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PART II.
The  Doctrine of  Pro
JECtiles ttpplfd P̂ro¬
blems of  Practical
Gunnery.

H AYING in the foregoingSections explain ’d and demon¬
strated the Theory  of ProjeBilesy

and the Laws  of Motion  and Gravita¬
tion y as far as was requisite to the
Knowledge of it ; I now proceed to ap¬
ply that Theory to the Art  of Gunnery
in all the most uleful Examples that I
think an Ingeneer can have Occasion
for, with respect to the projectile Part,
which is all that is design'd here ; but
first, it will be convenient to shew how
to direct a Piece of Ordnance accor¬
ding to any Degree of Elevation or De¬
pression. Let



80 The DoElrine
Let A &>(Ftg. 18 .) be a Ruler of a*

bout five Foot long , and let each Qua¬
drant os the SemicircleADC,qD C be
divided into 90 °, and mark'd at each
ten ^ thus, 10, zo, 30, counting
from D  towaf ds A, and y, the Spring
Bfg  is made of Steel and fixt to the End

in order to keep the Ruler close to
the lower Side os the Cylinder , or Bore
of the Piece, that so it may be parallel
to the Axis of the Cylinder when it is
thrust into it : Now it is plain, by the
Fig. that if the Piece is elevated any
Number of Degrees from the horizon¬tal Line HO, theThread of the Plum¬
met CK y will cut the Number of De¬
grees on the Limb of the Quadrants
for the Angle CB 0 = KCD,  because
B CK is the Complement of each to a
Quadrant . And thus may a Mortar , or
any other Piece of Ordnance , be eleva¬
ted or depress'd to any Degree, which
is call’d laying them to pals.

CHAP*
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CHAP , I.

O/Projections madeon
the  Plane of the  Hori¬
zon.

CASE  I.

A Piece whose greatest Randon isAM (Fig, 13.]= 8ooo, Querq
her Elevation to strike an Ob¬

ject at » , whose Distance from the
Eiece is Am = 5% 8 o,*as also the Height
CVy and SublimityVK, of the Pro¬
jection.

IAM =̂A{ ~ 400 Oyh AC—
2-640 , then , As : AC : : R : S, As C =»
4 *°. 18', and po°—iAfC—  69 °. 21',
the higher Elevation, also \AfC^  2o°.

M }9
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39 ' the lower Elevation, and, R : S,C

Jfi : Jf -. fC = 3oo5,^Ff£ = CV2

v---3502 .5 the Height , also Af —FC
s=/7J£= 497 . j.  the Sublimityj all which
is obvious from the Figure  and Scho-*
hum  z d.

CASE  II,
A Piece whose greatest Randon i§

AM  ( Fig.  13 . ) —8000 , Quere her
Randon at 69°. 21*y~CAt y as also,
the Height and Sublimity of the Pro¬
jection.

R :Syi CAt::AM :Am= j 280.
the Distance required ; (Cor. 6. 7heo.
jo .) the rest are found , as per Cafe  1.

CASE  III,
The,greatest Randon of a Piece be¬

ing 13.) - 8000 , and Height
^ - ot
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bsa Projection made at Random CV =t
3501 .5 given, to find the Sublimity*
Direction,and Amplitude.

\AM =- Af = CI £ ,a  rid C K-
CV —VK~ 497 -.5 , the Sublimi¬
ty, and C V —VK —jC — 3005
(Cor.  4 . ‘Theorem  7 . ) then A f : f C

■. ■. R :S,CJf=  48 41and

-- 69*. 11' —C At > the Direction
sought ; also : i ’, z | CA i : : ^4 Mi
Am —51 80, the Amplitude.

CASE  IV,
The greatest Ran don AM (Ftg.  13 .)

—8000 , and Sublimity os a Projects
oti VK — 497 .5 given, to find the
Height CV,  Elevation CAt,  and Am¬
plitude A M.

\ AM = A / , and As - VK ~ CV~
Z501.5 the Height , and (by Cor,  4.

■Theo. y.) Cif ~ VK =fC -= 3005,and,
M 2 having
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having As  and fC } the rest are sound*
as per Cafe  3.

CASE  V,
The Amplitude Am  ( Fig.  13 .) =

5180 , and Elevation CAt  equal 69°.
21■given, to find the Impetus f
Height CF,  and SublimityVK.

S,  21CAt : R : : Am : A M—  gr.Ran.
= 8000, and *gr. Ran. - ^ / = 4000
the Impetus; (Cor. 6 8c 7. Theo.  10 .)
then , iCAt - yo0= CAf  per Fig.
andR ; CAf : : / :/ £ = 3005; also

(/ » » . } .) Æ±I £ = CF = $ jcu . j

the Height, and As —CV = FK^
497 -5 the Sublimity os the Projection.

CASE  VI.

The Amplitude ^ --r 13, j ---
5280, and Height 3502.5 gh*

ven,
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veri, to find the Elevation CAt,  Impe¬
tus A si  and Sublimity V K.

i Am— 1640 = AC, and 2 CV ~ Ct>
(Cor. 2. Theo.9.) then AC \ Ct \ \ R . T,
CAt ^  69 o. 21 ' the Direction sought,
and having the Amplitude Am,  and
Direction C At,  the rest are sound, as
per Case  y.

CASE  VII.
The Amplitude Am (Fig*  iz .) ----

j 28o, and Sublimity VK = Cu — 497.y
the Height of the lower Projection
(Cor. 9. Theo. 10.) being given, to find
the Direction C At, Impetus As, and
Height C If.

\ Am- AC, and 2Cu —Gt, (Cor. 2%
Theo.9 .) then AC :Ci : : R:  T,CAi ==
2o°. 39 ', and 9° °- CAt - 69°. 21' ^
CAt the Direction sought, (Cor. 8.
‘Theo. I0  1 and having the Direction

and
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and Amplitude , the rest are found as
per Cafe  y . I

CASE  VIII.

The Elevation C At =s<39°. 21' (Fig*  -
13.) and Height i ) oz .j  being ,
given, to find the Amplitude Am^  and
Sublimity V K.

2 CV =*Ctj ( Cos.  2 . TBeo.  p .) and Syd
At : S,Ct A : \ Ct : CA  —  2640 , and
2CA —Am= jz $d the Amplitude^
the rest are found as per Cafe  y.

CASE  IX.

The Elevation CAt  ( Fig.  13 .) =*
69 °. 2i ', and Sublimity V As= 497 . f
—Cu  the Height of the lower Projec¬
tion (Cor. 9 . Theo.  10 .) being given, to
find A m, As  andC Jf  the Amplitude,
Impetus, and Height.
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—CAt =* 200. 3<f~ CAt y the

lower Elevation, (Cor.8.Theo.  i o.) and
xCu~ Ci. (Cor.  2.Theo.  9.) thenSyCAi
: S1, CtA : : Ci: CA — 2640 , and 2AC

5280, theAmplitudesought,
also Sy  2 |AiC :AC : : R : As ** 4009
the Impetus , and Af —VK —CN -----
3502 .5 the Height of the Projection.

CASE  X.
The Heights/ ^- 35:02.5, andSub^

limity VK = 497 .5 given, to find the
ImpetusAfy  ElevationCA ty and Am¬
plitude Am. (Fig.  13 .)

CV + VK —C K —As y the Impetus
(Cor.  3 . Theo.  10 .) CV —VK ~ $oof
=fCy (Cor.  4 . Theo.  7 .) then Afi fC ■:

R :SJAC= 48°.41,  and
^-69 .̂ zi ‘= CAt  the Elevation, also
R .Syz\CAt  2 As : Am =
she Amplitude sought.

Note^
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Note, If nothing is required of the

Ingeneer  hut to reach the Object:, let
4 5°be the constant Elevation, and the
absolute Forces which are as the square
Roots of the Impetuses {Cor.  4 . Theo.
5.) areas the square Roots of the Di¬
stances ; (Cor.  7 . Theo.  to .) but the ab¬
solute Forces are as their adequate
Causes, the Gun-Powder, whence the
Charges requisite to carry equal Shot
different Distances, are as the square
Roots of those Distances,

CASE  XI.
The greatest Randon of a Cannons

Royal being 8000 Paces, and her Re¬
quisite of Powder for that Randon 28
Pounds, Quere the Requisite of Pow¬
der to carry her Shot 3600 Paces.

it m
^8000 : v' 36'00 : : 28 : 18s , the

Charge required. Note,  If all the
Powder exerted its Force in the Chace,
or Bore, of the Piece, this Proportion

wou’d
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fyou’d be Mathematically true, - but
some of it , especially in high Charges,
•does not take Fire till out of the Mouth
of the Piece , which will occasion some
Variation , & *c.  By RaddonS made at
this Elevation much Gun -Powder may
Ibesav’d, and the Ingeneer more certain,
of hitting the Object: than at any o-
ther 5for an Error of a Degree above,
or below 45 %will not produce a fenst-*
ble one in the Distance , because the
Sines within a Degree of 90 °, differ ve¬
ry little from the Radius , and those
Sines near the Elevation of 45 0, are as
the Distances.

CASE  XIL
The Impetus of a Cannon Royal

being 12000 Feet , Quere the Celerity
of her Shot at parting from the Mouth
of the Piece , or at meeting with the
Object: on the Plane of the Horizon,
for in both Cases, the Celerity is equal

N to
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to what wou’d be acquired by falling
through the given Impetus , {j 'heo.  io .)

8 x v'12000 —876 the Celerity re¬
quired , or the Feet the Ball moves
through in a Second ofTime : this fol¬
lows from Theo. 5. and its Cor0larks,
and because a heavy Body falls through
16 Feet in a Second of Time . For,
from these 7 16 : 31 : : VnooO  :  876
the Celerity , and because 4 , and 32
are the two first Terms in the Ratio,
the square Root of any Impetus multi-
ply ’d by 8, will give the Celerity.

CASE  XIII.
The Impetus of a Piece being 12000

Feet , and the Weight of her shot 6 3
Pounds , Quere the absolute Force , or
Momentum of the Bali in known
Weight,

By the last Cafe, 8 x -/i 2000 —879
= C the Celerity , and {per Scholium  2.
to the Laws of Motion ) B x C x1. 3 ===

Ms
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As, that is, in Numbers, 63 x 876
x 1 .3 = 71,744 = the Momentum or
absolute Force in Pounds, which is a-
bout 32i Tuns Averdupois. Note,  be¬
cause 8, and 1.3 are constant Multi¬
pliers, 8x1 .3= 10 .4 will be a constant
Multiplier. '

CASE  XIV.
A Piece whose greatest Randon is

Soap , and whose absolute Force is
71744 Pounds , Quere with what
Force she will strike an Object;whose
Distance is jdoo , and whose Surface
reclines, or leans directly from the Per¬
pendicular 42°,

8000 : 5600 : : R : S,  44°. 26'  dou¬
ble the Elevation, consequently the
&all strikes the Plane of the Horizon
at an Angle of 220.13 ',. and the Sur¬
face of the Object, which reclines from
the Perpendicular 420, at an Angle of
7 o° . 13 ''. then ( perTheo . 2.) R : § , 70 °.

N 2 13/
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13/ : : 71744 : 675it  the Force re¬
quired.

CASE  XV,

The greatest Randon of a Piece be¬
ing 8000 , Quere atwhat Distance she
will strike an Object: with the greatest
Force possible whole Surface reclines

Since the Surface reclines 42? , it 's
plain , the Direction to strike it at Right
Angles, which is the Direction of the
greatest Force, is 41°• then R ; S, 1
42 ° : : 8000 : 79 ^6, the Distance re¬

quired . Hence it ’s ealy to observe,
that is the Surface of an Object recline
45 0, the greatest Force it can be struck
with is from the greatest Distance , and
the contrary.

AW , If the Ingeneer has Field"
Room , and can vary his Positions and
Distances as he pleases, he may strike

an
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an Octject , whose Surface is in a given
Position , at any Angle , and conse¬
quently with any Force he pleases, not
exceeding the greatest Force of his
Piece.

CASE  XVI
The greatest Randon of a Piece be¬

ing 8coo , Quere at what Distance sire
will strike an Object , whose Surface re¬
clines 42,°, with a Force which shall
be to the greatest Force of the Piece as
3 to 4.

4 : 3 ; :R :Sy 48°. 35' —the Angle
the Object must be struck at , (Theo. i .)
and since its Surface reclines 41 ° from
the Perpendicular , its Complement
48 °, taken from 48 °. 3 y' leaves 35' for
the lower Elevation , and 48 °. 3y'—42,0
= 6°. 35 ' the Complement of 830. z y'?
the higher Elevation . Then R : S,
*°. io ' : ; 8000: 163, the Distance at
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the lower Elevation , and R : S,  r
|8o °. zj r : : 8000 : 1822 the Distance
at the higher Elevation.

CASE  XVII
A Piece whose gr. Ran . with 28

Pounds ofPowder is 8000 , Quere her
Charge to strike an Object at Right-
Angles whole Distance is 1822 , and
whole Surface reclines 420!

It ’splain, the Direction which strikes
this Object at Right -Angles must be
an Elevation of42-°. Then T, 2J 41° :
A : : 1822 : 1832 - thegreatest Ran-
don for the Charge required , anda ft
1/8000 :v/1832. 28 :13 .3 the Charge
requir ’d.

CHAP.
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CHAP . II.

Of  Projections made on A-
scending Planes? and to Per¬
pendicular Heights,

CASE  XVIII.

T HE greatest:Raiidon of aPieceon the Plane of the Horizon
being 8000 , Quere her great¬

est Randon on a Plane whose Ascent is
6°. Zo '.

R + J ', 6°. 3° f • R .1: 8000 : 7186 .4
dieRandohtequired . {per Cor.4 . Theo.
!a .) Note, The most exact and expe¬
ditious Way to perform this and the
like Operations is by the natural Sines -f
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fori ? + S,  6°. 30' = 11132032 , and
8000 x R  e=  8ooooooo *aooo , then
1113 20 31)800000000000 (7186 .4 ;
but if any one choose to do it by Loga-
rithms , he must strike off 4 Figures
of the first Term for Decimals, and
take 3 for the Log . of the Radius,
then will all the Terms be had in the
common Tables*

CASE  XIX.

The greatest Randon on a Plane
whose Ascent is 6°. 30' being7i86 .4,
Quere the greatest Randon on the
Plane of the Horizon.

R : R + S,  6°. 30' : : 7186 .4 : 800 0
the Randon required.

CASE  XX.

The greatest Randon on a Plane
whole Ascent is 6°. 30 ' being 7186 .4

Quere
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Wiiole aicent is icT; 20 .
Quere her greatest Randon on a Plane

By Cor.  5 . Theo.  12 . R + Sy io °. 20*
t R + S} 6 °. 30 ' : : 718 6.4 : 6783 , the
Randon required;

CASE  XXL

The greatest Randon of a Piece oit
the Plane of the Horizon being 8ooo^
Quere the greatest Height Ihe can
reach on the Perpendicular Y K (Fig*
r 1whole  horizontal Distance is A Y
^7143-

By Cori6 . Theo. 12.7 gr. Rastdori
AY*

XY — 811 the Height2 gr .Ran.
it . Or by the Logarithms  thus,

from the double Log . of A Yy take the
Logarithm of double the gr .Randori
the Number answering the Remainder
taken from itliegr .Ran . is the Height
required.

O CASE
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CASE  XXII.

The greatest Randon on the Plane
of the Horizon being SooOjQuere the
Direction to strike the greatest Height
polhble on the Perpendicular Y X y
(Fig. 11.) whole horizontal Distance
is HY = 7143.

Find Y X, that greatest Height by
the last Cafe,  then XX : AY : : R : T,
/IX Y=7;8 3°.31'=X,XAZ, and 90°.-
\XAZ~ 48 °. ij 7, the Direction re-

CASE  XXIII.
A Piece whole horizontal Randon

at the Elevation X Al =■ 64°. oz (Fig.
19.) is Am =16060,  Quere her Ran¬
don at the lame Elevation on the Plane
A X,  whose Ascent is YA X ~ 6°. 3 oh

T,Y AI - T,Y AX = T,Af» X =T,
6 20. 44 ', (Cor.  1 . Theo.  13 .) whence

Y AX
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Y AX + AmX —6<f. 14', which
gives AXm = 1 io °. 46', but the Sine
oftheSumofany two acute Angles is
always equal to the Sine of the obtule
Angle, therefore Y, 69 °. 14' : Y, 62°.
44 ' ; : Am : AX =z 5 761 the Distance
required.

CASE  XXIV . ‘
A Piece whose Randon at 64°. o 1' =*

Y AIj is AX—  576-1, on a Plane whose
Ascent k  Y AX = 6 °.  30 ', Quere her
Ran . on the Plane of the Horizon at
the same Elevation.

T,XAI - T, YAX —TyAmX~ 7,
62°. 44 ^ then Y, Am X \ SyA Xm
AX \ Am —6060.

CASE  XXV.
A Piece whose Randon at 40°. on

the Plane of the Horizon is AM [Fig,
O z 19 .)
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19•) —75%°, Quere her Ran. at <£4°.
02 ' = Y A / , on a Plane whose Ascent
is X A X— 6°.  30 '.

Sj  2 I400 : < 9,2 |^4P. 02 ' : : AM 1
'Am-  6060 , then, T,  Y AI —%YAX
—TjAmX̂ T, 620.44 ', lastly<9, AXm-
S} A mX :;A m:AX ~ 5761.

CASE  XXVI.
A Piece whole Randon at 64 °. 02 '—

MAI {Ftg. 23.) is AX~ 57 >̂i , on a
Plane whose Ascent is A/Al X —6°. 30 ',
Qnere her Randon on tire fame Plane
at 2i °. of —MAI

r , MAt - 7 ; AsJ X- T, AMX,
whence we-have AxM y then SyAMX '
S, A XM : :A X "•AM =>6060 , and
A, 2 MAI :Sy 2 |As At : : A M : At#
-5180 , also T yMa  i - TyMa  x  ^
TyAmx^ Tyif . 16' • lastly, SyAx m\
SyAmx :: Am:Ax — 3 67  8, the Ran¬
don required.

case
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CASE  XXVII.

A Piece whose Randon at mAt^
% i°. o9on a Plane elevated mA xy or
MAX = 6°. zes,is ^ X ^-z6/8 , Quere
her Randon at MA / —64°. ox ', on a
Plane whose Ascent is M A Z>= 13^

TymAt —TymAx - TyAmx —Ty\ ^ .
16 ,̂ whence we have A x my then Sy A
tnx 1 S,Axm Ax : Am = J 180.
and ^, 2 jmAt : S1, 2 JM.Al : : 4 m :
AM —6o6o-y2\Io 7*yMAl ~-7*yMAD
—Ty A MD .y whence we have A D M y
as before, and Sy AD M : Sy AMD ::
AM : AD — 5533 the Randon re¬
quired.

CASE  XXVIII.

A Piece whose Randon at MAI =
64°. 02 ' {Ftg. 19.) on the Plane os the
Horizon is AM —6859 , Quere how
High (he will strike an Object;with the

fame
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sameDirection on aPerpendicular YK,whose horizontal Distance is A Y =s
6478.

Ty MA I : R : : A Mi L « 3340 =
the Latus Rectum 5(Lem. 2. ) then
AM —AX =381 = Y My and L : AY
; : Y M :Y X —739 (Lem. 1. ) the
Height required*

CASE  XXIX.
A Piece at A (Fig. 19 .) elevatedMA Is= 640. or ', strikes an Object at X,

whole perpendicular Height above the
Plane of the Horizon is YX —739,and whole horizontal Distance is AY
—6478 , Quere her Randon on thePlane of the Horizon with the fame E-levation.

AY ;YX ::R :TyYAX~ Ty6°.3o',and Ty MA / - TyY A X - TyAMX,t= 7\ 61 °. 44',whenceYXM= 27°.i 6'y
then Y, A MX :S,j YXM ::YX :YM

381>
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==381. and/^ Y+ YM ~ A
the Randon required.

CASE  XXX.
A Piece whose horizontal Amplitude

at 64®. 02' is AM [Fig. 7.) —68 jp,
strikes an Object with the lame Direc¬
tion on the Top of the Perpendicular
Y G = 7 39. Quere the horizontal Di¬
stanceA Y, or AO of that Perpendi¬cular.

R :7 *64°. 02' : :AC (^ AM ) :zCF>
{Cor.  2. Theo. 9 .) whenceCF = ^jzi f
and CF ~ YG- FE = z7%i y and {per
Theo. 6.) C V : CM* : : EV : EG qy
whenceEG~  CY —3048.5s, andA C
+ CY - 6478 , the greatest Distance,
and AC - C Y= A 6 = 381 , the leastDistance.

CASE  XXXI.
A Piece at A (Tig . 19. ) elevated

m A / = 64 °.pz' strikes an Object at X
whole
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whose Perpendicular Height above the
Plane of the Horizon is YX —739*
and whole horizontal Distance is AY
—6478 , Quere her Direction to strike
an Object on the Plane of the Horizon
whole Distance is AM =7812.

AY :YX : :R :7,Y AX = 6°.3o',
aadT,mAI- T,YJX = T, YmX = Tf
6z °. 44 ', whence we have YXz ?z= 27°^
16 \  then St YmX:  S,YXm : YX s
Y m= 381, and AY -f Ym —Am j
lastly Am \A M : : Y,2 mAI :Sy6 30.
42 ', iof which 31°. ji ' = the Directi¬
on rec

CASE  XXXII.
A Piece whole gr . Ran .on the Plane

of the Horizon is 8000 , Quere her DP
rection and greatest horizontal DP
stance AY 11.) from which that
Piece can strike an Object on the Top
of the Perpendicular YX =*2179*
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gr .Ran : —Y X = 5821—A X,  ( Cor*

3. Theo. 12.) and AX :XY : :R :Sy
V AX — 2i °. 58' , whence ^4  JsY—
68°. 02 ', andpo 6.—iAXY ~ $y°. 59^
^Yy #//the Direction , (6vr. 2. Theo.
12.) then / r :S JYXA : : AX : AY1
^ 5398 the Distance sought.

CASE  XXXIII.
The Perpendicular Height os an

Object XY = 2179 , and horizontal
Distance A  Y—5398 being given, to
find the least Impetus that possibly can
reach that Object.

VAY*+ X ~Y*= 5821 ^AX  ( 47.
\ , ^X + XY&/. 1.) and - = 4000 = / 1Z2

the Impetus required . {Cor.■$.Theo. 12.)

case  xxxiv.
A Piece whose Impetus is As .\ (/ %.

*9*) = 4000 , Qnere her Direction to
P strike
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strike an Object whose Distance is AX
r=  on a Plane whole Ascent  is
Y AX~ 6°.  zo.

R :$,YÆ ::JX : YX~ 6 $i,and
(Cor.  ii . Theo.  12 .) AX:  zAf —XY

■\r \ r a  n 1 AX + Aq
: : XY :Aq — 8z I , then - - — - ---

AP — 3 296, and As : AP : : R : Sr
AsP = j5 °. 3o', also AfP —YAX—
Asd -=fAZ, and 90®—if AZ = 65°.
^o,}= Y A / the higher, and £f AZ =*
24®. 30' the lower Elevation. (Ar . $,
Scholium  3 .)

CASE  XXXV.
A Piece whole Randon at 32°. 28V

on a Plane whose Ascent is Y AXj
(Fig.  19 .) = 6®. 30', is AX - 6j20,
Quere her Direction to strike an Ob"
ject whose horizontal Distanced 6ooo-

32°. 287— 6°.  3o ' = 27°. 3
—TyAmXy  whence AXm—  145 °*

56 -
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56 ,̂ then Sj A mX:  T, AXm :: AX
: Am = 7892 , the horizontal Ampli¬
tude at 320. 28^ lastly 7892 : 6000 : :
•5", 2 320. 28' : T, 43°. 32', k of which
.= 2i °. 46 ' the Direction required,

CASE  XXXVI.

A Piece whose Impetus is As {Fig*
19.) = 4000 , Quere her Direction to
strike an Object on the Top of a Per¬
pendicular whose Height is Y X ~ 6 5-2,
and whose Distance, in a straight Line,
is A X = j ~j6i*

AX : XY R : S, YAX ^ 6\
30 ' =; dfP , {Cor. 11. Tloeo. 12.) and
AX :iAf - YX ::YX :Aq=$$i,
also =AP>  thenAf . Ap ..
R :.V , JfP,  and AfP - dfP =>Afd

AZj lastly, 90°.- \f AZ~ 740.
41 ' the Direction sought . {Ar. 3. Schtn

P z CASE
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CASE,  XXXVII.
A Piece whole horizbntal Ampli¬

tude is AM {Fig-  19 .).= 6 859, strikes
ftn Object with the fame Direction on
the Top of a Perpendicular whose
Height is Y X —7 39, and whole Hori¬
zontal Distance is AY = 6478 , Quere
that Direction,

A m—A Y= Y m—381, then , (Lem.
i .) YX : Y « : : Y ^ : jL = 33  40 , and
(Lem . 2.) L : A m :: R : T$  64 °. o l the
Direction lought.

CASE  XXXVIII.

A Piece whose horizontal Ampli¬
tude is A M y(F 'tg.  i9 .) = 7892 , strikes
an Object with the lame Direction,
whose Distance is AX <= 6 jio,  on ^
Plane whose Ascent is MAX - 6 °.  30 *,
Quere that Direction,
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Since 6°. 3o ' is one Angle of the Tri¬

angle AXM, 86 °. 45, -- half the Sum
of the other two , and AM + AX :AM
-AX: : r , 86°.45' : T, 59*. 1i '= half
the Difference of the other two Angles,
whence 86 9. 45 ' —590. ii ' = 27 °. 34'
==A M X y and (j>er Theo.  13 .)

TyAMX + T, MAX - T} 32°. i8' ?
the Direction fought.

CASE  XXXIX.

The Impetus As  ( Fig. 19 .) = 13068
Feet , and the Height of the Object
Y X—  2117 , together with the Weight
of the Shot ----- 63 Founds given , to find
the absolute Force at X.

Af '~. X —KX— 10851 —the Im¬
petus at X , (7 %ea.  10 .) and 10 .4 x 63
x ^ 10851 -- 68245 the Force required
in Pounds . (/V ^ . 13 .)

CASE,
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CASE  XL.

The Direction Y At {Fig.  21 .) =?64®.
o2V and Angle Y Ax = 6°.  30 ', toge-
ther with the absolute Force at the
Point x = 68  24j given, to find the
Force wherewith the Plane A xy or the
Surface of any Object at x,  of a given
Inclination , may be struck by that Di-
section and Impetus,

Make ^ parallel to AM,  and (7heo.
*4 .) T9 Y At - 2 r , Y Ax = T, dxz,
and dxz + A x d= the Angle the Plane
Ax  makes with x i,  the Tangent to the
Point #, then (Tkeo.  2 .) R : S, Axi :;
6824j : <53178 the Forcerequired.

Note,  If the Surfaee of an Object at
x,  were in any given Position, by strid¬
ing dxz,  the Angle that the Object
wou'd be struck at is found, and conse¬
quently , by the last Analogy, the Force
required.

CASE
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CASE  XLI.

The Impetus As (/ %. 21.) = 4000,
and Height of an Object:Yx = 2000*
Whose Surface feclines directly from
the Perpendicular 320, Quere the Di¬
rection and horizontal Distance where¬
at that Object may be struck with the
greatest Force possible.

As —x Y - 2000 —fx  the Impetus
at x, (Theo.  10 .) then R : 2 )320::
iooo :dx —1798 , and because the Sur¬
face of the Object reclines 32®, the An¬
gle d x / , which the Ordinate and
Tangent to the Points make, must be
32°, and (per Theo.  9 .) fxd —yo° —
2 \dxi t therefore/ ? : ^ , 2 13x°:: 2000
: %77- df  and dC (~ xY) - df = Cf =*
1123 , then As :Cf : :R :SJA C-  16°.
iB', and 45° + if AC — 53 °. 09 ' the
Direction required :Lastly R : As C
• 'Af : AC=  3839 , and AC + C Y ( =»
dx) = AlY - 5637  the Distance fought.

CHAP.



( iia )
tfa.

CHAP . III.
Of Randons made on De-4

scending Planes, %*>c*

CASE  XLII.

T HEgreatest horizontal Randonofa Piece being 8000 —zAf y
(Ftg. 12 .) Quere her greatestRandon on a Plane whose Descent is

YAX- 130.
R - S,YAX :R :: *As :AX **

10322 the Randon fought. {Cor, 8.
7 Toeo. 12 .)

CASE  XLIII.
The gr. Ran . on a Plane whose

Descent is 130 being AX^  10321,
Quere
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Quere her greatest: Randon on the
Plane of the Horizon.

R :R ~ S, 13800a
the Randon sought

CASE  XLIV.
The greatest Randon On a Plane

whose Descent is 13° being 10322,
Quere the gr. Ran. on a Plane whose
Descent is 6°.  30 '.

R ~ Si 6°. 3013 0: : 10322
: 9021 the Ran*sought. (Cor.  5 and 8,
Theo.  12.)

CASE  XLV.
The gr. Ran. on a Plane whole De¬

scent is 130 being 10322, Quere the
gr. Ran. on a Plane whose Ascent is
6°. ZO.

R 4- 30’:R —Sy 13®:: 10322 :
7 i 86\  the Ran. required. (Cor.  5 and 8.
Theo.  12.)

<r. case
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CASE  XLVI.

A Piece whose gr . Ran . on the Plane
of the Horizon is 8000 , being planted
at Ay (Ftg.  xi .) whose Height above
the Plane of the Horizon is AN—
2322, Quere her gr . Ran . NX  from
that Height , and the Direction to reach
it.

8000 + AN —AX — 10322 . (Cor.
7 . Theo.  12 . ) and ( by 47.. El.  1 . )
vA X ^- AX - NX - 10057s the
Randon sought, then AX : NX : :
R : SyNAX= 76°. 58 ', ^N ^NAX
— 3 8°. 29' the Direction sought . (Cor.
2. Thso,  12 .)

CASE  XLVII.
' A Piece whose Randon on the Plane
of the Horizon at 64 °. 02 ' —MAt
(Fig.‘ ri .) is AM —6060,  Quere her

Ran.
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Ran . with the same Elevation on a
Plane whoso Desoent is MAX—  130.

TyMAt + TyA '£ R = T,66\ i ^ =
1\ RXM , (Cor. i .Theo. 1+.) 8cRXM
—AXR —AXM-  J3°. 22', whence
AMX—  1130. 38'y and .P, AXM:
S, AMX :: AM: AX - 6919  the
Randon sought.

CASE  XLVIII.
A Piece whose Randon at 64°. 02.'

= MA t, (F}g.  2.1.) on a Plane whose
Descent is MA  X = 130, being A X—
6919 , Quere her Ran . on the Plane os
the Horizon at the lame Elevation.

T, MA t + 7; MAX - T,  66°. 22'
*=: T,RXM , (Cor.  1 . Theo.  14 .) and
RXM ~- AXR = AXM=  j3 0. 22',
whence A MX—  113 °. 38 ', then
AMX :SyAXM ::AX’.AM - 6o6o,
the Randon sought.

CASE
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CASE  XLIX,

A Piece whose Randon on the Plany
of the Horizon at 40°. is 75 80j Quere
her Randon at 64 0. 02 , 011 a Plane
whose Descent is MAX (Fig- 21.) = 13°.

2 j40 ":<5, 2 jd4 °. o2 ' :: 7580 : 6060
= A M y(Cor.  6. Tkeo.  10 .) then 7^ 64°.
OT + Ty I3° = Ty  66 °. ll ' - T,
RXMy  and RXM - RXA ^AXM
= J3°? 22 ', whenee ^ MJT = 113°. 38',
and 6", XM : S\ AMX  As ?
^ As= 6919 the Randon sought.

CASE  L.
A Piece whose Randon at 38°. 30'

—M AI, (Fig.  2 2.) on a Plane whose
Descent is M AD = 13 P being A D =?
1124 , Quere her Randon on the same
Plane at io °. 35'.

TyMAl \ TyMAD ^ T̂ f .^ y
whence the Angles at D and M  are
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32°. 44 ' and 1340. id , {Cor.1. Theo„
14.) then S,AMD : S yADM \ ;
1124 : 849 = A/, the horizontal Ran,
at 38°. 30*, and {per Cor.6. Theo. 10.)
d", 2 30 ' ; d*, 2 1 io °. 35* : : A Mi
Am =:315 , the Randon at io °. 35 ',
whence (per Cer. 1. Theo. 14.) tlie An¬
gles at d and my are 9?. 31' and ij7 p.
29 ', and SyAdm \SyAmd \ \Am \Ad
^730 the Ran . required.

CASE  LI.
A Piece whose Ran . at io °. 35' on a

Plane whole Descent is 13° —MAd
{Fig.  22.) is^ ^= 73o,QiiereherRan,
at 41 °. 45 ' on a Plane whole Descent is
MAx = 6°. 30 '.

T,io °. 35'+T, 13°=7)220.31whence
the Angles at ^ and --r are 90. 31' and
157°. 29', {Cor.1.Th.  14.) thcnSjAmd ’r
Sy Adm w A d \ Am —^ i ^y and {per
Cor. 6 . Theo . 10 .) S y 2 | io °. 3 5' : S , %
1419.45':;Am:AM— $66=*theho-

H^qntal
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rizontal Randonat 41 0. 45:', then Ty
41 °. 45 ' + Ty 6°. 30y = Ty 450. \ \ y
whence tile Angles at X  and M  are
38 °. 41 1 and 1340. 45/, lastly d", 38°.
41 ' : ^ 134®. 49 ' : : 866 : 983 the
Randon sought.

CASE  LII.
A Piece whose horizontal Ran . at

38®. 3oy isAM (Fig,>11.) = 849 , being
planted at ^ with the fame Elevation,
strikes an Object at X whose horizon¬
tal Distance isNX=  1095 , Quere A N
the perpendicular Height of the Piece.

NX —AM = 146 - RNythen
Ty 38°. 30' \ R \: AM : 1067~ Ly
{hem.2.) andL :NX :'.RN :N A—
252 ^serey the Height required.

CASE  LIIL
A Piece planted at A.{Fig. 21 .) whole

perpendicular Height above the Plane
of
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of the Horizon is AN = LsL ^ and
there elevated 38°. 30 ', strikes an Ob¬
ject atX , whose horizontal Distance is
NX-  1095s, Quere her Ran . on the
Plane of the Horizon with the fame
Elevation.

NX : NA : : R : T,AXN = T,  13*,
and Ty 13 0+ T,  38 °. 30' —Tj 45°. 44'
-- 7", ARNj {Cor.  1 . Theo.  14 .) then ^,
ARN : S, RAN : : AN : RN =*246,
and NX —RN = 84 y ^ AM>  the
Random required.

CASE  LIV.
A Piece whose Random on the Plane

of the Horizon at 38°. 30 ' is AM—
894 , (Fig. Li .) being planted at A
whose Height above the Plane of the
Horizon isA N ~ 2 j 2}, Quere how far
see will carry from that Height with.
seat Direction.

R :
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R : T,3 $°. 30 ' : : \ AM : CF = 17

{Cor. z .Theo.  9.) an&CV+AN —FP  =
429 ^ then (Im . 2.) 7^ 38°. 30' : j? j 2

L — 1067 , fere, and vL -x VP
677 = P Jf y (Jheo.  7 .) lastly ?AM

+ PX —IVX— 1124 the Distance re¬
quited.

CASE  LV.

A Piece whose Impetus is 4000 , be-
ing planted at A, (Fig*  5.) whose Height
above the Plane of the Horizon is AP
—624 , Quere how far she will carry
with a horizontal Direction from that
Height.

Thus4 x 4000 = i6ooo —L , (Cor*
3. Theo.  7 .) and y'L x A P = 3160 =*
P K  the Distance sought.

CASE  LVL
A Piece whose gr . Ran . on the Plane

of the Horizon is 8ooo , being planted
at
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at Ay (F 'ig.  1 6.) whose Height above
the Plane of the Horizon isA N—  i88,
and there deprese’d below the Horizon
7°. 3° ', Quere how far (he will carry
from that Height with that Direction.

1gr . Ran . —4000 —As  the Impe- -
tus, and (7heo.  8 .) Rf —As -b AN=
418 8, also, (by Cor.  12. Theo.  1z. f̂A N
--- As C— double the Depression, then
R : S, AsC ; : As : AC = 1036 , and
R : SyfAC : : As : / £ = 3864 , also
fC - AN - Pfy  and vRf* - Pp = PR,
lastly P R - AC = RN ^ yo \the Di¬
stance required.

CASE  LVII.
A Piece planted at A' (/ %. id .) whose

Height above the Plane of the Horizon
is AN-  188 , and there depress’d7 0.
30', lays her Shot at R,  whose horizon¬
tal Distance is RN ^ yyok,  Quere her
Randon on the Plane of the Horizon
at an Elevation of 38°. 3o.

R RN-
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RN : JN : :R : T,j 4RN = T,io °.

58', and {Cor.  1 . Theo. 14.) Ty ARIA—
Ty 70. 30' =*7, 3°. 33 ', whence QA N
= 86°. 27', then AQX : S} QAN : :
A N:  j2,N =s 3049 ^ and Ĵ N— RN— j
Am = i07 %\ y lastly S,  2 170. 30' : S, z
I380. 30 ' : : ; 78 r 5 the Distance re¬
quired. ^

CASE  LVIII . !

A Piece whose Impetus is As {Fig.
20 .) = 4000 , Quere her Direction to
strike an Object whole Distance is AX
= 7450 , on a Plane whose Descent is
YAX = 6°. $o'.

R : $yY A X : : AX : XY — 844,
and Af + XY ~ fX y{Cor.  2 . Theo.  8 .)
then AX:  2 Af + X Y: :X Y : X & *

.AX - X 3
Ivor , and- —— Ar = 3224,

also As : AP1 : R :Sj AfP —j 30.41 ',
and

(
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and A fP + Pfd —Afd ^ 6o°. 11 ',
lastly 90 °—vAs d~  590.$4' = the high¬
er, and — ?.Li ~ z 30. 36' = the2
lower Elevation . (C?r . 12. Theo.  11 .)

Note,  Is the higher Direction h ad been
greater than the Complement of the
Descent of the Plane, the lower wou’d
have been a Depression, which is plain
from the Figure.

CASE  LIX.
A Piece whose Randon at 63 °. 16',

on a Plane whose Descent is MA X,
(Fig.  21 .) = 6°. 30 ', is ydX = 745 ° >
Quere her Direction to strike an Ob¬
ject on the Plane of the Horizon whole
Distance is 6000.

T,6 $°. 16 d-7^6". 30'= 7^64°. 32',
whence (Cor.  1 . Theo.  14 .) AXM =
64°. 32'—6°. 3o ,= 58°. 02 ', and AMX

x15°. 18' jthen 4 A/X :S,AXM
R 2
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: : AX :AM = 7ooo,  and7000 :6009

2 6 30. 16s ; *s , 430. 32 ', half of
which is 210.46 ' the Direction sought,
{Cor. 6. Theo.  10 .)

CASE  LX.

A Piece whose Impetus is As , {Fig,
20.) = 4000 , Quere her Direction to
strike an Object at X,  whose horizon¬
tal Distance is A Y = 7402 , and whole
Depth below the horizontal Line is
YX—  844.

AY :YX : : R:  T,Y AX=  T, 6°.
30', and S, Y AX:  R : : Y X : XA^
74 jo , then (per Cor.  12 . Theo.  12 .)
AX : lAf+XY ::XY-.XĜ iooi ^nd
AX - XQ ir
- — - 3224,  alio A j <

AP : :R :SyAsP—  530.42 ', and AsP
+ Ps d=-Afd y lastly 9o°—■?As d—  j9*
j 4 ' = the Direction required. ,
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CASE  LXI.

A Piece whose horizontal Amplitude
is AM (Fig.  2i .) = 7ooo , strikes an Ob¬
ject with the fame Direction whose Di¬
stance is A X— 74 5so, on aPlane whole
Descent is MAX— 6°.  30 ', Querethat
Direction,

Since 6°. 30' is the Angle included,
86°. 4 / is half the Sum os the other
two , and AX r̂AM : AX—  AM ':
T,  86°. 45 ' : 28°. 43 ' , whence 86°.
45, - 28°. 43 ' = 58°. or —AXM ym&
AXM+ M AX~RXM= 640.32',
then (Cor.  1 . 7*heo.  14 .) TyRXM —Tr
RXA —7", 63°, 16' the Direction
sought,

CASE  LXIt

A Piece planted at A (Fig.  21 .) whose
Height above the Plane os the Hori¬

zon
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zon isAN=  8 44 , and elevated 2o°.14',
strikes an Object at X whole horizon¬
tal Distance is NX —7402 , Quere her
gr . Ran . on the Plane of the Horizon
strom that Height.

NX : NA : : R : TNXA ~ T,6 °.
30 *, and T, NXA + 1, 20 °. 14' —T,
25:0. 46 ' —TyARN ^ Cor. i .Theo. 14.)
then §, ARN : S, RAN ::
= i 748 , andNA^ /gN ^ A/» y6 y4,
also 2j 200.14 ' : A : : ./4 A/ : 8712 -
the gr . Ran . (Cor. 6 and 7. Theo. 10 .)
and gr . Ran . + AN~  9^6 —AX [Fig.
12.) —the greatest Ran . on the Plane
A X, (Cor. 7 , Th. ii .) and VAXq-AN*
-- NX —95181 the Randon senght.

CASE  LXIII.
A Piece planted at A, (Fig. 21 .) whose

Height above the Plane of the Horizon
isA N— 8 44 , and there elevated 2o°.
14 strikes an Object at X,  whose hori¬

zontal
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zontal Distance isiVjs —7402 , Quere
her greatest Ran . on a Plane whose De¬
scent is 13 a.

iVX : NA : : R : T, NX A — Ty6\
30 ', and 7^ N NA + 7 J 20 °. 14 s= Ty
A R N ; (Cor.  x. Th.  14.) then S,ARN
:S, RAN ::AN :RN— 1748 , and
NX - RN - AM -- 5654, (per Fig .)
and £,2 io °. 14! : R : i AM : %7iz =
gr . Ran . on the Plane of the Horizon
(Cor . 6 and 7 . Th. 1o .) lastly ( Car. 8 . Th.
ii .) R — 130:R :: 8712 : 11240
the Randon required.

CASE  LXIV.

APiece planted at A}(Fig. 21 .' whole
Height above the Plane of the Horizon
is ^ iV “ 844 , and there elevated 20 °.
14' strikes an Object at X , whose hori¬
zontal Distance is NX - 7402 , being
planted on the Plane of the Horizon,
Quere how far she can strike an Ob¬

ject
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ject on the Top os aPerpendicular Y X
{Fig. 11 .) ~ 88<5<

NX : NA : : RiT , NXA = T,6\
30 ', and T^NXA + T^io 0. 14 '= T,
ARN {Cor. x. Theo. 14 .) 25°.46 ';
then SjJRN . SjR  AN :: AN -.RN
=1784 , and NX — N = AM— 56 54,
also (per Cor. 6 and 7 . Theo. 10 .) S, 2

j200.14 ':R ;;AM: 8712 = gr. Ran . So
gr. Ran . —YX - 7 826(Fig.  n .) —AX,
(Cor. 3. Th. 12 .) lastly VAX 3— Y X q
==AY = 7775 .7 the Distance required.

CASE  LXV.

A Piece whoso gr. Randon on the
Plane of the Horizon is 8000 , Quere
her Direction and Distance, on a Plane
whose Descent is 6°. 30 ', to strike an
Object at X, (Fig. 21 .) whose Surface
reclines directly from the Perpendicu¬
lar 65 °. 41 ', with the greatest Force
possible.

Since
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Since the Surface of the Object : re¬

clines 65 ®. 41 ', the Angle NXT,  made
bytheTangent to the Point X and the
horizontal Line NX,  must be 6 5®. 4 1
because the Stroke must be perpendicu¬
lar ; then Tr NXT —iT ^AXN
63 °. 16 *,  the Elevation , ^Theo. 14 .) and
T, 6 3°. 16' + 7; A XN = T, N XM =*
7 6̂4°. 32', whence the Angles AXM
zn&AMX are 58°.02and 115°. 28;
then i ? : 11^ 3®. 1d ' : : gn Ram : AM
= 6428 y ( Cor.  6 . Theo.  10 .) and S i
AXM : S, AMX : :JM : AX =6841
the Distance {ought*

CASE  LXVL

The Impetus of a Piece being As =
Y K {Fig.  i 2.) = 4000 , and the Weight
of her Shot 63 Pounds , Quere the ab¬
solute Force at the Point X, whose Di¬
stance is AX— 6841,00a Plane whose
Lseicent is YAX— 6°. 3o\

R\S
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R ■. S',YAX : : AX : Xr = 7M,

and X Y 4-K  Y= 4774 = the Impetus
at the Point X {Cor, 3 . Theo. 10.) in
Yards, which gives 14312 Feet, and
(perProb . i 3.) 10.4 x 6z x / 143 22 —
78410 .8 the absolute Force in Pounds
required.

CASE  LXVII.
The Absolute Force at the Point %

[Fig.  21 .) —78410,8 and Direction
MAt — 63 °. 16' , together with the
Descent of the Plane MAX—  6°. $0
being given, Quere the Force where¬
with the Plane A  X, or the Surface o(
any Object of a given Inclination may
be struck at the Point X , by the lam?
Direction and Impetus.

T,MAf + iT,MAX = T,6 ^ .41 '*
T,NXT (l %eo. 14.) and NXT - M AS
^AXT ~ fy 0. iT = the Angle th?
Plane A X makes with XT,  the Tan"

t
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gent to the Point X then R : S,  59 °.
11 ' : : 78410 .8 : 67340 .8 the Force re¬
quired.

Note,  If the Surface of the Object
to be struck were in any other given
Position , by finding the Angle NXT,
the Angle that it wou’d be struck at i$
found , and by the last Analogy the
Force required.

CASE  LXVIII.
The greatest Impetus of a Piece be¬

ing 4000,and the Requisite of Powder,
for that Impetus , 27 Pounds , Quere
the least Impetus and Requisite of Pow¬
der whereby that Piece can strike an
Object at X, (Ftg.  20 .) whose Distance
is —900 , on a Plane whose De¬
scent is MA X = 13  \

R :S,YAX ::AX : X? = ioi, and
dX —XY . , aT  ,
— - = 349 = the least Impetus

S r required •
z
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required ; ( Cor.  7 . Tbeo.  12 . ) then

V4000 : ^ 349 : : 27 8 nearly, tire
Charge required. (Prob» ji .)

case  lxix.

A Piece whose Impetus with 27
Pounds of Powder is 4000,being plant¬
ed at A (Fig. 21 .) whose Height above
the Plane of the Horizon is AN =202,
Quere her Direction and least Charge
ot Powder that can reach an Object at
Jsj  whose horizontal Distance is NX
- 877.

JX : NX : -RiJ , NAX ~ T, 77%
half of which is 38°. 3o' the Elevation
Required, (Cor. z . Th. i 2.) zn<\ S,NA%

: R :: NX :AX=  90q, alse

= 349 the least Impetus $(Cor.  7 . Theo.
ft ft

%2.) then ^4000 : ^349 : : 27 : 8 the
Charge required.
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CASE  LXX.

A Piece whose Impetus with 27
Pounds of Powder is 4000 , Quere her
least Impetus and Requisite of Powder
to strike an Object at X , { Fig. 19 . )
whose Distance is A  X = 1doo } on a

Plane whose Ascent is Y A  X = 6°. 30 '.

R : Y,Y ^ X : : ^ X : XY = i8z,

and =891 = the least Im~

petus5 {Cor. 3 . Theo. 12 .) then / 4000 :
a a

/891 : :27 : ii\  the Charge required,

CASE  LXXL

A Piece whose Impetus with 27
Pounds of Powder is 4000 , Quere her
Direction and least Charge of Powder
that can strike an Object at X , {Fig.
19 .) whose Height above the Plane of

the
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the Horizon is Y X~  i8r , and whose
horizontal Distance is AX = 1590.

A Y : XY :: R : T.YAX ^ T, 6\
zo ', and 45 ° d- ?Y d̂ X —48 °. 15' - the
Direction ; {Cor.  2 . Theo.  12 .) then Y,
Y AX \ R : : Y X : A X * 1600 , and
AX + XY

—891 w the least Impetus,

(C^ . 3•'Thco. 12 .) also / 4000 : / 891 :
ft a -

27 : 12? the Charge required,

SCHOLIUM  IV,
These Rules for finding the Directi¬

on and adjusting the Requisites of Gun¬
powder to strike an Object with the
least Impetus possible, are very useful
for saving Ammunition , especially in
throwing of Bums, which are not so
often design’d to do Damage by their
projectile Force as by the breaking of
their Shells , setting Houses on Fire,
and tsie like $ but because these Bisects

are
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are often prevented by not proporti¬
oning the Fuse to the Time of the
Flight , it will be proper to give some
Rules for computing those Times.
Now , (by Cor. z. Theo.7.) the Time of
the Flight of any Projection made on
the Plane of the Horizon , is double the
Time of the Fall of a heavy Body from
the Height of that Projection , and the
Times of the Falls from different
Heights , being (by 60̂ . 2. Theo.5.) in
thesobduplicateRatio of thoseHeights,
and also the Fall in one Second of Time,
being , in round Numbers , 16 Feet, if
h - the Height of any Projection made
on the Plane of the Horizon , it will be
Vl6 : i " : : Vk: — , equal the Time of4
the Fall from the Height of the Proj ec-
tion , and ; / A- the Time of the Flight
of the Shot,

CASE
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CASE  LXXIL

The greatest Randon of a Piecebe-
ing AM , {Ftg,  13 .)= 25600 Feet j
Quere the Time of the Flight of her
Shot.

%AM~ 6^§o —Fv  the Height of
the Projection ; because Fv —v T =s
lAF , [Cor.1 andr.Theo.9.) and
Scholium4.) i / 6400 = 40" the Time
required in second Minutes*

.Nitfe, If the Time of the Flight at
any Elevation be counted by Vibrati¬
ons of a Pendulum of any convenient
Length , the Time of the Flight at any
other Elevation is had . (7%eo.  it .)

CASE  LXXI1I.
The Time of the Flight of a Shot

made at 450, on the Plane of the Ho¬
rizon being 40 Vibrations , Quere the
Time at 70.13 '*

s> 45 *’
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S, 4s : L , 7° 13#.:: 40 :7 the Vi¬

brations required.

CASE  LXXIV.
A Piece whose Randon at 5i °. zohs

AM —43 56, (Fig.  19 .) the Time of
the Flight of her Shot being 24 Vibra¬
tions , Quere the Time of its Flight to
X , whole horizontal Distance is AY ----
Z446.

Am :4! Y :: 24 : 19 the Time re¬
quired.

CASE  LXXV.
A Piece whose horizontal Randon

at 52°. 30 ' is Am [Fig.  16 .) —4Zs6,
the lime of the Flight of her Shot be¬
ing 24 Vibrations , being planted at Ay
above the Plane of the Horizon , with
the fame Direction placeth her Shot at
E , whose horizontal Distance from

T the
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the Perpendicular AN  is NA M
—580 8, Quere the Time of the Flight
WE-

Am : AM\ : 24 : 32  the Time re¬
quired . {Cor.  3 . Theo.  6 .)

CASE  LXXVI.

A Piece whose horizontal Randon
atyi 0. 30 ' = mAL , isAm (Ftg.  16 .) --
43 56j the Time of the Flight of her
Shot being 24 Vibrations ; the fame
Piece being planted at A , (Fig.  5 .) with

, a horizontal Direction A / , placeth her
Shot at Kj  below the horizontal Line,
whose horizontal Distance isPK = Al
= 4198 , Quere the Time of the Flight
from A to E-

90 °.—mAL (Fig.  1 6.) —ALm =z
37°. 30', then S,  37 °. 30' : R : : Am*

and (per Cor.  4. Theo. 6.)
AL (Fig.  16 .) : Al (Fig.  j .) : : 24 : 14
the Time required.

case
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CASE  LXXVII.

A Piece whose horizontal Randon
at 70. 13' is 108 6,  the Time of the
Flight of her Shot being 4 Vibrations;
the seme Piece being planted at {Fig.
16.) above the Plane of the Horizon,
and there deprels’d 7°. 13' placeth her
Shot at R ywhose horizontal Distance
from the Perpendicular is R N = 814,
Quere the Time of the Flight of her
Shot from A to R.

1086 : 814 : ; 4 : 3 the Time re¬
quired.

T 2 PART
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PART . III.
The Description  and Use  of a new Ma¬

thematical Inftrument.

t-AVING  in the foregoing Pages
given the ’Demonstration and Solu-
tion , by Calculation , ofallthe Gases,

I think requisite in the ‘Projectile Dart of
Gunnery , 1 fall now proceed to give the
Description and Dfe of an Instrument ,
which , by placing its Darts in certain Do-
fit ions, will solve any Problem before men¬
tioned by Inspection only ; as also, with a
small Addition , measure the Height ,or Di¬
stance of an Object on any Diane accessible,
or inaccessible, together with the Ascents,
or Descents ofthofeD lanes.

Tho’ Instrumental Solutions are not so
exalt as those done by Calculation , if
this Instrument is accurately made, the
Ease and Expedition of it will more 'than
recompence a small FraClion of an Error,
especially to the DraCtical Ingeneer , who,
in the Heat of Action , may often have Oc¬
casion for new Directions , and several o-
ther Things which he has not leisure to snd
by Calculation . Lee

f



The Description of &c . 141
Let a Brass Semicircle {Fig-1&) of

about nine Inches Radius, have its in¬
ner Edge, or Limb , divided into 90 e-
qual Parts, beginning at N  and count¬
ing upwards 10, to , 30, tgfc.  to90 , at
Z , and each of those Divisions subdi¬
vided into 6 cejual Parts . Let the out¬
er Limb be divided into Degrees and
6  th.  Parts of aDegree, marking the De¬
grees from the Middle of the Limb
both Ways 10, 20, 30, 8ft ’. to 90 at
N and Z . Let also the middle Space,
between the outer and inner Limbs, be
mark ’dfrom Z to N>  10 , 20, 30,40,
8f c.  to 18o at M

Let this Semicircle be Ext to the
Middle of a Box Ruler BD^  about 31
Foot long , an Inch and half broad, and
of a convenient Thickness . The in¬
ner Half of the Breadth of this Ruler
must, be level with the Surface of the
Semicircle , but the outer Half must be
higher about 1%  of an Inch . On the

outer
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outer Hals there must be fixt a thin
Brass Scale of an equal Length and
Breadth with theBoxRuler,theBreadth
of which Scale is to be divided , by Lines
drawn from End to End , into three e-
qual Parts , and the Length into Inches,
halflnches , and i oth . of an Inch, - the
Inches are to be drawn directly cross the
whole Breadth , andmark ’d i . r . 3. 4.

both Ways to B and D ; the half
Inches are to be drawn cross the middle
and innermost Third , and the ioths.
only cross the inner Third . Let there
be on one End of this Scale an Inch , and
on the other End half an Inch , each
divided very exactly into ten equal
Parts Diagonal Ways , that the Tenths
and Centefms which may happen in the
Operations , on the Square and Indices
hereafter to be defcrib ’d, may be exact¬
ly mealur ’d on them by a Pair of Com¬
passes. The Reason for railing the
outer Half of the Box Ruler , above the
inner Half , two Tenths of an Inch , as

before
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before mentioned , is to make room for
the Indices Ab  and Ad>  which are to
be fixt to the Center of the Semicircle,
and there to open and stiut, as Occasion
requires , like the Legs of a Sector.
Those Indices are to be about 26 Inches
long , i  of an Inch broad , and about TV
thick ; their Breadth is to be divided in¬
to three equal Parts , and their Length
into Inches , half Inches and Tenths,
as the Brass Scale before mention ’d :the
Inches are to be mark ’d from the Cen-
ter A>  1. 2. 3. 4 . to b and and the
Tenths drawn cross the inner Third.
Each of those Indices must have a small
Screw Nut with a Pin , or Bit of Wire
upon it, which Pin may , by the Screw
Nut , be fixt exactly to any Division on
them in order to sefpend the Label , or
Boiler 7"Y, which has a thin Piece of
Brals with a small Hole in it , exactly
fitting the forefaid Pin , and is to be
fixt also to any Division of the Ruler
as Occasion requires . Let this Label,

or



144 7he Description of
or Ruler , be about two Foot long , and
of the ŝ me Breadth and Thickness
with the IndicesA b and A dr and divi¬
ded after the same Manner as they are,
only the Tenths are to be drawn cross
the inner Edge as well as nroL the in¬
ner Third of the Breadth , and the
Inches are to bemarfe’d x. 2. 3. 4 . &)V.
from C to 7*, and Y, making CT eigh¬
teen In she?, and CY  six. The like Di¬
visions are to be made on the Side of
the Square KX,  beginning at the in¬
ner Edge of the Brass Ruler at Ky mark¬
ing the full Inches on the upper Side 1,
2. 3. 4 , &i\  to 24 , the Tenths are to
be drawn cross the upper Third and
the upper Edge, Let this Instrument be
fixt upon Feet with a Ball and Socket
like those of a common surveying In¬
strument,but stronger in order to keep
it very firm ; and let there be Sights
which may , as Occasion require , be
fixt on the Diameter , Indices and Rules
TY, of the sameKind with those os the

Surveying



an Instrumenty&c . 145
Surveying Instrument before mention¬
ed, which are too well known to want a
farther Description.

Note,  the Ball and Socket must not
be fixt exactly under the Center of the
Semicircle , but some Distance from it,
6n the Cross-Bar which goes from the
Center to the Middle of the Limb , as
Well to support the Head of the lustrum
ment more easilyj by being nearer its
Center of Gravity , as to make room for
an Air-level made with a Glass Tube
and Spirits of Wine , which must be fixt
•exactly under the Diameter , oi*Ruler
ABy  so that wl\en the Semicircle is
turn ’d vertically the Diameter may be
fixt in a horizontal Position.

The Instrument being thus prcpar ’d
let there be a Chain of i oo Links mark¬
ed with double Rings at each i o Links,
in order to have the Fractions which

may happen in measuring any Distance
in Tenths and Centefms , agreeing with
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the Diagonal Scale before mentioned:
this Chain may be of any convenient
Length , but because most of the new
English  Pieces of Ordnance have their
greatest horizontal Randons known,
or engraven on them in Paces , or Yai ds,
in my Oppinion , 100 Foot will be a
convenient Length , for if every Chain
be reckon ’d ten Integers if the gr . Ran.
of any Piece is multiply ’d by 3, and one
Figure cut off for a Decimal , you will
have that Randon in Tenths of your
Chain , or in Integers , each of which is
ten Foot.

E . g.  The gr. Ran . of a Cannon
Royal is*commonly ^ computed to be
8000 Yards , this multiply ’d by 3 and
a Cypher cut off,- gives 2400 now two
Foot , or 24 Inches on the Index of
your Instrument , being taken for this
2400 , T~o of an Inch , which is very
distinguishable on the Diagonal Scale,
is 10 Foot on the Ground , or an Inte-

ger
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ger of the soresaid 2400 . The Inge^
nious Practitioner may find out some
useful Alterations in both the Length
and Division of the Parts of the Instru¬
ment and Chain ; to such I leave the
farther Consideration of it j and shall
next proceed tq

THE

Use of the In strum en t
wLongimetry , or mea¬
suring Heights and£)i s-
TANCPS,

EXA M P LEI.

L ET it be required to find the Di¬stance from the House at Ay to
the Castle, [Fig,  24 .) or to any

Part thereof as the Weathercock on
the Top of the Spire at C.

Having set up your Instrument at A>
turn it about till through the Sights on

U 2 the
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the Diameter you spy a Mark set up at
B,  in any convenient Place of the Field
about you, and having fix’d the Diame¬
ter in that Position , turn the moving
Index till through the narrow Slit of a
small Sight fix’d upon the Center you
see the Hair in the other Sight cut
the Spire at L, then fixing the Index in
that Position to the Limb of the Semi¬
circle , measure with your Chain in a
straight Line from Ato Bj  and having
mark ’d the Chains and Links of that
Distance on the Diameter , and plac ’d
the Ruler with the Sights on it exactly
to that Distance by means of the small
Pin and Hole mention ’d before , set up
your Instrument just at the End of the
Distance you meafur ’d, (which , if you
please, you may take all in full Chains,
if the Ground will allow it , for you need
not care whether you are stiort of the
Mark B,  or over it, provided you keep
in the fame straight Line ) and turn it
about till through theSights on theDL

ameter
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ameter you spy a Mark set up at your
first Station ^ and having fix'd it in
that Position , turn the Ruler on the
Pin , which is fix'd at the former Di¬
stance on the Diameter , till through
the Sights on it you spy the Weather¬
cock at Cy then will the Part of the In¬
dex a cy cut by the inner Edge of the
Ruler , give the Distance AC  from the
House to the Spire at Cy which was to
be found ; and if there is Occasion the
Distance from the Mark at B,  to the
Spire will be found on the Ruler at the
Intersection of the Index ; all which is
plain from the Similarity of the Tri¬
angles A B Cy and ay Pin , cy or that
form ’d by the Diameter , Index and Ru¬
ler , and Cor. i . 4 .El . 6.

Note y If the Distance from A,  to two,
three , four , c.  Objects , had been re¬
quired , if when the Diameter was first
fix'd in the Position AB ythe Index had
been turn ’d to each of those Objects

and
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and the Degrees cut by the Index on
the Limb at the Direction to each re¬
spective Object noted down in a little
Field Book . Thus,

Degrees. Distances. Objects.

34*
IO

r;i
40 !

WindMiln.
Tree.
Bust on the Wall.
Weathercock.

Then the Distance AB  being mea¬
ses d, and the Instrument fix’d at By as
before directed , if the Index is plac ’d
successively tp the Degrees noted down
in the Field Book , the Ruler directed
to each respective Object will cut upon
the Index the Distance of that Object
from the House at A r which may beset
down for farther Use, in the Distance
Column os the Field Book ; and if there
is Occasipn for the Distance from B

to
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to each Object , or for the Distances of
those from each other , they may be ea¬
sily soundfor when you direct the Ru¬
ler to any Object the Index being at the
Degrees, or Angle belonging to that
Object , will cut the Distance from it to
By  on the Ruler, and if one of the In¬
dices be fix'd to the Degrees belonging
to one Object, and the other Index to
those belonging to another Object , the
Distance between the two Points on
those Indices which represent the Di¬
stances of the relpective Objects from
A,  will give the Distance of thole Ob¬
jects from each other , which may be
either taken in a Pair of Compasses and
apply’d to a Scale, or found by apply¬
ing the Beginning of the Divisions on
the Ruler to one of those Points, and
the other Point will cut the Distance
between the Obj ects upon it j but from
the Angles and first Distances found in
the Field, the rest may be found by the

In-
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Instrument at any Time or Plaice you
have Occasion for them.

Let it be required, to find the Per- ,
pendicular Height Y X {Fig.  25 .) of
the Top of the Wind-Miln above the
horizontal Line HO,  as also the hori¬
zontal Distance AY,  of that Perpen¬
dicular.

Find the Distance AX,  by the last
Case,  and having placed the Semicircle
vertically in the Plane ÆTY , and with
its Diameter in the horizontal Line
H 0y(which last may be done by LLine
and Plummet , or by the Air-level be¬
fore mentioned) move the Square along
the Diameter until it cuts the first found
Distance on the Index, then will the
Index cut the Height required on the
Square, and the Square the Horizontal
Distance on the Diameter,which was to
be found ; Note,
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Notej Is there is any Occasion for the

Angle of Ascent Y AX,  the Index cuts
it on the outer Limb ; and if the Height
of the Wind -Miln from the Foundati¬
on is required , let the Semicircle con¬
tinue in the fame Position , and move
the Index till through its Sights you spy
the Foundation at f,  and the Difference
of what it now cuts on the Square and
what it cut before is the Height requi¬
red . It may not be improper to re¬
mark here , that this Part of the Propo¬
sition relating to the Height of the
Wind -Miln wou'd require that the Di¬
stance from it to the Instrument fhou’d
be but small , that it may be plainly ex¬
press5 d on the Index in Feet , which will,
at least, require that every Chain of the
Distance AX,  bean Inch on the Index j
now, the Index being but 26 Inches
long , it'splain the Distance AX,  ought
not to exceed 26 Chains , or 2do o Feet.

>

X III.
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hi.

How to measure the Depth SH> of
the Ship {Fig.  2 j .) at the Surface of the
Water below the horizontal Level of
the Instrument at B.

This Proposition is perform’d after
the fame Manner the last was, only that
it will be most convenient to turn the
Limb of the Semicircle downwards as
it appears in the Figure at B.

These three Examples contain all
that the practical Ingeneer has Occasi¬
on to know relating to the Mensuration
ofHeights and Distances, whether they
are accessible, or inaccessiblefor in ei¬
ther Cafe there is nothing more requi¬
red but that he may lee the Obj ect front
two convenient Stations sufficiently di¬
stant from each other , on any Plane
whether ascending, descending, or ho¬
rizontal.

the
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th  r

tj se of the  Instrument
in  Practical Gunnery.

/ Nwhat followsI will not trouble the
Reader with Quotations , or References

to former ‘Propositions , because the Thing
is so plain and easy , and so naturally fol¬
lows from what is said before, that none
who tolerably understands that , can be at
a loss for the Reasons of this.

And theprincipal Propositions a pradi¬
cal Ingeneer has Occasion for , being, from
any two of the Impetus , ‘Distance . andDt-
rellion given , how to find the Third ; I
shall give Examples in all the possible Cafes
of these, which will sufficiently shew the
Ease and Expedition of this Instrument i
<md leadthe apt Practitioner to the Use of
h in other Propositions when Occasion re¬
quires.

Note , Whenever the moving, orplacing,
°f the Square is mentioned, it is fuppos 'd

stide along the Diameter , or Ruler ,still
keeping KXat  Right -Angles , or Perpen¬
dicular to BD.

X 2 PROP,
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PROP.  I.

The greatest horizontal Randon of
a Piece being 2400 , Quere her Direc¬
tion to strike an Object whole horizon¬
tal Distance is 1584.

Place the Distance on the Square to
the gr. Ran . on the Index, and the lat¬
ter will cut 69  j Degrees on the inner
Limb of the Semicircle, which is the
Direction required.

prop. 11.

A Piece whose gr .Ran .on the Plane
of the Horizon is 2400 , Quere her
Randon at 69h  Degrees.

Fix the Index to the Direction on the
inner Limb , and the greatest Randon
on it will cut r 584, on the Square the
Randon sought.

PROP-
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PROP.  III.

A Piece whose horizontal Randon
at 69 } Degrees is 1584 , Quere her
greatest horizontal Randon.

Fix the Index to the Direction on the
inner Limb , and the given Randon on
the Square will cut on the Index 2.400
the gr. Ran . required.

Thele are the principal Propositions
relating to Projections made on the
Plane of the Horizon : But if the
Height and Sublimity of the Projecti¬
on were required, the Square in the last
Position will cut 1803 on the Diame¬
ter, one fourth the Sum and Difference
of which, and the greatest Randon is
1051 , and 149, the Height and Subli¬
mity required.

PROP.  IV.
The Impetus of a Piece being 1200,

Quere her Direction to strike an Ob¬
ject
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ject whose Distance is 1728 , onaPlane'
whole Alcetit is <5?Degrees.

Fix the lower Index Ad , [Fig. i6 .)
to’the Ascent os the Platte on the outer
Limb of the Semicircle, then move the
Square to the Distance of the Object
upon it, and mark the Distance AK cut
on the Diameter by the Square,- then
having suspended the Ruler at / , by
means of thestnall Pin arid Hole before
described, making As  and / Y each
equal to the given Impetus, move the
Ruler fX,  exactly along the given Di¬
stance of the Object upon the Index at
X,  until XY  is equal to AK i then
will the Index Ab,  cut 6^1Degrees^ori
the inner Limb of the Semicircle the
Direction required.

prop . v .
A Piece whose Impetus is noo*

Quere her Randon at 65 {- Degrees, on
a Plane whole Ascent is 6\ Degrees.

Fix
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Fix the lowerIndex to the Ascent of

the Plane on the outer Limb , and the
other to the Direction on the inner
Limb , making As  and / Y, {Fig,  26 .J
each equal to the given Impetus,

Lajlly^ Move the Square and Ruler
(keeping their Intersection exactly to
the inner Edge of the Index A d)  until
AKy  and XY  are exactly equal, then
will AX~  1728 the Randon required.

PROP.  VI.

A Piece whose Randon at 6 ji  De¬
grees is 1728, on a Plane whose Aseent
18 6 ? Degrees , Quere the Impetus of .
that Piece.

Fix the lower Index as per  la ft Case>
and the Ruler to the given Distance at
X,  by means of the Pin and Hole, ma¬
king X Y equal to AK -, lastly turn the
Ruler on the Center X y and the Index
A by  on the CenterAy until As and fY

are
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are equal, and each os them will be
1200 the Impetus required.

PROP.  VII.

A Piece whole greatest Randon on
the Plane of the Horizon is 2400,
Quere her greatest Randon on a Plane
whose Ascent is 6?Degrees.

Fix the lower Index to the Elevation

of the Plane, and move the Square a-
long the Diameter until AK + AX  be
equal the greatest Randon given, then
mWAXbc ii $6 the gr. Ran. sought.

Or thus,

Place the Square to 1000 , on the
Index , and it will cut 113 on the Dia¬
meter,then place 1000 + 113 on the In¬
dex to iooo on the Square, and having
hx'd the Index , move the Square to
2400 , the given Randon on the Index,
and it will cut 2156 on the Square the
greatest Randon sought. PROP .
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PROP.  VIII.
A Piece whose greatest horizontal

Randon is 2400 , Quere the greatest
horizontal Distance from which, that
Piece can strike au Object on the Top
of a Perpendicular whose Height is
400.

Place the Square to 400 , on the Dia¬
meter ; and 2000 on the Index ( the
Complement of the Height to the gi¬
ven gr. Ran .) will cut 1685 on the
Square which is the horizontalDistance
required.

PROP.  IX.

A Piece whose gr.Ran . on the Plane
of the Horizon is 2400 , Quere the
greatest Height which that Piece can
reach on a Perpendicular whose hori¬
zontal Distance is 1<58  5.

y
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Keep the Edge of the Index to the

given horizontal Distance on the
Square , and move the Latter until the
Suni of the Numbers cut on the Dia¬

meter and Index be equal to 2400 the
given gr . Ran . and those on the Dia¬
meter will be 400 the Height required.

pro  p.  x

A Piece whole Impetus is 1200,
Quere her Direction to strike an Ob¬
ject whose Distance is 22 3 5, on a Plane
whose Descent is 6^ Degrees.

Fix the lower Index to the Delcent

of the Plane , and the Ruler to the gi¬
ven Distance upon it at X , (Fig. 17 .)
making CX =-AK  on the Diameter j
lastly , make Af y and/ C, each equal to
the given Impetus , and the Index Ab,
will cut on theinnerLimb yp ?Degrees
the Direction sought.

PROP-
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PROP.  XI.

A Piece whose Impetus is 1200,
Quere her Randon at 59 ? Degrees , on
a Plane whose Descent is <5i Degrees.

Fix the lower Index to the Deseent

of the Plane , and the upper Index to
the Direction on the inner Limb of the

Semicircle , ,and having suspend the Ru¬
ler z.tf y making As,  and JC,  each equal
to the Impetus , move the Square and
Ruler , (keeping their Intersection ex¬
actly to the inner Edge of the lower In¬
dex ) until AK , and CX are equal , then
will AX  be 2235  the Randon fought.

p r 0 p. xii . :
A Piece whose Randon at 59s De¬

grees is 2 2 3 5,on a Plane whose Descent
is Degrees , Quere the Impetus of
that Piece.

Y 2. Fix
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Fix the Indexes as per  la kCase,  and

the Ruler to the given Distance on the
lower Index making CX equal to AK y
on the Diameter ; lastly, turn the Ru¬
ler and upper Index until As,  and sC
are equal, and each of them will be
1200 the Impetus required. .

. p r 0 P.  XIII.
- A Piece whose Impetus is 1200,
Quere her gr. Ran . on a Plane whose
Descent is 61  Degrees.
.. Fix the lower Index to the Descent
of the Plane on the outer Limb , and
the Square mov'd to 1000 upon it will
cut ii3,  on the Diameter , the place
1000 —1x3 (= 887 ) on the Square to
1000 , on the Index, and "having fix’d
the Latter , move the Square until the
Index cuts 1200 , the given Impetus up¬
on it, then will the Square cut 135'3,
on the Index double, which is 2706
thegr . Ran . required.

PROP .
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PROP , XIV.

A Piece whose greatest horizontal
Randon is 2400 , being planted upon
an Eminence whose perpendicular
Height above the Plane os the Horizon
is 30 6,  Quereher gr . Ran . from that
Height.

Fix the Square to the given Height
on the Diameter , and 2706 (the Sum
of the given Height and gr . Ran .) on
the Index will cut on the Square 2
the Randon required.

Note,  The Sum of the given Lum¬
bers, and the Number sought are each
too great to have the first two Figures
in Tenths of an Inch on the Instrument
they may therefore be taken in Tenths
of a half Inch ; or if the Halves of the
given Numbers are taken on Inches as
before, half the Number sought will
be got on the Index. PROP.
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PROP.  XV.

The horizontal Distance and Height
or Depth of an Object , either above or
below the horizontal Level of the

Piece , being given to find the least Im^
petus that postibly can reach that Ob¬
ject.

Fix the Square to the given Height
or Depth on the Diameter , and move
the Index to the horizontal Distance

on the Squarej then will half the Sum of
the given Height and Distance cut on
the Index in Ascents , and half their Dif¬

ference in Descents , be the Impetus re¬
quired.

SCHOLIUM.

It is plainly demonstrated , by Theo.
12 . that the Direction to reach an Ob¬

ject with the least Force possible bisects
the
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the Angle between the Object:and Ze¬
nith , and,by the rd . and 7t \\ .Corollaries
to that Theorem, that Force is such as
wou’d carry the Shot on the Plane of
the Horizon , at an Elevation of 45
Degrees, a Distance equal to half the
Sum of the perpendicular Height and
Distance of the Object in Ascents * and
half the Difference of the perpendicu¬
lar Depth and Distance in Descents;
all which are found with the greatest
Ease imaginable by the Examples of
the Use os the Instrument in Longtime-
try ,

Now having that Direction and
Force, together with the Force or Im¬
petus of his Piece with any given
Charge , which is found by the 6th . or
12th. Prop .foregoing Propositions, the
Engineer has nothing to do with Re¬
gard to hitting an Object , but to adjust
his Charge of Powder by Case 11. Page
88 . and direct his Piece according to
the given Elevation , which he may do

bv
t
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by the Method describ ’d in Page 79 . or
by Dr .//s//ey 'sMethod os fixing a Piece
os Looking -glass Plate parallel to the
Muzzle oftheMortar ,which is siippos’d
to be cut square to the Bore , and to
raise or depress the Elevation , till the
Object :appears reflected from the fame
Point of the Glass, where on a Lead
Plumber,hung from the Observers Eye,
falls,

I do not pretend to direct Engineers
in Things that are only practical , but,
as Care and Diligence are as necessary
as Knowledge in every Employment , I
hope they will excuse me for telling
them that , whether they are the Besieg¬
ers, or the Besieged, the Distances , Di¬
rections , and Requisites of Powder for
reaching any particular Object , orPafs,
which their General may think proper
to attack, , or defend , ought all to be
ready calculated beforehand , when the
N ature of the thing will allow of it.

SOME
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NewPro p kkties  p/ Fr o
•J E .C T.I L E .GtJ R V E S.

A 'i .\ *'

HsHE following ‘Properties are mt of•*- any material Fss 'ift' t he Arc of Ga*me-’
ry <4jttheir Femonstrations defen tonthe' foregoing Theorythought  it not a-
mifs to insert them here : Fort beside the *
Satisfaftion they way probably give the
curious Readers , -t here '-may perhaps be
some latent Fse in them which time and
their farther Consideration may discover.

The ^th .Froperty is hinted at by the lear«
ned Fr.  Halley who Jhews that the ut¬
most Limits of the Reach of every Fro - '

jeft , made by the fame Impetus , is in the
Curve of a Farabola . Sec. but he does not
there observe, that a Line drawn from the
Engine to any Foint in those Limits shall
pas 's through the Focus Foint of the respec*
five  h ' trabola whose utmost Limit that
Foint is . which leads to a very plain and
easy Method to snd the Fir eft ion necessary

Z to



( i.7° )
so hit anyObjcEt within the Reach of any gi¬
ven Impetus , whetherjthat ObjeH be below
or above the horizontal Level of the Piece.

. . O C

The reft of thefeProperties together with
those discovered  Æy'Theo . 13 and  14, and
Corollary 4th . to  Thero. i oth . I have never
seen or heard ofbefdre , nor ami any way
vain of the 'Discoveryi, tho' I insert them
here as new} for he is but asmall 'Proficient
in Mathematicks that could not discover
new Properties in Curves every I ) ay of
his Life 4, if he imp loy'd his Mind that
Way \ yet Jo extensive is Science, and so
limited human Capacity , that the simplest
Curve wou'd afford Imployment to the
greatest Genius that ever was , tho’ he were
to live a thousand Tears.

I.
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I

H E Points of Intersection of the Tan-
**- gent and Axis produc’d, of every Para*

bola that can be deicrib’d by the fame Impe¬tus in the fame vertical Plane , will be in the
Circumference of a Circle whose Radius is
the Impetus , and whose Center the highest:Point ,of that Impetus.

By Cor. i . Theo.y. the distance fT (Fig,9.) from the Focus to the Intersection of the
Tangent and Axis produc’d, is still equal tothe Impetus Gf  or Gi ? ; and since the End/"(jFig. 13.) of the Line ft  is still in the Cir¬cumference of a Circle , {Cor. 4 . Theo. 10.)

ft,  being still equal and parallel to it self,the End s must also be in the Circumference
of a Circle , of which it’s Evident Z mustbe the Center.

II
The principal Vertexes V. v .U. &c. (Fig;

13.) of every Parabola deicrib’d by the sameImpetus , Tc . is in the Periphery ot an Ellip¬
sis whole conjugate Diameter is the ImpetusA Z,  and whole transverse Diameter is dou¬
ble that Impetus.

By Cor. 7. Tbeo. 10. ’tis evident the prin¬
cipal Vertex v  of the Parabola AvMdc-Z x scrib’4
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scrib’d by an Elevation of 45Degrees is at the
greatest Distance possible from the Impetus
A Z,  that is/ v  equal and!parallel to A F , —
A Z\  and if the Direction ' was in the fame
Plane on the other Side,' or deprefs’d on this
Side 45 Degrees, the principal Vertex wou’d
be in v/ produc’d that Way as far distant
from the Impetus A Z on that Side as it is on
this ; consequently AZ is the long¬
est Axisof the Curve. Now becauseFv =s

•vT, ( Cor .%. Theo.y }&xi<\ VK =.Cu, {Cor.
9. Theo 10 .) the Line v)>, produc ’d when
the -Vertexes fall on the other Side, will still
bisect rheLine s'Vthat joyns the Vertexes
of any,two Parabolas made by Elevations
equally above and below 45 Degrees: Those
Vertexes are therefore in the Periphery of an
Ellipsis.

Or thus,
Ldt 'Af ^ AZ ~ x, and AC = /^

( n being tahen anywhere in the .right Line

/ v J then will Vx x yjy —fO. But because
fV ~ Cu\ and / r/ bisects iiV from above,

^-X theOrdiriate to the Point
x • -

n \ which Equation iftbip'ressiveofan Ellip*
sis ; for, in that Fignfb the Square of the
Transverse Diameter , is to the Square of the
Conjugate , as the Rectangle of any two Ab¬
scissa’s, to the Square of the Ordinate ; that.

is,
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is , by the Substitution and what was said a-
, x xy ybove , 4 x x : x .x : : x x -—jyy : —— —-

^ _̂ 4
which is evidently the Square of T-
the Valueof found before. GkE . T) .

' 111 .

if C {Fig.  2.8 ) is the Place of an Engine,
and CZ its Impetus, all the ParabM 's that
can be describ’d by that Impetus ; &e.  willhave the outward Extremities of their Para¬
meters , or that pointing to the Right -hand,
in the Periphery of an Ellipsis Z q M  C,
whose Area is equal to the Area of the Circle
Zf N. S,  described on the CenterC with the
Radius C Z.

Let ZM be the Diagonal of a Square de¬
scribed on the Diameter Z/JSl,  equal to twice
the Impetus, and let an indefinite Number
of right Linesgr . dn . Sq , &c. be luppos’d
to be drawn parallel to Z Box N M.  By Cor.
4 . to Theo.  id,  all the Parabola’s chateau be
describ’d as above , will have their Focus
Points in the Circumference of the Circle
ZfN S,  Ge. and by Theo.  7 . the Semi-para-
meters pr . mn .fq.  Ve . are still equal to the
correspondent Heights Za . Z K. ZC . &c,
or their Equals ab . Kl . Cf  Vc . that is a b=3

B r.
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]>r . K lr =.mn . Cf ~ fq.  e o—XV 3 Sec.
hence , by the Doctrine of Indivisibles, the
Triangles Zab. ZK / . ZC  f . &cc.  are still
equal to the corresponding mixtlin ’d Figures
Zpr.  Zrn n.Zfq .&cc.  and the whole mixt
lin’d Figure Zq VMNf  equal to the Tri¬
angle Z $ M,or  half the Square of the Circles
Diameter Now since the Line of Direction
still bisects the Angle between rhe Focus and
Zenith , (Theo.y.) iftheDirection is horizon¬
tal the Focus Point must be in theNadir at N.
But if the Direction be depressed below the
Horizon the Focus will be some where in the
Semi-circumference N S Z • But still the
Semi parameters in every Point of that Se¬
mi circumference w.ill be equal to what they
were in rhe other : That is at the Point / the
Semi-parameter is Xi = Z e~ XV,  and at S
it will he SC—ZC = fq,  also at d, db = ZK
z=mn, &c . hence the mixt lin’dFigure ZSN
MC  is equal to the other mixt lin’d Figure
Z qVMNfy  and each to rhe Triangle
ZNM.

From the same Equality of the Semi-pa-
rameters ^jy and/r , &c. taken at any Height
and their Equality to the right Line a b, &c.
it follows that the right Lines br — by . In
*= lh,fq —fC . OV —OX, &c , as also that
Lines , or double Ordinares , yr . hu . Cq.
&c . are still equal to the corresponding

Chords
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Chords dm . Sf. &c of the Circle.
From the first of these Equations it followsthat the Curve in which are all the outward
orRight -hand Extremities of the Parameters,Vc . is the Periphery of an Ellipsis, and bythe id . that Ellipsis is equal to a Circle whose
Radius is the Impetus of the Engine.

& E.  D.
Beside the Equations before mention’d, I

fee no End to what might be found in this
Figure, as that the Quadrantal SegmentZ f}  of the Circle is equal to the Elliptical
Segment ZCy, ( or q MV)  and that each
Part of those Segments cut off or lying be¬tween the fame Parallels yp . hm . Sec. are
still equal. Also if right Lines are drawnfrom Z to any two corresponding Points in
the Peripheries of the Circle and Ellipsis, asZp . Zr.  or Z *#-Z n. the Segments cut off by
thole right Lines will be equal ; and if rightLines were drawn from Z and Cto q and M ,
theParalielogram Z qMC  wou’d be the great¬
est that cou’d be inferib’d in the Ellipsis, andI equal to aSquare infcrib'din theCircle ; Each: of the Segments cut off by the Sides of thej Parallelogram wou'd be equal to the Qua¬
drantal Segment of theCircle . As also that the
Space Z B aris  epual to the Space fMNX,and/W X = CXN }Sec.
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' ■IVY "

If sight Lines are suppos’d to be drawn
from the Place of the Engine A (Fig.  13.)
through the Focus Points of every Parabola
that can be delcrib'd by the fame Impetus
AT,  and terminated by the Curve of each
respective Parabola; as at X ; thole Pointsof
Termination will all be in the Curve of a Pa¬

rabola, whole Focus is A,  Vertex Z ? and
principal Parameter four Times the Impetus
at . ■./ : :■. •■v ^

By Cor 4 ’ Tbeo. YO'. all rhc parabola’s -that
can Ire delcrib’d by the Impetus A  ZhaVe
their Focus Points in fc'hfc'Circumterence of

the Circle AT FN y8&c'.
Let A - x} /"being taken any where in

that Circumference, and fX —X F (Cor. z.
T'heo. 8 ) =jy ; then will AXrr x +7 ’ ^»d
Y X —x —y,  but ( by 47 . 1. El .) A X* —

Y X ^ = A  Y1 = X ‘j .; (per Figure ) that
is, in Symbols,4 .VJV= ; but ==XR
=jy, and 4 x == 4 A  Z, therefore 4 A Z x Z
— ' whence , and ' from Tbeo. j.  the
Point X  is in the Curve of a Parabola whose

Focus is A, Vertex Z , and principal Parame¬
ter four Times the ImpetusT^Z.

Ttf (fy j*
/ \  u,e

FINIS.
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