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PART IL

The DoCTRINE of Pro-

JECTILES apply'dto PRro-
BLEMS of PRACTICAL

GUNNERY.

AV IN G in the foregoing
~f Seétions explain’d and demon-

{trated the 7heory of Projetiles,
and the Laws of Motin and Gravita-
Zor, as far as was requifite to the
Knowledgeofit ;I now proceed to ap=
ply that Zheory to the Arz of Guunery
in all the moft ufeful Examples that I
think an Zugeneer can have Occafion
for, with refpect to the projetile Part,
Which is all that is defign’d here ; but
firfl, it will be convenient to thew how
to dire& a Piece of Ordnance accor-
ding to any Degree of Elevation or De-~
preflion, Let
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+ Let AB(Fiw. 18 Ibea Ruler of a2 _
bout five Footlong, and let each Qua-

. drantof the Semicircle 4D C, gD Cbe
divided into 9o°, and mark’d at each
ten; thus, 10, 20; 30, &%, counting
from D towards A, and 7, theSpring
B fgis made of Steel and fixt to the End
B; in order to keep the Ruler elofe to
the lower Side of the Cylinder, or Bore
of the Piece; that fo it maybe parallel
to the Axis of the Cylinder when it is
thraft intoit: Now it is plain, by the
Frg. that if the Piece'is elevared any
Number of Degrees from the horizon-
tal Line 0, theThread of the Plam-
met CK,, will cutthe Number of De-
grees on the Limb of the Quadrant;
tor the Angle CBO=KC D, becaufe
BCKis the Complement of each to a
Quadrant. And thus may a Mortar, of
any other Piece of Ordnance, be eleva-
ted or deprefs’d to any Degree, which
is calld laying them to pafs.

CHAZP
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OfPROJECTION.S made on
the PLANE of the HoRr1-
Z ON. ,

G 3BT

Piece whofe greateft Randon is

AM (Fig.13.)=8000, Quere

her Elevation to ftrike an Ob-

Je& at m, whofe Diftance from the

Pieceis Am= 5180;asalfotheHeight

CV, and Sublimity V K, of the Pro-
Je&ion.

P AM=Af= 4000, : Am=AC=
2640, then, Af: AC::R: 8, AfC=
41° 18', and 90°—3 AfC=69° 21,
the higher Elevation, alfo + A fC= 20"

M >

39
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39’ thelower Elevation, and, R: §, ¢
.ﬁf: - /ff:fC: 3095,—&_[9;.— CV

2
=3502.5 the Height, allo Af~F7C
=/ K= 497.5.the Sublimity; all which
is obvious from ‘the Figure and Schy-

b 3d,
C 728 _TT,

A Piece whofe greateft Randon is
AM (Fig. 13.) =8000, Quere her
Randon at 69°. 21/, =CAz, as alfo,
the Height and Sublimity of the Pro-

jeétion.

P ) ,Cﬁf::ﬁM: Amﬂjl_gc'..
the Diftance required ; (Cor. 6. Theo.
ro.) the reft are found, as perCafe 1.

B T

Thc‘gre_a_,téf’t Randon of a Piece be~
ing AM(Fig. 13 ) =8000,and Height

of




Pratical Guniiery. 83
of a Projection made atRandom C/'=
3502.5 given, to find the Sublimity,
Direction,and Amplitude.

sAM=A4f=CK, and ¢ K~
CV =V K = 497.5, the Sublimi-
ty,and C /' — V K =fC=3005;
(Cor. 4. Theorem ».) then AT ol
::R: 8, CAf=48° 42", and 2> i
=69°. 21'=C A7, the Dire&tion
fought ; alfo R: 8,2 |CA¢:: AM:
Am = 5180, the Amplitude.

CASE IV

Thegreateft Randon AM (Fig.13.)
= 8000, and Sublimity of a Projecti~
oh /'K = 497.5 given, to find the
Height CV, Elevation C 47, ahd Ami~
plitude A4 M.

sAM= A f,and Af-VK=CV=
3§02.5 the Height, and (by Cor: 4.
Theo, 7.) CV—=VK=fC=3005,and

M2z having
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havmg Af and fC, the reft are found,
as per afé

CASE V;

The AmPhtude Am (Fzg -
5180 and Elevation C Az equal 692,

21’ given, to find the Impetus A f;
Height C ¥ and Sublimity V K.

S,z[EZ: R::Am :AM.:gr.Ran,
= 8000, and % gr. Ran. = A f= 4000
the Impetus ; (Cor 6 & 7. Theo. Io)
then zCAz—-9o = CAf. per Fig.
and R : §,CAf:: AffC'_~3005,alf'o

(per Schol. 3 )—ﬁE—CV—g §02.§
- the Height, and Af C/V=VK=
497.5 the Sublimity of the Projection.

Ceod o F 0L

The Amplitude Am (Fig. 13.) =
5280, and Height C/'=3502.5 gi*

YCIly




Prattical Gunnery. 8%
ven, to find the Elevation C A%, Impe-
tus A f; and Sublimity V' K. -

tAm=1640=AC,and 2 CV=Ct;
(Cor. 2.Theo.9.) then AC:C¢:: R: T,
CAz=69° 21" the Direction fought,
and having the Amplitude A, and
Direction G A ¢, the reft are found, as
per Cafe 5.

CASE VI

The Amplitude Am (Fig. 13.) =
5280,andSublimity VK= Cu=497.5
the Height of the lower Projedtion
(Cor. 9. Theo. 10.) being given, to find
the DireGtion €' A7, Impetus Af; and
Height C'/.

tAm=AC,and 2 Cu=CY, (Cor. 2.
Theo. 9.) then AC:Ci:: R:T,C4i=
20° 39’, and 90°—C'47=69° 21'=
G4z the DireGtion fought, (Cor. 8.

‘Zheo. 10,) and having the Direction
and
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and Amplitude, the reft are found as
per Café 5.

Goid-§ F - VAL

‘The Elevation C'4#=69° 21’ (Frgs
13.) and Height C'/'= 3502.5 being
given, to find the Amplitude 4, and
Sublimity V' K.

2 CV =C't;(Cor. 2. Theo. §.)and S, C
Ar: 8,0t A::Ct: C A= 2640, and
2C A= Am= 5280 the Amplitude;
the reftare found as per Cafe 5.

CASE: 1N

The Elevation C'Ar (Fiy. 13.)=
69°. 21, and Sublimity V' K= 497.5
= C'z the Height of the lower Projec-
tion (Cor. 9. 7hes. 10.) being given, to
find Am, Afand C/, the Amplitude;
Impetus, and Height.

&

90
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90°—C Ar=20°39'=C Az, the
lower Elevation, (Cu7.8.7heo. 10.)and
20 =C1.(Cor.2.Theo. 9.) then §,CAz
28, C1A::Ci:CA=2640,and 2AC
=~ Am = 5280, the Amplitude fought,
alfo S, 2 ]/ﬁC:AC: :R: Af= 4009
the Impetus, and A~V K=Cl =
3502.5 the Height of the Projection,

CASE X

The Heigh’tCV= 3502.5,and Sub-
limity /7K = 497.5 given, to find the
Impetus A f, Elevation € A¢, and Am-
plitude Am. (Fig. 13.)

CV+VK=CK=Af, the Impetus
(Cor. 3. Theo. 10.) CV -V K= 3005
=fC, (Cor. 4. Theo. 7.) thenAf:fC 0
R:§ fAC=48° 42", and 90°+fAC

| 2
=69% 21'= C A¢ the Elevation, alfo
R:§:[CAz:: 2 Af: Am= 5280
the Amplitude fought, "

Note,
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- Note, ¥ nothing is required of the
fugeneer but to reach the Object, let
45°bethe conftantElevation, and the
abfolute Forces which are as the {quare
Roots of the Impetufes (Cor, 4. Zheo,
5.) areas the {quare Roots of the Di-
{tances ; (Cor. 7. Theo. 10.) but theab-.
folute Forces arc as their adequate
Caufes, the Gun-Powder, whence the
Charges requifite to carry equal Shot
different Diftances, are as the {quare
Roots of thofe Diftances.

E 5 1O XT.

The greateft Randon of a Cannon=
Royal being 8000 Paces, and her Re-
quifite of Powder for that Randon 28
Pounds, . Quere the Requifite of Pow-
der to carry her Shot 3600 ‘Paces.

_ B

v8000 : v3600 :: 28 : 185, the
Charge required. Npre, If all the
Powder exerted its Force in the Chace,
or Bore, of the Piece, this Proportion

2

wou'd
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wowd be Mathematically true; but
fome of it, efpecially in high Charges,
does not take Fire till out of the Mouth.
of the Piece, which will occafion fome
Variation, €. By Rardons made at
this Elevation much Gun-Powder may

-befavd, and the Ingeneer more certain,

of hitting the Objjeé’c than at any o=
ther ; for an Error of a Degree above,
or below 4 5°, will not produce a fenfi=
ble one in the Diftance, becaufe the
Sines within aDegree of 9o°, diffet ve-
ry little from the Radius, and thofe
Sines near the Elevation of 45°, are as
the Diftances.

G s XL

~ The Impetns of 2 Cannon Royal
being 12000 Feet, Querethe Celerity
of her Shot at parting from the Mouth
of the Picce, or at meeting with the
Obje& on the Plane of the Horizon,
for in both Cafes, the Celerity is equal

N to
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to what wow'd be acquird by falling
through the givenImpetus. (£beo. 10.)

8§ xv12000=876 the Celerity re-
quited, or the Feet the Ball moves
through ina Second of Time : this fol-
lows from 7heo. 5. and its' Corolaries,
and becaufea heavy Body falls through
16 Feet in-aSecond of Time. = For,
from thefe v16: 32 :: V13000 : 8§76
the Celerity, and becatfe 4, and 32
are the two firft Terms in the Ratio,
the {quare Root of any Impetus multi=
ply’d by 8, will give the Celerity.

Coud.oS F - XTI

TheImpetus ofaPiece being 12000
Feet, and the Weight of her Shot 63
Pounds, Quere the abfolute Force, or
Momentum of the Ball in known

Weight.

By the laft Cafe, § x v13000 = 379
= the Celerity, and (per Seholinm 2.
to the Laws of Motion) Bx C'x1.3 =

. M,
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M, that is, in Numbets, 63 x 876
X 1.3=71744= the Momentum or
abfolute Force in Pounds, which is a-
bout 3 2% Tuns Averduposs.  Note, be-
Caufe 8, and 1.3 are conftant Multi-
pliers, 8 x'1.3 =10.4 will be 2 conftant
Multiplief. ' :

CAS E - XIV.

A Piece whofe greateft Randon is
8000, and whofe abfolute Force is
71744 Pounds, Quere with what
Foree fhe will ftrike an Object whofe
Diftance is 5600, and whofe Surface
reclines, or leans direétly from the Pes-
pendicular 42°,

8000: 5600:: R: S, 44°. 26" dou-
ble the Elevarion, confequently the
Ball ftrikes the Plane of the Horizon
dtan Angle of 22°.13"; and the Sur-
face of the Object, which reclines from
the Perpendicular 42° at an Angle of
70°% 13" then (perThes.2.) R:8,70°

N 2 13
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13°¢: 71744 : 67512 the Forcc re-
quired.

CASE XN,

The greateft Randon of a Piece be-
ing 8000, Quere atwhat Diftance fhe
will ftrike an Objec with the greateft
Force poflible whofe Surface reclines

220,

Since the Surface reclines 429, it’s
plain, the DireGtion to ftrikeit at Right
Angles, which is the Direction of the
greateft Force, is 42°; then R ; 8, 2

42°::8000:7956, the Diftance re-
quired, Hence it’s eafy to obferve,
that if the Surface of an Obje& recline
45°, the greateft Force 1t can be ftruck
with is from the greateft Diftance, and
the contrary.

Nate, '1f the Ingencer has Field-
Room, and can vary his Pofitions and
Diftances as he pleafes, he may ftrike
_ : %
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an O&jeét, whole Surfaceisin a given
Pofition, at any Angle, and confe-
quently with any Force he pleafes, not
exceeding the greateft Force of his
Piece.

Gwd-§. F_XVI.
The greateft Randon of a Piecebe-

ing 8000, Quere at what Diftancethe
will ftrike an Obje&, whofe Surface re-
clines 42°, with a Force which fhall
be to the greateﬁ Force of the Pieceas

3to 4.

4:3:: RS, 48° 35'= the Angle
the Obje& muft be ftruck at, (7heo. 2.)
and fince its Surface reclines 42° from
the Perpendicular, its Complement
48°, taken from 48°. 35'leaves 35 for
the lower Elevation, and 48°. 35'— 42°
=6° 35’ the Complement of 83°. 25,
the higher Elevation, Then R : S,
1% 10":: 80001 163, the Diftance at

the
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the lower Elevation, and R : § ;%

igo‘;.—z_jﬂ' ::8000: 1822 the Diftance
at the higher Elevation.

G oS oS VIE

A Piece whofe gr. Ran. with 28
Pounds of Powder is 800, Quere her
Charge to ftrike an Object at Right-
Angles whofe Diftance is 1822, and
whofe Surface reclines 42°

It’s plain, the Dire¢tion which ftrikes
this Object at Rigth ngl(—.‘s muft be
an Elevation of 42°. Then S 20420 :
R::1822:1832 =the greateft Ran-
don for the Charge required, and

b i
¥Y8ooo:v1832::28: 3.3 theCharge
requir’d.
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C H Ao P, h
or Proje&ions made on A-

'fqending Planes; and to Per-
pendicular Heights,

e
o

CASE XVII.

HE greateft Randon of aPiece
on the Plane of the Horizon
being 8000, Quere her great-

eft Randon on a Plane whofe Afcentis
0% 35l

R+S§6° 30 : R::8000: 7186.4
the Randon required. (per Cor. 4. Theo.
X2.) Note, The moft exad and expe-
qitious Way to perform this and the
ike Operations is by the natural Sinc:‘ ;

for
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for R+ §,6°% 30'=11132032, 4nd
8000 x R =800000000000, thcd'
i 11132032)800000000000(7186.4 ;
| but if any one choofe to do it by Lsga-
rathms , he muft ftrike off 4 Figures
of the firft Termfor Decimals; and
I take 3 for the Log. of the Radius,
I then will all the Terms be had in the
0 common Tables.

A3 L Xk

The greateft Randon on a Plane
whofe Afcent is 6° 30’ being 7186.4,
Quere the greateft Randon on the
Plane of the Horizon,

{ R:R+S)6°,30'::7186.428000‘
i the Randon requier.

CASE XX

I The greateft Randon on a Plane
h whofe Afcentis 6°. 30" being 7186.4 3

‘ chrﬁ
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Qlffl‘e her greateft Randonon a Plane
whofe afcent is 10°. 20",

By Cor. 5. Theo. 13. R+ S, 10° 20!
t R+ S, 6°. 30' 11 7186:4: 6783 4 th@
Randon required.

oo R XX

The greateft Randon of a Piece on
the Plane of the Horizon being 8ooo,
Quere the greateft Height fhe can
reach on the Perpendicular Y K (Fig,
t1.) whofe horizontal Diftanceis £Y
= 7143.

By Cor 6. Theo. 2. + gr. Rardor =

i ;
— =X Y = 811 the Height
2 gr.Ran.
fought. Or by the Zogarithms thus,
from the double Log. of 4Y, take the
Logarithm of double the gr. Randorni
the Number anfwerin g the Remainder”
taken from : the gr. Ran. is the Height
required.

O CASE
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G -8 XX,

The greateft Randon on the Plane
of the Horizon being 8000, Quere the
Direction to ftrike the greateft Height
poflible on the Perpendicular Y X :
(f7z. 11.) whofe horizontal Diftance
s AY — 7142,

Find Y & that greateft Height by
the laft Cafe, then XY : AY:: R: 7,
HAXN=T,8%%31 =T, X A7, ndgcees
1 X AZ=48°15", the Dire&ion re=
quired.

CASE XXIILI.

A Piece whofe horizontal Randon

at the Elevation Y A/ = 64°. 02’ (fﬂf
2 S

19.) is Am =6060, Quere her Ran-

don at the fame Elevation onthe Plane

AX, whofe Afcentis Y A X'=6° 30"

CYAT-T.YAXT Al
62° 44, (Cor. x. Theo. 13.) whence
YAX
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YAX + An X = 69°. 14,, which
gives 4 X'm = 110° 46, but the Sine
of the Sum of any two acute Angles is
always equal to the Sine of the obtufe
Angle, therefore§;69° 14" : §, 62°,
44':: Am: AX =761 the Diftance

required.
GAS E XXIV.

A Piece whofe Randon at 64°.02'=
Yﬂ[, 1s.4X= 5761, onaPlanewhofe
Afcentis Y 4 X = 6°. 30", Quere her
Ran. on the Plane of the Horizon at
the {fame Flevation.

FNATERBAR ZT A KT,
62% 44, then S, Am X:§,A X m :;
AX: Am=6060. :

€A48 E XXV,

A Piece whofe Randon at 40°. on
the Plane of the Horizon is 40 (Fig.
O 2 19.)
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19.) =7 580, Quere her Ran. at 64°,
o2’ =Y A I, on a Plane whofe Afcent
%A X G

AV 14O° > Skl R o MRS
A= 6568, then, 7, X AT Y AX
=7, AmX=T, 62°. 44, 1aftly §, AXm;
S, AmX:; Am: AX= 5767, :

CASE XXVL

APiece whofe Randon at 64°. 02"=,
MAI (Fig.23.)is AX= 5761, on a
Planewhofe Alcent is M.A X = 6. 30,

Quere her Randon on the fame Planc
at21°.o9'=MAz
T,MAt—T, MAX =T AT
whence we have AXM, then §, AMX :
S, AXM:: AX: AM=606q, and
SZIM/’[ S,2|M4i:: AM.AW
= 5180, alfoTMAz-—TMAx««
T, Amx=17,15° 16'; laftly, §, Ax m:
S Amx:: Am; Ax—3678 theRan-

don uqml ed,
CASE
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CASE XXVIL

A Piece whofe Randon at #.Az=
21°, 09, on a Plancelevated m A x, or
MAX=6°30,is AX=3678, Quere
her Randon at M AT = 64°. B on A
Plane whofe Afcentis M A D =13°.

TomAt—T,mAx=T, Amx=T,15°.
16, whence wehave A x m, then §, 4
as S Avamanades Am = 5180,

and ) 2 I—mjf?z ! S,ﬂ'M‘ZI:-;- Awm:

AMZGO6O,31(O7?MA[*7-;MAD
=7, AM D, whence we have 4 D M,
as before, and 8 AD M : §, AMD ::
AM : AD= 5533 the Randon re-
quired.

CASE XXVIII,

A Piece whofe Randon at M A =
64°. 02’ (Fig. 19.) on the Plane of the
Horizon is 4 M=6859, Quere how
high fhe will ftrike an Objeét with the

| {ame
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fameDire&tion ona Perpendicular Y K,

whofe- horizontal Diftance is 4 Y —
6478.

Y;MA[.'R::ﬁM:L:ggz;o:
the Latus Re¢tum ; (Lems, 2.) then
AM—AY=381=YM, and .- AY
YM:YX= 739 (Lem. 1,) the

Height required.

G A B30

A Pieccat.d(Fig. 19.) elevated MAT
= 64° 02/, ftrikes an Obje& at X,

whofe perpendicular Height above the
Plane of the Horizon is Y X — 730,

and whofe horizontal Diftance is AY

=648 , Quere her Randon on the
Plane of the Horizon with the fame -
levation.

AY:YX::R: TN AN 7,6°.30%
and T, MAI-7,Y AX— 7,AMX,
=7,62° 44" whence YXM=27°16';
thenS, AMX .S, Y XM YX: Y M

",:_“'381q
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=38r.andAY+YM=AM=6859
the Randon required.

b oSl XX
A Piecewhofe horizontal Amplitude
at 64°.02' is AM (Fi.7.) =6859,
ftrikes an Objec with the fame Direc-
tion on the Top of the Perpendicular
Y G=739. Quere the horizontal Di-

ftance A Y, or A0 of that Perpendi-
cular,

R:T,64° 01" : AC (=AM} 20F,
(Cor. 2. Theo. 9.) whence CF = 35215
and /" —~ YG=VE=1783, and (per

 Theo. 6.)CV : CM1 : EV : EG1,

Whence EG=CY = 3048.5,and AC
+CY=6478, the greateft Diftance,
and AC'~CY=A40=381, the leaft
Diftance.

Gl S E X0

A Piece at. 4 (Fig. x9. ) elevated
 Al=64° 02" frikes an Objet at b3
whofe
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whofe Perpendicular Height above the
Plane of the Horizon is Y X =739,
and whofe horizontal Diftance is AY
= 6478, Quere her Direction to ftrike
an Object on the Plane of the Horizon
whofe Diftance 1s A M =>812.

AT NN R T, Yod X263
and T,m Al — TYA’X TYmX T,
62°. 44,whcncewchaveYXm—z7

16, then S5 Y m X : 8§, Y Xme: : YX
Ym=381,and AX+ Ym = Am;
laﬁlvﬂm AM :: §, zlmAI $563°

42', sof which 31° 51’ = the Directi-

on required.

CASE XXXIL

A Piece whofe gr. Ran. on thePlane
of the Horizon is §ooo, Quere her Di”
re¢tion and greateft horizontal Di
ftance AY (Fzg. 11.) from which that
Piece can ftrike an Object on the Top
of the Perpendicular Y X'= 2179,

g"

B s B . L
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- gr.Ran: =Y X=5821=4X,(Chr.
3- Theo. 12.)and AX:XY:: R: S,
YAX =21° 58, whence A XY =
68°. 02, and 9o®.—+ A X Y=y5e. 59i
=Y A1 theDiretion, (Cor, 2. Theo.
12.)then R:§,YXA:: AX: AY.
= 5398 the Diftance fought,

g5 E' XXXIII.

_ The Perpendicular Height of an
Obje&¢ X Y =2179; and hotizontal
Diftance 4Y = 5398 being given, to
find the leaft Impetus that poffibly can
reach that Object.

vAYLF X Y1 = 582t =AX, (47.

£l 1.y and Le e
2

theImpetus required. (Cor. 3. 7heo. 12.)

C.d 5 E XXXIV:

A Piece whofe Impetusis A f, (F.
19.) = 4000, Quere her Direétion to
- P {trike

=40060=AZ
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firike an Objeét whofe Diftance is AXS
= 5761 on a Plane whofe Afcent is
Y A’X= 6°. 30
R:SYAX:: AX:YX=652,and
(Cor. x1. Theo. 1 2.) AX: 2 Af - XY
AX+Aq

£: XY: Ag =831, then————* =
AP=3008 8ud .4[ AP :: R: 5
AfP=55°30", allo AfP—-Y AX=
Afd=fAZ, and 9go*— < fAZ=65°
30',=Y Althehigher, and 3 fAZ=
24°. 30" the lower Elevation, (4r. 3.
Scholinm 3.)

C.AY E XXXV

A Picce whofc Randon at 32°, 28/,
on a Plane whofe Afcent is Y 4X,
(Fig. 19.) = 6° 30", is AX = 6510,
Quere her Direétion to ftrike an Ob-
jectwhofehorizontal Diftanceis 6ooo-

| 7;310-18’"‘7;6".30&7',170.34’
=7, AmX, whence AXm= 145"
565
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56 then S, Am X : 8§, AXm:: AX
: Am = 78924 the horizontal Ampli-
tude at 32° 28/ laf]cly 7892 : 6ooo :;
S, 2 |_32°_. 1858 43%31, Y of Which
=21° 46" the Direction required, -

C Y E XXXVE

A Piece whofe Impetus is A4 f (Fig,
19.) = 4000, Quere her Direction to
ftrike an Obje& on the Top of a Per-
pendicular whofe Heightis Y X=652,
and whofe Diftance, in a ftraight Line,

- is A X=5761,

AX XY .o R S X 6%
30" = dfP, (Cor. 11. Theo. 12.) and
S d Y X .Y X:A9=831,

Af¥A
alfo —-Iﬂ——q---——-ﬂP, then Af AP::

Z
R:S, AfP, and AfP—dfP=Afd
<[ AZ; laly, 9o°.—if AZ =74
41°the Dire&ion fought. (Ar. 3. Stho-
linm 3y

P2 CASE
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CASE XXXVIL

A Piece whofe horizontal Ampli-
tude is 4 M (Fig. 19.)= 6859, ftrikes
an Object with the fame Dire&ion on
the Top of a Perpendicular whofe
Height is Y X = 739, and whofe Hori-
zontal Diftanceis 4Y = 6478, Quere
that Direction,

Am—AY =Y m=381, then, (Lem.
1 )YX:Ym::YA: L=3340, and
(Lem.2)L: Am::R : T;64° 02, the

Direction fought,

€ASE XXXVIL

A Piece whofe horizontal Ampli-
tude is AM, (Fig. 19.)=7892, fhrikes
an Obje& with the fame Direion,
whofe Diftance is AX =6520, on 2
Plane whofe Afcentis M AX =6°. 30
Quere that Direction,

since
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Since 6°. 30'is one Angle of the Tri-
angle AX M, 86°. 45'=half the Sum
of theother two, and AM+ AX: AM
= AX T8N T, 0% Tat=half
the Difference of the other two Angles,
whence 86°% 45"~ 59° 11/ =27° 34°
= A M X, and (per Theo. 13.)
T AMX+T,MAX =T, 3%, 18,
the Direction fought. " :

CASE XXXIX.

The Impetus Af (Fig. 19.)=13068
Feet, and the Height of the Obje&t
Y X=12117,together with the Weight
of the Shot = 63 Pounds given, to find
the abfolute Force at X, :

Af-YX=KX=10851=thelm-
petus at X (7heo. 10.) and 10.4 x 63
Xv10851=06381245 theForce required
mn Pounds, (Prop. 1 3.) ‘

CASE
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CASE XL

TheDireGtion Y Az (Fig. 21.)=64°
o2, and Angle Y 4 x=6°. 30, toge-
ther with the abfolute Force at the
Point ¥ =68245 given, to find the
Force wherewith the Plane 4w, or the
Surface of any Objet at x, of a given
Inclination, may be ftruck by that Di-
rection and Impetus,

Make dx parallel to 4 M, and (Zheo.
24.) 0, Y At — 2 T,Y Ax = T,dxs,
and dws+Axd=the Anglethe Plane
A x makeswith x7, the Tangent to the
Point x, then (Zheo. 2.) R : 8, Axi :;
68245 : 63178 the Forcerequired,

Note, If the Surface of an Objed at
¥, were in any given Pofition, by find-
ing dx7, the Angle that the Obje
wou'd be ftruck at is found, and confe-
quently, bythelaft Analogy, the Force
required. '

CASE
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AN XTL

The Impetus A f (Frg. 21.) = 4000,
and Height of an Object Yir=4o00,
whofe Surface feclines directly from

the Perpendicular 32°, Quere the Di-
rection and horizontal Diftance where-

at that Object may be ftruck with the
greateft Force poflible,

Af—xY = 2000 = fx the Impetus
at w, (Theo. 10.) then R: S, 2(32°::
2000 : dx=1798,and becanfe the Sur-
face of the Objeé reclines 32°, the An-
gle d x 2, which the Ordinate and
Tangent to the Pointx make, muft be
31_"2_ind (per Theo. 9.) fxd=90°—
2|d s, therefore R: =, 2 [32°:: 2000
1877 =df, anddC(=Y) — df=Cf=
1123, then Af:Cf::R: 8, fAC=16"
18, and 45°+ :fAC = §3°. 09’ the
Direction required : Laftly R : §, AfC
22 Af: AC=3839, and AC+ CY (=
d x)= AY = 5637 the Diftancefought.
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CHAZP I |
Of RANDoONS made onDe-
{cending Planes, &7

CASE XL

HE greatefthorizontal R andon

of a Piece being 8000 =2 Af,

(£7g. 12.) Quete her greateft

Randon on a Plane whofé Defcent is
YAX= 17,

R—~SYAX:R::2Af: AX =

10322 the Randon fought. (Cor. 8.

Theo. 12.)

(. 4 89E XN,

The gr. Ran. on a Plane whofe
Defcent is 13° being 4X = 10322,

(lgcre:
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Quiere her greateft Randon on the
Plane of the Horizon.

RiR-8,13°:: AX: 1 Af= 8000
the Randon fought.

CASE XLIV.

The greatelt Randon on a Plane
- whofe Defcent is 13° being 10322,
Quere the gr. Ran. on a Plane whofe
Defcent is 6° 30",

R—-8,6°.30": R, 53°: : 16322
: 9021 the Ran. {fought. (Cor. § and 8.
- Theo. 12.)

£ oA 8 E XS

The gr. Ran. on a Plane whofe De-
fcentis 13° being 10322, Querethe
gr. Ran. on a Plane whofe Afcentis
6°. 30'.

R+8,6° 30" R-§,13°::10322 :
71863 theRan. required. (Cor. 5 and 8.

Zheo. 12.)
Q. CASE
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ool 3o XENT,

A Piece whofe gr. Ran. on the Plane
of the Horizon is 8000, being planted
at A, (17g. 21.) whofe Height above
the Plane of the Horizon is AN =
2322, Quere her gr. Ran. VX from
that Height, and the DireGion toreach
it.

8000+ AN=AX =10322.(Cor.
7. Theo. 12.) and (by 47. El 1.)
vAX1—=AN1=NX = 10057} the
Randon fought, then 4 X : NX::
R:§, NAX=76° 58, and:NAX
= 38° 29" the Direction fought. (Cor.
2. Theo. 12.)

oA S E . XIENIE

A Piece whofe Randon on th-e Plane
of the Horizon at 64°. 02" = M A¢

(F1g. 21.)is A M= 6060, Quere her

Ran.
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Ran., with the fame Elevation on a
Plane whofe Defcent is M A X=13°.

T, MAt+ T, AXR=T,66%22'=
T,RXM, (Cor.x.Theo. x4.) K RX M
—~AXR=AXM = 53° 22, whence
AMX=113°38', and §, AX M:
SSAMX :: AM: AX =6919 the
Randon fought.

CcAS E XLVIIL

A Piece whofe Randon at 64° o2’
=M A¢, (Fig. 21.) on a Plane whofe
Defcentis M AX = 13°, being AX=
6919, Quere her Ran. on the Plancof
the Horizon at the fame Elevation.

T,MAt+ T, MAX=1T, 66°. 22
=7,RXM, (Cor. x. Theo. 14.) and
RXM-—AXR=AXM= 53°. 22/,
whence AMX=113° 38, then S,
AMX:8,AXM :: AX: AM=6060,
the Randon fought.

Bl CASE
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CASE XLIX,

A Piece whofe Randon on the Plane
of the Horizon at 40°. is 7 580, Quere
her Randon at 64°. 02, on a Plane

whofe Defcentis M AX (Fig.21.)=13°,

8,2 (40°:8,2164%02' :: 7580 : 6060
—AM (Cor. 6. Theo. Io)tthT 64°.
02 + T ralemad 66" 330
RXM, andRXM RXA=AXM
= §3% 22, whence A M Xwma2°. 288
and S A XM« S, AMX T AM;
A4 X = 6919 the Randon fought.

S o v

A Piece whofe Randon at 38°, 30
=M AI (Fig. 22.) on a Plane whofe
Defcent is M AD = 13° being 4D =
Trid Q:leu. hcr Rmdon on the fame
Plane at 10° 35"

T,MAL+T, MAD =T, 45° 445
whence the Angles at D and A are
5
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32° 44’ and 134° 16, (Cor. 1. Thes,
14.) then §,AMD : §;,ADM :;
1124849 =AM, thehorizontal Ran,
at 38°. 30, and (perCor. 6. Theo. 10.)

8, 2(38%30": §, 2.‘10°.3 LA NS
Am=315, the Randon at 10° 35/,
whence (per Cor. 1. Theo. 14.) the An-
gles at Jand m, are 9°. 31" and 157°

29", and 8, Adm: S, Amd:.: Am:Ad
=730 theRan. required.

CAYE 4L

A Piece whofe Ran. at 10° 35'0on a
Plane whofe Defcent is 13° = M Ad
(Fig. 22.)is Ad= 730,Quercher Ran,
at 41°. 45’ on a Plane whofc Defcent is
M Ax=6° 30

7,10°% 354+7;13°=7,22°.31 ,whence
the Angles atd and # are 9°, 31'and
157° 29", (Cor.1.7h.14.) thenS, Amd :

S, Adm:: Ad: Am =315, and (per

Cii_f'_.f. T heo. IO.) AW zlloo. 35' iy 2
|41q-45':;A’m:AM:8663thcho-
rizontal
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rizontal Randon at 41°. 45, then 7,
42045 T, 66! = B S T
whence the Angles at X and A7 are
38% 41" and 134° 49/, laftly §, 38°.
41" : 8,134° 49" :: 866 : 983 the
Randon fought.

C.A- 5 E. LI

A Piece whofe horizontal Ran. at
38° 30"is AM (Fig. 21.)=849,being
lanted at A with the fame Elevation
ﬁrikcs an Object at X whofe horizon-
tal Diftanceis V. X=1095, Quere 4 NV
the perpendicular Heighe of the Piece,

NX—~AM = 246 = R N, then
7,38% 30" : R :: AMsit667 =T,
(Lem.2)and L: NX::RN: N A~
2524 fere, the Height required.

Cooded- I TSHT.

A Pieceplantedat A (Fig. 21.) whofe
perpendicular Height above the Plane

of
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of the Horizon is AN = 2524, and

there elevated 38°. 30, ftrikes an Ob=

je& at X, whofe horizontal Diftance is
N X= 1095, Quere her Ran. onthe
Plane of the Horizon with the fame

Elevation.

VXTIV R L AX N =7 538
and 7, 13°+7, 38° 30'=7,45° 44’
=7, AR N, (Cor. 1. Theo. 14.) then S,
ARN:S§,RAN:: AN: RN=246,
and NX — RN = 849=AM, the
Randon required.

o T b

A Piece whofeRandon onthe Plane
of the Horizon at 38° 30" is AM=
894, (Fig. #1.) being planted at A4
whofe Height above the Plane of the
Horizon is A V=2 524, Querchow far
the will carry from that Height with
that Direétion.
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R T 385 30'::&15’M:CV==1‘77’,~
{Cor. 2.Theo.9.) and CV+AN =P =
429%, then (Lem. 2.) T, 38° 30" R
AM: L =1067, fere, and vL-xV P

=6877=P X, (Theo. 7.) laftly: A M

+ P X = N X= 1124 the Diftance re<
quired.

A48 L. 1LY

A Piece whofe Impetus is 4000, be-
ing planted at 4, (£7g.5.) whofe Heighe
above the Plane of the Horizon is AP
= 624, Quere how far the will carry
with a horizontal Direction from that

Height.

Thus 4 x 4000 = 16000=L, (Cor.
3. Theo. 7.) and v L x AP = 3160 =
P K the Diftance {ought.

CA-8 E  L¥L

A Piece whofe gr. Ran. on the Plane

of the Horizon is 000, being planted
' at
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at A, (Fzg. 16.) whofe Height above
the Plane of theHorizonis A/V =188,
and there deprefs’d below the Horizon
7°.30, Quere how far the will carry
from that Height with that Direétion.

+gr. Ran. = 4000 = Af the Impe- -
tus, and (7he0.8.) Rf=Af+ AN=
4188, alfo, (by Cor. 12. Theo. 12 ) fAN
= AfC=double the Depreflion, then
R:§,AfC:: Af - AC = 1036, and
e Sl A6 sadf - fG= 2864, allo
fC—AN=PfandvRf1—P fi=PR,
laftly PR — AC= R N=970;the Di-
ftance required.

EAaS o T LVIL

A Picceplanted at A (F7g. 16.) whofe
Height abovethePlane of the Horizon
15 A N=188, and there deprefs’d 7°.
30, lays her Shotat R, whofc horizon-
tal Diftance is R N=: 970}, Quere her
Randon on the Plane of the Horizon
atan Elevation of 38°. 30",

R RN-




122 Problems of
RN:AN::R: T,ARN=T, 10°
58, and (Cor. 1. Theo. 14.) T, AR N—
7,7° 30 =7,3% 33", whence 9 AN
=86°27, thenS, /QON: §, 9 AN::
AN: 9 N=3049; and 9 N—-R N=
Am = 10787 lallly §, 2[72 3075, 2
]38",30'::Amz7825‘theDi{’cancere—

quired.
C AS E LVIIL

A Picce whofe Impetus is Zf (Fzg.
20.)= 4000, Quere her Direction to
ftrike an Obje& whofe Diftance is AX
= 7450, on a Plane whofe Defcent is
A XY

RS AT X Y =G a
1ndAf+XY =X, (Cor. 2. Theo. 8 )
then/fX 2 A+ XY KXY XD =

}&“_X‘""_@"""AP-—'SZZAI-’

dlfo Af: AP RS, AfPeysar

an

1002, and

=X e e O O SRS VRS S A
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a0d A P+ Pf d=Afde= 60%x52,
laftly 90°— 1 Afd=59°54' =thehigh-
AfP—Pfd

2
lower Elevation. (Cor. 12. Theo. 12.)

Note,Ifthe higher Direction had been

reater than the Complement of the
Defcent of the Plane, the lower wow'd
have been a Depreffion, which is plain
from the Figure.

Lol L LIX.

A Piece whofe Randon at 63°,16/,
on a Plane whofe Defcent is A/ A X,
(Fig. 21.) =6° 30, is A X =7450,
Quere her Dire&tion to ftrike an Ob-
ject on thePlane of the Horizon whofe
Diftance is 6o00.

7,63°.16'+T;6°30'=7,64°3%,
Whence (Cor. 1. Theo. 14.) AX M=
64° 32'—6° 30'=58% 02", and AMX
=115%28";thenS, AMX : 8, AXM
R 2 F 0

er, and = 23826 =the




124 Problems of
0 AX: AM=7000,and 7000:6009
.18 2]63°.16 1 8, 43°% 32/, half of
which is 2 1°. 46' the Direction {ought,
(Cor. 6. Theo. 10.)

C A" ES1E
A Piece whofe Impetus is Af, (Fig,

20.)=4000, Quere her Direction to
{trike an Object at X, whofe horizon-
tal Diftanceis AY = 7402, and whofe
Depth below the horizontal Line i
Y X'=844.

AY: YX::R: T,YAX=1T, 6°
30, and 5, YA X Renansr X A
7450, then ( per Cor. 11. Theo. 12.)
AX 2 AFFXY 2 XY : X9=1002,and

), 3224, alfo A f:

z
AP RS AfP=153% 425 and AfP
"'F’Pf‘d:Afd, 13&1Y90°—-—' Afd:59o;

54’ the Direction required. .

cASE

R N e e AL
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sl S E XL

A Piece whofe horizontal Amplitude
is AM (Fig.21.)=7000, ftrikesan Ob-
je& with the {ame Dire&ion whofe Di-
ftance is 4 X =y 450,0onaPlanewhofe
Defcent is M AX=6° 30',Querethat
Dire&tion,

Since 6°. 30'is the Angle included,
86°. 45’ is half the Sum of the other
two, and AX+AM :AX—AM::
7.86° 45': T, 28°. 43', whence 86°.
45 —28°% 43'=58%02"=AX M, and
AXM+M AX=RXM=64° 32,
then (Cor. 1. Theo. 14.) T,RXM—T,
RXA=T, 63° 16" the Direction
fought, |

CASE ILXIL

A Piece planted at A(Fyg. 21.) whofe
Height above the Plane of the Hori-
Zon
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zonis AN=8 44, and elevated 2 0°, T4
ftrikes an Object at X whofe horizon-
tal Diftance is NX =7 401, Quere her
gr. Ran. on the Plane of the Horizon
from that Height.

NX:NA:'R: T,NX A=T, ¢
30, and 7; N XA+ 7, 20°. 14'=7,
25°. 46'=7, AR N;(Cor. 1. Theo. 14.)
then S, ARN: S, RAN:: AN:R N
=1748,and NX-R N=AM=5654,
alfo §, z]zo". 14 :R::AM: 871 =
the gr. Ran. (Cor. 6 and 7. Theo. 10.)
and gr. Ran. + AN=9556=AX(Fig.
12.)=the greateft Ran, on the Plane
AX, (Cor. 7. Th. 1 2.)and v AXT— A N1
= NX=9518;the Randon fought.

CcASE LXII

A Picce plantedat 4, (Fig. 21.) whofe
Height abovethe Plane of the Horizon
is A N=844, and there elevated 20% :
14’ ftrikes an Object at X whofe hori-
zontal
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zontal Diftance is V.X'=7402, Quere
her greateﬂ: Ran.ona Plane whofe De-
fcentis 1 3° =

NX:NA::R:T,NX A= 7"6"
3o,andTNXﬁ+Tzo 14 =7,
AR N;(Cor.x. Th. 14.) thenSARN
S, RAN:: AN:RN= 1748, and
NX-— RN—AM_5654, (perfkg)
and §,2|20% 14 : R:: AM :8712 =
gr. Ran. on the Plane of the Hotizon;
(Cor.6and 7. Th.10. )la&ly (Cor. 8. T/o
Iz)R S 338 SR 37 vile
the Randon required.

Cad S F LR

APiece planted at 4, (Fig. 21.)whofe
Height abovethe Plae of the Horizon
8 4/V-<844, and there elevated 20°
14’ ftrikes an Obje& at X, whofe Rt
zontal Diftance is VX = 7402, being
Planted on the Plane of the Honzon,
Quere how far the can ftrike an Ob-

ject
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jetontheTop of aPerpendicular YX
(Fig. 11.)=886.

NX NA: i RiENXAd=T6%
30, and 7, NXA+Tacs 1457,
AR N (Cor. 1.Theo. 14.)=T,25° 46';
then §, ARN:SSRAN:: AN:RN
—1784,and NX—RN=AM=5654,
alfo (per Cor. 6 and 7. 7 heo. 10.) . 3
l20°. 14" R::AM: 8712 = gr.Ran. &
gr.Ran.— Y. X=78 26(Fig.11.)=AX,
(€or.3.Th. 12.) laftly v A X1 — Y X1
=AY =7775.7 the Diftance required.

G SuiBin XY

A Picce whofe gr. Randon on the
Plane of the Horizon -is8000, Quere
her Direétion and Diftance, ona Plane
whofe Defcent is 6°. 30, to ftrike an
Object at X, (Fig. 21.) whofe Surface
reclines direétly from the Perpendicu-
lar 65° 41, with the greatelt Force
poffible.

Since

o A SAGE S S R S R L
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Since the Surface of the Object re-
elines 65°. 41', the Angle VX7, made
by theTangent to the Point X and the
horizontal Line VX, muftbe 65° 41°;
becaufe the Stroke muftbe perpendicu~
lar; then,NX7—-27,AXN =T
63°. 16', theElevation, (7heo. 14.)and
7,63°16 +T; AXN=7, NX M=
7, 64°. 32", whencethe Angles A X M
and 4 M X are §8°.02',and x15° 28';
then R: S, 2 l63°. 16’ :: gr.Ran. : AM
£ 6428 (Cor. 6. Theo. 10.) and §
AXM : 8§ AMX 2 : AM : AX=684x
the Diftance fought.

CASE LXVL

* TheImpetus of a Piece being Af =
Y K (Fig. 12.) = 4000,andthe Weight
of her Shot 63 Pounds, Quere the ab-
{olute Foree at the Point X, whofe Di-
ffance is 4 X =6841,0na Planewhofe
Defeent is YA X =6° 30, -

S It
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R:§YAX::AX: XY =774,
and XY +KY =4774= the Impetus
at the Point X (Cor. 3. Theo. 10.) in
Yards, which gives 14322 Feet, and
(perProb.13.)16.4'x 63 xvV14322=
78410.8 theabfolute Force in Pounds

rcquired.

CASE LXVI

The Abfolute Force at the Point X
(Fg. 21.) = 78410.8 and Direction
M At =630 16, together with the

Defcent of the Plane M A X = 6°. 3-0' |

being given, Quere the Force where-

with the Plane 4 X, or the Surface of

any Object of a given Inclination may
be ftruck at the Point X, by the fam¢
Direction and Impetus.

T,MAt +1T, MAX=T,;65° 41'#
Ty NXT (Theo. 14.)and NXT-M A X

=AXT = 59° 11'=the Angle th¢
Plane A X makes with X7, the Tas
gent

end Pl G heeed PO
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gent to the Point X ;then R: S, 59
11'::78410.8:67340.8 theForcere-
quired. ' ' &
Note, If the Surface of the Object
to be ftruck were in any other given
Pofition, by finding the Angle NX7,
~ the Angle that it wou’d be ftruck ac is
found, and by the laft Analogy the
Force required.

CASE LXVIIL
‘The greateft Impetus of a Piece be~

| ing4000,andthe Requifite of Powder,

for that Impetus, 27 Pounds, Quere
theleaftImpetusand Requifite of Pow-
der whereby that Piece can ftrike an
Objeé at X, (Fig. 20.) whofeDiftance
is 4 X= 900, on a Plane whofe De-
fcentis MAX=13"

AR:S’,YAX::&X: X‘Y:zoz, and
w—{tg =349 = t,he teaft hn}ﬁtllﬁ_

2
S 3 required;
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required; (Cor. 7. Theo. 12.)) then
b ib

vV 4000 : V349 27 : 8 nearly, the
(;h%rge requi,red. (Praé. I _1,) \

CAS8E LXIX

A Picce whofe Impetus with 27
Pounds of Powder is 4000,being plant-
ed at A4 (Fzg. 21.) whofe Height above
the Plane of theHorizonis AN = 202,
Quere her Direétion and leaft Charge
ot Powder that can reach an Objeét at
X, whofe horizontal Diftance is VX
=877,

AX:NX::R:T,NAX=T77°
half of which is 38°. 30° the Elevation
required, (Cor. 2. Th. 12.) and §,NAX

:R:: NX: AX=9op, alfo AX:@
= 349 the lealt Impetus ; (Cor. 7. Theo.
: ‘ BB

12.) then v 4000 :‘\/349 Y the
Charge required,

CASE




" Praftical Gunnery. igg
CASE LXX

A Piece whofe Impetus with 27
Pounds of Powder is 4000, Quere her
leaft Impetus and Requifite of Powder
to ftrike an Object at X, (Fig.19.)
whofe Diftance is 4 X =1600, on 2
Plane whofe Afcentis Y 4 X=6°. 30%

R:8§YAX :: AX: XY =182,
T AX+XY

: 3 = 891 =theleaft Im-
petus ; (Cor. 3. Theo. 1 2.) then /40003
' 8 b ¥as

¥v89r::27:12% the Qharge required,

CASE LXXL

A DPiece whofe Impetus with 27
Pounds of Powder is 4000, Quere her
Diredion and leaft Charge of Powder
¢hat can Ttrike an Obje&t at X, (#%2.
19.) whofe Height above the Plane lc;f

the
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the Horizon is Y X'= 182, and whofs
horizontal Diftance is /Y =1 59o.

AYX XX o R T XAX =T, 6%
30, and 45° +3Y.A X=48° 15" =the
Dire&ion ; (Cor. 2. Theo. 12.) then S,
YAX:R::YX: AX =1600, and
é—{i;ﬂ =891 =the leaft Impetus,
(Cor.3.7heo. 12.)alfov 4000 : v891::
ib i 1

27:12%the Charge required,

 SCHOLIUM IV,

Thefe Rules for finding the Dire&i-
onand adjufting the Requifites of Gun-
Powder to ftrike an Obje& with the
leaft Impetus poflible, are very ufeful
for {aving Ammunition, efpecially in
throwing of Bums, which are not fo
often defign’d to do Damage by their
projectile Force as by the breaking of
their Shells, fetting Houfes on Fire,
and the like ; but becaufe thefe Effeéts

arc
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are often prevented by not proporti-
oning the Fufe to the Time of the
Flight, it will be proper to give fome
Rules for computing thofe Times.
Now, (by Co7. 2. Theo. 7.) the Time of
the Flight of any Projection made ont
the Plane of theHorizon, is doublethe
"Time of the Fall of a heavy Body from
the Height of that ProjeGion ;and the
Times of the Falls from different
Heights, being (by Cor. 2. Theo. 5.) in
the ElbduplicateRatio of thofeHeightS,
and alfo the Fallin one Second of Time,
being, in round Numbers, 16 Feet, if
b = the Height of any Projection made
on the Plane of the Horizon, it will be

Vi6:1 ::Vh: i@—, equal the Time of

the Fall from the Height of the Projec-
tion, and :vAh=the Time of the Flight
of the Shot.

CASE
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CASE LXXIL
"The greateft Randon of a Piece be=
ing AM, (Fig. 13.) = 25600 Feet,
Quere the Time of the Flight of her
Shot. -

3 AM = 6400 = Fo the Height of
the Proje&ion; becaufe Fo=v7T =
3 AF, (Cor. 1 and 2. Theo. 9.) and ( per
Scholium 4.) 4 v64006 = 40" the Time
required in fecond Minutes, ;

Note, If the Time ofthe Flight at
any Elevation be ccunted by Vibrati
ons of a Pendulum of any convenient
Length, the Time of the Flight at any
other Elevationis had. (Zhev. 11.)

MO by 6 1

"The Time of the Flight of a Shot
made at 4§°, on the Plane of the Ho-
tizon being 40 Vibrations, Quere the
Time at 7°. 13"

|

S, 457
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§, 49814, 7%13 :240: 7 the Vi-
brations required.

G i XK1V

A Piece whofe Randon at 52°. 30'is
AM=4356,(Fig. 19.) the Time of
the Flightof her Shot being 2.4 Vibra-
tions, Quere the Time of its Flight to
X, whofe horizontal Diftance is 4Y =
3446.

Am: AY ::24: 19 the Time re-
quired.

(el b i, LGV

A Piece whofe horizontal Randon
at 52° 30'is Am (Fig. 16.)= 4356,
the Time of the Flight of her Shot be-
ing 24 Vibrations, being planted at A,
above the Plane of the Horizon, with
the fame Direction placeth her Shot at
9, whofe horizontal Diftance from

T the




138  Problems of

the Perpendicular AN is N9 =AM
= 5808, Quere the Time of the Flight

to

Am: AM:: 24: 32 the Time re-
quired. (Cor. 3. Thes. 6.)

G A8 B XXV

A Piece whofe horizontal Randon
atisae, 30'=mAL,is Am (Fzg 16.) =
4356, the Time of the Flight of her
Shot being 24 Vibrations ; the fame
Piece being planted at A4, (Fig. 5.) with
. a horizontal Dire¢tion A/, placeth her
Shot at K, below the horizontal Line,
whofe horizontal Diftanceis P K= AI
= 4198, Quere the Time of the Flight
from Ato 9,

90°.~m AL (Fig. 16.) =ALm=
37 30 -CHENE N7 3o it s A
AL=7156,and (per Cor. 4. Theo.6.)
AL(Fig.16.): Al(Fig.5.)::24: 14
the Time required.

CASE
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CASE LXXVIL

A Piece whofe horizontal Randon
at 7°. 13'is 1086, the Time of the
Flight of her Shot being 4 Vibrations;
the fame Piecebeing planted at A4, (Fzg.
16.) above the Plane of the Horizon,
and there deprefs’d 7°. 13" placeth her
Shot at R, whofe horizontal Diftance
from the Perpendicular is R/V= 814,
Quere the Time of the Flight of her

Shot from Ato R.

1086 : 814 :: 4 : 3 the Time re-
quired.

& 2 PAR L
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P°A K e - TEE

The Defeription and Ufe of a new Ma-

thematical Inflrument.

given the Demonfiration and Solns

tion, by Galculation, of allthe Cafes,
I think requifite in the Projectile Part of
Gunnery, 1 fballnow proceed 10 give the
Defeviption and Vfe of an Infirament,
which, by placing its Partsin certain Pos
fitions, will folve any Problem before mens
tionedby Infpection ondy 5 as alfo, with a
finall Addition, meafure the Height,or ‘Di-
[ftance of an Objeét on any Plane acceffible,
or inacceffible, together with the dfcents,
or Defeentsofthofe Planes.

Tho' Inftrumental Solutions are not [o
exalt as thofe dome by Caleulation, i
this Infltrument 15 accurately made, the
Eafe and Expedition of it will morethan
recompence a [inall Frattion of an Error,
efpecially tothe Prattical Ingeneer, who,
in the Heat of Aétion, may often bave Oc¢-
cafion for new Dirveltions, and feveralo-
ther Things whichhe bas not letfireto fiud
by Calculation.

Let

} {ﬂ VING in the foregoing 734;’;
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~ Let a Brafs Semiciscle (Fza. 26.) of
about ninelaches Radius, have its in<
rer Bdge, ot Limb, dividedinto 9o e-
qual Parts, beginning at N and count-
ing upwards 10, 20, 30, &.t0 90, at
Z, andeach of thofe Divifions fubdi-
vided into 6 equal Parts. Let the out-
er Limb be divided into Degrees and
th.Parts of a Degree, marking the De-
grees from the Middle of the Limb
both Ways 16, 20, 30, & to 9o at
Nand Z. Let alfo the middleSpace,
between the outer and inner Limbs, be
mark’d ﬁ-o'mzZ_ta iV, 10, 20, 30, 40,
&, to 180 At NV,

Let this Semicifcle be fixt to the
Middle of 2 Box Ruler BD, about 31
Foot long, an Inch and halfbroad, and
of 4 convenient Thicknefs. The in-
ner Half of theBreadth of thisRaler
muft be level with the Surface of the
Semicircle , but the outer Half muftbe
higher about # of an Inch. On the

outer
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outer Half there muft be fixt a thin
Brafs Scale of an equal Length and
Breadth with theBoxRuler,theBreadth
of which Scale istobe divided, byLines
drawn from End to End, into three e-

ual Parts, and the Lengthinto Inches,
halfInches, and 1oth. of anInch ;the
Inches aretobedrawn dire&ly crofs the
whole Breadth, and mark’d 1. 2. 3. 4.
&’c. both Ways to Band D ; the half
Inches are tobe drawn crofs the middle
and innermoft Third, and the roths.
only crofs the inner Third. Let there
beon oneEnd of thisScalean Inch, and-
on the other End half an Inch, each
divided very exadtly into ten equal
Parts Diagonal Ways, thatthe Tenths
and Cente{ms which mayhappenin the
Operations, on the Square and Indices
hereafter tobe defcrib’d, may be exa&-
ly meafur’d on them by aPair of Com-
pafles. The Reafon for raifing 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 makeroom for
the Indices A4 and A4, which are to
be fixt to the Center of the Semicircle,
andthere to openand fhut, as Occafion
requires, like the Legs of a Se&or.
Thofe Indicesaretobe about 2 6 Inches
long, 3 of an Trich broad, and about %
thick; their Breadthis to bedivided in-
to three equal Parts, and their Length
into Inches, half Inches and Tenths,
as the Brafs Scalebefore mention’d :the
Inches are to be mark’d from the Cen-
ter A, 1.2. 3. 4. &c.to band 4; and the
Tenths drawn crofs the inner Third.
Each of thofeIndices muft have a{fmall
Screw Nut with a Pin, or Bit of Wire
upon it, which Pin may, by the Screw
Nut, be fixt exadtly to any Divifion on
them in order to fufpend the Label, or
Ruler 7Y, which has a thin Piece of
Brafs with a fmall Hole in it, exaétly
fitting the forefaid Pin, and is to be
fixeal{o to any Divifion of the Ruler
as Occafion requires. Let this Label,
or
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or Ruler, be about two Foot long, and:
of the fame Breadth and Thicknefs
with the Indices A5 and A d, and divi-
ded after the fame Manner as they are,
only the Tenths are to. be drawn crofs
the inner Edge as well as crofs the in-
ner Third - of the Breadth, and the
Inchesareto bemark'd 5.2, 3. 4. &%.
from C't0 7; and Y, making C7 cigh-
teen In¢hes,and CY fix. [ Thelike Di-
vifions are to be made on the Side of
the Squdre KX, beginning at the in-
ner Edgcof the Brafs Ruler at &, mark-
ing the full Inches on the upper Side 1,
1. 344 £%; to 24, the Tenths are to
be drawn crofs the upper Third and
theupper Edge. Let this Inftrumentbe
fixt upon Feet with a Ball and Socket
like thofe of a common furveying In-
{trument,but ftronger in order to keep
it very firm; and let there be Sights
which may, as Occafion require, be
fixt on the Diameter, Indices and Ruler
7Y, of the fameKind with thofe of the
Surveying
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Surveying Inftrument before mention-
ed, which aretoo well known towant a
farther Defcription:

_ Note, the Ball and Socket muft not
be fixt exactly under the Center of the
- Semicircle ; but fome Diftance from it;

on the Crofs-Bar which goes from the

Center to the Middle of the Limb, as

well to fupport the Head of the Inftru-

ment more eafily; by being nearer its

Center of Gravity, ds to make room for

an Air-level made with a Glafs Tube

and Spirits of Wine, which muft be fixt
exactly under the Diameter, or Ruler

AB, fo that when the Semicircle is

turn’d verstically the Diameter may be

fixt in a horizontal Pofition.

~ Theé Inftrument being thus prepard
let there be a Chain of 100 Links mark=
ed with double Rings at each 16 Links,
in order to have the Fra&ions which
may happen in meafuring any Diftance
in Tenths and Centefms, agreeing witht

U the
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the Diagonal Scale before mentioned :
this Chain may be of any convenient
Length, but becaufe moft of the new
Englsfb Pieces of Ordnance have their
greateft horizontal Randons known,
orengraven ontheminPaces, orYards,
in my Oppinion, roo Foot will be a
convenient Length, for if every Chain
be teckord ten Integers if the gr. Ran.
of any Piece 1s 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 2 400 now two
Foot, or 24 Inches on the Index of
your Inftrument, being taken for this
2400, s3-of an Inch, which is very
diftinguifhable on the Diagonal Scale,
is 10 Foot on the Ground, or an Inte-

gCi’
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ger of the forefaid 2400. Thelnge-
nious Pra&titioner may find out {fome
ufeful Alterations in both the Length

and Divifion of the Parts of the Inftru-~
ment and Chain ; to fuch 1 leave the

farther Confideration of it ; and {hall
next Proceed to

AHCE

UsEk of the INSTRUMENT
inLONGIMETRY, OF med-
Juring HEIGHTS and D1s-

TANCES.

£ X, A M. Bakolisah
LE T it be required tofind the Di-

ftance from the Houfe at 4, to

the Caltle, (F7g, 24.) or to any
Part thereof as the Weathercock on
the Top of the Spire at C,

Having fet up your Inftrament at 4,
eurn it about till through the Sights on
U 2 the
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the Diameter you fpy a Mark fet up at
B, in any convenient Place of the Field
about you, and having fix’d the Diame-
terin that Pofition, turn the moving
Index till through the narrow Slit of a
fmall Sight fix’d upon the Center you
fee the Hair in the other Sight “cut
the Spire at C, then fixing the Indexin
that Pofition to the Limb of the Semi-
circle, meafure with your Chain in a
{traight Line from Ato B; and having
mark’d the Chains and Links of that
Diftance on the Diameter, and placd
the Ruler with the Sights on it exadly
to that Diftance by means of the fimall
Pin and Hole mention’d before, fet up
your Inftrument juft at the End of the
Diftance you meafur’d, (which, if you

pleafe, youmay take all in full Chains,

if the Ground will allow it, for youneed
not care whether you are fhort of the
Mark B, or over it, provided you keep
in the fame f{traight Line) and turn it
abouttill through theSights on theDi-
‘ r A ~ ameter
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ameter you fpy a Mark fet up at your
firft Station A, and having fix’ditin
that Pofition , turn the Ruler on the
Pin, which is fix’d at the former Di-
ftance on the Diamerer, till through
the Sights on it you fpy the Weather-
cock at C; then will the Part of the In-
dex ac, cut by the inner Edge of the
Ruler, give the Diftance 4C from the
Houfe to the Spire at €, which was to
befound ; and if there is Occafion the
Diftance from the Mark at B, to the
Spire will be found on the Ruler at the
Interfe&tion of the Index ;all which is
plain from the Similarity of the Tri-
angles A B C, and a, Pin, ¢, or that
form’d by the Diameter, Indexand Ru-

ler,and Cor. 1. 4. EL 6.

Note,1f the Diftance from 4, to two,
three, four, &’c. Objects, had been re-
quired, if when the Diameter was firft
fix’d in the Pofition #B, theIndexhad
been turn’d to each of thofe Objects

and
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and the Degrees cut by the Index on
i the Limb at the Dire&ion to each re-
| {pective Obje& noted down in a little
i Field Book., Thus,

D-egrees.. Diﬁances. Obje&ts.

| 34% Wind Miln.

i 10 | 3 (ol

251 Buft on the Wall.
40% Weathercock.

Then the Diftance 4B being mea-
furd, and the Inftrument fix’d at B, as
before directed, if the Index is placd
fucceflively to the Degrees noted down
in the Field Book, the Ruler directed |
| to each refpe&tive Object will cut upon. |
il the Index the Diftance of that Object
i from the Houfe at A, which may be fet
il down for farther Ufe, in the Diftance
3 Column of the Field Book ; and if there
is Occafion for the Diftance from B,
te




in Longimetry. 151
to each Obje&, or for the Diftances of
thofe from each other, they may be ea-~
{ily found; for when youdireét the Ru-
ler to any Objeét theIndex being at the
Degrees, or Angle b(ﬂonging to that
Object, will cut the Diftancefromit to
B, on the Rulet, and if one of the In-
dgices be fix'd to the Degrees belonging
to one Object, and the other Index to
thofebelonging to another Obje&, the
Diftance between the two Points on
thofe Indices which reprefent the Di-
{tances of the refpective Objects from
A, will give the Diftance of thofe Ob-
jects from each other, which may be
either taken in a Pair of Compaffes and
apply’d toa Scale, or found by apply-
ing the Beginning of the Divifions on
the Ruler to one of thofe Points, and
~ the other Point will cut the Diftance
beeween the Objects upon it ; but from
the Angles and firft Diftances found in
the Ficld, the reft may be found by the

In-




t52 The Ufe of the Inffrument
Inftrument at any Time or Place you
have Occafion for them: |

18

“Tetitbe required to find the Per<.
pendicular Height Y X (Fsg. 25.) of
the Top of the Wind-Miln above the
horizontal Line H 0, as al{o the hori-
zontal Diftance AY; of that Perpen-

dicular.

Find the Diftance 4 X, by the laft
Cafe, and having plac’d the Semicircle
verticallyinthe Plane #. XY, and with
its Diameter in the horizontal Line
H 0, (whichlaft may be done by a Line
and Plummet, or by the Air-level be-
fore mentioned) movethe Square along
the Diameter untilit cuts the firft found
Diftance on the Index, then will the
Index cur the Height required on the
Squiare, and the Square the Horizontal
Diftance on the Diameter,which was t0
be found. Notes
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Note,1fthereis any Occafion for the
Angle of Afcent Y A4.X; the Index cuts
it on the outer Limb ; andif the Height
of the Wind-Miln from the Foundati-
on is required, let the Semicircle con-
tinue in the fame Pofition, and move
the Index ritt through its Sights you{py
the Foundationat 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-~
fition relating to the Height of the
Wind-Miln wow’d require that the Di-
ftance from it to the Inftrument {thowd
be but {mall, that it may be plainly ex-
prefs’don theIndexin Feet, which will,
at leaft, require thatevery Chainof the
Diftance A4.X, bean Inch ontheIndex;
now, the Index being but 26 Inches
long, it’s plain the Diftance A.X ought

not to exceed 26 Chains, or 2600 Feet.

X ML,
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OFAOHs IR0 T ap :

i £6 tadglire the Depth §'H, of
the Ship (Fie. 2 5.) acthe Surface of the

Water below the horizontal Level of
the Inftrument at B. :

This Propofition is perform’d after
the fame Manner thelaft was, only that
it will be moft convenient to turn the
Limb of the ‘Semicircle downwards as
it appears in the Frgure at B,

Thefe three Examples contain al]

that the practical Ingencer has Occafi-
on toknow relating to the Menfuration
of Heights and Diftances, whether they
are acceflible, or inacceffible ; for in'ei-
ther Cafe there is nothing morcrequi-
red but thathe may fee the Object from
two convenienit Stations fufficiently di-
ftanc from cach other, on any Plane
whetherafcending, defcending, or ho-
rizontal.

e E
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THE
UsEof the INSTRUMEN T
inPRACTICAL GUNNERY.

"N what follows I will not trouble the
Reader with Quotations, or References
to formey Propofitions, becanfe the Thing
is [0 plain and eafy , and [o naturally fol-
lows from what is faid before, that none
who tolerably underftands that, can be at
alofs for the Reafons of this.

Andthe principal Propofitions a pracis-
¢alIngeneer bas Occafion for, being, from
any two of the Impetus, Diftance, and Di-
rection grven, bow to find the Third; 1
thaligive Examples in allthe poffible Cafes
of thefé, which will fufficiently [hew the
Eafe and Expedition of this Inftrument
and leadthe apt Pratitioner tothe Vfeof
it in other Propofitions when Occafion re-
Quires. _

Note, W henever the moving, or placing,
of the Square is mentioned, it is fupposd
¢o flide along the ‘Diameter, or Ruler, flitl
keeping K X at Right- Angles, or Perpen:
dicular to BD.

X 2 IR O
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ol ORI A

The greateft horizontal Randon of
a Piece being 2400, Quere her Direc-
tion to ftrike an Obje&t whofe horizon-
tal Diftanceis 1584.

Place the Diftance on the Square to
the gr. Ran. on the Index, and the lat-
ter will cut 69+ Degrees on the inner
Limb of the Semicircle, whichis the

- Direction required.

BPiho O R, T

A Piecewhofe gr.Ran. on thePlane
of the Horizon is 2400, Quere her
Randon at 69+ Degrees,

- Fix thelndex to the Dire&ion on the
inner Limb, and the greateft Randon
onitwill cut 1584, on the Square the
Randon fought. i

PROP.
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PROE I

A Piece whofe horizontal Randon

at 691 Degrees is 1584, Quere her
greateft horizontal Randon.

Fix the Index totheDire&ion on the
inner Limb, and the given Randon on
the Square will cut on the Index 2400
the gr. Ran. required.

Thefeare the principal Propofitions

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 laft
Pofition will cut 1803 on the Diame-
ter, one fourth the Sum'and Difference
of which, and the greateft Randon is
1051, and 149, the Height and Subli-

mity reqmred. .

PROP. IV

The Impetus of a Piece being 1200,

Quere her Direion to ftrike an Ob-
ject
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jeét whofc@iﬁang is1728,0naPlane
wholfe Afcerit is 65 Degrees.

"“Fix the lower Index 4d, (Fg. 16.)
to'the Afcent of the Plane on the outer
Limb of the Semicircle, therd movethe.
Square to the Diftance of the Obje&
uponit, and mark the Diftance 4K cug
on the Diameter by the Square; thed
having fufpended the Rulet at f; by
means of the fmall Pinand Hole before
deferibed, making Af and Y each
equal to the given Impetus, move the
Ruler fY, exactly along the given Di=
ftarice of the Objeét upon the Index at
X, until XY is equal to 4K then
will the Index 44, cut 65+ Degrees; on
the innet Limb of the Semicircle the
Direction required.

P RA-B NG
A Picce whofe Impetus is 1200,
Quere her Randon at 65+ Degrees, on

a Plane whofe Afcentis 6+ Degrees.
Fix
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Fix the lowerIndex to the Afcent of
the Plane on the onter Limb, and the
other to the Direction on the inner
Limb, making 4f, and fY, (Fig. 26.)
cach equal to the given Impetus,

Laﬂly, Move the Sc_l,uar"e and Raler
(keeping their Interfection exa&ly to
the inner Edge of the Index 4 4) until
AK, and XY are exactly equal, then
will 4 X'= 1728 theRandonrequired.

PROP VL

A Piece whofe Randon at 653 De-
greesis 1728, on a Plane whofe Afcent
1s 63 Degrees, Quere the Impetus of .
that Piece.

_ Fixthe lower Index as_per laft Cafe,
and the Ruler to the given Diftance at
X, by means of the Pin and Hole, ma-
king XY equal to 4K laftly turn the
. Ruler on the Center X, and the Index
A b, on the Center A4, until Afand fY

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

P RO P. VI

A Piece whofe greate{’c Randon on
the Plane of the Horizon 1s 2400,

uere her greateft Randon on a Plane
whofe Afcentis 65 Degrees.

Fix the lower Index tothe Elevation

of the Plane, and move the Square a-

long the Diameter until AK+AX be

‘equal the greateft Randon given, then -
will X be 2156 the gr. Ran. fought.

Or thus,

Place the Square to 1000, on the
Index, and itwill cut113 on the Dia-
meter,then place 10004113 0N theln-
dex to 1000 ontheSquare, and having
fx’d the Index, move the Square to
2 400, the given Randon on the Index,
and it will cut 2156 on theSquare the

gxcate{’c Randon fought. PROP.
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P ROP. VL.

A Piece whofe greateft horizontal
Randon is 2400, Quere the greateft
horizontal Diftance from: which. that
Piece can ftrike anObjeét on the Top
of a Perpendicular whofe Height is
400. € ' "

Place the Squareto 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 whichisthe horizontalDiftance
required.

DR G ®r -1

A Piece whofe gr. Ran. on the Plane

of the Horizon is 2400, Quere the
greateft Height which that Piece can
reach on a Perpendicular whofe horix

zontal Diftance is 168 5.

s SR Keep
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Keep the Edge of the Index to the
given horizontal Diftance ‘on the
Square, and move the Latter until the
Surh of the Numbers cut on the Dia-

meter and Index be equal to 2400 the
given gr. Ranu and thofe on the Dia-
meter will be 400 the Height required.

ST

. A DPiece ‘whofe ITmpetus is 1200,
Quere her Direction to ftrike an Ob-
je@ whofeDiftanceis2235, on aPlane
whofe Defcent is 63 Degrecs.

Fix the lower Index to the Defcent
of the Plane, and the Ruler to the gi-
ven Diftance upon it at X (#7g.27.)
making CX—AK on the Diameter ;
laftly, make 4f, and fC, each equal to
the given Impetus, and theIndex A4,
will cut on theinnerLimb y9# Degrees
the Diretion fought.

PROP.
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2sPURIGVR XK,

A Picce whofe ' Impetus is’ 1200,
uere her Randomat §9% Degrees, on
a Plane whofe Defcent is6 Degrees. :=

Fix the lower Index to the Defcent
of thePlane, and the upper Index to
the Direétion ontheirner Lintb of the
Semicircle, and having fufpend theRu-
ler atf; making Af;and fC, each equal
to the Impetus, move the Square and
Ruler, (keeping their Inter ection ex-
a&lyto thenner Edge of thelower In-
dex)until /K, and € X areequal, then
will 4 X be 2235 the Randon fought.

PROE XTI

A Piece whofe Randon at 594 De-
grees is 223 5,0na Plane whofe Defeent
is 6: Degrees, Quere the Impetus of
that Piece. -

b 7L Tix
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Fix the Indexes as per laft Ca/é, and

the Ruler tothe given Diftance on the
lower Index making € X equal to 4K,

on the Diameter; laftly, twrnthe Ru-
ler and upper Index until Af;and fC
are equal,’ and cach of them will be
1200 the Impetus required, .

SN p S

‘A Piece whofe Tmpetus-is r200;,
Quere her gr. Ran. on a Plane ‘whofe
Delcerit is 64 Degrees. £

. Fix the lower Index to the Defcent
of the Plane on the outer. Limb, and
the Square moy’d to 1000 ypon it will
cut’ 113, on the Diamieter, the place
1000—113 (= 887 ) on theSquare to
1000, ‘on'the Index, and having fix’d
the Latter, move the Square until the
Indesccuts 1200, the given Impetus up-
on it, then will the Square cut 1353,
on the Index double, which is2706
the gr. Ran. required.

PROP.
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P'R 0 P. XIV,

A Piece whofe greateft horizontal
Randon is 2400, being planted upon
an Eminence whole - perpeadicular
Heightabovéthe Plane of the Hosizon
is 306, Quere her gr. Ran. from that
Height,

Fix the Square: to the given Height
onthé Diameter, and 2706 (the Sum
of the given Height and gr. Ran.) on
the Index will cuton the Square 2636
the Randon reqaired. J

Note, 'The Sum of the given Num-
bers, and the Number fought are each
too great to have the firft two Figures
in Tenths of anInch onthe Inftrument
they may therefore be taken-in Tenths
of a half Inch ; or if the Halves of the
given Numbers are taken on Tnches as
Dbefore, half the Number fought will
be got on the Index. .

- PROP;
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PR O P. XV.

The horizontal Diftance and Height

ot Depth of an Object, cither aboveor
below the horizontal Level of the

Piece, being given to find the leaft Im-
petus that poflibly can reach that Ob-
ject. :

Fix the Square to the given Height
or Depth on the Diameter, and move
the Index to the horizontal Diftance
on theSquare; then will half the Sum of

* the given Height and Diftance cut on

the Indexin Afcents, and halfeheir Dif-
ference in Defcents, be the Impetus re-

quird,

S0 L0 L LU M,

Itis plainly demonftrated, by 7heo.
r2. that the Dire&ion to reach an Ob-

ject with the leaft Force Pofﬁble biﬁ%its
: P
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~ the Angle between the Object and Ze~
nith, and,by the2d. and 7th.Corollares
to that Theorem, that Force is fuch as
wowd carry the Shot on the Plane of
the Horizon, at an Elevation of 45
Degrees, a Diftance equal to half the
Sum of the perpendicular Height and
Diftance of the Objectin Afeents ; and
half the Difference of the perpendicu~
Jar Depth and Diftance in Defcents;
all which are found with the greateft
Eafe imaginable by the Examples of
the Ufe of the Inftrument in Longime~
¢y,
' yNow 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
1 2th. Prop.foregoing Propofitions, the
Engincer has nothing to do with Re-
gard to hitting an Obje&, butto adjuft
his Charge of Powder by Cafext. Page
88. and dire& his Piece according to
the given Elevation, which he may do

by
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by theMethod defcribyd in Page 79. or
by Dr.Halley'sMethod of fixing a Piece
of Looking-glafs Plate parallel to the
Muzzle oftheMortar,whichis fuppos’d
to-be cut {quare to theBore, and to
raife or deprefs the Elevation, till the
Object appearsreflected from the fame
Point of the Glafs, where on-a Lead
Plumbet,hung from the Obfervers Eye,

falls,

I do not pretend to direct Engineers
in Thingsthat are only practical, but,
as Care and Diligence are as neceflary
as Knowledgein every Employment, I
hopc they will excufe me for tellin
them that, whether they arethe Befieg-
ers, or the Befieged, the Diftances, Di-

- rections, and Requifites of Powder for

rcaching any particularObje&, orPafs,
which their General may think proper
to attack, or defend, ought all to be
ready calculated beforehand, when the
Nature of the thing will allow of it.

SOME
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T HE following: Properties e wot of
= Lany material ORI He) Art ofGunrie-
1y, Nt as therr Dewmonfirations depend on.
the foregoing Theory, "I vhonght 7¢mor 4-
WIS E0 1fert them hére » For S Befide the
Satisfaction they ‘wiy Probably g rve the
curions Readers, “there smay perbhaps be
Some “Latent Ofe in them which time and
their farther Confideration may difeover.

The 4th.Property is binted at by the loar-
ned Dr. Halley who fhews that the u-
mofi Limits of the Reach of cvery Pro=
JeCt, made by the fame Imperys, is in the
Curve of a Parabola, &c. but be doesnot
there obferve, thar a Line drawn from the
Engine to any Poins in thofe Limits fpall
Dafsthrough the Focus Point of the refpecs
tive ‘Parabola whofe utmoft Limit thar
Pont is, which leads 1o a very plainand
eafy Methodte findthe Diretion neceffary
Z zo
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to hit anyObject withinthe Reachofany [gi-
ven Impetus, whetherthat Objelt bebelow
or above the horizontal Levelofthe Piece.

Thereft of the e Properties together with
thofe difcovered by Theo. 13 and 14, and
Corollary 425,20 Theo. 102h. I have never
feen or beard of befores nor am L any way
vain of the Difcovery, tho’' I wmfert them
bere asnew, for be is but a finall ‘Proficient
in Mathematicks that could not difcover
new Properties in. Gurves every Day. of
his. Life, if be imploy’d bis Ie}iﬂ-d tbhat
Ways yet Jfo extenfive is Science, and fo
Jimited buman Capacity, that the fimpleft
Curve wow'd afford Imployment. to the
greateft Genius that ever was, tho be were
zo live a thoufand Tears. :
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'I" H E' Points of Interfe®ion of the Tan-
gentand Axis produc’d, of every Para-
bola that can be deictib’d by the fame Impe-
tus in the fame vertical Plane, will be in the
Circumference of 1a:Citcle whofe Radius is
the Impetus, and whofe Center. the higheft
Point_ of that Impetus, : '

By Cor.1. Theo. 9. the diftance £T (Fig.
9.) from the Focus ro the Interfe&ion of the
Tangent and Axis producd, is fill cqual to
the Impetus G £, or GR ; and fince the End f£
(£7g.13.) of the Line f# is fillin the Cir-
cumference of a Circle, (Cor. 4. Theo.10.)
f#4, being {ill equal and parallel vo it felf,
the Endz mult alfo bein the Circumference
of a Circle, of which it’s Evident £ muft
be the Center. :

1.

The principal Vertexcs V. v.%. &c. (Feg.
13.) of every Parabola defcrib’d by chefame
Impetus, &¢. isin the Periphery of an Ellip-
fis whole conjugare Diameter is the Impetus
A Z, and whofe tran{verfe Diameter is dou-
ble that Impetus.

By Cor.7. Theo. 10. *tis evident the ptin.
cipal Vertex v of the Parabola’ Zv M de-
Z 2 lcrib’d




vra - Some Propertios-of st
{crib’d by an Elevation of 45 Degrees isat the
orcateft Diftance poflible from the Impetus
A Z, thatis p v equal and parallel to A F, =
‘A7 and if the Piredionowas in thefame
Plane onthe other Side; or'deprels'd on this
Side 45 Degrees, the principal Vertex wou’d
bhe in'vp producd that Way: as far diftant
from the Impetus A4 Z oni that Sideas irison
this; confequently 2 pw'= 1 A Zisthe long-
ft Axisof the Curvei"Now becaufe Fo=
0.5 (Gor.2. Theo.9 Yand /W K = Cu,(Cor.
9. Theo 10.) the Line vy, produc’d when
the Vertexes fall. on the other Side, will ftill
bifect the Line #7# that joyns the Vertexes
of any two Parabola’s made by Elevations
equally above and below 45 Degrees. Thufe
Vertexes arc thereforein the Periphery of an
Ellipfis.. b 'L
R u, Or thus,' e
let Af=AZ=x, and AC=Pn =3,
(% being taken any where in the. right Line
p o) then will Y x %y y=/fC. But becaule
f¥ = Cujand p o biledts w} from, above,
e :-2’2:: V , the Oxdinate to the Point
#'s which Equation i§expreffive of an Ellip-
{is; for - in- that Figite"the Square of the
Tranfverfe Diameter, is to thé Square of the
Conjugate, asthe ReeGangle of any two Ab-
{ciffa’s, -to the Squarcof the Oxdinate ;that,
' ¢ § is,
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is, by theSubftitution and what was faid a-
Y0 ool XK =y
bove, 4 ¥ x : N 23 XL~y — i

which is evidently the Square of ‘/i“”___ﬂ

i evepiary £ o3 2
the Valug of # 7 found before, 9. £. D,
- L
1f € (Fig.28.)isthé Place ofian Engine,
and : ' Zits Imperus, 'all:the Parabol’s thar
can be deferib’d by that Imperas; 8¢, will
have  theoutward Extremities of their Para-
meters, orthat poinitingtothe Ripht-hand,
in the Periphery’ of ‘an Ellipfis 27y M €,
whofe Areais equal to the Areaofthe Circle
Z f N'§, defcribed: ontheCenter Cwith the
RadiwsC X/ —5 X =17 '

Let Z Mbe the Diagonal of 2 Square de-
{crib’d on the Diamerer Z N, cqual to twice
the Impetus, and let an indefinire Namber
of right Linesg 7. . 8'q, &c. be fuppos’d
to be drawn parallelto Z B or N M. By Cor.
4:to Theo. x5, all the Parabola’s that can be
defcrib’d as above. will have their Focus
Points in the Circumference of the Circle
Zf NS, ®c.andby Theo. 7. the Semi-para-
meters 2 7. m#. [g. ©c. are ftill equal o the
correfpondent Heights Za. Z K. Z €. ¢,
or their Equals ¢4, K /.G f. @c. thatis ¢ 6 —

fr.l
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pr- Kismn. Cf=fgieo=XV, &c.

hence, by the Do&rine of Indivifibles, the

Triangles Zab. ZK [. ZC f.&c. areftill

equalto the correfponding mixt lin’d Figures

Zpr.Zmn. Zfq.&c and the whole mixt

lind' Figure Z g 7 M N f equal to the Tri-

angle ZNM,or halfthe'Square of the Circles
Diameter Now fince the Line of Direction
{till bife&s the Angle between rhe Focus and
- Zenith, (Theo.9.)iftheDirection is horizon-
tal the Focns Point minft be in theNadir at V.

But if -the Direction be deprefled below the
Horizon the Focus will be fome where in the
Semi-circumference N §' Z : But flill the
Semi-parameters in every Point of that Se-
mi-circumference will be equal to what they:
werein the other : That isat the Point 7 the
Semi-parameter is X =7 ¢=X ¥ ,andat §
itwillbe SC=2C=fg,alfoatd,db-ZK
= m n, &c. hence the mixt lin’d Figure Z YN
MC is equal to the other mixt lin’d Figure
Z gV M N f, and cach to the Triangle
Z NM. : _

From thefame Equality of the Semi-pa-
rameters ¢ ¥ and pr, &c. taken at any Height
and theit Equality to theright Line 4 b, &c.
it follows that the right Lines 67 =64y. i#
w b, g e OF 203 && asallo that
Lines, ‘or- double Ordinates, y7. bu. Cg.
&c. are ftill equal to the correfponding

:  Chords
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Chords gp. dm. S£ &c of the Circle.
Fromthefirft of thele Equations it follows
that the Curve in which are all the ourward
orRight-hand Extremities ofthe Parameters,
@c.isthe Periphery of an Ellipfis, and by
the 2d. that Ellipfisis equaltoa Circle whofe
Radius is the Impetus of the Engine,

_ Befide the Equations before mention’d, I

fce no End to what might be found in this
Figure, as that the Quadrantal Segment
Z fp of theCircle is equal to the Elliptical
Segment Z Cy, (ot g M V) and that each
Part of thofe Segments cut off or lying be-
tween the fame Parallels 9. bm. &c. are
ftillequal. Alo if right Lines are drawn
from Zto any two correlponding Points in
the Peripheries of the Circle and Ellip{is, as
Zp.Zr.or Zm. Zu. the Segments cut off by
thofe right Lines will beequal ; and if right
Lines were drawn from Z and Cro ¢ and M,
theParalielogram Z .M Cwou’d be the great-
¢lt that cou’d be infcrib’d in the Ellipfis, and
cqual to aSquare infcrib'd in the Circle: Each
of the Segments cut off by the Sides of the
Parallelogram wou'd be ¢qual to the Qua-
drantalSegment oftheCircle. Asalfo thar the
Space Z B g riscpual to the Space fMNX,
adfMX=CXN, &c.

IV,
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¥ #ight Lines are fiippos’d to be'drawn
from the Place of the Enginé A (Fig. 131)
through the Focus Points’ot cvery Parabola
chat. can -be deferib’d by the: fame: Tmpetus
A7, andterminated by the Curve of each
refpeétive Parabola; “asat X ; thofe Pointsof
Termination will all bein the Curve of a Pa-
rabola, whole Focus is 4, Nertex: Z, apd
g;i;c@}}al Pgranllctcr,f.'tjf}’.i" Times the Impceus
By Gor 4 Theo Yo.all the parabola’s ‘that
can be defcrib’d by ehé Tmpetus A7 have
their Foens Points it the 'Ciréumtcrence-of
e Citcle 2 A FMEEe T e - 7 v
Let A f= x, f'being taken any wwhere in’
that Cireumference; and f X=X R'(Cor-2);

idal

Thed 8 =9 5 ‘then Will 4 X=w Ay, ‘And

Y X=& Sy bur (by 47, 1. EL) AX1
Y X‘f _T-—_—_-AY"? = QXQ;(‘PEI" Figﬂ?‘t’) that
is, in Symbols, 4x y = QXQ : but Qg. = ¥R

=y, and4x=4 A7 therefore's A Z “ 79

=0 X1, whence, and" from Theo.. the

Point X isin the Curye of a Parabola whofe"
Focusis 4, Vertex Z, and principal Parame-

ter four Times the Impetus ‘AZ.

e,
ZGEN R
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