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LXXIV. An Explanation of an Infirument
Sfor meafuring [mall Angles, the firft Ac-
count of which was read before the Royal
Society May 10, 1753. By Mr. John
Dollond. In a Letter to James Short,
M. A and F. R. §.

SIR,
Read Apr. 25, HE account which I'gave you, fome
1754- time ago, of a new micrometer,

'was contained in as few words as poffible ; being ra-
ther defirous, that experiments might be made, before
I faid much concerning it: But fince your many
repeated experiments have confirmed what was ex-
pected from it, I have endeavoured to draw up a
more full account of this inftrument, with demon-
ftrations of the principles which it is founded upon,
“ which I here fend you inclos’d, and which you may
lay before the Royal Society, if you think proper.
I am, Sir,
Your moft obedient humble fervant,

Denmark-Coutt, .
April 4.1754. John Dollond.

Efore I enter upon particulars relating to this mi-

crometer, it will be proper to make a few pre-

paratory obfervations on the nature of {pherical glaffes,
fo far as may be neceffary to render the following ex-
planation mare eafily underftood.

Obfervation 1. It is a property of all convex {phe~
rical glafles to refra® the rays of light, which are
tranfmitted through them, in fuch a manner, as to

collect all thofe that proceed diverging from any one
point
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point of a luminous objedt, to fome other point;
whofe diftance from the glafs depends chiefly on its
convexity, and the diftance of the obje& from it.

Obf.2. The point, where the rays are thus col-
le@ed, may be confidered as the image of that point,
from Whici they diverge. For if we conceive feveral
radiant points thus emitting rays, which, by the re-
fraCtive quality of the glafs, are made to converge to
as many other points; it will be an eafy matter to
underftand, how every part of the obje& will be truly
reprefented. As this property of fpherical glaffes is
explained and demonftrated by all the writers on op-
tics; it being the very foundation of the {cience, the
bare mention of it is {ufficient for the prefent purpofe.

04/f. 3. It will be neceflary, however, to abferve
farther, that the lines connecting every point in the
obje& with its correfponding ones in the image, do
all interfe& in a certain point of the axis or line pafi-
ing thro’ the poles of the glafs, where its two furfaces
are parallel, and may be properly called its centre :
Whence it appears, that the angles fubtended by the
object and its image from that point, muft be equal ;
And therefore their diameters will be in the fame
ratio, as their diftances from that point.

O4f. 4. As the formation of the image by the glafs
depends entirely on the property above-mentioned,
that is to fay, its colleting all the light, that is in-
cident on it, from the feveral points of the object into
as many other points at its focus ; it follows, thatany
fegment of fuch a glafs will alfo form an image equal,
and every way fimilar, to that exhibited by the whole
glafs ; with this difference only, that it will be fo
much darker, as the area of the fegment is lefs than
that of the whole glafs.

oy
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Olf. 4. 'The axis of a fpherical glafs is a line con
ne@ing the centres of the fpheres, to which the two
furfaces are ground ; and where-ever this line paffes
thro’ the glafs, there the furfaces are parallel. But if
it happens, that this line does not go thro’ the fub-
ftance of the glafs, fuch a glafs is faid to have no in«
ternal centre; but it is conceived to be in'its plane
produced, till it meets the axis: And this imaginary
point, tho’ external to the %lafs, is as truly its centre,
and is" as fixed in its pofition to it, a8 if it were
actually within its fubftance.

0lf. 6. If a {pherical glafs, having its center or

“pole near its middle or centre of its- circumference,
thould be divided by a ftrait line through the middle;
the centre will be in one of the fegments only.  For
how exa& foever a perfon may be fuppofed to be in’
cutting it thro’ the centre; yet 'tis hatd to conceive,
how a mathematical point fhould be divided in two :
Therefore the centre will be internal to one of the feg- -
ments, and external to the other. But if a {fmall mat-
ter be ground away from the ftrait edge of each feg-
ment, both their centres will become external ; and fo
they will more eafily be brought to a coincidence.

0f/. 7. If thefe two fegments {fhould be held to-
gether, fo as to make their centres coincide ; the
images, which they give of any obje&, will likewife
coincide, and become a fingle one. This will be the
cafe, when their ftrait edges are joined to make the
glafs, as it were, whole again: But let the centres be
any-how feparated, their images will alfo feparate, and
each fegment give a feparate and diftin& image of any
obje&, to which they may be expos’d. '

0bf.8. Tho’ the centres of the fegments may be
drawn from their coincidence, by removing the feg-

4 A , ments
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ments in any direGion whatever ; yet the moft conve.
nient way for this purpofe is, to flide their ftrait edges
one along the other, till they are re-
mov’d, as the figure in the margin re-
prefents them : For thus they may be
moved without fuffering any falfe light
to come in between them. And by this
way of removing them, the diftance be-
tween their centres may be very conve-
niently meafured ; viz. by having a Vernier’s divi-
fion, commonly, tho’ falfely, call’d 2 Nonnius’s, fixed
to the brafs-work, that holds one fegment, fo as to
flide along a fcale on the plate, to which the other
part of the glafs is fitted.

O4f. 9. As the images of the fame obje&t are fe-
parated, by the motion of the fegments; fo thofe of
different objects, or different parts of the fame object,
may be made to coincide. Suppofe the fun, moon,
or any planet, to be the objett; the two images
thereof may, by this contrivance, be removed, till
their oppofite edges are in contact: In which cafe,
the diftance between the centres of the two images
will be equal to the diameter of either; and fo of any
other obje& whatever.

Obf. 10. 'This divided glafs may be ufed, as a mi-
crometer, three different ways. In the firft place, it
may be fixed at the end of a tube, of a fvitable length
to its focal diftance, as an obje&t-glafs ; the other end
of the tube having an eye-glafs fitted as ufual in aftro-
nomical telefcopes. Secondly, It may be applied to
the end of a tube much fhorter than its focal diftance,
by having another convex glafs within the tube, to
thorten the focal diftance of that, which is cut in two.
Laftly, It may be applied to the open end of a re-

fletting
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fleting telefcope ; either of the Newtonian, Grego-
rian, or Caflegrain conftru&ion. And tho’ this laft
method is much the beft, and moft convenient, of
the three; yet, as the firft is the moft natural, as
well as the eafieft to be underftood ; it will be proper
to explain it fully, and to demonftrate the principles,
on which this micrometer is conftructed, by fuppofing
it made ufe of in the firft way: Which being done,
the application of it te other methods will be readily
underitood.

Having thus, by the foregoing obfervations, given
a general idea of the nature and effe@s of this di-
vided object glafs, I fhall proceed to demonftrate the
principles, from whence the meafures of the angles
are to be obtained by this inftrument; which will be
done by the following propofitions.

ProrosiTioN L

Suppofe a divided objest-glafs fixed at the end of a

%22 accordsng to the firff mﬁbod, and the tabéft’iz'-
rected to the object intended to be meafured; and
Juppofe, likewife, the fegwients removed from their
original pofition, in the manner dirested under Obf,
8. ill the oppofite edgesof the two images are feen in
contaét at the focus of the eye-glafs : Then, I fay,
the angle fubtended, by the difiance between the cen-
#res of the fegments, from the focus of the eye-glafs,
awbere the edges are feen in contall, is equal to the
awgle fubtended by the diameter of the objelt from
that fame point.

Demonfiration.
Let the line 4 B (fee the next page) reprefent
the diameter of the obje& to be meafured ; and the
4 A 2 points
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points C D the centres of the two glafs
fegments : Alfo G the focus where the
images of the extremities of the obje&t
are coincident. It is evident, from
Olf. 3. that 4G and B G are firait
lines, that pafs thro’ the centres of the
fegments, and conne&t the extreme
points of the object with their cor-
refponding points in the images; and
therefore, as the diameter of the object
and the diftance between the centres of
the fegments are both infcribed be-
tween thefe two lines, they muft needs
fubtend the fame angle from the point
where thofe lines meet ; which is at G.
Q,E.D.

The focal diftance C G, or D G, is
variable, according to the diftance of
the obje& from the glafs : So that it
decreafes as the diftance of the object
from the glafs increafes; and when the
objec is fo far off, that the focal length
of the glafs bears no proportion to its
diftance; then will it be leaft of all,
as C F or D F; and the point F is
call’d the focus of parallel rays. Any
other focus, as G, being the focus
of a near obje, is call'd a refpective
- foeus ; as it refpets a particular di-
ftance : But the focus of parallel rays
refpects all objecs that are at a very
great diftance; fuch as is that of all the
heavenly bodies,

Pro-
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Prorosition II

The diftance HE of the objeit from the glafs, is to
EF, the focal diftance of parallel rays, as the
diftance HG of the objelt from its image isto E G,
the diffance of the image from the glafs : That is,
HE : EF:: HG: EG.

The demonftration of this propofition may be ga-
thered from any treatife of dioptrics; it being a ge-
neral rule for finding the refpective focus to any given
diftance, when the focus of parallel rays is known.

Prorosition III

The angle fubtended by the diameter of the object,
Jrom the glafs, is equal to that fubtended, by the
opening of the centres of the [egments, from the
Jocus of parallel rays. That is, the angle AEB
equal to the angle CF D.

Demonfiration.

It appears, by infpection of the figure, that
AB:CD:: HG: EG.

And by the laft propofition HE:EF:: HG:
EG.

Then, as the two laft terms of thefe two analogies
are alike; the two firft erms of one will be in the
fame proportion as the two firft terms of the other ;,
which gives the following proportion: #B:CD::
HE : EF. Whence the truth of the propofition is
evident. .

From
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From this propofition it appears, that the angle
{ubtended by the diameter of the objett from the
glafs, is found without any regard to the diftance of
the obje&, or to the diftance of the refpeive focus,
where the image is feen; as the meafure depends en-
tirely upon the focus of parallel rays and the opening
of the fegments. We may likewife, from hence, de-
rive a rule for the quantity of the angle, without con-
fidering the length of the glafs. Let an obje&, whofe
diameter is known, be fet up at fome known diftance;
the angle it will fubtend from the glafs may then be
found by trigonometry : Then let it be meafured by
this micrometer, and the diftance, between the cen-
tres of the fegments, found on the fcale already men-
tioned, will be the conftant meafure of the fame
angle, in all other cafes: Becaufe the diftance of the
obje¢t makes no alteration in the meafure of the
angle, as has been demonftrated: And thus having
obtain’d the diftance between the centres of the feg-
ments, which anfwers to any one angle, all other di-
ftances may be computed by the rule of three.

All that has been hitherto faid relates to the firft
method of ufing this micrometer ; that is, by fitting
it to the end of a tube fuited to its focal length, and
by viewing the images with a proper eye-glafs, in the
manner of an aftronomical telefcope.  But the length
of thetube, in this way, would be very troublefome ;
and therefore it will be proper to confider other me-
thods, for an eafier management. I fhall, therefore,
proceed to the fecond method, mention’d in O4f. 10.
which is, by ufing another obje@-glafs to fhorten the
focus of that which ferves for the micrometer, f’ljo

aci-
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facilitate the underftanding of this method, it will be
neceflary to premife the following obfervation.

0Of/. 11. Rays of light, which are brought to
fuch convergency as to form the image of an objeét,
proceed, after that, diverging, in the manner they did
when they iffued from the objet before they were
tranf{mitted thro’ the glafs; and therefore they ma
be again collected by another fpherical glafs, foasto
form a fecond reprefcntauon of the fame objeét;
which may again be repeated by a third glafs, &.
So that the firft image may be confider’d as an obje&
to the fecond glafs and the fecond image will be an
object to the third, and fo on,  Tho’ thefe images
may be very different, in refpect to their magnitudes,
yet they will be all fimilar ; being true reprefenta-
tions of the fame objet: This will hold good, tho’
the fecond glafs fhould be put fo near the firft as to
receive the rays before the image is form'd: For as
the rays are tending to meet at a certain diftance, the
fecond will receive them in that degree of conver-
gency, and, by an additional refraéhon, bring them
to a nearer focus ; but the image will ftill be fimilar
to that which would have been made by the firft glafs,
if the fecond had not been there.

Upon this principle all refracting telefcopes are
made ; fome of which are a combination of four,
five, or fix, glaffes. The firft glafs forms an image
of the object; the fecond repeats the image, which
it receives from the firft; and fo on, till the laft glafs
brings a true reprefentation of the object to the eye.
The fame may be faid of reflecting telefcopes For
a fpherical mirror ats in the fame manner, in that
refpect, as a fpherical glafs.

Now
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Now let this be applied to the fubje& in hand.
Suppofe the focal diftance of the divided objet-glafs
to be about forty feet ; and fuppofe the fegments to
be open’d wide enough to bring the oppofite edges of
an obje@ in conta¢t: Then let another object-glafs,
uncut, be fix’d within the tube, of a proper degree of
convexity, to fhorten the focus of the other as much
as may be requir'd ; fuppofe to twelve feet: By what
has been juft now obferv’d, this glafs will r prefent
the two images in the fame form which would have
been exhibited by the divided glafs, if this other glafs
had not been there. For tho’ the images are not yet
form’d, when the fecond glafs receives the rays; yet,
as thofe rays are converging towards it, the fecond
glafs muft reprefent thofe images in the fame pofition,
and form, as the tendency of the rays requires. For
while the fegments are fix'd in their pofition to each
other, their images will alfo be fix’d in their pofition;
and let them be repeated ever fo many times, by re-
frattion thro’ {pherical glafles, or by reflexion from
fpherical mirrors, they can fuffer no alteration in their
pofition to one another. By this means, the telefcope
may be fhorten’d, at pleafure, tho’ the fcale for the
meafure of the angles will remain the fame. The
only inconvenience, which the fhortnefs of the tele-
fcope introduces, is a want of fufficient diftinénefs ;
which will {o far hinder the exaénefs of the obfer-
vation, as the contact of the edges cannot be fo accu-
rately determin'd, as they might be with longer tele-
fcopes,

This difficulty is intirely remov’d by fixing the di-
vided glafs at the end of a reflecting telefcope : For
the reflexions and refractions, which the rays muft

undergo
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undergo in pafling thro’ the telefcope, will no way
alter the pofition of the images which the rays, that
have pafled thro’ the fegments, are tending to : For,
as has been already obferv’d, a number of reflexions
and refrations may repeat the images, and alter their
magnitudes; but can make no alteration in their pro-
portions.

Therefore this way of fixing the divided glafs to a
reflecting telefcope, which was the third method pro-
pos'd, is, by far, the beft; as fuch telefcopes of mo-
derate and manageable lengths, when well made, are
capable of magnifying confiderably, and thewing ob-
jets to great advantage. ‘This micrometer’s being
applicable to the refleGting telefcope, with {fo much
certainty, is no inconfiderable advantage: For any
one will eafily underftand, that, to meafure the dia-
meter of a planet exaltly, it is neceffary, that the pla-
net be magnify’d, and fhew'd diftinétly, which could
not be obtain’d, in the common way, without very
great lengths 5 fuch as render’d it very difficult, not to
fay impracticable, to take exa& meafures. Befides,
the common micrometer is limited, in this refpect,
upon another account; wiz. becaufe the diameter of
the planet cannot be meafur’d, without having the
whole planet within the field of the telefcope which
confines the magnifying power within very narrow
bounds ; whereas, by this method, nothing more is
requir’d, than to fee the contact of the edges, which
allows the magnifying power to be increas’d at plea-
fure. '

In the common micrometer, the objeét is to be
taken between two wires, {o that the conta& of its
edges with thofe wires cannot be obferv’d at one view ;

: ‘ 4B and
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and the leaft motion of the telefcope, whilft the ob-

ferver is turning his eye from one wire to the other,
muft oblige him to repeat the obfervation; whereas,
by this method the contat of the edges of the images
is not at all affected by the motion of the telefcope.
Whence the comparifon of this micrometer, with the
common fort, in this refpedt, ftands thus: The one
requires great fteadinefs in the telefcope, but yet it is
applicable to none, but fuch as are very difficult to
keep fteady ; the other does not require fuch fteadi-
nefs, tho’ it is applicable to fhort telefcopes, which
are cafily managed.

Thefe advantages not only add to the certainty of
the obfervation, but affift vaftly in the expedition ;
for an obferver may make twenty obfervations, in this
way, where he could {carce, with much fatigue, be
fure of one with the common micrometer. Ex-
pedition in making obfervations, muft be allowed a
very great advantage, in this climate, where the un-
certainty of the weather renders aftronomical obfer-
vations fo precarious, that no opportunities, even the
moft tranfient, thould be let flip.  An inftance of this
was given in to the Royal Society, in an account of
the eclipfe of the fun laft October.

As the motion of the telefcope gives the obferver no
great inconvenience, in this method ; neither does the
motion of the objet at all difturb his obfervation (I
mean fuch a motion, as that of the heavens is). This
gives him leave to take the diameter of a planet, in
any direGtion ; or the diftance between two ftars or
planets, let their fituation be how it will ; in which
refpet the common micrometer is abfolutely de-
feltive ; as it can give no angles, but fuch as are per-

pendicular
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pendicular to the line of their motion ; tho’ the dia-
meters of the planets, in other directions, is very much
wanted ; it being highly probable, from the laws of
motion, and what we fee in Jupiter, that fuch planets,
as revolve round their axes, have their polar diameters
fhorter than their equatorial ones.

The diftances of Jupiter’s fatellites from one an-
other, or from Jupiter’s body, cannot be meafured,
with any certainty, in the common way, as their po-
fition is always very far from being at right angles with
the line of their motion: Neither can the moon’s
diameter, which muft be taken from horn to horn,
fcarce ever be obtained that way, becaufe it very
rarely happens, that the diameter, tobe meafured, lies
at right angles to the line of her motion. The fame
may be faid of the diftance between two ftars. But
this micrometer gives angles, in every diretion, with
equal eafe and certainty ; the obfervation being alfo
finithed in an inftant, without any trouble or fatigue
to the obferver. For as there are no wires made ufe
of, this way, in the field of the telefcope; fo the ob-
ferver has no concern about any illumination. The
largenefs of the fcale deferves alfo to be taken notice
of, as it may, in this micrometer, be increas’d almoft
at pleafure, according as the {malnefs of the obje@
requires. Another inconvenience attending the com-
mon micrometer is, the variation of the fcale, ac-
cording to the diftance of the object. As the telefcope
muft be lengthen'd, or drawn out farther, for fhort
diftances ; the fcale, which depends upon that length,
is thereby increas’d; which renders the meafure of
the angle very uncertain: Whereas, in this micro-
meter, the fcale is the fame at all diftances; fo that
the angle may be meafured with the utmoft cer-

4B 2 tainty,
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tainty, without any regard to the diftance of the
obje&t.

Upon the whole, it may be concluded, that this
micrometer is a complete inftrument in its kind ;
having many advantages above the common fort,
without any of their difadvantages : And there is no
doubt, but, when brought into pradtice, it will tend
much to the advancement of aftronomy.

LXXV. An Account of an Earthquake felt at
York om the 19¢h of April 1754. Ina
Letter from Mr. David Erfkine Baker 7o
Tho. Birch, D. D. Secret. R. S.

Dear Sir,
Read Apr. 25, N Friday night laft, the 19th in-
1754 flant, at about eleven o’clock, we

were alarm’d, in this city, with the thock of an earth-
quake. As I was myfelf in London, and felt both
the thocks, which happen’d there in the year 1750, L
became immediately fenfible of what it was, In the
room,in which I was fitting, which was on a firft floor,
the tremulous, or rather undulating, motion of the floor
was very plain ; and the windows rattled, as if they
had been fhaken by a fudden fquall of wind. The
thock lafted for about three feconds, and was at-
tended, or rather preceded, by a rumbling noife, not
much unlike that made by an empty hearfe driven
over a ftone pavement, and, indeed, exactly the fame
with that, which I remember to have heard, with both
the thocks, in London, in 1750, The violence ?fx th]:

ock



