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A Difeonrfe concerning the Meafure of the Airs re-
fifpance to Bodies moved in it. By the Learned
John Waliss 8. T. D. ¢ R. 8. Soc.

1. Hat the Air (and the like of any ocher Meds-
um-) doth coniiderably give reliitance to Bo-
dies moved in it, ( and doth thereby avate their Celerity
and Force ;) is generally admitred.  And Lxperience dotly
atteft it - For otherwife, a Canpon Buller proje&ted Hori-
zontally, thould ( {fuppofing the Celerity and Force undi-
mintfhed ) ftrike as hard againft a perpendicular Wall, -
reted at a great diftance, . as near at hand » which we fiid
it doth not.

2. But at what Rate, or in what Proportion, fuch re-
fiftance is ; and ( confequently, at what Rate the Celeri-
ty and Force is continually diminifhed ) {eems not to have
been fo well examined. 'Whence it is, that the Motion
of a Proje&t ( {ecluding this Confidération) is commonly
reputed to defcribe a Parabolick Line ; as arifing from an
Uniform or equal Celerity in the Line of Projection, and
a Celerity unifgimily accelerated in the Line -of Delcent:
which two {o compounded, docreate a Parabola.

3. In order to the computation hereof ; I firft premife
this Lemma, (as the moft rational that dothoccur for my
firft footing, ) That ( {uppofing other things equal ) the
refiftance is proportional to the Celerity. Forin a double
Celerity, there is to be removed (in the fame time) twice
as much Air, (whichisadoubleImpediment) in a treble,
thrice as much ; and {0 in other Proportions.

4. Suppofe we then the Force impreifed (and con-
fequently the elerity, if there were no - refiftance ) as 1;
the refiftance as ». (which muft be lefs than the Force, or
elle the Force would not prevail over the Impediment ; to
createa Motion.) And therefore the effeCtive Force at a
firft Moment,is to be reputed as 1—7 : That is, fa much as
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the Force imprefled, is more than the Impediment or Re-
fitance. . )
5. Be it as t—rto 1 ; fo 1 tom. ( which m is there-

fore greater than1.)
6. And therefore the effetive Force (and confequent-

ly the Celerity ) astoa firft Moment, is to be 7 of what
it would be, had there been no refiftance.

7. This mis alfo the remaining Force after fuch firft
Moment ; and this remaining Force is ( for the fame Rea-
fon ) tobe proportionally abated as to a fecond Moment :

that is we are to take m thereof,that is 7 m of the imprefled
Force. And for a third Moment (at equal diftance of

time) mmm ; for a fourth w* ; and fo onward infinitely.
8. Becaufe the length difpatched (in equal times) is
proportional to the Celerities ; the Lines of Motion ( an-

{wering to thofe equal Times are to be as m, m*, m*,m*,
&c. of what they would have been, in the fame Times,
had there been no refiftance.

9. This therefore is a Geometrical Progreffion; and
( becaufe of » greater than 1) continually decreafing.

1o, This decreafing Progreffion infinitely continued
( determinin% in the fame point of Reft, where the Mo-
tion is fuppofed to expire) is yet ofa Finite Magnitude ;

and equal to m—1 of what it would have been info much
Time, if there had been no refiftance, As is demonftra-
ted in my Algebra, Chap. 95. Prop. 8. For (as Thaveelfe-
where demonfirated) the Sum or Aggregate of a Geome-

wrical Progreffion is 1
term, A the leaft, and R the common multiplyer.)
‘That is g—_g - R—J—% Now in the prefent Cafe, ( fuppo-
fing the Progreflion infinitely continued) the leaft term 4,

be.

( {uppofing 7 the greateft
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becomes infinitely finall, or =o. And conféqucntlyﬁ—l

doth alfo vanifh, and tnereby the Aggregate becomes

VR .
_R:-i. That is

(as will appear by dividing R—1)VR( 7+ v v &

R—1 ) a2 R’ RR
V Rby R—13;) V+VRR+ VR—V
vV .,V
RRTRT & == 5 Vo
( fuppofing the Progreflion +V--—R
tobeginat ' =—=1.) Thatis —_—
( dividing all by R, that (o \'4
the Progreflion may begin +IT
t_Z—-I-\'V ——-_I_,i v vV V
* R~%w/R—1 RTRR +RRR
+I-’{-,+é‘c. That is, in our + __Y_
prefent Cafe ¢ becaufe of R&R'
‘..

V=1,%R=m:) :)1+f;m+ 1;3

&c.=m—1. That is,( putting # =m — 1) » of what it
would have been if there had been no refiftance.

17, This infinite Progreffion is fitly expreffed by an or-
dinate in the exterior Hyperbola, parallel to one of the A-
fymptotes ; and the feveral Member of that, by the feve-
ral Members of this, cut in continual Proportion. As is
there demontftrated at Prop. x5. For let § H, (vid. Fig. TI1.)
be an Hyperbola between the Afymptotes 4 B, AF: And
let the ordinate D H ( in the exteriour Hyperbola, paral-
lel to 4 F,) reprefent the impreffed force undiminifhed; or
the Line to be defcribed in fuch time, by a Celerity anfwe-
rable to fuch undiminifthed force, And let BS ¢ a like

ordinate) be 7 thereof ; which therefore, being lefs gu;r}
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D H (as being equaltoa Partof it) will be further than it
from AF, InAB (whichIput==1) let Bdbefucha
Part thereof, asis BS of D H. - Now becaufe (as is well
known) - all the infcribed Parellelograms, in the exteriour
Hyperbola, 48, 4 H, &c. are equal ; and therefore their

fides reciprocal : Thereforeas 4d=1t—m ( fuppofing
B d to be taken, from Btoward 4, ) to 4 B=1, ( or as
m—1tom: ) {0isBS

Y - 1 1 I .
=m D H, tod h, which ” —V +‘,;,;+ ;;‘*I‘&‘l
is therefore equal to .
mirofDH-;thatis (as m
will appear by dividing L '3
1,bym —1,)tom - mm 7:’

1 X
- e, of D H. A

Orif Bdbe taken be- 27
yond B; then as 4 d = + x

a " e
1+ m, todB=1,0ras r L
m-+1tom, {0 is m DH +;z7n"'mmm
todh, which is therefore 1
&ec. -+
7 m e

equal to m+4 1 D Hj that

is( as will appear by like dividingof 1 by % -1 ;)=to
: : s —d. of DAH.

” m me m

12+ Let {uch ordinate 44, or ( equal to it in the Afymp-
tote)A F, be fo dividedin L, M, N &c. ¢ by perpendiculars
cucting the ‘Hyperbola in /, m, #,&c. ) as that FL, L M

- ¥ ; A -“ i .!- - .
M.N beas s, mmym’ &c. That is, {o continually de-
creafing, as that cach antecedent be to its confequent, as

2 —

1tom, oras mto 1, .See Fig. IV
¥ Tids is done by taking 4 F,AL,A N, &c. in {uch
proportic. Feo, of cemianal propornionals the  diffes
renes aco allo cuntinually proporiioal, and mothe fae
pro-
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propartion, For et 4,B,C,D, &c.be fuch proportionals;
and their differences 4, b,¢, &c, Thatis 4 —~B=4, B—
C=0,C —D=¢,&c.
‘Then, becaufe A,B, C,;D, &c. are in continual proport:

That is A.B:B.C:C.D : &c.
Anddividing A—B.B:B—-C.C: C—-D.D:&c.
That is a.Bub. Cud D &e.

Andalternly 4. b.c. &c.:: B. C. D. &c. it A.B. C. &c.
That is, in continual proportion as A to B, oras# to 1.

14. This being douic; the Hyperbolick {paces F/, L m,
M n; &c. are equal.  As is demonftrated by Gregory San-
Vincent 5 and as fuch is commonly admitted.

15. So taat F/, L m, Man, &c.may fitly reprefent e-
qual times, in which are difpatched unequal lengths, re-
prefented by FL, L M, MN, &e.

16. And becaufe they are in number infinite ¢ though
equal to a finite Magnitude ) the duration is infinite : And
confequenlty the imprefled force, andmotion thence ari-
fing, never to be wholly extinguifhed ¢ without {ome fur-
ther impediment ) but perpetually approaching to 4, in
the nature of Afymptotes.

17. The {paces F{, F m, Fa, &c. are therefore as Lo-
garithms ( in Arithmetical progreflion increafing ) an-
fwering to the lines 4 F, AL, AM, &c.; or to FL,LM,
M N, &c. in Geometrical progreflion decreafing,

18. Becaufe FL, L M, M N, &c. are as m, mm, m’ &c
( infinitely ) terminated at 4 ; therefore ( by § 10 ) their
Aggregate F4 or dh, is to DH, ({o much length as
would have been difpatched,. in the fame time, by fuch

imprefled force undiminifhed )as 1 tom—1=2.
19. If therefore we take, as 1to », 0.4 Fto DH; this

will reprefént the length to be difpatched,in the fame time,
by fuch undiminifhed force.
20. And if fuch D Hbe fuppofed to be divided into e-
qual parts innumerable ( and therefore infinitely {mall; )
“thefe anfwer to thofé ( as many ) parts unequalin F 4,
orhd. 21
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21; But, what is the proportion of » to 1, or ( which
depends on it ) of 1 —rto I, or 1 tom; remains to be

inquired by experiment.
22, Ifthe progreffion be not infinitely continued ; but
end ( fuppofe ) at IV, and its leaft termbe 4 = M N : then,

/4 X 1 1 . ' _
out ofR — = +;;2-';+m3, &ec. isto be fubdutted

Rf L (asat 9 10) that is ( as by divifion will appear)

‘g- + 1_{4’ o+ 1—-{4; &c. That is( in our prefent cafc ) -’—:- +

a a ) : I1—a, I—a
T o &c And fo the Aggregate will be -—- e

=2 e =174
S »

And thus as to the line of Projetion, in which ( feclud-
ing the refiftance ) the motion is reputed uniform ; dif-
patching equal lengths in equaltimes. Confider we next
the line of Defcent.

23, In the Defcent of Heavy Bodies, it is fuppofed,
that to each moment of time, there is fuperadded a new
Impulfe of Gravity to what was before: And each of
thefe, fecluding the confideration of the Airs refiftance, to
proceed equally ¢ from their feveral beginnings ) through
the fucceeding moments. As (inthe cre%t lines) ‘
1111&c 111&e, 11 &c 1&c and {0 con-
tinually as in the line of of Projection.

24. Henee arifcth (inthe cran{verfé lines )
for the firft moment , for the fecond 141,
for the third t 4141, and fo forth, in A~  &e.
rithmetical prozreflion : As are the Ordinates
tna Triangle, at equal diitance.

25. Auad fuch are the-continual incr:ments of the Di-
ameter, or of the ordinazes in the exterior Parahola, an-

fvering ro the mterior Urdinates, or $egments ot tiie Lane
gent
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sent, equally increafling,  As is known, and commonly
admitted.

26. If we take-in the confideration of the Airs refiftence ;
we are then for each of thefe equal progreflions, to {ub-
ftitute a decreafing progreflion Geometrical ; in like man-
ner ( and for the {fame reafons ) as in the line of Projec-
t10n.

27. Hence arifeth, for the firt mo- =

x £ L 7z
ment 7; for the fecond »+m*;forthe .
I | 1 LY . m m
third m+-m*+m’ &c. And fuch is . 2 =
therefore the Defcent of a heavy Body 7= 7 7
falling by its own weight. The feve- s+ 3 52

ral 1inpulﬂas of Gravity being fuppofed
equal.
qu. That is(in the figure of € 12 Jas FL, FM, F N,
&ec, in the line of Deftent, anfwering to FL, L M, M N,
&ec. in the line of Projettion. _
29. But though the Progreflions for the line of Projec-
tion, are like to each of thofe many in the line of Defcent :

it is not to be thence inferred, that therefore  in theone,
is equal to m in the other: But in the line of Projection

( {fuppofe )-:—7—‘ £ ( fuch a part of the force imprefled, and

a celerity an{werable: ) in the line of Deﬁ:rent,j”-z g (fuch

a part of the Impulfe of Gravity. )

5. Thoft for the line of Defcent ( of the fame Body )
are all equal, each to other: Becaufe g (the new Impulfe
of Gravity’) in each momentis fuppoled to be the fame.

;. Bui what is the proportion of £ to g( that of the
force imprefled, to the Impulfe of Gravity in each Body )
remains to be enquired by Experiment.

32. This proportion being found as to one known

force ; the fame is thence known asto any other force
Mm { who's
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( who’s proportion to this is given ) in the fame uniform
Medizm.

33. And this being known as to one Medium ; the fame
is thence knownas to any other Medium, the proportion
of who's refiftance to that of this 1s known.

34. Ifa heavy body be projetted downward in a pendi-

A L £
cular line ; it defcends therefore at the rate m, mm, m’, &c.
of £ (the imprefled force) increafed by m, m 4>, m +

m* 4 m* &c. ofg the impulle of Gravity : (by q 7. &
€ 27.) Becaufe both forces are here united.

35. If in a perpendicular projection upwards ; it af-
cends in the rate of the former, abated by that of the late
ter. Becaufe here the impulfe of Gravity is contrary to
the force imprefled.

56. When therefore this latter ( continually increafing )
becomes equal to that former ( continually decreafing )
it then cealetin to afcend; and doth thenceforth defcend
at the rate wherein the latter continually exceeds the for-
mer.

37. Inan Horizontal or Oblique proje&ticn: If to a
Tangent who’s increments are as £L, LM, MN, &c;

. I . .
that is as - f> &c.be fitted Ordinates (at a given an-
gle) who’s increments are as FL, FAM, FN, &c. that is
. X .
as —g, &c: The Curve anfwering to the compound of

thefc Motions, is that wherein the Proje& is is to move.
38. This Curve ( being hitherto without a name )
may be called Linea Projectoram ; the line of Projeéts, or
tgixlgs. projected ; which refembles a Parabola deform-
ed.
32. The Celerity and Tendency, as to each point of this
line, is determined by a Tangent at that Point.
2. And that againft which it makes the greateft ftroke
or
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or pereuflion, is that which ( at that point ) is at right an-
gles to that Tangent.

41. If the Projection (at 9§ 27.) be not infinitely con-
tinued, but terminate ({uppofe ) at NV, {o that the laft
termin the firft Column or Series ere& be #; and confe-
quently in the fecond, 7z 2; in the third, # m 2, &c. (each
Series having one term fewer than that before 1t :)then(for
the fame reafons as at 9 22.) the Aggregates of the feve-
4 1—ma

2 P J

ral Columns (or eret Series,) will be ] ;

LM, and {o forth, till ¢ the multiple of 2 becoming
=1 ) the progreflion expire.

42, Now all the abatements here, 4, ma, mma, &c.
are the fame with the terms of the firt Column taken
backward. For 41is the laft, » 4 the next before it ; and
{o of the reft.

43. And the Aggregate of all the Numerators is {o
many times 1 as is the number of terms ( fuppofe #,) want-

ing the firft Column ; that is# — 172 or ni=1ta &

) b
»
this againdivided by the common denominator #, becomes
nt—1Y-a nt—1-ra . .
—————};—;- And therefore pn + & is the line of

defcent by its own Gravity. .
44. If therefore thisbe added toa projecting force down-
ward in a perpendicular ; or fubduéted from fuch project-

[—g

" f: The De-
feent in the firft cafe will be— ; 2 f—l—m'; L+4g ; and

ing force upward ; that is, to or from

—4

the Afcent in the other cafe I—;—- f-" —”; t4 g And

in this latter cafe, when the ablative part becomes equal
tothe pofitive part, the Afcent is at the higheft: and
Mm thence-
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thenceforth ¢ the ablative part exceeding the pofitive ) it
“will defcend. ' o .

45. In an Horizontal or Oblique projetion; having

£ £ in the line of ProjeCtion, and thence ( at the

I
taken
¥/

Angle given ) m—;;_‘—ﬂ ¢ in the line of Defcent; the
point in the Curve anfwering to thefe, is the place of the
Projelt anfwering to that moment.

46. I am aware of {ome Objections to be made, whe-
ther to {fome points of the Procefs, or to {fome of the Sup-
pofitions.  But I faw not well how to wave it, without
making the Computation much more perplexed. And in
a matter fo nice, and which muft depend upon Phyfical
Obfervations, £'will be hard to attain fuch accuracy as not
to ftand in need of {ome allowances.

47. Somewhat might have been further added to di-
ret the Experiments fuggefted at 9 21, and 31. But
that may be done at leifure, after deliberation had, which
way to attempt the Experiment.

48. Thelike is to be faid of the different refiftence
which different Bodies may meet with in : the fame Med;-
um, according to their different Gravities ( extenfively or
mtenfively confidered ) and their different figures and Po-
fitions in Motion. Whereof we have hitherto taken no
account ; but fuppofed them, as to all thefe, to be alike

and cqual.
' Poft-ferips.

49. The computation in 4 471, 42, 43, may ( ifthat be
alfo defired ) be thus reprefénted by Lines and Spaces. The
Ablatives 2, m a,mm a, &c. ( being the fame with the firlt
Column taken backward ) are fitly reprefented by the feg-
ments of V F ( beginning at V) in FigureIV.and V. and
therefore by Parallelograms on thefe Bafes, affuming the
common hight of F 4, or N Q: the Aggregate of which

15




[ 279 ]
isNbh, or FQ. And, fomany times 1, by {o many e-
qual {paces, on the fame Bafes, between the fame Paral-
lels terminated at the Hyperbola: The Aggregate of
whichiss FAN Q#. From whence if we fubdutt the Ag-.
gregate of Ablatives FQ_; the remaining trilinear 4 Q #,
reprefents the Defcent.

so. Ifto this of Gravity, be joyned a projecting Force ;
which is to the impulfe of Gravity as 4 K to b F( be it
greater, lefs, orequal) taken in the fame line : the fame
parallels determine proportional Parallelograms, whofe
Aggregate 1s K, Q.

51. And therefore if this be a Perpendicular Proje&tion
downwards; then# K £# ( the flumme of this with the
former ) reprefents the Defcent.

s2. Ifit be a Perpendicular upwards ; then the ditfe-
rence of thefe two reprefents the Motion: which {o long
as K Q_is the greater, is Afcendent : but DefCendent
when 4 Q » becomes greater: and it is then at the higheft
when they be cqual. , :

53. If the Projeftion be not in the fame Perpendicular,
¢ but Horizontal, or Oblique) then K Q_reprefents the
Tangent of the Curve; and » Q # the Ordinates to that
Tangent, at the given Angle.

54. But the Computation before given T take to be of
better ufe than this reprefentation in Figure. Becaufe in
fuch Mathematical enquiries, I choofe to feparate (as
much as may be ) what purely concerns Proportions ; and
confider it abftraftly from lines or other matter where-
with ir is incumbered.

As to the queftion propofed ; whether the refiftance
of the Medium do not always take off fucha proportional
part of the force moving through it, as 1s the Specifick
Gravity of the Medium to that of the Body moved init:
( for, if fo, it will fave us the trouble of Obfervation. )

Ithink this can by no means be admitted. For there be

many other things of confideration herein, befide the In-
tens~
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tenfive Gravity (or, as fome call it, the Specifick Gravity }
of the Medium.

A vifcous Medium {hall more refift, than one more flu-
id, though of like Intenfive Gravity.

And a fharp Arrow fhall bore his way more eafily
through the Medium, than a blunt headed Bolt, though
of equal weight, and like intenfive Gravity.

And the fame Pyramide with the Point, than with the
Bafe forward. ﬁ

And many other like varieties, intended in my 9 48.

But this I think may be admitted, namely, That dif-
ferent Mediums, equally liquid, ¢ and other circumftances
alike, ) do in {uch proportion refift, as is their Intenfive
Gravity. Becaufe there is, in fuch Proportion, a heavi-
er obje&t to be removed, by the fame Force. Which is
one of the things to which € 33. refers.

And again: The heavyer Proje&t oncein motion, ¢ be-
ing equally fwift, and all other circumftances alike) moves
through the fame Medinm in fuch proportion more ftrong-
ly, as isits Intenfive Gravity. For now the Forceis in
fuch proportion greater, for the removal of the fame re-
fiftance. And this part of what my 9] 32. infinuates.

But where there 1s a complication of thefe confiderati-
ons one with another, and with many other circumftan-
ces whereof each is feverally to be-confidered : there muft
be refpet had to all of them.
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