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V. A Propofition of General Ufe in the drt of
Gunnery, [bewing the Rule of Laying & Mor-
tar to pafs, in order to flrike any ObjeSt abowe
or below the Horizon. By E. Halley.

(T was formerly the Opinion of thofe concerned in
l Artillery, that there was a certain requifite of Pow-
der for each Gun, and that in Mortars, where the Di-
ftance was to be varied, it muft be done by giving a
greater or leffer 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 diminifhing the quantity of Powder, whether re-
gard be had to the Execution to be done, or to the
Charge of doing . For when Bombs are difcharged
with great Elevations of the Mortar, they fall too Per-
pendicular,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 of their
Splinters. A Second Convenience is, that at the ex-
tream Elevation, the Gunner is not obliged to be fo Cu-
rious in the Dire@ion of his Piece, but it will fufs
fice to be within a Degree or two of the truth ; whereas
in the other Method of Shooticg he ought to te very
curious. But a Third, and no lefs confiderable Advan-
tage is, in the faving the King’s Powder, which in fo great
and fo numerous Difcharges, as we have lately feen, muft
needs amount to a confiderable value. And for’ Sea-
Mortars, it is fcarce Practicable otherwife to ufe them,
where the agitation of the Sea continually changes the
dire@ion of the Mortar, and would render the Shot
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(%)
‘vety uncertain, ‘were it not that they are placed about
45 Degrees Elevation, where feveral Degrees above of
under makes very little difference in the Effe@.

In Numb. 179.of thefe Tranfations, I confidered and
demonttrated ail the Propofitions relating to the motion
of Prcjettiles, and gave a Solution to this Problem,viz.
Zo hit an Objest above or below the Horizontal Line with
the greateft certainty and leaft force, as may be feen in
that Tranfaction, p. 16. & 17. That is, that the Ho-
rizonta! diftance cf the Object being put =4, and t{:e
Perperdicular height =4, the Charge requifite to ftrike
the Object with the greateft Advantage, was that which
with zn Elevation of 45° would caft the Shot on thé
Horiz:nial Line to the diftance of +/55 - 65 -{-5 when
the Obje& was above the Horizon ; or if it were below
jt, the Charge muft be lefler, {o as to reach on the
Horizon, at 45° Elevation, no greater a diftance than
/bbb b-—b, thatis, in the one cafe, the Sum of the
Hypothenufal diftance of the Obje&t from the Gun and
the Perpendicular height thereof above the Gun; and
in the other cafe, when the Obje& is below the Hori-
zon, the difference of the fame, per 47. 1. Eucl. And 1
then fhewed how to find: the Elevation proper for the
Gun fo charged, v7z. As the Horizontal diftance of the
Objett, to the Sum or difference of the Hypothenufal
diftance and Perpendicular height :: So Radius to the
Tangent of the Elevation fought. But I was notat that
time aware that the aforefaid Elevation did conftantly bi-
fect the Angle between the Perpendicular and the Object,
as is demonftrated from the Difference and ‘Sum of the
Tangent and Secant of any Arch being always equal to
the Zangemt and Cotangent of the half Complement
thereof toa Quadrant, Having difcovered this, I thiok
nothing can be more compendious, or bids fairer to
compleat the Artof Gunnery, it being as eafie to fhoct
with a Mortar at any Obje& -on-demand, as if’ it were
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on the Level; neither is there need of any Combyuta-
tion, but only fimply laying the Gun to pafs, in the
middle Line between the Zenith and the Objed, and
giving it its due Charge. Nor is there any great need
of Inftruments for this purpofe: For if the Muzle of
the Mortar be turned truly Square to the Bore of the
Picce, as it ulually is or ought to be, a piece of Look-
ing-glafs Plate applyed parallel to the Muzle, will by its
Refleétion give the true Pofition of the Piece ; the Bom-
bardeer having no more to do, but to look Perpendi-
cularly down on the Looking-glafs, along(t a fmall
Thread with a Plumbet, and to raife or deprefs the Ele-
vation of -the Piece, till the Object appear refle@ted on
the fame Point of the Speculum, on which the Plumbet
falls; for the Angle of Incidence and Refletion being
€qual, in this cafe a Line at Right Anglesto the Specu=
lum, as is the Axis of the Chafe of the Piece, will bife@
the Angle between the Perpendicular and the Objeét,
according as our Propofition requires.  So that it only
remains by goed and valid Experiments to be affured
of the force of Gunpowder, how to make and conferve
it equal, and to know the effet thereof in each Piece;
that is, how far differing Charges will caft the {ame
Shot out of it; which may moft conveniently be en-
graven on the outfide thereof, as a ftanding DireGionto
all Gunners, who fhall from thence forward have occa-
fion. to ufe that Piece: And were this matter well af-
certained, it might be worth the while to make all Mor-
tars of the like Diameter, as near as may be alike in
length of Chafe, Weight, Chamber, and all other Cir-
cumf{tances..

This Difcovery that the utmoft Range on an inclined
Plane is, when the 4xis of the Piece makes equal Angles
with the Perpendicular and the Objet, compared with
what I have demeonftrated of the fame Problem in the
aforefaid Numb. 179. does lead to and difcover two very
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ready Theorems; the one to find the greateft Horizon-
tal Range at 45° Elevation, by any Shot made upon
any inclined Plane, with any Elevation of the Piece
what{oever : And the other to find the Elevations pro-
per to ftrike a given Objeck, with any force greater than
what fuffices to reach it with the atorefaid middle Ele-
vation. Both which being performed by one fingle
Proportion, may be very ferviceable to fuch as are con-
cerned in the Praltice of Guanery, but are unwilling to
trouble themfelves with tedious and difficult Rules. The
two Propofitions are thefe.

PROP L

A Shot.being made on an Inclined Piane, having the
Horizontal Diftance of the Objeét it ftrikes, with the
Elevation of the Piece, and the Angle at the Gun be-
tween the Obje&t and the Perpendicular : to find the
greate(t Horizontal Range of that Piece, laden with the
fame Charge ; that is, half the Latus reftum of ail the
Parabole made with the fame impezus.

R 7 L E.

Take half the Diftance of the Object from the Nadir,
and take the difference of the given Elevation from that
half; the Verfed Sine of that difference fubfiraét from
the Verfed Sine of the Diftance of the Obje& from th=
Zenith: Then ihall the difference of thofe Verfed Simes
be to the Sine of the Diftance of the Objet from the
Zenith, as the Horizontal Diftance of the Ohicél firuoh
to the greateft Horizontal Range at 45
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PROP I

Having the greateft Horizontal Range of a Gun, the
Horizontal Diftance and Angle of Inclination of an Ob-
je& to the Perpendicular, to find the two Elevations
neceflary to ftrike that Object.

R7 L E

Halve the Diftance of the Obje& from the Nadir,
this balf is always equal to the half Sum of the two E-
levations we feek. Then fay, Asthe greare/f Forizon-
tal Range is to the Horizontal Diftance of the Objelt : So
u the Sine of the Angle of Inclination or Diftance of the
Object from the Perpendicular, to a fourth Proportional ;
which fourth being fnbftracted from the Verfed Sine of the
Diftance of the Object from the Zenith, leaves the Verfed
Sine of half the difference of the Elevations fought ; which
Elevations are therefore bad by adding and fubftratting
that balf difference to and from-the aforefaid half Sum.

1 fhall not need to fpeak of the facility of thefe So-
lutions, I fhall only obferve that they are both General,
without Exception or Caution, and derived from the
knowledge that thefe two Elevations are equidiftant
above and below theLine bifecting the Angle between
the Objet and the Zenith,
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