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L. An Account of a Book emtituld Vegetable
Staticks : Or an Account of fome Statical Ex-
periments ow the Sap in Vegetables ; being an
Effay towards a ndtural Hiftory of Vege.
tations Alfo, a Specimen of aw Attempt
t0 Analyfe the Air, by a greas Variety of
Chymico-Statical Experiments; which were
read at [everal Meetings before vbé Royal
Society, J¢. By Stephen Hales, B.D.F.R.S.
Rettor of Farringdon,Hampthire, and Minifter
of Teddington, Middlefex. The Accouns by
the Rev. John Theoph. Defaguliers, L L. D.

R. S, S.

S the Antients us’d to fay, that Geometry and
Arithmetick are the Wings of 2 Mathematician;

fo a Mechanical Hand, and a Mathematical Head are
the neceffary Qualifications of an Experimental Phi-
lofopher. The firft alone may enable a Man to make
a great many Experiments, but not to judge of them :
For without being able to obferve, compare, and calcu-
late the exact Quantity of Weight, Force, Velocity,Mo-
tion, or any other Change to be taken notice of in mak-~
ing Experiments; Effe@s may be attributed to Caufes
which are not adequate to them, and fometimes ex-
pected to be produc’d even without a Caufe; asappears
by the Coft and Trouble of thofe who have attempted to
find
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find the Perpetual Motion. Tho’ fuch Perfons may
make fome Difcoveries, their Philofophy will be at
beit but conje&tural, and their Conclufions only guefs-
work. The mere Mathematician on the other hand,
wants Poftulata in Phyfics; or tzking things for
granted upon the Reports of others, comes oltento
wrong Conclufions, tho’ he reafons jufily ; becaufe his
Premifes are falfe: Whereas he might have becn fer
right in feveral cafes, by only obiervingthe Operations
of Handycraft-Workmen, which he had over look'd or
defpis’ld.  Men of warm Imaginations, who wanted
Mechanicks or Mathematicks, or wou’d not apply them
to Phyficks, have peflerd the tearned World with
Philofophical Romances, fuch as the Cartefian Syfiem,
contriv’d lor the Diverfion of the lazy and talkative ;
or Modern Theories, which their Authors, biinded by
Vanity, and urg’d by Obitinacy, have defended to the
laft, againft Reafon, Mathematicks and Experiments ;
nay, and have often for the Support of their Hypothe-
fes, contriv’d complex Experiments; from whote Inac-
curacy they have drawn Arguments to deceive them-
felves and others, as much to the difadvantage of true
Philofophy, asthe Scholaltick Difpuates of the Ariffo-
telians ; in which, Victory, not Truth, was contended
for.

But the incomparable Sir Jfaac Newton has not only
fhorten'd the Geometrician’s Work, by his wonderiul
Difcoveries in abfira&@ Mathematicks ; but has alfos
taught us, by his own Pradtice, how to inake, and
judge of, Expcriments and Oblervations with the uc-
molt Accuracy : And as heavoided making Hypothefes ;
he was fo cautious as to dehver ouly by way of Que-
ties, feveral Truths wiich he was convine'd of ; becaute
he wanted a futhcicnt Numnber of Experiments to make
them as evideat as thole others, whereby e has fo

ar
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far improv’d and advanc’d Natural Knowledge. Our
Author has followd his fteps, afferting nothing but
what is evidently deduc’'d from thofe FExperiments,
which he has carefully made, and faithtully related ;
giving an exalt Account of the Weights, Meafures,
Powers and Velocities, and other Circumftances ot the
Things he obferv'd ; with fo plain a Defcription of his
Apparatus, and manner of making every Experiment
and Obfervation, that as his Confequences are juftly
and eafily drawn, fo his Premifes or Facts may be
judg’d of by any Body that will be at the Pains to
make the Experiments, which are moft of them very
caly and fimple.

His Account of every Thing is written in fuch an
intelligible manner, that the inquifitive Reader is capa-
ble ot underftanding it, without being puzzled with
perplexd Calculations’ and complex Experiments ;
which Authors have fometimes contriv’d, in order
to be admird for thofe Things, which they them-
felves found out‘either by mere chance, or with
very little Labour. He has illuftrated, and put paft
all "Doubt, feveral Truths meation’d in Sir Jfaac
Newton's Queries; which tho’ believd by fome of
our Fminent Philofophers, were, cali’d in queftion by
others of an inferiour Clafs, who were not acquainted
with thofe Fa&s and Experiments upon which Sir
Ifaac Newton bad built thofe Queries.

But not to, detain my Reader too long in general
Remarks, I proceed to give a fhort "Account of each
Chapter of our ingenious and indefatigable Philofo-

pher's Book.

CHAP.
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CHAP L

Experiments. [bowing the Quantity of Moifture imbibd
and perfpird by Plaats and Trees.

UR Author having cover'd with mill'd Lead a

G «den-Pot, in which a Sun-flower was grow-
ing_{o as to leave only one Paflage for Air ro corumu-
nicate with the Earih, and another to pour in Water
to water the Plant, made {everal curious Experiments
upon it ; [rom the Obfervation of which it ap-
peai’d,

1. That the Plant, which weigh’d about 316 per-
fpir'd 30 Ounces in a 12 Hours Day, in the Month of
Faly, 1724. Buotin awarm Night it peripivd only
three Ounces, and nething ina cold Night ; nay, fome-
times it gamd Weight by imbibing Dew.

2. That as the Area of the Surface of the Leaves
was equal to §616 {quare Inches, and the Arca of the
Roots only to 2286 iquare Ianches; the Moifture or
Water imbib'd by the Roots to {fupply the Perfpiration
at the Leaves muft move fafter in the Roots than thro’
Leaves, in the Proportion of § to 2; but in the Stem,
whofe tranfverfe Section was one fquare Inch, fafter
than in the Leaves, in the Proportion of 5616
to 1.

3. That by comparing his Experiments made on
this and other Sun-flowers and Plants, with Dr. Aei/s
Experiments mention’d in the Medicina Statica Bri-
tannica, it 1s evident, thar a Man { Surface for Surface)
pbrfpires more thzn a Plant, 1n the Proportion of
3 1 to 1— That the Quanuty of the Food of a Man
is to the Food of a Plant nearly as 7 to 2; bur,

Bulk for Bulk, the Plant imbibes o its Ve Tets L7
times
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times mare Fluid than the Quantity of the Chyle which
enters into 2 Man’s Veflels ; and that becaufe, as the
Sap to Dlantsis lefs nutritive than Chyle to Man, it
muft be more in Quantity. To fuck in the'more
Sap, a Plant has a very great Surface, and thereby
(Perfpiration promoting its imbibing of the Sap) per-
{pires 17 times morethan aMan in proportionto their
refpe&tive Weights.

4. That a Man or a Plant may per(pire different
Quantities, and yet continue in a healthy ftate. A
Man may perfpire in 24 Hours from £ 15 to 3 16 ;
and a Plant, which at one time perfpird but 16
Ounces, may without being lefs healthy, perfpire
28 Ounces in the fame time.

Mr. Hales obferv’d, that in order to fupply the
Evaporation in the Leaves of a Vine, the Sap rofe
152 Inches in 12 Hours, fuppofing the Sap to rife
as denfe as Water.; bugt if it rifes in a Steam, which
muft at leaft be 1c times rarer than Water, then
the Velocity of the Sap will be 10 times greater, and
confequently rife at the rate of 125 Inches in an
Hour. ‘

N.B. That the Heat of the Sun fhould rarifie the
Moifture of the Earth to that Degree, or a great deal
more, to drive it into the Roots of Plants, is wvery
probable from fome Obfervations that Mr. H. Beighton
F.R.S. and my felf have made upon the Engine to
raife Water by Fire ; whereby it appears that the
Steam or Vapour of boyling Water is rarer tham the
Water from which it was produc’d, abeve 13000 times,
when its Elafticity is equal to that of common Air.

Qur Curious Experimenter, by his Obfcrvations
upon 12 Evergreens, found, that they perfpire much
lefs than other Plants, and compares them to the
exanguious Tribe of Animals ; which, as they perfpire

little,
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little, fo they live the whole Winter without Food.
He likewife obferv’d, what part of an Inch in Thick-
nefs is perfpir’d by a Man and by feveral Plants : By
a Man in 24 Hours § part of an Inch; and by the
following Plants, wiz. the Vine, the Sun-flower,
the Cabbage, the Apple-Tree, the Lemon-Tree,
L, = & i == part of an Inch in 12 Hours.
That when the perfpiring Surface is dim ni{h’d by
taking away the Leaves, the power of imbibing ss
likewife diminifl’d ; for the fame Bough, which with
the Leaves on imbibd 30 Ounces in 12 Hours, with-
out the Leaves imbib’d only « Ounce. *

That Fruit will imbibe thro’ the Stem in propor-
tion to its Surface, tried in an Apple, which imbibd
as much as two Leaves equal to it in Surface.

That as the Leaves draw Nourifhment to the
Bloffoms and Fruit, fo they grow large firft in thofe
Places where the Blofioms are.

That Hops in the middle of an Hop-Ground thrive
beft, becaufe they imbibe and perfpire the leaft.

That by 9coo Hop-Vines growing on one Acre of
Ground, 220 Gallons of Water are imbibd in a 12
Hours Day, which Quantity of Water is equal to a
?epth of +L: part of an Inch fpread on the faid Sur-
ace.

That Fire-Blafls (as the Gardiners call them) may be
occafion'd by Sciar Rays reffected from, or condensd
by Clouds, oreven colle@ed by means of the denfe
Steams, which arife mo. p) atilully io the middle of
the Hop-Ground.

That rhe perfpiring Matter of Trees is not pro-
truded by the Power of th: Vefiels. but exhald by
Heat. which he proves b feveral curious Experi-
ments.

U
191

N n He
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He made Trees imbibe Spirit of Wine, and other
Liquors impregnated with Aromaticks, which gave a
Smc:ll and Tafte to the Stalk, Leaves and Wood ; but
could not penetrate to the Fruit, by realon of the
Finenefs of the Capillary Sap-Veflels near the Fruit,
which affimilated to their own Subftance the high-
tafted and perfum’d Liquors. Spirits kill'd the Trees,
as far as they were imbib’d ; but fcented Waters did
not.

He receiv’d in proper Veflels the Matter perfpir'd
from Trees which is a taftelefs Water; but corrupts
and ftinks fooner than common Water.

He weigh’d three Cubick Feet of the fame fort of
(Brick.) Earth, taken from the Surface of the Earth
downwards, in Fuly 1724, the lighteft of which was
about twice the fpecifick Gravity of Water : Then
fetting them to dry, found by the lofs of Weight, how
much Water they contain'd; the greateft. Quantity ex-
hal’d from a Cubick Foot being 1015, and the leaft,
615, 11 Ounces. - N.B. TheWeights be made ufe of were
Avoirdupoids.

In order to find the Heat of the external Air in
Green-Houfes and in Stoves, as alfo-the Degrees of
Heat at feveral Depths in the Earth, and in hot Beds,
he provided fix Thermometers, whofe Stems were of
different lengths, but adjufted in their mark’d De-
grees; {o that they began at the freezing Point, and
ended at 9o Degrees, where the Heat was equal to the
Heat of warm Water, that may be born by the Hand,
without ftirring it about, which is the middle Point
between freezing, and thé Heat of boiling Warer.

By thefe Thermometers he obferv’d the Degrees
of Heat in feveral Cafes to be as follows: Of the Blood
=64. Of the Fluman Body =54. Milk from the Gow,

and Fleat fit to hatch Eggs = 55. Urine = 58.  1em-
perate
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perate Air=18. Greateft Heat of Sunfbine in the Tea”
1724 =74. And wow this Tear 1727, it is at 76-
The common Heat of the Noow:-Sun in July =g0. Air
in the Shade at the fame time = 38. The Heat in
May or June, the fitteft for Plants,= from 17 to 30 Deg.
Autumnal Heat = from 10 to 20 A hot Bed, too bhot
for Plants, and about the Heat of Blood in Fevers =75.
Due Heat of a hot Bed = §6. ~ Heat under a Glafs at
the fame time = 34 ; and in the open Air =17.

Thermometers of this kind are now made by Jonn
FowLeR in Swithin's Alley near the Royal Exchange,
which have the Names of the following Plants, oppo-
fite to their refpective moft kindly Degrees of Heat,
viz. Melon-Thiffle =31, Ananas =29, Piemento=16,
Euphorbium =14, Gereus=217, Aloes =19, Indian
Fig =16%, Ficoides =14, Oranges =12, Myrtles

—
—

9.
He obferv'd the Air to be cooler than the Earth out
of the Sun, but hotter in Sunfhine ; and that as foon
as the Heat of the Sun is fo far decreas'd, asno longer
to give a brisk Agitation to (or turn into Steam) the
Moiﬂﬁ.ure of the Earth, the Leaves of the Plants
fall off.

Nn 2 CHAP.
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CHAP Ik

Expeiiments whereby to find the Force with which Trees
imbibe Moifture.

UR Auther, in order to make a jut EQtinrate of
# the Force with which rthe Moillure is drawn up
by Plants and Trees, contriv’d an Agqueq-mercarial Gage
in the following manner. He took a Glafs-Tube of
an Inch Diameter, and about 8 Inches long, into one
End of which he cemented a {mailer Tube of about
3 of an Inch Diameter, and 18 Inches long ; into the o-
ther End he, fucceflively, cemented a Root, or Branch,
or Stem of a Tree or Plant, whofe imbibing Force he
wanted to find out, which he did in the following
manner, viz. He turn’d the {mall End of the Gage up-
wards; and having pour’d Water intoit,down upen the
Wood cemented in, he ftopt the Orifice with his Finger ;
then turning the little End downward again, he placd it
into a Veflel of Mercury, before he took off his Finger;
which having done, he made his Obfervations. For as
the Plant imbibd the Water, the Mercury rofe up in
the fmall Tube, following the Water, and fhewing by
its Heighe, the Force of imbibing : And for every Inch
that the Mercary rofe, Water would have rifen 13 2 In-
ches, as itis fo much lighter fpecifically than Wa-
ter.

With this Gage our Author made Experiments upon
Roots, Branches in an ereé, Branches in an inverted
Situation, large ones, as well as fmall, even to Sprigs
of Plants and Fruits ; and found, that all of them im-
bib’d the Water, fo as to raife the Mercury in the fmall
Tube, but to different Heights. The Mercury was

raifed the quickeft, and to the greateft height (viz. 12
Inches,
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Inches in 7 Minutes) by a Nonpareil-Branch two
Foot high, with 20 Apples, and feveral lateral Branch.-
es, whofe tranf{verfe Se@ion was g of an Inch diame-
ter. It is to be obferv’d, that the Mercury rofe higheft
in a warm Sun ; bur the whole force of imbibing was
much greater than the Mercury could fhew ; becaufe
feveral Bubbles of Air came out of the Section of the
Branch, as the Water went up, which happ’ned moftly
in large Branches , which raifed the Mercury but to a
fmall height : But Branches ftripp’d of their Leaves,
hardly raifed it all.

He made Peafe imbibe Waten, under the preflure of
great Weights ; and found, that Peafe, when fwell-d,
fuftained a Weight equal to 1600 15, by their force of
imbibing, or growing.

The force of imbibing, he fhews, to be owing tothe
attractive power of the Particles of which Plants are
made up ; all kinds of Wood (even Cork) when their
Particles are well foak'd, being heavier than Wa-
ter.

N.B. It is very dificult to foak Cork fo thoroughly as
to make it heavier than Water : But I found it true, in
a Tube where a Cork had been feald up with Water for
four Tears, fo as to be moveable in the faid Water.

CHAP
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CHAP IL

Experiments, [bhewing the Force of the Rife of the Sap in
the Vine, in the Bleeding Seafon.

1\/ R. Hules, by a very curious Contrivance of
Glafs-Tubes, fcrew'd and cemented at the top
of one another, and altogether fixed to the Stem of a
Vine, obferv’d,that in the bleeding Seafon ( viz. inMarch
and April) the Sap will rife into the Tubes, by the force
of the Roots and Stem, to very great heights, evena-
bove the Top of. the Vine, as it did up to the Top of a
Tube 24 Feet high (in two Hours) and ran our at the
faid Tube, tho’ 7 Feet above the Top of the Vine.
But the Force was fuch, that the Mercury, in a Gage
(in other Experiments) was pufh’d up 32 * Inches
high, which wasequivalent to above 43 Feet of Wa-
ter. ‘This is a much greater Force than the Blood is
impell'd with in Animals : Which laft Force he tried
in the Crural Artery of an Horfe, of a Dog, and of a
Deer: For having tied them down alive upon their
Backs, and fixed a Glafs-Tube to the Crural Artery o-
pen’d, he found, that in the Horfe the Blood rofe a-
bove 8 Feet, in the Dog about 7 Feet, and in the Deer
not quite 6 : And thefe Heights are 5, 7, and 8 times
lefs than the Height to which the Sap is raifed by the
Vine. The Sap rifes all Night, but moft in the Mor-
ning of a warm Day; but in very hot Weather it
ceafes to rife about Ten in the Morning, and then be-
gins again to rife about 3 or 4 in the Afternoon ; and
during the great Heat, Bubbles of Air drawn in by the
Roots, come up the Tube from the Section of the Stem,
the Sap inthe Tube finking andrifing asthe Weather is

cloudy or clear, like the Liquor ina Thermometer.
That
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That the Force was not only in the Root, but inthe
Stem and Branches, appeard by feveral Experiments,
one of which was, that a Vine, at 44 Feet, 4 Inches
in diftance from the Root, puthd up Sap with the
Force of 2 Column of 3o Feet, 11 Inches of Wacer.

By a nice Experiment he fhews, that the Sap does
not come indifferently thro' all the Interitices of
the Wood ; but is confined to its proper Vefiels.

The Fibres, or Capillary Tubes, out of the bleed-
ing Seafon, cannot protrude the Sap beyond gheir O-
rifices in the Se&ion of the Stem ; but, affifted by the
Perfpiration of the Leaves, the Sap will rife in that
very Branch, which would imbibe Water, if it was
cut off, and a Tube applied to it with Wazer, poured
in ; nay, it wou'dalfo imbibe Water at tie {fmall knd.

CHAP 1V.

Experiments, fhewing the ready lateral Motion of the
Sap, and confequently the lateral Communication of
the Sap-Veffels : The free Paffage of it from the fmall
Branches towards the Stem, as well as from the Stem
to the Branches. With an Account of fome Ex-
periments relating to the Circulation, or Non-Circu-
lation of the Sap.

HE Analogy that there is in many refpecls be-
tween Plants and Animals, has made feveral
ingenious Men imagine, that the Sap mult circulate
in Plants, as the Blood does in Animals; and, fond of
the Hypothefis, they have contented themfelves with
a few Experiments that feem to confirm the Notion:

And inftead of making a fufficient Number of Expe-
riments



( 276 )

riments and ‘Obfervations, and comparing them im-
partially, they have fupplied the reft by Conjectures,
and endeavour'd to fupport their Hypothefis by other
new Suppofitions. It is upon this account that they
have fuppofed particular Veflels (like Arteries) to car-
ry up the Sap from- the Roots to the Extremities or
Leaves, and others (like Veins) to bring down the
Sap back again to the Roots; imagining the former to
be chiefly in the middle of the W»od, and the latter to
come down between the Bark and the Wood : But
they did not confider, that a Plant is very differently
nourithed from an Animal, and therefore requires a
very different Mechanifm and Structure for its Growth
and Support.

Our Author has difproved the above-mentioned_O-
pinion, by feveral Experiments and Obfervations; the
chief of which are the following.

1. Havingcut a long Notch in a growing Branch,
which had Leaves on, he obferved, that the Notch
was moift at the Bottom towards the Root, and not
at the Top.

2. He made the fame Experiment with another
Branch fet in Water, which imbib’d the Liquor at a
tranfverfe Section below the Notch, and found the
Notch as before.

3. He obferv'd, that in the Spring the Sap rifes
plentifully between the Bark and the Wood, and that
chiefly in Vines; and that if a Ringlet of Bark be ta-
ken off all round in bleeding Trees, the Bleeding a-
bates moftly inthe upper part of the bare place.

4. The Sap will move any way by the Attraction
of the {ame Capillary Tubes, and Perfpiration of the
Leaves; fhewn by an Apple Tree-Branch, which drew
up Moifture plentifully at the fmall End; by a Tree,
which throve, tho its Root was taken out of the

Ground,
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Ground, receiving its Nourithment only from two
other Trees, to which it was inarch’d, and from which
it was fufpended; as alfo by a Bough with two
Branches cut off from a Tree, one Branch of which
out of the Water preferv’d its Verdure, and receiv’d its
Nourifhment from the other Branchimmers’d in Water,
whilft another Bough of the fame fort without that
help, immediately wither’d.

That there is a lateral Motion of the Sap thro’
Veilels, whereby the longitudinal Capillary Fibres
communicate with one another, he prov’dchiefly by
the following Experiment, wiz. He cut four long
Notches, one above another, (but looking towards the
feveral Cardinal Points)in a pretty large Branch, whofe
Seé&ion fome Inches below the faid Notches, was im-
mers’d in Water ; and found, that by the Attra&ion of
the Fibres and Perf{piration of the Leaves, the Moifture
rofe plentifully, notwithftanding that the Continuity of
the greate(t part (if notof all) the longitudinal Fibres
was defiroy’d by thofe deep Notches.

This lateral Motion may alfo be deduc’d, from ob-
ferving, that Branches will grow out of Roots, and
thrive very well ; and that Elders, Sallows, Willows,
Briars and Vines will grow, by putting either End of
a Stem or Branch into the Ground.

He obferves, that there is indeed, an alternate Rece-
ding and progreflive Motion of the Sap, which rezedes
when cold Weather and” Rain fucceeds hot Sunfhine,
the Trees then imbibing the Rains and Dews which
fall upon the Leaves; but upon the return of the hot
Weather, the Perfpiration is renew’d, and the Sap rifes
again. This is fufficient to account for Jeflamine and
the Paffion-Trec receiving a gilded Tinfture below the
gilded inoculated Bud; which has been given as an
Inftance of the Circulation of the Sap : But ihe Zex

Oo grafted
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grafted on the Englith Oak, as it keeps (whilft the
Oak theds) its Leaves in Winter, fhews that the Sap
does not circulate.

CHAP, V.

Lisperimenits, whereby to prove, that a.great Quantity of
Air is infpird &y Plants.

UR Sagatious Author mmkes it appear in this

Chapter, that Plants imbibe a great deal of Air,

tiot only that which comes up with the Sap from the

Earth (the Earth containing Air both in an elaftick and

in a fix'd Rate,) but alfo take it im thro’ the old Eyes

and Bark, efpecially at Niglit, when the Plants are
in animbibing State.

The Experiments whereby be proves the faid Affertion,
are chicfly thefe, viz.

1. An open,empty, Glafs-Tube fet upright, had an
Apple-Branch cemented in -its upper end, the other
End fet in a Veflel of Water; upon which the Air
went up into the Branch out of the Tube, as appear’d
by the rifing of Water into the Tube.

2. A Cylinder of Birch of about ¢ Inch Diameter,
with the Bark on, cemeénted in the middle, to the Top
of an Air-Pump Receiver, fo as to fill up the Hole at
the Top-of the faid Receiver, had its lower End im-
mers'd in a Veflel of Water under the Receiver, upon
the Plate of the Air-Pump. Then in'working the
Pump, Air came out at the Bottom of the faid Cylinder,

bubbling
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(bubbling up thro’ the Water in the Veflcl) whether
ere@ or inverted, cementedclofe on the Top-Section,
or not, and whether the old Eyes in the Sides were ce-
mented up, or left bare, the Bark it felf being pervious
to Air; but then it took in lefs Air than when the old
Eyes and upper Se@ion were open.

3+ When Water (pour’d into a Cyliadrick Glafs fix'd
ever the Regeiver) caver'd that part of the Wood which
was eut of the Receiver, ne Air came thro? the Bottom;
and when the Water was taken away from covering
the upper part of the Wood, the Air did not come in
thro’ the Bettom, till the Top of the Cylinder of
Weod had its Bark well dried.

. He obferves with Dr. Grew, that the Mouths of
the Air-Veflels are very vifible in the Leaves of Bines,
and in the Trunks of feveral Plants, with 3 Microfcope
and in fome even without a Glafs. ’

5. In making Ex'fperiments upon young Shoots,
as their Veflels are full of Sap, he did not find that
the Air pafs'd inte er thro’ them; (the Air in them
being probably become fix’d) but it came in freely
at thg Roots applied to the Air-Pump in the fame
manner as in the Piees of Birch.

Qo 2 CHAP
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CHAP VL

A Specimen of an Attempt to analyze the Air, by a
great Paricty of Chymio-Statical Experiments, which
Jbew, in how great a proportiom Air is wrought
into the Compofition of Animal, Vegetable, and Mineral
Subflances ; and withal how readily it refumes its
former elaftick State, when in the Diffolution of thofe
Subffances it is difingaged from them.

HE excellent Mr. Boyle, among his many Dif-

coveries, found, that Air was producible from
Vegetables, by putting Grapes, Plums, Goofe-berries,
Cherries, Peafe, and feveral other forts of Grain
into exhaufted and unexhaufted Receivers, where
they continued feveral Days, emitting great Quan-
tities of Air. But Mr. Boyle did not thew the way
to know exaly how much Air a certain Quantity
of Vegetable Subftance will produce.

The incomparable Sir Jaac Newton (Query 31, of
his Opticks) obferves, that °‘ true permanent Air
“ arifes by Fermentation or Heat, from thofe Bo-
« dies which the Chymifts call fixed, whofe Par-
¢ ticles adhere by a ftrong Attraction, and are not
¢ therefore feparated and rarified without Fermentati-
“ on. Thofe Particles receding from one another
“ with the greateft repulfive force, and being moft
“ difficultly brought together, which upon Contaét
“ were moft ftrongly united. And (Query 30.) Denfe
“ Bodies by Fermentation rarify into feveral forts of
“ Air, -and this Air by Fermentation, and fometimes
“ without it, returns into denfe Bodies,
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Mr. Hales, from the Confideration of this, and fome
of his own Experiments, concluded, that there muft
be Air not only in an elaftick, but in a fix’d State, in
Vegetables and other Subftances, and therefore that the
Air-Pump woud not be fufficient to get all the Air
out of Bodies: For which reafon he contrivid ways of
getting the Air out of feveral Subftances by Fire
(diftilling them,) and by Fermentation, and made ufe
of a very ingenious, but fimple and certain Method,
of meafuring the Quantity of Air generated from(or ab-
forbd by) the feveral kinds of Bodies upon which he
made Experiments. The Defcription of his Hydro-
ftatical Gages, and the Manner of making his Experi-
meats, I cannot give better, or fhorter, than in his own
Words (See Page 157.)

‘ In order to make an Eftimate of the Quantity of
Air which arofe from any Body by Diftillation or
¢ Fufion, 1 firft put the Matter which I intended to
¢ diftil, into a fmall Retort » (Figure 4.) and then at
a4 cemented faft to it the Glafs-Veflel 2 4, which was
‘ very capacious at 4, with a Hole in the bottom. I
bound a Bladder over the Cement, which was made
of Tobacco-pipe-Clay and Bean-flower, well mixed
with fome Hair, tying over all four fmall Sticks,
which ferv’d as Splinters to ftrengthen the Joynt ;
¢ {ometimes, inflead of the Glafs-Veflel 22, I made
‘“ ufe of a large Bolt-head, which had a round Hole
cut, with a red-hot Iron-ring, at the bottom of it;
through which Hole was put one Leg of an inverted
Syphon, which reached up as far as = Matters being
thus prepared, holding the Retort uppermoft, I
immerfed the Bolt-head into a large Veflel of Waer,
 to a, the top of the Bolt-head; as the Water rufhed
¢ in at the bottom of the Bolt-head, the Air was
“ driven out through the Syphon: When the Bolt-

head
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head was full of Water to z, then Iclofed the out-
ward Orifice of the Syphon with the End of my
Finger, and at the fame time drew the other Leg
of it out of the Bolt-head, by which means the
Water continued up to z,-and could not fubfide.
Then I placed under the Bolt-head, while it was in
the Water, the Veflel xx; which done, 1 lifted the
Vefiel xx, with the Bolt-head in it, out of the Water,
and tyed a waxed-Thread at z to mark the height
of the Water: And then approached the Retort
gradually to the Fire, taking care to skreen the
whole Bolt-head from the_Heat of the Fire. The
Defcent of the Wat,qt;jnfﬁle Bolt-head fhewed the

* Sums of the Expanfion of the Air, and of the Matter

which was diftilling : The Expanfion of the Air alone,
when the lower part of the Retort was beginning to
be red-hot, w#s at a Medium, nearly equal to the
Capacity of the Retort, fo that it then took up a
double Space ; and in a white and almoft melting
Heat, the Air took up a triple {pace or fomething

* more: For which reafon the leaft Retorts are beft

for thefe Experiments. The Expanfion of the diftil-
ling Bodies was fometimes very little, and fome-
times many times greater than that of the Air in
the Retort, according to their different natures.
““ When the Matter was fufficiently diftilled, the
Retort, &'z was gradually remov’d from the Fire,
and when cool enough, was: carried into another
Room, where there was no Fire. When all was
throughly cold, either the following Day, or fome-
times 3 or 4 Days after, I mark’d the Surface of
the Water y, where it then ftood ; if the Surface
of the Water was below z, then the empty Space
between y and z, fhewed how much Air was
generated, or rais’d from afix’d to an elaftick
State, by the AQion of the Fire in Diftillation : But
(14 if
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if y the Surface of the Water was above 2, the fpace
between z and y, which was filled with Water, thew-
ed the Quantity of Air which had been abforbed in
the Operation, i.e. was changed from a repelling
elaftick, to a fixed State, by the flrong Attracion
of other Particles, which I therefore call abforbing.
When I would meafure the Quantity of this new
generated Air, 1 f{eparated the Bolt-head from the
ketort 3 and putting a Cork into the {mall End of
the Bolt-head, 1inverted it, and poured in Water
to z. Then from another Veflel (in which I had a
known Quantity of Water by Weight) I poured
in Water to y; fothe Quantity of Water which-was
wanting, npon weighing this Veffelagain, was equal
to the Bulk of the new generated Air. 1chofe to
meafure the Quantities of Air, and the Matter from
whence it arofe, by one common Meafure of cubick
Inches, eftimated from the {pecifick Gravities of the
feveral Subftances, that thereby the Propartion of
one to the other might the more readily be feen.
I made ufe of the following means to meafure the
great Quantities of Air, which were either raifed
and generated, or dbforbed by the Fermentation
arifing from the Mixrure of Variety of folid and
fluid Subftances, whereby I could eafily eftimate the
furprifing Effeéts of Fementation on the Air, wviz.
I putinto the Bolt-head 4 (Fig. 5.) the Ingredients,
and then run the long Neck of the Bolt-head into the
deep cylindrical Glafs 4 y, and inclined the in-
verted Glafs 2 y, -and Bolt-head almoft horizontally
in a large Veflel of Water, that the Water mighe
run into the Glafs a y; when it was almoft up to
a, the top of the Bolt head, I then immerfed the

¢ Bortom of the, Bolt-head, and lower part y of the

[

cylindrical Glafs under Water, raifing at the fame
time
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time the Eand « uppermoft. Then before I took
them out of the Water, 1 fet the Bolt-head and
lower partof the cylindrical Glafs 4y into the ear-
then Veflel x x full of Water, and having lifted all
out of the great Veflel of Water, I marked the
Surface z of the Water in the Glafs ay. If the In-
gredients in the Bolt-head, upon fermenting, gene-
rated Air, then the Water would fall from z to y,
and the empty fpace z y, was equal to the Bulk of
theQuantity of Air generated : But if the Ingredients
upon fermentation, did abforbe, or fix the acive
Particles of Air, then the Surface of the Water
would afcend from z to », and the Space z », which
was filled with Water, was equalto the Bulk of Air,
which was abforbed by the Ingredients, or by the
Fume arifing from them : When the Quantities of

Air, either generated or abforbed, were very great,

then I made ufe of large chymical Receivers, inftead
of the Glafs a4 y: But if thefe Quantities were very
fmall, then inftead of the Rolt-head, I us'd a deep
cylindrical Glafs,or a common Beer-Glafs inverted,
and placed under it a Vial or Jelly-Glafs, taking
care that the Water did not come at the Ingre-
dients in them: Which was eafily prevented, by
drawing the Water up under the inverted Glafs
to what height I pleafed, by means of a Syphon.
I meafured the Bulk of the Spaces zy or z », by
pouring in a known Quantity of Water, as in
the foregoing Experiment, and making an allow-
ance for the Bulk of the Neck of the Bolt-head,
within the Space zy. '
By our Author’s Fxperiments made upon feveral

Subflances, it” appeard, that fome by Diftillation,
and fome by Fermentation, wou’d generate Air, others
wou'd abforb it; and fome again, woud abforb

Air
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Air at one time, and generate it at another ; and often-
times that more Air was generated by Fermentation
than by Fire. I have made a Table, to fhew at one View
what the Effeéts were.

Bodies wbhich genera-
ted Air.

Bodies wbich ab-

Jort’d Air.

Bodies which fome-
vimes generated,and
Jometimes abforb'd dir.

Hog’s Blood.

Tallow.

Fallow-Deer’s Horn.

Oyfter-fhells.

A Piece of Oak.

Indian-Wheat.

Peafe.

Muftard-Seed.

Amber.

T'obacco.

Oil of Annifeed.

©Oil of Olives.

Honey.

New-caftte-Coal.

Wax.

Earth.

Salt.

Antimony.

Pyrites from Walton-
Heath.

Sea-Salt.

Nitre.

Calculus bumanus.

Vitriol.

Bones.

Red Lead.

Chalk,

Wheat and Barley.

Filings of g with Oil

of Vitriol and Water.

1

Salt of Sal Armo-
niac.

Phofpborus.

Acid Spirits.
Lime.

Pulvis urens.

Brimftone -Matches
burning.

A burning Candle.

Living Animals.e.g.
a Rat and aCat.

Humane Lungs in
breathing.

Filings of Iron with
Sp. of Nitre.

Filings of Iron with
Spt. of Hartfhhorn,

Filings of Iron with
Spirit of Sal Ar-
meniac.

N. B. When alighted Can-
dle ispur into that Air
which  had been fould
(by a Candle burning and
going out im it) tha' it
burw'd but afifth part of
theTime that it had done
before it abforh’d as much
Airswhich [bewsthat Air
loaded with Vapoursis
move apt te lofe its E-

Iafticity, than clear Air.

Pp

Gun-Powder.
Apples mafh’d.
Filings of Steel and
Aqua fortis,
Scurvygrafs-Leaves
Sal Armoniac mix’d
with Oil of Vitriol,
Spiritof Turpentine
mix’d with Oil of
Vitriol. ,
Vineger pour’d on
Oyfter-fhells.
Limon-Juice,
Ale.
Malaga-Raifins.

N.B. Mof? of the a~
bovemention’d Sub~
fances were in an
abforbing State in
cold Weatber.

As
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As feveral Perfons may be willing to try a great
many of Mr Hale's Experimeats, Ithought proper to
mention here, that the Experiments on Subftances that
generate Air, made with the Glafs-Retort, are difficule
and tedious ; but a Musket-Barrel with the Touch-hole
welded up, and chen turn’d into 4 Semi-circle, makes a
very commodious Iron-Retort, whofe clofe End being
put into the Fire of a Smich’s Forge, will be fo heated
with a little blowing, as to get the Air out of any
Subftance in avery little time; having firft twifted
on upon the open End of the Barrel one End of a
Leaden Syphon (which will be very tight, with only a
little Sheep’s Leather between) whillt the other End
of the Syphon goes up a little way into an inverted
Chymical Receiver fill'd with Water. - As the Air gets
out of the Subftances diftill'd, it comes bubbling up
thro’ the Water, which it depreffes by its Bulk. N.B.
Antimony and Sulphur maft not be made ufe of in this
Barrel ; becaufe they will demetallize the Iron ;nor Lead,
becaufe it will [weat out thro’ the fron. ‘

1t appear’d by feveral Experiments, that the Air
which was got out of the Subftances above-mention’d,
was true permanent Air ; for it had, and, after many
days, continu'd to have, both the Weight and Elafticity
of common Air, of which a cubick Inch weighs 2 of
a Grain, and after it had been comprefs’d, it wou’d ex-
pand again to .its former Dimenfions.

Moft of that Air had a poifonous Quality, a Spar-
yrow dying as it was put into the Air made of Oak,
11 days after the faid Air had been made. So Mr.
Boyle found the Air drawn by the Air-Pump from
Bread and fome other Subftances, to have a poifonous
Quality.

Air generated by Isdian wheat and by Peafe, and
moft other Subftances, flath’d when the Candle was
applied to it. The
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The moft folid Parts of Animals or Vegetables
commonly generated moft Air: Of Vegetables, Oak
and Peafe generated the moft Air ; Oak ¢ of its
Weight, and 216 times its Buik, and the Peafe more
than } of their Weight and 396 times their Bulk. But
of all Subftances, a Stone taken from the Bladderof a
Man generated moft Air, namely a Quantity of Air
645 times the Bulk, and above half the Weight of
the Stone.

Our indefatigable Philofopher, to judge the better
of the refult of thefe Experiments, contrived a Gage
with a Tube feal’d at one end, and having the other
(open End) immers’d in Mercury cover’d with Honey,
which in the rife of the Mercury in the Glafs wou'd
leave a mark to thew how far the Mercury had rifen,
(See the Defcription and Draught of it in his Book,
Page 205 ;) by the force of comprefs’d Air or o the
Air that is generated from feveral Subftances whilft
confin'd; and propofes this Gage for meafuring the
Depth of the Sea, which muft anfwer better than any
Contrivance hitherto tried.

From obferving that it wou’d require a Force 48
times greater than that of the Atmofphere, to com-
prefs the Air that comes out of an Apple into the
fame fpace again (which in an Apple of 16 fquare
Inches Surface, is equal to 11776 Pounds,) he con-
cludes that the greateft part of the faid Air muft be in
a fix’d State, and prefervd in that State by the Attra-
&ion of the Particles of Air and Apple in their Co-
hefion; otherwife Fruits and all other Subftances that
contain much Air, wou'd be torn to pieces by its re-
pellenc Force, with a greater Explofion than that of
Guopowder; and therefore that the Air when ex-
tricated, does not confift of fibrous Particles wound up
like little Springs, but of Particles which do not touch

Pp 2 one
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one another, but have a repellent Force, which is
reciprocally proportionable to the Diftances of the
Particles : Agreeable to what Sir Jfaac Newton {ays
in his Opticks, Quer. 31. ‘‘ The Particles, when they
“ are thaken oftf from Bodies by Heat or Fermen-
‘ tation, fe foon as they are bevond the reach of
“ the Attraction of the Body, receding from it,
“ as alfo from one another, with great Strength,
* and keeping at diftance, {fo as fometimes to take
“ up above amillion of times more f{pace than they
‘ did before in the form of a denfe Body ; which
“ vaft Contracion and Expanfion feems unintel-
“ ligible, by feigning the Particles of Air to be
““ fpringy and ramous, or rolled up like Hoops, or
“ by any other means than by a repulfive Power.

Our Author made fome Experiments upon a
Calve’s Lung’s, which help to confirm Dr. Fames
Ke:l’s Affertion, wiz. that the inner Surface of a
Man’s Lungs is equal to about 150 *{quare Feet,
which is about 10 times more than the Surface of
the whole Body. Then by feveral Experiments and
curious Obfervations, found, that of the Air which
is infpird by the Lungs in an Hour (wiz. 48000
cubick Inches) about 353 Inches, or 100 Grains in
Weight are deftroy'd in that Time.

He thews, that the reafon that Sulphureons Air
i1s pernicious, is becaufe Sulphureous Air lofes its
Elafticity fo faft, that the Lungs will fubfide in it,
and the Blood confequently flagnate. He concludes,
that when the Particles of fuch Air are united
into pretty large Molecule in a fix’d State, they
are too big to enter the Veficles of the Lungs.

* Since my making this Abftraét, Mr. Hales told me, that the inner Surface
of the Lungs is double the Quantity here exprefs’d, which was fo fer down in
his Book by mniftake. H

¢
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He fhews the Miftake of thofe that fuppos’d
the Air did not lofe its Flaflicity, but its Prvifying
Spirit by Vapours, by an Experiment made upon a
Dog, into whofe Lungs he drove by Force that
effcete Air which the Dog by his own A&ion cou’d
not draw into his Lungs; and whereas the Dog,
then, was juft expiringby the fubfiding of his Lungs,
he kept him alive by the forcible Impulfion of that
very Air, as longashe cowd blow up the Dog’s Lungs
with it,

He makes it appear, that a clofe warm Air with-
out 2 Communication with the outward Air, to carry
off the Vapours, muft be unfit for breathing long;
and therefore condemns the ufe of German Stoves.

That when Animals are kilPd by Ligh ning with-
out any vifible Wound, it is becaufe the Sulphure-
ous, Steams have defltroy’d the Elaflicity of the Air
about them ; as appears by difle&ing fuch Animals,
whofe Lungs are always found comprefs’d together
without any Air in them. The fame alfo appears
in Men that have been killd by Damps in Mines.

Then he gives the Defcription of an Infirument
whereby 4 or 5 Quarts of the fame Air, (which in
the common way can ferve one Man to breathe
very little above a Minute) may ferve 8 ; Minutes
to breathe, by drawing in the Air which has been
in the Lungs thro' 4 Diaphragms of Flannel dipp’d
in a Lixiviam of highly calcin’d Salt of Tartar, and
afterwards dried, and blowing back the fame Air
in fuch manner that it may at every Infpiration
return thro’ the faid Diaphragms; which is done
by means of two Valves. The Moifture and Sul-
phurcous Vapours of the Air are by this Contri-
vance ftoppd in pafling thro’ the Flannel, and there-

by the Air continues wholefome much longer than it
\ wou'd
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wou’d in the common way of breathing : This he
propofes as u’eful to thofe who have occalion to go into
Places where the Air is inieétious; but where the
noxious Vapours are not very denfe, Mufers only of
Cloth or Flannel impregrated with Salt of Tartar
may ferve, as he found by feveral Experiments,

He fhews afterwards the Keafons why Pulvis
fulminans has more Force than Gun-Powder, and con-
firms Sir Jfaac Newton’s account of Fire and Flame
(Query ¢. and 10, 0f his Opricks:) but thews Dr. Nsey-
wentyt’s, Dr.Boerbaave's and Moat L’ Emery’s Account of
Fire to be erroncous; bat that it was not the marter
of Fire, but Elaftick Air which that lat nam’d Gen-
tleman had fo oiten obferv’d to be loft in the Analyfis
of Bodies.

That the artifical Sulphur made by Monf Geofroy,
was inflammable chiefly on account of the Air fup-
plied to it by the Oil of Tartar.

That if Fire was a peculiar Matter in Sulphur, it
ought to dilate, not to condenfe, the Air ; as it appears
to do by Experiment. That Fire confifls in the A&ion
and Reaction between repellent Air and attrading
Sulphur ; and that Heat is communicated by the.
Athereal Medium mention’d by Sir Jfaac Newton in the
laft Edition of his Opticks.

That Fermentation will diffolve Bodies without the
Help of included Fire, a&ing according to its feveral
Degrees ; a lower Degree of it (fuch as attends every
inteftine Motion) not being incontifient with the
healthy State of Plants and Animals.

That acid Particles by their great attraétive Force
diflolve Bodies, rufhing towards their Particics, fo as
to excite Heat, and fhake afunder {fome of them,
and turn them into Air,

That
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That Air, in afix’d State, is the Bond of Union,
which makes Salts durable, and which keeps together
the Solid Parts of Vegetables, of Animals, and even
Globules of the Blood.

That the Air ina moilt State is fooner abforb’d by
Sulphureous Steams, than in a dry State; for a Candle
which in a dry Receiver burn’d 7o'/, burn’d but 64/¢
in the fame Receiver when it was fill'd wich the
Fumes of hot Water ; but yet abforb’'d one fifth part
more of Air. But the abforbing Subitances lofe their
Force of acting, when united in a large Body, Brim-
ftone in a Roll abforbing no Air, tho’ it does it fo
plentifully when reduc’d into Minute Particles.

That fome of the Food of Animals generates, and
fome abforbs Air, and the Digeftion in a healthy
State is beil perform’d when there is but a little Air
morc generated than is abforb’d.

From the Confideration of the feveral Experiments
made by cur Author, in his Analyfis of Air, he makes
it appear that our Atmofphere is a Chaos of different
Particles, {fome of which are elaftick, and fome un-
claftick ; and that the elaftick Parts are endued with
very differcnt Degrees ef Elafticity, according as they
arc bigger or lefs, more or lefs {olid, more or lefs
watry ; and therefore that fome are eafily and fome
more difficultly reducible to a fix’d State.

That it i1s chiefly by the Change of Air from a
fixd to an elaftick, and from an elaftick to a fixd
State, that this beautitul Frame of Thimgs is main-
taind in a continual round of the Preduction and
Diffolution of animal and vegctable Bodies s and
therefore, that there is as much reafon to adept
Air among the Chymical Principles, as acid Sul-
phur ; tho’ it has hitiierto been rejected by the
Chymifls.

This will be contind’d in the nex?,
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