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Having laid thefe Accounts befere you, jermit
me the Honour to be,
SIR,

Cath.vine Strecty Fane 18, Lour mo? cbe- i nt
1750. .y
bumble Servant,

H. Baker.

XVIIL A Defeription of a Mariner’s Compalfs
contrived by Gowin Knight, M. B. F.R.S.

Read July s. 'HE Difcovery of the Mariners Com-
1750 pals has probably been of more ge-

neral and important Ufe to human Socicty, than the
Invention of any onc Inftrament whatfoever: And yet
fo far have they been from ftudying the Improvement
of it, that there would be no Abfurdity in fuppofing
that the firft which was made might be as much fu-
perior to thofe in common Ufte now, as the moft
improved Inftrument we have is {fuperior to its firfk
Contrivance.

The Compafs which appearcd before this Sociery
laft Year, on account of its being render’d ufelefs by
Lightning *, was what afforded mc the firlt Idea of

theirImperfetions, fome ot which [ then enumerated s

but others have fince occurred to me, arifing rrom
the Struure of the Nceedle, which I had not fuf-
ficiently confidered at that time. It was then ob-
ferved, that almoft all the Compafies on board our

Merchant-

* Sce thefe Tranfaltions, NR. 492, p. 111,
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Merchant-Ships had thcir Needles formed of two
Picces of ftecel Wire; cach of which was bent in the
middle, fo as to make an obtufe Angle; and their
Ends, becing applied together, make an acute oncs
fo that the Whole reprefents the Form of a Lozenge;
in the Centre of which, and of the Card, is placed
the brafs Cap. 1 procured twenty Cards, with
Necedles of this kind fixed to them; and after
touching them with a Pair of large Dars, I tricd
cach of them, with the fame Cup and Pin, by
drawing them afide 9o Degrees from the truc Point,
and then fceing where they would rcft. I found
them all to vary morc or lefs, cither to the Eaft or
Weit s and fomc of them as far as 8 Degrees.  Few
of them came to the fame Degree twice together;
and when they did, that was never the truc Point.
In fhort, they not only varied from the truc Direc-
tion, but from onc another, and from themfclves,
I then tried, by drawing them gently afide, how far
I could make them ftand from the true Point, with-
out returning ; and found they might trequentiy be
made to do it at the Diftance of a wholc Point on
cither Side. Onc of them, which gencrally varied
6 or 7 Degrees to the Eaft, being drawn the fame
Way, would ftand at 16 Degrees.

All thefe Irregularitics are owing to the Struure
of the Needle: For the Wires, of which it is com-
pofed, are only hardened at the Ends ; and thatisdone
by making the Ends red hot, and quenching them
in Water: If all thefe Ends are not equally hard, or
if one End bec hardened higher up than the other,
when they come to be put together, in fixing thcm
to the Card, that End which is hardeft, will deftroy

much
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much of the Vittue of the other ; by which means
the hardeft End will have moft Power in diretting
the Card, and mult confequently make it vary to-
wards its own Dire@tion. If youn retouch thefe
Wires when fixed to the Card, the Error will fiill
remain; for that Wire which is beft hardened will
always become the firongeft. Confidering how un-
certain this Method of hardening the Ends of the
Wires muft be, it is a great Chance if they thould
once in an hundred times be equally and uniformly
hard: And unlefs they are, the Card to which they
arc fixed mult neceflarily vary,

The Wircs being difpofed in the Form of a Lo-
zenge, is the Reafon why thefe Cards had fo little
Force, that they might be made toftand at the Diftance
of feveral Degrees, on cither Side the Point from
whence they were drawn.  For all magnetical Bodics
receive an additional Strength, by being placed in
the Dircttion of the Earth’s Magnetifm, and att pro-
portionably lefs vigoroufly when turned out of it.
Wherefore, when thefe kind of Necedles are drawn
afide from their true Point, two of the parallel Sides
of the Lozenge wiil confpire more direétly than be-
fore with the Earth’s Magnetifin ; \and the other two
will be lefs in that Dire@ion : By which means the
two firlk Sides will very much impede its Return 3
and the two latter will have that Impediment to
overcome, as well as the Frition, by their own
Force alone,

The Ncedles that are ufed on board the Men of
War, and fomc of the larger trading Ships, are
made of one Picce of Stcel, of a Spring Temper,
and arc broad towards the Ends, burt tapering to-

Tre wards
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wards the Middle, where a Hole is made to receive
the Cap. At the Ends they terminatc in an Angle
greater or lefs, according to the Skill or Fancy “of
the Workman. . Now, tho’ the worft of thefe are
infinitely preferable to thofe of Wire, yet the beft
of them are far from being petfe@. Every Ncedle
of this Form has 6 Poles infiead of two. There is
onc at each End, two where it becomes tapering,
and two at the Hole in the Middle. This is owing
to their Shape s for the middle Patt being very flen
der, it has not Subftance cnough to ccnduCt thc
magnetic Stream quite thxouvh from onc End to
the other. All thefe Poles appear very diftinctly,
when examined with a Glafs that is {prinkled over
with magnctic Sand. Neverthelefs this Circumftance
does not hindcr the Needle from pointing truc; but
as it has lefs Force to move the Card, than when
the magnetic Stream moves in large Curves from
one End to the other, it is certainly an Imperte&tion.

I cxamined an hard Needle of this fort, whofe
Ends were very broad, and terminated in an acute
Angle; and obferved, that, tho’ its Motion was very
frec and vigorous, yet I could make it ftand one
Degrce on either Side the true Point ; and being at
a Lofs to account for ir, I tried what Appcarance it
would make under a Glafs with magnetic Sand, and
difcover'd that the magnetic Stream came out of
the Sides, which formed the acute Angle at the
Ends, in Lines that were almoft perpendicular to
thofe Sides, and then was bent round to go to the
other Pole: From whence I concluded, that when
the Needle was drawn a little from the true Point,
the Stream, which came out of one of thgfe Sides,

would
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would be mote in the Dire&ion of the Earth’s Mag-
netifm than before s on which account it would 2tk
ftronger in retaining the Needle in that Situation,
than the Stream of the other Side in reftoring it
efpecially as that Stream would be now weaker, on
account of its being turned out of the magnetical
Line, and would have the Friction betwixt the Cap
and Pin to overcome at the fame time.

I tried two other Needles, whofe Ends were
formed into Angles very obtufle, and could not find
that they were liable to the fame Obje&tion.

Two Needles, that were quite ftrait, and fquare at
the Ends, were found to have only two Poles; but
about the Hole in the Middle the Curves were a lit-
tle confufed. Thefe always came exaltly to the
fame Point, after vibrating a long time; and if
drawn never {o little on one Side, would return to
it again without any fenfible Difference. We may
therefore conclude, that a regular Parallelopiped is
the beft Shape for a Mecdle,- as well as the fimpleft ;
with the Holes for the Caps as fmall as can well be
contrived ; or if it can be made to anfwer the Pur-
pofe without any Hole at all, it will be ftill more
perfedt.

Yet the common Shape has one Advantage which
this has not: For, being made broad at the Ends,
and f{lender in the dedlc, its Weight is removed as
far as poflible from the Centre : On which account,
if it once points true, the Friion at the Centre
cannot fo eafily put it in Motion ; and its Vibra-
tions, when in Motion, will be flower; fo that
their Limits may be more nicely obferved, and the
middle Point betwixt them is that where it would

Tte 2 ftand,
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frand, if at rett. Being unwilling to part with thefc
Advantages, I contrived a light Circle of Brafs, of
the fame Diamerter with the Card, which will fup-
ply a Weight atting at the greateft Diftance from the
Centre of Motion, and alio ferve to fupport the
Card; which may now be made of thin Paper,
without any thing to ftiffen it. So that the extra-
ordinary Weight of the brafs Ring is compenfated
in a great meafure by the Lightnefs of the Card.
This Ring is of Service in anothcr refpect; for, being
fixed below the Card, and the Ncedle above it, the
Centre of Gravity is placed low enough to admit of
the Cap being put under the Needle; whereby the
Hole in the Necdle becomes unncceflary; and the
latter being placed above the Card, renders it eaficr
to be touched with a Pair of Bars.

Having thus completed the Ncedle and Card to
my Satisfattion, what chiefly remains, is, to contrive
fuch a Cap and Point as will have the leaft Friction,
and be moft likely to centinue in a State of Per-
fe@tion. The Caps in Ufe are either of Brafs,a mixed
Metal, like that of a refle&ting Telefcope, Cryftal,
or Agate. The two firft will only admit of brafs
Points, and the latter are rather too expenfive for
common Ufe. Whercfore 1 bethought myfelf of
trying glafs Caps: I had three of them made by a
Glafs-blower, two of which I got polithed: They
were all fet in Brafs, fo as to fcrew into the fame
Neced'e, which had alfo one of Agate fitted to it, I
compared them with that of Agate, by trying with
each of them how many Vibrations the fame Card
and Needle would make, when drawn afide 9o

Degrecs,
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Degrees, on the fame Point; which was a very finall
fewing Needle.

The Number of Vibrations with the Agate Cap,
on the firft Trial, werc 39, then 37, then 39 agains
with onc of the glafs Caps it made 23, and then 20,
This Difference from the Agate Cap wus fo great,
that I conciuded the Point muft be dimaged, and
therefore chofe a finer; on which the fime glafs
Cap made 41 Vibrations; then 435 and another gla(s
Cap made 47, and the next time 43.  But the Agate
Cap with this Point made §1, §7, and §8 Vibrations.
The unpolifhed glafs Cap performed much the fame
with the others. I had two of them polithed again
by Mr. Smeat:n; and in Company with him re-

cated the fame Experiments; but with no better
Succefs. The Agate Cap made always many more
Vibrations than the glafs ones and generaily with
the larter the Number diminithed by repeated Trials;
whereas with the Agate Cap it ufually increafed.

Thefe Experiments made me lay afide the Thoughts
of glafs Caps, and put me upon thinking how Agate
ones might be made with as littie Expence as pof-
fible.

With this View 1 got a Cap turned of Ivory, in
fuch a manner as to receive a fmall Bit of Agate at
the Top. This being ground concave, and polithed
on that Side, where it formed the Ayex of the hol-
low Cone in the Cap, was capable of anfwering the
Purpofe as well as if the Whole had been Agate,
and was much lighter. Thefe Caps may be made
cheap enough for common Ufe; and, if good at
firft, cannot eafily be impaired.

Fox
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For a Point, 1 chofe a common fewing Needle,
and contrived to fix it in fuch a manner as to be
taken out with the greateft Eafe, and replaced by
another, if ncceflary s by which means an cxcellent
Point may be aiways had with little Trouble ot
Expence. Common Needles, when well remper'd,
have all the Qualifications that can be defired for the
Purpofe intended. The {malleft are firong enough
to bear the Weight of a Card ; and are ncither fo
foft as to be liable to bend, nor fo hard and brittle
as to break ; and they arc generally better pointed
than any that a common Workman could pretend
to make extempore.

Thus we have gone through all the Parts that arc
cflential to a Mariner’s Compafs 5 and endeavoured
to put them upon {uch a Footing, as to leave as lit-
tle Room as pofliblc for Error in their fir® Con-
firuction, or Failure in the long continued Ufe of
them,

This, which I have now the Honour to exhibit to
the Society, was made by Mr. Smeaton, a Gentle-
man whofc uncommon Skill in the Theory and
Pradtice of Mechanics has enabled him to execute
whatever I propofed in fuch a manner as always to
exceed my Expetations: And not only fo, but he
has added a confidcrable Improvement of his own.
By a very fimple Contrivance he has madc the fame
Inftrument capable of ferving the Purpofes of an
Azimuth and Amplitude-Compafs; and that in a
manpcer much preferable to any thing hitherto con-
trived ; the Defcription and Ufe of which he has
drawn up himfelf, for the Perufal of the Soczezy.
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