  the Bottle. The Cork at this wa$ preiTed down only into the Neck,
and became level with the Mouth o f the Bottle : But 1 really believe, had

we
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we had lO or 2o Fathoms of Water more, it would have fuccceded as at our 
iirft H rial. ,

♦ r

*

V . I .  The following Bodies were poured gently into a VejQTel of 
feafoned Oak, whofe Concave was an exaól Cuhick Foot. Thofe in the 
Twelve firft Experiments were weighed in Scales turning with two Ounces, "Z 
but the laft Seven were weighed in ím Vj turning with one Ounce. The 4« oJord!'̂ ' 
Founds and Ounces here mentioned are Averdupois. "■

^  Mar. Ao. 1685.

( 521 )

1
2

3

5
6

7
8
9

10
11
12

14
Í 5
16

17

A  Foot of Wheat (worth 6s. d. Buihel.) ■—  ' ■■ ---------  
¡Vbeat o f the beft fort (worth 6s. ¿¡̂ d. a Bufliel.) —  — ■
The fame fort o f Wheat meafured the fecond time. —  —
Both forts were Red Lammas Wheat of the laft Year. —  —  
White Oats of the laft Year. —  —  —  —  —  —
The beft fort of Oats were id . in a Bufhel better than thefe.
Blue Peafe (of the laft Year,) and much Worm-eaten. ------
White Peafe o f the laft Year but one. .—  —  —  —  —  

Barley o f the laft Year; (the beft fort fells for u . 6 i/, in a 
Qiiarter more than this.) —  —  —  —  — • —

Malt o f the laft Year’s Barleŷ  made two Months before. —  
Field Beans o f the laft Year but one. —  —  —  —  —  
Whealen Meal (unfifted.) —  —  —  —
Rye Meal unfifted. ■ ------  • ——  — —
Pump Water, —  — —  ■■ ■ ■ ■ -  ■ -* ------
Bay Salt. ——  —  ■ —  — —  — —  ' —— -
W hite Sea Salt. — — ■ —  -------- - •—  —
Sand.
Newcajlle Coal. ------  ------ ■ ''
5  P it Coal from Wednejbury 63, but this is very uncertain in 7 
¿ the filling the Interftices between the greater pieces y

Gravel. —  —  —  —  —  —  —  —  —  —18
j 9 W QQ -̂AJhes* ^

lb 5
47  8
48 4
48 2

29 8

49  12
50 8

41 2

30 4
50 8
31 o
28 4
62 8
54 I 
43 12 
85 4  
67 12

63 o

109 5
55 5

It
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T he Si«ciGck T -  p  ^
Gravities 0/
/rüffTrf/ •Bodhh E m  Dry. -

2. Ttmp-WaUr.
( 5 2 2 )

C,dar Dryjxj.
Society a t  O x- Walnut-^ee D ry. —  

S i ’. s*7. Crab-Tree meanly D ^ .
meanly D ry, and o f the Out-fide lax part o f the Tree.

yljh more D ry, about the Heart. ■■ > -  ■■ ------
Maple Dry. ■ -" ■■■ ' ■ -■■■ ——  ■
Tew o f a Knot or Root 16 Years Old. —  ■- ■' —
Beech meanly Dry.
Oak very D ry almoft Worm-eaten. ------  ------
Oak o f the Out-iide fappy Part, Fell’d a Year fmce. 
Oak D ry j but o f a very found clofe Texture. —  
T h e  fame tried another Tim e. ■ -  ■ ■
Logwood. —  ■ — ' - .1 . ^ — -
Claret. ' ------  ».■ ■ ■■ ■ — —
M oil Cyder, not Clear. -----------------------------  ---  —
Sea-Water fettled Clear. —• ■ -
College Plain Jle  the fame. > — —  . ■
Urine, ——  .... — — — ■ —  —
M lk , ---------  ---------  --------  --------  ------
Box the fame. — — ------ — -  -----  —
Redwood the fame. ——  ■ ■ . ■ —

Beer Vinegar. ■■ -  ■ ... —  ■ .
Pitch. i — — - .. .
Pit~Coal o f Staffordfhire. 
Speckled Wood of Virginia, 
Lignum Vita  -  • ■ . —
Stone Bottle.  ----  —
Jvory. — — —  —  ( 
jilabafler, —  —  —  
Brick. ------  —  —  —
Heddington Stone, the Soft L ax kind. 
Burford Stone, an old D ry Piece.
Paving Stone, a hard Sort from about Blaidon. 
Flint. »■ ■ — —  —  —  — . — —  .
Glafs o f a Quart Bottle. ---------  . ■ —.
Black Italian Marble. — -  —  —  ̂ — *
W hite Italian Marble tried twice. -------- ------  ---------  —
White Italian Marble o f another fort, of a vifibly Clofer Texture.
Block 37«. ------ ------  ------  -----■ - —  ---------  —
Copper. ------  . ------  . —  ------  •
Lead. ------  —  •  ------  -  I------  —
^ ic k  Silver. ------  . —  — . . — — —
^ ick  Silver. — —  — -   ----------  ----------  — -  .

1000
546
600
615
631
765
734-
845

760
854

’ 753 
' S70

929
■ 932
■ 913
■ 993
• 1017
■ 1028
• 1028 
‘ 1030
• 1031
■ 1021
■ ^031
• 1033 
' 1034 
‘ 1150
•  1240
■ 1313
■  1327
■ 1777
- 1826
• 1872

■ ^979
■ 2029
• 2049
• 2460
■ 2542

2666
• 2704
• 2707 
' 2718

7321
8843

Í1345
14019
13593

The
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The lait Experiment was tried with another quantity o f ^uick-Silver, 
which had been ufed in W ater in the preceding Experiment; However, I 
rather truft the laft, for that I found a fmall miftake (the’ here in the Calcu
lation allow’d for) in the W eight o f the Glafs containing the ^ick-Sihery  in 
the Trial before.

The Solids here mentioned, were examined Hydrojlaticall-j by weighing 
them in A ir and W ater; but the Fluids  ̂ by weighing an equal Portion of 
each in a Glafs holding about a Quart. The Numbers ihew the Proportion 
o f Gravity o f equal Portions o f thefe Bodies: But if o f thefe Bodies we 
take Portions equally heavy, their Magnitudes will be reciprocally proportio
nal to their correfpondent Numbers \ e. g. z Cubic Foot o f TFater is to a 
Cubic Foot o f Alabafter in Gravity as 1000 to 1872 •, but a Pound W eight 
o f Water, is to a pound W eight of Alahajter in Magnitude, as, 1872 to 1000. 
So that, knowing by the former Table, the W eight of a Cubic Foot o f 
Water, and by this Proportion in Gravity betwixt Water and Alabafter, we 
may by the Rule of Three find the Weight o f a Cubic Foot of Alabafter, and 
fo o f any other of thefe Bodies; or we may know their Magnitude by know
ing their Gravity. So that, an irregular piece or quantity o f thefe Bo
dies being offered, *tis but weighing them, and we may know their juílA/ág-- 
mtude without farther trouble.

Pump-Water. — — ■ — —  ■■ — - ............   1000
Cork.
Sajfafras Wood.

(523 >

•
If
I

I

"Juniper Wood (Dry.)^ • ■ - " ...  ■ —  — ............  ■ — 556
Plum-Tree (Dry.) ■ ■■ ------- ^  ■■ < ------  —  ■ "■ —  663

2  2 *7 J  • Ci 

4 0  2  Apr. An,
ill

Maftic. 849
Sant alum Ci trinum. — — —  —  " ' ' ■ ' — ■ — " ■ —  809.
Sant alum Album. — —  —  — . . ■ - ....... — • .............—  1041
Santalum Rubrum. >  -----  ■—  — —  — —  . ■—  —  ------ 1128
Ebony. ■ -------- - —  —  ------  ------ ------  1177
Lignum Rhodium. -  —  ■ ——  — — - ------ —— « 1125
Lignum Afphaltum. —  ■■ ■ ■ —  -- —  —  >—  —  1 1 79
Aloes. ---------  ---------  ---------  -----  ----------  ------ —  1 1 77
Succinum Pellucidum, ■ ■—  ......  —  — — ---------  , • ■ 1065
Succinum Pinme. ------  —  ■ ■ —........ . - ■ ---------  1087
Jet. ------  ------  ---------  ' --------  ----------  -------------------------- - 123S
The T op  part o f a Rhinoceros Horn. —— —  ■ ■ 1242
The Top part o f an Oj í — — ■ —  ■ - " 1840
T he (Blade) of an Oat. — —  — — —  - ■ ■■ - 1656
A n  Human Calculus. '  ----  ■ ■ —■ ------  »■ ‘ —  1240

:j-

Another Calculus Humanus» ——— ------ - —  ' —  -  ^433 ||
Another Calculus.  ----   — —  ■ — —  ■■ ■— « ■ — 1 664 ¿,1
Brimjlone, fuch as commonly fold. ■■ — ■■■— ^̂  ”
Borax. 1720

X  X  X  2 ^
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A  Spotted Fa£iitioüs Marble. 
A  G alley-Pot. • -  — ~
Oyjier Shell, ------  —
Murex Shell. ...
Lapis Manati. —
Selenitis.
W ood Petrified in Lotigh Neagh.
Onyx Slone. ------  ——
Turcois-Sione. ---------  —
Englijh Jgcit. ------ ----- —
Crammatias Lapis. ---------
A  Cornelian. -------- -
Cor allachate s. ■ ...........
‘Talo. ------  - — ■ *
Coral. -------- — —
Hyacinth (Spurious.) —
Jafper (Spurious.) — ■■ ■
A  Pellucid Pebble. —-—
Rock Cry [tal.
Cryjlallum Difdiaclajlicum,
A  Red Pafte. ------
Lapis Nephriticus.
Lapis Amiantus from Wales,
Lapis Lazuli. ------
A n Hone. ■"■■■
Sardachutes. — —  —
A  Granat. ---------

' A  Golden Marcajite.
A  Blue Slate with ihining Particles. ---------
A  Mineral Stonê  yielding i part in 160 Metal.
T h e  Metal thence extraóted. ------ -
The (reputed) Silver Ore o f Wales. ------
T h e Metal thence extracted. ---------
Bifmuth. ‘ ------ ------
Spelter. ------  ---------  ------
Spelter Solder. ---------  ---------  •-
Iroti o f  a Key. ---------- —  — — —
Steel. ------  ------  — ■
Cail Brafs. ------
W rought Brafs. 
Hammer’d Brafs. -  
A  Falfe Guinea.

Guinea. 
Sterling Silver. —  
A  Brafs H alf Crown.

~ 1822
-  1928
-  2092 
"  2590
-  2270
-  2322
-  2341
-  2510
-  2508
-  2512
-  2515
-  2568
-  2605
-  ^657
-  2689
-  2631
-  2666
-  2641
-  2659
-  2704
-  2842
-  2894
-  2913
-  3054
-  3288
-  3598
-  3978
-  4589
-  3500
-  2650
-  8500
-  7464
-  11087
-  9859
-  7065
-  8362
-  7^43
-  7852
-  8100
-  8280
-  8349
-  907s
-  18888
-  10535
- 9468
E k iiru m
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EkBrum a Britijh Coin, -------

' A  Gold Coin o f Barbary. ----- •
A  Gold Medal from Morocco, • — —
A  Mentz Gold Ducat. -----  —
A  Gold Coin of Alexander'̂ . ——
A  Gold Medal of Queen Mary^s. —

^A Gold Medal o f Queen Elizabeth'
A  Medal efteem’d to be near Fine Gold.

V I. M . Homberg has given us the following Table of the Various 
of fome more ufual Liquors in the Coldefi Tim e, and in the Hotteji.

12071
17548
18420
18261
18893
19100
19125
19636

Weights The Dijfcrent
IVeiffit $f five* 
ral Liquors in 
'Winter and

The Aerometer full of Mercury, 
O il o f Tartar.
Spirit o f Urine.
O il of Vitriol.
Spirit o f Nitre.
Spirit o f Salt. '■
Aqua Fortis.
Vinegar.
Spirit of Wine.

River Water.
Dijiilled Water.

T his Empty Aerometer W eighs

In Sumrrnr.
M ,  Homberg,

h i  Winteri  n. a6a. p. f  30.
Vid’ Sup*

3 5 9̂
0

X. z.
Mar. An, 1700*

1 1 0  6 I Í 0 32
I 3^ 8 I 3 3 Í
1 0 32 I 0 43
I 3 58 I 4 4
I I 40 1 I 7 0
I 0  39 I 0 47
I I  38 I I 55
0 7 55 1 0 7 60
0 6 47 0ft 6 61
0 7 53 0 7 57
0 7 50 0 7 54

0 1 28

VII. I. Having poured a ftrongly Alcalizat Menjiruum (I ufed that mzdeExpirimtnti4- 
of Fix*d Nitrey diifolved by the moifture o f a Cellar) into a Pipe of Glafs, 
fealed at one end, and not full a quarter of an Inch in B ore; that the Ca- Fluids, 
vity, which in a greater depth would feem lefs deep, might be the m o r e 2 ¿ r ” , 
confplcuous : W e gently poured on it fome highly Dcphlegm’d 
Wtne, we knew would not mix with it, but fwim. above it, and pre-
fently, as we had guefs’d, we found the Figure o f the Surface o f the lower 
Liquor changed, and the Cavity quite deftroyed ; the Surface that feemed, j^n . An. 1676. 

as it were, common to the two Contiguous Liquors  ̂ appearing flat or Hori
zontal. And fuch a level Superficies we had, by putting thefe two Liquors
together in a much wider Glafs.

2. W e found alfo, that by Employing Oyl o f 'Turpentinê  inftead .o f the
Spirit of Wine  ̂ the Liquor did almoft totally lofe its Cavity.

%
%

3. But
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3. But, if, inftea'd o f deliquated 'Tartar  ̂ we put common Water into the 
Pipe, we found this Liquor to retain its Concave Surface, tho’ we put ta 
it fome O il o f Turpentine, and left it to" reft upon the W ater a good while.

4. H aving provided fome pure O il o f the Giim o f Guaiacum, and poured a
■little o f It iiito a flendér Pipe, we found the upper Superficies o f it to be 
Concave almoft, if not altogether, like that which Water would have had in 
the fame Pfpe. But when I put a little W ater upon this Oily it prefendy 
changed the Figure o f its Surface, which became vifibly, tho* not veiy 
mucli. Protuberant or Convex.

5. Having put fome O il o f Tartar into the (lender Pipe, and put feme
Drops of the O il o f  Guaiacum to it, we found, that this Liquor did not mâ  
nifeftly alter the Concave Figure o f the Surface o f the Liquor Alcali  ̂ as the 
O il o f Turpentine had done : And having for Curiofity’s fake warily poured 
a little W ater upon the 0 /7o f Guaiacum  ̂ I found, as I had reafon to fufped.

¡ that the upper Superficies o f it changed prefently from a Concave Figure to
I a Convex ; fo that this O il in the midft o f the other two Liquors appeared

like a little red Cylinder; which, inftead o f having Circular Bafes, was pro
tuberant at both ends ; but more at that which touched the O il o f Tartar.

6. I put fome EJfential Oil, (as Chymijts call it) of Cloves into a new flender 
Pipe, and, having obferved it to be fomewhat Concave at the T o p , where it 
was Contiguous to the A ir, we caufed [a little common Water (perhaps a 
quarter o f a Spoonful or lefs) to be put to it, and found, as we expefted, the 
Surface o f this O il alfo to be tumid. And in regard this Liquor, as well as 
the forementioned Oil o f Guaiacum, tho* it were fo heavy as to fink into

 ̂ W ater, would not do fo in Deliquated Salt o f  Tartar, we did, into another
1 flender Pipe, put firft fome o f this laft named Liquor, then fome o f the Aro^

matte Oil, and laftly, a little common W ater \ by which means we found, 
that the little Cylinder of Oil, did, like that of the O il o f Guaiacum, appear 
Convex at both ends, but was unlike it in one Circ umftance, that the Oil 
o f Cloves appear’d more Convex at the upper end where *twas Contiguous 
to the Water, than at the lower, that leaned upon the Surface o f  the O il of 
Tartar.

I 7. H aving taken a little flender Glafs, that was much longer, but o f the
I like Bore with the former, we put into it a fmall quantity o f ^ ick-S ih er y

and having taken notice how the upper Superficies fwelled in the middle  ̂
I above the Level o f the Parts where it touched the Glafs, we poured fome

W ater upon it, and found a manifeil and confiderable Depreilion o f the 
Surface, tho* the Protuberance were not quite fupprefled.

8. This Phanomenon, having been for greater fecurity feveral times repeat
ed, fometimes it feem*d, that when the Aqueous Cylinder was much longer, 
the Depreffion o f the Mercurial Surface was fomewhat greater. But this did 
not fo conftantly happen •, but we often obferved, that tho* a very little 
W ater fufficed by its Contaft to make, in the Judgment o f the E ye, a mani- 
feft Abatement o f the Protuberance o f  the ^ ik -S ilv er ; yet it had not the 
fame effeft on that ponderous Fluid, that it had, when being increafed almoft 
as high as the length o f the Pipe would permit, a greater W eight o f it was

3 incumbent
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incumbent on the Mercuryy for then I manifeftly perceived, and ihewed to 
others, that the Surface of the ^ick-Silver being deprefled almoft to a L e 
vel in thofe Parts of it that were near the infide of the Glafs, there was about 
the Middle o f the Surface an Elevation o f Mercurial Matter  ̂ that appeared 
to be rather more than a half Globe, and was, to the H eight o f its fu 1 Semi
diameter, raifed above the reft o f the Mercurial Surface, and in that State it f
continued, as long as 1 thought fit to let it do fo. And, left this Trial 
ihould impofe upon me, I caufed it to be more than once repeated; and, 
the better to confirm it, I afterwards caufed the incumbent Water to be lit
tle by little fuck’d up, and found as I expefted, that, when the incumbent 
Water began to be too much íhorten’d, the little Teat or Segment o f a Sphere, 
lately mentioned, began to be fomewhat flatned, and fubfided more and 
more as the Water was further taken off.

9. Having conveyed into one o f our Pneumatical Receivers  ̂ a Couple o f 
fuch (lender Pipes as have been already defcribed, one of them furniih’d |
with Common Water  ̂ and the other with ^ick-Siher^  we caufed the Common ^
A ir to be diligently pump’d out, without obferving any feníible Change in f
the Concave Figure of the W ater: but as for the ¿^Jck-Silver, I knew not j
what to conclude about it. For, having repeated the Trial twice or thrice, 
the MurcuryíomtúmQs feem*d manifeftly to fwell, to be more protuberant up
on the Exhauftion of the Receiver, than when it was put in, efpecially when 
its Figure was attentively viewed, and the external Air, that was pump’d 
out but {lowly, was fuffer’d to re-enter with all convenient Celerity. But 
that which yet kept me doubtful was, that I obferved. That, upon the di- ¡
ligent withdrawing of the Air’s PreiTure upon the ^ick-Silver, there difclofed 
themfelves fome little Bubbles, which, I fear’d, we had not been able to free |i
it altogether from, and which might be fufpefted to have fome Intereft in 
the PhcBnomenon. W e alfo conveyed into our Receiver, a clear Chymical Oil .
that was heavier than Water, and, whilft it was contiguous to it, had not a j
Concave but a Convex Surface, and, having placed the Pipe furniih’d with 
both Liquors in the Pneumatical Receiver, we pump’d out the Air, without 
finding that tlie O il fenfibly altered its protuberant Surface, as neither did the 
Water lofe the concave Figure of its Surface.

10. 1 took Fix'd Nitre, (or which is Analogous to it. Salt of Tartar) re- 
íoW táper Deliquium into a Tranfparent Liquor, and having filled a clear Viol 
half full with this, I poured on it a convenient Quantity of Vinous Spirit exaftly 
Retlijied, that there might be no Phlegm to occafion an Union betwixt 
the two Liquors, which oyght, as ours did, to retain Diftindt Surfaces, and 
fpeedily regain them, though the Glafs were well ihaken. Then, having found 
by a Trial formerly mentioned, that Common Oil o f Turpentine, if emploj^d ]
in a competent Quantity, will not totally (and much lefs will readily) dif- 
folve in Spirit o f Wine, and alfo having obferved (what may feem fornewhat •'
ftrange) that if this Spirit of Wine be exquifitely dephlegm’d, the Oil, tho ^
a Chymical One, will not fwim on it, but fink in it •, I warily let fall 
drops o f Oil into the Spirit, and had the pleafure to fee, as I expeded, 
that they fell towards the bottom of the Glafs, till their Defcent was ftop d by
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the Horizontal (For it was not Concave) Surface oF the Al'cdlimt "Liquor of 
jii^d Nitre. And, becaufe my defign was chiefly to obferve the fuperficial 
Figure oF a Fluid encornpafled by other Fluids without touching any folicl 
Body, I ihall here take notice oF the chieF Phanomena that were produced 
oF that kind, without ftaying to enquire into the Caufes or the ConFequencc's 
oF them.

1 . IF the Oily Drops were but Fmall, they Teem’d to the Eye exaftly enough 
Spherical. For, the O il differing but very little in the fpecifick Gravity From 
the Spirit oF IVine, the Drops did but juft touch the Surface oF the Fubjacent 
Alcali; and, the Fame Drops being but Fmail, their own W eight was not 
great enough viFibly to depreFs them, and hinder that RoundneFs which the 
iVefilire oF the Ambient Spirit  ̂ or their own ViFcoFity, endeavoured to give 
them.

2. IF an Aggregiite oF Drops were conFiderably bigger than thoFe newly 
mentioned, as iF it had about a third part oF an Inch in Diameter, it would 
then maniFeilly lean upon the Alcalizat Liquor as upon a Floor, and appear 
Fomewhat Elliptical, (For Fome little part oF the bottom was a Plane •,) the 
W eight oF the upper parts deprefling the Drops, and making the horizontal 
Diameter Fomewhat longer than the TranFverFe.

3. IF a yet greater Portion oF O il were let fall upon the heavy Liquor, it 
would For a pretty while appear in the Form oF a fomewhat imperFeét Hemi- 
fphere  ̂ or Fome other large Sedion oF a Sphere, the lower’part being cut oFF; 
(as iF a Globe were divided by a Plane) by the horizontal SurFace oF the 
deliquated Salt.

4. But iF the Quantity oF O il were not too great, ’twas pretty to obFei-ve, 
that, tho’ at firft putting in, it did perhaps fpread itFelF over the fubjacent 
Liquor, and lie as it were flat upon it j yet, by little and little, (For ’ twas but 
flowly) it would by the A dion  oF the ambient, concurring with it’s own T e 
nacity, be raiFed above the SurFace oF the Fluid Nitre, and be reduced to the 
Figure, either oF halF a Globe, or oF a greater Segment of a Globe, or even 
oF an ImperFeft EllipFis, according to the Bulk or W eight oF the Oil.

5. T h e ’ theFe Globules, or Portions oF Oil, did oFtentirnes readily mingle, 
when they touched one another, yet divers times alFo we obFerved, that, 
having warily approach’d them, we were able to make them touch without 
mingling, inFomuch that we have with pleaFure made them Fo Far bear againit 
one another’s SurFaces, as maniFeftly to preFs them inwards, tho’ being part
ed they would preFently rcFume their Former Figure. But, in caFe any of 
theFe Oily Portions came by a more preiTmg Contadt to be united, they would 
then alter the Figures they had whilil feparate, and take another fuitable to 
the Bulk oF the Aggregate.

9. When a large Portion oF Oil reiled upon the Saline Liquors, iF then the 
ambient Spirit was moderately and warily agitated, ’ twas not unpleaFant to 
obFerve the various|Figurations,which the Convex and Protuberant part oF the 
mutilated Globe would be put into by the Shakes, without any vifible Solu
tion oF Continuity, or conFiderable Motion oF the whole Body, which would 
very quickly recover its Former Figure. T h o’, if the Agitation were too

ftrong,
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ílrong, forne Portions would be quite broken off, and prefently turned into 
litcle Globes.

1 1 . I tried to produce another Phanomenon, that would not have been un- 
pleafant, by putting together in afomewhatlarge VeiTei, with other Liquors» 
two 0 /7/, (whereof one, if I miftake not, was from Turpentine) which firft by 
reafon of the Oleaginous Nature wherein they agreed, might cxaftly mingle 
and make a compounded Liquor \ and then, by reafon o f their being one 
heavier, and the other lighter in Specie than Water, might by this Liquor 
be again feparated, and include betwixt them the Liquor that had divided 
them. But I found that the Oils being once united would not be eafily par
ted, but according to the Prevalency o f the lighter or heavier Ingredient, 
in the mixture, the compounded 0 /7, would almoft totally either emerge to 
the top o f the W ater, or lie beneath at the bottom of it j I fay, almoft total
ly, becaufe fome Part o f the 0 /7, which was not perhaps all uniformly mix’d, 
did not keep in a Body with the reft ; but either was feparated from the Mafs 
in the form o f Globules, or elfe fticking to the Side o f the Glafs, had the 
other Part of its Superficies, which was contiguous to the Water, very Va<- 
rioujly Figured, according as the bulk and degree o f Gravity of the adhere- 
ing 0 /7, and other Circumftances happen’d to determine.

Thefe are fome of the Phenomena I obferved in O il o f 'Turpentinê  when 
’ twas invironed only with Fluids; but, if  it were permitted to be contiguous 
to the Infide o f the Glafs, and fo to faften part o f its Surface to a Solid, 
the greater part o f the Surface, which remained expofed to one or both o f 
the contiguous Liquors, would partly by their Aition, and partly by the 
Gravity o f the Oil itfelf, be put into Figures fo Various and fometimes fo E íí- 
travagant  ̂ that ’twas much more pleafant to behold them, than it would be 
eafy to deferibe them.

12. Confining Fluids may have diftinót Surfaces, without having, at leaft 
in many Pofitions, Refra^ions differing enough, or RefleSiions ftrong enough, 
to make the Plane that difterminates them, obvious to the Eye. Thus, when 
the O il o f Tartar, or Nitrous Alcali, that I employed, happen’d to be very 
clear and colourlefs, I have more than once made highly ReSiified Spirit o f 
Wine float upon it ib, that in moft Pofitions the Vial feem’d to have in ic 
but one uniform L iquor; the Plane that divided the two Fluids being unapt 
to be difcerned, but in a Pofition, wherein the Rays of Light paifing 
thence to the Eye, fell very obliquely on it j and indeed, when there was 
no little Duft or other Feculency, fwimming upon the Surface o f the Oil o f 
Tartar, I had fometimes much ado to convince ordinary Spedators, that 
the Vial, in two diftinit Regions o f it, contained two Unfociahle Liquors,

13. W e took a Deliquated Alcali, made of Nitre and Tartar, and deeply 
tinged with Cochineal; and, that the Liquors might not only be heteroge
neous, but as differing in Gravity and Ben/tty, as we could make them, we 
poured on it a peculiar kind of 0/7 lighter than Spirit of ¡Vine, and holding ¡f r 
tlie Plane where the two Liquors were contiguous in a convenient Pofition,
in refpe¿t of the Light and the Eye, I obferved it to make.a ftrangely vivid

y  y y  Refie6iion
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Rejleiflon o f the incident Beams of L ig h t : So that this Phyfical Surface 
which was fiat, look’d almoll, for *twas not fo Specular̂  like that of ^iick~ 

Jtlver ; and, when I kept it till N ight, and confidered it by the Light of a 
Candle, the bright Figure o f  the Flame was ftrongly refieded almoft as 
from a clofe fpecular B o d y ; which tempted me to fufpeft, that there might 

I be fomething elfe than the bare Smoothnefs o f the Surface of the Alcalizat
i Liquor to produce fo briik a Reflection *, and the rather, becaufe I did not
I obferve, that the Remains of the fame Tinged which I kept in an

other Glais, nor a Portion o f the fame 0 ¿7, which I had alfo by me in a fe- 
parate Vial, did cither o f them afford fo vivid a Refle£lion from its Surface; 
tho* Í did the lefs wonder at this, becaufe o f the great Difpofition to refleS 
Light, which I had formerly the Curiofity to obferve in the foremention’d 
0 /7, when I joined it with other Liquors. I iliall add, that looking on tliis 
Liquor, as a Body which tho* it have all the neceffary Qualities of an 0 /7, 
does in regard o f its Origin, and fome Properties I have found in it, differ 
from common Chymical O ils; I was invited the more to obferve its Ph<eno- 
tnena in reference to Reflection; and I found among other Things (not per
tinent to this Place,) Firji that the confining Plane often mentioned between 
the tinged Alcali  ̂ and this Liquor, did not appear Red itfelf, nor communi
cate that Colour to the Image o f the Flame o f a Candle refle6bed from it. 
Secondly, That when I warily ihook the Vial, which contained the two L i
quors, the uppermoft would be reduced into a feeming Froth, confifting of 
a great number o f im perfedly Globular Bodies, which after a while would 
make a kind o f a rude Phyfical Plane ; which, tho* neither very Horizon- 

i tal, nor fenfibly Smooth, would at its upper Superficies, fend back the if>
1 cident Light with more Briiknefs than one would expeél; and, when the
' feeming Froth confifted of fmaller Particles, thefe, when they were o f a

certain Size, and conveniently placed, in reference to the Flame of a Candle 
and the Eye, would (as more than one Trial informed me) refleft the in- 

. cident Light fo many ways, and fo vifibly, that they feemed, for Multitude
and Splendor, like little fparkling Corpufcles o f poliihed Siher •, or almoft 
like thofe Glittering ones, that appear when a clean Plate of Copper is firft 
immerfed into a much allayed Solution of good Silver, made in Aqua Fortis. 
Thirdly, That tho’ pure Spirit of fVine be lo thin a Liquor, and our Oil is 
neverthelefs fo light as to fwim upon it, yet 1 found the confining Surface 
very ftrongly Reflexive.

I have a fo found, that fome other Effential Oils (as Chymlfls call thofe 
that are diftilled with Water in Limbecks) and particularly an Unfophifticated 
O il o f T, emons, did with our tinged Alcali afford moft o f the fame Phjenome- 
na *, but not fo briik a Reflexion: I fay moft, chiefly becaufe with Spirit of 
fVine, their Subtile Oils, as I formerly noted, will readily be confounded, 
tho* our Anomalous Oil be unfociable with it. 

s. i|f, f. 799.  ̂ 14. In Cold Weather we took EJJential Oil o f Annifeeds, whofe Property it
is to Coagulate in fuch Weather, and, having in a gentle Warmth brought it 
to be Euid, we poured it into a ilender Vial more than half filled with Com

mon



f'AOn Plater •, that had been alfo a little warmed, that the Oil might not be too 
haftily reduced to its former State. This Oil being lighter than fo much 
Water̂  and being poured on in a convenient Quantity, had its upper Surface 
fomewhat Concave, as that o f the W ater was ; but the lower Surface, fur- 
rounded by the W ater was very Convex, appearing almoft (for it was not 
perfedly) o f the Figure of a great Portion o f a Sphere. This being done, 
the Vial was ftopt, and fuifered to reft for fome time in a cold Place, by 
which means the Water continuing Fluid as before, the O il o f Annifetds 
as I expefted, found coagulated̂  in a Form approaching to that it had whilft 
in a Fluid State; I fay approaching, becaufe it was not eafy to difcern the 
exa¿l Figure in the Vial 1 was fain to make ufe o f : And I fufpefted that the 
Oil grown confiftent was become lefs Convex than before. But ’ twas worth 
obferving, how great a Difference there was between the dull RefleSiion it 
made when it was coagulated., and the fine Reflection it had made whilft ’twas 
a Liquor. The latter of which Refle l̂iojts brought into my mind, how vivid 
the refleEiive Power o f fome Fluids is in comparifon of that o f the Generality 
o f Solid Bodies.

15. Having obferved. That ^ ick-S iher, and reflified Oleum Petríb., are, 
the Former o f them the Heavieft, and the Latter the Lighteft, o f all the Vi- 
fible Fluids that are yet known to me j I put fome (Diftill’d) ^ ick-Siher  into 
a fmall Vial, and held it in fuch apolture, that the incident Light vfzs ftrong- 
ly remitted to m y E y e : 1 then flowly put to it fome Petroleum, that being 
well rectified was very clear, and obferved, that, as this Liquor covered the 
^uick-Silver, there was at the imaginary Plane, where they both confined, 
a briiker RefleCiion than the ^uick-Silver alone had given before. On this oc- 
cafion it will not be amifs to take notice, that either the Surface o f the Air 
itfelf, as thin and yielding a Fluid as it is, or the Surface o f a Solid conti
guous to included Air, or fome interpofed Subtile Matter, may refle5i  the in- 
cidetit Beams o f Light more ftrongly than moft Men would expeót. T o  this 
purpofe* I remember, that a curious Perfon having one Day brought me a 
couple o f Rarities, which he told me were two pieces o f a Solid, but tran- 
fparent Body, that he had calually found j in one o f which there was a 
Pearl, Large, Round, and Orient, and in the other a lefs perfeét One:
One o f them was opened, and that which had appeared a Peart was found to 
be but a Cavity, that contained no groflfer Subftance than Air. And I have 
by me a well iliap’d piece o f Glafs of a good Thicknefs, with an Aereal 
Bubble in the middle, which by fome C^ialities, particularly its Pearl-like 
Shape and vivid Reflection, does not ill refemble a fair, tho’ not orient Pearl,
But in fuchlike Obfervations, the Pofition o f the E ye, and that wherein 
the Body receives the Beams o f Light, may be very confiderable. For I have 
by me a Small Stone (with which I have puzzled a ikillful Jeweller to deter- .
mine what kind o f Gem it was) that being laid fiat upon ones Hand, or a 
piece of Paper, and look’d on diredly downwards, looks almoft like a piece 
o f common Glafs, and is tranfparent: But, if the Eye be fo placed, tliat |
the incidunt Beams of Light, by whofe Reflexion it’s feen, fail with a conveni-
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ent Degree o f Obliquity upon the Stone, it mak^s an exceeding pretty fliew, 
fometimes appearing like a fine Opal, and fometimes not very unlike an 0- 
rient Pearl.

16. W e made a competent Quantity o f a Rejinotis or Gummous Suhjlancê  
that looked like high-coloured Amber  ̂ but was eafy to melt. This we put 
into a deep round Glafs with a wide Mouth, and held it by the Fire-iide in 
a moderate Warmth, till it was brought into a fluid State ; then we tranf- 
ferr’ d it into one o f our Pneumatical Receivers, where we prefumed, that this 
temporary Liquor, would, as well as Liquors that are conftantly fuch, dif- 
ú o ít AerealBubbles^ whentlie PreiTure o f the A ir was withdrawn from it ;  
and accordingly having caufed the A ir to be pumped out by degrees, we 
found, that & r e  o f Bubbles appeared at the T o p  o f  the Liquor, and made 
there a copious Froth, many o f them being by reafon o f the Vifcofity o f the-- 
Fluid, very large, and divers o f them, becaufe o f the'Nature and Texture of 
it, and the thinnefs o f the Films, being adorned with the Colours o f the Rain
bow, whofe Vividnefs made them pleafant to behold, and fuggefted to us 
fome optical Covjiderations. But, notwitliftanding this Froth, I caufed the 
Pumping to be continued, that thojfe Bubbles that had moil o f commop A ir 
in them, and which therefore are wont to rile firft, might get to the T o p , 
and the fubfequent Bubbles might meet with more Refiftance from tJie 
Liqupr ftill tending to grow cold, and fo might be the more expanded, 
and yet kept from emerging by tlie Concretion o f  the refinous Subftance j 
and anfwerable to this we found, That, when this Subftance had refumed 
its confiftent Form , there were intercepted, between the upper and thp 
lower Surfaces oí it, fome Bubbles that were not fmall, which yet had a 
conEderable Reflexion, notwithftanding the fmall Quantity o f the groíTer 
Particlcs o f the A ir, that may be fuppofed to he contained in Bubbles fo 
very much expanded.

17. •’ T is taken-for granted, falling Drops cá Rain Spherical,
yet their Defcent is fo fwift, that I fear ’ tis rather fuppofed than obferved that 
their Figure is Sphericalj which will be the more queftionable, i f  it be true, 
which is vulgarly thought. That Hail is but Rain Frozen in its PalTage thro’ 
■the Air. For ’ tis evident. That the Grains o f Hail are frequently o f other Fi- 
;gures than truly Orbicular, 'ñut t\\t Surf ace d i Water may have differing 
F'igures, according as ’tis totally encompafs’d with heterogeneous Fluids, or 
¡as *tis only in fome places contiguous to one or more o f them. In the for
mer cafe we found it not fo eafy to make an Obfervation, becaufe, we know 
not of any two Liquors (fetting Mercury afide) that will not mingle either 
with one another, or with Water. W e therefore cautiouily convey’d into 
fome chymical Oil o f Cloves fome Portions of common Water o f differing Big- 
neifes, taking care, as far as we could, that they might not touch one ano
ther ; by which means the 0/7 being tranfparent, and yet fomewhat coloured, 
’ twas eafy to obferve, that the fmaller Portions o f Water were fo near totally 
invironed with the 0 /7, that they were reduced into almoft perfeft Globes; 
Thofe Portions, that were fomewliat bigger (as about twice the Bignefs o f a

Pea,)
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Pea,) would be o f a Figure fomewhat approaching to that o f an Ellipfu (for 
»twas not the fame) and thofe Portions that were yet fomewhat larger, tho* 
they feemed to be funk almoft totally beneath the Oil\ yet, they held to it by 
a fmall Portion o f themfelves, whofe Surface was eafily enough diftinguiih- 
able from that o f the Oil. Thefe larger Portions o f immerfed Water being 
almoft wholly inviron’d with the other Liquor, were by it reduced into a 
round Figure, which was ordinarily fomewhat Elliptical, but more depref- 
fed in the Middle than that Figure requires.

I  S. Having into a (lender Pipe, o f that fort that has been defcribed be
fore, put a little Oil o f Cloves, and upon this fome Oil o f 'Turpentine, that fo 
the Water might both above and beneath be touched by Heterogeneous L i
quors, I obferved not the O il o f Clon̂ es to be very manifeftly Tum id at the 
top, nor the lower Surface o f the O il o f Tiirpenti7ie (for the upper was Con
cave) to be very C on vex: For fomewhat Convex it was downwards. A nd, 
from this ’ twill be eafy to conclude the Figure of tlie Cylindrical Portion 
o f JVater intercepted between thefe two Oils.

19. I took 0/7 o f Annifeeds, thaw’d by a gentle Warmth, and Common Wa
ter, and, having put them together in a convenient lhap’d GJafs, they were 
fuffered to itand in a Cold Place, till the O il was coagulated ; which done, it 
was parted from the Water, and by the Roughnefs o f its Superficies mani- 
feited, as I expefted, that, when its Parts were no longer agitated and kept 
eafily Difplaceable, by the fubtile permeating Matter, or whatever other 
Agent or caufe it were to which it owed its Fluidity, when the contiguous 
Water grew unable to infleft, or otherwife place them after the manner re- 
quifite to conftitute a ¡mooth Surface. And, what happen’d to that part o f 
the Qi/’s Surface that was touched by the Water, happen’d alfo to that whiqh 
was contiguous to the A ir, lave that the Afperity o f the laft named Surface 
was diftering from the other, which, whether it were an accidental or con- 
ftant Phsnomenon, farther Trial muíl determine. But I have often obferv’ d̂  
that the upper Surface of O il o f Anvifeeds, when this Liquor comes to be 
Coagulated by the cold A ir, ŵ as far enough from being Smoqfh, being 
variouily afperated b y  many fl^lcy Particles, fome of which lay with their 
broad, and others with their edged Parts upwards.

20. An Inequality and Ruggednefs o f Superficies I have alfo obferved w 
Water, when, having covered it with chymicd O ilo i Jimiper, and expofed it 
in very cold Weather, tho’ the 0;7 continued 1‘luid, yet the .Water being 
Frozen had no longer a fmpoth Superficies, as whilft in its Liquid State’tw^s 
contiguous to the Oil. And the like Inequality, and rather a greater, we 
obferved in the Surface of Water Frozen, which haAchymical Oil oi^urpntin^ 
fwimming over it, yet a no lefs, if not a much greater, Roughnefs may be 
oftentimes obferved in the Surfaces of divers Liquors that.abound with Wa~ ■ 
ter, when, thofe Liquors being Frozen, their Surfaces have an immediate 
Contaft with the Air. I ihall here add, that, having purpofely .cayfs^  ̂
Strong and Blood red Deco6tion o f the Soot of W ood to .be expofep m a 
large Glafs in a very cold Night, 1 was more plcafed than fi}rj>rized, to find
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in the Morning a Cake of Ice, that was curiouñy Figured, being full o f large 
flakes ihap’d almoft like the iDroad Blades of Daggers, but neatly fringed at 
the Edges. But that which I chiefly mention thele Figures for, is, that they 
feem to be as it were Imboft, being both to the Eye and the Touch raif- 
cd above the horizontal Plane or Level of the other Ice.

21. I have fometimes obferved the like Phenomenon in one and the fame 
Liquor, and particularly not long fince in frofty Weather, on a Vial where 
I had long kept Oil o í Vitriol, I perceived that the Cold had reduced far the 
greateft part of the Menftrmm into a confiftent Mafs, whofe upper Surface 
was very rugged and oddly figur’d, tho’ it lay covered all over with a pretty 
deal of high-coloured Liquor, that was not frozen or coagulated, nor 
feem’d to be difpofed to be fo, at leail, in that degree of Cold.

22. This may be alfo obferv’d in the beft fort o f what the Chymijis call 
Regulus Mariis Slellaiusy where the Figure of a Star, or a Figure fomewhat 
like that o f the Deco6tion o f the Soot lately mentioned, will frequently ap
pear imboft upon the upper Superficies of the Regulus\, and fuch a raifed Figure 
1 have feen on a Mafs o f Regulus made of Antimony without Mars. But if to 
thofe two Bodies Copper be alfo fkilfully added, the Superficies will be often
times adorned with new Figures according to the Circumilances tho’ the 
m oil ufual I took notice o f was that o f a Net, that Teemed to cover the Sur
face of the compounded Regulus. But this is not fo conilant, but that I have 
by me a Mafs o f the Conical Figure confifting o f two very contiguous, but 
eafiiy feparable Parts, whereof the lowermoft, which abounds more in Metal̂  
hath its upper Surface covered with round Protuberances, in íhape and big- 
nefs not unlike to fmall Peafe cut in two : and thefe are fo really imboft and 
elevated above the reft of the Superficies, that the other part o f the Cone 
which is of a more fcorious Nature, as in its lower Surface, which exaélly 
fits the upper o f the Regulus, Cavities, for number. Shape and Bignefs, 
anfwering to the Protuberances lately mentioned; which argues that the 
Regulus cooled firft with that Inequality o f Surface we have defcribed, and 
that the Lighter and more Recrementitious Subftance, continuing longer 
Fluid, had thereby opportunity to accommodate itfelf to the Superficial F i
gure o f the. Regulus, on which it firft leaned, and afterwards coagulated.

ft^ny^oM et D tf- V IIL I .  M y Brother, M r. Tho. Molyneux (in the Nouvelles áe la Republique
^e‘njhna'sftti~ J-^ttrcs) hasgiven this Reafon for the Rhanomenon, viz. That the Internal
fiestty uihuT Motion o f  the Parts of the Liquor does keep up the Particles of the dijfohed

for they, being fo very minute, are moveable by the leaft Force imagina- 
Moiyn«uj. blc, and the Aélion o f the Particles o f the Menjlruum is fufiicient to drive the

Atom es o f the Dijfohed Solid Bod'j from place to place ; and confequently, 
jlDtwithftanding their Gravity, they do not Sink in the Liquor Lighter than 
tbemfelves.

But I conceive another Account may be given o f this Appearance, and that 
the Prime Law  of Hydrodaticks is a little deficient. ’ T is true indeed, if  we 
•onfider oiA j Úít Specifick Gravity o í  a Liquor, VíiiáúizSpsciJick Gravity o f a
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Solid Particle Floating therein, the forementioned Rule is exa£i; but In Sink
ing there is requifite a Separation of the Parts o f the Liquor by the Sinking 
Body ; and there being a Natural Inclination in the Parts of all Liquors to 
Union, arifmg from an Agreement or Congruity o f their Paris, there is a Refif- 
tance therein to any thing that feparates this Conjunélion : Now, unlefs a Body 
have W eight enough to overcome this Congruity or Union of Parts, fuch a 
Body will float in a Liquor Specifically Lighter than itfelf. But that a Heavy 
Body, as Mercury or Iron, may have its Parts reduced to that Minutneis 
that their Gravity or Tendency downwards, is not ilrong enough to Separate 
the Cohefion or Union of Parts of a Liquor, will be manifeft, if  we confider, 
that the Refiftance made by the Medium to a Falling Body, is according to tlic 
Superficies of the Body ; But, as the Body decreales in Bulk, its Superficies 
does not proportionably Decreafe : thus a Sphere of an Inch Diameter has 
not eight times lefs Superficies than a Sphere o f two Inches Diameter, tho* 
it have eight times lefs bulk, and confequently paffing thro’ a Medium, as 
fuppofe A ir or Water, the Sphere of an Inch Diameter, is proportionably 
to its Bulk, more RejfiJled, than a Sphere o f two Inches Diameter in propor
tion to its Bulk ; and hence it will come to pafs, that at lail a Body may be re
duced to that Minutenefs, that its Gravity Prejftng downwards (which is 
according to its Bulk) may be lefs than the Rejijtance o f the Medium, which 
operates on the Surface o f the Body i feeing, as I faid before, the Surfaces 
o f  Bodies do not decreafe fo fail as their Bulks, thefe decreafing in a Tri- 
plicate, but thofe in a Duplicate Ratio o f the Bodies Diameters.

But, becaufe I have faid that the forementioned Law of Hydrojiaticks is a 
little defeftive, I defire to explain myfelf a little further in that point. In 
W eights Falling thro* the Air, were Gravity only confidered, the Propor
tions o f their Defcents would be exaftly as Galileo has demonftrated ; but it 
is allowed by all, that the Reftfiance o f the Air, not being confidered in thofe 
Demonftrations, they are not Mathematically Txnt in Praótice, but that really 
there is fomething o f that Proportion hindred by the A ir’s Rejijtance. Now, 
what is this lefs than to fay, that the Rejijiance o f the A ir takes off fome of the 
Operation of Gravity, or is able to withftand or oppofe part o f its Aftion ? 
And if fo, what ihall we fay, were an Iron Sphere let thro’ a Medium of 
Water ? Surely the Proportions o f its Defcents, would be much more di- 
Ihirbed herein, as Water is much more folid and difficult to be feparated or 
pafied thro’ than Air, and confequently we muft needs grant, that more of the 
Operation of Gravity is taken off or refilled by this Oppofition o f the W a
ter, than that of the Air. And if fo, furely there may be a certain Degree 
o f Gravity, that may be quite taken off by the Rejijiance o f the Water. Were 
a Piftol Bullet let fall thro’ the A ir, it would defcend imperceptibly nigh 
the Proportions that Galileo has affigned ; but were a fingle Grain of Sand fo 
let fall, it would be much hindered in its Courfe, and half of this Grain 
would be more obftrufted i what ihall we then fay o f the Ten thoufandth 
part, or of a part o f the Ten thoufand Millionth o f this, and again
infinite Subdivifions o f that, till at lail we come to a Part that would be

wholly

l l

unED



7

wholly reftfid^ or kept up ; fuch I conceive the minute Particles o f a Body 
dijfolved in a Menjiruum.

On this Account, ’ tis, I fay, that the forementioned Principle o f Hydrcfta- 
ticks is a little defedive *, for it confiders not the natural Congruity o f the 
Parts o f a Liquor, whereby they defire as ’ twere to unite and keep toge- 

J tlier, juft as we fee two drops o f Water on a dry Board being broug it toge-
< tiler, do jum p and coaiefce, and therefore Liquors have an innate Power of
f rejijiw^ a certain degree o f Force that would feparate them ; fuch as I fup-

pofe the degree o f Gravity, in the moit minute Particles o f a Body dijfohed
) in a Menjiruum.

The forementioned Rule holds true to the moft nice Senfe in great Bodies ; 
but in thofe that are by many Millions o f Divifions fmaller, it feems to 
fail.

I would not however be thought wholly to rejeft m y Brothers Solution of 
this Problem: for certainly that Motion (whatfoever it is) in a Menjiruum  ̂
which is able to diíTolve fuch a folid Body as Iron, that is, which is able to 
difturb the clofe and ftrong Cohefion o f the Parts o f Iron, may very well 
be fuppofed fuíRcient to difturb or keep up thefe Parts from refting in the 
Bottom o f the VeiTel, wherein the Solution was m ade; and certainly no bet
ter Account can poffibly be given o f fuch Solutions  ̂ than by fuppofing fuch 

! an internal Motion in the parts o f the Menjiruum iniinuating themfelves into
' the folid Body, and. loofening its parts. But I leave to others to confider
, what kind o f Motion and peculiar Conformation o f  Parts is requifite both
I in the Menjiruum and in the diffolved. Body, that a Solution may refult
I from their Commixture.
[ Ctnftdtrei-, ly 2. Tho* Liquors confift o f Parts united, and tho’ this Union be eafily
i deftroyed, yet o f neceflity it requires fome degree of Force for effeding

iHd,p, 93n i f ,  yet this Property ought not to be rely’d on as the foie Caufe o f this
Appearance : For» in this Solution o f the Problem  ̂ W e firft fuppofe the minute 

I Particles o f a heavy Body rais’d, and then give the Reaion of their not
i finking ; whereas ’ tis not to be queftioned, but that that Force which raifed

thenn is tlie fame that keeps them from falling to the bottom.

An VndertaUng IX. Sit Sam. Morelünd undertakes to demonftrate, (contrary to the com- 
sir nion and received Opinion thro* England and all Europe)

Sam. Moreland. j .  That he will force Water 60 Foot high with treble the W eight that
fliall raife it 20 F o o t ; and fo proportionably, in infinitum.

2. That by how much wider ^ e  Barrel is, in which the Forcer works, 
than the Pipe thro* which the W ater is forced up, by fo much is the Engine 
preffed with unneceflary W eight.

. . t S i p h o n X .  i:  T h e laft Summer, Ann. 1684.  ̂ Treatife fell into m y Hands,
called Sipho Wurtemburgicusy or an inverted Siphon with Legs o f the fame 

sipho wurtem - H eight, running and running back again, fuch as had never been heard of
before. T h e Author fpeaks wonderful Things o f this Machine, but begs
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the Reader’ s Pardon for his mofl: Serene Patron, who had a mind to pre- 
ferve the Strufture o f it for himfelf. When I read this I confider’d how a 
Siphon might be conftruéted, which ihould perform the fame Things as are 
faid o f that of Wurtemhurg. Having therefore in m y Hands a certain Si
phon o f Glafs, I ereóted it as nearly perpendicular as I could over two Vef- 
lels; and when it was fixt in this Situation, I poured Water into one o f the 
Veflels, till the Orifice o f the Siphon was a little immerfed in it, and pre- 
fently as I expeéted the W ater run out into the other Vefiel. Then that 
VeiTel being emptied into which I had firft poured Water, I poured it into 
the other, and immediately that W ater run back into the firft VeiTel. Tho’
I would not venture to compare the Artifice o f this Siphon o f mine with 
that of Wurtemhurg  ̂ yet as to its ufe I doubt not but that it will not much 
yield to that, efpecially if a certain Inftrument be added to it, which I have 
contrived in a particular manner.

2. In the Treatife concerning the Siphon, which was lately 3;̂  Dr. Papin,
jrlnted at Stutgard by Dr. Salomon Reifelius  ̂ certain wonderful Things, and 
)efore unheard of, are told o f that new Siphon, o f which the Charaéleriílic 

Properties are declared in thefe Words.
1. The Orifices of the two Legs of his Siphon heing placed Horizontally, are 

dipped into the Brims of the Veffels ; whereas in thofe of the antient Invention the 
longer Leg always defcends below the Brim or the Equilibrium.

2. The Orifices being either partly or half filled with Water, yet the Water 
fiows out when drawn over a Mountain. Whereas in other Siphons the whole 
Orifice mufi be filled with Water, or immerged in the Water.

j .  Tho* the Machine be at rejl and in continual Dryncfs, yet it will produce its 
Effe£l, Water being apply'd again.

4. Either o f the Eyes or Orifices being open, and the other after fome Hours 
or a Day being ftop‘d by a Cone or Stopper, y t  the Water will run out j whereas 
in others both the Eyes mufi be open at the fame time.

5. The Orifices being placed in an Horizontal Une, and the Legs being equal in 
height, yet the Liquor will run out % but in the Machines o f Porta and otherŝ  
the Legs mufi be unequal, and the Perpendicular greater.

6. The Water being poured into either Vefiel will afcend and run into either ; 
vjhereas in thofe o f the Antients it runs out at one Leg only, and that the Icngcy, 
but never runs back.

Thefe are the Words of the A uthor; but by what Method, or what A r
tifice thefe notable EfFefts may be produced, he adds not a Syllable. There
fore the Royal Society order’d me to prepare a Machine, which might ex
hibit the fame Phenomena as thefe defcribed in the Book, I have perform
ed the thing after three different manners *, but to avoid being tedious, I 
judge the following, as the eafieft and fimpleft, will be fufficient.

A  A  are two VeiTels o f Metal, in which are inferted the two Extremities w- 
o f the Siphon. B C D E D C B  is a Siphon, the Eyes of which BB are to be 
cifpofed in the fame Horizontal Line. F  is a little Tube foder’d into a

V o l .  I. Z  z z  Hole
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Hole in the pait t)f the Siphon  ̂ and cartfuHy clofcí!, after ih e Sfphn  is 
totally réplenimcü Tvich *Wac¿r. Now it is plain, that fhe Witter contain’d 
ra the Part's C D will tiiridér the ItiRw of the cxterwil Alt-,  ̂fb t'hat it cannot 
piíneCVíféTo the ujî per jPait theíí^.éí?rE. So that t h e b e i f t g  
waysTuli Of AVnter  ̂ X^Wvided it'dors^ntit cictecd-a-dtie height,;) will fnoft 
lliiVly pí’OÜiice its as fobn as iiie W a ttr  in the -Vcíleis A  A  'fhall fill
any jpatt .bf cithir o f  the Qrificts B. And when both tfhe Orifites being j
partly, fyt’d with Wjitfiir, in cither VéíTd A  tlie Surfáce of the W ater lhall (
come tb the .iirfie Horizoiitalifiine, if  you pour never fo little W ater to ¡
either Vcilcl, ^art p ftt wilt preTently be carry’d through-¥he Siphon into the j-
ocher Vejffcl; and m.the Ihme Method the other PbeHmsna may be exhiWt- ii
ed cl?fcrifed1'rt’the 5 ^  _

■sjTt Salomon Tlw t I' rrtiiy' rtót áñy loiiger^t)’e*wannftg in fatisfying the Deíire of the 
R«rehüímw- Society, I confeS that the Siphofj of the moil excellent Dr.
n.i7« a. iga, cqjjcihci very IFurlcifihurgsc Sipt̂ oHj alfo made with a Recurvation of 
i>ct.A3.i§85, thepcv^;^ is ¿here-any other IVJ^ftery atth e  Top, as the Invenrcr has 

defcrlbeviy thdh chnc k  muft be fiiPd by a Funnel, without which linpietion 
it cannot hin áway, Thíá*íhA!í foon be confirm’d fa th er by the Frefs, be- 
caufe it would- be long and xedious to iet‘ down every-thing here.

Now that I may fhew at prtrfent that I have already perform’ d fome- 
thing áboüt the Effcits of f?hc Síphün  ̂ here is fomediing that has oc- 
cur’d to me in making my ’-Ebqierixnents. F o r I have leam’d how tlie W a
ter may run out either at the top, or át the which many have pro
mis’d to do, but h‘ardly any one has perform’d.

X I. I.' A  A  is a gr&'at Glafs nfáde ííke a 'TunAler, but much bigger, 
£nims^0i^  and laid upon the Chimney Board, B B.

h  C C  is the Engine like: a fmall Rock  ̂ that dórii conftantly fpout out W ater
Holes D D : This Rock is kept at ̂  diftance from che bottom of 

jijyAn.’i6í 5. the Ghfs A  A  \ fo that it may plainly oe fccn that it cannot receive any 
W ater by fubterraneal Ttíbes.

E  E  is a faftltious ‘Coraly reaching from tlic'Center of the RoskCCy to 
the Center of the Crown F F .

F  F  is a Crawn bearing upon the Aperture of the Ghfs A  A , and holding 
'the Rsck C C , fulpended at a confiderable diftancefrom the Bottom.

G G  a Glais open at both ends, apply’d to the Rock C C , to keep the 
W ater Upon it from falling down. 

â hs'Áiiy Df. W ater in this Engine runs conftandy. H H , Tw o ShtUs to receive
Niiib. vir.cer.t-' the W ater from the Jtito*s,
dcc?ad!‘j6í6!* 2. Witllin t h e C C ,  there may be a Vcflel placed, which ihall be

made like the Body of a Pair of BeUowŝ  or thofe Pitffs heretofore ufed by
Barbers^ which being'filied with W'ater, a Piece of Clockwork put under it
may produce the Jettons; the W ater being received into the Shtll H  H»
and running thence into the hollow of the w r^ j/E E , may be thereby con-
'veycci i'nto the follicuhr Cavity in the l^mc quantity it is ejedcd from the

two
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two CTTiCTging Tub» j and it will circulate accorcUng to the going of the

3. I conceive chat the Air is forced into thQ cutir Clitfs the bottom a,
■thCTCOf.

That 5t then paflcs up between the two GlaJJes*
That the otHer Gtafs or Cafe being clofe luted at the Head or Crtmn to

which the inner Gl(^s is hung by the Coral̂  the Air is forced into the Moutli 
of the inner Glafs.

That the Air fo forced, prefílng on the Surface of the Water that covers 
the Rocky forces the Water to rile thro* thofe two extream Parcs chat arc
not ác aU elop’d, or covered with Water.

4. A B D E ,  fignifies a Cylindrical VdTel, clofcd on every fide, and di-j”.j
vided into two Rooms by the Floor E  F. non

G L M H ,  is anotheir Cylindrical Veñel widiin tliat upper Room, 
mented with its Mouth downwards to the Floor, and full of Water up to Dec. An. i¿¡̂ . 
the Surface I K ; the upper Part thereof G IK H >  being full of Air.

Q P , RP, Two Pipes, open above and below, and let cliro’ the Upper 
Room into this Veflef, and reaching almolt down to the Floor E  F.

V  W, a. Pipe open above and below, and let into the Uj^er Room.
Thefe Kpes muft be cloie joined round about tliem to the Floors C D 
and GH.

X Y , Two little Hemifpherical Bladders prepared with Oil or forae Oily 
Subftance (as Butter and Turpentine) againffc Water, and Cemented with 
their Mouths upward to the Floor E  F, underneath.

a, (3 Two Valves Opening out of the Upper Room in the Bladders.
$ Two other Valves Openirvg out of the Bladders into the inner \  effel 

above.
N  Z, a Pendulum playing upon the Centre N, and having two Battledoor 

Arms ¿7, to fqueeze alternately the Bladders which reft upon them.
Let the Upper Room be filled with Water at che Pipe V W, and i f  the 

Pendulum be made to play by Cloek^vork^ the Bladders will perpetually pump 
it thence into the Inner vefifel, and tlie comprríl Air G IK  H  in the up¡3cr 
part of that VefTel prefiing upon the Surface of the Water IK , will roree 
it thence into the Pipes O Q , P R, out of which fpouting widi a perpetual 
even Sti-eam into the Spoons ST, it w ill ru n  down by the Pipe W  V ,  into 
the Upper Room again: the Pendulum will play moll caiily when the upjHT 
Room is filled to the Top of the Pipe W  V. Inftead of the Bladders mav be 
other Contrivances, as of Suckers or little Organ Bellows, playing alter
nately with two Leaves about an Axis in the middle. , , tt 1 •

ir. A A, !3 tlie Great *ím bler, that muft have fgme litde Hole in tne 3̂  i>r Pspim
bottom, ás I. ^  ̂ U . Ftg.XÔ

I L  L, a flender Pipe hidden by the Chimney Board B B, thereby the
humbler A  A, hath Communication with the Ptonp or BcUeifíS M  M*

MM,

Ü



M M , Tome kind o f Pump or Bellows well ihut, and having no dther Aper
ture, but thro’ the Pipe I L L .  Thefe are put in feme fecret Place where 
a Body may play the lame and not be feen.

N  N , a (lender Pipe, that makes a Communication between the Glafs A A , 
and the Crown F F ; this Pipe readieth near to the cover of the Crown̂  that 
the W ater contained in it may not run down by that Aperture.

1 E E ,  the Faiiitious Carol, hollow within, Ihut at the Bottom and open at
the Top.

D D , D D , T w o crooked Pipes foldered to the Sides o f the Coral E E , fo 
that the Water running down the Cord  may fpout out at the Holes D  D.

O  O, a Pipe hidden in the Coral E  E, paffing thro’ the bottom o f the 
) fame, where it muft be well folder’d, and reaching near to the Bottom of the
j Reek C  C.
’ P  P , á Pipe to convey the W ater from the Glafs G  G , into the Rock C C ;
|| • this Pipe is well folder’d to the Cover of the faid Rock.
H a ,  a Valm working by a Spring at the Bottom of the Pipe P P, to keep

the Water, that gets in tliat W ay, from returning back.
R , another Valve at the top o f  the Pipe O O , that the W ater getting up 

chat way, may not fall thro’ the fame.
Now it is plain, that the Rock C C , being filled partly with W ater, part

ly  with A ir *, i f  we open the Bellows M  M , the A ir from the Crown F  F , 
muft run thro’ the Pipe N N , into the Tuml̂ ler A  A and thence thro* 
the Pipe I L L ,  into M M , to fill the Vacuity made therein: The Air in the 
Crown F  F, being thus rarified, gives liberty to the A ir in the Rock C  C, to 
rarify too, by driving the Water thro* the Pipe O O. The Water be
ing got up into the Crown F  F , runs down the Coral E  E , and thro’ the 
crooked Pipes D  D , D D , fpouts out at their upper Apertures, and from the 
Shells H  H  falls upon the Rock C  C : I f  we come afterwards to ihut the Bel
lows M M , the Air got into their Vacuity muft run back into theTumMer 
A  A , and prefs upon die W ater at the T op  o f the Rock C  C  : But the A ir 
in the faid Rock having been rarified, its Spring is not fufficient to refift 
this PreiTure, and fo the W ater is forced into the faid Rock thro’ the Pipe 
P P :  And thus opening and ihutting the Bellows M M , the W ater muft 
conftantly circulate by the W ays aforefaid.

'ne uii of this A s  for the Ufes this way for raifing Water may be applied to, this I do
Cwtrivarxt. conccivc I The GlaiTes, being merely to conceal the Secret, muft be left o u t;

and their may be made feveral Receptacles above one another to receive the 
raifed W ater, fo as doth the Crtmn F  F : And there jfhould be as many 
Bellows to communicate every one with one Receptacle: Thefe Bellows Ihould 
be moved by an Axis, fo that, when the Firjl is open, the Second ihould be 
ihut j the open, the Fourth ihut; and fo forth, alternatively i which 
may be eafily done: By this Means, the firft or loweft Receptacle would 
give the neceíTary Supply of W ater to the Second̂  the Second to the Third, 
and the Third to the Fourth, ^ c. till the W ater would be raifed to the intend
ed Height. Such Receptacles might eafily be fet at 1 2 or 1 5 Foot above one

another.
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another, and fo but few o f them might raife Water to a confiderable Height, 
as well as ordinary d o : But this new W ay would have this advan
tage, that in the ordinary Pumps the Strength to be applied lieth near the 
Water to be railed, but by this Contrivance the Stream of a River may be 
applied to draw Water out o f a Mine far diftant from it. By the fame way 
the Stream of the Thames might keep conilant Water-Works in Windfor-Caftky 
as eafy almoft as in the loweft Fields: The River Seine might do the fame 
at St. Germain  ̂ and perhaps at Verfailles too, notwithftanding the great Di- 
ftance. For it is to be obferved. That the Pipes o f Communication be
tween the Bellows zná the Engine  ̂ being merely for the conveying o f the Air, 
which moves very fwiftly, they m aybe flender enough, and fo contain but 
a fmall Quantity of Air to be ratified; and befides, they will not be fubjeft 
to buril or leak, fince the Prefilire they bear, being all external to the Pipe, 
will rather ftrengthen than break the fame. From whence it follows. That 
the laid Pipes need not be ftrong, but may be made at very fmall Charges.
It is alfo to be obferved. That thofe Bellows which are open, have the A ir 
in them very much rarified, fo that the outward Air lieth heavy upon (to 
lliut) them ; by which means the Motion o f the Engine muft be help’d in 
Lifting up the oppofite Bellowŝ  that are to be opened : And this Obfervati- 
on may anfwer the greateil difficulty that might be objeéled againft this 
Contrivance. So that I don’ t queftion but this way for raiftng Water  ̂ may 
on feveral Occafions be of great Advantage.

A  B, A  B, Are feveral Receptacles fet above one another, which muft be Fu-thtr e» 
well fhut and foldered every where. zot.

CD D , CDD , Are two flender Pipes, whereby the Firft and Third Re
ceptacles have a Communication with the Pump H H .

E F F , E F F , T w o other flender Pipes, whereby the Second and Fourth 
Receptacles have a Communication with the TumpW,

H H , I I ,  T w o Pumps whofe Plugs are fo moved by the Axis L L ,  that 
when one goeth down the other goeth up.

M M , a Wheel faftened to the Axis L  L , that it may be moved by the
Stream o f a River.

N O , PQ^, N O , P Q j  Are big Pipes for the W ater to go up, from a
lower into a higher Receptacle.

O , Q , O , Q , Are Valves fitted to the T op o f the aforefaid Pipes, tliat
the W ater may not go down thro’ the fame.

Now it is plain, that, when the Plug in the Pump H H , is going up, the 
A ir comes in thro’ the Pipes C D D , and fo it is rarified in the firft and 
third Receptacles marked A , A :  And by that Means the Water may be dri
ven up into the faid Receptacles thro* the Pipes N  O , becaufe at the fame 
time the Plug in the Pump II, going down, caufeth the A ir to return to its 
ordinary Prefilire in the fecond and fourth Receptacles  ̂ that it may be able 
to drive up the Water thro’ the faid Pipes N O , and the loweft Pi^e 
draws the Water that lies open to the Air. By the fame reafon when the 
Plug in the Pump 11, goeth up, the Air muft come in thro the

J U i  ^  4^ é

ir
tÜ|

I

II'

rsfeo



To

I

I

Several Ohjeñî  
Ofts wade by 
M . Nuis, An" 
ftoered; hy 
D r. Paiún.

E F F : And To it is ritrificd in the fecond and fourth Rcc&ptñdes marked 
B, B, and by that means the Water may be driven up into the laid Recepta
cles thro’ the Pipes P Q , P Q ,  becaufe at the fame time the Plug in the 
Pump A H , going down, caufes the A ir to return to its ordinary PreiTure 
in the firil and third Reccptaclcs  ̂ fo that it is able to drive up the Water thro*
the faid Pipes P Q .

6. I. T o  keep me Receptacles from being fill’d too much, tlie W ater may 
be let out by inferting into each a crooked Pipe, reaching a pretty way 
downwards, and having its lower Aperture fliut up with a Valve, whereby 
the W ater may run out when the Receptacle íhall be fill’d to a certain H eight: 

janl And I may add, to prevent new difiiculties, that, left the Pumps ihould be
fill’d too much, a Valve may be made that ihall open as foon as the A ir in the 
Pump ihould be more compreft than the outward A ir : So the A ir getting 
in thro’ any Pores would be conftantly let out.

2. I have not pofitively promifed a good Succefs, but iov JVindfor zná 
St. Germain \ but w henlfpoke o f Ver failles I ufed the W ord perhaps, thereby 
iliewing that, before any one ihould go about fuch a great Undertaking, he 
ihould refledb upon it more than I would then do, not having occafion. for 
fuch W ork. But I now* make the following computation.

Let the Diftance o f Verfailles, as M . Nuis fuppofeth, be 1 2000 Foot, and 
the Capacity o f each ReccptaclehtdhoMX. one half of" a cubic F o o t: I might 
make tlie Wheel witli the Axis to make their Revolution in one Minute of 
Tim e, and fo order all things that the A ir under the afcending Plugs might 
come to be rarified to fuch a Degree, that by its Elafticity it might not coun- 
terpoife more than 7 Foot o f W ater ; but at the fame time the A ir in the 
Receptacles A ,A ,B ,B , would, even in its greateil Dilatation, be able to coun- 
terpoife 17 Foot-, So it is plain, thast the A ir will be driven from the Recepta
cles mtoxho. Pumpshy a Strength equivalent to 10 Foot o f W ater : Now if

* vid. Sup. we compute the * Velócity o f A ir driven by fuch a PreiTure we íhall find
Cap.y. S. XII. that the faid Velocity will be about 740 Foot in a Second : So that in half a

Minute, during witichthe Plug goeth up, this Aim-tight pafs above 22000 
Footj aitho’ it were not rarified at a l l ; but being rarified, as we do 
fuppoie it to be, it might go a great deal turther.

I muft now take notice, that according to the Honourable M r. Boyle\ E x
periments, the Ráréfá£l':on o f the A ir is much leiTer than M , Nuis takes it to 
be ; for the Water contained in the P ip eN  O , is io far from caufing the Air 
to fill up a Space four times bigger, that it will not e f̂tend itfd f to a Space 
once bigger than before : Confidering therefore the Velocity o f the Air, and 
the fmall Dilatation it doth fuffer, if any oiie will take the Trouble to com- 
3ute, he will fiiKÍ, fhat if  the Pumps have in Diameter the Diagonal of a 

: 'quare Foot, and the fame H eigh t; and if the fmall Tubes o f Communication 
be made o f ~ part o f an Inch in Diameter *, fo that being 1 2000 Foot long, 
they may contain about one cubic Foot o f A ir ; that would be more than 
fufficient to make the necefíkry Rarefaóiion in the Receptacles*

But
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- But for the good Succefs o f the Engine it is not enough to make the A ir pafs 
from the Recep'acles into the Pumpŝ  it muft alfo return from the Pumps into 
the Receptaclcs: Now for this Intent it would be neceflary to fet the Recepta- 
É-/W but five i'o o t above one another; fo to drive the Water up the Pipe 
N O, it would be enough that the A ir in the Receptacle B, ihould prefs with 
a Strength equivalent to 23 Foot of W ater; for it is plain, that five Foot 
in the Pipe N O , together with a PreiTure equivalent to 17 Foot, which I 
have fuppofed to be in the upper Receptacle A , will make but 22 Foot in a ll; 
and therefore 23 Foot deprefling in the Receptacle B, muft prevail, and caufe 
the Water to afcend : Now the PreiTure in the Receptacle being but 23 Foot, 
and the Air in the Pump returning to its ordinary PreiTure, which is about 
33 Foot, it is plain that the Air going back to the Receptacle  ̂ will be driven 
by-a Strength equivalent to 10 Foot, as well as it had been in coming from 
the Receptacle towards the Pump: and fo the Bignefs aifigned for the Com- 
muntcalion Pipes will alfo prove more than fufficient to this Effeft.

From what I have been faying, it is plain, That in great diftances there 
iliould be made as many PwwjOj Receptacles  ̂ as hath been already pro
pounded : And for to raife Water but 16 fo o t  High, there ihould be re
quired 1 3 or 14 Receptacles, and as many Pumps o í the Bignefs aforefaid.
Some People may take this for a great Difficulty : But I anfwer, That in 
this Engine, this is not fo much as it feems at firft ; becaufe, the Preflure 
being all from without, there is no need of any great Strength to refift i t ; 
and fo the Metal for the will coft but little: There may alfo be found 
Occafiohs where to make fo good ufe o f them, that fuch an Engine as lhave 
defcribed would in a Year’s time fave Labour enough topay for many Pumps, 
fince it might every hour raife about 1800 Pounds of W ater to the Height 
of 60 Foot. Mean while I don’t pretend to have given here the beft Pro
portion for* the Bignefs o f every part o f the Engine •, but it may be, by 
altering the Capacity o f the Pumps, o f the Pipes, or of the Receptacles, a 
much more confiderable EiFedl might be produced.

3. The W ater doth not at any time afcend higher than from a lower 
Receptacle into the next upper Receptacle-, which Height is but 12 Foot: So 
that it is plain enough, that the PreiTure of the A ir may be fufficient to 
drive it up. It is indifferent, whether it be by Rarefaftion or otherwife 
that the Water comes into the Receptacle it is enough that the Water 
is there, and that the Air preiTes upon it with fuch a Strength as will pre
vail againil all that oppofeth it.

4. Tho* the Ufe o f  the Pipes be merely for conveying o f Air, they 
may neverthelefs be eafily fill’d with Water, when need requires ; and fo the 
Defeds in them may as well be found out as in Pipes that are ufed for the 
conveying of Water.

An S^nt4 r̂
X n . A , Th^ Ftirnace. natjing waĉ ,
B, The B y ln . , ^ ^ ^
C C , T w o Cccks, which convey the Steam by-turns to trie V̂ jJels v v -  xbo.savery.

’ T) D  D. 153. Í- 228̂

JuoeAOt 1̂ 99«
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D D , The VejJeU which receive the W ater from the Bottom, In order to 
Difchargc it again at the Top.

E E L E ,  Valves.
F  F , Cocks which keep up the W ater, while the Valves on Occafion arc 

cleans’d.
G , The Force Pipe.
H , T he Sucking Pipe.
I, The Water,

( 54*4 ) ^

»

UydraHiiqttc XIII. This Engine is a Cheji o f Copper A , pierced with many Holes above 
. .  . B B , and holds within it the Body o f a Pump E F M , whofe Sucker D E , is

n.jzs.p.é79- raifed and abafed by two Levers C, O •, thele Levers having each o f them
An ^ 1 6 7 two Arm s, and each Arm  being fitted to be laid hold on by both Hands of

a Man. Each Lever is pierced in the middle by a Mortife a a, in which
án Iron Nail, which pafles thro’ the Handle o f the Sucker̂  turns when the 
Sucker is raifed or lower’d. Near the Body o f the Pump there is a Copper Pot
I ,H L , joined to it by the Tube G , and having another Tube K N L ,  which 
in N  may be turned every way.

T o  make this Engine play. Water is pour’d upon the CheJi to enter in at 
the Holes that are in the Cover thereof. This Water is drawn into the Body 
o f the Pwnp  ̂ at the H o le F , at the time when the Sucker is raifed: and when 
the fame is let down, the Valve o f the fame Hole F  fhuts, and forces the 
W ater to pafs thro’ the H ole M  into the Tube G , o f which the Valve 
H  being lifted up, the W ater enters into the Pot, and filling the bottom, it
enters thro* the Hole K , into the Tube K N L ,  in fuch a manner, that
when the W ater is higher than the Tube K N L ,  and the Hole o f the Tube 
G  is ihut by the V a lve^ , the Air enclofed in the Pot hath no liTue ; and it 
comes to pafs,  ̂that, when you (continue to make the W ater enter into the 
Pot by the Tube G , which is much thicker than the Aperture o f the end L , 
at which it muft iíTue, it muft needs be, that the furplus o f the W ater that 
enters into the P<?/, and exceeds that which at the fame time iíTues thro’ the 
fmall end o f the Jet^ compreiTes the A ir to find Place in the P o t: which 
makes that, whilft the Sucker is raifed again, to make new W ater to entqr 
into the Body o f the Pump, the A ir which has been Comprefs'd in the Pot 
drives the furplus o f the W ater by the Force of its Spritig  ̂ mean time that 
a new CompreJJion o f the Sucker makes new W ater to enter, and caufesaiib 
a new Comprejfm o f Air. And thus the Courfe o f the W ater, which ifiues 
by the Jet, is always entertained in the fame State.

4

jichup Pump: X IV . A  A , the Body o f a fquare Taper Pumpy made o f O ak, Elm , or
by Mr. Conyers, Deal P lanks; with a Valve at bottom, a a,
junVAif.1677. B B , X.\\Q Bucket, in the midft o f which there \sz Valve b, not vifible in

the Figure, being concealed by the Sides o f the Leather, b b.
C C C , the Iron to raife the Bucket,

I D  D,
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D  D , the W ood at the bottom o f the Bucket containing the Valve.
E  E , the Handle for raifing the Bucket̂  to be managed by fewer Hands 204- 

than ordinary Pimps are; which may be altered fo as to employ a Horfe, or 
M ill, or other fuch-like way, more advantageous than that o f this Handle 
managed by the ftrength o f Men.

F  F , a Square Taper-Box with Holes in the Sides, and open at the Bot
tom j into the narrower part o f which is enclofed the narrower End of the 
Body of the Pump.

G  G , an additional Bucket o f a larger Dimenfion, to be placed on the 
Iron W ork of the Pump about H , when it £ball be needful to lengthen the
1  aper of your Pump, and thereby to raife the Water more forcibly to a 
greater height.

II , the Spout of the Pump, to caft out the Water, of the fame Breadth 
with the fide of the Pump.

K K , the Iron or Wooden W ork fet off, or bent back (if need be) and 
placed at the back of this Pump, for the eafier and more capacious Motion 
o f  the Pu7np-Handle, in which it moves.

This Pump was by me contrived in 1673. when the New Canal o f F êet- 
River in London was enlarged: It was found to rafe at leaft twice as much 
Water proportionably as thofe o f the fame, or rather bigger Bore, that were . 
firft made ufe o f and caft by. It was 8 i  Foot long, and i Foot 8 Inches 
broad at the top, and about 8 Inches broad at the bottom, where it is in- 
ferted in the Box j and did caft out 8 Gallons at a Stroke, and 21 Strokes be
ing made in one Minute, there were delivered about 169 Gallons in aMz««/^’s 
time j whence it is eafy to compute, what Quantity is thrown out in an 

j , Hour. This kind of Pump may by the fame Contrivance be made of a Tree
' bored thro* with a Taper Bore: and a Baiket may be ufed at the bottom of

the Pump inftead of the Box-Colender,

X V . o f lefs General Ufe, {ExtraSied from a i?/Jo. Alph. Bo-
rellius de Motu Animalium) omitted.

I. A  Way how a Man may Swim under W ater, and breathe by the Help of
a Bag about his Head. n. jj.

2. Another way ^Breathing under Water by the help of a Leathern Pipe kept 
cpen by wreathed Wires, and extended by the Svi'imm&f s Head to the top of the 
Water.

3. A  way to make a Submarine VeiTel accommodated with ways to Row iV, 
m d  to make it Rife PMd Sink in the Water,

Vol. I. A  a a a XVI. Ac-
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X V I. Accounts of Books omitted.

i|«
11. R. p. i4>. 
n. 10 .p. J73,

* • •

i . T T  Ydroftatical Paradoxes, tftade out by Nciv Experiments» (for  ̂the m ji 
r. íi6.p. 4S1. X J .  Ph^ical and Enfy) by the'Honourable R .’Boyie, Ef<i\

2. Recueil de diverfes Pieces toiichant quelques Nouvelles Machines  ̂ Scct 
Par D. Papin, M . D. A C r’Jfel. 1695. in 8vo.

4̂ ^
yJ

C H A P .  VII.

Geography, Navigation,
^ ner̂v pUu for 
the firft M tridi- 
iAyt pTft̂ cs'di ty 
a ProícíI()r 0/

i
H  E  'Longitude o f a Place upon the Earth is an Arch, o f the Equinoc-

_ -tial intercepted between two Meridians; <>r the Space o f Tim e
which is number’d by the Equinoólial between two Places. Wherefore it 

oa. An. 1675. would be proper to fix the beginning o f Longitud? in the Equipodial i t  felf.
Moreover fince the Equino6tial Circlc divides the (jlobe into Northern and 
Soudiern Hemifpheres, if  the fixing o f  this Primary Meridian is appointed 
in it, there will be an Equality and Conformity between the Northern 
and Southern Parts. Befides it is neceffary for exaiftnefs, tliat the Place of 
this firft Meridian ihould be fmall, that the Reckoning o f the Longitude 
may be exprefs’d the more exaólly; not as fome have done, who have af- 
fumed dll the Fortunate JJlands for -their Beginning of Longitude, and did 
not regard the Diftance o f  two Degrees which they have from one another ; 
which furely is very abfurd. Again care muft be taken that the Primary 
Meridian may not be confounded with the Land and Draughts o f Places 
v/hich-arc defcribed ©nthe Globes or Maps, which muft be if it paiTes thro’ 
the midft o f  Countries. And if  it divides the principal Parts o f the Earth, 
as America  ̂ Africa, Europe, paifing over the Seas, it will be fo much tlie 
fitter and more convenient in the Reprefentation o f the Terraqueous Globe. 
N ow  cohfidering all thele Reafons here mentioned, 'I have found, that as 
Nature, which provides nothing in vain, has placed a certain Ifland under 
the very EquinoSlial Circle, near Brafile, formerly called Abroxos  ̂ which 
liland is diftant from the Pike o f Teneriff Degrees to the W eft, and from 
Uraniburg 42 Degrees to the W eft, in which all the Circumftances are found 
proper to conftitute the firft Maridiafi, as by me have been enumerated.

II. i .T h o fe
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II. I. Thofe that Intend to make ufe o í PendulumWdlches, t̂ Sea, 

have two o f tliem at leaft ;  that, if one o f them Ihould by miihap or n e g - Lon- 

led  come to flo p ,, or (being by length of time become foul) need to b̂ e 
made clean, fKere ifí|.y~íílcély alwgys remain one in Motion. Eniargtdby

2. The Watches on Chipboard are to be hung in a Clofe Place, where they
may be freeft from Moiílüre or Duft, and out o f Danger of being difordered May An. icŝ . 
by knocking or touching.

3. Before the Watches be brought on Shipboard  ̂ *tis convenient they be ad- 
jurted to a Middle or Mean Day-, the Ufe o f them being then moft eafy.

4. Here take nc^ice. That the Sun paffeth the 12 Signs, or makes one 
entire Revolution in the Ecliptich in 365 Days, ^  48'. or thereabout 
and that thofe Days, reckoned from Noon to Noon, are of different Lengths; 
as is known to all that are verfed in AJtronom’j.- Now between the Longeft 
and the Shorteft of thofe Days, a Day may be taken o f fuch a Length, as 
365 fuch Days, 5** 4.9'. i^c. make up, or are equal to that Revolution; 
and this is called the Equal or Mean Day, according to which the Watches 
are to be S e t; and therefore the Hour or Minute ihewed by the Watches  ̂
tho’ they be perfeéírly juil and equal, muft needs differ ahnoit continually 
from thofe that are ihew*d by the Sun, or are reckoned according to its M o
tion. But this Difference is Regular, and is otherwife called the JEquation ; 
which is accounted from riie firft of Eehrmr'j in the following liable.
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July. Augujl. Septem. O l̂ober. Novem. Decemb.

/ tt / // 9 // / // 0 // / //

1 10 45 11 07 ' 9 4 Í 29 16 31 13 21 14
2 10 38 11 16 20 01 29 30 31 03 20 44
3 10 3 ’ II 25 20 22 29 43 30 53 20 14
4 10 25 11 36 20 43 29 56 30 43 19 44
5 lO 19 11 48 21 04 30 09 30 32 19 14
6 10 13 12 01 21 25 30 22 30 20 18 44
7 10 07 12 14 21 47 30 34 30 08 18 14
8 10 02 12 28 22 09 30 45 29 55 17 44
9 9 58 12 42 22 31 30 55 29 40 17 14

lO 9 54 12 57 23 52 31 04 29 23 16 44
1 1 9 5 * 3̂ 12 23 13 31 12 29 06 16 «4
12 9 49 13 27 23 33 31 28 48 Í 5 44
*3 9 *3 43 23 53 3 ^ 20 28 30 15 14
14 9 46 13 59 24 13 31 32 28 11 14 43
15 9 46 14 16 24 33 31 38 27 51 *4 12
16 9 46 14 33 24 53 3 Í 43 27 13 41
17 9 47 14 50 25 13 31 47 08 13 10
18 9 49 15 08 25 33 31 50 20 45 12 40

Í9 9 52 15 26 25 52 31 53 26 22 12 10
20 9 56 15 45 26 1 1 31 55 25 58 11 40
21 10 00 16 04 26 30 31 55 25 34 1 1 10
22 10 04 16 23 26 49 31 5 f 25 10 10 40

23 10 08 16 42 ^7 08 31 55 24 45 10 10
24 lO 13 17 01 27 26 31 54 24 20 9 41
25 10 18 17 21 27 43 31 52 23 55 9 13
26 10 23 17 41 28 00 31 50 23 30 8 45
27 10 28 18 01 28 16 31 47 23 04 8 17
28 10 34 18 21 28 32 31 43 22 38 7 50
29 10 41 18 41 28 47 31 37 22 1 1 7 23
30 10 49 19 01 29 02 31 30 21 43 6 58
31 TO 58 iq 21 31 22 6 34
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By the help o f the foregoing TaHe. you ^111 always know what a Clock 
it  is by the Sun precifely, and confequently, whether the have been
let to the right Meafure o f the Mean Day, or n o ; ufing the Ta¿k 
follows.

When you firft Set your Watch by the Sun, you are to fubdu6h from the 
Tim e obfervcd by the S»;;, the /Eqiiatim adjoined ro that Day o f the Month 
in tht Table, and to Set tlie Watches to the remaining Hours, Minutes and 
Seconds i that is, the Watches are to be Set fo much SJower than the Time 
o f the Swi, as (in the "Table) is the Mqiiation of that D a y ; fo that the M(¡iia~ 
iion of the Day added to the Tim e o f the Clock, is the true Tim e by the 
Sun. And when after fome Days, you delire to know by the Watch die Time 
by the Sun, you are to add to the T im e fhewed by the Watch, the ALquation 
o f that Day ; and the Aggregate ihall be the Tim e by the 5a/7, if  the Watch 
hath been perfedtly well adjuiled after the Meafure o f the Mean Days for 
the Doing o f which, this will be a convenient W ay.

Draw a Meridian Line upon a Floor^ and tlien hang two Plummets, each 
by a Ihiall Thread or W ire, diredtly over the faid Meridian, at the diflance 
oiTome two Foot or more one from the other, as the Smallneis of the Threac. 
•will admit. When the Middle o f the Sun (the E ye being placed fo, as to 
bring both the Threads into one Line) appears to be ia  the fame Line exad- 
ly  (for the better and more fecure difcerning whereof, you muft be furnifli’d 
with a Glafs of a dark Colour, or fomewhat Black’d with the Smoak of a 
Candle) you are then immediately to Set the Watch, not precifely to the 
H our of 12, but by fo much lefs as is the Mquation o f that Day •, e.g. If it 
■were the \^ih o f March, the jEquation o f that Day being by the Table, 
8' 3" thefe are to be fubducted from 12 Hours, and the Remainder will 
be i i \  5 1' 5 j", to which Hours, Minutes, and Seconds, you are to Set 
the Ltdex o f the Watch refpeóHvely : 'J hen after fome Days you are to ob- 
ferve again in the fame manner, and likewife to note the H our, Minute, and 
Second of the Watch \ to which you are to add the ^Equation o f thefe Days, 
taken out of the T able; and if  the Aggregate do juft make 12 Hours, the 
Watch is adjufted to the Right Meafure *, but if it differ, you are to divide 
the Minutes and Seconds o f that Difference by the Number o f the Days be
tween both the Obfervations, to get the daily Difference.

L et us fuppofe thisfecond Obfervation to have been made the 20'*’ o f March, 
viz. Eight Days after the firft, and finding that the Middle o f the 5«;;, being 
feen in the Meridian in the fame Line with the two Threads, as before.
T he Watch points, —  ---------  ------  ---------- --------  11 51' 07".
The ^Equation o f the 20/^0f March, by the Tablê  is —  00 10 40
WMiich being added to the Time fhow’d by the Watch, gives 12 01 47

It this had been juft 12 Hours, the Watch would have been well adjufted, 
but being 1' 47", more than 12, it hath gone fo much too faft in eight 
Days. A nd thefe i ' 47", that is 107", being divided by 8, there come 
1 3 1- Seconds for die Difference o f every 24 H o u rs; which Difference being

I known.

( 550 )
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Icnown, i f  you want time, or have no mind to take the Pains to adjuft the 
IVatch to its right meafure, (this being not neceíTary, fince you may bring 
it tlins on Ship-Board) note only the daily Difference, and regulate yourfelt 
accordingly. But i f  you will adjiift it better, you muft remove the ieffi 
Weight of the Pendulum a little downwards, which will make it go flower, 
and then you muft begin a-neW to obferve by the Smî  as before. If 
it had gone too flow, you muft have removed the mentioned Weight 
fomewhat upwards. And this is o f that Importance in the finding out 
of Lofigiiudes, that if it be not obférved, you may fometimes in the fpace 
of Three Months mifreckon 7 Degrees, and more yet (without any faulc 
in the Watches which under the Tropicks will amount to above 400 EngUp 
Miles.

The Watch may alfo be adjufted on Boards when a Ship Rides at Anchor, 
thus : In the Morning, when the Sun is juft half above the Hortzotî  Note 
what Hour, Minute and Second, the Watch points at, if it be goin g; if  
not, fét it a going, and put the Indexes at what Hour, Minute, and Second 
you pleafe. Let them go till Sun-Set̂  and v/hen the Body of the Sun is ju ft 
half under the Horizon  ̂ fee what Hour, Minute, and Second the Indexes o f 
the Watch point at, and note them too ; and reckon, how many Hours, 
are paiTed by the Watch between the one and the other. Then take the half 
of that Number, and add it to the Hours, ^ c. o f the Morning Obiervation, 
and you ihall have the Hours, which the Watch did ihow, when the Sun 
was in the South -, v/hereunto add the ^Equation in the Table belonging to 
that Day, and note the Sum. Then, fome Days being pafs’d, (the more the 
better) you are to do juft the fame : And if the Hour of this laft Day be the 
fame that was noted before, your Watch is well adjufted •, but if it be more 
or lefs, the DiiFerence divided by the Number elapfed between the two O b- 
fervations, will give the daily Difference. And if you will, you may let it 
reft there, or otherwife, removing the leiTer W eight of the Pendulmn  ̂ you 
may adjuft it better. You may alfo, inftead o f the Rifmg and Setting, 
take two equal Akitudes o f the Sun, before, and after Noon, and having 
noted .the time given by the Watches at the time of both the Obfervations, 
proceed with it in the fame Manner, as was juft now direded for obferving 
the Sun in the Horizon. In either of which ways there may be fome Error, 
caufed by the Sun*s RefraSfion j which is inconfiderable, and therefore needs 
not to be taken notice of.

5. Give to each o f the Watches a Name, or a Mark, as A , B, C ; 
before you fet Sail, fet them to the Tim e obferved by the Sun in t̂he Place 
where you are, and whence you are departing, allowing for the /Equation of 
the Day whereon you make your Obfervation •, which Day you are to note, 
if the Watches be not well adjufted •, otherwife it is not neceíTary.

Then afterwards being at Sea, and defiring to know the Longitude o f the 
Place where you are ; that is, How many degrees the Meridian of that Place 
is more Eafterly or Wefterly, than the Meridian o f that Place where you did 

W a tc h e syou muft obferve by the »9//» or Stars, what lim e of the
Day it is, as precifely as is polTible, and Note at the fame time, to what Hour,

 ̂ ^ r  Minutes,.



Minutes and Seconds the Watches do point (which Tim e, if the Watches be 
not fet to the Right Meafure, is by the known Daily Difference to be adjuft- 
ed,) adding thereunto the JEquation of the prefent Day, which gives you 
the time o f the Day, ihewed by the Sun, at the Place where the Watches were 
fe t : And, if this time o f the Day be the fame with that obferved where you 
are, then you are under the fame Meridian with the Place where the Watches 
were Set by theiSa» ; but, if  the time o f the Day, obferved where you are 
be greater than that ihewed by the Watches  ̂ you may be afifured, that you 
are come under a more Eafterly Meridian *, and if lefs you are come under a 
more Wefterly. And counting for every hour of difference o f Time, ir  
Degrees o f Longitude, and for every Minute. 15 Minutes, or o f a Degree, 
you ihall then know, how many Degrees, Minutes, <ic. the faid Miridian] 
do differ from one another. E. g. Suppofe the Watches A , B, C , were Set 
at the PLice, whence you parted, on the ^oth o f February, to tlie time 
o f  Day obferved by the Sun, abating the JEquation of the lo th  o f Februarŷ  
{viz. 2' 28".) and fuppofe that the Watch A , be fet to its Right Meafure, but 
that B goes every Day 7" too Slow, and C  every Day 1 2"' too fa it; Some 
Days after, fuppofe the ¿th of May, defiring to know the Lofigitude o f the 
Place where you are at Sea.
You obferve the Tim e o f the Day there to be ---------  —
And you find the Watch A  to point at --------  ---------
But the Watch B to point at ------   -----  ---------- —
Going too flow by 7" every Day, which makes in 74 Days 7

{viz.. From the lo lh  o f Feb. to the ¿th of May,) --------- ^
W hich being added to its own T im e, gives the fame with 7

that o f the Watch A , viz. ------  ------  ------  ^
Y o u  find alfo the Watch C  to point at ------ . —
G oing 12" too fail every D ay, which makes in 74 Days 
W hich being Subdufted from its own T im e, gives again —
T h e Tim e o f the Day therefore by the Watches being ------
A d d  thereunto the /Equation o f the ^th o f May

( 552 )

“  the 7

But the Tim e obferved beins: ----  . ^

05»» 18' 10"
02 06 00

I 57 22

00 oS 3S

02 06 00

02 20 48
GO >4 48
02 06 00
02 06 00
00 19 29

02 25 29

05 18 10
02 52 41

02 52 40

43“ 10' 15'̂

Exceeds this by ------ ---------- ■ —  ---------
Wherefore the Meridian o f the Place,where you are May 5. is 7 
„ more Eafterly, than the place where the Watches were fet by 5  
W hich being reduced to Degrees, reckoning 15 Degrees 7

for an Hour, comes to ---------  --------- ---------------- 5
*Tis true, that from the fame Reckoning it may be concluded, that you 

are 180 Degrees more Eafterly •, which happens, becaufe the Hour Index goes 
round in the fpace o f 12 Hours in the *, but the Difference is fo
great, that one cannot be deceived in i t ; elfe the Watch might be fo made, 
that the Index ihall go round about once in 24 Hours.

6. Since that for finding the Longitude, the Tim e o f the Day, at the Place 
where you are, muft be known, (as hath been faid above you muft have a

2 care

To find (he
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care to obferve that Tim e as precifely as pofllble. For every Minute of 
T im e, that you mifreckon, makes ^ Degree in Longitudê  which amounts, 
near the Mquator^ to above 15 Englijh Miles^ but lefs elfewhere. Where
fore to find the Tim e o f the Day with Certainty, the beft way is to obferve 
the Sun's Altitude when it is in the Eaft or W eft, (the nearer the better :) 
for, being there, its Altitude changes in a Ihort time more fenfibly than be
fore or after •, and thus from the Height o f the Pole and the Declinadon of 
the Sun, the Hour may be calculated.

7. A t the Rifmg and Setting of the when it is half above the Horizon  ̂An 
mark the time of the Day, which the Watchei then ih ew ; and tho’ ye 
have in the mean time failed on, it is not confiderable. Then reckon by 
the Watches what Tim e is elapfed between them, and add the half thereof to 
the Tim e of the Rifing  ̂ and you ihall have the Time by the Watcheŝ  when 
the Sun was at South, to which is to be added the jEquation of the prefent 
Day by the Table. And, if  this together makes 12 Hours, then was the Ship 
at Noon under the fame Meridian where the Watches were fee with the Sun. 
But, i f  the Sum be more than 12, then was ihe at Noon under a more 
Wejlerly Meridian ; and, if lefs, then under a more Eafterly % and that by as 
many Times 15 t)eg. as that Sum exceeds or comes íhort Hours of 12 ; 
as the Calculation thereof hath been already deliver’d.

Suppofe, e.g. that the Watches A  and B, as before, were fet with the Smi 
at the Place whence you parted, the 20 o f February; and the Indexes fet to 
the Hour, Min. and Sec. fhewed by the Sun̂  abating the ^Equation o f that 
Day, viz. 2' 20" j the Watch A  being reduced to the right Meafure, and 
B ffoine too (low by 7" a day. Afterwards on the 2 id  of defining to
,  V  -r 1 . 1 \ r ___ • .>

O  ̂ X
And in the Evening, the Sun being half under the Horizon,

when the fame Watch points at ---------  ---------- ------
T o  find the Tim e elapfed between them, fubdufting the Time

o f the Rifing ---------  ---------  ------  ---------  ------
From ------  ——  ------  ---------  ------  ------  ------

There Remains —
Adding thereunto the Tim e o f the Setting --------- —
Y ou have for the Time elapfed between the Obfervations
W hereof the H alf ---------  ------  ------  —
Being added to the Tim e o f Rjfing —  ------  ---------
Y ou have the Tim e by the Watch A , when ® was in the South 
A nd after the fame manner you are to feek the Tim e by the 

Watch B, when the Sun was in the South •, which let be —  
But xkiisWatch going 7" a day too flow, it is retarded in 19 days

(from the 20th o f  Febr. to tiie 22d o f Me^) ------  ------
W’hich therefore added to the faid Time gives ------- -
That is the fame Tim e given by the Watch A . Now adding to 

this Tim e o f the Watches, the Equation o f the 22dof May
Y ou  have —

V o l .  I. B b b b

2*' 30' 10"

3 8 40

2 30 ID
12 0 0
9 29 50
3 8 40

12 38 3^
6 19 15
2 30 10
S 49 25

8 38 48

0 10 37
8 49 25

4
0 18 f O

9 7 35 
W hich
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I
I
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íi
Í!



W hich is the fame time of the Day with that o f the Place, where the 
IVatches were fet wiien the Swn was in the fame Meridian with the Ship, 
or where the Ship was at Noon. h ' "

The Difference is ------ ------  ------ —  —

(  5 5 4 *  )

Wlierefore this lail Meridian is by fo much more Eajterly than 
the firfi:, wiiicli being reduced to Degrees, as (as hath been ° 
formerly direded) make —  —  —  — ■ —  43

2 52 25

*Tis manifeil, that by this way you find precifely enough 
the Longitude o f the Place, where you were at Noon, or the Tim e o f the 
Sun’ s being in the South : W hich altho’ it differs from the hongitude o f the 
Place, where you are when you obferve the Setting o f the Sun; yet you may 
eftimate near enough, how much you have advanc’d, or chang’d the Lon
gitude in thefe few Hours, by the Log-Line^ or other ordinary Praftices of 
Reckoning the Ship’ s W ay •, or (which is the furer W ay) by the Degrees 
paiTed in 24 Hours by a former day’ s Obfervation.

You may alfo, inftead of obferving the Sur̂ s EJfing and Settings obferve 
the Setting firil, and then the next Morning the Rifing ; marking at both 
Times the Tim e ihew’d by the Watches •, and find thence, after the lame man
ner as before, the Longitude o f the Place where the Ship was at Midnight.

Finally, You may alfo, inftead of the Rijing and Setting of the Sun̂  ob
ferve before and after Noon two Equal Altitudes o f the Sun̂  noting the Tim e 
iliown by tht Watches  ̂ and reckoning in the fame manner, as hat 1 been,faid 
o f the Ri/ing and Setting: Y et it is to be confider’d, that the Altitudes o f 
the Sun are beft taken, when it is about Eaft and W eft, as hath been alrea
dy intimated. But note, that in Sailing North and South you make not the 
Obfcrvations at the Sun’ s Rifing and Settings but at its being due Eajl and
m ji.

8. But you may put the Rule here prcfcribed in Pradice, by taking two 
Equal Altitudes o f fome known Star̂  that rifeth high above the Horizon. 
For you ftiall thence, according to the mentioned Rule, know at what time 
by the Watches the Star hath been in the South ; and fo the Right Afcenfion o f 
that Star being known, as alfo the Right Afcenfion o f the Sun̂  you may thenc€ 
eafily calculate, what Tim e it then w a s: W hich, being compared with the 
Tim e o f the Watches  ̂ as before, ihall give the Longitude o f the Place where 
you were, when you had the Star in the Meridian.

‘ ■9. I f  the Watches that have gone exaitly for a while, ihould come to differ 
from one another (as in length of time it may well happen, that the one or 
other fail a Minute, more or lefs in that cafe it will be beft to reckon’ by 
that which goes fafteft ; unlefs you perceive an apparent Caufe, why it goes 
Too faft (as it may happen when the Cheeks retain not their proper Figures) 
feeing it is not fo eafy for thefe Pendulum-Wdtchss to move fafter than at firft, 
as.it is to go flower. For the Wire  ̂ on which the Pendulum hangs, may 
perhaps by the violent Agitation o f the Ship, come to ftretch a little, but 
it cannot grow ihorter; and the little weight o f the Pendulum may perliaps 
ftip’downwards, but cannot get up higher.

If
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If it íliould be faicl, that upon any Foiilnefs the IVatch will go faftcr by “• 9^̂ '
reafon o f the iliorter Vibrations of the Pendulum  ̂ it is to be confidercd, 
that this is only True when the Watches have no Cheekŝ  but when they 
have them ’tis not ib.

10. When you get Sight o f any known Country, Ifland or Coail, be fure"’47. P-9S». 
to note the langitude thereof as exaélly as you can by the help of the Rules
here prefcribed. Firit, thereby to corre6l the Sea-Mcip:, zhtr t\\& Longitude 
o f a Place ihall have been found at divers times to be the fame, fo that you 
doubt no more of it. For all Maps are very defeftive as to the Situation 
o f Places in refped: o f Eaft and. W eil, chiefly where Seas are interpofed.
Secondly, to be able always to know in the Profecution of your Journey, 
how far you have failed from any Place to the Eaft or Weft. And, if by 
any notable Mifchance or Careleffnefs all the Watches ihould come to ftand 
ftill, yet you may at any Place, whereof the Longitude is certainly known, 
fet them a going again, and adjuft them there by the Sun̂  and fo reckon 
the Lrm îtudes from that fame Meridian. For you are to know, that you 
are not at all obliged to put one certain Meridian o f any known Place as a 
Beginning of the Longitude Reckoning \ this happening only in Maps, or T a
bles of Longitude: A s when you take for that purpofe the Meridian o f the 
Fico in Tcneriffe  ̂ or that of the lilands of Corvo and Flores (the moft Wefter- 
ly o f the Azores') or any others. Yet it were very fit, that all Geographers 
agreed and pitched upon one and the fame Firft Meridian, that fo all Places 
might be known by the fame Degrees as well of Longitude as Latitude; 
tho’ in Voyaging, it is fufficient to obferve only the Difference of Lon
gitudes, beginning to reckon from the Meridian of any Place, you pleafe, 
as if  it were the Birjt.

11. If it happen that being at Sea all the Watches ftop, you muft as fpee- 
dily as is poflible, fet them a moving again, that you may know how much 
you advance from that Place towards the Eaft or Weft.

1 2. The Watches being diilinguiihed by Marks, as A , B, or the like, every 
Day about Noon, or when moft conveniently you can, obferve the Time of 
the Day by the Sun, or by the Stars at Night, and fubduób thence the Mi
nutes and Seconds, that are adjoined to that Day in the Table, and write 
the Remainder down in the Paper, wherein 9 Columns or more are marked, 
placing them in the fecond Column, having placed the Day of the Month in 
the F ir ft; and at the fame time write down the Hours, Minutes, and Seconds, 
o f  each Watch in a diftindt Column, all oppofite one to another. 1  hen in 
another Column write down the DiEerence between the Tim e taken by Ob- 
fervation, and that given by the Watches, or one of them. Then one Co
lumn for the Latitude: One for the Longitude by the Ordinary W ay of 
Reckoning: Another for the Longitude taken from the Difl^ercnce between the 
Time found by Obfervation, and that given by the Watches: And at lait
a large Column to note the Accidents, that befal the Watches, &c. r r r

2 . M a j o r having left the Coall of and being come to
me o f St. Thomas under the Lin,\ he adjufied his Watches there, and put to h
Sea, and Sailed Weilward, 7 or 800 Leagues, without Changing his Courfe 5  ̂ •

B b b b 2
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after which finding the W ind favourable, he fteered towards the Coaft of 
Africk N. N . E. But» having failed upon that Line, a matter o f two or 
three hundred Leagues, the Mailers of the other Ships under his Conduft, 
apprehending that they ihould want Water, before they could reach that 
Coaft, did propofe to him to ftcer their Courfe to Barbadoeŝ  to fupply them- 
felves with Water there. Whereupon the faid Major  ̂ having called the Ma- 
ftersand Pilots together, and caus’d them to produce their Journals and Cal
culations, it was found that thofe Pilots did differ in their Reckoning from 
that o f the Major  ̂ one o f them about 80 Leagues, another about a hundred, 
and the third m ore; but the Major  ̂ judging by his Pendulum Watches that 
they were only fome thirty Leagues diftant trom the lile o f Fuego, which is 
one of the Ifies o f Cape Verde., and that they might reach it next day, and 
having a great Confidence in the faid Watches., reiblved to fteer their Courfe 
thither; and having given Order fo to do, they got the very next Day about 
Noon a Sight of the laid Ifle of Fuego, finding themfelves to fail direÁly up
on it, and fo arrived that Afternoon as he had faid.

M . Huygens being informed o f  this Succefs, wrote to Paris to this effe¿l;
Ib. p. 14. I did not magine that the Watches o f this Firft Strudure would fucceed fo

well, and I had referved my main Hopes for the New ones. But, feeing that 
thofe have already ferved fo fuccefsfully, and that the other are yet more juft 
and exa6t, I have the more Reafon to believe, that the Invention o f Longi
tudes will come to its Perfe¿lion. In the mean time I íhall tell you, that the 
States did receive m y Propofition, when I defired o f them a Patent for thefe 
New Watches., and the Recompence fet apart for the Invention, in Cafe o f 
Succefs •, and that without any difficulty they have granted my Requeft, 
commanding me to bring one o f thefe Watches into their AiTembly, to ex
plicate unto them the Invention, and the Application thereof to the Longi
tudes ; which 1 have done to their Contentment.

III. I .  I have at lail found a Method of knowing tlie Moon's Place, by 
pLesTiy Affiftance only of a fmall Inftrument, within a Scruple or two j and

which is wonderful, neither the Refra¿íions nor the Parallaxes are any hin- 
a. 1I8./.427. drance to ray Obfervations, becaufe the Contrivance o f the Method delivers

me from thefe Niceties. I can ufe this Method either at Sea or Land *, 
therefore the Tables o f the Moon being correóbed, a Method will no longer 
be wanting of taking the fo much defired Longitudes o f Places, wherever 
they are, either at Sea or Land,

Confidertdiy 2. W hat the Profeflbr o f Seville writes about his little Inftrument, with his
 ̂ exceeds my belief. In our Horizon the Moon cannot be

clear’d either o f Refraction or Parallax, unlefs ilie could afcend as high as 
the Zenith. For the RefraSions are extended fo far, and make her Place 
troublefome to find. Once only in a Day the Parallax o f Longitude ceafes 
in the Nonagefim Degree of the Ecliptic, but not fo that o f Latitude. Nor 
can I comprehend how an Inftrument íhall be conftruóled, which together 
with the Parallax takes notice o f the RefraSiion^ the Increafe o f which is 
owing to very different Principles.
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IV. The O b lervation  of Lunay Occultations is o f Singular U fe  to deter- 
mine the Longitude o f  P laces, efpecially  thofe that are far rem ote.

M. Haliey.

V . T h e  Revolution o f  Jupiter upon his Axis being the fw ifteft, and the Lon|iwd«* ’̂ 
m o il R e g u la r  M o tio n  that is hitherto k n o w n  in the H eaven s, a T raveller ^ 
alone, even w ith ou t h avin g  any Correfpondence w ith  other O bfervers, m ay
m ake ufe o f  it to  find the Longitudes o f  the m o il rem ote Places o f  the ^ ^̂ íEni. 
E arth . "•

V I . I .  I  am  fom eth in g in d o u b t w hether the £í/í^7^^ofJ»/);/^’ s Satellites Longitude* 

are equ ally  convenient for in veftigatin g  the D ifference o f  Meridians, as the 
O ccultations o f  the fixt Stars b y  the Moon. Particularly becaufe o f  the tooHevd';!!!.^ 
flow  M o tio n  o f  the Jovials, tlio ’ the O bfervations w ere perform ’ d w ith  a ”* 
m ore accurate T u b e .

2. T h e  Eclipfes o f  the Satellites oi Jupiter, w hich  happen a lm o il every m  Borem.
D a y , afford  a fair W a y  for eftabliih in g the Longitudes over all the E arth. “ • ^ 9̂»*
F o r , befides that thcfe Eciipfes are very  frequent, the Emerjion and Immerfion
o f  thefe Satellites, efpecially  in the Shadow  o f  Jupiter, is fo M om en tary and 
fo  Senfible, that th ey  m ay be obferved w ith  the greateft Exadtnefs, being 
altogeth er exem p t from  thofe EiTential Inconveniences that accom pany the 
Eciipfes o f  the Sun and Moon, w h ich  alfo are rare, and w hofe Beginning and 
End are alw ays doubtfu l b y reafon o f  a certain Ambiguous Light.

T h e  Longitude o f  Places at Sea, Capes, Promontories, and divers IJlands, 
bein g once e x a d ly  kn ow n  b y  this M eans, w o u ld  doubtlefs be o f  G reat 
H e lp , and confiderable U fe  to  'Navigation.

3. T h e  Eciipfes o f  Jupiter's Satellites have been efteem ed, and certainly are Mr. riam- 
a m u ch  better E xp ed ien t for the D ifco v e ry  o f  the Longitude than any yetrt«d».isi. 
k n o w n , b y  reafon that they happen frequently, and are eafily obfervable^’
w ith  a T e le fco p e  o f  12  F o o t, or fo r need w ith one o f  eight.

T h e  Longitude m ig h t be alfo attained by O bfervations o f  the Moon  ̂ i f  wen 1̂ 4 p. 40+. 
had T a b les  that w o u ld  anfwer her M otion s e x a d ly  •, but after 2000 Years " 76̂ -
E xp erien ce (for w e have fom e O bfervations o f  Eciipfes m uch Ancienter) 
w e  find the beft T ab les extant erring fom etim es 12 M inutes or m ore in her 
apparent P lace, w hich  w o u ld  caufe a F au lt o f  h a lf an H o u r, or ^̂  deg. in 
the Longitude d ed u ced , b y  com paring her Place in the H eaven s with that 
g iv e n  b y  the Tables. I undervalue not this M eth o d , for I have made it m y 
B ufinefs, and have fucceeded in it, to  g e t a  large S to ck  o f  g o o d  Lunar Ob
fervations in order to  the Correótion o f  H e r  Theory, and as a G round-’W ork 
fo r better Tables; but, i f  w e Ihould hap jily  attain w hat w e ieek, yet the 
C alcu lation  w ill be fo perplexed and tedious, that it w ill be found m u ^  
m ore inconvenient and difficult than that I propofe b y  obferving the Eciipfes 
o f  Jupiter's Satellites, w hich how ever at prefent Í m uft prefer. F o r  la m  per- 
fuad ed , that the Eciipfes o f  the Firjl w ill fcarcely be found above 4  Minutes 
o f  T im e  different from  m y  Calculations, and I hope it w ill fca rce  ever be 
found to err fo m uch. B u t, i f  the fam e Eclipfe m ay be obferve
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d iílan t Places at the fam e tim e, or com pared w ith  an O bfervatlon  o f  the 
fam e Satellite  ̂ m ade within a W e e k  eifew here, the Difference o f  Meridians -k̂WX 
be had fom eth in g better, than b y  com parin g tw o  O bfervation s o f  the fame 
Phajis o f  a himar Eclipje, m ade in diftant Places. F o r , whereas it is fom e- 
w h at d ifficu lt b y  reafon o f  the Penumbra to determ ine the T r u e  T im e  o f  
tlie A p p licatio n  o f  either o f  the Moo?î s L im b s to  the Sh ad ow , the Satellite 
Eclipfes^ efpecially thofe o f  the Firji, are a lm oft M o m e n ta ry .

A n d , whereas there can rarely happen 4  Eclipfes o f  the Moon V ifib le , the 
fam e Y e a r, thofe o f  the Satellites happen fo  frequently  that there are m ore 
o f  them  V ifib le in one Y e a r  than w e count D a ys in it, th o ’ the P lanet Ju- 
-piter lie hid under the Sun's R a y s every  Y e a r  a w h ole M on th  together.

I k n o w  our Navigators w ill o b je ft  againft this M e th o d , that it is difficult 
to  praclife at Seâ  becaufe lo n g  T ele fco p es are required, w h ich  the M otion 
o f  the Ship w ill not p erm it them  to  m anage aboard. B u t, i f  it be not prac
ticable at Seâ  they cannot deny but that it is at Land; and that the True 
Longitude o f  rem ote C oafts from  us is the firft th ing defired fo r the C or- 
redlion o f  their Charts ; ( L e t  them  attem pt thefe firft, and I d o u b t not but 
the Succefs w ill encourage them  fo m u ch , that th ey w ill readily find means 
to  put it in P ra d ic e  at Sea\) T h a t  the French have ufed this M eth o d  fuc- 
cefsfu lly  both in Denmark and in their Oivn Country ; T h a t  a T e le fco p e  of 
1 4  F o o t L o n g  at m o ft, or fo r need one o f  8 F o o t, w ith  broad Eye GlajJ'eŝ  w ill 
be fufficient tor this purpofe ; T h a t  the D ifficu lty  cannot be kn o w n  till it 
be tried, and that U fe  renders m ay  things eafy , w hich  ou r firft T h o u g h ts  
con ceived  im practicable.

If it be required to know whether any o f thofe Ecllpfes which are in- 
vifible with us, be vifible in any other given Place, convert the Difference 
o f  Meridians betwixt it and London into Tim e *, and, if the Place lie to the 
Eaji o f London  ̂ add it to, if to the Weft̂  íubtraót it from, the Tim e of 
the Appearance at London ; the Sum or Difference accordingly ihall be the 
true Tim e o f the Eclipfe under that Meridian  ̂ at which, if Jupiter be above 
the Horizon, and the Suyi beneath it, the Eclipfe is there vifible, othervvife 
not.

Or, By the help of the Ephemerides o f the Planeth Places, and a Tirrejirial 
Globe  ̂ the fpace on it, in which any o f thefe Eclipfes will be vifible, may be 
found thus;

Firft feek the true Places o f the Sun and Jupiter with his Latitude in the 
Ephemerides  ̂ whereby you may find their Declinations and Right Afcenfi- 
ons, either by the Vulgar Tables, or the Globe itfelf, exadly enough for this 
Method.

Bring London on the Glohe to the Meridian  ̂ and, detaining it there, note 
what Deg. o f the ALquator is cut by it. From this fubtraél the Tim e o f the 
Eclipfe after Noon converted into deg. and min. the Remainder ihews you 
the Longitude o f that Meridian on the Earth, where it is then Noon when 
the Satellite is Eclipfed  ̂ which I therefore call the Meridional Longitude of 
the Eclipfe. Bring this Meridional Longitude under the Meridian, and ele
vate the nearer Pole to the Sun as much as is his Declination: keep the
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Globe In this Polltlon, and. If Jiip'iter be in Confequence o f the Sun̂  draw a 
Line o f the Gbbe along the Eajiern Horizon^ it paiTes over all thofe Places 
where the Sun is Setting at that Tim e •, but, if Jupiter be in Antecedence o f the 

draw the faid Line on the Globe by the PVeJtern Edge of the Horizon, 
it paffes over all thofe Places where the Sun is then Rifing. Jupiter being 
in Confequence o f the Sun̂  add the Difference o f His and the Sun's Right 
Afcenfions to the Meridional Longitude afore-mentioned, bring the Deg. of the 
jEquator anfwering their Sum under the Meridian, raife the Pole next Ju- 

'.piter equal to his Declination, and, detaining the Globe in this Pofition, draw 
a Line again to the EaJlcrn Horizon ■, the Space intercepted betwixt this 
and the Line o f the Sun’s Setting, before defcribed on the Globe, compre
hends all thofe Places on the Earth where this Eclipfe is feen from Sun Setting 
till Jupiter is Set. But, if Jupiter were in Antecedence of the Sun̂  Subtraét 
the difference o f his and the Sun’ s Right Afcenfions from the Meridional 
Longitude, fet the Degree of the ^Equator anfwering the Remainder under 
the Meridian, and elevate the Pole next Jupiter equal to his Declination : 
Keeping the Globe in this Pofition, draw a Line by the Wejiern Edge o f the 
Horizon, the Space included betwixt this and the Line o f the Sun’s Rifing 
contains all thofe places on the Earth, where this Eclipfe is vifible betwixt 
Jupiter’ s Rifing and Sun-rife.

When any Eclipfe of thefe is obferved, the Difference betwixt the noted 
Tim e and that given by the Tables ihall be the Difference o f Meridians be
twixt the Place of the Obfervation and London.

A s the Sun removes from the Conjun6tion of Jupiter, the Ingrefjes of the 
Satellites into his Shadow become obfervable. When he is about 30“ from 
It, the Emerfions of the Fourth, and at 60°, of the Third, began to be feen 
betwixt the Shadow and Body, continuing fo till the Sun be arrived within 60“ 
o f the Oppofition of Jupiter, when the Emerfions of the Third fall behind his 
Body, but the Emerfions of the Fourth continue vifible till he be lefs than 30° 
diftant from 5 : at which Tim e they alfo are hid behind him, all the A p 
pearances being made really to the Right Hand, or in Antecedence o í Jupiter, 
tho’ with inverting Telefcopes, they appear on the contrary, to the Left.

After the Oppofition of the Sun and Jupiter we begin to fee the Inmerfions 
o f the Satellites from the Shadow now on the Left Hand, or in Confequence 
o f Jupiter, but thro’ inverting GlaiTes on the R ig h t; when the Sun is near 
30 deg. from the Oppofition, the Ingreffes of the Fourth, when 60 deg. from 
it, of the Third, begin to be obfervable betwixt the Body and Shadow, con
tinuing fo tilf the Sun arrive at the fame or rather within fomething a wider
Diflance for the Conjundlion of Jupiter.

4. By this very eafy Method, to be perform’d with a very little Appa-27 
ratus o f Inflruments, the Foundations for reftoring Geography may be laid. '

. T he Precepts leading to this cannot be unknown to Aflronomers. It may be 
proper to take notice of one thing, that with a Tube of 7 or 8 feet, which 
is eafily portable, the Moments of thele Eclipfes may be obferved diítinct-
Jy enough, particularly in the exterior-Srt/f/Z/Vii ; efpecially if  the Apertuie
o f the Objedt-glafs be 2~ or 3 Inches. For thus the greateft Quantity or
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the refra^ed Rays will come to the Eye, whence thefe very little Stars near 
Jupiter may be feen, which otherwife would be extinguiih’d by his greater 
Light. And tho’ they may be tinged with Colours, and the Lim b of Ju^ 
piUr may feem not very briglit, yet fince we are only concern’d about the 
Moment o f lofing or of recovering the Light, it is fufficient that they ftrikc 
our Eyes furely, increafed in their L ight as much as may be.

The E  clip fes o f the Firji Satellite o r Jupiter are found by the Rcyal Acade
my at Faris, in Afcertaining the Geographical Site of the Principal Ports of 
France  ̂ almoft Inftantaneotis  ̂ and with good Telefcopes difcernible almoilto 
the very Oppofition o f Jupiter to the5«;;, .So that» could the Satellites be 
obferved with Telefcopes manageable on Shipboard  ̂ a Ship at Sea might be 
enabled to find the Meridian íhe was in to a very great exaftnefs, beyond what 
we can yet hope to do by the Moon, tho* they feem to afford us the only Means 
pra6licable for the Seamen. However, before Sailors can make ufe o f the 
A rt o f Finding the Longitude, it will be requifite that the Coaft o f the whole 
Ocean be fiift laid down truly ; for which W ork this Method by the Satellites 
is moft appofite.

VII. The Longitude of Derby from London W . is 5 or 6 min. the Latitude
Air. FUmftefiL /-2® ^ 7  ̂ OF XQ'.
n. sS-P-
1106. n. H i*

X Efton The Latitude o f ESlon in the County o f Northatirpton is 52* i
n, 76. ̂ .2272.

T he obferved Latitude o f Townley iá the County o f Lancafter, (as M r. 
n. ^ownley writes,) is 53° 44". and its Longitude from the Meridian o f London, is

about 9 Minutes to the W eft.

Lit. «/ T re -  X . The Latitude o f Tredagh in Ireland is 53* 40'.
dagh. n. 1^4.

 ̂ p. 749*
Lo,jg.ofox- X L  Having carefully confidered the Parallaxes o f the Moon in the Obfer-
TckTh o f the Occultations o f M ars, Aug. 2 1. i 6 y6 at Bantzick and Greenwich,
Ha ley. n. 129. J find f rom the Immerfion the difference o f Meridians between Greenwich and 
vJ}tp ĉ p. Oxford 4' 57", between Greenwich and Dantzick i “ 14' 50": By the Emer-
I V . S L X I I .  Jion Ú itfirfto í thefe Differences is found 4" 59", the latter i*; 14' 41"' j which

near Agreement fliews the exaftneis o f the Obfervations.

Z>Mg, cf Paris; X II. I .  I took much Pleafure in comparing the Obfervations c f  Mr.
Í/u7 f̂̂ iÍ¡Q. Flam^eed, about the Eclipfe o f  the Moon, July 7. New Style 1675. with ours 
vid. fiip. Cap. made in the Royal Obfervatory. For from them I fee confirm’d within a few 
v. X L v ,  Seconds, by ten new Comparifons, the Difference o f Meridians which former

ly I had defined to be 11 Minutes, by a Comparifon o f our Obfervations.

Ohfer-
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Mr. Flamjleed'% Obfervations. Our Obfervations. DifF. o f  Meridiajis.

h. i // h. / // /  ^ //

PentadaSiylus cover’d I 55 15 The fame, or Stleucus z 06 '5 II oc
Porphyrites coverM 2 02 2C The fame, or Ariftarchus z 12 40 10 20
The firft Limb o f Sinai 2 05 30 O f the fame, or o f 7ycho z 16 11 00

or * 16 25 10 55
The firft Limb o f 2 06 oc O f  the fame, or o f Coperfñcusz 16 30 lO 30

or * 1Ó 40 10 40
The firft Limb o f Bejbicus z 23 Oí: O f the fame, or o f  Manilius z 34

1

*5 Lcis than 1 1 05
Horminius cover’d 2 26 03 To the fame, or Diotvifius 2 36

✓

Greater than 10 12
[t touch’d the firft Limb

o f Corocondometes 2 39 3c O f the fame, or Pahis Sonmi 2 50 20 10 50
ft touch’d Palus Maotis 2 45 00 The fame, or Mare Cafpium 2 55 20 10 2C

or * 55 4c ID 40
M^otis wholly cover’d 2 50 40 The fame 3 01 10 10 30
Immerjion 2 56 55 Immerjion 3 c? 45 10 50

or * 3 07 40 10 45

This M ark * denotes the particular Determination o f Mr. Cqfvü; in the 
reft he agreed with Mr. Pichará and Mr. Romer.

2. The Middle o f the Lunar Jan. i .  New Style, 1675. h. ' " n. nj. p. 562,
is derived from a Comparifon of the Beginning and End 3 20 00

O f two equal ------------------  ------------ ------------------ -----------------  3 20 1 5  vid.jup.c^p.i'v.

From the Obfervations o f Mr. Namfteed the Middle of the Eclipfe 
may be derived in a like manner. For he at 2** 29' 30", obferved the Dif- 
tance o f the Cufpids to be 17' 16". and at 3*' 52' 45", the Eclipfe decreafing 
he obferved the fame Diftance 18' 57", that is, i ' 41". greater. Therefore 
the Middle of the Eclipfe is nearer the latter Obfervation than the former.
T he middle Tim e between both the Obfervations was 3** 1 1" 7". There
fore the Middle o f the Eclipfe is derived from hence fomething later.
Whence the DifiFerence of Meridians would come out lefs than 9' i which 
but little agrees with more certain Obfervations of the preceding Summer 
Eclipfe^ from whence I determin’d it to be io|: Minutes. Our firft Obfervati
on compared with the former o f Mr. Flamfieed, which was a little later, ex
hibits the Difference of Meridians greater than 8' 3 5". Our latter, being 
later than Mr. Flamfieed's latter Obfervation, would exhibit the Difference
o f Meridians lefs than 9' 40".

The End as eilimated by Mr. Flamfleed
And by us

h.
4  0 7  1 5  
4  1 5  2 5  
o oB 10 
2 16 00 
2 24 35

-------------------------- o 08 35
Therefore from this Eclipfe the Difference of Meridians would 

come out lefs by about two Minutes than by the Eclipfe o f the foregoing 
Summer, which yet I prefer far before this. Not only in relpeft of the 
greater Facility o f determining the Times of the Appulfes and Emerfions

C c c c ^

W ould infer the Difference o f Meridians to be 
The Beginning obferved by Dr. Hailey at London 
W ith that obferved by us
W ould make the Difference o f Meri£ans to be
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in that total EcUpfe than in this partial one •, but alfo becaiife o f  the clearnefs 
o f  the A ir ,  w h ich  w e  en jo y ’ d  alike in that Eclipfe  ̂ wherea? in this the A ir  
was v e ry  feren eat Paris^ but at London it was c lo u d y. T h erefo re  I ju d g e  
w e o u gh t to (land b y  the form er, till we can determ ine the M atter w ith  

/¿. p. }•€+. greater exaélnefs, b y  O bfervations o f  the Immerjions and Emerjions o f  the
Satellites o f  Jupiter, w hich I th in k better fitted for this purpofe.

•By Mr. Fhm- 3. I Can hardly truft to the D ifference o f  M tr 'dans  ̂ derived from  the
ñceá.ib.p.ses. Qf Moon o f  June 27. 16 7 5 . obferved  at London and at Paris ; for

th o’ 1 believe the T im e s  o f  the Phajes obferved  b y  yo u  to  be v e ry  accurately 
determ in ’ d ; yet as I  was obliged  to m ake ufe o f  a Q u ad ran t o f  on ly  20 
Inches, bccaufe a larger w as .not at hand, w h ich  liad o n ly  plain S igh ts, in 
in  order to correét m y  C l o c k ; therefore I can h ard ly  be fure o f  the M o 
m ent o f  any Phafis, nearer than to a M inute. I was better furniilied when
I obferved tl̂  ̂ laft Eclipfe of Dec. 22. 16 75 . but as the A ir  w as fom eth in g 
c lo u d y , and becaufe o f  the oblique Incidence o f  the Moon into the Earth‘d 
S h ad ow , its A p p u lfe  to the Spots was v e ry  flow , and thence this Eclipfe was 
not fo proper fo r this purpofe. T h erefo re  the D ifference o f  our Meridians 
4till rem ains uncertain w ithin tw o  M in u tes, w h ich  I d o  not queftion but w e 
ihall fom ctim e determ ine to our W iíh e s .

( 562  )

Long, cf Srraf- 
bur̂  ̂ and Paris; 
¿/M . Sullialdus. 
n. 125. p. 610. 
•v:d.fup. Cap.
IV . § XLVÍ. 
Long, of Avig
non 3' by Mr. Hai
ley. Ph. Col. 
n. f .  p, i i 6 ,  
Lo'^g. ^  L at. 
ofjtvetal Places 
m France 
n- 163. p. 718, 

719* 7^ *̂
vtd»fup- Cap.
I V . S  X X X I V .

X III. The Meridian o f Paris is diftant from that o f Strajburg 22' 48". 
from the End o f the Lunar Eclipfe o f Jan. i. New Style 1676. And by this 
Eclipfe the Meridian o f Paris is diftant from that of London 6' 38" Eaflerly. 
From the Obfervation o f the Eclipfe July 7. 1675. this appear’d tobe lo ', 
as alfo from the Eclipfe o f Jan. 11. o f  the fame Year.

X IV . Avignon is 19' 40", or 4° 5 0 'to the Eaflward of London.
X V . M . Cafftni having compared together the Obfervations o f the Solar 

EcUpfes o f July 12. ft, n. 1684. and made fuch ReduflioriS as the Parallax re
quires, lays down the Longitudes from Peris to

A ix  in Provence 14' E. The Lat. by M . Gautier is 43® 30'.
Avignon 8 i '  E.
Lyons 8', or 13' E.
Rofes 4 ' E . T h e  Lat, b y  M . Chaffeles 42® 10'.
Honfieur 7' W .
Pan 11'. W . The Lat. by P . Richaud 43° 30'.

Unr. «/Lisbon X V I. M r. Jücohs an Englifh Merchant refiding at Lisbon, informed Mr.
Flamjieed  ̂ that he obferved the Beginning o í the: Lunar Eclipfe, Feb. 11. i68 i 
there at S'* 3 p- m. which gives the Difference o f the Meridians betwixt the 
Obftrvaiory 21 Greenwich and Lisbon, Minutes o f Tim e, or 10° 22', 
confiderably different from our Maps and Sea-Charts.

X V II. The Earl o f Sandwich efteem’d, by the Sun's Altitude in the Sol- 
fiice, and by other Meridian Altitudes, the Latitude o f Madrid to be 40“ 10' •, 
which differs confiderably from that affigned by others, the General Chart 
o f Europe giving to it 41° 30', the General Map o f Spain 40'’ 27', and a 
large Provincial M ap o f Cajiile 40° 3 8'.

XVII.

I V .  s. X L I X .

Lat‘ «/Ma. 
órlá; hy E.
#/ Sandwich, 
c . Z2. p* 3^0»

\
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XVIII. I .  By many concurring Obfervations o f ú\t Moon and other 

Planets, I have found that the Diilance o f the City of Seville irom Urani-Ty. 
burg, as to Longitude, is 90' or i |  Hour, the Difagreement being within 2'-

2. The ProfeiTor ihould confider again, how he can make the Diftancep. 4Z7. by Mr̂  
of the Meridians o f Seville and Urmtiburg to be 90'. For the Obfervations 
of the EcJipfe of the Moon, Jan. 1675. make the Middle at London j^vid fnp. Cap.
I I 'i  after Noon ; to which the Obfervations at Paris agree. The Obferva-^'^'^' 
tions of the faid Profejfor fix the Middle at Seville at 6̂  47'. Therefore the 
Difference oí our Meridians is 24'4-. But between us and Uraniburg there 
are only 52'. Therefore the Difference o f Meridians between Seville and 
Uraniburg cm  be only i*" i6'¿. I am afraid thefe Obfervations o f the Pro- 
fsjfor are made only with his naked E y e ; for the Times of Incidence and E~ 
merjton make i** 5'. whereas our Obfervations, thofe of Paris, and o f He- 
veliuSy do not make thofe Times greater than i** I 'i. or pernos fomething 
lefs.

X IX . The Diference o f Meridians o f Copenhagen and Paris by the Obfer- 
rations of Ju îter^% Satellites, is found by Mr. Picard to be o** 41' 40". ?̂pTc r̂i.^

n. 146. p, 145.

X X . Aft. 1680. 0 £i. 23. St. V . S. Jof. Pontbia, and Marco Antonio C e l t i o ,

with a Telefcope of 25 Palms, obferved the Total Immerfton o f the firjl '
tellite m Jupiter’s Shzáovf zx. Rome, at lo'* 7' 53"; p. ni. which in our 0¿- 
fervato7'y here I noted at 9** 15' 41", whofe Difference is the Difference Qf”' 
our Meridians =  52' 12", or 13“ 03'. Again, Jan. 28. 1685. S. Francis 
Blanchini obferved the Total Immerfion o i  the Firjl at Rome, atii** 1 9 'i  
which I faw not here, but my Numbers give at 10'' 2 7 'i:  Therefore the 
Difference o f Meridians is 52'r, and Rome lies fo much more Eafterly thzn the 
Obfervatory at Greenwich agreeing with the former Obfervation.

The Noble Tycho judged therefore not much amifs, when he placed Urani- 
hurg and Rome under the fame Meridian \ for by feveral Obfervations o f Sa~ 
tellite Eclipfes it is evident, that the Difference o f Meridians betwixt Urani
burg and our Obfervatory is 51' 10" of Tim e ; fo that Rome lies only one 
Minute o f Tim e, or  ̂ o f a Deg. to the Eajt of Uraniburg.

X X L  I. Dantzick is by many and undoubted Obfervations proved to beL'̂ ng. «/Dani
i l  15' 30", more Eafterly than London. múí^Ph.'c,u

2. J}t. 1683. On the very Day of the Summer Soljlice, Jun. 21. NewStyle,n. 5.p. 114. 
at Dantzick, the Sun’s Altitude at Noon was 59° 7'. by a certain fmall Brafs 
Quadrant, but very exa¿t. But on the Day of the Autumnal Equinox the Heveiiw. 
¿■««’s Altitude at Noon was found 35® 27'. ” ’.154,^4^'

X X II. The Longitude o í Nuremburg has been formerly ftated 11° from »/n u -  

London.̂  and fince found to be fo by Obfervations o f the Eclipfe o f the Sun ¿̂̂ '̂̂ /̂̂ . 
July 2. 1684. which made it 44'-  ̂ o f Tim e. "•
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«"L f̂lck^* X X III. The Duration o f the Lunar Eclipfe, Apr. 5. 1688. is made by 
wjy'eppo; M . Timmerman from 7** 38' about lo ’* 45% which agrees within 8 or 10 ,
n I If Minutes with our Tableŝ  that never err fenfibly in the Continuance o f Eclipfes;

ctf}' and fo much ought to be allowed to an Obferver not fufficiently inftrufted
V. LIU. diftinguiih the Penumbra from the true Shadow, tho’ a fmall Telefcope

were ufed in this Obfervation. Let us conclude then, that the End was at 
10*' 40' at Mofeo. W e do not find that this Eclipfe was obferved at Lon
don : However this defeat is in good part fupplied by an Obfervation there- >
o f made at Leipjick  ̂ by M. Gotfrid Kirck  ̂ and publiflied in his Ephemerides •
for the Year 1689 •, where the End is determined at S'* p. m. Hence ]
Mofeo will be I** 46' to the Eajiward o f Leipfiek; and the Difference o f Me
ridians between London and Leipjick being already determin’d 49^ it will 

that Mofeo is 2“ 35' to the Eajt o f London  ̂ or 38“ 45' of Longitude, 
which from Q^er Accounts we find to be very near that of the City o f Aleppo 
in Syria. y

hat. offtvtrai By the fame hand we have procured the Latitudes of the following Places, '
obferved, as *tis faid, with a large Quadrant. 1

Mofeo------------- 55» 3 4 '
Terejlaw----------5 7 44.
Vologda---------- 5q  iQ
W flak ---------- 61 15
Areb-Angel —  64 30

L*titudtst>f X X IV . I have been as curious as I could in taking the Latitudes o f fomc 
puce7T̂ *Mr! remarkable Places : A s I find them, I ihall give them you.
i'rancis Vernon,

jin*.An!'i675! Athens —  0 5 '! f Patras---------------- 38“ 40'
Corinth------ 38 14. I \ Delphos----------------38 50
Sparta------ 37 ^o f  / Thebes------- - ' ■ 38 22
Orone ------ 37 02 J  (^Negropont or Chaléis 31

Conftatrin̂ fie X X V . Upon Intimation o f your Gríífí’s Dcfircs, and upon Importunity 
at7d R h o d e di* o f  fome Learned Men, having finiihed a Table, as a Key to your Graced
vihft! tyMr. Difquifition, touching A^a properly fo called; I thought myfelf o-
Greaves. bilged to give both you and them a Reafon, why, in the fituation o f Byzanti-
dccJaI 168-1 Ifland Rhodeŝ  (which two eminent Places I have made the

irccfxTTsyfAoix and Bounds o f the Chart) I diíTent from the Traditions o f the 
AntientSy and from the Tables o f our late and beft Geographers *, and confe- 
quently, DiiTenting in thefe, have been neceifitated to alter the Latitudes (if 
not Longitudes) o f moil o f the remarkable Cities of this difcourfe. And 
firil for Byzantium, the received Latitude o f it by Appianus^ Mercator, Or- 
telius, Maginus, and fome others, is 43® 5'. And this alfo we find in the 
Bqfil Edition of Ptolemy*  ̂ Geography, procured by Erafmus out o f a Greek M S, 
o f Pettichitis, The fame likewife is confirmed by another choice MS. in 
Greek, o f the moil Learned and Judicious Mr. Mden^ to whom for this Favour

and
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and feveral others I ftand obliged. And as much is expreíTed in the late £ - 
dition o f Ptolemy by Bertius  ̂ compared and corredied by Sylburgius, with a 
Manufcript out of the Palatine Library. Wherefore it cannot be doubted, 
having fuch a croud o f WitneiTes, but that Ptolemy aíTigned to Byzantium  ̂
as our beft Modern Geographers have done, the Latitude of 43° 5  ̂ And this 
will farther appear, not only out o f his Geographŷ  where it is often expreíTed, 
but alfo out o f his Mej/áx»! Zvrx^tí, or Almagefi as the Arabians term it, 
where defcribing the Parallel pafTing Jta Bv^avun, he affigns to it 43° 5'. 
W hat was the Opinion, concerning Byzantium  ̂ o f Strabo preceding Ptolemyy 
or o f Hipparchus preceding Strabô  or o f Eratojlhenes antienter, and it may 
be accurater than all o f them, (for Strabo Lib. 2. calls him TfXfJIaroj» 
‘TT̂ xyfAocrevcrdi/.mv ttí̂ i •yíuŷ oíípííx.í) tho* ^ully [Lib. Ep. ad Alt.') makes 
ni^archus often reprehend Eratefthenes  ̂ as Ptolemy after him doth Marinus^ 
their Writings not being now extant, (unlefs thofe of Strabo) cannot be 
determined by us. But as for Strabô  in our Inquiry we ca iT  expeft little 
Satisfaftion ; for his Defcription o f Places having more of the Hiftorian and 
Philofopher, (both which he hath performed with fingular Gravity and Judg- 
nient) than the Exa6tnefs o f a Mathematician., who ílri¿lly refpeéls the Po- 
fition o f Places, without Inquifition after their Nature, Qualities and Inhabi
tants, (tho* the beft Geography would be a Mixture o f them all, as Abul- 
feda  ̂ an Arabian Prince in his Rectification of Countries above 300 Years fince 
hath done *,) I fay, for thefe Reaibns we can expeft little Satisfaction from 
Strabo., and lefs may we hope for from Diony/tus Afer, Arrianus, Stephanus By
zantius  ̂ and others. Wherefore, next having recourfe to the Arabians, who 
in Geography deferved the fecond Place after the Gracians  ̂I find in Nqffir Eddin 
the Latitude of Byzantium  ̂ which he terms Buzantiya  ̂ Conjlantiniya, to be 
45”, and in Uleg. Beg*s AHronomical Tables the fame to be expreíTed. Abul- 
feda chiefly follows four Principal Authors as his Guides, in the compiling o f 
his Geographical Tables; thofe are, AlfaraSy Albiriiny  ̂ Hon Saiid Almagrabyy 
laftly Ptolemy.̂  whofe Geography he terms a Defcription of the ^adrant^ (or 
the fourth Part o f the Earth) inhabited \ and all thefe, according to his A f- 
fertion, place Byzantium in 45° o f Latitude. And here it may juilly be won- 
dred, how this Difference ihould arife between the Greek Copies o f Ptolemy  ̂
and thofe tranilated into Arabick by the Command o f Almamon., the Learned 
Caliph o f Babylon for Abulfeda exprefly relates, that Ptolemy was firfl: interpret
ed in his Tim e, that is, in the Computation of Almecinus in Erpenius^s Edi- 
tion  ̂ and o f Emir Cond a Perftan Hijloriographer  ̂ more than 800 Years fince : 
Concerning which Abtdfeda writes thus, This Book (difcourfing of Ptole- 
»^’s Geography) was tranflated out of the Grecian Language into the Arabick fo r  
Almamon: And in this I find (by three fair MSS of Abulfeda) Byzantium 
to be conftantly placed in 45“. and as conftantly in the Greek Copies in 43° 5', 
But in the Kctrntí o f Chryfococca, out of the Perfian Tables, made
about the Year 1346. in Scaliger’ s Calculation, it is placed in 45°. T o  re
concile the Difference between the Greeks and Arabians may feem impoffible, 
for the common Refuge of flying to the Corruption o f Numbers by Tran-
fcribers, and laying the Fault on them which fometimes is tlie Author’ s, will
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not help us in this particular; feeing tlie Greek Copies agree among them- 
felves, and the Arabick Copies amongft themfeives. The beft way to end 
the Dii'pute will be, to give- Credit conccrning the Latitude o f Byzantium  ̂
neither to the Greeks nor Arabians. And that I have reafon for this AiTer- 
tion, appears by feveral Obfervations o f mine at (ybnjlantinople  ̂ with a Brafs 
Sextant of above 4 Foot Radius. Wiiere taking, in the Hummer Sol/iice, the 
Meridian Altitude o f the Su» without uUng any 7r̂ oTa.(pc¿î £(rií for the Pa
rallax and Refraétion, (which at that time was not necefíary,) I found the 
Latitude to be 41“ 6'. And in this Latitude in the Chart I have placed By
zantium  ̂ and not in that either of the Greeks or Arabians. From which Ob- 
fervation, being of iingular Ufe in the Re^ijication of Geography  ̂ it will fol
low by way of Corollary, that all Maps for the North Eajt of Europe  ̂ and of 
Afta  ̂ adjoining upon the Bofphorus Thracius  ̂ the Pontus Euxinus, and much 
iarther, are to be correfted ; and confequently the Situation o f moil Cities 
in Afio.̂  profirly fo called  ̂ are to be brought more Southerly than thofe of 
Ptolemy by ahnoft two entire Degrees, and than thofe of the Arabians by al- 
moit iour.

Concerning Rhodes, it may be prefumed, that, having been the Mother 
and Nurfe o f fo many eminent Mathematicians, and having long flouriih- 
ed in Navigation, by the Direótion of thefe, and by the Vicinity of the Phcs- 
nicians, they could not be ignorant of the precife Latitude of their Country, 
and that from them Ptolemy might receive a true Information. T h o ’ it 
cannot be denied, but that Ptolemy in Placcs remoter from Alexandria hath 
much erred. I ihall only inftance in our own Country, where he fituates 
Aoviivtov, that is London, in 54“ of Latitude; and the to /lAfVov or the middle 
o f the IJle of Wight, (which in the printed Copies is falfely termed ’OuÚcIío-k, 
but in the MSS. rightly ’Ouü>c1*f,) in 52“ and 10 ' o f Latitude. Whereas Lon^ 
don is certainly known to have for the Altitude o f the Pole, or Latitude of 
the Place, only 51® and 32', and the Middle of the IJle o f W ight not to 
exceed 50° and fome Minutes.

But in my Judgment Ptolemy is very excufable in thefe and the like Errors, 
o f feveral other Places far diftant from Alexandria feeing he muft for their 
Pofition neceffarily have depended either upon Relations o f íTravellers, or Ob
fervations of Mariners, or upon the Longitude o f the Day meafured in thofe 
rimes by Clepfydra: A ll which how uncertain they are, and fubjeól unto E r
ror, if fome Celeftial Obfervations be not joined with them, and thofe ex- 
ad ly  taken with large Inftruments, (in which kind the Antients had not 
many, and Our Times (excepting Tycho Brahe^ and fome of the Arabians) but 
a few,) I fay no Man, that hath converfed with Modern Travellers and 
Navigators, can be ignorant. Wherefore to excufe thofe Errors o f his 
(or rather o f others fathered by him) with a greater Abfurdity, by af- 
ferting the Poles o f the World fmce his time to have Changed their fite, 
and confequently all Countries their Latitudes, as Mariana the Mafter of 
Copernicus, and others after him have imagined; Or elfe to charge Ptolem'j, 
being fo excellent an Artift, with Ignorance, and that even o f his own Coun
try, as Cluverius hath done, (from which my Obfervations at Alexandria, and
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Memph}s<t may vindicate him,) the former were too great a Stupidity, and 
the latter too great a Prefumptlon. But to return to Rhodeŝ  an Ifland (in 
Eujlalbius*& Comment upon Diony/ius ŝ Uî iKyr¡<rn) of 920 Furlongs Circuir, 
where according to Ptolemy Parallel paffing ka '?¿h  hath 36° of Lati- 
tude, and fo hath Lindos, and ’inAuo-o-oi, the Chief Cities o f the Ifland ; the fame 
is confirmed by the MS. but where the printed Copy and Eujiathius read 
’JjiXuo-o-of, which Mercator renders 'Talyjfus, the MS. renders ’lAio-o?- Abul- 
feda in fome Copies fituates the Ifland Rhodes, (for he mentions no Cities 
there) in the Latitude o f 37 Deg, and 40 Min. and the Geography o f Said 
Ibn Aly Algiorgany, commended by Gilhcrtus Gaulmyn, in 37°, i f  it be not 
by a Tranfpofidon in the MS. of the Numerical Letters mArabick, 37 for 36. 
which by reafon o f their Similitude are often confounded in Arabick MSS.
By my Obfervations under the Walls o f the City Rhodes, with a fair Brafs 
AJirolable of Gemma Frifius, containing 14 Inches in the Diameter, I found 
the Latitude to be 37“ and 50'. A  larger Inftrument 1 duril not adven
ture to carry on Shore in a Place of fo much Jealoufy. And this Latitude 
in the Chart I have afligned to the City Rhodes, (from the Ifland fo denomi
nated, upon whicli on the North Eail fide it Hands fituated) better agree
ing with the Arabians than with Ptolenry, whom I know not how to ex- 
cufe.

X X V I. In the Second Book o f the Voyage de Siam des Peres Jefuites, ‘¡ndLat.
related two Obfervations o f the Satellites o f Jupiter, capable, if well made, Hcpefn̂ °!%s, 
to afcertain the Longitude of the Cape of good Hope. The firft was there 
made 2d.7?. «. 1685, when at i i h  29' 20", the Firfi or innermoit 
Satellite tOMÚitá xhQ.JVeJlern Edge o f Jupiter, and at i i h  30' 50" it ap- 
3eared no m ore: This Obfervation is faid to be made with an excellent Te- 
efcopeof 12 Foot. The other was on June the \th following ;?, n. when 

the Emerjion of the fame Satellite was obfcrved at gh 3 7' 40", from which 
latter is concluded, that the Longitude o f the. Cape is 18° to tht Eafi o f 
Paris; for that the faid Emerfion, according to the Calculus o f Caffini, in the 
Meridian o f Paris, ought to have happen’d at 8h 26'. This fame Emerjton 
is computed by M r. Flamjieed, at 8h 19', zx. London, that is 3 min. Jater 
than by S, Cofftni *, and confidering that neither is verified by Obfervation in 
Europe, the Longitude hence deduced is doubtful at leaft 3 min. i f  this had 
been the only Obfervation. But the former being confidered will yet ihew 
that there is a much greater Doubt ftill remaining: For from certain A - 
ftronomical Principles the Parallax o f the Orb, or Diiference between the 
Place o f Jupiter feen from the Sun and Earth was, at the Tim e of the firft 
Obfervation, 9® 9 '; which Arch that Satellite moves in i** 6'. and_ the 
utmoft Duration of an Eclipfe hereof in tTiis Pofition of Jupiter being fcarce 
2** i d  (as appears by the accurate Obfervations of M. Caffini and M . Flam

jieed) it will mllow, that from the Immcrjion behind y/z/JzVir’s Weftern Edge 
to the Emerjion out o f tlie Shadow, there could not be full 3'̂  26'. Where
fore the Emerjion out of the Shadow, on June 2d, ought according^ to the
time of Immerfiony to be at 14'* 56', at the lateit at the Cape-̂  which by
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Mr. FlamJlteiTs Calculus was at London 13*“ 51'. or according to S. Cajfmi at 
13'' 58' ac Paris. Hence the Longitude o f the Cape will be found but 14. 

¿eg. and a half at moft to the Eaji o f  Paris •, fo that thefe 2 Obfervations 
will differ in the Refult about a quarter o f an Hour, which is a little too much. 
However there are fome Reafons that feem to argue for this latter Longitude 
rather than the former 5 for it is much eafier to obferve what becomes of a 
luminous Objeft that appears, than to wait upon the firft Appcarance of a 
Star eclipfed : And it is probable that the Satellite might in the latter Time
be feveral Minutes emerged out of the Shadow, when they might firft per
ceive i t ; but they could not but fee the Application to the Body of Jupiter 
in the Former, if we may fuppofe their Telefcopes fo good as they are faid 
to be. And that the Oipe of good Hope is not more than an Hour to the Eaft 
o f Parts  ̂ is proved- by the conftant Confent o f our Navigators^ who find by 
their Reckonings that thelfland of St. Helena is about 22 or 23 deg.oi Lon
gitude to the W^ward o f the Cape ; (and that Sailing both backwards and 
forwards, ’ tis the fame, which takes away the Objedtion o f Currents) Now 
by accurate Obfervations made at St. Helena, and compared with others made 
in Europe at the fame time, the Longitude o f that lile is certainly about 8 t  
deg. to the Weft o f Paris ; it follows therefore that the Cape cannot be much 
more than 14 or 15 deg. to the Eaft of Paris-, and undoubtedly it muft be 
lefs than 1 8̂  for 3 deg. is much too great an Error to be committed in lb 
ihort a Diftance óf Sailing.

X X V II. Mr. ’Tbomas Heathcot was Chirurgeon to a Ship, which, Aug. 19. 
Mr. Fiamfteed. 1681, lay at the bottom o f a deep Bay on the Weftern Shore o f Madagafcar  ̂

clp. which the Portuguefe and our Maps call the Terra del Gada
•IV. § x L v i i i .  H e had then with him on Shore, a Quadrant o f two Foot Radius, and a

Telefcope o f 9 Foot, but no Clock 5 to fupply which Defe<5l, he made a Pen- 
dulum OÍ a String and a Bullet 39 Inches long, that each fingle Vibration 
might anfwer a Second o f Tim e. W aiting the Beginning o f the Eclipfe with 
his Glafs, as foon as he faw the true Shadow enter on the Moon^s Lim b, 
he caufed his Friends who aflifted him, to make the Pendulum vibrate, and 
count its Vibrations; o f which they had numbred 140 =  2' 20" of 
T im e, when he took the height o f Procyon (then Eaft o f the Meridian) 25° 
39'. The next day he obferved the Sun’ s Meridional Height with the fame
C^adrant, whence he found the Latitude o f the Place 19° South: hence
the time when he took the height o f is found 4“* 51' mane, and
fubtraéling the 2' 20", paft fince the obferved Beginning o f the Eclipfe, its
true Beginning was a t ----------------------------- -̂--------------------4** 48' 40"
W hich at the Ohfervatory here I noted a t-------------------------- i 50 40
Therefore this Part of Madagafcar h  mort Eafterly------------ 2 58 00
or 44° 30', which our Maps make 52 
it than it really is.

that is 7 i  deg. more remote from

Tkf snd
Lat* of Balia* X X V III. Taking the Obfervations o f the Occultation o f the BuWs Eye, 

0 £t, 28. 1680, under the Examination o f i  Calculus  ̂ I find that at 8 6'
or

\
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or the Immerfion at London  ̂ the true Place o f the Moon correft by indi»;
was n 4° 32' 24"-, but at 16“ 00', at Ballafore Road (in the Lat. o f 
23', N . and about 20 Miles E. S. E. from the Town) the true place 
the Moon was H ^4', that is 1° 21' 36", more than at S'* 6', at London: it .
Now according to the Moon’s Velocity at that Tim e, ihe paffed an Arch 
o f 1° 2\' 36", in 2** 8' 40", o f time j fo then at 10'* 14' 40", at London  ̂
the Moon was in the fame Place as at i b** 00', at Ballafore Road \ whence 
the Difference of Longitude will be'^■45' 20", or 86® 20'. Ballafore be
ing fo much to the Eafiward o f London.

2. By the Calculation of the Immerfion o f  the BuWs Eyê  Dec. 1680. 
find that at the 14“ 49', at Ballafore the Moon’ s true Place was H 6“ 30'W. slxvii* 
30'', and at 7** 46' 12", the corred Tim e o f the Immerfion at Dantzick, the 
true Place was H 4" 55' n " ;  that is 1° 35' 20", ihort of the Place de
duced from the Obfervation at Ballafore Road\ which make in Tim e 2'' 32"
40". Whence it follows, that lo*’ 18' 52'̂ , at Dantzick make 14'' 49^ at 
Ballafore Road, and the Difference o f Longitude 4*̂  30' 8 "; and Dantzick 
being I*' 15' 30", more Eaflerly than London̂  Ballafore Road will be from 
London ^  or 86° 24'. and the fame Difference o f will
be found 86° 14', if you make ufe of the Immerfion at Dantzick.

3. For farther Confirmation hereof, Mr. Benj. Harry, being aihore at BaU
Jafore Tow n, obferved with very great Care and Exa6tnefs, Nov. 18, 1680. 
that at 9*‘ 1 3', the Star, which Tycbo calls, in Cotyla dextra Aquarii duarum 
pracedens, (and which was then in Aquarius 28° 52', and Lat. 2“ 46', TV,) 
was in a right Line with the Cuffs o f the Moon, then near the firft Quar
ter. The Star’ s place is confirmed by the Agreement of Hevelius*  ̂Obfer- 
vations with thofe of Tycho *, and the Theory o f the Moon cannot be con- 
fiderably faulty in that Part of the Orb, it falling precifely on her greateft 
Equation : wherefore by the Theory and Numbers of Horrox, the true Place 
o f the Moon at 2*'53 'at is found 29° 22' 10". but at 9** 13',
at Ballafore, her Place was in ^  29° 41' i j " '■> that is, 19' 7" more than 
at London, Avhich in Tim e gives 36'*, fo that 3'' 29' at London, was 9'* 13', 
at Ballafore, and the Difference of Long. 5“ 44' or 86° 00' precifely; 
which the Dutch Maps make full out 99°: And the French M ap  of Sajj- 
fin , pretending to correft them, have made them 5® worfe, and the Er-

> ror 18° completely. W hat then is to be thought o f the Defcriptions of
thofe Places which have been but feldom vifited ?

X X IX . I have deduced 7'' 23'. for the Difference of Longitudes between Ung. o/can- 
Canton and Paris, from the Exit o f Mercury out of the SunH Diik obferved 
at Ca/iton and Nurimburg', and from xho. Eclipfes o í the Moon obferved atp. 37*-
Nurmburg and Baris. iv l/x ’cvni.

X X X . From the greateft Meridian Altitude of the Polar Scar, obferved z.4f. w  
by the Fathers o f the Society of Jefas, Dec. 31. 1694. with a corred Inftru- 
ment, which was 42“ 16' 5o'  ̂ the Refra6lion being iuppofed to be 1' 17'', and. 2 n.p. jj. 
the Diftance o f the Pole Star from the Pole at that time was 2° j 9' 5 7", whence 
the Altitude o f the Pole is 39° 54' 56".

V o l .  I. D  d d d From
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From the leaft Mericllán Altitude o f the faid Polar Star, obferved on the 

7, 8, and 13 Days o f May  ̂ i^95- with a correót Inftrumentto be 37° 36' 
40". fuppofing the Reiradion to be i '  28". and the Diftanceof the Polar Siar 
from the Pole to be 2° 19" 50". The Altitude o f the Pole is found 39“ 55' 2".

>Jegle6ting the Refrai^ion, the greateft Altitude o f the Pole- 
Star derived from the Obfervation -of Dec. 3 1. aforegoing, was “ *
at the Beginning o f May ------  ---------  ---------  -
And the Icafh Altitude of the fame was then ---------
Therefore the Difference of Altitudes ------  ------
And the Diftance of the Polar Star from the Pole ------
And the apparent Altitude of the Pole ---------  ------
T o  this apparent Altitude the Refraélion by my Table is 
Wherefore the Altitude o f the Pole at Ptkmg is

L at, f»/ St. Sal- 
vadorc. n. J05.
P 9 '*

0/ Bnd^c- 
Town* n. 189.

370.
JÍ Dcfcñpthnof 
Nova Z ‘-*mbla j 
hy M* Nich.
Witftfn. n. 101.
V' V

205* 
hiiir- A ll. ii>74'

■ 4.2 16 4.2
—  37 36 40
------  04 40 03
------ 02 20 O li
------ 39 56 4 iv
------  GO 01 10
-----", 39 55  31Í-

t o r  the Longitude of the City o f Peking, the Immerfion o f
the firft of Jupiter's, Satellites into the Shadow o f Jupiter was obferved Jan.
18. 1695. at 1-2'' 1 4 " .

Our i'ables on that Day reprefent this Immerfion to have been at 5** 18' 49". 
N ow the Obfervations made in the fame Month in the RckuI Obfcrvatory at 
Paris ihew that the Tables were retarded at that time 2' oo"-

Therefore that Immerfion was at Paris at 5** i6 ' 19". Therefore the D if
ference o f Meridians between the Cities o f Paris and Peking will be 7*“ 34' 55".

But as from other Obfervations tiie fame Difference o f Meridians has been 
formerly iound to be 7'' 36'. we may aifume it 7** 35'i.

X X X I. St. Salvadore in Brafil is in the Southern Latitude 1 2° 47'.
X X X II. Bridge-^own in Barbadoes is in the Northern Latitude o f 12" 58'.
X X X III. I .  I herewith fend you what I have received out o f Mufcovy, 

which is a New Map o f No-va Zembla and Weigats, as it hath been difcover’d 
by the exprefs Order o f the Czar \ and drawn by a Painter, call’d Panelapo- 
etjki, who fent it me from Mofeo for a Frefent by which it appears, that 
Nova Zembla is not an IJland, as hitherto it hath been believed to be •, and 
that the Mare Glaciale is not a Sea, but a Smts, or Bay, the Waters whereof 
are freili: W hich is the fame wkh what the Tartars do alfo affure us, who 
have tailed thefe very Waters in the midft o f the Sims. T he Samojeds, 
as well as the Tartars, do unanimouOy affirm, that paffing on the back o f 
Nova Zembla, at a confiderable Diftance from the Shore, Navigators may 
well pafs as far as Japan. And ’ tis a great Fault in the Englijh and Dutch, 
that, fceking to get to Japan on the South-fide o f Nova Zembla, they have 
almoil always pafs’d the Weigats.

I'he Letter O  in the great River Oby marks the Place of a Cataraéb or 
Fall o f Waters, The Letter K  denotes the Conjundtion o f Zembla with the 
Continent. The River marked L  runs from China, called Kilaie \ which is 
not every where Navigable, by reafon o f the Rocks, and other Inconveni
ences that obftrucl the paifing o f Veifels. Weigats itfelf is very difficult 
to pafs, becaufe o f the great Quantity o f Ice continually falling into it out 
o f the River Oby, whereby that ftreight Paifage is itopped up. T he Sa-
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mjcds go every year a Fiihing upon the faid freih Sea, and that on iVc-Uí?
Zimbla\ fide.

2. I formerly thought l<lova Zembla had been a. Continent: B u t  I  have *93 494*
fince been better informed, and retraced that Error. And, whereas the 
late M. Vojftus would needs perfuade himfelf, as well as he did others, to 
their Ruin, that there was a Faflage to Japan by the North, and that the 
Tartarian Countries behind Nova Zembla did decline immediately towards 
the South ; I did always oppofe it, and think. I can even demonftrate the 
ImpolTibility thereof So that what he wrote, to encourage Mariners to 
that Attempt, was even direding them to the point of Death j as it after
wards enfued.

X X X IV . W hat is noted with a fingle Line, is exaftly copied from the^ -̂^P /̂
Map  ̂ which M . Sanforî  one of the moil illuftrious Geographers of this A ge p[cTrT/ w  y. 
prefcnted to the Dauphin, An. 1679. The Names of Cities, w îofe Situation ,
is alfo taken from this Map  ̂ are written in Italian Charadters; the C o r r e e - 2°^̂ " 
tion o f the Pofition o f Coafts (which is deduced from the Obfervations
which were made to that End) is marked with a Stroke a little fliadow’c 
towards the Sea., as is commonly done *, and the Names of Cities, whofe 
Situation is correfted, are fet down in Roman Charaders.

The Degrees o f Latitude are marked on both fides o f the Border, and the 
Degrees o f Longitude in the fame Border, above and below •, but the Divifion 
o f them begins at the Meridian that paffes thro’ the Observatory at Paris., 
by going to Eaft and JVijl., and not at the Meridian of the Ifle of as 
hath been eftabliilied, becaufe we do not exaólly know the Situation ot this 
Ifland in refpedt of the Obfervatory.

X X X V . I .  W hat Arthmetick^’xci whole Numbers and Fractions, as alfo
in Decimals and Logarithms, is necefiary for the fame: And what Books ô xavigacon 
are be ft for Teaching fo much thereof 2. What Vulgar, Praélical, Me- 
chanical Geometry, performable by the Scale and Compafs, is fufficient. n. ijs.p. 6̂ 7.
3. W hat Trigonometry, right Lined and Spherical, will fuffice. 4. t lo w  many 
Stars are to be known. .5 W liat Injiruments are beft for Ufe at Sea, with 
the Conftru6tion of them, and the Manner of ufmg them. 6. 1 he whole 
Skill o f the Magnet, as to the directive Virtues thereof, and all the Accidents 
that may befall it. 7. The Hydrography ot the Globe of the Earth, the Per- 
fp e£ liv s OÍ the Coails, and the Defcription of the under-water-bottom of the .
Sea. 8. The Knowledge of Winds and Meteors, fo far as the fame is attain
able. 9. The Hiftory and Skill o f all Sorts of Fijhings. 1 0 .1 'he Art of Aiedi- 
cine and peculiar for the Sea. 11. The Coramon Laws o í die
Adniiraliy, and Jurifdiilion o f the Sea. 12- The feveral and

fit for Seamen. 13. The whole Science o f Ebbmg zx\á. Flowing, 
as alfo of Currents and Eddies at Sea. 14. Dromometry-, and the Meaiijresof 
a Ship’s Motions at Sea. 1 5. T̂ he Building o f Ships of all Sorts, with the 
feveral Riggings and Sails for each Species, and the Parts
and Motions of a Ship. 16. Naval Oeconomy, according to the feveral

D d d d 2  Voyages
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Voyages and Countries. 17- The Art of Coftnrngy <S'/7;V/W, of
all die Jeveral forts of Vcffcls. 18. The Gttíjfíery, Fireworks and ocher 
Armatures peculiar to Sea and to Sea-Fights, iq. The Art of Loading and 
Unloa^ng the Cliiei Commodities to the beft AdA'antage. 20. Tlie Art of 
•weighing funk Ships znd Goods, as alfo of for funk Goods in deep 
Water. 21. The General Pbilofophy of the Motion and Figures of the A ir  
the Seas and of Seafons; of Timber^ Iroj^ Hemp  ̂ Brimftone^ Tallow^ &c. 
And of their feveral Ufes in N a v d  Affairs. 22. An Account of 5 or 6 of 
the bcft Navies of Europe^ with that of the Arfenab^ Magazines^ Tárds^ 
Docks^ &c. 23. An account ot all the Shipping able tocrofs the Seas be
longing to each Kingdom and State of Europe. 24. An account of all the 
chief Commercial Parts of the W orld; with mention .of what Commodities 
are originally carried from, and ultimately to, any of them. 25. An ac
count of the chief Sea-Fights^ and all other N aval Expeditions and Exploits, 
relating to Wtir, Trade^ or Bifcoveryj which have happened in this laft Cen
tury. 25. O f the moil advantageous Ufe of Telefcopes for feveral Purpofes 
at Sea. 27. O f the feveral Depths of the Sea  ̂ and Heights of the Jtm o- 
fphere, 28. The Art of making Sea~waser frejh  zxú  potable^ and fit for all 
Ufes in Food and Phyfick at Sea.

0/ X X X V I. i. Tho’ it be well known, that, in the Terrejlrial Glohe^ all
meet at the Pí?/<r, (as E P , EP,) whereby the Parallels to 

/Ai weridtin« thcEquator, as they be near to the Pole, do conrnually decreafe.
hereby a degree of Longitude in iuch  Fu*di.els islefs than a de- 

J76. f, 1193. gree of Longitude in the Equator» or a degree of Latitude:
3* f“ch Pro^rtion, as is the Co-Sine of Latitude (which is

the Semidiamcter of fuch Parallel) to the Radius of the Globe^ or of the 
Equator.

4. Yet hath it been thought fit (for fome Reafons) to reprefent thefe M e- 
ridiam , in the Sea-Charty by parallel ftraight Lanes; as Ep, Ep.

5. Whereby, each Parallel to the Equator (as L  A) was reprefented in 
the Sea-Charty (as 1 a) as equal to the Equator E E  5 and a Deg. of Lojigi^ 
iu d i therein, as large as in the Equator.

6. By this means, each Degree of Longitude in fuch Parallels was increa- 
fed, beyond its juft proportion, at fuch rate as the Equator (or its Radius 
is greater than fuch Pardlely or the Radius thereof)

7. But, in the Old Sea-Charts^ the degrees of Latitude were yet repre
fented (as they are in themfelves) equal to each other, and to thofe or the 
Equator.

Hereby, am on^ many other inconveniencies, (as Mr. ob-
ferves, in his CorreEiion o f Errors of Navigation^ firft publifhed in the Year 
^599^ Reprefencation of the Places remote from the Equator was lb 
diftorted in thofe Charts, as that (for Inftance) an Ifland in the Latitude of 
60 degrees, (where the Radius of the ParaM xs but halffo great as that 
of the Equator) would have its Length (from E afi to fV ^ ) in Comparifon 
of Breadth (from N orth to South) reprefented in a double Proportion of 
what indeed it is. g. For

(  5 7 2 )
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■ g. For re£H^ing tliis in fomc Meaiure, (and of fomc other Inconvenlen- 
cies) Mr. acivifcth, that (the Meridians remaining Parallel, as be
fore) the degrees of the Latitude remote from the Equator, Ihould at each 
Parallel be protracted in like Proportion with thofe of Longimde.

10. That is ; as the Co-Sine of Latitude, (which is the Semidiameter of 
the Parallel) to the Radius of the Globe, (which is that of the Equator;) So 
ihould be a degree of I/ttitudi (which is every where equal to a degree of 
Lengriiide in the Equator,) to fuch degree of Latitude fo protraélcd (ac fuch 
Diftance from the Equator;) and fo to be reprefented in the Chart.

11. Tliat is, every where, in fuch Proportion, as is the refpedtive Secant 
<for fuch latitude) to the Radius. For, as the Co-Sine, to the Radius •, fo
is the Radius, to the Secant of the fame Arch or Angle or 2 : R  :: R  : f. f-í  «7.

12. So that (by this means) the Pofition of each Parallel in the Chart iliouid 
be at fuch Diftance from the Equator, compared with fo many Equinodial 
Degrees or Minutes, (as are thofe of Latitude) as arc all the Secants (uken 
at equal Diftances in the ArchJ to fo many times the Radius.

13. Which is equivalent (as Mr. JVrighi there notes) to a Projeiftion of 
the Spherical Surface (fuppofing the Eye at the Centre) on the Concave 
Surface of a Cylinder created at right Angles to the Plane of the Equator.

14. And the Divifion of Meridians, reprefented by the Surface of a Cylin- Fit- »£«. 
der erefted (on the Arch of Latitude) at Right Angles to the Plane of the 
Meridian (or a Portion thereof:) The Altitude of fuch Proieaion (or Por
tion of fuch Cylindrick Surface) being (at each Point of fuch Circular Bale)
equal to the Secant (of Latitude) anfwering to fuch Point.

15. This Projeftion (or Portion of the Cylindrick Surface) if expanded 
into a Plane, will be the fame with a plain Figure, whofe Bafe is eaual to 
a Quadrantal Arch extended (or a Portion thereof) on which (as Ordinates) 
are crefted Perpendiculars equal to the Secants, anfwering to the refpeftivc 
Points of the Arch fo extended : The leaft of which (anfwering to the E- 
quinoftial) is equal to the Radius i and the reil continually increafing, till
(at the Pole) it be infinite.

16. So that, as E  R S L, (a Figure of Secants ere£ted at right Angles on 
E  L, the Arch of Latitude extended) to E  R  R  L, (a Reftangle on the fame 
Bafe, whofe Altitude E R  is equal to the Radius;) lb is E  L  (an Arch of the 
Equator equal to that of Latitude,) to the Diftance of luch Parallel, (in the
Chart) from the Equator.

17. For finding this Diilance, anfwering to each Degree and Minute of 
Latitude, Mr. W right (as the moft obvious way) adds all the Secants (as 
they are found calculated in the Trigonometrical Canon) from the Beginning
to the Deg. or Min. of Latitude propofed.

18. The Sum of all which, except the greateft, (anfwering to the Figure
infcribed) is too little: The Sum of all, except the leaft, (anfwering to die 
circumfcribed) is too great ■, (which is that he follows:) And it would be 
nearer to the Truth than either, if (omitting all tiiefe) we take the Inter
mediates i for M in. 1;, 24, (the double of thefe) M ». 1, 3,
5, 7, Which yet (becaufe on the Convex-fide of the Curve) would be
I'omewhat too litde. 19. Buc
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19. But any o f thefe ways are exa<5t enough for the U fe intended, as 
creating no fenfible Difference in the Chari.

20. If we would be more exaft ; Mr. Oughtred dire£ls, (and fo had Mr; 
Wright done before him) to divide the Arch into Parts yet fmaller than M i
nutes, and calculate Secants fuiting thereunto.

21. Since the Arithmetick o f Infinites introduced, and (in piuTuance there
of) the Dodrine o f Infinite Series  ̂ (for fuch Cafes as would not, without 
them, come to a determinate Proportion •,) Methods have been found for 
fquaring fome fuch i'igures.

22. In order to a ^mdratnre for this Figure o f Secants (by an infinite Se
ries fitted thereunto) put we, for the Radius o f  a Circle, R  ; the Right Sine 
of an Arch or Angle, S •, the verfed Sine, V  ; the Co-Sine, (or Sine o f the 
Complement) X =  R  —  V  =  y' R j  —  S j *, the Secant, / \ the Tangent, 
T .

3. Then is 2: R :: R  : /  That is, 2) R* ( / = ~  ; the Secant.

( 57+ )
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24. And S :  S : : R :  T .  That is, 2) SR ( T S R
the Tangent.

25. N ow , if  we fuppofe the Radius C P ,  divided into equal Parts, and 
each o f them =  4̂- R  ;) and on thefe, to be ereóled the Co-Sines o f Lati
tude L  A .

26. Then are the Sines o f Latitude in Arithmetical Progreflion.
R*27. And the Secants anfwering thereunto, L /= : —

28. But thefe Secants, (anfwering to the R ight Sines in Arthemetical Pro
greflion,) are not thofe that ftand at equal Diftances on the Quadrantal 
Arch extended. F/g. 209.

29. But, ftanding at unequal Diftances (on the iiime extended Arch ;) 
N am ely, on thofe Points thereof, whofe right Sines (whilit it was a Curve) 
are in Arithmetical Progreflion. As F/g. 211.

30. T o  find therefore the Magnitude o f R  E  L / ,  Fig. 2og. which is the 
fame with that o f Fig. 2 H , (fuppofing E L  o f the fame Length in both ; 
however the Number of Secants therein may be unequal) we are to confider 
the Secants, tho’ at unequal Diftances, Fig. 2 11, to be the fame with 
thofe ot equal Diftances, in 210, anfwering to Sines in Arithmetical 
Progreflion.

3 I. N ow , thefe Intervals, (or Portions of the Bafe) in Fig. 211. are the 
fame with the intercepted Arches, (or Portions o f  the Arch) in Fig. 210. 
For this Bafe is but that Arch extended.

32. And thefe Arches, (in Parts Infinitely fmall) are to be reputed equiva
lent to the Portions o f their refpeclive Tangents intercepted between the 
fame Ordinates. A s in Fig. 210, 212.

33. That is equivalent to the Portions o f the Tangents o f Latitude.
34. And thefe Portions o f Tangents are to the equal intervals in the Bafe, 

as the Tangent (of Latitude) to its Sine.
35- T o
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35. T o  find therefore tlie true Magnitude of the Parallelograms, or Seg

ments o f the Figure •, we rauft either protradt the Equal Segments o f the 
Bafe, 210. (in fuch Proportion as are the refpedive Tangents to the 
Sine) to make them Equal to thofe o f F/¿. 211.

36. Or elfe, (which is equivalent), retaining the equal Intervals of 
210, protraftthe Secants in tlie fame Proportion. (For either way the In
tercepted Redtangle, or Parallelograms will be equally increafed) as L  M .

212.
37. Namely, as the Sine (of Latitude) to its Tangents ; fo is the Secant, r.g.ziz. 

to a Fourth *, which is to ftand (on die Radius equally divided) inftead of
that Secant.

S R
( ;  : 2 : R .) : : R ‘ R ’ = L M .

2 ' ' z  ; S^=R^— Ŝ
38. W hich therefore are as the Ordinates in (what I call Arith. Infin. Prop. 

104.) Reciproca Secundanorum : Suppofmg V- to be Squares in the Order of 
Secundans.

39. This (becaufe of 2* =  R* —  S^; and the Sines S, in Arithmetical 
Progreffion) is RediK:ed (by Divifion) into this Infinite Series:

,S^ . S *  S" . ,

+  R  +  i ü + i F ^ ^ -
R

40. That is, (putting R =  I , )  i-|-S^-}-S+-l-S\
41. Then, according to xht Arithmetick o í hfinitts, we are to interpret 

S, I'uccefllvely by i S, 2 S, 3 S, ^ c. till we come to S, the greateft. Which 
therefore reprefents the Number of all.

And, becaufe the firft Member doth reprefent a Series of Equals, the 
fecond of Secundans *, the third of Quartans, Í¿c. Therefore the firft Mem
ber is to be multiplied by S •, the lecond by 1 S j the third by 7 S j the 
fourth by t  S ; i^c.

43. W hich makes the Aggregate, S-}-4-S’ -f-7S*-i--fS^-^--^S’ ,
=  E C L M .

44. This, (becaufe S is always lefs than R = i )  may be fo far continued, 
till fomie Po'-jüer o f S become fo fmall, as that it (and all which iollow it)
may be fafely ncgledted.

45. Now, (to fit this to the Sea-Chart  ̂ according to Mr. W rigbt\ Defign) 
having the propofed Parallel (of Latitude) given ; we are to find (by the 
Trigonometrical Canon) the Sine of fuch Latitude % and take Equal to it, C 1  ̂
=  S. And by this find the Magnitude o f E C L M ,  Fig. 212. that iŝ  o f 
R E L  /, Fig. 2 11, that is, of R E L y i Fig. 209. And then, as R R L E  (or 
fo many times the Radius) to R E L ( t h e  Aggregate o f all the Secants ;) 
fo muft be a like Arch of the Equator (equal to the Latitude propofed,) 
to the Diftance of fuch Parallel, (reprefenting the Latitude in the Chart) troni
the Equator : W hich is the Thing required.

46. The fame may be obtained in like manner, by taking the verfed Sines
in Arithmetical Progreffion. For, it the right Sines (as here  ̂ beginning at
the Equator, be in Arithmetical Progrefiion, as, i, 2, 3, isc. Xhen will

the*

ID
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the verfed Sines, beginning at the Pole, (as being their Complements to the 
Radius) be fo alfo.

47. The fame may be applied in like Manner, (tho’ that be not the 
prefent Bufinefs) to the Aggregate o f Tangents, anfwering to the Arch di
vided into equal Parts.

48. For thofe anfwerin" to the Radius fo divided arc
S R

X
(taking S in

Arithmetical Progreilion.)
49. And then inlarging the Bafe (as in Fig. 211.) or the Tangent (as 

in Fig. 212.) in Proportion of the Tangent to the Sine ;
c S R ,   ̂ S R  S R ‘  S R "
o : -----(: : K) : : -----: ------ =tt^------

L Z 2:̂  R"—

50. W e have by Divifion this Series, S -f-~  +
R  ̂ R"*" R  R

51. That is, (putting R = i )  S + S ’+S^-j-S^-l-S’ , (sfc.
52. W hich (multiplying the refpedlive Members by 4S> -̂ S, -iS,

) becomes i  Ŝ  +  i  S*̂  +  "s S® +  -r̂ - S‘°, & c.
W hich is the Aggregate o f Tangents to the Arch whofe right Sine is S.
53. And this Method may be a Pattern for the like Procefs in other Cafes 

o f like Nature.

é

TWo Problems in

!(!

Í

t

X X X V II. T h e Line o f  Artificial Tangents, or the Logarithmical Tangent 
beginning at 45®, and taking every half Deg. for a whole one, is 

Nich. Mcrcator. found to agree pretty near with the Meridian-Line ot the Sea-Chart, they 
júnVÁn.Vóóí. growing, as it were, after the fame proportion. But the Table of

Meridional Degrees being calculated only to every fexagefimal Minute o f a 
Degree, fliews fome fmall Difference from the faid hogarithmical Tangent  ̂
line. Hence it may be cioubted, whether the Difference do not arife from 
that little Error which is committed by calculating the Table o f Meridional 
Degrees only to every Minute.

But, if a certain Rule could be produced, by which the Agreement or 
Difagreement o f the faid two Lines might be ihewn, the Helix or Spiral 
Line o f the Ship's Courfe would be reduced to a more precife Exaftnefs 
than ever was pretended by any.

T h e fame Rule would alfo difcover a far eafier way o f making Logarithms, 
than ever was prafíifed or known *, and therefore might ferve, whenever 
there ihould be Occafion, to extend the Logarithms beyond the number of 
Places that are yet extant.

Moreover, fuch a Rule would enable Men to draw the Meridian Line 
Geometrically, that is, without Tables or Scales ; which indeed might alfo 
be done by fetting o f the Secants o f every whole or half Degree, if there 
were not this Inconveniency in it, which is not in m y Rule : That a Line 
compofed o f fo many fmall Parts, would be fubjed to many Errors, efpe- 

•cially in a fmall Compafs.
3  .  The

1
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The fame Rule will alfo ferve to find the Courfe and DIftance between 

two Places afligned, as far as Praótice fhall require ít •, and that without any 
Table o f Meridional Paris^ and yet with as much Eafe and Exaftncfs.

And, feeing all thefe things do depend on the Solution of this Queftion, 
Whether th  Artificial Tangent Line be the true Meridian Line ; it is therefore 
that I undertake, by God’s AiTiftance, to refolve the faid Queftion. And, to 
let the World know the Readinefs and Confidence I have to make good this 
Undertaking, I am willing to lay a W ager againft any one or more Perfons 
that have a Mind to engage, for fo much as another Invention of mine 
(which is of lefs Subtilty, but of a far greater Benefit to the Publick) may 
be worth to the Inventor.

A s for the great Advantage, that all Merchants, Mariners  ̂ and confequently 
the Common-Wealthy may receive from this other/«ww/zo», it is, in my Judg
ment, highly valuable, feeing it will oftentimes make a Ship fail, tho*, ac
cording to the common way of Sailings the Wind be quite contrary, and yet 
as near to the Place intended, as if the W ind had been favourable; Or, if 
you will, it will enable one to gain fomethingin the intended W ay, whether 
the Wind be good or no, (except only when you go diredtly South or North) 
but the Advantage will be moft where there is molt need o f it, that is, when 
the Wind is contrary :*fo that one may very otten gain a fifth, fourth, third 
Part, or more o f the intended Voyage, according as it is longer or fhorter, 
•viz. always more in a longer Voyage, where the Gain is more confiderable, 
and more welcome, not only by faving Tim e, but alfo Victuals, W’̂ ater, 
Fuel, Mens Health, and fo much Room in the Ship.

X X X V III. It was firft difcovered by chance, and, as far as I can learn, 
firft publiihed by Mr. Henry Bond as an Addition to Norwood'%Ep''tome of Na
vigation, about 50 Years fince, that the Meridian Lineamos analogous to a Scale 
o f Logarithynick Tangents of half the Gomplements of the Latitudes,

For the Demonftration o f that Propofition, it is requifite to preraife thefe 
four Lemmata.

Lemma i. In the Stereographick ProjeSiion of the Sphere upon the Plane of the 
Mquinodlial, the Dijiances from the Centre, which in this Cafe is the Pole, are 
laid down by the Tangents of half thofs D'tjl'ances ; that is, o f half the Comple
ments o f the Latitudes. This is evident from Eucl. 20.

Lemma 2. In the Stereographick ProjeStion, the Angles, under which the Circles 
interferí each other, are in all Cafes equal to the Spherical Angles they reprefent; 
which is a very valuable Property o f this Projeélion.

Demmfi. L et E P B L  be any great Circle of the Sphere, E  die Eye placed 
in its Circumference; C  its Center, P any Point thereot •, and let F C Ü  be 
fuppofed a Plane ereéledat Right Angles to the Circle E P B L ,  on which 
F  C  O  we defign the Sphere to be projefted. Draw E  P crofling the Plane 
F C O  in and p fliall be the Point P projefted. T o  the Point P t ^  
Tangent A P G , and on any Point thereof, as A , ered a Perpendicular A U , 
at right Angles to the Plane E P B L , and draw the Lines PD, A C , L , an 
the Angle A P D  ihall be equal to tfee Spherical Angle contained between the 

V ol. I. t  e e e Planes

The Anahgy oj 
Logarithmick 
Tangents to th t  
Meridian Line 
Demonflrated > 
by Mr. Fdm. 
Hailey, n. 219. 
p, 20Z, Fcb< An, 
1696.
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Planes A P C , D PC. Draw alfo A E , D E , interfering the Plane F C O  in the 
Points a andi^i and join ad  ̂ p d :  I fay, the Triangle a dp^ is fimilar to 
the Triangle A D P  ; and the Angle a p  d equal to the iVngle jA PD . Draw 
P L jA K , i-'arallel to F O ;  and, by reafon of the Parallels, ap will be to ad  ̂
as A  K , to A D :  But, (by Encl. 3. 32.) in the Triangle A K P , the Angle 
A K P = L P E , is alfo equal to A P K = E P G  : wherefore the Sides A K , A P , 
are equal j and ’ twill be, 2s a p t o  a d, fo A P  to A D . Whence the Angles 
D A P , d ap  ̂ being right, the Angle A P D  will be equal to the Angle apd-, 
that is, the Spherical Angle is equal to that on the ProjeSlmiy and that in all 
Cafes. Q . E. D.

This Lemma I lately received from Mr. Ah. de Moivre^ tho’ I fince un- 
derftand from Dr. Hook̂  that he long ago produced the fame thing before 
the Society, However, the Detmnjlration  ̂ and the reft o f the Difcourfe is 
m y own.

Lemma. 3. On the Globê  the Rhumb Lines make equal Angles with every 
Meridian  ̂ and, by the foregoing Lemma, they muft likewife make equal 
Angles with the Meridians in the Stereographick Proje£iion on the Plane of the E - 
quator: They are therefore in that ProjeSlion  ̂ Proportional Spirals about the 
Pole Point.

*«+• Lemma 4. In the Porportional Spiral it is a known Property, that the An
gles BPC, or the Arches BD , are Exponents of the Rationes of BP to P C : For, 
if  the Arch BD be divided into innumerable equal parts. Right Lines drawn 
from them to the Center P , fhall divide the Curve B i  c C into an Infinity 
o f  Proportionals between PD  and P C , whofe number is equal to all the Points 
dy dy in the Arch B D ; Whence, and by what I have delivered concerning 
the Conflru5iion o f Logarithms  ̂ it follows, that, as BD to Bis', or, as the Angle 

•vU.fnf.Caf. j. B P C , to the Angle BP c, fo is the Logarithm o f the Ratio o f PB to PC, to 
§ xxviii. Logarithm o f the Ratio o f PB to P c.

From thefe Lemmata our Propofition is very clearly Demonjirated: For, by 
the Firji., PB, P f, P C , are the Tangents o f half the Complements o f the Lati
tudes in the Stereographick ProjiSlion : And, by the Laji o f them, the Diffe
rences o f Longitude, or Angles at the Pole between them, are Logarithms o f 
the Rationes o f thofe Tangents one to the other. But the Nautical Meridian 
Line is no more than a Table o f the Longitudes.̂  anfwering to each Minute of 
Latitude on the Rhumb Line, making an Angle o f 45 Degrees with the Meri- 
dian. Wherefore, the Meridian Line is no other than a Scale of Logarithmick 
3"(tngents of the H alf Complements of the Latitudes. Qj_E. D.

Corol. I . Becaufe that in every Point o f any Rhumb Line, the Difference 
o f Latitudes is to the Departure, as the Radius to the Tangent o f the Angle 
that Rhumb makes with the M eridian; and thofe equal Departures are every 
where to the Differences o f Longitude, as the Radius to the Secant o f the La
titude ; it follows, that the Differences of Longitude are, on any Rhumb, Logari- 
rithms o f the fame Tangents, but of differing Species ; being proportioned 
to one another, as are the Tangents of the Angles made with the Meri- 
éan.

Corol. 2.
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CoYoh 2. Hence any Scale oF Logarithm Tangents (as thofe o f the vulgar 

Tables made after Briggs'% Form •, or thofe made to Napier*s, or any other 
Form whatfoever) is a I ’able of the Differences of Longitude, to the feveral 
Latitudes, upon ibme determinate Rhumlf or other : And therefore, As the 
Tangent of the Angle of fuch Rhumb, to the Tangent of any other Rhum b; 
fo the difference of the Logarithms o f any two Tangents, to the difference 
o f Longitude on the propofed Rhumb, intercepted between the two Lati
tudes, o f whofe half Complements you took the Logarithm Tangents.

Now the momentary Augment  ̂ or Fluxion o f the Tangent-Lim at 45 Degrees, 
is exaótly double to the Fluxion o f the Arch o f the Circle, (as may ealily be 
proved) and the Tangent of 45° being equal to the Radius, the Fluxion aifo 
o f tht Logarithm Tangent be double to that of the Arch, if the Logarithm 
be o f Napier*s F orm ; But, for Briggs's Form, it will be as the fame doubled 
Arch multiplied into 0,53429, & c. or divided by 2,30258, & c. yet this 
muft be u n d e r i l o o d  only of the Addition of an indivifible Arch, for it ceafes 
to be true, if the Arch have any determinate Magnitude.

Hence it appears, that, if one Minute be fuppoied Unity, the Length of 
the Arch of one Minute being 0,000290888208665721596154, in parts 
o f the Radius, the Proportion will be as Unity to 2,908882, So Radius 
to the Tangent of 71“ i '  42", whofe Logarithm is 10,46372611720718- 
325204, & c. and under that Angle is the Meridian interfered by thdX. Rhumb- 
linê  on which the Differences of Napier*s Logarithm 1 angents o f the H alf 
Complements o f the Latitudes are the true Differences o f Longitude, eili- |
mated in Minutes and Parts, taking the firft 4 Figures for Integers. But 
for Vlacq'z Table, we mufl fay,

A s 2302585, ^ c . to 2908882, & c. fo Radius to 1,2633114387144-
569212, ^ c . which is the Tangent of 51° 38" 9", and its Logarithm 10,10- 
1510428507720941162, & c. Wherefore in the Rhumb-line  ̂ which makes an 
Angle of 51" 38' 9" with the Meridian, Vlacq'z Logarithm Tangents are the 
true Differences of Longitude. And this, compared with our Jecond Corolla
ry, may fufHce for the Ufe of theTables already computed.

But, if a Table of Logarithm Tangents be made by Extraftion o f the Root of 
the infiniteth Power, whofe Index is the Length of the Arch you put for Uni
ty, (as for the Minutes the 0,0002908 8 82/i?, & c. Power) which we will call a ; 
fuch a Scale o f Tangents fhall be the true Meridian Line, or Sum of all the 
Secants taken infinitely many. Here the Reader is defired to have Recourfe 
to my little Treatife of Logarithms, that I may not need to repeat it. By 
what is there delivered it will follow, that putting t for the Excefs or De- 
feft o f any Tangent above or under the Radius or Tangent of 45": the Lo
garithm o f tlie Ratio of Radius to fuch Tangent will be

i  into / —  W* 4- ' /  ̂ i   ̂ &c.
m

when the Arch is greater than 45% or

i i n t o / +  i  / * -}- i  / 5 +   ̂-Í- ;  ^ &c.
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when it is lefs than 45®. And by the fame Doftrlne putting T  for the 
Tangent o f any Arch, and t for the Difference thereof from the Tangent of

another Arch, the Logarithm o f their Raiio will be —  into — +  —( f,
^  1 2 1 '1'

-------- 1------- , & c. when T  is the greater Term  j Or,
4 T ^  5 T *

—  -4 p^ -1— ------ ^  when T  is the leffer ̂
2 T *  3 T * 4 l + 5 l *  I

■ ( 5 8 0 )

3 T^ +

7 •

m
into

T
Term.

And, if  w be fuppofed, 0,0002908882, — â  its reciprocal — will be

3437,7467707849392526, isc. which multiplied into the aforefaid Series 
iia il give precifely the difference of the Meridional Parts between the 
two Latitudes, to whofe half Complements the aíTumed Tangents belong.

Nor is it material from whether Pole you eilimate the Complements, whe
ther die elevated or depreíTed ; the Tangents being to one another in the 

Ratio  ̂ as their Complements, but inverted.
In the fame Difcourfe I alio ihewed, that the Series may be made to con

verge twice as fwift, all the even Powers being omitted j and that putting r

for the Sum o f the two Tangents, the fame Logarithm would be —  or  ̂ ^
m a

' • t t̂  t’’  ^
i . into -------+  — --------------- , but the Ratio o f t to r, or o f the

4 3 ^* 5 “̂ * 7 '̂ ^
i  Sum o f two Tangents to their Difference, is the fame as that o f the
* , Sine ot the Sum o f the Arches, to the Sine o f their Difference. W htrefore,
j i f  S be put for the Sine Complement of the middle Latitude  ̂ and s for the

Sme of half the Difference o f Latitudes  ̂ the fame Series will be —  into
a S

jJ j9
^-----^  "i-----rrz -I---- wherein, as the Differences o f La-

S  ̂ 5  ̂ 7 g
 ̂ titude are fmaller, fewer Steps will fuffice. And, if the Equator be put
I for the middle Latitude, and confequently S=:R , and s the Sine o f the

Latitude^ the Meridional Parts reckoned from the Equator will be —

JÍ JÍ j7
m. s XXXVI.----------H — 7— H — s—> which is co-incident with Dr. Wallis*s Solu-2, r r a  5 r^o

tion. And this fame Serieŝ  being half the Logarithm o f the Ratio o f R-f-J 
to R — j, that is o f the verfed Sines o f the Diftances from both Poles, does

f agree with what Dr. Barrow had íhcwn in his X I. Le£iure,

The
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The fame Ratio o f t  to /  may be expreffed alfo by that of the Sum of 

the Co-fines of the two Latitudes, to the Sine o f their Difference : As like- 
wife by that of the Sine o f the Sum of the two latitudes, to the Difference 
of their Co-fines: Or by that o f the verfed Sim o f the Sum o f the Co-Lati- 

 ̂ iudes, to the Difference o f the Sines o f the Latitudes: Or as the fame Diffe
rence of the Sines o f the Latitudes, to the verfed Sine o f the Difference oí the 
Latitudes ; all which are in the fame Ratio of the Co-fine o f the tniddle Lati~ 
tude, to die Sine of half the Difference of the Latitudes. A s it were eafy to 
demonftrate, if  the Reader were not fuppofed capable to do it himfelf, up-

• on the bare Infpedion o f a Scheme duly reprefenting thefe Lines.
 ̂ This variety of Exprejjion o f the fame Ratio 1 thought not fit to be omit-

ted, becaufe by help o f the Rationality of the Sines o f 30®, in all Cafes 
' where the Sum or Difference of the Latitudes is 30®, 60% 90°, 120°, or

I 1 50°; fome one of them will exhibit a fimple Series, wherein great Part of
the Labour will be faved. But the former feems for all Ufes the moil con
venient, whether we defign to make the whole Meridian-Lim¡, or any Part

thereof, viz. ~  into - i - j - j L- j — -j— Wherei n a is the
a b 30^ 50 * 7 0 '  90^

Length o f any Arch, which you defign íhall be the Integer or Unity in
your Meridional Parts (whether it be a Minute, League or a Degree, or
any other) S the Co-fine of the Middle Latitude, and s the Sine o f half the
Difference o f Latitudes •, but, the Secants being the Reciprocals of the Co-fine

L  will be equal to putting f  for the Secant o f the Middle Latitude j and

—  into 4  will be =: This multiplied by that is by
^  a S ra  ^ ' 3 S S  3 r r r r

will give the fecond Step •, and that again by the third Step i and

fo forward till you have compleated as many Places as you defire. But, the 
Squares o f the Sines being in the fame Ratio with the verfed Sines o f the dou

ble Arches, we may inilead o f -ií^affum e for our Multiplicator or the
s S b  3 V

verfed Sine o f the Difference of the Latitudes divided by thrice the verfed 
Sine of the Sum of the Co-Latitudes  ̂ & c. which is the utmofl: Compendium

fié s
1 can think of for this Purpofe i and the fame Series will become into i

. y  -J - _I-JE!— Hereby we are enabled to eftimate the De-
3 V ^ 5 V * ^ 7  V » ^ 9

fault of the Method of making the Meridional Line, by the continual 
Addition of the Secants of equi-different Arches, which, as the Dif
ferences of thofe Arches are fmaller, does ftill nearer and nearer ap

proach
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nroach the Truth. I f  we affijme, as M r. fFrJght did, Arch of one
E i e  to be Unity, and one Minute to be the common DifFerence of a 
Rank o f “ « t o ;  it will be in all Cafes, as tte  Arch ot one M.nute to its 
Chord fo the Secant o f  the middle Latitude to the firft Step of our Se
r i e s  This by Reafon of the near Equality between and ^s which are to 
one another in the o f Unity to 1-0,000000003525664577‘ 3.
wm n o t  d ife fr o m  the Secant/, but in the jiA  Figure •, being Ids than it

in that Proportion. The next Step being +
2 p  .0 
^ a r r

will be equal to the

Cube of the Secant o f the middle Latitude multiplied into ^ sss
^ a r r

:0,0000-

0000705132908715 i which therefore, unlefs the Secant exceed ten Times 
Radius, can never amount to i in the fifth Place. Thefe two Steps fuf- 
fice to make the Meridian Line, or Logarithm T%ngcnt̂  to far more Places 
than any o f natural Secants yet extant, are computed to ; but, i f  the

third Step be required, it will be found to be - f / j  into
2 s

5ar*
=0,00000-

0000000000089498 ; by all which it appears that Mr. Wright*?, Table does 
no where exceed the true Meridian Parts by fully half a Minute ; which fmall 
DifFerence arifes by his having added continually the Secants i ',  2', 3", ^ c. 
inftead of o f', i^', 2^', 3I', & c. But, as it is, it is abundantly fufficient for 
Nautical Ufes. That in Sir Joms Moor'̂ s New Syjiem of the Mathematich is 
much nearer the Truth 5 but the Difi^erence from ¡Vright is fcarce fenfible, 
till you exceed thofe Latitudes where Navigation ceafes to be pradicable; the 
one exceeding the Truth about half a Minute, the other being a very fmall 
Matter deficient dierefrom.

For an Example eafy to be imitated by whofo pleafes, I have added the 
true Meridional Parts to the firft and laft Minutes of the ^adrant.

T he Firft Minute, 1,00000001410265862178.
T h e Second,------ 2,00000005641063806707.
T h e Laft, or 8g° 59'. 30374,9634311414228643, and not 32348,

5279, as Mr. IVright has it, by the Addition o f the Secants o f every whole 
Minute : Nor 30249,8, as Mr. Oughtred's Rule makes it, by adding the Se
cants o f every half Minute. Nor 30364,3, S\\'Jonas Moor h.2.á conclu
ded it by I know not what Method, tho’ in the reft o f his Table he fol
lows Oughtred.

The fame may be deduced independently from the Arch itfelf. For if  the 
Latitude from the Equator be eftimated by the Length o f its Arch A , Ra
dius being Unity, and the Arch put for an Integer be a, as before ; the M e

ridional Parts anfwering to that Latitude will be -  into A , A^ +
a 6 24

T

60
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n  or
60

5C40 A ’ +  i«8o or ^ c. which converges much fwifter
1386

%

than any o f the former Serieŝ  and befides has the Advantage of A  in- 
creafmg in Arithmetical ProgreiTion ; which would be of great Eafe if any 
iliould undertake de novo to make the Logarithm Tangents, or the Meridian- 
line to any more Places than now we have them ; the Logarithm Tangent 
to the Arch of 45° +  t  A  being no other than the-aforefaid Series A +  
4-A^-j- A^ in Napier^ Form, or the fame multiplied into 0,43429, 
lyc. for Ériggŝ s,.

But, becaufe all thefe Series towards the latter End of the Quadrant do 
converge exceeding flowly, fo as to render this Method almoil ufelefs, or at 
leaft very tedious ; It will be convenient to apply fome other Arts, by affu- 
ming the Secants of fome intermediate Latitudes ; and you may for j, or the 
Sine o f », the Arch of half the Difference of Latitudes, fubftitute 4- a}

ToVv O’ +  ^ c, according to Mr. Ne-wton*s Rule for giv
ing the Sine from the /irch y and, if a be no more than a Degree, a very 
few Steps will fuffice for all the Accuracy that can be defired.

And, if a be commenfurable to a, that is, i f  it be a certain Number of

thofe Arches which you make your Integer, then will f  be that Number, 

which if  we call », the Parts o f the Meridional Line will be found to be

5  ̂ 7 ^ .

6 r ‘“ ’

r

aa
6 r r  br

I i S p a
+  -T “!---120 r* 360 r̂

X a"
5040 rz> Í3 C.

In this the firft two Steps are generally fufficieht for nautical Ufes, efpecially' 
when [neither of the Latitudes exceed 60 Degrees, and the Differences of
Latitudes do not pafs 50 Degrees.

T o  conclude, I l h a l l  only add, that Unity hángRadius, the Co-fine o f the 
Arch A , according to the fame Rules ot Mr. Newton, will be i —  i A  *

+  -Í- A+T 24 - 20 -  1720 40320 A 3628800 A ‘% from which and the

former

J



I

i'j; 

I
I

I

( 5 8 4  )
former Series exhibiting the Sine by the Arch, by Divifion it is eafy to

conclude, that the natural Tangent to the Arch A  is

4 - iZ. -I- ~  Â *, ^ c . and the natural Secant to the fame Arch i  4 -
»835-

-  A" +  -  A+ +  A “
a  ‘ J 4  ‘ 7 *0  .

^  A*, ^ c . And from the Arithmtick of

Infinites  ̂ the Number o f thefe Secants being the Arch A , it follows, that the 

Sum total o f all the Infinite Secants on that Arch is A  +  A* ■■ i A *24
4- A  ̂ Â *, & c. the which, by what foregoes, is the Logarithm

Tangent of Napier^% Form, for the Arch of 4 5 ° +  f  A , before.

A nd colleéHng the infinite Sum o f all the natural Tangents on the faid

Arch A , there will arife ú- A A 4 - -  A ‘*'4 - -  A®-4- A® 4 - - ^ ,  A*%
 ̂ 12 45 . 2520 * i 4 ‘ 7i

c. which will be found to be the Logarithm of the Secant o f the fame 
Arch A .

TofindtheVz‘ X X X IX . The Height o f the Pole, and the Sun*s Declination being 
compaff í̂íMi  ̂ Ring-Dial, truly wrought, having a Box with a Compafs or
ty.... n.z .̂ 'Needle fixt to its Meridian below, may go as near as any other Inftrument,

the Variation of the Needle 2X. Sea, For, when it is fe tto th eju ft 
Hour and Minute of the Day, the Meridian o f it ftands juft in its due 
P lace; and fo ihews how far the Needle varies from it, as exaftly as the 
Largenefs o f the Card will permit.

But, becaufe thefe Dials are fo rarely juft, tho* they may be ufed
and taken notice of, yet they are not to be relied on. The Thing therefore 
is to be performed, as followeth:

Find out the Sun*s Azimuthal diftance from the Meridian fome Hours be
fore or after Noon, and then its magnetical Azimuth, or diftance from the 
Meridian pointed at by the Needle; and the difference o f thofe two diftances 
is the variation of the Needle.

T o  find the Sun’s true Azimuth, or by how many Degrees, ^ c  of the 
Horizon, it is diftant from the Meridian: Its Declination, its Altitude, and 
the Elevation o f the Pole, muft all three be known •, and thence the true A- 
zimuth may be eafily calculated. The true Azimuth o f the Sun being thus 
found, and Ú\s.tnagnetical Azimuth o f it, according to your Neédle, being ob- 
ferved, fubtraft the leiTer number from the greater, and the Remander is 
the Variation o f the Needle. I f the Magnetical Azimuth be lefs than the o- 
ther, then the Variation is towards the fame fide o f the Meridian, where the 
Sun is i i f  greater, on the other.

2 T o
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T o  obferve the 5««’s Azimuth by the Needle, and the Needle*?. Variation, 

to Degrees, any Needle long enough to afford upon a Card under it a Circle 
divided into Degrees, put into a fquare Box, after the ordinary manner of 
Clinatories  ̂ will ferve turn ; by placing the Box fo, as the Sun may lliine up
on any two oppofite fides o f it, at t le fame time when the Sun’s Height, 

are taken. For then the Needle’ s Diilance from the Diameter of the 
Circle on the Card, that is parallel to thofe Sides, is the Magnetick Azimuth 
required.

The fame may be done with an ordinary Sea-Compafŝ  fo it have a Circic 
towards the Limb o f the Card, divided into degrees, by faftning a fmall 
Thread, Lute-ftring or W ire (not o f Iron) fo upon it, as to pafs juft over 
the Centre of that Circle ; and placing a ftrait Piece o f W ood or Brafs-wire 
perpendicular on the Edge o f t le Box at the end o f the Thread, and turning 
it to the Sun till the Shadow of it fill juft upon the Thread: Then obferve 
what Degrees o f the Circle on the Card the Thread cuts, by looking plum 
upon i t ; and that is the Sun’s Magnetical Azimuth.

But to have the Variation to Degrees and Minutes, (which is moft defireable) 
then the Obfervation laft mentioned mufl: be made with a ^ladrant. Sextant  ̂ •
or fome fuch other Inftrument, fo large as to admit o f the Divifion o f a 
Degree into Minutes: which will require the Radius to be about 3 Foot i the 
larger the better. If a 9̂ iadrant; then, it being laid flat, and the fquare Box 
with the Needle placed upon it, move the ^(adratit to and again, till that fide 
o f it, on which the Box is placed, lie parallel to the Needle when at quiet;
Then the Sight of the 9luadrant being Aid along the Lim b of it, till the Sun 
ihine on both its fides at the fame time, the Mid-line, that divides equal
ly  the Sight, when the Sun iliines upon it through the Slit, will mark the 
Degree and Minute o f the iS««’s Magnetical Azimuth. A ll which is eafy to be 
put in Practice.

T o  find this Variation by the Stars, is fo eafy, that every Mafter can 
do it.

X L . It is a received Error, In the Practice o f obierving the Variation 2X. CantUn f<t

Sea, to take it by the Amplitude of the Rî n̂g and Setting Sun, when his Cen- Variation at Sea í

tre áppears in the Vifible Horizon, whereas he ought to be obferved when 
his Under-Limb is ilill above the Horizon about of his Diameter, or 20 p- S7 '- OSi, An.
Minutes, upon the Score o f the Refraoiion, and the Height of the Eye of > 9̂2» 
the Obferver above the Surface o f the Sea: Or elfe they are to .work the Am- 
píiíude as they do the Azimuth, reckoning the Sun̂ ?> Dift. from the Zenith 
t;o° 36'.

This, though it be o f little Confequence near the Equinoflial, will make 
a great Error in High Latitudes, where the Sun rifes and fets obliquely.

X L I. The Latitudes o f the Lizard and Scilly, are laid down too
Northerly by near 5 Leagues : For, from undoubted Obfervation, the Z./-
z W lie s  in 49° 55', the middle of Scilly due IVeJt therefrom, and the
Part thereof neareft 40“ 50  ̂ Whereas in moft Charts and Books of ĝ  ̂ p, ,̂5. 

Voi,. I. F f f f  JVfl-Not.Ann..:oo.
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NavigatioJt they are laid down to the Northward o f 50*, and in fome full 
50® io\  Nor was this without a good Effe¿l, as long as the Variation con
tinued Eafierl)\ as it was when the Charts were made. But fince it is become 
confiderably ÍVeJterlŷ  (as it has been ever fince the Year 1657.) and is at 
prefent about y\D eg. all Ships Handing in, out o f the Ocean, Eajl by the 
Compafŝ  go two thirds o f a Point to the Northward o f their true Courfe, and 
in every 80 Miles they fail, alter their Latitude about 10'. So that if they mifs 
an Obfervation for two or three Days, and do not allow for this Variation  ̂
they fail not to fall to the Northward o í their Expectation, efpecially if they 
recicon Scilly in above 50% and to run up the Brijlol Channel̂  not without 
great Danger o f all, and the Lofs o f many o f them. This has been by fome 
attributed to the Indraught o f St. George‘s Channel: But, the Variation being 
allowed, it hath been found, that the faid Indraught is not fenfible. It is 
therefore recommended to all Mailers o f Ships, that they fteer two Watches 
E. by S. for one E. which will exaftly keep t leir Parallel •, as alfo, that they 
come in, out o f tlie Sea, on a Parallel not more Northerly, than 49® 40',

■  ̂ which will bring them fair by the Lizard.

X L II. Papers o f  Lefs General U fe, omitted.

Pendulum Wac- M r. Oldenburg having publiihed from Journal de Scamns, an Account o f M . 
^o.' lid.%!'' Portable Watches  ̂Dr. Hook, in the Poftfcript to his Defcription ofHe-
Cap.v.Sea. wliofcopesy complains o f it, for not having taken Notice, That this Invention

wasfirfi found out hy an Engliihman, and long fince publifhed to the World. T o  
n. 128.̂ , 710. this M r. Oldenburg anfwers, by relating the Plain Truth of the M atter: Where- 
«•ií9./’-749< upon Dr. in a Poftfcript to his Lafj^pus, further complains, and re-

iledis on Mr. Oldenburg*s Integrity and Faithfulnefs in his Management of the 
Intelligence o f the Ro'jal Society. This gave Occafion to the Council o f that So
ciety to declare, That M r. Oldenburg had carried himfelf Faithfidly and Ho- 
nejily, and given no juft Caufe offtich RefleSiions: T o  which Mr. Oldenburg adds 
Part o f  a Letter from M r. Huygens to him, Offe?ing {if M r. Oldenburg be
lieves a Patent in England might be worth fomethin^ all he might there pretentl to. 
So that if  M r. Oldenburgh had a Defire to take out a Patent, it was for no 
other Contrivance than Mr. Huvzen* .̂•'O

X L III, Account p i  Books and Emendations omitted.

n.ajT.j». 670, I, YokwaGnVximuvn GeographorumGr.MÁnoxum. OxonmZvo.
n. 431 . 671. I îonyfii Periegefes, Griece &  Latine, cum Scholiis Gr. tam Edicis quam

Ineditis. Cura Edw. Thwaits, M . A . Oxon. in ^vo. 
s¡7 ’̂ 3' Bernhardi Vareni, M . D . Geographia G a n ^ ra lisauíta &  illuílrata ab

Ifaaco Newtono, R . S. S. Cantab. 1672. in Svo.
»• 231. p. c&f, 4- Philippi Cluverii Introduólio in Univerfam Geographiam, tam Veterem

quam N ovam  : Tabulis Geographicis 46. ac Notis olim ornata, á Joanne Bu- 
none \ jam  vero locupletata Additamentis 8c Annotationibus Jo. Irid. Hekelii
&  Jo. Reixjkii, Amjl, 1697. in ¿̂ to.

o 5' Geo i
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5- Geograph'j Anatomt"¿d \ or a Compleat Geographical Grammar. Being a"- 

ihort and exa6t Anakfis o f the whole Body o f Modern Geographŷ  after a 
New and Curious Method ; by Pat. Gordon, M. A . F. R. S. The Second 
Edition.

6. A n Account o f the Meafure of a Degree o f a Great Circle o f the Earth ; n. nz. p. i6i.
by M . Picart. Paris. 1671. jR?/. Tranflated into Englijh *, by Mr. Waller  ̂R. «S’. 37^
Sec. Lond. 1687. 7 his Book is here abrid^dy and the Sum of the whole amounts 
in Jbort to this, M . Picart meafured on a Plain and firaight Ground a [pace c f

* 5663 Toifes, to ferve for the JirJi Bafis to divers Triangles \ by which he hath 
concluded the Length of a Meridian Line equivalent to a Degree of Latitude, n. iz6. f . 6j4. 
to be 57060 Toifes or Fathoms, that iŝ  28Í Leagues and 60 Toifes.

7. The Seaman’s Pra6Hce; by Mr. Richard Norwood, Lond. 1636. in j[fo,
*The Meajure of a Degree is here extraSied from that Book. M r. Norwood, An,
1635. having aSiually, meafured, for the mofl Part  ̂ the W%y from Y ork  to London, ’
and having obferved the Meridian Altitudes of the Sun in both Places, he found 
the Difference of Latitude to be 20° 28', and the Diftance of their Parallels 
905751 Engliih Feet; and therefore one Degree of a Great Circle is 2^719^

I Feet, or Numero Rotundo 367200 Feet, which is equal to 69 í Engliih Miles,
and 14 Poles; Whereas the French make it no more than ^6¿oooJuch Feet. 

i 8. Longitude found i hy Hen. Bond, Lond. 1676. in/ t̂o, A  Mifiokea.^ .̂f.fxi^ .̂
in that Book is here correSled.

9. A  Book publiihed by M r. Jo. Moxon, defciibing a new fort o f T er-”*̂ |39jPĵ 98*5-
reilrial Globes, invented by the E. of Caftleinain. p. 43.

10. The Englifh Atlas. Oxford, ior Mofes Pitt. 1680. Fol.^
11. A  New Map o f England, full 6 Foot Square, wherein Computed andn.I3^^ 886. 

Meafured Miles are entered in Figures ; by Mr. Jó. Adams.
12. A  large and curious Map of Great Uartar  ̂ j by M . FJich, Witfon,

F  f  f  Í 3 C  H  A. P.
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C H A P .  VIIL

ArchiteEiure* Ship-Building,
4

stnnnfitfor I. H E R E  is a fort o f grey Freejlone at Paris, every where on the
Building,- g  South fide o f the River Sein̂  which is o f a reafonable coarfe
I). 93./>, 6oio. J l .  Greet, and fo foft when firft taken out o f the ^ a rry , that *tife

1 ^̂ 73* dreit and hewn with broad iharp Axes, almoft as eafily as dried Clay, but
grows harder and harder in the A ir ; *tis very durable, and exceeding fit for 
Building. The Portland Stone is o f a fine Chalky Greet, fit for all curious 
hewn and carved W ork, tho’ not fit for W ater or Fire. On the contrary, 
the Freefione in Kent  ̂ o f a whitiih grey Colour, lafts well in A ir and W ater ; 
the Greet thereof lefs fine and chalky than that o f Portland. T h e Derbyfitire 
Freejiom, tho* it endure the fierceft Fire, is yet brittle, and fo unfit for fine 
and curious Workmanihip.

'I rbtChmeani n . I .  T ake the thin cleft Stone, Slat or Shindle, and fo knock it againft
Matter, as to make it yield a Sound ; if  the Sound be good and 

' M r. c\tzv, that fort o f Stone is not crazy, but firm and good. O r,
• n!™o 2. If in hewing it does not break before the Edge o f the Se£iŝ  (the Hew-

Auij.An. J669. ing Inftrument o f the Slatters) you may not much doubt o f the Firmnefs o f
the Slate. But,*

3. I f  after it hath been exa6lly weighed (and the Accom pt thereof laid by) 
it be put, and for 2, 4, or 8 Hours left to remain all under W ater in a 
Veflel y and afterward taken up and wiped very clean with Cloths, if  then 
it weigh more than before, ’ tis o f that kind which imbibes W ater, and there
fore not fo fit to endure any confiderable time without rotting the Lathes 
and Timber.

4. Thefe Stones may be pretty well guelTed at, whether they be o f a 
clofe or loofe Texture, by their Colour : For the over blackiih Blue is apteft 
to take in W ater j but the lighter Blue is always the firmeft and clofeft. 
T o  which may be added the T o u c h ; for a good Stone feels fomewhat 
hard and rough j whereas an open Stone feels very fmooth, and as it were 
Oily.

5. Place your Stone long-ways perpendicular in the midft o f a Veffel o f 
W ater, (no matter how iliallow the W ater be, fo it exceed half a Foot 
depth j) and be fure, the upper un-immerfed Part o f the Stone be not ac
cidentally wetted by the Hand, or otherwife ; and fo let it remain a D ay, 
or half a D ay, or lefs. I f  it be a good firm Stone, it will not draw (as they

ipeak)
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ípeak) Water more than half an Inch above the Level of the Water, and that 
aerhaps but at the Edges only, the Parts of which might be fbmewhat 
oofened in the Hewing. But a bad Stone will draw Water up to the very- 

top, be the Stone as long as it will, all over.
As for the Charge of covering Houfes with Slate, they may be thus com

puted. s. d.
1000 o f Efford Small Blue at the Ship’s fide in Plymouth Harbour — 5 6
1000 of Efford Large Blue------------------------------------------------------  ̂ g
1000 of CanPelmel---------------------------------------------------------------7 o
1000 of Small Blue o f other Quarries ■ -------------------------------4 o
1000 of Large Blue--------- ------------------------- --------------- 8 o
3000 of Small Blucy accompted two Tuns in Carriage by Water.
1000 of Large Blue, i Tun.
3000 o f Small will cover i Pole of W ork at the 5 Pin Plain.
Every Pole of W ork is either 6 Foot broad and 14 up, on both fides, or 

168 Foot in Length, and one in Breadth.
3000 o f Large  ̂ will cover two Poles o f Plain W ork.
Hewing o f all forts of plain Pelmel per 1000------------- ------ ------------- i 6
Pinning 'per 1000, 8 d. Pins per 1000: 8 d .-----------------------------------i 4
Three Bufliels {Winchefter Meafure) of good Lime, will take 6 Buihels of 

freih W ater Sand, and ferve to lay onon^Pole  of w ork; tho* much 
lefs may ferve the Turn.

300 of Lathes to every Pole o f W ork.
1000 o f Lathe Nail to every 300 of Lathes.

r  Lath one • Pole o f W ork
« «t , TTr 1 J Lay on 2000 or more of Slate f  , , -p.A n Able W orkman may ^   ̂ ^  by the Day.

_ Pin 4000
Chequer-workcor\^\&.s Circles, and Semicircles, ^ c. which re

quire no common Skill and Tim e in hewing and laying.
It is worthy Obfervation, That, if a fide W all happen to take W et by the 

beating of the Weather, or the like, when nothing elfe will cure it, our 
Kerfeying with Slate (which is much ufed in the curious Fronts of Houfes, 
efpecially In Towns) will quickly remedy it.

W e have fome forts, which by the Conjetures of the more experienced 
HeKiers, (or Coverers with Slate), have continued on Houfes feveral Hun
dreds of Years, and yet as firm as when firft put up.

Ill, The Cupm  o f PelUng 'íimber here in the South o f England, differs from 
that o f Slaffordfloire in the Tim e of Felling, and Manner of Barking. It is Fel-t„ -, by Dr. Rob, 
led here in the Spring, as foon as the Sap is found to be fully up, by the Trees 
putting out, and then Barked after theTrees are proftrate, the Sap yet remain- 
ing in the Bodies o f them : Whereas there it is firft Bark’d, (in the Spring as 
here') but before it is Felled, the Trees yet living and ftanding all the Summer, 
and not Felled till the following Winter, when the Sap is fully in Rcpofe.

In
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In the Spring Seafon, and fome time after, all Trees are pregnant and fpend 
themfelves (as Animals do in their refpeétive OíFsprings) in the Production 
of Leaves and Fruits, and lb become weaker than at other times in the Y e a r ; 
tlieir Cavities and Pores being then turgid with Juices, or Sap, which (the 
Trees being felled at that time) ftill remain in the Pores, having no manner 
o f Means o f being otherwife fpent, and there putrefy j not only leaving the 
Tree full o f thofe Cavities which render the 'limber weak-, but, idly  ̂ breed
ing a W orm , as both Pliny and Mr. teftify, that .will fo exceedingly
prejudice it, that it becomes altogether unfit for ftrong Incumbencies, or 
other robuil Ufes, ¿álŷ  A ll Timber fell’d at this Tim e o f the Year, whe
ther the J uices putrify, or otherwife fweat forth, or dry away, is not only 
lubjedl to rift and gape, but will ilirink fo confiderably, that a Piece o f fuch 
'Timber o f a Foot fquare will ufually ihrink in the Breadth ^ o f an Inch *, 
than which, fays Vegetius  ̂ nothing is more pernicious, if us’d for the Buil
ding q{ Ships. T o  which, 4-tblŷ  the firft andgreateft Roman Emperor, Ju
lius C¿efaTi adds, tliat tho’ Ships may be made o f fuch moift Tim ber, felled 
in the Spring, yet they will certainly be Sluggs, not near fo good Sailers as 
SJiips made o f Tim ber felle<i later in the Year.

In all which Circumftances, I find, m oil of the Antients fo very well agree, 
that none of them advife the felling o f Timber, for any fort o f L/fe, before 
Autumn  ̂ at fooneft ; others,'not till the Trees have born their Fruit; which, 
fays Theophrajius, muft always be proportionably later, as their Fruits are ripe 
later in the Year. A  third fort, not ú\\ M id-~m nternot November  ̂ fays 
Palladius  ̂ nay, not till the Winter Soljlice  ̂ fays the \vife Cato; and then too in 
the Decreafe or Wane o f the Moon, between the \^th and 23̂ / Day o f her 
A ge, fays Vegetius, or rather, according to Columella, between the 20th and 
the New-Moon. In general, fays Theophrajlus, the Oak muft be fell’d very late 
in the Winter, not till December, as the Emperor Conjiantine Pogonatus pofi- 
tively aíTerts, the Moon too being then under the Earth, as ’ tis for the moft 
part in the Day-time in the firft Part o f its Decreafe. And the felling of 
Oak within thofe Lim its they call Tempejiiva Cajura, Felling Timber in Sea- 
fon, which they all unanimoufly pronounce (if thus felled) will ^neither 
Ihrink, warp, nor cleave, nor*admit o f Decay, in many Years *, it being 
tough as Horn, and the whole Tree in a manner (as Theophrajlus aíTerts) as 
hard and firm as the H eart: with whom alfo agrees our Countryman M r. 
Evelyn-, if  you fd l not Oak (fays he) till the Sap is in Repofe, as ’ tis com
monly about November and December, after the Froft has well nipped them, 
the very Saplings thus cut will continue without Decay, as long as the Heart 
o f  the Tree,

And the Reafon of this is given in fhort by Vitruvius, quia Aeris Hyberni 
vis comprimit\^ confolidat Arbores, becaufe the Winter A ir doth clofe the Pores, 
and fo confequently confolidates all Trees, by which means, the Oak, (as 
he and Pliny both exprefs it) will acquire a fort o f Eternity in its Duration ; 
and much more will it fo,’ i f  it be Bark’d in the Spring, and left ftanding all 
the Summer, expofed to the Sun and W ind, as is ufual in Slaffordjhire, and the_ 
adjacent Countries *, whereby they find, by long Experience, the Trunks or

their
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their Trees fo dried and harden’d, that the fappy Part in a manner, be
comes as firm and durable as the Heart itfelf. ’

Which way o f Barking and Fellijtgoi Timber, tho’ it were unknown to the 
Ancients (as perhaps it is to all the world befides thefe few Counties) yet 
they feem not unacquainted with the Rationality o f the Pra6lice, The great 
Vitruvius prefers the I'imber on the South-Jide the Apemine (where it winds a- 
bout, and inclofes Tufcany and Campania, and ilrongly refleds the conflant 
Heat o f the Sun upon it as it were from a Concave) incomparably before 
tliat which grows upon the North-fide o f the fame Hill, in the iliady moift 
Grounds: O f which his Opinion he renders us this Reafon, for that the Sun 
does not only lick up the fuperfluous Moiilure of the Earth, whence the Trees 
are fupplied in fuch ihady Places with too great a Quantity, but in great 
meafure exhales the remaining Juices (after the Produdlion of Leaves and 
Fruits) out of the Trees themfelves, rendering the Timber of them the more 
clofe, fubilantial and durable *, which certainly it would do alfo much more 
efFedually, if the Bark were taken off in the Spring of the Year, as is accuf- 
tomed in Staffordjhire, where the People are content to ufe this Method in 
their Provifion o f Timber, tho’ but for private Ufes.

Much rather then ihould it be done in fo publick a Concern as the Build
ing o f Ships, were tough and folid Timber is much more necefiary than in 
ordinary Buildings. There is indeed an A£t o f Parliament, i Jac. I. Chap. 22. 
which forbids the Felling o í Timber for ordinary Ufes (in confideration o f the 
Tan) at any other time but between the ift  o f April and the laft of June  ̂
when the Sap is up, and the Bark will run; made on Suppofition, (I guefs) 
that ihould they have admitted Felling Timber in any other Seafon, the Tan
ners would have wanted a Supply of Bark. T o  which I readily anfwer, that 
I fear the Legifiators that prefled the making that A6t were ignorant that the 
Bark might be taken off in the Spring, and that the Tree would notwith- 
ftanding live and flouriih till the Winter following, as 1 have feen many in 
StaffordJIñre: So that tho’ the Tree be not FetTd till the Winter SoIJiice, or 
'January following, yet the Tanner is not at all defeated o f his Tan, but has it 
here in as due Seafon, as in any of the Southern Counties. The Legiflators  ̂
I fay, were ignorant of this, otherwife they would never have made an Act 
fo pernicious to the whole Kingdom, as Fellit̂ g Timber at this Seafon is, for
the fake of a few Tanners.

But notwithftanding this Ignorance, yet then they were fo wife as to except' 
in that A ct the Timber to be ufed in building of Ships, which may be 
Fel\*d in Winter, or any other Tim e ; as I am told all the ancient Timber re
maining in the Koyal Sovereign was, it being ilill fo hard, that ’ tis no eafy
matter to drive a Nail into it.

’ Tis true indeed, that the barking and peeling the Trees ftanding is fomewhat
more troubleibme, and therefore fomewhat more chargeable, than when they
are proftrate •, and that ’ tis likely, People therefore have ufually fell d their
Timber, as well for Shipping as other uies, in the Spring of the Year, for the.
fake o f the more eafy and cheap Barking it only, rather than any thing elfe.
’ Tis too true, that Timber is harder to Fell in the Winter, it being n®w fo com
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paél and firm, that the A x  wiJl not make fo great Imprefiion as it doth in 
the Sprir.g, which will alfo increafe tlie Price ot the Felling fome fmall M at
ter and its Sawing afterwards; but how inconfiderable thefe things are in 
comparifon of the great Good o f this manner o f Felling, I think is felf-evi- 
dent.

T h e greateft Objedion, that I can forefee will be urged here in the South 
againft this Praftice, is, that if the ‘Timber be not feWd till Mid-winter^ or Ja-̂  
niiarŷ  where it grows in Copfes and IVoods, they cannot perhaps inclofe their 
young Sprigs fo foon as fome may imagine needful, and therefore will be 
backward to fell their Timber (fo growing) at that Seafon. T o  which I 
anfwer, I'hat the T'imber fo fell’d in Woods or Copfes may be eafily carricd 
o ff before the fecond Spring, and fo the Prejudice fmall, and the firit it muft 
be tliere, wherever it is fell’d. But Secondly, That which will quite remove 
this inconfidcrable Difficulty, is, that perhaps it may be expedient that no 
Tim ber whatfoever growing in Woods or Copfes, be at all bought in the King's 
Yards, for that Timber growing in fuch fliady Places, and fo fenced from the 
Sun and Wind, as 'Timber in Woods for the moftpart is, cannot be fo good as 
that which comes from an expofed Situation, fuch as it ufually has in Forejis, 
Parks, Hedge-rows, and open Fields ; whereto it is indifferent at leaft if not 
better for the Proprietor, that it be »fell’d in Winter, (when the Grafs and 
Corn is gone) than in the Spring it fe lf: and the Officers defigned for that 
purpofe may buy all their Timber under fucji Conditions as to be fell’d in 
Wtnler, enjoining the Proprietor, to take o ff the Bark in the Spring in due 
Tim e, making him fome fmall Allowance for the Trouble he will have in 
peeling it {landing.

ThiDipreneeef IV . It is the common Opinion, That Timber which is fell’d in Winter, is 
««rcoumrks* ftronger and more lafting, as being more clofe and firm than that which 
ÎndFtird̂ 't ’ is fell’d in Summer : But, M . Leuwenhoek\ Sentiment is, that there is no Dif-

except in the Bark, and outermoit R ing o f the W ood, which in the 
Leuwenhoek, n'. Slimmer are fofter, and fo more eafily pierced by the Worm ; Wood confifling

o f hollow Pipes, which in the Summer Winter both, are full o f Moifture, 
tliey do not ihrink in the Winter, and therefore the Wood cannot be clofer at 
one time than another, for otherwife it would be full o f Cracks and Clefts. 
T he fudden and unexpeéled rotten o f fome Timber, he conceives to proceed 

‘ from fome inward Decay in the Tree before it was fell’d •, having obferved 
all Trees to begin to decay at firfl in the M idil, or Heart of the Tree, 
tho’ poffibly the Tree may iland and grow for near an Hundred Years after
wards, and increafe in Bignefs all along.

2. He fays, he was once of Opinion, that Trees growing in good Ground, 
but increafing flowly, were the beft and ilrongeft Timber ; and that thofe 
Trees, which in few Years grew large were the foftefb and brittleil; the 
contrary to which, upon Enquiry o f experienced W orkm en, he found to 
be true, and inilances of an Elm o f 80 Years Growth, which was 11 Foot 
in Circumference, and proved excellent tough Timber.

%
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3. The Age o f Trees is tobe known by the Number o f Rings to be feen 

when the Tree is cut athwart, in each o f which Rings is one Circle o f large 
open Pipes ; now the fewer o f thefe large Pipes the ftrongcr the Timber is : 
wherefore by Confequence thefe Irees that make thelargeft Growth, in a Year, 
muft be the Clofer and ftronger, and therefore thofe Trees that grow in warm 
Countries grow fafteft, and are the beil and tougheft Timber v which he 
confirms by Riga and Dantzick Oak, which is of flow Growth, and proves * 
fpongy and brittle ‘limber  ̂ whereas the contrary is obferveable in Engltjh and 
French Oak, which grows failer, and is excellent Timber.

V. I . This Famous Roman Bridge at Pont St. Efprit  ̂ is very crooked, bow- 
ing in many Places, and making feveral unequal Angles, efpecially in tiiofe or.
Places where the Torrent runs ftrongeft, as where the (lands, 4. I” 
which Place the Angle is moft unequal, and the greateft •, the Arches veryp.'"y?t’ 
wide, and have their Feet fecured by two Pedeftals that encompafs them. * '5* 
Both the Pedeftals have their feveral Degrees or Ranks o f Jettings out, like 
fo many Rows o f Stairs or Steps, the lowermoit Order puihing out moft, 
the others being lefs, and going gradually more in ; the Second oruppermolt 
Pedeñal is much lefs than the firft or lowermoft, being built a little within 
its Lines o f Circumference ; i ,  2. Between the great Arches there are JVindoiosy 
or, (as it were) fmall Arches \ 3. that come down to the very Plane of the 
fecond, or uppermoft Pedeftals dividing the Feet of the great Arches. From 
this my rude Defcription it appears to me, that the Romans have here con
trived all poiTible ways to break gradually the mighty Force o f the Rhofne, 
and to render its Paflage eafy, and inoffeniive to the Feet of the great Arches \ 
for here we fee fo many feveral Palifadoes and Sluiceŝ  as may be iufficient to 
defend this wonderful Fabrick againft all Storms of the Torrent •, the feveral 
Ranks o f jetting from the Pedejials (for the moft part Triangularly 
built, and faced well with Free-ftone) oppofing and breaking the Stream fe- 
verally, I mean, not all together, or at the fame time, by reafon of their vari
ous Inequalities in ftanding o u t; in cafe the Flood ihould fwell fo high (as 
it frequently does) as to cover both the Pedejtals, then the fmall Arches, di
viding the Feet o f the great ones, help to convey the Water thro’, which 
otherwife might endanger the great Arches.

2. That which feems the Foot of the Areh is an Horizontal Arch gradually Liiicr.
contrafted, every Stone being of vaft Length and W edge-like, laid l e v e l 583-. 
with the Water. This I fpeak by Memory.

3. The ftately Modern Bridge ¡X. Avignon hath yielded in many Places to »/»6 
the extreme Rapidity and Violence of the Rhofne. Its Fall, in my Opinion, may
be afcribed to three Defeds, Firft, It was not fo multangular, as that at 
St. E fprit: Secondly, it wanted in three or four Places, the little Archesá\- 
viding the Feet of the great ones, and in thofe Parts it hath fuirered moft i for 
where thofe ufeful Sluices are, there I obferved the Bridge to Itand ftill the 
moft intire. Thirdly, The Pedejials (or íís you very properly call them Ilori- 
zontal Arches') were not foGeometrically and exadtly laid, as tiioleof Pont St.
Efprit-, their Jettings out were few, and they not gradually contracted ; fo 
that the Force of the Stre.am muft be greater upon the tabrick.

VOK, I. a C/ O Tho’
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Tho* the ^iber be not fo fwift as the Rhofne, yet it is fubjeft to greater 

Inundations, as many Infcriptions aflure us. N o River ever had fo many 
Bridges built with that Magnificence and A rt, as this ; and tho’ they were 
more’pompous and rich in rare Stones, in Sculpture, than that 1 for
merly fent you a Draught o f from Montpelier \ yet they had the like Provifion 
for their Security and Prefervation, and their Defign was much the fame ; 
v/hich may be feen at Rome this very Day at the old Pons Mellhis (now Ponte 
Nolle) near the Via Flaminia  ̂ in the Marble Remains o f the Pons Mmilius^ 
repaired with rich Materials by Antoninus Pius  ̂ on the Side o f the Ripa  ̂ or 
Trajlav¿rc, near the Root o f the Aventine Hill, where firil the Pons Sublicius 
i lo o d ; as alfo in the Pons Fabricius and the Cejiius  ̂ that leads over to the 
Infula Tiberina \ in ail which there are ft ill very fair Marks o f the old Roman 
Structure and Deftgn; and if that prodigious City had not been knocked fo 
oft to pieces by Barbarous Sackers, we might have had ftill as clear Proofs 
from the other Bridges, viz. the Pons Triumphalis  ̂ the Senaeotiuŝ  & c. But 
Gothifb and Northern Tor rents broke all before them.

^BrUge xoHh. VI. A  Tiniber Bridge may be built 70 Foot long, or fomewhat more, with- 
vutjiny pi/i.jr̂  out any Pillar under it, which may be ufeful in fome Places where Pillars

cannot be conveniently built, after this manner; A C ,  and B O are Beams
2S Foot long, and A  B is 3 2 Foot long. Under the Angles are fet two large

714,* ' •■f’’ ^races  ̂ E  L , and S R. A t each end is a W all, on which are laid two Beams
F{g-2i6. 20 Foot long under thefe two are two Braces D E , and

R H . There may alfo be Braces at the End o f the Arches, that may lie 
obliquely crofs the Bridge. It may be laid with Planks and Railed. Behind 
the Walls are Caufeys F D , and A N . The Length o f the Bridge C M O , is 
70 Foot i in the H eight K M  is 19 Foot.

An Aquedua VII. I . T he Aquedu5i  which is to be made near Maintenon, for the carry- 
verfai)]cs ing the Rivcr Bure to Verfailles, will have in Length 7000 Fathom ; 4O2

MayJ An. l ó S j ! wil l  bc 35 Fathom and 4 Foot high, the reft will be lower, accord
ing to the Difference o f the Ground, but no lefs than 5 Foot and 6 Inches 
high. There will be to the faid Aquedu£i 861 Arches  ̂ which, where they are 
higheft, will have 12 Fathom in Breadth, and 8 Fathom in Thicknefs, di- 
miniihing to 14 Foot at the Top. The other Arches will be leiTer in Breadth 
as well as Thicknefs, according to the Nature o f the Ground. The faid 
AqueduB will have 15 Inches Fall to every Thoufand Fathom in Length ; fo 
that for the 7000 Fathom, there will be 8 Foot 8 Inches Fall. The River 
is to pafs by Maintenon  ̂ le Parc Efpernon  ̂ Gageran, Rambouillety les EJJ'arŝ  le 
Perrey, Cognieres  ̂ and from tlience to Ver/ailles. There are 14000 Soldiers 
that work there, under the Command o f  the Marquefs d’ UxelleSy with three 
CommiiTaries o f W ar for their Conduft.

*5.176. p. iao6. -2. A  Magazine for the Waters upon the Mountain Manthoron  ̂ is already
cut, which will have 2200 Perches of Surface (each Perch being 8 French 
Foot) and 12 Foot in Depth. In another Place, much lower, will be ano
ther Magazine, to receive the Waters o f many Pools, the moft part of which,

as
f
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as y e t 'have no Water in them. In the Valley of will htzn Aqueduct, 
the Middle whereof will be raifed 22 Fathom high, for conveying the 
Pools o f Sarle, which, it’s faid, contain much Water, tho’ there be nothing 
but Rain to fill them. This Aquedu^ is 300 Fathom long, and pafl'es thro* 
two Mountains which have been cut thro’ upon that Account. T h e '
Valley alfo on both Tides o f the AqueduSl is raifed 1 1 Fathom high, to make 
Paflages.

An Aquedu5l  is alfo making near the Tower o f Stonê  where the Mills raifc 
the Water, which will now pals without Force to the Top of the Moun
tain : and there be part of it diftributed into feveral great djierns^ which 
are making about Marli for that Place.

The Elevation o f the AquediiSl o f Maintenon Is now fet forth at but 2560 
Fathom ; whereas it was defigned to be carried on more than 8000 Fa
thom, and the Remainder will be made o f Earth, which muft be brought 
thither j this Opinion prevails, in regard it gives a quicker Difpatch, tho* 
it may be doubted, it will not be for the better.

Thefe 2560 Fathoms contain 242 Arcades  ̂ whofe Aperture is 6 Fathom and 
■I-, and the Face o f each Filiar fuftaining tlie Arches  ̂ 4 Fatliom ; there will be 
then on the fide o f Maintenon 33 Single Arches  ̂ afterwards 71 Double ones ;
(as having one Arch upon another) then46 Treble ones; which will general
ly be 216 Foot 6 Inches high, {viz. up to the Floor o f the Channel) after
wards 72 Double ones; then 20 Singlê  which will reach to the Mount of 
Earthy that is to be 50 Foot high.

From the Ground up to the Second Arcade  ̂ are 16 Fathom *, from the Second 
to the 1 ‘hird., or upper Arcade  ̂ are 14 Fathom, (which Arcades are Double 
in Number to thofe they ftand upon) and 6 Fathom 6 Inches more to 
the Floor of the Channel̂  which will at leaft be 7 Foot high, befides the 
Farapct.

The‘ Pi//^nby the Ground are 8 Fathom thick; but, what with the Slopes 
and Shortnings, which are made in every Story, the Top, where the Channel 
goes, will be but 20 Foot broad. There will likewife be at each Pillar a 

jetting out one Fathom, and two Fathom wide.
The intelligent Obferver, tho’ well il îll’d in things of this Nature, as 

being no Stranger to the Writings of the Ancients, or the famous Ruins and 
Remainders of their Fabricks in Italŷ  and other Places, profefies himielf fur- 
Driz’d with the Greatnefs of this Undertaking at Verfailles, and Maintenon •,

: br the Magnificence of the Defign, the Number of Labourers, the Excef- 
fivenefs of the Expence, and the admirable Beauty of the W ork.

VIII. Having been lately at Edgecot in 'Northamptonjkire  ̂ at the Houfe 
Tobias Chancŷ  Kfq; he fhewed me in an Antient Kitchen (now difufed) two •utth a peculiar

Chimneys  ̂vaftly large, o f Stone-Work: Which I took the more Notice of, be- '̂« 
caufe o f a peculiar W ay of Arch-Work in the Front of them ; whereby, j. 
without the Advantage of a Difcharge of Timber (which is ufual, in fuch 
Cafes, to defend the Arch-Work from being overburden’d) an Archo\ maíTy 
Stone (in each of them) fuftains itfeli at a great Length, tho’ almoft upon

G g g g 2  a Flat,
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a Flat, being very little rais’d in the middle. Over this Arch (after fomc 
walling interpofed) there is another Arch (to defend the former) more raifed 
from the Flat. The Dimenfions of all, I have thought fit here to fub- 
join.

A B , The Breadth between the Jnmbs  ̂ from Infide to Infide, i8 Foot.
C D , The Depth o f the Stones in the Lower Arch, 22 Inches ; locked 

one into another, with a crooked Joint.
D  E, The Diftance in W alling, between the Arches, 2 Foot and 7 Inches.
E F ,  The Depth o f the Stones for the Upper Arch, 15 Inches; W ith a 

ftreight Joint.
G H , The Place of two vail Tunnels o f Stone.
K , a ¡Vtndouü between them.

IX . M . JVeighelius hath lately invented an odd Bridge  ̂ or kind o f Stairs, 
\í4'igheifu/̂ ’ by which a Man ihalldefcend, and yet really be raifed upward j and going 
n. 74-.p. szis. as ’twereupon a Plain iliall from a lower, by gently fubfiding, arrive to an

upper Story.

Prefervhi  ̂of 
Ships from bf* 
ing Worm-eatfTt
hy I •• « !}• Ill
p X90. Apr. 
A n . 3666.

X . In the Indian Seas, there is a kind o f fmall Worms that fallen themfelves 
jto the Timber o f the Ships, and fo pierce them that they take W ater every 
where ; or if  they do not altogether pierce them thro’ , they io weaken the 
W ood, th^t it is almoil impoíTible to repair them. Some have employed T>eal̂  
Hair and Lime, & c. and therewith Lined their Ships ; but befides that, this 
does not altogether affright the Worms, it retards much the Ship’s Courfe. 
The Pcrtugufe fcorch their Ships, infomuch that in the ^ .ick Works there is 
made a Coaly Cruft o f about an Inch thick. But as this is dangerous, it 
happening not feldom that the whole VeiTel is burnt; fo the Reafon why the 
Worms eat not thro’ Portugal Ships, is conceived to be the exceeding Hard- 
nefs o f the Timber employed by them. There is in Holland a Man that pretends 
to have found an admirable Secret to remedy this Evil. And a very worthy 
Perfon in London fuggefts the Pitch, drawn out of Sea-Coals, for a good 
Remedy to fcare away thofe noifome Inje¿is,

ain XI. Somc fcw Ycars fince. Sir Phil. Howard and Major Watfor, with great
Charge and Induftry found out a new W ay, by a Manufa£lure o f our own, 

r 100. p. 6T9Í- to preferve the Hulls o f Ships from the W orms, ^ c . which is much finocther 
jjn. An. I 74. confequently better for Sailing, and more cheap and durable than die

W a y o f Boards, Pitch, Tar, Rojin, Brimjione, or any Sheathing or Graving hi
therto ufed. 7 'he King and Parliament being fatisfied, upon Examination, 
o f the great Benefit that might redound thereby to his Majejty and Subjec5ls 
in general, for the Inventors Encouragement to make the fame publick, v/ere 
pleafed, almoft 4 Years fince, to grant them an A il  o f Parliament for the 
foie Ufe of this their Invention, with Penalty and Prohibition to all others. 
In Profecution whereof, Experiments have been made upon fcveral of his

Majefty^s
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Majejiy*  ̂ Ships, •uiz. the Phanix, done three Years ago, has made two V oy
ages into the Streights  ̂ See. and when flie was lately taken into the Dock at 
fVoolwick to be repaired, upon View o f the Mafier Shipwright and others, her 
Sheathing was found to be in as good Condition, as at the firft doing; and 
the Ship fo tight during the whole time, that they were forced to iieave in 
Water to keep her fweet. The Breaánought  ̂ a Third Rate, done in June 
16 7 1 *, the Henrietta  ̂ L'̂ on̂  and Mar-j, all three of the Third Rate, and done 
a Year and half fince, being lately laid on Ground at Sheernefs and Portfmouth  ̂
are found to be all in as good Condition, and the Sheathing to continue as 
firm and as well as at the firft doing ; as the Mqfter-Builder and JJJiJiani at r
Portfmouth, and others, have certified.

The Bread Rooms allb of fome of thefe, and many others o f his 
Ships, have been lined within, almoft in the fame manner the Sheathing is 
w ithout; which has prov’d a great Prelervation of the Bread, as feveral ot 
the Purfers and Officers o f the faid Ships have certified •, and by Reafon of 
its Duration muft be much cheaper and better than Tin, which is fo liable to 
ruft, or any W ay yet ufed.

Alfo the Lead itfelf (which is the principal thing ufed herein) they maĴ e To 
clofe prefled, fmooth, and equal, or o f what 1 hicknefs or Thinnefs de
fired, that great Ufe may be made thereof about feveral other things relating 
to Shipping.

XII, A  Paper of lefs General Ufe Omitted, viz.

Direftions for Inquiries concerning Stones and other Materials for the U fen.93.̂ .6010, 
o f Building.

XIII. Accounts of Books Omitted.
1. Vitruvius done into Englifh\ by Mr. Chr. Wafe. n.71.p. 1190.
L esd ixL ivres d’ ArchiteSiure^tVitnive, corrigez, &  traduitsnouvellement

en Francois, avec des Notes &  des Figures; par Claude Perrauli. Paris 1637. 
in Folio.

2. Cours d* ArchiteSlure, enfeigne dans 1’ Academy Royale d ’ Archite£iure,a. ui .p. 
premiere Par tie j parM . Francois Blondel, á Paris, 1675, in Fol.

3. Raphaelis Fabretti Urbinatis de Aquis &  Aqusduftibus Veteris iyr.p.466.
Diífertationes tres, Rcm¿e 1680. in ¿fto. _ n.9;./», 6071.

4. Modern Fortification, &c.  by Sir Jonas Moer, 1673. in 8 m  a. «rS /). 5-8«»
5. Nouvelle Maniere de Fortifier ks Places ; par M. Blondel. Hague, 1684. jq,p, J071.
6. Marci Meibomii átVdhúcd. ’Triremium Liber. ArAÍielodami 1671. in ¿̂ to.
7. Scheeps-Boow en Beftier, that is, Naval Archite5lure and CondttSl •, by N. scoi..

Wit fen. Amjierdam \n Folio.
8. L ’ Anhite^ure avale, avec le Routier des In és Orientales &  Occiden-u. 13̂ . p. 87̂

tales : par le Sieur Daffii, á Paris, 1677. in 4/«’.
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C H A P .  IX.
PerfpeSíive. Sculpture. Painting,

A Per̂ peéitve 
Inflrumenti by 
¿'/V Chr- Wren.
n  4 5  P ^ 9 ^' 

Tig- 2 18.
Mar. An. i 66^.

A  tte*to Wily of 
Diltneatlnf̂  hy 
FaraUel Vifn l̂ 
Rayŝ  exa¿iiy 
o6fervÍ7ig the 
Symmetry; by
M r, Sr. Clare, 
n .  9 6 .  p, 6o 3o *  

Fig, 219. 
July, An. IÍJ73

I. A  Is a fmall Sight with a ilioi t Arm i?, which may be turned round
about, and moved up and down the I'm all Cylinder C D , which 
is fcrewed into the Piece E  D, at O : I'iiis Piece E  D moving 

round about the Center E  j by which means the Sight may be removed 
either towards R , or F.

E F  is a Ruler failened on the two Rulers G G , wliich Rulers ferve both to 
keep the Square Fm wi S S S S perpendicular, and, by their Aiding tliro* 
the Iquare Holes T  T ,  they ferve to ftay the Sight, either farther from, or 
nearer to the faid Frame ; on which Frame is ituck on with a little W ax the 
Paper O O O O , whereon the Figuréis  to ht drawn by the Pen I. This Pen 
I  is by a fmall Brafs Handle V  fo fix’d to the Ruler H  H , that the Point I 
may be kept very firm, fo as always to touch the Paper. H H  is a Rider  ̂
that is always, by means o f the fmall Strings aaâ  bbb̂  moved Horizontally  ̂
or Parallel to itfe lf; at the End o f which is ñuck a fmall Pin, whole Head 
P  is the Sight, which is to be moved up and down on the Out-Lines o f any 
Object.

T he Contrivance o f the Strings is this. T he two Strings aaa^ bbb  ̂ are 
exactly o f an equal Length. T w o Ends o f them áre failen’d into a fmall 
Leaden W eight Q ^Q , which is moved in a Socket on the bacidide o f the 
Frame, and ferves exa6lly to counterpoife the Rider H  H , being o f equal 
W eight with it. The other two Ends o f them are faiten'd to two fmall 
Pins H  H , atter they have rolled about the fmall Pulleys N , M  M , L  L , 
K  K  i by means o f which Pulleys, i f  the Pen I be taken hold of, and moved 
up and down the Paper, the Strings moving very eafily, the Ruler will al
ways remain in an Horizontal Pofition.

T he Manner o f ufing it is this : Set the Injlrument upon a Table, and fix 
the Sight A , at what Pleight above the Table, and at what Diftance from 
the Frame S S S S , you pleafe. Then, looking thro’ the Sight A , and hold
ing the Pen I in your Hand, move the Head o f the Pin P  up and down the 
Out-Lines o f the Objedl, and the Point I will defcribe on the Paper O O O O , 
the Shape o f the Obje6t fo traced.

II. A B C D  is xht Profopographick Parallelogrf.m  ̂ H  F  the Central Style, 
L C  the defcribing Quill, K A  the Index, or an oblong Ruler adapted at 
right Angles to the Plain o f the Parallelogram  ̂ by means o f the winding 
brafs Pin according to the Pattern E. T o  this Ruler are fixt two Sights 
P R ,  S V  ; in the Middle o f P R  is a H ole bored at O , and in the Middle 
o f S V  a Thread is erefted perpendicular to the Ruler R  A , in the Middle 
of which is a certain little Globe or Bead, through which and the H ole O  a

Ray
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R a y  is extended from the Objeíí: to the Eye, which while you delineate 
ihould not be fixt, but free and at liberty.'

1. It is to be obferved, that a Ray extended through the Hole O and the 
Bead, will always be perpendicular to the Plain of the Parallelogram, or to 
its Diameter, which is a right Line extended through the defcribing Style 
L  C, and the fixt Center F , and the faid little Globe or Bead, in which Line 
the Bead will always be found, however the Parallelogram may be moved.

2. The fenfible Delineatory Plain, upon which the Point L  moves about, 
which is the Nib o f the drawing Style L  C, defcribing the Image exadly 
according to the Motion of the Index K  A , and upon which the Central 
Style H  F is fixt, is the Plain Q Y X  T  ; but the mere Rational or Mathe
matical Plain, being a Continuation o f the former, is

3. That all the Rays extended from the Obje¿t through the Bead and the 
Hole O to the Eye, (which is placed in fo many Points o f a tranfparent 
Medium, by means of the Index K  A , as there are Points in the vifible Su
perficies of the Objeót to be defcribed, which are infinite,) will always be 
parallel to one another.

Perhaps fome may objeft, that in Objeibs at a great Diftance there can be 
no ufe o f the Sights. But which way wiH that concern us, fince this M e
thod o f ours is defign’d only for removing thofe Difficulties in Delineation, 
which hitherto have attended the Parallelogram o f Schemer. For I have often 
found by experience, (tho’ for this the Artift does not think the worfe o f his 
Inftrument,) that by no means there is that Proportion between the Parts of 
the Copy in the Plain, as there is in the Parts of the Original at a Diftancc.

III. I here fend you a Method o f Cafl'mg Statues in Metal-, in Obedience 
to the Commands of the Royal Society *, it is as follows. Firil, I form out o íanextra-.rdinary 
good Clay, that will endure the Fire, and not crack either in drying or 
burning, fuch a Figure or Statue as I defire to cail j when this is well dry, chard vaivafor. 
I make, all over the Figure, little Holes o f no great Depth (but both 
and Depth proportionate to the Bignefs of the Statue) into which I let fmall jm.An. 1687- 
Pieces of Meta/̂  and with fome ot the fame Clay fix them firmly in the Holes; 
the Ufe of thefe Bits of Metal, aaaaa,  is to keep the Core and Mould from 
touching one another, or falling together when thzWax  runs out *, and that 
they may remain conftantly in the fame fixt Pofture. This done, I fcrape 
away with fome proper Inftrument, as much of the Clay in thicknefs as I de- 
fign for the thicknefs o f my Statue ; and then laying it in a Furnace, 1 bum 
the Cere till it be red h o t: fby the Core is meant always the Statue firft made in 
C/<2)’,) when it is cold, I rub the Core all over with that fort o f Earth or Co
lour, which our German Potters ufe to colour the Joints of the Tiles, when 
they fet Steves of T ik s  or {Kachel-Ofens ;) this Colour much refembles Black 
Leadviliich. is ufedto Dtjign on Paper, and eafily wipes out with Bread, but 
it is not the fame. This Colour I mix with W ater, and daub all over the 
Cere, becaufe the Metal is found to run freely upon it. There are other Sub- 
ftances proper for this Ufe, but I have always made ufe of this, efpccially for 
thin Statues. This done, I lay upon the Cor} as much yellow W ax mix-

j
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fd  with Pitch or Rofin, as will make the Thicknefs o f the intended Statue, 
which I form in the W ax, with all the Exaétnefs poifible.

Here note, that the Particles o f Metal mentioned to be fet into the Corê  
to keep it a Diftance from the Mouldy muft be fo fet as to fall in with the 
Surface o f the W ax exa¿lly •, and that the Reafon o f mixing Pitch or Rofin 
with the W ax is, becaufe that when it is burnt out, it makes a great Smoke, 
and that Smoke adhering to the Mouldy occafions the Metal to run more free
ly ; as I have experienced it. Next I put all over upon the Surface o f this 
Statue o f W ax, little Pieces of W ax, which I call the little Charnels cccccc,  
(all which muft be contrived fo as to enter the great Channels d d d.) This 
done, I cover the Core and W ax all over with the fame fort o f Clay, that will 
endure tlie P'ire without cracking ; and fo I have my Concave Statue or Mould 
made. Upon this I lay the great Channels marked dddd^ both upright and 
tranfverfe, formed likewife in W ax, and placed according to Judgment, fo as 
beft to receive the Ends of the little Channels c cc ccc,  for the more eafy di- 
ftribution o f the Metal. The great Channels muft all meet at the top o f the 
Statue, fo as to come out by one H ole, as at E , where the Metal is to be pou
red in ; It is alfo neceffary to have a Channel or two to let out the A ir as the 
M etal enters, as thofe marked / / ,  and there muft be a H ole or two left at 
the Foot, as^^, where the great Channels and waxen Statue ]6in ; and where
at, when the M ould is burnt, the W ax as well o f the Statue as o f the Chan
nels may run out. T h e great Channels being thus placed, the Mould muft 
be again laid over with the fame fort o f Clay ; (I ufe conftantly to bind a- 
bout the Mould with Iron W ire, and then lay on more Clay) and when this 
Mould is well dry, then I heat it red-hot; as I did before the Corê  fo now 
both together.

I burn the Core firft, that there may not need fo ftrong a Fire to burn the 
M ould as will melt the fmall bits of M eta l: but for fmall manageable 
Statues  ̂ o f not above a Foot or two high, they may be both burnt together, 
and there is no need o f the Holes gg  ̂ but the M ould may be inverted, and 
the W ax run out by the Channels f f ,  and E .

T he M ould being thus burnt, I ftop with the fame Clay the two Holes 
gg^ and then I bury it in a Pit, and proceed as is ufual in Cafiing o f Bells 
and. the like j but care muft be taken, that the Metal be very well in Fufion.

I f  it be a fmall Statue  ̂ not above a Foot or two high, whofe Mould may be 
managed in one’ s Hands *, then I make me a Ccncave Statue o f W ax, of the 
Thicknels I defire, and then place upon it all thofe great and leíTer Chan
nels, as afore; W hich done, I put it all together, into a liquid Subftance 
made o f Plaifter and Tile, or Brick Duft tempered with W’ ater,

I f  the Statue be intended very thin, then I take Copper, and when it is 
well in Fufion, I mix with it a good quantity o f Zinc., without obferving 
any certain Proportion o f W e ig h t; the more Zinc the better the Metal runs. 
I have fometimes for fmall and thin Statues put in above a third part of Zinc. 
1 have found by Experience, that this Mineral makes the Metal run moft 
freely, and gives it a fair Golden Colour.

The
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TheScatue being caft, I take o ff the MouU, and cut off all the little 
Charnels; all which, both great and fmall, are filled with Meial  ̂ which 
may be kept for farther Ufe ; In thefe there is much more Metal than in 
the whole Statue j for, if the Statue be very thin, there muft be more 
and bigger Channelŝ  and fo, the cheaper the Statue, the more weighty the 
Channelŝ  and the more Metal remaining.

T o  know the Quantity o f Metal requifitefor any intended W ork, I take 
a Lump o f the fame mixture of W ax and Pitch, with which I make tlie Mould 
o f my Statue ; and having weighed it, I make a Mould upon it, and caft 
in the fame a Lump of Metal of the fame Size •, which I weigh, and thereby 
compute the Proportion o f the W eight of the Metal and íP̂ âx\ and then, 
obferving how many Pounds of W ax 1 ufe about the Figure and Channels, I 
can calculate to a fmall matter how much Metal I need to melt.

Hitherto 1 have caft no Statue above 9 Foot high, but I doubt not but 
I could, by the fame Methods, caft one of any Bignefs defired.

IV. I . Spanijh White is made of Chalk and Allum burnt togctlicr.
2. I take the Lapis Armenius to be the Blue Bice fold in the Shops, for

is light and friable ; formerly brought out o f Armenia  ̂ now from the Silver/««>-< ,• Mr. 
Mines of Germanŷ  called Melochites  ̂ in High-Dutch^ Berghbkw.

3. Ultramarine is made o f the Lapis Lazuli^ which is freeft from Jan.'An. 1686.
Gold Veins, by Calcination.

4. Smalt is made o f Zaffer and Pot Ajhes calcined together in a Glafs 
Fufnace.

5. Litmafe or L it mofe ̂  I fuppofe the Juice of a Plant.
6. IndigOy faid by PUny to be brought from India j a kind of Mud adher

ing to the Froth about Reedŝ  and that w'hen tried with a Coal, the true 
burns with a purple Flame, and fmells of the Sea, Linfchoten fays it is called 
Anily that it grows in Cabaia, and is a Plant like Rofemary, which is ga
thered and dried, then wetted with fair Water, and beaten to a Mud.

7. India Ink ; its Ufe is known to Plif̂ '-, tho’ not its Compofition •, which 
is yet undifcovered, except it fhould be burnt Rice  ̂ as hath been thought.

1 . Cerufe is the Ruft o f Lead  ̂ made by a vaporous Calcination. Plir^ 
writes thus o f it in Cap. 34. Lih. 18. Cerufe PJimithium is made in the Plum
bers Shops, of fmall Plates o f Lead laid upon a VeiTel o f ftrong Vinegar-, what 
falls into the Vinegar is taken out and dried in the Sun: and in Cap. 6. Ltb. 35. 
he fays it was made at Rome o f burnt Marble Flint quenched in Vinegar.

2. Mafticot is a kind of improper Calx origin.
3. Gutta Camba, or Cambodia, the infpiflated Juice of a Plant, not well 

known it comes from both the Indies. Some think it the Juice of Euphorbi  ̂
urn ; others Scammony or Tithymal *, others Ricinus •, others refer it to the 
greater Catapulta, Efula, or the Flowers o f the Indian Ricinus, and will have
it coloured with ^urmerick -, as Schroder.

4. Okt-r, a kind of natural Earth. There are two forts thereof, the one 
Native, formerly brought out of Africa, now from Dacia and Hungary, and 
from many Places in England, efpecially in the Foreft of Dean: The other, 
a faélitious Subfl'ance of Lead burnt and quenched in Vinegar. In Pliny ŝ
Tim e it was made of Rubrica, or Ruddle burnt.

V o l .  I. H h h h  S - O r -
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5. Orpiment  ̂ a fat inflammable Mineral, juftly ranked amongft Poifon 

for its extreme corrofive Quality. Plin^ fays, it was dug up in Syria on the 
Surface o f the Earthy and that the Emperor Caligula had hopes o f getting 
Gold out o f it *, wherefore he caufed 14. Founds ot it to be tried, which af
forded him very good Gold, but in fo fmall a Proportion, that he loft by 
the 7>ial.

6. Umber is a native Earth.
7. Rcd~Lend  ̂ a Colour unknown to the Antients, made o f Litharge^ or 

burnt head  ̂ by z Reverberaiory Cdcimtion^ or o f Cerufe put in a Platter over 
tlie Fire, which muft be continually ftirred till it has acquired a Red-Lead 
Colour. Dr. Charleton de Fof.

8. Burnt Oker is the common Tellcw Oker burnt in the open Fire.
9. Cinnabar, or Vermilion. There are two forts. Native, or the Minium 

o f  the Antients, which is the Mineral that yields ¿¿uickjilver; whereof, and 
o f Sulphur, it chiefly confifts •, it is found in the Mines ot Iftria. I'his Colour 
was amongft the Anticnt Romans ufed to facred Purpofes, and on Feftivals 
Jupiter's, Face was painted therewith, as likewife the Bodies o f thofe that 
entrcd in Triumph. The Fa£iitious Cinnabar is that which we now ufe, 
and is made by a Sublimation of Mercury and Sulphur.

10. Carmin, made of Cochine el.
11. Lake, thought to be an Arahick W o rd : It is made of Flocks dyed, or 

fhavings o f fcarlet Cloth, or o f the Cochined InfeSi, or elfe o f Kermes-Bcrries, 
their l'in6ture being extraóled with a L y e  o f Pot-AJhes, and then precipita
ted with a Solution o f Roch-Allom. After the fame manner a Lake may 
be made o f any Plant or Flower. There is another fort o f Lake made o f 
Gum-lac, by extraóting its Tinélure with Urine.

12 Sanguis Graconis is the Gum of a Tree, which looks like dried Blood; 
*tis brought out of feveral Places in the Eaji-lndies.

13. Englijh Reddle, or Ruddle, is found in many Places o f England', a- 
mongft the reft, near IVitney in Oxfordjhire.

14. l/imp-hlack, by Pliny thus defcribed: ’ T is made o f the Soot o f Ro- 
Gn, or Pitch burnt, Houfes being built on purpofe for it, that keep in the 
Smoak.

T* China 
Varniihesi 
D t .  Will She- 
ra'd. n. ^6i. p, 

2̂ S. Mar. An, 
1 7 C 0 ,

Tcyilnĝ  the Ojl
tíf f'f'üOd*
Te ¡̂ve the firjl
G rounds Cail<̂ d

V. This way o f making feveral China Varnifhes was firft fent from the 
Jefuits in China to the great Duke o f ^ufcany.

Take o f Crude Varmjh 60 Ounces, ordinary W ater 60 Ounces, mix them 
well together till the W ater difappears, afterwards put this matter into a 
wooden VeiTel 5 or 6 Palms long, and 2 or 3 broad, mix them with a 
■wooden Spatula, for a whole D a y  in the Snmmer\ Sun, and for two in the 
Winter. It is afterwards kept in earthen Veffels with a Bladder over it, and 
cool. This is the Varnijh prepared in the Sun.

T ake 20 Ounces o f the Oil, called OiloflVood, o f that o f the Fruit 10 
Drams ; give them 5 or 6 Boils, till it comes to be a little Yellow. L et it 
cool, and put to it 5 Drams of ^ick-lim e powdered.

Take Swines Blood and ^ick-lim e powder’d, mix them v/ell, lay this mix
ture on the W ood, and, when it is dry, fmooth it with Pumice-Stones.

o T a k
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Take of the Varntjh prepared in the Sun, 60 Ounces, Stone-hlack Allum  ̂ mahhiact 

(fuppofe to be a fort of Copperas) difiblved in a little Water, 3 Drams 
70 Drams of Lamp-OiU call’d by the Portugueze Azeite de Candeo, It is pre
pared in a wooden VeiTel, as the prepared Varnijh  ̂ obferving to put in the 
Lamp-Oil at twice.

Take o f the Oil of Wood crude, (called by the Portu-yueze Azeite de Poo) ?ucb-ctiour t  
40 Drams, of the Lamp-Oil, called de Candeâ  Crude, 40 Drams : It is pre- 
pared in the Sun in a wooden Veflel, as the prepared Varniih.

Take 10 Drams of 20 Drams of prepared, a little Oil
de Candea, or Lamp-Oil mix them well.

Take of ú\tTellow Colour 10 Drams, 30 Drams of the prepared VarmJ}ô m*v) ŷ rmih. 
with fame Lamp-Oil,

Take of the Red Varniflj 10 Drams, of the Black Varnijh 4 Drams *, mix 
them well.

V I. M, Colhert being pleafed fome time fince to vifit the Academy Royal for An Fxjmen »f 
the Improvement of  Painlrng and Sculpture  ̂ expreíTed himfeif to this
That he thought it proper from time to time that the W orks o f the moit ex- coibm. n.47. 
cellent Painters ñ\ou\á be examined, and fuch Obfervations made thereon asAn̂ Vó̂ *̂'̂  
would inform others wherein the PerfeSiion of a Picure confifts. Which hath 
been ever fince praflifed among them, as the beft Means to carry the Art of 
Painting to its higheft Perfe6tion •, fuch an Examen of the bell Pihures difclo- 
fing many Secrets of that Art, for which there are no Rules, and opening a 
door to debate many important Queftions, not hitherto treated of.

VII. Here is a Man who makes more lively Counterfeits of Nature in Wax, wax mrk, 
than ever I yet faw in Painting, having an extraordinary, Addrefs in
ling the Figures, and mixing the Colours and Shadovjs *, making the Eyes fo Relievo, in 
lively, that they feem to kill, excelling all things of this Art I ever beheld. nT.p*

I have alfo feen a new kind o f Maps in Lozv Relievo, or Sculpture •, for Ex- An. 1665. 

ample, the Ifle of Antibe, upon a Square about 8 Foot, made of Boards, with 
a Frame like a PiSiure: There is reprefented the Sea, with Ships, and other 
Veifels artificially made, with their Cannons, and other Tackle of Wood fix’d 
upon the Surface, after a new and moft admirable manner; the Rocks about 
the Ifland exaftly form’d, as they are upon the natural Place s and the liland 
itfelf with all its Inequalities, and Hills and Dales *, the Town, the Forts, 
the little Houles, Plat-form, and Cannons mounted *, and even the Gar
dens, and Plat forms of Trees, with their green Leaves ftanding upright, 
as if  they were growing, in their natural Colours j in fine. Men, Beafts, 
and whatever you may imagine to have any Protuberancy above the Level 
p f the Sea. This new delightful, and moft inrtruftive Form of a Map, or 
wooden Country, you are to look upon either Horizontally, or fide long, 
and it affords equally a very pleafant Objedl.

VIII. Whethei
will fuccced or noi

r the way mentioned by Kirckcr in his Aíítindus Subterrenius u.ir-
Dt, is oiuch doubted by Ibme experienced Men : But ’ tis cer- ’

r Y  1 I 1 ^  '  nII h h h 2 t a m , D i c  An. 166,*.
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•tain, that a Stone-cutter in Oxford  ̂ Mr. Blrd  ̂ hath many Years fmce found 
out a way o f doing the fame thing, in effeft, that is there mentioned ; and 
hath praélifed it for many Y ears; That is, he is able fo to apply a Colour 
to the Out-fide o f poHíhcd Marble  ̂ as that it fhall fink a confiderable Depth 
into the Body of the Stone, and there reprefent like Figures or Images as 
thofe are on the out-fide j deeper or ihal ower, according as he continues 
the Application a longer or lelTer while,

jfnExtraord!- IX . A  Goldfmith at Siutgardy a very ingenious Ingraver, by Name
ChriJIopber Mulkr, in the Year 1685. while he was rubbing fome Aurum

¿rfir. S a l o m o n i n  a little Scuttle made of Chalcedotiy o f the pellucid Onyx Colour,
Kê rej. n. 175. or o f a homey Cail, mixed with red Glafs prepared for Fufion, and moift-

ened with Spring Water, in order to make Enamel, (of which Antonius 
Nerius, as tranflated by Andrea Frifio treats in his Book upon the A rt of 
making Glafs) found upon repeating it tor the third Tim e, that the Purple 
Colour o f the Powder, which had remained fome Days dry in the VeiTel, 
and had fprcad as far as the Lips of it in rubbing, had penetrated this ex
ceeding hard Stone, which the File can make no Impreflion upon, fo deep 
not only in the Scuttle, but in the Piftle itfelf, and had mark’d it with Spots 
or pretty regular Circles, that it could neither be taken out by fmiple W ater, 
nor L ixive, or any other aerid Liquor, and all this without hurting the ex- 
quifite Poliih of the Stone, leaving however fome Spots here and there ftill 
o f the Onyx Colour. This was repeated feveral times in another Veflel o f the 
fame Colour, without ever having the fame EfFed. But what is chiefly to 
be obferved in the colouring o f this Stone, is, that according to the Texture 
of the Gem, as appeared both to the naked E ye and a Glafs, in the external 
Part o f the Veflel, where the Tinélure has juft reached, you can perceive 
Fibres or circular Layers, according to which it is probable that it encreafed 
in its Bulk, frefli Layers of fl:ony Matter being laid upon one another; as 
Bezoar and other Stones are encreafed by new Lamina, and alfo Trees, in 
whofe Trunks the Circles or Rings denote the Number o f Years that the 
Tree was agrowing. And this purple Colour appears lighter or darker, ac
cording as the tinging Stuff met with larger or lefler Pores, a harder or 
iofter Texture o f the Stone, and produces circular Streaks furrounding a Kind 
o f Vertex, as you fee round the Pith, or Cor, as it is called, the Grain, or 
Chaffs in other Stones and W ood •, intermixed here and there with darker 
Spots. A s the illuftrious Boyle in his Specim. de Orig, is? Virt. Gemmarum. 
Seft. I. p. 22, 23. has obferved the Points and Joinings of thin Layers or 
Planes in Adamant and Granates; which Artifts call the Grain  ̂ or fomething 
refembling the Texture o f cleft W ood.

Several Writers have mentioned that Marble  ̂ Alahafier and Bones may be; 
tinged by lixivious and acrid Juices: and this may perhaps be expefted o f 
Gems, fince the above mentioned Boylê  Se£t. 2. p, 123. fays that a Tindture 
may evidently be extraáled from them ; and elfewhere, p. 43 and 190. that 
Rock Cryjial may be tinged by Mineral Acids,, and p. 45. the Sapphire it- 
feif by fubterraneous Vapours.

( 6o4 )
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Seeing then it is plain from this Obfervation, that the Gem called the 
Chalcedony was really tinged, tho’ it happened accidentally, nor by repeat- 

Procefs could the fame Effeét be produced, it deferves however to 
be confidered, whether it was not owing to the Influence of the Stars, or ,
rather fome other hidden Quality, and a Trial to be made, whether from a ]
Mixture of Salts and acrid Juices there might not be produced a Tin6ture i|
o f  that Kind, and even without the Afliftance of Fire, by which the Splen- 

' dor and Pellucidity of the Gem lhall not be deftroyed and its Hardnefs ftill
remain, and therefore its Value be not only preferved, but even increafed 

i; by its new acquired Colour.

I

X . Papers omitted.

' I . A  Defcription of Schemer*s Sureographick Parallelcgram  ̂ and its Imper- n. 9<>* ?■ CoSj-.
feiiions confidered i by Mr. J . St. Clarê  vid. fup. Seft. II.

T  2. A  Table of Simple and mix'd Colourŝ  in Latin, Greek, French, and"->79

EngUfh: with a Specimen o f each Colour prefix’d to its proper Name j by 
M r. Rich. Waller,

X L  Accounts of Books omitted.
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1. Entretiens furies Vies &  fur les Ouvrages des plus excellens n. 21. p. 3S3. I
Antiens &  Modernes •, par M. Felibien.

2. An Idea 0Í xh  ̂ PerfeSion o í Painting: Originally written in 35-7*4. |
by Roland Freart Sieur de Cambray j and render’d into Englijh by J. Evelin,
Efqi F. R . S. Land. 1668. in 8w.

3. A  General Idea o f xhtArt  of Painting, and Relation of feven Confe- -̂vi>P 9Ŝ -
fences held at Paris in the Academy Royal, for the Improvement ot the Arts
of Painting and Sculpture.

4. Optique de Portraiture tc Peinture, conttndinth PerfpeSiive, Specula-̂ ^̂ >̂i' 
five, &  Pratique Accom plie; t^c. Far Gregoire Huret, de 1! Academie 
Royal de Peinture &  Sculpture. A  Parisy 1670, in Fol.
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C H A P .  X.

Mujich

ofthTrmiUci I. T T  hath been long fince obferved. That if a Viohftring^ or hute-flrmg^I couched with the Bow or Hand, another Str 'tng on Ae fame or ano- 
waDit. n. 134* A  thcF Inftrumcnt not fat írom it, (if m U nifon to it, or an or

the like) will at the fame time tremble of its own Accord. But I  can now
add. That not the whole of that other String doth thus tremble, but -the 
feveral Parts feveraliy, according as they are Unifons to the whole, or the 

■fTi-sxr. Parts of that String fo ftruck. For Inftance, Suppofing A C  to be an
upper O ifa v i to « y , and therefore an Unifon to each Half of it, ftoppcd 
at p. If, while a y is open, A  C be ftruck j the two Halves of this o- 
ther, that is, a |3, and /3 will both tremble ; but not the middle Point 
at /3. Which will cafiJy be obferved, if a lict'le Bit of Paper be lightly 
wrapt about the String a and removed fucceflively from one End of the 
String to the other.

F¡i. ixx. manner. If A  D  be an Upper tw elfth  to a J", and confequently an
tolts three Parts equally divided in p, ^ if a being open, A D

be ftnick, its three Parts «(3, (3;̂ , y  will feveraliy tremble, but noc 
Fix. «5. the Points p y. In like manner, il' A E  be a O iiisve to a t, the four

■ Quaners of this will tremble when that is ftruck, but not the Points (3, y, 
F!̂ . ii4- So if A G  be a F iflh  to »11 *, and confequently each Half of that ftopped

in D, an Unifon to each third Part of this ftopped in (3 ^ ; while that is 
ftruck, cach Part of this will tremble feveraliy, but not the Points ¡3, y  *, and 
while this IS ftruck, each of that will tremble, but nor the Point D. The 
like will hold in leifcr Concmds j but the Icis remarkably, as the Number of 
Divifions increafes.

This was firft of all, (as I know of) difcovered by Mr. íT̂ //. NobU^ 
M. A. of Merton College ; and by him íhewed to fome of our Muftcians^ 
about three Years fince; and after iiim by Mr. Pigot^ A. B. of Wadham 
College^ without knowing that Mr. Noble had difcover'd it before. I  add this 
further, (which I took Notice of upon Occafion of making Trial of the 0- 
ther) tiiac the fame as ay, being ftruck in the midft of each Part
being Unifm to the other, will give no clear Sound at all, but very confufcd. 
And not only fo (which others have obferved, that a String doth not 
found clear, if ftruck in the midft) but alfo, if a be ftruck at (3, or y, 
\vhere one Part is an O^ave to the other i and in like manner, if « f be ftruck 

r^. 22J. at ¡3 or ^ ; the one Part being a double OSiave to the other. And fo if « ^
be ftruck in y or ^ ; the one Part being a F ifth  to the other*, and fo in other 
like Divifions \ but ftill the lefs remarkable, as the Number of
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Dívífions cncreafeth. This and the former I judge to depend upon one and 
the fame Caufe, wz. the contemporary Vibrations of the feveral Unifon 
Parts which make the one tremble at the Motion of the other ; But, when 
ftruck at the refpedbive Points of Divifions, the Sound is incongruous, by 
Reafon the Point is diftuvbed, which ihould be at reft.

A  Luit-ftring or VioUftring will alfo dius anfwer to a Q)nfonant Note in 
U^ind Inñm m nis: But-not fo remarkably to thé Wtre-flrings of an Harf/a>i>cird:
And we feel the Wainfcoc Seats, on which we fie or lean, to tremble con- 
ftantly at certain Notes on the or other W ind hfln im in tss as well as
at the íáme Notes on a Bafs Viol. I have heard alfo (but cannot aver it) of 
a thin fine Venice Giafs cracked with the ftrong and lalting Sound of a Trum- 
pity or Cornet̂  (near it) founding an Unifon or a Confonant Note that of the 
^one or '¡ting of the Glafs.

Concerning thefc Pbanmena^ an Exquifite Solution is given by Dr. 2sar- n. 1̂5. p. 
cî 'us MarJhy.l'Ci Dr. P¿?/’s Natural Hifiory of Oxfcrdjhire,

II. The Extent of the Trumpet cannot be itricUy determined; it readies a s “/ -• 
High as the Strength of the Breadth can force it: But by confwlering its Notes 
within the ordinary Compafs of the Scale of Mufak {from Dottl̂ U to ^
C-foUfa inaU) the Nature of the higher Notes will plainly appear. Thefen̂ r̂ s.p. ,,9. 
are all fet down in the Table ; only cake Notice, that the oa’ x.
imperfeól, not exadlly in Tune, but a little Flatter or Sbarpir than the Pla- ’
ces where they ftand, according as /  or j is fet over them.

Here we may make two Enquiries.
1. Whence it comesto pafs, that the Trumpet will perform no other Notes 

(in that Compafs) but only thofe in the Table, which arc ufualiy caU^ by 
Muftdans Trumpet-Notes:

2. "What is the Reafon that the jth , 1 i  and 14̂  ̂Notes are out of 
Tune, and the others exzótly in Tune.

In this Matter we may receive fame Light from the Trumpet Marine^ an 
Inftrument, tho’ as unlike as poiTible to the Trumpet in its Frame, one 
being a Wi7id iT^rummy the other a Monochord^ yet has a wonderful Agree
ment with it in its Efreft,

The Sound is fo like, as not to be eafiljr diftinguiflicd by the niceft Ear, 
and, as it performs the very fame Notes^ fo it has the fame Defe6ts as a Trum
pet \ for, if the Strings be ilopt in any part but fuch as produces a Trumpet- 
Note : it yields a harlh and uncouth (not a Muftcat) Sound,

Let us therefore proceed to our firft Inquiry, and examine what is the 
Reafon that the Trumpet Marine will perl'orm no other but the Trmipet-Notes.
It is a known Experiment of two Unifon Strings^ that ftriking one of them 
moves the other •, wliich probably proceeds from hence> that the Impulfes of 
the Air, which are made by one String, do more eafily fee another in Moti
on, which lies in a Difpofition to h a v e  its Syncbrcjjous zq úx̂ my
than a Third, whofe Motion would be crofs.

We may improve this a little farther, by obferving that a Strî ng will niovc 
not only at the Striking of an hnifon^ but an 8.'¿ or izthy tho alter a diífe- 
rent Manner. ^

( 607  )
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I f  an Unifon be ftruck. It makes one intire Vibration in tlie whole String, 
and the Motion is moil ienfibly in the m idil at w, for there the Vibrations 
take the greateft Scope.

I f  an %ch is ftruck, it makes two Vibrations; and the Point tn is in 3 
manner Quiefcent, and the moft fenfible Motion at «, n.

I f  a i i t h  be ftruck, then it makes tliree Vibrations: and the greateft M o
tion at 7», q ; and hardly to be perceived at p, p. So that in ihort, this 
Experiment liokis when any Note is ftrucli which is] an Unifon to half g the 
String, and a 11th to a third Part o f it.

In this Cafe, (the Vibrations o f the equal parts o f a String being fynchrO' 
nous) there is no Contrariety in the Motion to hinder each other ; Whereas 
it is otherwife, if a Note is Unifon to S, that does not divide the String into 
equal Parts; for then the Vibrations of the Remainder r, not fuiting with 
thofe o f the other Parts, immediately make a Confufion in the whole.

N ow in the Trumpet-Marine^ you do not ftop clofe, as in other Infiruments, 
but touch the String gently with your Thum b, whereby there is a mutual 
Concurrence o f the upper and lower part o f the String to produce the Sound. 
This is fufficiently evident from that, That if  any thing touches the String 
below the Stop, the Sound will be as effeftually fpoiled, as if  it were laid 
upon that Part which is immediately ftruck with the Bcw. From hence 
therefore we may colleél, that the Trimpet Marine yields no Muftcal Sound, 
but when the Stop makes the upper part o f the String an Aliquot o i  the Re
mainder and conlequently o f the whole Otherwife, as we j uft now remarked, 
the Vibrations o f the Parts will ftop one another, and make a Sound fuita- 
ble to their Motion, altogether confufed.

N ow  that thefe Aliquot Parts are the very Stops which produce the Tmm- 
pet-NoteSy fnall be plainly fliewn in the treating o f the fecond Inquiry, viz. 
W hat is the Reafon that the yth, i i t b ,  i^ih, i^th Notes are out o f Tune i 
and the reft exaftly in Tune.

A ll Writers of the Mathematical Part o f Mujickz^vtty

That by 
Shortning a' 
String

H alf
|a Third Part 
a Fourth 
'a Fifth 
a Sixth

the Sound is raifed

an Eighth 
ja Fifth
a Fourth 
la Sharp Third 
a Flat Third.

Fll-

From this Foundation all the other Notes are derived. T he Flat and 
Sharp Sixth are to be the Flat and iharp Third to the Fourth  ̂ and the yth the 
hke to the ^ th : The Second to be a Fifth to the Fourth below, i^c. By 
this Rule let us examine what Notes a Monochord fretted in its Aliquot Fans 
will produce.

Suppofe the Monochord F  to confift of 720 Parts, and its Tone Double 
C-fa-uty the firft Note in the Table j then H a lf o f it will be 360, and a third 
Part 240, ^ c .

N ow

Ü rl Í Í
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Now I fay, Fretting  ̂ (or Stopphg with the Thumb) at 36omuft produce 
C-fa-ut; becaufe 360 being half 720, the Sound will rife an Eighth from 
double C-fa-ut. Again 360 being C-fa-ut^ 240 muft make G-fol-re-ut  ̂ the 
third Note in the Table *, becaufe 240 being juft a Third-part lefs than 360, 
the Sound will rife a Fifth from that Note. After the fame manner pro
ceeding Step by Step it will be evident that.

I

'T

♦

180"̂ ‘ 2 4 0 ' ra Fourth 1 r C-fol-fa-ut the fourth'
144- cCTÍ 180 a Fifth E-la-mi fifth
120 A 144 a Sixth c/> G-fol-re-ut 6th
90 ñ \ 180 ct! H alf a C-fol-fa 8 th b-1

0
80 120 >•— a Third. <( B-la-fel 9th r
72 90 a Fifth pH E-la loth G
60 u 90 é a Third G-fol-re-ut 12th
4 8 6 0 a Fifth B-fa-b-mi 15th 'S.
45J L 90J LHalf ,1 \,C-fol-fa iCthJ

By the fame Reafon,

which 
is lefs 
than

B-fa-b-mi Flat, 
F-fa-uty
A-la-ini-re, 
B-fa-b-mi Flat^

And confequently.

102 7 
65t4 
5 5 t '

51

" the

3

Note in the 
Table, is a 
little

Flatter
Sharper
Flatter
Flatter

B-fa-b-mi Flat,

 ̂^ A ^ kllre, 
B-fa-b-mi Flat,

W hich anfwprs the fecond Inquiry,

N ow to apply this (in a few words) to the r̂umpet̂  where the JSloteŝ  are 
produced only by the different Force of the Breath ; it is reafonable to ima
gine that the ftrongeft Blaft raifes the Sound by breaking the Air within tM 
T%he into the ihorteft Vibrations, but that no mujical Sound will rife, unlefs 
they are fuited to fome aliquot Party and fo by Reduplication exaótly meafure 
out the whole Length of the Inftrument̂  as in Fig. 229. for otherwife a 
mainder will caufe the fame Inconvenience in this Cafe, as in Fig. 230. T o  
which if we add, that a Pipe, being ihortened acccording to the Proportions 
we even now difcourfed of in a Strings raifes the Sound in the f a m e  Degrees, 
it renders the Cafe of the T rumpet juft the fame with the Monochord.

For a Corollary to this Difcourfe, we may obferve that the D ito c e s  o m e  
trumpet Notes, a f c e n d i n g  continually, decreafed in Proportion or t ,  ♦j t ,  

in infinitum. For, q-,i
V ol. I. l i i i

A

'Í]V,

ill'
!
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Second 
The  ̂ Third

Fourth, & c

1  Note in the f  Firft 1  
> Table, differs < Second > by 

. j  from the ¿ Third, ¿s’c. j
of  Úî Sírifig  ̂̂ c .

15

)

The Dh!jioft of III. A ny String or Chord o f a Mufical Injirument Open (or at its full length)
chordTl̂ Dr. found (what we call) an 0 £iave (or Diapafon) to that o f the fame
j. Wallis. S/n'/ig ftopt in the Middle, or at half its Length. Hence it is, that we com- 
wanAn f̂ó ŝ. afiign to an OSiave  ̂ the Duple Proportion (or that o f 2 to i)  becaufe

fuch is the Proportion o f Lengths f taken in the fame String) which give 
thofe Sounds. And (upon a like Account) we aíTign to a Fifth  (or Diapente) 
the Sifqui-alter Proportion (or that o f 3 to 2.) And to a Fourth (or Dia- 
tejfaron) the. Sefqtii-tertian (or that o f 4 to 3.) And to a Tone (which is the 
Difference o f a Fourth and Fifth) the Sefqiii-oStave {or that of 9 to 8 :) 
Becaufe Lengths (taken in the fame String) in thefe Proportions, do give 
fuch Sounds.

And (univerfalJy) whafever Proportion o f Lengths (taken in the fame 
Siring equally ftretched) do give fuch and fuch Sounds j fuch Proportions 
(of Gravity) we affign to the Sounds fo given.

But, when an Eighth (or 05lave) is faid (in common Speech) to confiil o f 
1 2 Hemi-tones, or 6 Tones; this is not to be underftood according to the ut- 
moft Rigour o f Mathematical Exaólnefs, (o f fuch 6 Tones) as what they call 
the Diazeutick Tonê  or that of lâ  mî  which is the Difference o f a Fourth and 
Fifth \ but, as exa¿l enough for common Ufe. For 6 fuch Toneŝ  (that is, 
the Proportion o f 9 to 8, 6 times repeated) is fomewhat more than that o f 
an Oiiave, (or the Proportion of 2 to i.) And confequently, fuch an Herni- 
tonê  is fomewhat more than the Twelfth-part of an Eighth or 05tave  ̂ or 
Diapafon. But the Difference is fo little, that the Ear can hardly diftinguiih 
i t : And therefore fin common Speech^ it is ufual fo to ipeak.

And, accordingly, when we are dired;ed to take the Lengths (for what are 
called the 12 Hemi-tones) in Gecmetrical Proportion, it is to be underftood (not 
to be fo in the utmoft Striélnefs, but) to be accurate enough for common 
Ufe, for placing the Frets on the N eck o f zVioU or other Mufical Injirumcn^  ̂
wherein a greater Exadtnefs is not thought neceffary. And this is very con
venient, becaufe (thus) the Change o f the Key (upon altering the Seat of 
mi) gives no new Trouble, for this doth indifferently ferve any Key ; and 
the Difference is fo fmall, as not to offend the Ear.

But thoie who chufe to treat o f it witk more Exaftnefs, go this way to 
work.

Prefuppofing the Proportion for an 05iave (or Dia-pafon) to be that o f 2 
to I ; they divide this into two Proportions i not juft equal (for that would 
fall upon the Surd Numbers, as V  2 to i but near equal (fo as to be ex- 
preifed in fmall Numbers.) In order to which, inilead o f taking 2 to i, they 
take ('the Double o f thefe Numbers j  4 to 2 *, f  which is the fame Pro
portion as before \) and interpofe the Middle Number 3. A nd of thefe 
three Numbers, 4, 2, 2, that o f 4 to 3, is the Proportion o f a Fourth (or 
Bia-teffaron.) A nd that o f 3 to 2, the Proportion for a Fifth  ("or Dia-

3
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And i)

And thefe two, put together, make np that of an Oo7avc (or Dw- 
pafoijy that o f 4 to 2, (or 2 to i.) And the Difference o f thofe two, that 
o f a or 9 to 8. A s will plainly appear in the ordinary Method of

tnuUiplying and dividing FraSiionsy That is, ~ x  — =  — =  A
3 2 2 1  ^

1  ( 9
2 ^ 8 '

Tlius in the common Sca/f (or Gam-ut) taking an 05lavê  in thefe Notes, 
In^fa^fol^la^miyfa^fol^la-y fuppofe from E  to i  (placing »?/, B-fa-b-mi  ̂
\vhich is called the natural Scale ;) the Lengtlis for the Extremes /<?, /«, an 
OSicve  ̂ are as 2 to i ,  or 12 to 6. Thofe for la, la, fin la^fa f̂ol  ̂ lâ ) or 
wi, la, (in mi,fa, fol, la,) a Fourth, as 4 to 3, or 12 to 9, or 8 to 6. Thofe 
for la, mi, (in/^, fa , fol, la, mi,) or la, la, {\nla, mi,fa,fol, la,) a Fifth, as 

 ̂ to 2, or 12 to 8, or 9 to 6. Thofe for la, mi, the Diazeutick-Tone (or 
Difference o f a Bourth and Fifth, as 9 to 8. So have we for thefe four Notes 
la, la, mi, la, their proportionate Length in die Numbers 12, 9, 8, 6.

Then, if we proceed in like manner to divide a Fifth (or Dia-pente,) la, 
fa , fol, la, mi, or la, mi, fa , fol, la, or the Proportion of 3 to 2, into near E- 
quals, (taking double Numbers in the fame Proportion, 6, 4 •, and interpo- 
iing the middle Number 5 ;) of thefe three Numbers, 6, 5, 4, that of 6 to 5, 
is the Proportion of a lejjer Third, (called a Tri-hemitom, or Tone and half,) 
as la, fa , (in la, mi, fa .) And that o f 5 to 4, is the Proportion o f the 
greater Third, (commonly called a Bitone, or two Tones,) as fa, la, (jn fa^

fl ^
fol, la,) which two put together make a Fifth, as 3 to 2 5 that is ”  x ^

5 4

— 1 and their Difference is, as 25 to 24: That is —) — So 4 2   ̂ z) T 5 4  24
Iiave we for thefe 3 Notes, la, fa , la, their propoitionate Lengths in Num
bers, as 6, 5, 4.

In like manner, if  we divide a Ditone, (or greater Third,) as fa , la, (in 
fa , fol, la,) whofe Proportion is as 5 to 4, (or 10 to 8,; into two near E- 
quals (by help of a middle Number 9 *,) then have we (in thefe three Num
bers [Q, 9, 8,) that of 10 to 9, for (what they call) the leJJer Tons: And 
that of 9 to 8, for (what they call) the greater Tone.

But, whether fa , fol, lhall be made the Lejfer (as 10 to 9,) znñ-fol, la, the 
Greater, (as 9 to 8 *,) or. This the Lejjer, (as 10 to 9,) and that the
Greater, (as 9 to 8,) or ibme time This, fome time That, as there is
occafion, (to avoid what they call a Schifm;) is fomewhat indifferent; 
For, either way, the Compound will be as 5 to 4 j and the Difference

9 ID 10 9 _ 10
(which they call a Comma,) as 81 to 80. This is -g X --  = - ^

5  A j  i O n  9 / 8 1
-  7  9 ) 1  ‘•Jo

( 6 i i  ) .
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Laftly, if  from that o f the Tri-hemi-tone (or Lejjer TJjird) lâ  ml, fa  ̂
whofe Proportion is as 6 to 5 ; we take that o f the h , m , (which is 
the Difference o f  a Fourth and Fifth) as 9 to 8 ; there remains for the

Hemi-tone  ̂ mî  fa , (or la, fa ,)  that o f  16 to 15. That i s —) — (—̂
8 5 45

—

O r, the Tri~hemi-tone (or lejjer *Third) whofe Proportion is as 6 to 5, 
may be divided into three near Equals, (by taking triple Numbers, in the 
fame Proportion 18, 1 5 ;  and interpofing the two Intermediates 17, 16 ;) 
wiiich will therefore be as 18 to 17, and as 17 to 16, and as 16 to 155

I  -pu .  • *7 6That IS ,  - x - L x
Ü ^5 5

W here alfo xht greater Tone, whofe Proportion is as 9 to 8 or 18 to 16, ^
is divided into its two near Equals (commonly called Hem-tones,) that o f y

18 to 17, and that o f  17 to 16 : That is, — x i 7 z=— =:
.. 17 16 16 • 8

And the IJer Tone, that o f 10 to 9, or 20 to 18, may be in like
manner divided into that o f 20 to 19, and that o f 19 to 18 : That is,
20 19 2 0 _10
1 9 ^ 1 8  1 8 9 ’

W hich Divifions o f the Greater and Lejfer Tone anfwer to what is wont 
to be defigned by Flats and Sharps.

So that (by this Compofition^ o f thefe Ei^ht Notes, la, fa , fol, la, mi,
I f̂ ->fil-> la, their Proportions ftand thus; that of la^fa, (or mi, fa,)  is as 16
I to 15. That o f fa, fol, as 10 to 9, and that o f fol, la, as 9 to 8 ; (or elfe
I that o f fa , fol, as 9 to 8, and that o f  fol, la, as 10 to 9.) That o f la, mi, as

|,.r 9 to 8. A nd, if  either of the Tones {Greater or Lejjer) chance to be divided
'f (by Flats or Sharps) into (what they call) Hemi-tones, their Proportions are to

be fuch as is already mentioned.
There may be a like Divifion of a Fourth, {ov^Bia-teffaron) into two Near 

Equals ; And of fome others o f thefe, into three Near Equals. W hich might 
be o f ufe for (what they were wont to call) the Chromatick and Enarmonick 
Miifick, But, thofe forts o f Miifick having been long fmce laid afide, there 
is now no need o f thefe Divifions, as to the Mujick now in Ufe.

Now

Í3

The Imperfeiiton IV. I think ’ tis evident that the Pipe in the Organ is intended to exprefs 
Wallis. ^  Sound at fuch a P itch ; that is, in fuch a Determinate Degree o f

Jl. 241. p, 249. Gravity or Acutenefs;  or (as it is now called) Flatnefs or Sharpnefs •, A nd the 
July, A n. 1658. Relative or Comparative Confideration o f T w o (or more)  Aich Sounds or

Degrees o f  Flatnefs or Sharpnefs, is the Ground o f (what we call) Concord 
and Difcord that is a foft, or haríh Coincidence. ^

MnED
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Now concerning this, there were amongft the Antient Greekŝ  Tw o (the 
moft coniiderable) Sefts of Mufidans: the Arijloxenians  ̂ and Pythagoreans.

They both agreed thus far i that Dia-teffaron, and Dia-pente, do together 
make up Dia-pafon \ That is (as we now fpeak) a Fourth and Fifth do to
gether make an Eighth or 0 £}ave: And, the Difference of thofe two, o f a 
Fourth and Fifths they agreed to call a Tone, which we now call a Whole 
Note.

Such is that, ("in our prefent Mufick )̂ of la, mi, (or, as it was wont to be 
called, re, mi.) For la, fa, fol, la, or mi, fa , fol, la, is a perfeft Fourth: And 
la, fa , fol, la, mi, or la, ini, fa , fol, la„ is aperfeft Fifth: The Difference of 
which is la, mi, which is what the Greeks call the Diazeutick-Tone; which 
doth disjoin two Fourths (on each fide of it; and being added to either of 
them doth make a Fifth-, W hich was, in their Miiftck, that from Mefe io  
Paramefe; that is in our Mufick, from A  to B : Suppoííng mi to ftand in B~ 
fa-b-mi, which is accounted its Natural Pofition.

N ow in order to this, Arifioxenus and his FoJJowers did take that of a 
Fourth, as a known Interval, by the Judgment o f the Ear ; and that o f a 
Fifth likewife: And confequentJy that of an 05lave, as the Aggregate of 
both; and that o f ^Tone, as the Difference of thofe Two.

And this o f Tone (as a known Interval) they took as a common Mea- 
fure, by which they did eftimate other Intervals: And accordingly they ac
counted a Fourth to contain two I'ones and a H a lf; a Fifth to contain three 
‘Tones and a Half, and confequently an Eighth to contain fix Tones; or five
Tones and two Half Tones.

And at this Rate our PraSlical Muficians talk o f Notes and Half Notes at 
this D a y ; fuppofmg an 05iave to confiil o f twelve Hemi-tones, or Half
Notes.

But, Pythagoras and thofe who follow him, not taking the Ear alone to be a 
Competent Judge in a Cafe fo nice, chofe to diftinguiih thefe, not by Equal 
Intervals, but by Due Proportions : And this is folio wed, by Zarline, Kepler, 
Cartes, and others, who treat of Speculative Muftck in this and the laft Age. 
Accordingly they accounted that o f an OSlave, to be, when the Degree of 
Gravity, or Aculenefs of the one Sound to that of the other, is Double, or as
2 to I ; that o f a Fifth, when it is Sefqui-alter, or as 3 to 2 : that of a Fotirth 
when Sefqui-tertian, or 4 to 3. Accounting that the fweeteil Proportion, 
which is exprefs’d in the fmallefl Numbers, and therefore (next to the Unifon) 
that oi^znOSlave, 2 to i ,  then that of a Fifth, 3 to 2, and then tliat of a
Fourth, 4 to 3.

And thus that of a Fourth and Fifth do together make an Eighth ; for

or the Proportion of 4 to 3, compounded with

that ot 3 to 2, is the fame with that of 4 to 2, or 2 to i. And confe
quently, the Difference of thofe two, which is that of a Tone, or fu ll Note,

is that of Q to 8. For i )  -  ( |  ; or, if out of the Proportion of 3 to
3 2 0

2, we take that of 4 to 3 ; the Refult it that o f 9 to 8. N ow ,

I '
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N ow  according to this Computation, it is manifeft, that an OSIave is 

fomewhat lefs than Six Full Notes. For (as was firft demonftrated by £«- 
cltdt and fince by others) the Proportion o f 9 to 8, being fix Times com

pounded, is fomewhat more than that o f  2 to i. For
8

9 9X —  X  - -  8 8
x -3 =

s
is more than

524288 2

Tills being the Caf(
2 0 2 I44-' 262144 ■" I  ‘ s,

they allowed (indifputably) to that o f the Din- 
zeulick Tone [lâ  ?».',) the full Proportion of 9 to 8, as a thing not to be al
tered i being the Difference o f the Dia-pente and Dia-teJJarou, or the Fifth  
and Fourth.

A ll the Difficulty was, H ow  the remaining {mi f̂a f̂ol  ̂ lâ ) ihould
be divided into three parts, fo as to anfwer (pretty near) the Arijioxenians 
T w o  Tones and a h a lf: And might, all together, m akeup the Proportion o f 4 
to 3, which Í3 that o f a Fourth or Dia-tejjaron^

Many Attemps were made to this purpofe: A nd according to thoie, 
they give Names to the Different Genera or kinds o f Mujick^ (the Dieitonick 
Chromatick, and Enarmonick Kinds,) with the leveral Speciesy or lelTer Diftin- 
¿lions under thofe Generals.

T he firfl was that o f Euclid (which did m oíl generally obtain for many 
A ges :) W hich allows to /7, fo^ and to fol̂  la, the full Proportion o f 9 to 8 ; 
A nd therefore to fa , fol, la, (which we call the Greater Third) that o f 81 to

A nd, confequently, to that o f M ,  fa , (which

.256

XT- 9 9 81 .
64. (For -  X -  =  -  .)

81

243
the Remainder to a Fourth) that o f  256 to 243. For ^ )  —

that is, i f  out of the Proportion o f  4 to 3 we take that o f 81 to 64, the 
Refult is that o f 256 to 243. T o  this they give the Name o f  Limma (Xfr̂ Ajua) 
that is, the Remainder (to wit, over and above two Tones.) But, in com
mon Difcourfe (when we do not pretend to fpeak nicely, nor intend to be fo 
underftood j  it is ufual to call it an Hemi-tone, or Half-Note, (as being very 
near it) and the other. T w o  IVhole Notes. And this is what Ptolemy calls 
Diatonum Ditonum, (of the Diatonick kind with Two Full Tones.)

A gainil this it is obje6ted (as not the m oil convenient Divifion) that 
the Numbers o f 81 to 64, are too great for that o f a Ditone, or Greater 
Third •, which is not harih to the Ear ; but is rather fweeter than that of a 
iingle Tone, whofe Proportion is 9 to 8. A nd, in that o f 256 to 243, the 
Numbers are yet much greater. Whereas there are many Proportions fas 
5 6 7 8
4, 5 6 7

Divifion, there is no Notice taken.

in fmaller Numbers than that o f 9 to 8 ; o f  which, in this

T o
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T o  recSlify this, there is another Divifion thought more convenient; 

which is Plolemfs 'Diatonum Intenfum (oí the Biatonkk Kind, more Intenf? 
or Acute than that other) which inilead of two Full Tom  for fa^ fo!̂  lâ  
aifigns (what we now call) a Greater and a Lejfer Tone; (which by the 
more Nice Muficians of this and the laft A ge feems to be more embraced ;) 
AiTigning to fa^fol^ that o f 9 to 8, (which they call the Greater Tone',) 
and to/o/, that o f 10 tog,  ('which they call the Lejfer Tone:) And 
therefore to fa , la, (the Vitone or Greater Third) that of 5 to 4. (For

X -̂  =  ^  ^ ”4’  ̂ confequently to w/, /<?, (which is remaining of

the Fourth) that o f 16 to i /i. F o r —) — ( —. That, if  out o f that of 4
4  , 3  15

to 3 we take that o f 5 to 4, there remains that of 16 to 15.
Many other ways there are (with which I ihould not trouble you at pre- 

4  ̂ fent) ot dividing the Fourth or Dia-teJJaron, or the proportion of 4 to 3, in
to three Parts, anfwering to what (in a looker way of expreffion) we call an

16 9 10 4
half Note, and two whole But this o f — x — x — =  —, is that

15 s 9 3
which is now received as the moft proper.

T o  which therefore I iliall apply my Difcourfe where — is (what we

call) the Hemi-Tone, or Half-Note, in mi, fa  \ that of the greater Tonê
O

in fa , fol, and ^  the lejfer Tone, in fol, la.
9 . r

Only with this A ddition; that each o f thoie Tones, is (upon Occauon)
by Flats and Sharps (as we now fpeak) divided into two Hemi-tones, or Half
Notes ; W hich anfwers to what by the Greeks was called Mutat:o quô d Modos
(the Change o f Mood;) and whiit is now done by removing mi t¿ another

. Q 18 18 17 , 10 20 20 19
Key. Namely — x — ; a n d ----- ~y— Tt ^

8 x6 17 16 9 18 19 .10

Thus by the help o f Flats and Sharps (dividing each ivhole Note, be it the 
Greater or Lejfer, into two H alf Notes, or w h a t  w e  call fo,) the whole OSlave 
is divided into Twelve parts or Intervals (contained between 1  hirt^n 
which are commonly called Hcmi-tones qt Half - Notes; not that each isprecife- 
ly Half a Note, but fomewhat near it, and fo called. A nd I .fay, by FM s and 
Sharps ; for fomerime the one, fometime the other is ufed. As for Inftance, 
a Flat in D , or a Sharp in C , do either of them denote a Middling Sound 
(tho’ not precifely in the Midft) between C and D  j Sharper than j an 
Flatter than JD.

Accor-
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Accordingly, fuppofing mi to ftand in B  ('which Is accounted its

Natural Seat) the Sounds o f each Pipe are to bear thefe Proportions to each 
other, viz.

:x-j #

mi .fa  . . fol . . la . fa  . ^  , fol . . la . . mi
i 6 i8  17  20 19  16 18 2T_ ^  12.

T J  T7 16 19 18 15  1 7  16  19  18 17  i6 -

9 • 10 : 9 10 9̂
8 9 : 8  9  Ü

1  4

?  ________ 3

: 3

%■•V' j

A nd fo in each 0 Slave fuccefiively following. A nd, if  the Pipes in each 
CSiave be fitted to Sounds in thefe Proportions of Gravity and Acutenefs, it 

" * will be fuppofed (according to this Hypothefts) to be perfeótly proportioned.
But, inftead of thefe fuccefilve Proportions o f each Hemi-tone j it is found 

neceffary (if I do not miilake the Praólice) fo to order the 1 3 Pipes (containing 
12 Intervals which they call Hemi-tones) as that their Sounds (as to Gravity 
and Acutenefs) be in continual Proportion, (each to its next following, in 
0 £lave or Dia-pafon  ̂ as 2 to i .  W hereby it comes to pafs that each Pipe 
doth not exprefs its proper Sound, but very near it, yet fomewhat varying 
from it i which they call Bearing ; which is fomewhat o f Imperfeftion in 

I this Noble Inflrument, the T op  o f all.
j , It may be aiked, why may not the Pipes be fo ordered, as to have their

Sounds in juft Proportion, as well as thus Bearing.
I anfwer. It might very well be fo, if all Mvftck were Compofed to the fame 

. JÍ?)', or (as the Greeks call it) the fame Mode as for Inftance, if, in all 
I Compofitions, mî  were always placed in B-fa-h-mi. For then 'the Pipes

I m ight be ordered in fuch Proportions as I have now defigned. *
But Mujical Compefttions are made in great Variety o f Modes, or with great 

Diverfity in the Pitch, M i is not always placed in B-fa-b-mi j but fometimes 
j in E-la-mi  ̂ fometimes in A-la-mi-re, & c. A nd (in Sum) there is none
i o f  thofe 1 2 or 1 3 Pipes but may be made the Seat o f mi. And, if  they were
j ' exactly
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exaélly fitted to any one of thefe Cafes, they would be quite out of Order 
for all the reft.

A s for lnftance i I f mi be removed from B-fa-b-mi, (by a Flat in BJ to
E-la-mi  ̂ inftead o f the Proportions but now defigned, they muft be thus 
ordered,

fa  . ^  • f o l . 9̂  . la . . m i . fa . ^  . fol . ^  .la . fa.
18 17 20 19 18 17 16 18 17 20 19 16
17 16 19 18 17 16 15 17 16 19 18 15

where *tis manlfeft, that the Removal of mi doth quite diforder the whole 
^  Series o f Proportions. And the fame would again happen, if mi be removed 

from E  to A  (by another Flat in E,) and again, if removed from A  to D. 
A nd fo perpetually. But the Hemitones being made all equal, they do indif
ferently anfwer all the Pofitions of mi (tho’ not exactly to any;) yet nearer 
to fome than to others. Whence it is, that the fame Tune founds better at 
one Ke'̂  than at another.

It is alkcd, whether this may not be remedy’d by interpofing more 
T i 'p e s and thereby dividing a Note not only (as now) into Half Notes., but 
into ^arter-Notes, or Half-^arter-Notes^ See.

I anfwer ; It may be thus remedy’d in P art; (that is, the Imperfeftion 
might thus be fomewhat lefs, and the Sounds fomewhat nearer to thejufi: 
Proportions:) but it can never be exactly true, fo long as their Sounds (be 
they never fo many) be in continual Proportion ; that is, each to the next 
fubfequent in the fame Proportion.

For it hath been long fince demonftrated, that there is no fuch thing as 
a juft Hemitone practicable in Muftck (and the like for the Divifion of a 'Tone 
into any Number o f equal Parts i three, four or more.) For, fuppofing 
the Proportion o f a ^one or Full Note, to be (or, as 9 to 8j that of the
Half-Note muft be as V 9 to V 8 ; that is, as 3 to V 8. (or 3 to 2 V 2)

which are Incommenfurable ^antities : And that of a ^arier-Note, as 9

to V  8, which is yet more Incotnmenfurate. And the like for any other 
Number o f equal Parts i which will therefore never fall ia  with the Pro
portions o f Number to Number.

So that this can never be perfectly adjufted for all Keys (without fomewhat 
o f Bearing) by multiplying Pipes; unlefs we would for every Key, (or every 
different Seat of mi) have a different Set of Pipes, of which this or that is to 
be ufed according as (in the. Compoiition) mi is fuppofed to ftand in ^ is 
or that Seat. W hich vaft Number of Pipes, (for every O^ave) would vaftly 
increafe the Charge i and (when all is done) make the whole impracti
cable. „

V ol. L  K k k k  V. 5,
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about4 Years ago, 'wívtvíttá d. N ew ’Tunh^ o f ih t Antient 

ty s. saivett!.’ Ljra-Viol with the ufual 1 3 Strings ; by Means o f which 'Tunings it is render’d
Aiil^Ail îSr you may exp reís upon it all Coficords, Difcords^and a\io

" the ImperfeEi Concords  ̂ as fevenihs^ ftaths, ^ c . as well as upon any Virginal 
that liath the Quarters o f Notes upon it. ’ T is true, ’ tis only for melan
choly and paffionate Matter, and not for Bivifion  ̂ as is the proper Nature 
of t!je Lyra. 1 ihall only add, that with the abovefaid ‘Tunings it afcends in 
Alt as high as G-fol-re-ut; and defcends as low as Double C-ja-ut \ and can 
nuikc every where the fame Concords as above.

T. c £/-
/a ?>  rrpi^ntá o f  
AfUfick in For- 
f.tf* Thneŝ  eX' 
a*>i!ued', hy D r, 
Waliis n 245. 
P ^97- Atig. 
.An, Jú.gZ

If

VI. I I take it for granted, that much of the Reports concerning the 
great Effeéls oí Mujickm former Times, beyond ŵ hat is to be found in lat
ter Ages, is highly Hyperbolical  ̂ and next door to Fabulous ; and therefore 
great Abatements muft be allowed to the Elogies of their Mujick.

2. W e muft confider. That Mvjick (to any tolerable Degree) was then (if 
not a new, at leaftj a rare Thing, which the Rufticks, on whom it is re
ported to have had fuch Effeéls, had never heard before ; and on fuch, a little 
Vlufick will do great Feats •, as we find at this Day a Fiddle or a Bag-pipe 

át a Country MoriceD.ince-
3. W e are to confider, that their Mvfick (even after it came to fom egood 

Degree of Perfe6tion) was much more plain and fimple than ours now-a-days. 
They iiad not Conforts o f two, three, four or more Parts or Voices : But one 
fingle Voice or fingle Inftrument apart which to a rude Ear, is much more 
taking than more compounded M ufick. For that is at a Pitch not above 
their Capacity •, whereas this other confounds it, with a great Noife, but 
nothing diftinguiiliable to their Capacity

4. W e are to confider, that Mujick with the Antients was o f a larger E x 
tent tlian what we call Mufick now a days: For Poetry and Dancing (or come
ly Motion; were then accounted Farts o f Mufick when Mvfick arrived to fome 
Perfeftion. N ow  we know that Verfe o f itfelf, if  in good Meafures and af- 
íeáVionate L.anguage, and this fet to a Miifual Tunc  ̂ and fung by a decent 
Voice, and accompanied but with/¿// Infirv.mcntnl Mifick^ if any, fuch as not 
to drown or obfciire the Exprefiions (like what we call Recitative
Mufick) will work ftrangely upon the Ear, and move all AfFc6lions fuitable 
to the 'Tune and Ditty ; Cwhether briik and pleafant, or foft and pitiful, or 
fierce and angry, or moderate and ledate) efpecially if attended wit 1 a Gefiure 
and A£lion fuitable. For, ’ tis well known, that fuitable ASing  on a Stage 
gives great L ife to the W ords. N ow  ail this together (which were all Ingre
dients in what they called Mufick) muft needs operate ftrongly on the Fan* 
cies and AfFeélions o f ordinary People unacquainted with fuch kind o f 
Treatments. For if the deliberate reading o f a Romance ('when well 
:)enn’d) will produce Mirth, Tears, Joy, Grief, Pity, W rath, or Indignation 

: liitable to the refpeélive Intents o f it j much more would it lo do, i f  accom
panied with all thofe Attendants.

5. You
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5. You will aíl<, perhaps, why may not all this be now done, as well as 
then ? I anfwer, no do îbc it may, and with like EfFeft, if an Addrefs be 
made in proper W ords, with moving Accents in juft Meafures, {Poetical 
or Rhetorical) with thternphatickmrds^ Words fet in fignal Places, pronoun
ced with a good Voice, and a true Accent, and attended with a deccnt Ge- 
ftu re: all thefe fuitably adjufted to the Paffion, AflFedlion, or Temper 
o f  Mind, particularly defigned to be produced, (be it Joy, Love, Grief, Pi
ty,'Courage or Indignation j  will certainly now as well as tbeny produce great 
Efifefts upon the Mind, efpeciaily upon a Surprize, and where Perfons are 
not otherwife pre-engaged ; and if fo managed, as that you be (or feem 
to be) in earneft •, and ii not over-acled by apparent Aífeélation.

6. W e are to confider, that the ufual Defign of what we now call Mufick  ̂
is very different from that of the Antients. What we now call Mufick is 
but what they called Harmonick •, which was but one Part of their Mufick,, 
l^confiiling of W ords, Verfe, Voice, Tune, Inftrument, and A6ting*,)and 
we are not to expedt the fame Eftecl of one Piece, as of the wkole.
• 7» W h en ’Mz f̂/  ̂arrived to great Perfection, it was applied to particular
Defigns o f exciting this or that particular Affection, PaiTion, or Temper of 
Mind i the Tunes and Meafures being fuitably adapted to fuch DeTigns. 
But fuch Defigns feem almoft quite neglected in our prefent Mufick. The 
chief Defign now, in our moft accompliilied Mufick,, being to pleafe the Ear-, 
when by a fweet Mixture o f different Parts and Voices,, with Cadencies and 

intermixed, a grateful Sound is produced, which only the judicious 
Mufician can difcern and diilinguiih.

8. *Tis true, that even this Ompound Mufick-dámíts o f different Characters: 
fome are more brifli. and a iry; others more fedate and grave *, others more 
languid •, as the different Subjeéts do require. But that which is moll pro
per to excite particular Pajftons or Bifpofitions,, is fuch as is more Simple,, and 
Uncompounded *, fuch as a Nurfe’s languid T̂ une,, lulling lier Babe to ileep j or a 
continual Reading \vi E'venTone \ or even the foft Murmur of a little 
Rivulet, running upon Gravel or Pebbles, inducing a quiet Repoie of the 
Spirits : And contrariwife, tb̂ e Briiknefs of a Jig  ̂ on a Kit or Violin̂  exci
ting to dance. W hich are more operative to fuch particular Ends, than an
Elaborate Compofition o f Full Mufick.

9. T o  conclude j If we aim only at pleafing the Ear  ̂ by a fweet Concert,,
I doubt not but our Modern Compofttions may be equal, if not exceed thofe
o f the Antients j amongft whom I do not find any Footfteps of what we
call feveral Parts or Voices, (as Bafe, Treble,, Mean,, & c. fung in Concert)
anfwering each other, to complete the Mufick. But if we would have our
M ufick fo adjufted, as to excite particular PafTions, Afteólions, or 1  empers
o f Mind, (as that of the Antients is fuppofed to have donej we muft apply
more fimple Ingredients, fitted to the Temper Vi?e would produce. And
this, 1 doubt not, but a Judicious Compofer may lo effeft, that fwith the
Help of fuch Hyperboles, as with which the Antient Mufick is wont to be fet
off ) our Mufick may be faid to do as great I*eats as any of thdrs. •

\ 11.
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V IL  Account of Books, Omitted.

/1.1 4 3 .  p .  2 0 .   ̂• Claudii Ptolemai Harmonicorum Libri tres, E x  Cod. MSS. undecim, nunc
primum Gr<ece editi. Jo. Wallis^ S. S. T h . D. Recenfuit, Edidit, Verfi- 
one 8c Notis Illuftravit, &  Auftuarium adjecit. Oxo» 1682. in 4/(7. 

n. 131. p, 668. 2. Forpb^rii Commentarius in Librum  Primum Harmonicorum Claudii Pto^
lem ai: atque Manuelis Bryennii Commentarius in tres Libros Harmonicos ejuf- 
dem Piolemesi (Qui foli reftant ex Gracis Muficce Scriptoribus nondum edi
tis.) Grace zc Latine. Curi Jo. Wallijit  ̂ S. T ii. D.

n. 80. p. 309s. o. An EiTay to the Advancement o f Mufick j by ‘Tho. Salmon̂  M . A . Lond.
1672. in Svo.

n.Qo.p, siy^ 4. Syntagma M u f ic a Treating oF Mujick Philofophically, Mathematically
zná Pra£licallyhy J . Birchenjha, Efq; This Book was preparing for the 
Prefs, 1674.

H. IOC. p. 619+. Mujica Speculativa del M£ngoli, in Bologna 1670. in \to,
u .  1 3 3 .  p. sjf. 6. A  Philofophical EJJay o f Mtiftck. Lond. 1677. in
». Í08. p. 07. 7- A  Treatife o f the Natural Grounds and Principies o f  Harmony j by WilU

Holden  ̂ D,*D. Lond. ¿694. in
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