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148 KNOWLEDGE OF THE LONGITUDE. Let. 46,
ment of the knowledge of objects which relate only
to the earth.

5th September 1761

LerTErR X LVL—EKNOWLEDGE OF THE LONGITUDE,
FROM A CALCULATION OF THE DIRECTION, AND
OF THE SPACE PASSED THROUGH.

1 wow proceed to the longitude; and remark,
that on taking a departure, whether by land or wa-
ter, from a known place, it would be easy to ascer-
tain the spot we had reached, did we know exactly
the length of the road, and the direction which we
pursued. This might, in such a case, be effected
even without the pid of astronomy; and this obliges
me fo enter into a more particular detail on the
subject.

Ve measure the length of a road by feet; we
know how many feet go to a mile, and how many
miles go to an arch of one degree upon the globe:
thus we are enabled to express in degrees the dis-
tance we have travelled.

As to the route or direction in which we travel,
it is necessary accurately to know the position of the
meridian at every place where we are. As the me-
ridian proceeds in one direction toward the north
pole, and in the other toward the south, you have
only to draw, on the horizon of the spot where you

are, a straight line from north to south, which is
called the meridian line of that place. All possible
care must be taken to trace this meridian line very
accurately, and here the heavens must again perform
the office of a guide.

You know it is mid-day when the sun is at his
greatest elevation above the horizon ; or, which is the

same thing, the direction of the sun is then exactly:
south, and the shadow of a staff fixed perpendicu~
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larly on a horizontal plane will fall, at tha in
precisely northward. Hence it is’easy to tcorflt;;let:
}\;?11;11?’1; 1IImW an obsfervation of the sun may furnish us
e means of aceur raci ridian li
whﬂ-ever g bef:u;t ately tracing a meridian line,
aving traced a meridi y irection i
ety easﬂgy sacec 8 el an, every other direction is
Let the straight line NS (Prare IV. Fig. 14.) be -

the meridian, one of the extremities N being direct-
ed toward the north, and the other § toward the
south. With this meridian let there be drawn at
right angles the straight line F'W, whose extremit
E shall be directed toward the east, and the othe}; ’
extremity W toward the west. Having divided the
circle into 16 equal parts, we shell have so man,
different directions, denominated according to th)n;r
letters affixed to them; and in case of not pursning a
direction which exactly corresponds with some ogne
of the sixteen, the angle must be marked which that
deviating line of direction makes with the meridian
NS, or with EW, which is perpendicular to it.

1t is thus we are enabled to determine exactly the
direction which we pursue in travelling; and so%on
as we are assured of the length of the way, and ogf
the direction pursued, it will be very easy to ascer-
tain the true place at which we have arrived, and to
indicate both its longitude and latitude. {Va enl-
ploy for. this purpose an acenrate map, which con-
tains the point of departure, and that which we have
reached ; and by means of the scale, which gives the
quantity of miles or leagues that go to a degree, it is
easy to trace, on such map, the track ursued and
completed. b o

TFignve 15. of Plate IV. represents a ma i
are-marked from left to 1'ightpthe degrees CE',ISII: u?’tl;ﬁl
and those of latitude from top to bottom; it i like.
wise visible on the face of it, that the meriﬁians cou:
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verge as they approach toward the north, and retive
from each other toward the south, as is the actual case
on the globe.

This map contains part of the smrface of the earth,
from the 53d degree of north latitude to the 59th
degree; and from the 13th degree of longitude to
the 26th. ’

Suppose, then, I take my departure from the place
L, the longitude of which is 16°, and the latitude
57° 20/, and that I proceed in the direction ESLE,
and Have travelled a space of 345 English miles, In
order to determine the longitude and latitude of the
place I have reached, 1 draw from the place L the
straight line LM, making with the meridian an angle
of 67° 80, the same angle which the direction ESE
in the preceding fignre makes with NS, Then on
that line I take, according to the scale marked on the
chart, LM equal to 345 Fnglish miles, and the point
M shall be the place which I have reached.

I have then only to compare this place with the

meridians and parallels traced on the map, and I
find that its longitude is 24° nearly; and on measur-
ing more exactly the part of the degree to be added
to the 24th degree, I find the longitude of the point
M to he 24° 4. As to the latitude, T ohserve it to
be between the 55th and 56th degree, and by an
easy computation I find it to be 55° 25; so that the
latitude of the place M, which I have reached, is
55° 247, and its longitnde 24° 4,

It has here been supposed that I have invariably
pursued the same divection, EST, from first to last;
fyut if T have from time to time deviated from that
divection, I have only to perform the same operation

on each deviation, to find the place where I then.
was; from this I take a fresh departure, and trace

my direction till another deviation takes place; and

so on, tll I reach my object. By these means it is
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always in my power, whether travelling by sea or
land, to ascertain the place I have reached; provided
I know exactly, through my whole progress, the
direction I pursue, and measure with equal accuracy
the length of the way.

_ We might in this case dispense even with the as-
sistance of astronomy, unless we had occasion for it
acc_ul‘aifely to determine our direction, or the angle
wm§111 it makes with the meridian ; but the maguf?tic
137‘::;1(;;6 or compass may, in many cases, supply this

You must be sensible, however, that it is possible
to make a very considerable mistake, both m the
computation of the direction, and of the length of the
way, especially in very long voyages. How often
is it necessary to change the direction in travelling
even from hence to Magdeburg? and how is it possiti
ble to measure exactly the length of the way ¢ -But
when we travel by land we are not reduced to this
expedient; for we are enabled to measure by geo-
metrical experiments the distance of places, and the
angles which the distances make with the ‘meridian
of every place; and thus we can determine, with
telerable acenracy, the true situation of all pla’ces.

822 September 1761,

Lerrer XLVIL—CoNTINUATION.

DzerEcTS OF
1HIs MeTHOD, .

A mrmrHOD Of observing the direction pursued
and the length of the course, seems to be of singular
atility in sea voyages, becanse there we are not
der the necessity of deviating from the direction ever—
moment, as in travelling by land ; for, with the sang
wmc!, we can proceed in the same dir,ection.

Pilots are accordinfgly very attentive in exactly ob-
serving the course of the vessel, and in measgring
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the progress she has made. They keep an accurate
journal of all these observations, at the close of every
day, nay still more frequently; they trace on their
sea-charts the progress they have made, and thus are
enabled to mark on the charts, for every period of
time, the point where they are, and of which they
consequently know the latitude and longitude. Ac-
cordingly, so long as the course is regular,‘and the
vessel 1s not agitated by a tempest, good pilots are
seldom mistaken ; but when they are in doubt, they
have recourse to. astronomical observations, from
which they discover the elevation of the pole; and
this being always equal to the latitude of the place
where they are, they compare it with that which they
have marked on the chart, conformably to the com-
putation of their progress. If these are found "to
coincide, their computation is just; if they discover
a difference, they conclude with certainty that some
error has been committed in the computation of the
distance and of the course; in that case they re-ex-
amine both the one and the other more carefully,
and endeavour to apply the necessary corrections, in
order tomake the computation agree with the ob-
servation of the height of the pole,_or of the latitude,
which is equal to i, o

This precantion may be sufficient in short voyages,
as the errors committed can in these be of no great
importance; but in very long voyages, these slight
mistakes may accumulate to such a degree, that at
last a very gross mistake may be committed, and
the place where the vessel actnally is may differ
considerably from what it was supposed to be on the
chart. . .

I have hitherto gone on the supposition that the
voyage proceeded quietly H but s?muld a storm arise,
during which the vessel is subjected to the rudest
coneussions of wind and waves, it is evident that the
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computation of distance and course is entirely de-
ranged, and that it is impossible to trace on the chart
the progress she has made.

It would be very easy, after this derangement, to
‘ascertain by astronomical observations the latitude
of the ship’s place; but this would determine only
the parallel of that place, and it would remain
totally uncertain at what point of the parallel she
actnally was. ’

It is necessary, therefore, to discover likewise the
longitude of the place, which shows us the meridian
under which it is situated ; and then the intersection
of that meridian with the parallel found, will give
the vessel’s true place. This will make you sensible
of what importance it is to assist mariners, in disco-
vering likewise the longitude of the place where
they are. -

"This necessity is imposed not only from the con-
sideration of the tempests to which navigation is lia~
ble; for it is possible, supposing the voyage to pro-
ceed ever so quietly, to be grossly mistaken in the
computation of both course and distance. Could we
suppose the sea to be at rest, it might be possible to
invent various methods of ascertaining, with tolerable -
exactness, the way which the vessel has made; but
there are rapid currents in many places of the ocean,
which have the resemblance of a river running in a
certain direction. Thus it is cbserved, that the
Atlantic ocean has a perpetual current into the
Mediterranean sea, through the straits of Gibraltar;
and that the ocean between Afiica and Americahas a
very considerable current from east to west, so that
avoyage to America is performed in mich less time
then a voyage from America to Europe,

Were such currents constant and well known, we
sheuld have considerable assistance toward forming
our calenlations; but it has been observed, that they

G 2
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are sometimes more, sometimes less rapid, and that
they frequently change their direction ; which de-
ranges the calculations of the most skilful navigator
to such a degree, that it is no longer safe to trust
them. We have but too many fatal instances of
ships dashed on concealed rocks, and lost, because
these were computed to be still ata considerable dis-
tance. It was afterwards discovered, when too late,
ihat these calamities had been oceasioned by the cur-
vents of the ocean, which deranged the calculations
of navigatars.

Tu fact, when the ocean has a current which makes
it flow like a viver, following a certain direction,
vessels caught in it are carried away impetceptibly.
In a river we clearly perceive that the current is car-
rying us along, by observing the banks or the bot-
tom but at sea no land is visible, and the depth is
too great to admit of our making any observation
from the bottom. At sea, then, it is impossible to
discern the currents; aud hence so many dreadful
mistakes respecting both course and distance. ‘Whe-
ther, therefore, we take tempesis into the account
or not, we are always under the necessity of falling
on other methods of ascertaining the longitnde of
the places where we may arrive; and of the various
methods hitherto employed for acquiring this know-
ledge of the longitnde, 1 now proceed to inform you.

12¢h September LT61.

Lrrrer XLVIIT.—Seconp MseTHOD OF DETER-
MINING THE LONGITUDE, BY MEANS @F AN
exascr Tive-Prece.

A vEry sure method of finding the longitnde,
would be a clock, watch, or pandulum, so pertect,
that is to say, which should always go so equally,
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and so exactly, that no concussion should be able to
affect its motion. :
_ Supposing such a time-piece constructed, let us see
in what manner, by means of it, we should be-ena-
bled to solve the problem of the longitude. We
must return, for this purpose, to the consideration of
meridians, which we are to conceive to be drawn
through every place on the surface of the globe.
You know that the sun seems to deseribe every
day a circle round the earth, and that, of conse-
quence, he passes successively over all the maeridians
in the space of twenty-four hours.
_Now, the sun is said to pass over, or through a
given meridian, if a straight line drawn from the
sun to the centre of the earth C {Prare IV. Fig. 12.),

"pass precisely through that mervidian. If, therefore,

in the present case, the line drawn from the sun to
the centre of the- earth pass through the meridian
BLMA, we would say that the sun was in that me-
ridian, and then it would be mid-day to all the
places ;::ituated under this meridian ; but under every
other, it would not be mid-day at that precise in-
stant ; it would there he before noon or after it
every where else.

If the meridian BNA is situated to the eastward

- of the meridian BMA, the sun, in making his cir-

cuit from east to wesi, must pass over the meridian
BNA before he reaches the meridian BMA ; con-
sequently, it will be mid-day wnder the meridian
BNA earlier than under the meridian BMA : when,
therefore, it shall be mid-day under this last meri-
(ian, mid-day under every other meridian to the
eastward will be already past, ov it will be afternoon
with them., On the contrary, it will be still fore-
noon under every meridian, say BDA, situated to
the westward, as the sun cannot veach it till he has
passed over the meridian BMA.
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And as the motion of the sun is regular and uni-
form, and he completes his circuit of the globe, that
is 860 degrees, in twenty-four honrs, he must every
hour describe an arch of 15 degrees. 'When, there-
fore, it is noon at Berlin, and at every other place
sitnated under the same meridian, noon will be al-
ready past under meridians situated to the‘es_istwa_rd;
and more particularly still under the meridian situ-
ated 15 degrees to the eastward of that of Berlin, it
will already be one o’clock ; under the meridian 30
degrees eastwaxrd, two o’clock ; under that of 45 de~
grees, three o’clock afternoon, ::_m_d so on. The coln-
trary will take place under meridians situated to the
westward of that of Berlin; when it is noon there,
it will be only eleven o’clock forenocon unde’r the
meridian 15 degrees to the westward, ten 0 clock
under the meridian of 80, nine o’clock under t}.ae
meridian of 45 degrees westward, and soon; 2 dif-
fevence of 15 degrees between two meridians always

" amounting to an hour of time.

To elucidate siill more c&;aﬂy wh'aj_: hasB nciv-v beerci
X ‘ked, let us compare the two citles Beriin an
?::fj A’,s the meri£an of Berlin is 11° 17 15" to
the eastward of that of Paris, }'eckonmg an hour to
15 degrees, this difference of 11° 1477 15" will give
44 minuies and 29 seconds of time, or three guar-
ters of an hour nearly. When, therefore, it is mid-
day at Paris, it will be 44 minutes and 29 seeond_s
after mid-day at Bevlin; and reciprocally, when it
is mid-day af Berlin, it will only be 15 minutes and
21 seconds afier eleven o’clock at Paris ; so that it
will not be noon at this last city till 44 minutes and
99 seconds afterwards. Hence it is evident, that
the clocks at Berlin should slways be faster than
those of Paris, and that this difference ought to be
nearly 44 minutes and 29 seconds.
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. The difference between the meridians of Berlin
and Magdeburg is nearly 1° 40’; Berlin therefore is
to the eastward of Magdeburg; and this difference
reduced to time gives 6 minutes and 40 seconds, which
the clocks of Berlin ought to indicate more than that
of Magdeburg. Consequently, if it is just now noon
at Magdeburg, and the clocks. there, which I sup-
pose well regulated, point to XIL, the clocks at
Berlin should, at the same instant, indicate 6 mi-
nutes and 40 seconds after XIL, that is, noon there
is already past.

Hence you see, that in proportion as.places differ
in longitude, or as they are situated under different
meridians, well regulated time-pieces ought not to
point out the same hour at the same instant, but the
difference onght to be a whole hour when that of
the longitude is 15 degrees.

In employing a time-piece, then, for ascertaining
the longitude of the places through which we pass,
it would first be necessary to regulate it exactly at

-some place where we actually were. This is done

by observing the instant of noon, that is, the instant
when the sun passes over the meridian of that place ;
and the time-piece onght then to point precisely to
XIL It ought afterwards to be adjusted in such a
manner, that always after a revolution of 24 hours,
when the sun returns to the meridian, the index, af-
ter having made two complete circuits, should again
point exactly to XTI, If this is carefully observed,
such well regulated time-pieces will not coincide in
different places, unless these be situated under one
and the same meridian ; but if they ars situated un-
der different meridians, that is, if there be a-differ-
ence of longitude, the time indicated by the clock or
watch, at the same moment, will likewise be differ-

ent; at the rate of one whole hoyr of time for every
15 degrees of longitude.
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Knowing, then, the difference of time indicated

by well regulated fime-pieces, at different places,

and at the smme instant, we are enabled exactly to
compute the difference of longitude at these two

laces, reckoning always 15 degrees for an hour,
and the fourth part of a degree for a minute.

15¢h September 1761

LerrEg X LIX.—COoRTINUATION, AND TARTHER
ELUCIDATIONS.

Vou will be less surprised at the difference of

time which well regulated time-pieces must indicate

under different meridians, when you recollect, that
while it is noon with ns, there are countries toward
the east where the sun is already set, and that there
are others toward the west where he is but just
rising. It must therefore be already night with the
one, and still morning with the other, at the samne
instant that it is noon with us. You knbw, besides,
that with our antipodes, who are under the meridian
diametrically opposite to ours, it is night, while it is
day with us; so that our noon corresponds exactly
to their midnight.

It will be an easy matter, after these elucidations,
to show how an exact time-plece may assisi us in
discovering the difference of meridians, or that of the:
longitude, at different places.

Supposing me possessed of such an excellent time-
piece, which, once exactly regulated, shows me every
day the precise time it is at Berlin, so that whenever
it is moon at Berlin, it points precisely to XIL:
supposing farther, that it goes so regularly, that once
adjusied, I have no farther occasion o touch it, and
that its motion is not to be deranged either by the
shaking of a carriage, or the agitation of a vessel on
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the ocean, or by any concussion whatever to which
it may be exposed. ' -
_ Provided thus with a time-piece of this descrip-
tion, I set out to travel, whether by land or by sea;
perfectly assured, that go where I will, its motion
will be steady and uniform, as if I had remained at
Berlin: it will every day point to XIL at the very
moment it is noon at Berlin, and that wherever [
may happen to be. On this journey, I arrive first
at Magdeburg: there I observe the sun when he
passes the meridian, and this happens when he is
exactly south ; and it being then noon at Magdeburg,
I consult my time-piece, and observe it points to 6
minutes and’ 40 seconds after XIL: whence I con-
clude, that when it is noon at Magdeburg, noon at
P:erhn is already past, and that the difference is
6’ 407 of time, which correspond to 1° 40’ of distance;
therefore the meridian of Magdeburg is to the west-
ward of that of Berlin, The longitnde of Berlin, there~
fore, being nearly 31° 7' 15”, the longitude of Magde-
burg will be 1° 40’ less, that is, it will be 29° 27 15",
- I thence proceed to Hamburgh, accompanied by
my time-piece, which I never touch; and there ob-
serving when it is noon by the sun, for I cannot
depend on the public clocks which there announce
the hour, I find my time-piece already ammouynces
13" 83" after X1L.; so that at Berlin noon is passed
1%’ 33" when it is exactly noon at Flamburgh ; hence
I f:onclude, that the meridian of Hamburgh is 3°
28 15" to the westward of that of Berlin; reckoning
15° to an hour, that is one degree for every four
minutes of time: accordingly, I find that 13" 33" of
time give 3° 23’ 15 of distance for the difference of
the meridians. The longitude of Hamburgh will
be, of course, 27° 44/, - °

At Hambu]' h I go to sea, still accompanied by my
time-piece, and after a long voyage I axvive at 2 place
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where, waiting for noon, the moment of whiqh 1
ascertain by observing the sun, 1 find that my time-
piece indicates only 58 15" after X.; so that then it
is not yet noon at Berlin, and the difference of time
is 1 hour ¥ 457, from which I conclude, that the
place at which I have arvived is to the eastward of
Berlin; and as one hour gives 15 degrees, one mi-~
nute of time 15/, and 45 seconds of time 11 157,
the difference of the meridians will therefore be 15°
96’ 15”. 1 find, then, that I am at g place to the
enstward of Berlin, whose longitude is greater than
that of Berlin by 15° 26’ 15”; now the lpngltude of
that city being nearly 81° 7’ 15", the longitude of the
place where T am must be 46° 33’ 30", Thus I have
discovered under what meridian I now am ; l?ut Tam
still uncertain as to the point of the meridian. I_n
order to ascertain this I have recourse to astronomi-
cal ohservations, and find the height of the pole to
be precisely 41°, Knowing likewise that T am still
in the northern hemisphere, as I have not passed
the equator, I discover that [ actually am at a place
whose latitude is 41° north, and longitude 46° 33
30”. 1 take therefore my globe or maps, and
trace the meridian'whose longitnde is 46° 33’ 30";
1 look for the place whose latitude is 419 and at the

point of intersection I find T have got to the city of -

Constantinople, without having occasion to apply
for information to any person whatever.

Thus, at whatever place of the globe I may ar-
rive, possessed of a time-picce so exact, I am able
to ascertain the longitude of it; and then an observg-
tion of the height of the pole will show me its lati-
tnde. All that remains, therefore, is to take the
terrestrial globe, or a good map, and it will be easy
for me to ascertain where I am, however unknown
to me the country may in other respects be.
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It is much to be regretted, that artists of the
greatest ability have hitherto been unsuccesstul in
the construction of time-pieces, such as I have de-
scribed, and such as the case requires. We meet
with a great many very good pendulum machines,
but they go regularly enly when fixed in undisturbed
situations; the slightest concussion is apt to derange
their motion; they ave therefore totally useless in
long sea voyages. It is obvious that the pendulum,
which regulates the motion, is incapable of resisting
the shocks to which it is exposed in navigation.
About ten years ago, however, an English artist
pretended that he had constructed a time-piece proof
against the motion of a ship at sea, and that after
having tried it a long time togsther in a carriage on
the road, it was Lmpossible to perceive the slightest
derangement ; on which the inventor claimed and
received part of the parliamentary reward proposed
for the discovery of the longitude, and the rest was
t0 be paid after it had been put to the proof of a
long voyage. But since that time we have heard no
more of it; from which it is to be presumed that
this attempt too has failed, like many others which
had the same ohject in view.*

19¢k September 1761,

Lrrrer L.—Ecuieses or THE Moow, a4 THIirD
METHOD OT FINDING THE LONGITUDE.

Trom want of the exquisite time-piece, of which I
have endeavoured to give you an idea, the eclipses

.of the moon have hitherto bheen,considered as the

# The success of these attempts has heen very great. The chronome-
ters of Havvison, Barnshaw, Arnold, &e. in England, and those of M.
‘Breguet in Paris, and of M. Jurgensen at ('openhagen, enable the navigator
to determine his longitude at sea with an extrzordinary degres of ncenracy.
—En,
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most certain method of discovering the longitude ;
but these phenomena present themselves so rarely,
that we have it not in our power to employ them so
often as occasion requires.
Vou know that the moon is eclipsed when it
passes into the shadow of the earths it is possible,
then, to observe the moment when the moon begins.
to enter into the shade, and when she has emerged ;
the one is denominated the beginning of the eclipse,
and the other its end ; and when both are observed,
the mean time betwixt them is derominated the
middle of the eclipse. The moon is somefimes
wholly immerged in the shadow of the earth, and
remains for some time invisible; this we call a total
eclipse, during which we may remark the moment
when the moon entirvely disappears, and that when
she begins to emerge; the former is called the be-
inning of total darkness, and the latter the end of
it. But when a part only of the moon is obscured,
we call it a partial eclipse; and we can remark only
the moment of its beginning and ending. You know
likewise that eclipses of the moon can happen only
at the full, and that but rarely. :
When, therefore, an eclipse of the moon is ab-
served at two different places situated under different
meridians, the beginniug of the eclipse will be clearly
seen at both, and at the same instant; but the time-
pieces at these different places will by no means in-
dicate the same hour, or any other division of time
exacily the same: Imean well regulated time-pieces,
each of which points precisely io XII. when it i
noon at that place. If these places are siinated

ander the same mevidian, their time-pieces will no

doubt indicate the same time at the beginning and
at the end of the eclipse. But if these two meridians

are 15 degrees distant from each other, that is, if

the difference of their longitude be 15°% the time-

Y

>
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pieces must differ a complete-hour from the begin-
ning to the end of the eclipse; the time-piece of the
place situated to the eastward will indicate one hour
more than the other : the difference of 30”in longi-
tude will oceasion that of two hours in the time indi-

cated by well regulated clocks or watches; and so
on, according to the following table :

DIFFERENCE OF LONGITUDE. DIFFERENCE OF LONGITUDE.
| OFf Degrees. Of Time, Of Degrees. Of Time.
15¢ 1 Hour. 135° 7 Hours.
30 2 ' 120 8
45 8 135 9
60 4 150 10
5 5 165 11
90 6 180 12

If, thevefore, the difference of the longitude were
150°, the time-pieces would differ ten hours from
the beginning to the end of the eclipse. _
Thus, when the same eclipse is observed at two
different places, and the moment of its cominence-
ment is exactly marked on the time-pieces at each,
it will be easy to calculate, from the difference of the
time indicated, the difference of longitude between
the two places. Now, that where the time is more
advanced, must be situated move toward the east,
and consequently its longitude greater, as longitude
is reckoned from west to east.

By such means, accordingly, the longitude of the
principal places on the globe have been determined,
and geographical charts are constructed conformably
to these determinations. But it is always necessary
to compare the observations made in & place, the
jongitnde of which was not already known, with
fhose which had been made in a known place, and.
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to wait the result of that gomparison., Were I to,
arrive; then, atter a long vayage, at.an, unknown.
place, arid an opportpnity presented itself of there,
ohserving an eclipse of the moon, this wauld, in.the.
first insfance, afford me no assistance toward the
discoyery of the longitnde of that place; I.cc.)uld.ngt,
till after my return, compare my ohservation with
another made in a known place, and thus I should
learn toolate where 1 was at that time. The g}_‘s}n_d
point’in request is, How am 1 at the moment to
acquire the necessary inform_atmn, that I may take
my measures accordingly ? . i
Now, the motion of the moon heing so exactly
known, it is possible to attain this satisfactign ; for
we are thereby enabled not only to calculate before-
hand all fiuture eclipses, but to ascertan the moment
of the beginning and end, ::.t:ccn‘éll,x:qil to the time-
pieces of a given place. You know that our Berlin
almanacks always indicate the beginning and the
end of every eclipse visible at that ¢ity. In the
view, then, of undertaking a long voyage, I can fur:.
nish myself with a Berlin almanack; and if an op-

portunity presents itself of observing an eclipse of -

the moon at an unknown place, I must mark exactly.
the time of it, by a time-piece accurately reg_ula’g_ed?
by the sun at noon, and compare the moments ok
the beginning and end of the eclipse with those indi-
cited i the almanack, in order to. ascertain the
diﬁ'e_req'ce Dbetween the meridian of Berlin, and that
which passes through the place where I am.

But beside the rarity of eclipses of-the moon, this
method is sohject to.a farther inconvenlence; we
ave not always able to distinguish with sufficient ag-
curacy the moment of the begirning and end of the
eclipse, which comes on so imperceptibly, that &
mistake of several seconds may very easily be com-,
mitted. ~ But as the mistake will be nearly the

1
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same at the end as at the beginning, we calenlate
the 1middlé point-of time between the two moments

served, which will be that of the eclipse ; and we
fferwards eompare this with that which is indicated
_ 1;i‘,he almanack for Berlin, or for any other known

ce, - - .
the almanack! for next year should not be pub-
lished when I set out on my voyage, or supposing it
toflast more years than one, there are books con-
taining the eclipses calculated for several years to
coime,

22d Se_ptgmber 1'761.

TTER LI.—OBsErvaATION OF THE ECLIPSES oF .
HE SATELLITES OF JUPITER, A Founre MeTHOD
F FINDING THE LoNeITUDE.

Ecrreses of the sun may likewise assistin ascer-
taining the longitude, but in a way that requires
ore profound research, because the sun is nat jm=
mediately obscured ; it is only the interposition of
e-body of the moon which obstructs the trans-
ission of his rays to us, as'when we employ a pa-
sol to shelter us from them, which does hot prevent
hers from beholding all their lustre. For -the
n canceals the sun only from part of the inhabi-
s of the earth; and an eclipse of the sun may bhe
rly visible at Berlin, while at'Paris there is no
terception of his light. o
ut‘the moon is veally eclipsed by the shadow of
e earth; her own light is diminished or extin-
shed, by it : hence the eclipses of the moon are
el in-the same manner, wherever she is abave the
arizon at the time of the eclipse. - S
‘cannot have escaped your penétration, that if
re weve other heavenly bodies which from timie’
ime underwent any real obscuration, they might -

I
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be employed with similar suceess as the r%(l:hpt:zste({t
the moon in ascertaining the longitude. 1 he t:.) ﬂ1;
lites of Jupiter, which pass sO ﬁ'equen‘ y }uht the
chadow of their planet, that abmost ev.elglr{ négin e
or other of them is eclipsed, may be ran 1@ in the
number of these, and furr h us with _anolt 1er E scel-
lent method of determimng'the_ longitude. s
pomers accordingly employ it w_lt.h great lls::;tcc wl.ﬁch
Vou know that Jupiter has four satellt esi,_‘ hich
make their revolutions round him, each' mP 13?1‘ o
orbit, as represented In tb:e annexed %gm_i ( PLa haw;
Fig. L), by circles described 'roun‘d ﬁupl‘ﬁl.in bave
Jikewise represented the sun m this gml;e,d ower
to exhibit the shadow AOB behind the body of Ju
piter. You see the first gf these satellites, marke 11d,
on the point of entering into the shadow; the ant >
marked 2, has just left it; the..thll‘d, 3, .15 5 ) th:a
oveat distance, but approaching fo it; an
Efj'm.n'i:h, 4, has left it a conmdemb.le time ag‘o._ o the
¢ As soon as one of these satellites passe{a 11110- e
shadow, it becomes {nvisible, and that suc EIi y; Zn
(hat at whatever place of the globe you _nmjlr mi}s?ble
to be, the satellite which was !Jefore dwmltqt y~vteﬂite,‘
disappears in an instant. This entrance cha sas lito
into the shadow of Jupiter 1s denominate .IITZ??EEJ _sil i
and its departure from the shadcmf Emersion s "":ble ‘
the satellite, which had for some time been invisible,
e-appears.
Su(’l]?}ﬁgliiﬁnergi?ms and emersions are equally];idaggid
io the determination of the longitude, as t1 ey tl e
place at 8 decided instant; so thai when s,n](s.1 h a]]? l11ef
nomenon is observed at several places of t }f g ﬁ?n :i
you must find, in the time mdlc_ated by t1 ¢ time
pieces of each, the difference which exactﬂy _c'ouz:
sponds to the difference of the distance of 1~end]i1hh
Gdians. It is the same thing as if we obsewe. he
beginning or the end of an eclipse of the moon; &
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the case is then involved in no difficulty. TFor some
time past, we have heen able to calculate these eclipses
of the satellites of Jupiter, that is, their immersions
and emersions; and we have only to compare the
time observed, with the time calculated for a given
place, say Berlin, in order to conclude, at once, the
distance of its meridian {rom that of onr capital,
This method is accordingly practised universally
in travelling by land; but the means have not yet
been discovered of profiting by it at sea, where, how-
ever, it is of still greater Importance for a man to
know with certainty where he is, Were the satel-
lites of Jupiter as visible to the naked eye as the
moon is, this method would be atiended with no

- difficulty, even at sea; but the observation cannot

be made without a telescope of ai least four or five
feet in length—a circumstance which presents an in-
surmountable obstacle.

You well know that it requires some address to
manage, even ot land, a telescope of any length, to
direct it toward the object which you wish to con-
template, and to keep it so steady as not to lose the
object ; you will easily comprehend, then, that a ship

at sea, being in a continual agitation, it must be al-

most impossible to eatch Jupiter himself; and if you
could find him, you would lose him again in a mo-
ment. Now, in order to make an acenvate observa-
tion of the immersion or emersion of one of the sa-
tellites of Jupiter, it is absolutely necessary that you
should have it in your power to look at him steadily
for some time together; and this being impossible at
sea, we ave to all appearance constrained to aban-
don this method of determining the longitude.

This inconvenience, however, may be remedied
two ways; the one by the constraction of telescopes
six inches long, or less still, capable of discovering
clearly the satellites of Jupiter; and there can be no
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at these would be more manageable tha'n
(slsflsll?ta:gre four or five feet in length, Ai:nsgs.me
actually employlng themselves with success 1n _ru}]lg-?
ing telescopes of this sort to perfection; }-)ut it has
not yet been proved whether or not it will leqm:he as
ach address to point them to the object, as those

i e longer. ) )

Whﬁﬂﬂ;g};_ aay would be to contrive a chair, to bg
used on ship-board, which should remain fixed ?111
motionless, so as not fo be affected by the flgi!:lslt t011
of the vessel, It does not seem impossib ﬂe‘ ) Ia
dexterous mode of balancing might eﬁ‘ect]jus._ 1:n
fact, it is ot long since we read in the p_ub ¢ prin i,
that an Fnglishman pretended that he had constrnct-

od such a chair, and therefore claimed the prize

) 4 for the discovery of the longitude.® His
Ellaﬁ}fiias well founded, if he indeed construcif:_egl ﬂ:,e
machine, as it would be p9551ble, by means o 1{1_:,tho
observe at sea the lmmerslons and ernersungs1 of the
satellites of Jupiter, which are undoubte y .V,?)13£
much adapted to the making of this discovery; 51
for some time past no farther mention has bEEI.l ma g
of it. TFrom the whole, you must have Pi]].fﬁl:{f&
how many difficulties attach themselves to the dis-
covery of the longitude.

98¢k September 1161

Lerrer LIL—Tue MoTioN OF THE Maoon, A
' Trrre METHOD.

TuE heavens furnish us with one resource more
for discovering the longitude without the asslstsance‘
of telescopes, in which astronomers seem to piace

# The invention here alluded fo was Jrwin's Darine Cheir, _which was
tried at sea, Dut it was not found to answer the purpose of the iuventor.—

Enp.
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the greatest confidence, It is the moon, not only
when eclipsed, but at all times, provided she be visi-
ble; an unspeakable advantage, considering that
eclipses are so rare, and that the immersions and
emersions of the satellites of Jupiter are of such dif-
ficult observation; there being a considerable time
every year during which the planet Jupiter is not
visible to us, whereas the moon is almost constantly
in view.

You must undoubtedly have already remarked,
that the moon rises every day almost three quarters
of an hour later than the preceding, not being at-
tached to one fixed place relatively to the stars,
which always preserve the same situation with respect
to each other, though they have the appearance of
being carried round by the heavens, to accomplish
every day their revolution about the earth. I speak
here according to appearances; for it is the earth
which revolves every day round its axis, while the
heavens and the fixed stars remain at rest; while the
sun and planets are continually changing their place
relatively to these. The moon has likewise a motion

_abundantly rapid from one day to another, with re-

lation to the fixed stars.

If you were to see the moon to-day near a certain
fixed star, it will appear to-morrow at the same
hour at a considerable distance from it toward the
east; and the distance sometimes exceeds even 15
degrees. The velocity of her motion is not always
the same, yet we are able to determine it very ex-
actly for every day; by which means we can calenlate
before-hand hey true place in the heavens for every
hour of the day, and for any known meridian, say
that of Berlin, or Paris.

- Suppose, then, that after a long voyage I find my-
self at sea, in a place altogether unknown, what use

can I make of the moon, in order to discover the
VOL. 1L, H
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longitude of the place where I am? There is no
difficulty with respect to the latitude, even at sea,
where there are means abundantly certain for ascer-
taining the height of the pole, to which the latitude
is always equal. My whole attention, then, will be
divected to the moon; I will compare her with the
fized stars which are nearest, and thence calculate
her irue place relatively to them. You know there
are celestial globes on which all the fixed stars are
arranged, and that celestial charts are likewise con-
structed, similar to geographical maps, on which are
represented the fixed siars which appear in a certain

uarter of the heavens. On taking, then, a celestial
charg on which the fixed stars 10 which the moon
s pear are marked, it will be an easy matter to de-
termine the true place where the moon at that time
is; and my watch, which I have taken care to regu-
late there, from an observation of the moment of
noon, will indicate to me the time of my lunar oh-
servation. Then, from my knowledge of the moon’s
mation, I calculate for Berlin, at what hour ghe must
appear in the same place where I have seen her, If
the time observed exactly correspond with the time

of Berlin, it will be a demonstration thai the place |

where I am is precisely nnder the meridian of Berlin,
and that consequently the longitude is_the same.
But if the time of my hservation is not that of Ber-
lin, the difference will give that which is between
the meridians; and reckoning 15 degrees for every
hour of time, I compute how much the longitude of
the place I am at is greater oF less than that of Ber-
lin: the place where time is more advanced has
always the greater longitude.

This is an abstract of the manner of determining

longitude by simple observations of the moon. 1

o -
yemark, that the happiest moments for successfully

performing this operation, and for accurately deter-
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mining the moon’s place, are, when a fixe
I(])i-r;:; ltt?z tl?; concheI(nl behind her body; th?ssitsiilﬁgci
iom, and there are two instances f -
able to observation, that when the moon in h:: ‘1)[:115-
t.ltmT ?ompletely covers the star, and that when the
star re-appears. Astronomers are particulaly atten-
tive to eatch these instants of occultation, in order to
calini}ate ﬁ‘cn})? them the moon’s true plac,e o
oresee, however, an chjection you wﬂj v
(I:]like respecting the time-piece wit}?lr which flsggglég'
our navigator p_rovlded, after having maintained the
Ju:n‘p_osmblhty of constrneting one that shall be proof
?Ejaulst_ every agitation of a ship at sea. Bui% this
expg:?kéﬂlty respects only such time-pieces as are
¥ pected to preserve a regular motion for a lon
time together, without the necessity of frequent ad%
qustment ; for as to the observations in question, a
arlnn‘fionf watch is quite sufficient, provided it go re-
gg_al y for some hours, after having been carefull
A Jl.lsteFl to the noon of the place where we are; sy J
posing a doubt to arise, whether we could cali:ulalz;

. from it the succeeding evening or night, at the time’

:slrle observe the moon, the stars likewise will afford
€ means qf a new and accurate adjustment, For
as t}le- situation of the sun with reladon to the ﬁxeé[
zﬁ;lles Es;‘g(‘;ﬂg knovis:n. for any time whatever, the
hple vation of any one star is suffici

g?)telmnﬁ;a the place where the sun must tﬁle‘glﬁ):c:
thaT w 01111 we are enabled to calculate the hour
o a we h1eglﬂat‘ed time-piece ought to indicate.’
; uﬂls, at the very instant of making an observation
by the moon, we are enabled likewise to regulate our
time-piece by the stars; and every time-piece is sup-~
pgsed to go regularly for so short a space. v
29tk September 1761,
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LETTER LIIL.—ADVANTAGES OF THIS rasT ME-
THOD ; ITS DEGREE OF PRECISION.

Tas last method of finding the longitude, found-
ed on Junar observations, Seems to merit the prefer-
ence, as the others are subjected to too many diffi-
culties, or the opportunities of employing them occur
too seldom to e useful. And you must be abun-
dantly sensible, that success depends entirely on the
degree of ‘precision attained in forming the caleula-
tion, and that the errors which may be committed
would lead to conclusions on which we could place
no dependence. It is of importance, therefore, to
explain what degree of precision we may reason-
ably hope to attain in reducing this method to
practice, founded on the considerable change which
the moon undergoes from oneé day to another in her
position. It may be afirmed, that if the moon’s
Imotion were more rapid, it would be more adapted
to the discovery of the longitude, and would procure
for us a higher degree of precision. “But if, on the
contrary, it were much slower, so that we could
scarcely discern any change of her position from day
to day, we conld derive very little, if any, assistance
from her toward the discovery of the longitude.

Tet us snppose, then, that the moon changes her
place among the fized stars a space of 12 degrees in
94, hours; she will, in that case, change it one de-
gree in two hours, ond half a degree, or 30 minufes
in an hour: if we were to commit a mistake in ob-
serving the moon’s place, of 30 minutes, it would be
the same thing as if we
earlier or later, and we should

of the meridiaus.
meridians corresponds to 15 degrees

observed the moon an hont
commit a mistake of
one hour in the conclusion respecting the difference
Now. one hour’s Jdifference in the
in their longi-
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tude 'consequently, we should be mistaken 15 de-
grees in the longitude itself of the place we look for;
which would nndoubtedly he an error so enornmus,
that it were almosi as well to know nothing about it’-
and a simple computation of the distance and the
direction, however uncertain, could not possibly lead
to a mistake S0 yery gross. But a man must have
gone to work in a very slovenly manner, to commit
a mistake of 30 minutes respecting the moon’s place;
and the instruments which he employed must have
been very bad, a thing not to be supposed.
Nevertheless, however excellent the instruments
may be, and whatever degree of attention may have
been ' bestowed, it is impossible to keep clear of all
error ; and he must have acquitted himnself very well
.1n51eed, .W'h() has not commiited the mistake of one
minute in determining the moon’s place. Now, as
it cl}anges half a degree, or 30 minutes, in one hzmr
it will change one minute of distance in two minute;
of time. When, therefore, the mistake of the moc)ll"s
place amounts to no more than one minute, the
mistake in the difference of meridians will an:.ount
to. two minutes of time. And one hour, or 60 mi-
nutes, l?emg equivalent to 15 degrees of longitude,
there will resnlt from it an evror of half a degree il‘i
the longitude; and this point of precision might be
sufficient for every purpose, were it but attainable
I have hitherto supposed our knowledge of the
moon’s motion to be so perfect, that, for a known
meridian, we could determine the moon’s true place
for every moment without an error; but we are still
very far short of thai point of perfection. Within
these twenty years, the error in this caleulation was
. more 'than six minntes ; and it is bot lately that the
ingenious Professor Muayer of Gottingen, pursnin
t_h_e track I had pointed out to him, has su::ceeded 5%
- far as to reduce this error to less than a minute, It
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may very easily happen, then, that in the calculation
likewise, the error of one minute may be committed;
which, added to that of 2 minute committed in the
observation of the moon’s place, will double that
which results from it respecting the longitude of
the place where we are; and, consequeptly, it may
possibly amount to & whole degree: it is proper
farther to remark, that if the moon in 24 hours
should change her relative situation more than 12
degrees, the error in the longitude would be less
considerable. 'The means may perhaps be discover-
ed of diminishing still farther the errors into which
we are liable to fall, in the observation and in the
calenlation; and then we should be able to ascertain
the longitude to a degree, or less. Nay, we ought
not to despair of attaining a still higher degree of
precision,. We have only to make several observa-
tions, which can be easily done by remaining several
days together at the same place. It is mnot to be
apprehended, in that case, that all the ‘conclusmns \
shiould be equally defective ; some will give the lon-
gitude sought too great, others too small, and by
striking a medium between all the results, we may
rest assured that this longitude will not be one de-
ree removed from the truth.

The English nation, generonsly disposed to engage
genins and ability in this important research, has
proposed three prizes for ascertaining the longitude,
one of L.10,000, one of 1..15,000, and one of
1..20,000. The first of these is to he begtowed on
the person who shall determine the longitude to a
degree, or about it, so as 0 give perfect assurance
that the error shall not exceed one degree at most.
The second is to be given to him who shall discover
2 method still more exact, s0 that the error shall
never exceed two-thirds of a degree, or 440 minutes.
The highest prize is destined to the man who shall

ascertain the longitude so exactly that the exror shall
never exceed half o degree, or 30 minutes; end &
higher degree of precision is hardly to be expected.
No one of these prizes has hitherto been allotted : I
do not take into the account the gratification bestow-
ed on the artist who pretended to it from his con-
struction of perfect time-pieces. Mr. Mayer is at
this moment claiming the highest, and I think he is
entitled to it.*

8d October 1761,

Lerrer LIV.—Ox THE Mariner’s CoMpass, AND
THE PROPERTIES OF THE MAaGNETIC NEEDLE,

- You are by this time sufficiently informed respect-
ing the discovery of the Longitude: I have had the
pleasure of explaining the various methods which
-have been employed for the determination of it.

- The first, and most natural, is carefully to observe
the quantity of space which we have gone over, and
the direction in which we moved; but the currents
_and tempests to which sea voyages are exposed, ren-
. der this method impracticable.

The second requires the construction of a time-

piece so perfect as to go always uniformly, notwith-
standing the agitation of a ship at sea; which no artist
‘has hitherto been able to accomplish.
- 'The third is founded on the observation of the
seclipses of the moon, which would completely answer
:every purpose, were not opportunities of employing
it too rare, and least in our power when the neces-
sity may be most urgent.

¢+ % The widow of Professor Mayer received from the British Parlizment
& reward of L.3000 Sterling ; and Euler himself veceived L.300 for
_ ' firnishing the theorems on which Mayer’s Tables are founded. The latter
yéeeived elso a reward from the Freneh Government, and gained several
-grizes for his improvement of the Lunar Theory.——Enp.





