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T O

His Royal Highneis

GEORGE
Prince of WALES.

May it pleafe your Royal Htghnefs,

I
Humbly offer the follow-

ing Experiments to Your

Highnefs’s Patronage, to pro-

tect them from the reproaches

A. 2 that



DEDICATION.
that the ignorant are apt

nnreafonably to caft on re-

fearches of this kind, notwith-

ftanding they are the only fo-

lid and rational means where-

by we may ever hope to make

any real advance in the know-

ledge ofiS! ature ; A knowledge

worthy the attainment of

Princes.

And as Solomon^ the greateft

and wifefi: of men, deigned

not to inquire into the nature

of Plants, from the Cedar in

LehanoHy to the Hjffop that

fpringeth out of the wall: So it

will not, I prefume, be an un-

acceptable entertainment to

Your
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Your Royal Highnefs

, at

leaft at Your leifure hours
;

but will rather add to the plea-

fare, with which vegetable

Nature in her prime verdure

charms us : To fee the fteps

ihe takes in her produdlions,

and the wonderful power Ihe

therein exerts : The admirable

provifion Ihe has made for

them, not only vigoroufly to

draw to great heights plen-

ty of nourifliment froni the

earth
;
but alfo more fublimed

and exalted food from the air,

that wonderful fluid, w hich is

of fuch importance to the life

of Vegetables and Animals

:

A 3 And
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And which by infinite com-

binations with natural bodies,

produces innumerable furpriz-

ing efFe^ls
;
many inftances

of which I have here pro-

duced.

The fearching into the works

ofNature, while it delightsand

inlarges the mind, and ftrikes

us with the ftrongefl aflurance

of the wifdom and power of

the divine Architect, in fram-

ing for us fo beautiful and

well regulated a world, it does

at the fame time convince us

of his conllant benevolence

and goodnefs towards us.

That
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That this great Author of

Nature may Ihower down on

Your Royal Highnefs an a-

bundance ofhis Bleffirigs, both

Spiritual and Temporal, is

the lincere prayer of

TourRoyal Highnefs''s

Moji Ohedient

Humble Servant j

Stephen Hales.
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THE

PREFACE.
The R E have been within lefs than a

Century very great and ufeful difco*

veries made in the amazingly beautifulJiruc-

ture and nature oftheanimaloeconomysneither

have Riants puffed unobferved in this inqui-

Jitive age, which has withfuch diligence ex-

tended its inquiries infome degree, into almoji

every branch of natures inexhauftible fund

of wonderfulworks,

JVefind in theRhilofophical TranfaSiions,

and in the Hiflory of the Royal Academy of

Sciences, accounts of many curious Expert-

ments and Obfervations made from time to

time on Vegetables, by feveral ingenious and

inquifitive Rerfons : But our countryman

Grew and Malpighi were the firji, whoy

tho* in very diftant countries, did nearly at

thefame time, unknown to each other, ingage

in a very diligent and thorough inquiry into

the flruElure of the vejfels of Riant

s

; apro-

vince, which till then had layn uncultivated.

They
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'7hey havegiven us very accurate andfaithful

accounts of the JlruSiure of the parts-^ which

they carefully traced^ from their firfi minute

origin^ thefeminal TlantSj to theirfullgrowth

andmaturityythfd their Roots^ Trunks Bark^

Branchesj Gems, Shoots, Leaves, Bloffoms

and Fruit, In allwhich they obfervedan exalt

and regular fymetrj of Farts mojt curioufy

wrought infuch manner, that thegreat work

of Vegetation might effeEiually be carried on,

by the uniform co-operation of the feveral

Farts, according to the different offices affign^

ed them by nature.

Hadthey fortuned to have fallen into this

fatteal way ofinquiry, perfons of their great

application and fagacity had doubtlefs made

confiderable advances in the knowledge of the

nature of Flants. This is the only fure way
to meafure thefeveral quantities of nouripj-

ment, which Flants imbibe andperfpire, and

thereby tofee what influencethe differentftates

of Air have on them. This is the likeliefi me-

thod to find out the Safs velocity, andthe

force with which it is imbibed: As alfo to

eftimate the great power that nature exerts

in extending andpujhingforth herprodubUons,

by the expanfion of the Sap.

About
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j^lfout to yearsfmcBj I made feveral hte-

majiattealExperimentson^ogSy and 6 years

afterwards repeated the fame on Horfes and

other Animalsy in order to find out the real

force of the blood in the Arteriesy fome of

which are mentioned in the third chapter of

this book : At which times I wifbed I could

have made the like ExperimentSy to difeover

the force of the Sap in Vegetables , but def

paired of ever effecting ity till about [even

years fince, by mere accident 1 hit upon it^

while 1 was endeavouring by feveral ways to

flop the bleeding ofan oldflem ofa VinCy which

was cut too near the bleeding feafony which I
fearedmight kill it : Having, after other means

proved inejfdiualy tyed a piece of bladder over

the tranfverfe cut of the Stemy Ifound the

force ofthe Sap didgreatly extendthe bladder ;

whence I co?khidedy that if a long glafs Tube

werefixed therein thefame inannery as Ihad
before done to the Arteries of feveral living

Animals, 1 JJjonld thereby obtain the real of
cendrng force of the Sap in that Stem, which

fucceeded according to my expeblatioriy and

hence it is, that I have been infenfibly led ony

to make farther andfarther refearches by va-

riety of Experiments,

Ad
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As the art of Vhyfick has oflateyears been

much improved by a greater knowledge of the

animaleconomy 5fo doubtlefs afarther infight

into the vegetable (economy mu(i needs pro-

portionably improve our skill in Agriculture

and Gardenings which gives me reafon to

hopes that inquiries of this kind will be ac-

ceptable to manys who are intent upon impro-

ving thofe innocents delightfuls and beneficial

Arts : Since they cannot be infenfible that the

moji rational groundfor Succefs in this lau-

dable purfuit mujl arife from a greater in-

fight into the nature of Plants.

Finding by many Experiments in thefifth

chapters that the Air is plentifully infpired

by VegetableSs not only at their rootSs but

alfo thro' feveral parts of their Trunks and

Branches j this put me upon making a more

particular inquiry into the nature of the Air %

and to difcover, if pojfibles wherein its great

importance to the life and fupport of Vege-

tables might confijl j on which account I was
obliged to delay the publication of the refi of

thefe Experime7itSs which were readtwoyears

fince before the Royal Society s till Ihadmade
fome progrefs in this inquiry. An account of

which I have given in the [ixth chapter,

I Where
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• Where it appears by many chymioflatteal

ExperimentSy that there is dijfnfed thro* all

naturaly mutually attraWmg bodieSy a large

proportion ofparticles^ whichy as thefirflgreat

Author of this important difeovery. Sir Ifaac

N cw ton 0 [fervesy are capable ofbeing thrown

off from denfe bodies by heat or fermentation

into a vigoroufly elaflick andpermanently re-

pelling flate: And alfo of returning by fer-

mentation and fometimes without ity into

denfe bodies $ It is by this amphibious pro-

perty of the airy that the main andprincipal

operations of Nature are carried on
; for a

mafs ofmutually attracting particleSy with-

out being blended with a due proportion of

elaflick repelling oneSywould in many cafesfoon

coalefce into afluggifh lump. It is by thefe pro-

perties of theparticles of matter thathefolves

theprincipal Thoenomena ofNature. AndT>r.

Freind has from the fame principles given a

very ingenious Rationale of the chief opera-

tions hi Chymiflry. It is therefore of impor-

tance to have thefe very operative properties of

natural bodies further afeertained by more

Experiments and Obfervations : And it is

with fatisfaClion that wefee them more and

more confirmed to usy by every farther enquiry

we
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we make h as the followhig Experiments will

plainly prove^ by Jhewing howgreat thepower

ofthe attrahiion of acidfulphureous particUs

mufi be at fome little diftancefrom the point

of contaB, to be able mofi readily to ftihdue

andfix elafiick aerealparticlesy which repell

with a force fuperior to vafl incumbent pref-

fures : Which particles we find are thereby

changed from a firongly repellingy to as

ftrongly an attraEiing ftate : And that ela<^

fticity is no immutable property of airy is fur-

ther evidentfrom thefe Experiments ftecaufe

it were impoffible for fuch great quantities of

it to be confined in the fubftances ofAnimals

and VegetableSy in anelaftick ftatCy without

rending their conftituent parts with a vaft

explofton,

I have been careful in making, and faithful

in relating the refult ofthefe ExperimentSy and

wifh I could be as happy in drawing the pro-

per inferencesfrom them. However I mayfall

fhort at firft fetting out in thisftatical way of

inquiring into the nature ofTlantSy yet there is

goodreafon to believe that confiderable advan^

ces in the knowledge of their nature may in

provefs of time be madcy by refearches of this

kind.

i And
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And 1 hope thepublication ofthis Specimen

ofwhat I have hitherto done^ will put others

upon thefame purfuitSy there being info large

afieldy and amongfuch an innumerable variety

of fiiihjeElsy abundant room for many heads

and hands to be employed in the work : For

the wonderfulandfecret operations of Nature

are fo involved and intricatCyfofar out of the

reach of ourfenfeSy as they prefent themfelves

to us in their natural ordery that it is im-

poffiblefor the mofi fagacious andpenetrating

genius to pry into themy unlefs he will be at

thepains ofanaljdng Nature y by a numerous

and regular feries ofExperiments 5 which are

the only folid foundation whence we may rea-

fonably exp'eSi to make any advancCy in the

real knowledge of the nature of things.

1mufl not omit herepublickly to acknowledgCy

that I have in feveral refpe£is been much ob*

liged to my ingenious and learned neighbour

and friend Robert Mathers of the Middle''

Temple, Efqy for his affifiance herein.

E R R A r J.

p A G E 50. for 3, read X p. 32. 1 . 6. r. harden, p. 4^. 1 . 9. r. Fig. 8,

p. 48. 1. 12. r. rosre grafted the. p. 62. 1. 6 t. myrtles, p. 74. 1. 26.27.

r. bttnches. p. 84. 1 . 1 1, dele above, p. III. 1 . J.r. Experiment xxxviii. p,

145'. 1. 6. r. dfsbjyked. ibid. 1. 13. r. plate, p. 176. 1. 18. r. nearly p.

247. 1. 2z. r. Experiment cvViu p. 341. I. 3. r. for tcny cr, p. 344?

I. iS.dele 8.
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THE

INTRODUCTION.

T he farther refearches we make in-

to this admirable feene of things,

the more beauty and harmony we
fee in them : And the ftronger and clearer

Gonvidions they give us, of the being, power
and wildom of the divine Archited, who
has made all things to concur with a won-
derful conformity, in carrying on, by va-

rious and innumerable combinations of mat-

ter, fuch a circulation of caufes, and efFeds,

as was necelTary to the great ends of na-

ture.

And fince we are affured that the all wife

Creator has obferved the molt exad propor-

tions, of numbery weight and meafurey in

the make of all things 5 the moft likely way
therefore, to get any infight into the na-

ture of thofe parts of the creation, which

come within our obfervation, muft in all

reafon be to number, weigh and mcafure.

And we have much encouragement to pur-

^ fuc
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fue this method, of fearching into the nature

of things, from the great fuccefs that has

attended any attempts of this kind.

Thus, in relation to thofe Planets which

revolve about our Sun, the great Philofo-

plier of our age has , by numbering and

meafuring, difeovered the exad proportions

that are obferved in their periodical revo-

lutions and diftances from their common
.centers of motion and gravity : And that

God has not only comprehended the dufi

oj the earth in a meafurcy and weighed the

mountains in fcaleSy and the hills in a ba-

lance, Ifa. xl. 12. but that he alfo holds the

vaft revolving Globes, of this our folar Sy-

ilcm, moft cxaftly poifed on their common
center of gravity,-

And if we refted upon the difeoveries

that have been made in the animal oecono-

my, we (hall find that the moft confidcr-

able and rational accounts of it have been

chiefly owing to the ftatical examination

of their fluids, ^7;s. by enquiring what quan-

tity of fluids, and folids diflblved into fluids,

the animal daily takes in for its fupport

and nourifhment : And with what force

and different rapidities thofe fluids ^are car-

ried
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tied about in their proper channels, accord-

ing to the different fecretions that are to

be made from them : And in what pro-

portion the recrementitious fluid is convey-

ed away, to make room for frefh fupplies i

and what portion of this recrement na-

ture allots to be carried off, by the feveral

kinds of emundoties and excretory duds.

And fince in vegetables, their growth and

the prefervation of their vegetable life is

promoted and maintained, as in animals,

by the very plentiful and regular motion

of their fluids, which are the vehicles or-

dained by nature, to carry proper nutriment

to every part 5 it is therefore reafonable to

hope, that in them alfo, by the fame me-

thod of inquiry , confiderable difeoveries

may in time be made, there being, in ma-
ny refpeds, a great analogy between plants

and animals.

B %
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CHAP. I.

Experiments, fhewingthe quantities imbibed

and perffired by Tlants and Trees.

Experiment L

J
ULY 3. .1724. ill order to find out the

quantity imbibed and perfpired by the

Sun- Flower, I took a garden-pot (Fig. i.)

with a \2iV^c Sun-Flower, a, 3 feet -j- 4. high,

which was purpofely planted in it when
young.

1 covered the pot with a plate of thin

milled lead, and cemented all the joints faft,

io as no vapor could pafs, but only air, thro'

a imall glafstube^^? nine inches long, which

was fixed purpofely near the ftem of the

plant, to make a free communication with

the outward air, and that under the leaden

plate.

1 cemented alfo another fhort glafs tube

g into the plate, two inches long and one

incli in diameter. Thro^this tube I watered

the plant, and then flopped it up with a cork 5

1 flopped up alfo the holes /, I at the bottom

of the pot with corks.

I weighed
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I weighed this pot and plant morning

and evening, for fifteen fevcral days, from

July 3. to Aug. 8. after which I cut off the

plant clofe to the leaden plate , and then

covered the flump well with cement ; and

upon weighing found there perfpired thro*

the unglazed porous pot two ounces every

twelve hours day, which being allowed in

the daily weighing of the plant and pot, I

found the greatefl perfpiration of twelve

hours in a very warm dry day, to be one

pound fourteen ounces ; the middle rate of

perfpiration one pound four ounces. The
perfpiration of a dry warm night, without

any fenfible dew, was about three ounces 5

but when any fenfible, tho* fmall dew, then

the perfpiration was nothing 5 and when a

large dew, or fome little rain in the night,

the plant and pot was increafed in weight

two or three ounces. N. B. The weights I

madeufe ofwere Avoirdupoife weights.

I cut off all the leaves of this plant, and

laid them in five feveral parcels, according

to their feveral fizes, and then meafured

the furface of a leaf of each parcel, by lay-

ing over it a large lattice made with threads,

in which the little fquarcs were 4 of an inch

B 3 each j
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^ach; by numbering of which I had the fur-

face of the leaves in fquare inches, which

multiplied by the number of the leaves in

the correfponding parcels, gave me the area

of all the leaves j by which means I found

the furfaceofthe wholeplant, above ground,

to be ecjual to 5616 fquare inches, or 39

fquare feet.

I dug up another Sun* flower, nearly of

the fame fize, which had eight main roots,

reaching fifteen inches deep and fideways

from the ftem : It had befides a very thick

bufli of lateral roots, from the eight main

roots, which extended every way in a He-

mifphere, about nine inches from the ftem

and main roots.

In order to get an eftimate of the length

of all the roots, I took one of the main roots,

with its laterals, and meafured and weighed

them,and then weighed the other feven roots,

with their laterals, by which means I found

the fum of the length of all the roots to be

no lefs than 1448 feet.

And fuppofing the periphery of thefc roots

at a medium, to be of an inch, then their

furface will be 2286 fquare inches, or 15. 8

fquate
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fquare feet; that is, equal to \ of the furface

of the plant above ground.

If, as above, twenty ounces of water, at

a medium, perfpired in twelve hours day

(4 e) thirty four cubick inches of water

(a cubick inch of water weighing 254 grains)

then the thirty four cubick inches divided

by the furface of all the toots, is — 2286

fquare inches,- (/. ^.) ttw is = 4-tp this gives

the depth of water imbibed by the whole

furface of the roots mz,, 4-t part of an inch.

And the furface of the plant above ground,

being 5616 fquare inches, by which divid-

ing the 34 cubick inches, viz^ = rW,

this gives the depth perfpired by the whole

furface of the plant above ground, viz.

part of an inch.

Hence, the velocity with which water

enters the furface of the roots to fupply the

cxpence of perfpiration, is to the velocity,

with which the fap perfpires, as 165 : 67,

or as -Jy : t-I-t, or nearly as 5 : 2.

The area of the tranfverfe cut of the mid^

die of the Item is a fquare inch ; therefore

the areas, on the furface of the leaves, the

roots, and ftem, are 5616, 2286. i.

The velocities, in the furface of the leaves,

B 4 roots,
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roots, and tranfverfe cut of the ftem> are

gained by a reciprocal proportion of the

furfaces.

r,4-- inch

” Xy inch
O )

C34 inch.

Now, their pcrfpiring 34 cubick inches in

twelve hours day, there muft fo much pafs

thro’ the ftem in thatuimej and the velo-

city would be at the rate of 34 inches in

twelve hours, if the ftem were quite hollow.

In order therefore to find out the quanti-

ty of folid matter in the ftem, July zyth at

a. m, I cut up even with the ground a

Suufiower ; it weighed 5 pounds, in thirty

days 5 it was very dry, and had wafted in all

z pounds 4 ounces \ that is \ of its whole

weight : So here is a fourth part left for

folid parts in the ftem, (by throwing a piece

of green Sun-flower ftem into water, I found

it very near of the fame fpecifick gravity

with water) which filling up fo much of the

ftem, the velocity of the fap muft be increaf-

proportionably, viz. t part more, (by

reafon

("leaves — ^616

o < roots =n zzS6

I

MJUUb

(^ftem

— T’S'

X

TT-TS”.

~ I



f^egetahle Stauchl p
reafon of the reciprocal proportion) that 34.

cubick inches may pafs the ftem in twelve

hours 5 whence its velocity in the ftem will be

45t inches in twelve hours, fuppofing there

be no circulation nor return of the fap

downwards.

If there be added to 34, (which is the leaft

velocity) -f of it= 1 1|, this gives the grcateft

velocity, 'uiz. 45f* The fpaces being as 3 :

4. the velocities will be 4: 3 :
: 45t : 34.

But if we fuppofe the pores in the fur-

face of the leaves to bear the fame propor-

tion, as the area of the fap veftels in the

ftem do to the area of the ftem 5 then the

velocity, both in the leaves, root and ftem,

will be increafed in the fame proportion.

A pretty exad account having been ta-

ken, of the weight, fize, and furface of this

plant, and of the quantities it has imbibed

and perfpired, it may not be improper here,

to enter into a comparifon, of what is taken

in and perfpired by a human body, and this

plant.

The weight of a well fized man is 160

pound : The weight of the Sunflower is

three pounds, fo their weights are to each

other as i^o ; 3, or as 53 ; i.

i The
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The furface of fuch human body is 15

fquare feet, or 2160 fquare inches.

The furfacc of the Sun-flower is 5616

fquare inches, its furface is to the furface

of a human body as 26 : 10.

The quantity perfpir*d by a man in twen-

ty four hours is 3 1 ounces, as Dr. Keill found,

*vide Medicina Statica Britannica, 14.

The quantity perfpired by the plant, in the

fame time, is 22 ounces, allowing two ounces

for the perfpiration of the beginning, and

ending of the night in July, viz. after even-

ing and before morning weighing, juft be-

fore and after night.

So the perfpiration of a man to the Sun-
flower is as 14 1 : loo.

Abating the fix ounces of the thirty one

ounces, to be carried oft' by refpiration from
the lungs in the twenty four hours

5 (which

I have found by certain experiment to be fo

much if not more) the twenty five ounces

multiplied by 437 -j- v* number of grains

in an ounce Avoirdupois^ the produd is

1 09 3 7r grains 3 which divided by 254, the

number of grains in a cubick inch of water

gives 43 cubick inches perfpired by a man:
Which divided by the furface of his body.



Vegetable Statich. \ \

wz. 2.160 fquarc inches, the quotient is

I- part of a cubick inch perfpired off a fquare

inch in twenty four hours. Therefore in

equal furfaces and equal times the man per-

fpires the plant Ary or as 50 : 15.

Which cxcefs in the man is occafioned

by the very different degrees of heat in each

:

For the heat of the plant cannot be greater

than the heat of the circum-ambienc air,

which heat in fumnier is from 25 to 35’dc.

grees above the freezing point, Exp.

20.) but the heat of the warmeft external

parts of a man's body is 54 fuch degrees;

and the heat of the blood 64 degrees

;

which is nearly equal to water heated to

fuch a degree, as a man can well bear to hold

his hand in, ftirring it about ; which heat is

fuificient tp make a plentiful evaporation.

Since then the perfpirations of equal

areas, in a man and a Sunflower, are to each

other as 165 : 50. or as af : i> andlince the

degrees of heat are as 2 : i, muft not the fum
or quantity of the areas of the pores lying

in equal furfaces, in the man and Sunflower,

be as 1 6 ; I > for it feems that the quantities

of the evaporated fluid will be as the degrees

of heat, and the fum of the areas ofthe pores

taken together. i Dr*,
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Dr. Keilly by eftimating the quantities of

the fevcral evacuations of his body, found

that he eat and drank-, every 24 hours, 4
pounds 10 ounces. >

The Sunflower imbibed and perfpired in

the fame time twenty twO' ounces, fo the

maiVs food, to that of the plant, is as 74
ounces to 22 ounces, or as 7 : 2.

But compared bulk for bulk, the plant im-

bibes feventeen times more frefh food than

the man : For deducing five ounces, which

Dr. Keill allows for the faces alvi y there

will remain fixty nine ounces of frefh li-

quor, which enters a man's veins; and an

equal quantity pafles off every 24 hours.

Then it will be found, that feventeen times

more new fluid enters the fap velTels of the

plant* and pafles off in 24 hours, than there

enters the veins of a man, and paflTes off in

the fame time.

And fince , compared bulk for bulk, the

plant perfpires feventeen times more than

the man, it was therefore very neceflary, by

giving it an extenfive furface, to make a large

provifion for a plentiful perfpiration in the

plant, which has no other way of difeharg-

ing fuperfluities; whereas there is provifion

made
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made in man, to carry off above half of

what he takes in, by other evacuations.

For fince neither the furface of his body

was extenfive enough to caufe fufficient ex-

halation, nor the additional wreak , arifing

from the heat ofhis blood, could carry off a-

bove half the fluid, which was neceflary to be

difeharged every twenty four hours 5 there

was a neceffity of providing the kidneys,

to percolate the other half thro\

And whereas it is found, that feventeen

times more enters, bulk for bulk, into the

fap veflels of the plant, than into the veins

of a man, and goes off in twenty four hours

:

One reafon of this greater plenty of frefh

fluid, in the vegetable than the animal body,

may be, becaufe the fluid which is filtrated

thro' the roots immediately from the earth,

is not near fo full fraighted with nutritive

particles as the chyle which enters the lafteals

ofanimals 5 which defeft it was neceflary to

fupply by the entrance of a much greater

quantity of fluid.

And the motion of the fap is thereby much
accelerated, which in the heartlefs vege-

table would otherwife be very flow? it ha-

ying
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tingprdbably only a progreflivc and not a

circulating motion, as in animals.

Since then a plentiful perfpiration is

found fo neceflary for the health of a plant

or tree, ^tis probable that many of their dif-

tempers are owing to a ftoppage of this

perfpiration, by inclement air.

The perfpiration dn men is often flopped

to a fatal degree ; not only by the incle-

mency of the air, but by intemperance, and

violent heats and colds. But the more tem-

perate vegetables perfpiration can be flopped

only by inclement air i unlefs by an un-

kindly foil, or want of genial moifture it is

deprived ofproper or fufficient nourilhment.

As Dr. Keill obferved in himfclf a con-

fiderable latitude of degrees of healthy per-

fpiration, from a pound and halfto 3 pounds 5

1 have alfo obferved, a healthy latitude of

perfpiration in this Sun-flower, from fixteen

to twenty eight ounces in twelve hours day.

The more it was watered, the more plenti-

fully it peripired, {cateris paribus) and with

fcanty watering the perfpiration much abated.'

Experiment II.

Brom July to Aug. id. I wcig^iccl

foe
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for nine fevcral mornings and evenings a

middle iized Cabbage plants which grew in

a garden pot, and was prepared with a leaden

cover as the Sunflower, Exper,
\ft. Its

greateft perfpiration in 12 hours day was i

pound 9 ounces 5 its middle perfpiration i

pound $ ounces, = 32 cubick inches. Its

furfacc 27 3 6 fquare inches, or 1 9 fquare feet.

Whence dividing the 32 cubick inches by

2736 fquare inches, it will be found that

a little more than the ^ of an inch depth

perfpires off its furfacc in 1 2 hours day.

The area of the middle of the Cabbage

ftem is of a fquare inch ; hence the ve-

locity of the fap in the ftem, is to the ve-

locity of the perfpiring fap, on the furfacc

of the leaves, as 2736 : : : 4268 : t

for
^ ^-—— 4268. But ifan allow-
100

ance is to be made for the folid parts of the

ftem, (by which the palTage is narrowed) the

velocity will be proportionably incrcafed.

The length of all its roots 470 feet, their

periphery at a medium of an inch, hence

their area will be 256 fquare inches nearly

;

w^hich being fo fmall, in proportion to the

area of the leaves, the fap muft go with

near
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near eleven times the velocity thro’ the fur^

face of the roots, that it does thro* the fur-

face of the leaves.

And fetting the roots at a medium at 12

inches long, they muft occupy a hemifphere

of earth two feet diameter, that is 2. i cu-*

bick feet of earth.

By comparing the furfaces of the roots of

plants, with the furface of the fame plant

above ground , we fee the neceffity of cut-

ting off many branches, from a tranfplanted

tree : for if 256 fquare inches of root in

furface was neceffary to maintain this Cab-

bage in a healthy natural ftatc : fuppofe upon

digging it up, in order totranfplant, half the

roots be cut off (which is the cafe of moft

young tranfplanted trees) then it’s plain, that

but half the ufual nourifhment can be car-

ried up, through the roots, on that account j

and a very much lefs proportion on account

of the fmall hemifphere of earth, the new
planted fhortened roots occupy 5 and on ac-

count of the loofe pofition of the new turn-

ed earth, which touches the roots at firft

but in few points. This ( as well as ex-

perience) ftrongiy - evinces the great necef-

fity of well watering new plantations.

Which



J/egetahle Statich. 1

7

Which yet muft be done with caution,

for the skilful and ingenious Mr. ThUtj>

Miller^ Gardiner of the Botanick garden at

Chelfea, in his very ufeful Gardiners and

FloriftsDidionary, fays, ‘‘ That he has often

feen trees, that have had too much water

given them after planting, which has rotted

all the young fibres, as faft as they have

been pufhed out , and fo many times has

killed the tree. ” Supplement Vol. II. of

planting. And I obferved, that the dwarf

pear-tree, whofe root was fet in water , in

Exper. 7. decreafed very much daily in the

quantity imbibed
;

*viz. becaufe the fap vcf-

fels of the roots, like thofe of the cut off

boughs, in the fame experiment , were fo

faturated and clogged with moifture, by ftand-

ing in water, that more of it could not be

drawn up to fupport the leaves.

Experiment III.

Prom July 28. to Aug. 25. I weighed for

twelve feveral mornings and evenings, a

thriving Vine growing in a pot j I was fur-

nifhed, with this and other trees, from his

Majefty's garden at Hampton-courtj by the

C favour



1

8

P^egetahle Statich,

favour of the eminent Mr. Wife. Thh
vine was prepared with a cover, as the Sun-

flower was. Its greateft perfpiration in ix

hours day, was 6 ounces -f- 240 grains ; its

middle perfpiration 5 ounces 240 grains

= to 9| cubick inches.

The furface of its leaves was iSaofquarc

inches, or 12 fquare feet 92 fquarc

inches ; whence dividing 97 cubick inches,

by the area of the leaves, it is found that

tij part of an inch depth, perfpires off in

12 hours day.

The area of a tranfvcrfe cut of its ftem,

was equal to of a fquare inch : hence the

fap*s velocity here to its velocity on the fur*

faceofthe leaves, will be as 1820 x 4 =
72S0 : I . Then the real velocity ofthefap’s

motion in the flem is = -iVi~ =38 inches

in twelve hours.

This is fuppofing the ftem to be a hollow

tube: but by drying a large vine branch (in

the chimney corner) which I cut off, in the

bleeding feafon, I found the folid parts were

J. of the ftem 5 hence the cavity thro' which

the fap pafles, being fo much narrowed, its

velocity will be 4 times as great, ^viz. 152

inches in iz hours.

But
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But It is further to be confidered, that if

the fap moves in the form of vapor and

not of water, being thereby ratified, its ve-

locity will be increafed in a dired propor-

tion of the fpaces, which the fame quan-

tity of water and vapor would occupy

:

And if the vapor is fuppofed to occupy 10

times the fpace which it did, when in the

form of water, then it muft move 10 times

fafter i fo that the fame quantity or weight

of each may pafs in the fame time, thro'

the fame bore or tube :
• And fuch allow-

ance ought to be made in all thefe calcu-

lations concerning the motion of the fap in

vegetables.

Experiment IV.

From July 29. to Aug. 25. I weighed

for 1 2 feveral mornings and evenings, a

radife flock Apple-tree y which grew in a

garden pot, covered with lead , as the Sun-

flower : it had not a bufhy head full ofleaves,

but thin fpread, being in all but 163 leaves

;

whofe furfacc was equal to 1589 fquarc

inches, or II fquarc feet -j- 5 fquarc inches.

The greateft quantity it perfpired in 1

2

C ^ hours
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hours day, was 1 1 ounces , its middle quan-

tity 9 ounces, or 1 5 i cubick inches.

The 1 5 t cubick inches perfpired, divid-

ed by thefurface 1589 fquare inches, gives

.the depth perfpired off the furface in 1 2 hours

day, viz>. of an inch.

, The area of a tran Tver fe cut of its{lem,^of

an inch fquare, whence the lap’s velocity

here, will be to its velocity on the furface

of the leaves as 1589 x 4= 6356 : i.

Experiment V.

From to Aug, 25. I weighed for

10 feverai mornings and evenings a very

thriving Limon-treey which grew in a gar-

den pot, and was covered as above : Its great-

eft perfpiration in 1 2 hours day was 8 ounces,

its middle perfpiration 6 ounces, equal to

1 04 cubick inches. In the night it perfpired

fometimes half an ounce , fometimes no-

thing, and fometimes increafed i or 2 oun-

ces in weight, by large dew or rain.

The lurface of its leaves was 2557
fquare inches, or 17 fquare feet 59

fquare inches % dividing then the loj cabick

inches perfpired by this furface, gives the

4
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depth perfpired in 12 hours day, ^-7

of an inch.

So the fevcral fore-

going perfpirations

in equal areas are.

"
I VI in the vine in 12

hours day.

tV in a man, in a day
and a night.

ivT in a Sunflower,

in a day and night.
^ in a cabbage, in 1

2

hours day.

in an apple- tree,

in 1 2 hours day.

i^yin a limon-tree,

in 12 hours day.

The area of the tranfverfe cut ofthe ftem

of this Limon-tree was = i . 44 of a

fquare inch 5 hence the Tap's velocity here

,

will be to its velocity on the furface of the

leavcs,as 1768: i for =i 7 <58 .

1 44"

This is fuppoling the whole flem to be a hol-

low tube j but the velocity will be increafed

both in the ftem and the leaves, in propor-

tion as the paflage of the fap is narrowed by

the folid parts.

By comparing the very different degrees

of perfpiration, in thefc 5 plants and trees,

C 3 we
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wc may obferve, that the Union-tree, which

isanever-green,perfpiresmuch lefs than the

Sunflower, or than the Vine or theApple-tree,

whofe leaves fall off in the winters and as

they perfpire lefs, fo are they the better able

to furvivc the winter’s cold, becaufe they

want proportionably but a very fmall fup-

ply of frefh nourifhment to fupport them

;

Like the exangueous tribe of animals, frogs,

toads, tortoifes, ferpents, infeds, which

as they perfpire little 3 fo do they live the

whole winter without food. And this I

find holds true in 13 other different forts

of ever-greens, on which I have made Ex-

periments.

The above mentioned Mr. Miller made

the like experiments in the Botanick-gar-

den at Chelfea^ on a plantain-tree, an aloe,

and a paradife appkrtree s which he weigh-

ed morning, noon , and night, for feve-

ral fuccefllvc days. I (hall here infert the di-

aries of them, as he communicated them to

me, that the influence of the different tem-

peratures of the air, on the perfpiration of

thefe plants, may the better be fecn.

The pots which be made ufc of were

glazed, and had no holes in their bottoms , as

garden
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garden pots ufually have; fo that all the

raoifture, which was wanting in them upon

weighing , muft ncceffarily be imlaibed, by

the roots of thofe plants , and thence per-

fpired off thro’ their leaves.

A diary of the perfpiration ofthe Mufa ArJ

bor, or Plantain-tree of the Weft-Indics.

The whole furface of the plant was 14

fquare feet y 8 -j-^ i inches. The dijfe^

rent degrees of heat of the airy are here

noted by the degrees above the freezing

point in my Thermoni. defcrib*d in Exp, 20.

1726 Weight

May.

17
18

29

20
21

22

23

at j

Morn,
pd. ou.

38 5

37 15

37 4

36 14
36 10

36 14

36 6

32

34
30

Weight
at 12

Noon,
pd. ou.

38 o

37 St

36 5:

3 S

48
SO

Weight; ^
at 6
Even,

pd. ou.

37 14 34
37 3 f 3 i

37 o

36 II

36 15

31

36

44

36 I If 35

32|'3^ 5 31

3. This plant
tlc>od in a flove, with a
fmall fire in itj the aP-

pedt of the ftove was
iJ'^uch-eaft.

\

A hot clear day. This
morning he obferved
large drops of water at
che extremity of every
leafj and we may obferve
'hat it perfpires very
much this day.

An extream hot clear
Jay.

Moderately hoc but clear.

This morn. la ounces of
water poured into the
pot. Mixture of Sun and
Clouds.

Much thunder, fome rain
and hail at a diftance.

A gloomy day but c®
rain.

This evening la ounces of water were poured into the pot; and it was
removed from the ftove into a cool room, where it had a free air but no
Sun, the windows being North-weft.

C 4 Calm
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1726 Weight Weight Weight H
at 6 0 at 12 n>

•-S
at 6 n

May Morn. p Noon 3 Even. 3

24

pd. ou.

37 00 27

pd. ou.

37 00 27y

pd. ou.

36 15? 25 l

25 37 00 2It 36 14J 26 36 13 23

26 36 12 22 36 1

1

25 36 10 24

25 i27 36 ICy 23
22I

36 6| 26* 36 6

28 36 6 36 5 24 36 3i 23

29 36 2 20 36 2| 2li 36 I 22

30 36 ly 19 36 I 21 36 0 19

June

35 15 18 35 H? ^ 9t 35 i 3i 18

2 35 12 35 iit 23 35 II 21-;

a

i

3 35 10 28i 35 4 36 35 iJ

f

d

34 ^

4 35 00 26 34 H 31 3+
1>

j

20 ^

^ V

Calm cloudy weathefr

A pretty clear day.

A hot day.

A very hot day.

Some rain and cloudy

At this ttmei the undcf
leaves of the plant be-

fold and fpread abroad ;

yare obfervedne-

grow bigger, af-

y are fully opened.
A temperate day.

Temperate weather not
very clear.

Some rain. The whole
plant begins to change
colour, and appear fickly.

He then removed the

plant into the flove

n in order to recover

but it continued to

cool and cloudy day.

warmdavj and the

We may obferve from this diary, that

this plant, when in the flove, ufually per-

fpired more in 6 hours before noon than

in 6 hours afternoon 5 and that it perfpired

much lefs in the night than in the day time :

And fometimes increafed in weight in the

night, by imbibing the moifture of the

ambient air 5 and that both in the flove and

m
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in the cool room. Upon making an cfH-

mate, of the quantity perfpired off a fquare

inch of this plant, in 12 hours day, it comes

but to yTz of ^ cubick inch; on the

iStlf day of May, when by far its greateft

perfpiration was ; for on feveral other days

it was much lefs.

A diary of the Aloe Africana Caiilefcens

joinsfpinojis, maculis ab utraque parte AL
bicantibus notatis, Coiyimelini hort. Amjl,

commonly called the tarolina Aloe. It

was a large plant of its kind. It flood

in a glafs-cafe, which had a South afpebl

withou

1726 Weight

t a

p- .

fire.

Weight Weight
lrr

' at 6 ro at 6 2 at 6 0

May. Morn. p Noon. Night. P

18

pci. ou.

;4' 6 33 41 2^ 36 41 3
1

"3 of

*9
, 4 > 28^- 40 14 3 ii 40 12 1'30

!

20 40 I2t 26y 40 10 31 40 8i 297
21 '40 9V 27 40 6| 30 40 57 28 j

22 40 6 '40 29 40 4 27 f

\

23 41 10 24Y 41 29 41 5

[

u
\Ve may c)bferve, that this i

Thii evening promlf-
foir.e ra:n , he fee

ithe pot out, to receive

a litrle, and then wip-
ing the leaden furface of
!the pot dry, he fet it

indered any fur-

ther obfervations.

in weight moll nights, and perfpired moft

A diaryin the morning
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A diary ofa /J»4//Paradifc- Apple, <with one

upright ftem 4 feet high ; and two fmall
lateral branches about 8 inches long. This

plant food under a cover of wood which
was open on allfdes.

1726
May
18 37 4 I 37 3 22 37 I

*9 37 * i 7t’ 3 o H 21 36 13^ *9
20 36 12 .8’ 36 lOj 23 36 9 ,20i
21 36 7 17

i
3 o 5 2Ii'36 4 20

22 36 3, i8i 36 I 24 36 zj^22i

24 36 CO 26 35 8 37T 3 > Sl 34i

25 35 4 32f 3 J > 36
1

vyi 00

r
26 34 9 28-34 6,

1

34 34 * 32

27

i

33 7 i 28

1

Thf vpry dry,
nd become fpeckledfor
want of dew.

Then he removed the
plant into the ftove *

to try what eiFeft that

would have on its per-
fpi ration.

At this time theleaves

were withered with the

heat and hung down as U

At this time feveral
• the leaves began to
11 off.

All the leaves fallen

f, except a few fmall

les, at the extremities

the branches which
id put out, finee the
ant was in the ftove.

The earth it flood in

!n October 1723. Mr. Miller took up

an African Briony-rooty which when cleared

from the mould weighed 8 pound i ounce 5

he laid it on a (helf in the ftove , where

it remained till the March following ; when
upon weighing he found it had loft of its

i weight.
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weight. In April it fhot out 4 branches,

two of which were 3 j feet long, the othei:

two were one ofthem 14 inches, the other

9 inches, in length: Thefc all produce4

fair large leaves, it had loft 14 ounce in

weight, and in three weeks more it loft

2:; ounces more, and was much withered.

Experiment VI.

Spear-mint hdn^ a plant that thrives moft

kindly in water, (in order the more ac-

curately to obferve what water it would

imbibe, and perfpire by night and day, irx

wet or dry weather) I cemented at r a plant

of it my into the inverted (yphon r y x b

(Fig. 2.) the fyphon was i inch diam. at

but larger at r.
,

I filled it full of water, the plant imbibe

cd the water fo as to make it fall in the

day, (in March) near an inch and half from

b to ty and in the night i inch from t to i:

but one night, when it was fo cold, as to

make the Thermometer fink to th^e freezing

point, then the mint imbibed nothing, but

hung down its head j as did alfo the young

beans in the garden, their fap being great-

/
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ly condenfcd by cold. In a rainy day the

mint imbibed very little.

I purfaed this Experiment no farther. Dr.'

Woodward having long fince, from feveral

curious experiments and obfervatibns, given

an account in the Philofophical Tranfadions,

of the plentiful perfpirations of this plant.

Experiment VII.

In Auguft^ I dug up a large dwarf 7ear-

treCy which weighed 71 pounds 8 ounces;

I fet its root in a known quantity of wa«

ter 5 it imbibed 15 pounds of water in 10

hours day, and perfpired at the fame time

1 5 pounds 8 ounces.

In July and Augufty I cut off feveral

branches of Apple-trees, Pear, Cherry, and

Apricock-trees, two of a fort 5 they were of

feveral lizes from 3 to (5 feet long, with pro-

portional lateral branches; and the tranfverfe

cut of the largeft part of their Items was a-

bout an inch diameter.

I ftripped the leaves off of one bough of

each fort, and then fet their Items in fepa-

ratc glalfes, pouring in known quantities of

water.

The
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The boughs with leaves on them im-

bibed fome 15 ounces, fome 20 ounces,
#

25 or 30 ounces in 12 hours day, more or

Icfs in proportion to the quantity of leaves

they had ; and when I weighed them at night

they were lighter than in the morning.

V/hile thofe without leaves imbibed but

one ounce, and were heavier in the even-

ing than in the morning, they having per-

fpired little.

The quantity imbibed by thofe with leaves

decreafed very much every day, the fap

veffels being probably fhrunk, at the tranf-

verfe cut, and too much faturate with wa-

ter, to let any more pafs 5 fo that ufually in

4 or 5 days the leaves faded and withered

much.

I repeated the fame experiment with Elm-

branches,Oak, Ofier, Willow, Sallow,Afpen,

Curran,Goosberry, and Philbudbranchcs$ but

none of thefe imbibed fo much as the fore-

going, and feveral forts of ever-greens very

much lels.

Experiment VIII.

Anguft 15. I cntofF a large Ruffet-pippin,

with
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with two inches flem, and its 12 adjoining

leaves 5 1 fet the ftem in a little viol of wa-
ter it imbibed and perfpired in three days

f of an ounce.

At the fame time I cut offfrom the fame
tree another bearing twig of the fame
length, with 12 leaves on it, but no apple ;

it imbibed in the fame three days near } of

an ounce.

About the fame time I fet in a viol of

water a fhort ftem of the fame tree, with

two large apples on it without leaves 3 they

imbibed near ^ ounce in two days.

So in this Experiment, the apple and the

leaves imbibe f ounce 3 the leaves a-

lone near but the two large apples imbib-

ed and perfpired but 7 part fo much as the

1 2 leaves ; then one apple imbibed the ^ part

of what was imbibed by the 12 leaves, there-

fore two leaves imbibe and perfpire as much

as one apple ; whence their perfpirations

feem to be proportionable to their furfaces

;

the furface of the apple being nearly equal

to the fum of the upper and under furfaces

of the two leaves.

Whence it is probable, that the ufe of

thefe leaves, (which are placed, juft where

the
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the fruit joins to the tree) is to bring non-’

rifhment to the fruit. And accordingly I

obferve that the leaves, next adjoining to

blolfoms, are, in the fpring, very much ex-

panded, when the other leaves, on barren

Ihoots, are bur beginning to (hoot : And
that all peach leaves are pretty large before

the bloffom goes olF : And that in apples

and pears the leaves are one third or half

grown, before the blolTom blows : So pro-

vident is nature in making timely provifioii

for the nourilhing the yet embrio fruit.

Experiment IX.

Jufy 15. I cut off two thriving

near the ground, in a thick lhady part of

the garden, the pole ftill Handing; I ftrip-

cd the leaves offone of thele vines, and fet

both their Hems, in known quantities of

water, in little bottles ; that with leaves

imbibed in 1 2 hours day 4 ounces, and that

without leaves i ounce.

I took another hop pole with its vines

on it, and carried it out of the hop ground,

into a free open expofure ; thefe imbibed

and peripired as much more as the former

in
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ill the hop-ground : Which is doubtlefs

the reafon why the hop- vines on the out-

fidcs of gardens, where moft expofed to the

air, are fhort and poor, in comparifon of

thofc in the middle of the grounds be-

caufe being much dried, their fibres hardens

fooner, and therefore they cannot grow fo

kindly as thofe in the middle of the ground s

which by fhade are always kept moifter, and

more ductile.

NoVv^ there being looo hills in an acre

of hop'groLind, and each hill having three

poles, and each pole three vines, the num-

ber of vines will be 9000; each of which

imbibing 4 ounces, the fum of all the oun-

ces, imbibed in an acre in 12 hours day, will

be 36000 ounces, — 15750000 grains —
62007 cubick inches or 220 gallons ; which

divided by 6272640, the number of fquare

inches in an acre , it will be found, that the

quantity of liquor perfpired by all the hop-

vines, will be equal to an area of liquor,

as broad as an acre, and fvp part of an inch

deep, befides what evaporated from the

earth.

And this quantity of moifturc in a kind-

ly ftate of the air is daily carried off, in

a fuffi-
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a fafficicnt quantity, to keep the hops in

a healthy ftatej but in a rainy moift (late

of air, without a due mixture of dry wea-

ther, too much moifture hovers about the

hops, fo as to hinder in a good meafure the

kindly perfpiration of the leaves , whereby

the ftagnating fap corrupts, and breeds mol-

dy fen, which often I'poils vaft quantities

of flourifhing hop-grounds. This was the cafe

in the year 1723 , when 10 or 14 days ai-

moft continual rains fell, about the latter

half of after 4 months dry weather; up-

on which the moft flourifhing and promifing

hops were all infected with mold or fen,

in their leaves and fruit, while the then

poor and unpromifing hops efcaped, and pro-

duced plenty 3 becaufe they being fmall, did

not perfpire fo great a quantity as the others $

nor did they confine the perfpired vapor

,

fo much as the large thriving vines did, in

their fhady thickets.

This rain on the then warm earth made

the grafs flioot out> as fall as if it were in a

hot bed ; and the apples grew fo precipicate-

ly, that they were of a very flafhy conftitu-

tion , fo as to rot more remarkably than

had ever been remembred.

D The
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The planters obferve, that when a mold or

fen has once feized any part of the ground

,

it foon runs over the whole 5 and that the

grafs and other herbs, under the hops, are

infefted with it.

Probably becaufe the fmall feeds of this

quick growing mold, which foon come to

maturity, are blown over the whole ground :

Which fpreading of the feed may be the

reafon why fome grounds are infeded with

fen for feveral ycarsfucceffively 5 viz. from

the feeds of the laft years fen : Might it not

then be advifeablc to burn the fenny hop-

vines as foon as the hops are picked, in hopes

thereby to deftroy Ibme of the feed of the

mold >

Mr. Aufiin of Canterbury obferves fen

to be more fatal to thofe grounds that

are low and Ihcltered, than to the high

and open grounds 5 to thofe that are ihel-

ving to the North, than to the fhelving

to the South 5 to the middle of grounds,

than to the outfides,* to the dry and

gentle grounds, than to the moiftand ftiff

“ grounds. This was very apparent through-

out the Plantations, where the land had

the fame workmanfbip, and help beftow-

ed
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ed upon it, and was wrought at the fame

time 5 but if in either of thefe cafes there

was a difference, it had a different effed

;

and the low and gentle grounds, that lay

neglefted, were then feen lefs diftemper-

ed, than the open and moift, that were

carefully managed and looked after.

The honey dews are obferved to come

about the 1 1 of JunCy which by the middle

of July turn the leaves black, and make
“ them ftink.

I have in July (the feafon for fire blafts,

as the planters call them) feen the vines in

the middle of a hop - ground all fcorched

up almoft from one end of a large ground

to the other, when a hot gleam of Sun-

fhine has come immediately after a iliower

of rain ; at which time the vapors are of-

ten feen with the naked eye, but efpecially

with refleding Telefcopes, to afeead fo

plentilully, as to make a clear and diftind

objed become immediately very dim and

tremulous. Nor was there any dry gravel-

ly vein in the ground, along the courfe of

this fcorch. It was therefore probably ow^

ing to the much greater quantity of fcorch.

ing vapors, in the middle than outfides of

D 2 the
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the ground, and that being a denfer medi-

um, it was much hotter than a more rare

medium.

And perhaps, the great volume of afccnd-

ing vapor might make the Sun-beams con-

verge a little toward the middle ofthe ground,

that being a denfer medium , and thereby

increafe the heat confidcrably ; for I obferv-

ed, that the courife of the fcorched hops

was in a line at right angles, to the Sun-

beams about a 1 1 a clock, at which time

the hot gleam was : The hop-ground was

in a valley which run from South- weft to

North-eaft : And to the beft ofmy remem-

brance, there was then but little wind, and

that in the courfe of the fcorch 5 but had

there been fomc other gentle wind, either

North or South, 'tis not improbable but

that the North wind gently blowing the

Volume of rifing wreak on the South-fide

of the ground, that fide might have been

moft fcorched, and fo %'ice verfa.

As to particular fire-blafts, which fcorch

here and there a few hop-vines
,
or one or

two branches of a tree, without damaging

the next adjoining 5 what Ajlronomers ob-

ferve, may hint to us a no very improbable

caufe
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caufc of it 5 viz^ They frequently obferve

(efpecially with the refleding Tclefcopes)

fmall feparate portions of pellucid vapors

floating in the air 5 which tho’ not vifibleto

the naked eye , are yet confidcrably denfer

than the circumambient air : And vapors of

fuch a degree of denfity may very proba-

bly, either acquire fuch a fcalding heat from

the Sun, as will fcorcli what plants they

touch, efpecially the more tender : An effed,

which the gardiners about London have too

often found to their coft, when they have

incautioufly put bell-glaffes over their Colly-

flowers, early in a frofty morning , before

the dew was evaporated off them; which

dew being raifed by the Sun’s warmth, and

confined within the glafs, did there form a

denfe tranfparent fcalding vapor, which burnt

and killed the plants. Or perhaps, the up-

per or lower furface of thefe tranfparent fc-

parate flying volumes of vapors may, among
the many forms they revolve into, fometimes

approach fo near to a hemifphere, or herni-

cylinder, as thereby to make the Sun-beams

converge enough, often to fcorch the more
tender plants they fhall fall on: And fome-

times alfo^ parts of the more hardy plants

P I and
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and trees, in proportion to the greater or

lefs convergency of the Sun's rays.

The learned Baerhaave, in KuTheory of

Chemiftry, p. 245. obferves, That thofe

white clouds which appear in fummer-

time, are as it were fo many mirrours,

and occafion exceffive heat. Thefc cloudy

“ mirrours are fometimes round, fome-

times concave, polygonous, &c. when

the face of heaven is covered with fuch

white clouds, the Sun fhining among
them, muft of neceffity produce a vehe-

ment heat 5 fmee many of his rays, which

would otherwife, perhaps, never touch

our earth, are hereby reflefJed to us , thus

if the Sun be on one fide, and the clouds

on the oppofite one, they will be per-

fed burning glaffes. And hence the phac-

nomena of thunder.

I have fometimes (continues he) ob-

ferved a kind of hollow clouds, full of

hail and fnow , during the continuance

of which the heat was extreme 5 fince by

“ fuch condenfation they were enabled to

refled much more ftrongly. After this

came a fharp cold, and then the clouds

difeharged their hail in great quantity 5

to
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to which fucceeded a moderate warmth.

Frozen concave clouds therefore, by their

great reflexions, produce a vigorous hear,

and the fame when refolvcd exceflive

cold.

Whence we fee that blafts may be occa-

fioned by the refleXions of the clouds, as

well as by the above mentioned refraXion

of denfe tranfparent vapors.

July 21. I obferved that at that feafon

the top of the Sunflower being tender, and

the flower near beginning to blow ,
that if

the Sun rife clear the flower faces towards

the Eaft, and the Sun continuing to (hine,

at noon, it faces to the South, and at 6 in

the evening to the Weft : And this not

by turning round with the Sun, but by nu-

tation i the caufe of which is, that the fide

of the ftem next the Sun perfpiring moft, it

fhrinks, and this plant perfpires much.

I have obferved the fame in the tops of

Jerufalem- artichokes and of garden « beans

in very hot Sun-fhine.

Experiment X.

July 17, I fixed an Apple 'branch 3

D 4 feet
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feet long \ inch diameter, full of leaves,

and lateral fhoots to the tube 7 feet

long i diameter. (Fig. 3.) I filled the tube

with water, and then immerfed the whole

branch as far as over the lower end of the

tube, into the veflel u it full of water.

The water fubfided 6 inches the firft

two hours (being the firft filling of the

fap veftels) and 6 inches the following night>

4 inches the next day^, and 2 -|- ~ the fol-

lowing night.

The third day in the morning I took

the branch out of the water; and hung

it with the Tube affixed to it in the open

air; it imbibed this day 27 i inches in

12 hours.

This Experiment fhews the great power

of perfpiration ; fince when the branch

was immerfed in the veffel of water, the

7 feet column of water in the tube, above

the furface of the water, could drive very

little thro’ the leaves, till the branch was

expofed to the open air.

This alfo proves, that the perfpiring mat-

ter of trees is rather aduared by warmth,

and fo exhaled , than protruded by the

force of the fap upwards.

An4
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And this holds true in animals, for the

perfpiration in them is not always greateft:

in the greateft force of the blood
5 but then

often leaft of all, as in fevers.

1 have fixed many other branches in the

fame manner to long tubes, without im.

meiTing them in water 5 which tubes, being

filled with water, I could fee precifely, by

the defeent of the water in the tube t, how
faft it perfpired off j and how very little per-

fpired in a rainy day, or when there were

no leaves on the branches.

Experiment XL

Aug. 17. At \\ a: niy\ cemented to

the tube a b (Fig. 4.) 9 feet long, and f inch

diameter an Apple-branch d 5 feet long 4

inch diameters I poured water into the tube,

v^hich it imbibed plentifully, at the rate of

3 feet length of the tube in an hour. At

I a clock 1 cut off the branch at r, 1 3 inches

below the glafs-tubc. To the bottom oL,

the remaining ftem I tyed a glafs ciftern

covered with ox -gut, to keep any of the

w^ter which droped from the ,ftcm cb from'

evaporating. At the fame time I fet the

branch
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branch d r which I had cut off in a known
quantity of water, in the veffel^, (Fig. 5.)

the branch in the veflel x imbibed 1 8 oun-

ces of water, in 1 8 hours day and 1 2 hours

night i in which time only 6 ounces of wa-

ter had pafled thro' the ftem c b (Fig. 4*)

which had a column of water 7 feet high,

preffing upon it all the time.

This again (hews the great power of per-

fpiration
;
to draw three times more water,

in the fame time , thro' the long flender

parts of the branch r (Fig. 5.) than was

preffed thro' a larger ftem c b (Fig. 4.) of the

fame branch ; but 1 3 inches long with 7
feetpreflure of water upon it, in the tube^^.

I tryed in the fame manner another ap-

ple-branch, which in 8 hours day imbibed

20 ounces, while only 8 ounces pafled thro*

the ftem cb^ (Fig. 4.) which had the column

of water on it.

The fame I tried with a quince branch,

which in 4 hours day imbibed 2 ounces

y, while but i ounce pafled thro* the ftem

c b (Fig. 4.)- which had 9 feet weight of wa-

ter prelling on it.

Not€y All thefe (under this Experiment

II.) were made the firft day, before the

ftem
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ftem could be any thing faturatc with wa-

ter, or the fap-veflels fhrunk fo as to hin-

der its paflage.

Experiment XII.

I cut off from a dwarf Apple4ree e w the

top of the branch 4 (Fig- ^ )
which was an

inch diameter, and fixed to the ftem 4 the

glafs-tube lb: then I poured water into

the tube, which the branch would imbibe

,

fo as to drink down 2 or 3 pints in a day,

efpecially if I fucked with my mouth at

the top of the tube by fo as that a few air

bubbles were drawn out of the flem /5 then

the water was imbibed fo fall, that if I im-

mediately ferewed on the mercurial gage,

m ry Zy the mercury would be drawn up

to r, 12 inches higher than in the other

leg.

At another time I poured into the tube /,

fixed to a golden Renate-tree, a quart of

high reftified fpirit of wine, camphorated,

which quantity the ftem imbibed in 3 hours

fpace y this killed one half of the tree : this I

did to try if I could give a flavour of cam-

phire to the apples which were in great

plenty
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plenty on the branch. I could not perceive

any alteration in the tafte of the apples, tho'

they hung feveral weeks after
5 but the fmell

of the camphire was very ftrong in the

ftalks of the leaves , and in every part of the

dead branch.

I made the fame experiment on a vine,

with ftrongly feented orange-flower-watcr

;

the event was the fame, it did not penetrate

into the grapes , but very fenfibly into the

wood and ftalks of the leaves.

I repeated the fame experiment on two

diftant branches of a large Catharine pear-

tree, with ftrong decodions of faflafras,

and of elder flowers, about 30 days before

the pears were ripe; but I could not per-

ceive any tafte of the decodions in the pears.

Tho’ in all thefe cafes the fap-veflels of

the ftem were ftrongly impregnated with

a good quantity of thefe liquors
5 yet the

capillary fap-veflels near the fruit were fo

fine, that they changed the texture of, and

aflimilated to their own fubftance thofe high

tafted and perfumed liquors ; in the fame

manner as gralFs and buds change the very

different fap of the flock to that of their

own fpecifick nature.

This
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This experiment may fafely be repeated

with well feented and perfumed common
water, which trees will imbibe at //without

any danger of killing them.

Experiment XIII.

In order to try whether the capillary fap-

vcffels had any power to protrude fap out

at their extremities , and in what quantity, I

made the three following experiments, viz.

In Auguft I took a cylinder of an apple-

branch, 12 inches long | diameter : I fet it

with its great end downwards in a mint glafs,

( full of water) tyed over with ox-gut. The

top of the ftick was raoift for 10 days, while

another ftick of the fame branch ( but out

of water
)
was very dry. It evaporated an

ounce of water in thofc 10 days.

Experiment XIV.

In Sept. I fix’d a tube t (Fig. 7.) 7 feet

long, to a like ftemf ,
as the farmer , and

fet the ftem in water x , to try if,' as the wa-

ter evaporated out of the top of the ftem r
,

it would rife to any height in the tube 1 5
but



4^ Vegetable Staticks.

it did not rife at all in the tube, tho* the

top of the ftem was wet

:

I then filled the

tube with water, but it paffed freely into

the veffel x

.

E XPER IMEN T XV.

Sept. lo. 2 feet from the ground, I

cut off the top of a half ftandard2)//^^» Cherry-

tree againft a wall , and cemented on it the

neck of a Florence flask/, (Fig. 3.) and to

that flask neck a narrow tube g , 5 feet

long, in order to catch any moifture that

fhould arife out of the trunk y ,• but none

arofe in 4 hours, except a little vapor that

was on the flask’s neck.

I then dug up the tree by the roots, and

fet the root in water, with the glafles affixed

to the top of the ftem •, after fevcral hours

nothing rofe but a little dew, which hung

on the infide of/j yet it is certain by many

of the foregoing experiments, that if the

top and leaves of this tree had been on,

many ounces of water would in this time

have pafled thro’ the trunk, and been eva-

porated thro’ the leaves.

1 have
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I have trycd the fame experiment with

fcveral vine brandies cut off, and fet in

water thus, but no water rofe into f,

Thefe three laft experiments all fhew, that

tho* the capillary fap vdTels imbibe moifturc

plentifully ; yet they have little power to

protrude it farther, without the affiftance of

the perfpiring leaves , which do greatly pro-

mote its progrefs.

Experiment XVL

In order to try whether any fap rofe in

the winter, I took in January feveral par-

cels of Filberd-fuckers, Vine- branches, green

Jeffamine-branches,Philarea andLaurel-bran-

ches , with their leaves on them, and dip-

ped their tranfverfe cuts in melted cement^

to prevent any moifture’s evaporating thro'

the wounds 5 I tycd them in feparate bun-

dies and weighed them.

The Philberd-fuckers decrcafed in 8 days

(fome part of which were very wet, but

the laft 3 or 4 days drying winds) the nth
part of their whole weight.

The vine*cuttings in the fame time the

2^. part.

4 The
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The Jeflamine in the fame time the | part.

The Philarea decreafcd the I part in 5

days.

The L aurel the ~ part in 5 days, and more.

Here is a confiderable daily wafte of lap,

which muft therefore neceflarily be fupplied

from the root ; whence it is plain that fome

fap rifes all the winter, to fupply this conti-

nual wafte , tho’ in much lels quantity than

in fummer.

Hence we fee good reafon why the Ilex,

(and the Cedar oi LibanuSy which were the

firft on an EngHpo-ozkyXhc other on the Larix)

were verdant all the winter, notwithftand-

ing the oak and Larix leaves were decayed

and fallen off; for tho* when the winter

came on, there did not fap enough rife to

maintain the Oak and Larix leaves, yet by

this prefent experiment we fee, that fome

fap is continually riling all the winter ; and

by experiment the 5 th on the Lime-tree, and

by fcvcral other the like experiments, on
many forts of ever-greens, we find that they

perfpiring little, live and thrive with little

nourifhment; the Ilex and Cedar might

well therefore continue green all the win-

ter , notwithftanding the leaves of the trees

4 they
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they were grafted on fell off. See the cu-

rious and induftrious Mr. Fairchild’s account

of thefe graftings in Mr. Miller Sy Gardi-

ner's F)i£lionary, VoL IL Supplement fap.

Experiment XVII.

Having by many evident proofs in the

foregoing experiments feen the great quan-

tities of liquor that were imbibed and per-

fpired by trees, I was defirous to try if I could

get any of this perfpiring. matter 5 and in

order to it ; I took fevcral glafs chymical

retorts, bap (Fig. 9.) and put the boughs

of feveral forts of trees, as they were grow-

ing with their leaves on, into the retorts

,

Hoping up the mouth p of the retorts with

bladder. By this means I got feveral ounces

of the perfpiring matter of Vines, Fig-trees,

Apple-trees,Cherry-trees,Apricot and Peach-

trees i Rue, Horfe-radifh, Rheubarb, Parfnip,

and Cabbage leaves : the liquor of all of

them was very clear, nor could I difeover

any different tafte in the feveral liquors

:

But if the retort ftand expofed to the hot

fun, the liquor will tafte of the coddled

leaves. Its fpccifick gravity, was nearly the

£ fame
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lame with that of common water; nor

did I findmany air bubbles in it, when placed

in the exhaufted receiver, which I expefted

to have found ; but when referved in open

viols, it ftinks fooner than common water

;

an argument that it is not pure water, but has

fome heterogeneous mixtures with it.

I put alfo a large Sun-flower full blown,

and as it was growing, into the head of a

glafs-ftill, and put its roftrum into a bottle,

by which means there diftilled a good quan-

tity of liquor into the bottle. It will be

very eafy in the fame manner to colleft the

perfpirations of fweet feented Flowers , tho'

the liquor will not long retain its grateful

odor, but ftink in few days.

This experiment would be very proper

to begin the learned Boerhaaves clear and

very rational chymical proceffes with, as be-

ing a degree more Ample than his firft pro-

cefs , the diftillation in a cold Hill : For this

is unditturbed nature's own method of diftil-

ling.

Experiment XVIII.

In order to find out what ftores of moi-

fture

I
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fture nature had provided in the earth \ ( a-

gainft the dry fummer feafon,) that might

anfwer this great expence of it, which is fo

neceflary for the produdtion and fupport of

vegetables.

July 31. 1724. I dug up a cubickfootof

earth in an alley, which was very little tram-

pled on 5 it weighed ( after deducting the

weight of the containing veffel
)

1 04 pounds

-j- 4 ounces + t- A cubick foot of water

weighs 5 9 + J j which is little more than half

the fpecifick gravity of earth. This was a

dry feafon, with a mixture offome few fhow-^

ers , fo that the grafs-plat adjoyning was not

burnt up.

At the fame time I dug up another cu-

bick foot of earth, from the bottom of the

former, it weighed 106 pound 6 ounces^

+ 3.

I dug up alfo a third cubick foot of earth,'

at the bottom of the two former, it weighed

III pounds 4“ 3 •

Thefe three feet depth were a good brick

earth, next to which was gravel, in which

at 2 feet depth, viz. 5 feet below the fur«

face of the earth, the fpringsdid then run.

When the firft cubick foot of earth was

E 2 fo
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fo dry and dufty, as to be unfit for vegeta-

tion I weighed it, and found it had loft

6 pound II ounces, or 194 cubick in-

ches of water, near % part of its bulk.

Some days after, the fecond cubick foot

being dryer than either the firft or third, was

decreafed in weight 10 pounds.

The third cubick foot, being very dry and

dufty, had loft 8 pounds 4“ ^ ounces, or 247

cubick inches, viz* ? part of its bulk.

Now fuppofing the roots of the Sun-flower

(the longeft of which reached 15 inches

every way from the ftem) to occupy and

draw nouriftiment from 4 cubick feet of

earth, and fuppofe each cubick foot of earth

to afford 7 pounds of moifture, before it be

too dry for vegetation ; the Plant imbibing

and perfpiring 22 ounces every 24 hours, that

will be 2 8 pounds of water, which will be

drawn off in 21 days and 6 hours i after

which the Plant would perifh, if there were

not frefh fupplies to thefc 4 cubick feet of

earth, either from dew or moifture arifing

from below 15 inches (the depth of the

roots) up into the earth occupied by the

roots.
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Experiment XIX.

In order to find out the quantity of

that fell in the night, Aug, 15. I

chofe two glazed earthen Pans, which were

three inches deep, and 12 inches diameter in

furface; I filled them with pretty moift earth

taken off the furface of the earth j they in-

creafed in weight by the night’s dew 180

grains, anddecreafed in weight by the evapo-

ration of the day i ounce 282 grains.

N, B, 1 fet thefe Pans in other broader

Pans, to prevent any moiftujre from the earth

flicking to the bottoms of them. The moi-

fter the earth, the more Dew there falls on

it in a night, and more than a double quan-

tity of Dew falls on a furface of water, than

there does on an equal furface of moift earth.

The evaporation of a furface of water in 9

hours winter’s dry day is -ti of an inch.

The evaporation of a furface of Ice, fet in

the fliade during nine hours day, was 3-*i.

So here are 540 grains more evaporated

from the earth every 24 hours in fummer,

than falls in Dew in the night s that is, in 2

1

days near ounces, from a circular area

E 3 of
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of a foot diameter j and circles being as the

fquarcs of their diameters lo pounds + 2

ounces, will in 21 days be evaporated from

the hemifphere of 30 inches diameter, which

the Sunflower’s root occupies : Which with

the 29 pounds drawn otF by the Plant ia

the fame time, makes 39 pounds, that is 9

pounds and i out of every cubick foot of

earth, the Plant’s roots occupying more than

4 cubick feet 3 but this is a much greater de-

gree of drynefs than the furface of the earth

ever fuffers for 1 5 inches depth, even in the

dryeft feafons in this country.

In a long dry fcalon, therefore, efpecially

within the Tropicks, we niuft have recourfe

for fufficient moifture (to keep Plants and

Trees alive) to the moift ftrata of earth,

which lay next below that in which the

roots arc. Now moift bodies always com-

municate of their moifture to more dry

adjoyning bodies 3 but this flow motion of

the afeent of moifture is much accelerated

by the Sun’s heat to confiderable depths in

the earth, as is probable from the following

20th experiment.

Now 1 80 grains of Dew falling in one

Bight, on a circle of a foot diameter, =
ii3fquare
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113 fquare inches 5 thefe 180 grains being

equally fpread on this furface, its depth will

be if 9 part of an inch= — .1 found

the depth of Dew in a winter night to be the

9^ part of an inch 3 fo that if we allow 1 5

1

nights for the extent of thefummer's Dew, it

will in that time arife to one inch depth. And
reckoning the remaining 214 nights, for the

extent of the winter's Dew, it will produce

2. 39 inches depth, which makes the Dew
of the whole year amount to 3.39 inches

depth.

And the quantity which evaporated in a

fair fiimmer’s day from the fame furface,

being i ounce 282 grains, gives 4^, part

of an inch depth for evaporation, which

is four times as much as fell at night.

I found, by the fame means, the evapo-

ration of a winters day to be nearly the

fame as in a fummer's day 5 for the earth

being in winter more faturate with moi-

fture, that excefs of moifture anfwcrs to the

cxcefs of heat in fummer.

AT/V. Cruquius^ N® 381. of the Philofo-

phical Tranfadions, found that 28 inches

depth evaporated in a whole year from wa-

E 4 ter,
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ter, /. e, h of an inch each day, at a mean

rate 5 but the earth in a fummer s day evapo-

rates 4-0 of an inch ;
fo the evaporation of

a furface of water, is to the evaporation of

a furfacc of earth in fummer, as 10:3.

. The quantity of Rain and Dew which

falls in a year is at a medium 22 inches:

The quantity of the earth’s evaporation in

a year is at leaft 9 + i inches, fince that

is the rate; at which it evaporates in a fum-

mer's day : From which 9 + i inches is to

be deducted 3. 39 inches for circulating

daily Dew; there remains 6. 2 inches, which

6, 2 inches deduced from the quantity of

Rain -which falls in a year , there remains

at leaft 16 inches depth, to replenifh the

earth with moifture for vegetation, and to

fupply the Springs and Rivers.

In the cafe of the hop-ground, the eva-

poration from the hops may be confidered

only for 3 months at t4-t part of an inch

each day, which will be tV of an inch ;

but before we allow 6. 2 inches vapor to eva-

porate from the furfacc of the ground,

which added to tV inch gives, 7. i inches,

which is the utmoft that can be evaporat-

ed from a furface of hop-ground in a year.

So
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So that of 22 inches depth of rain, there re-

mains 15 inches to fupply fprings; which

are more or lefs exhaufted, according to

the drynefs or wetnefs of the year. Hence

we find that 22 inches depth of rain in a

year is fufficient for all the purpofes of na-*

ture, in fuch flat countries as this about

Teddington near Hampton • court. But in

the hill countries, as in Lancajhire^ there falls

42 inches depth of rain-water ; from which

dedufting 7 inches for evaporation , there

remains 35 inches depth of water for the

fprings; befides great fupplies from much
more plentiful dews, than fall in plain coun-

tries : Which vaft ftores feem fo abundantly

fufficient to anfwer the great quantity of

water, which is conveyed away, by fprings

and rivers, from thofe hills, that we need

not have recourfe, for fupplies, to the great

HtpyfSy whofe furface, at high water, is fur-

mounted fome hundreds of feet by ordi-

nary hills, and fome thoufands of feet by

thofe vaft hills, from whence the longeft and

greateft rivers take their rife.

Exper,
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Experiment XX.

I provided me 6 ThermometerSy whofe

ftems were of different lengths, viz- from

1 8 inches to 4 feet. I graduated them all

by one proportional fcale, beginning from

the freezing point 5 which may well be

fixed, as the utmoft boundary of vegetation

on the fide of cold, where the work of ve-

getation ceafes, the watry vehicle beginning

then to condenfe and be fixed ; tho’ many
trees, and fomc plants, as grafs, mofs,

do furvivc it
5

yet they do not vegetate at

that time.

The greatefl: degree of heat, which I mark-

ed on my ThermometerSy was equal to that

of water, when heated to the greateft de-

gree, that I could bear ray hand in it, wirh_

out flirting it about. A degree of heat

,

which is the middle, between the freezing

point, and the heat of boiling water, which

being too great for vegetation, may there-

fore be fixed, as the utmoft boundary of

vegetation, on the warm fide j beyond which

plants will rather fade than vegetate, fuch

a degree of heat feparating and difperfing

,

inftcad
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inftcad of congregating, and uniting the nu-

tritive particles.

This fpacc I divided into 90 degrees on

all xh^Thermometers y beginning to number

from the freezing point. Sixty four of thefe

degrees is nearly equal to the heat of the

blood ofanimals ; which I found by the rule

given in the Vhilofophical Tranfabiions, VoL
II./. I. of Mr. Matters Abridgmenty viz. by

placing one of the Thermometers in water

heated to the greateft degree, that I could

bear my hand in it, ftirring it about : And
which I was further aflured of, by placing

the ball of my Thermometer in the flow-

ing blood of an expiring Ox. The heat of

the blood to that of boiling water is as 14

+ to 33.

By placing the ball of one of thefe Ther-

mometers in my bofom, and under an arm-

pit, I found the external heat of the body

54 of thefe degrees. The heat of milk,

as it comes from the Cow, is 55 degrees^

which is nearly the fame with that for

hatching of eggs. The heat of urine 58

degrees. The common temperate point in

Thermometers is about 18 degrees.

'i The
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The hotteft Sun-fhine in the year 1724^

gave to the Thermometer^ expofed to it, a

heat equal to that of the blood of animals,

*viz>, 64 degrees : And tho' plants endure

this and a confiderably greater heat, with-

in the tropicks, for fome hours each day,

yet the then hanging of the leaves of ma-

ny of them (hews that they could not long

fubfift under it , were they not frequently

refrelhed by the fucceeding evening and

night.'

The common noon-tide heat in the Sun

in July is about 50 degrees: The heat of

the air in the fhade in July is at a medium

38 degrees. The May and June heat is,

from 17 to 30 degrees 5 the moft genial

heat, for the generality of plants, in which

they fiourilh moft, and make the greateft

progrefs in their growth. The autumnal

and vernal heat may be reckoned from 10

to 20 degrees. The winter heat from the

freezing point to 10 degrees.

The fcorching heat of a hot bed of horfe-

dung, when too hot for plants, is 75 de-

grees and more, and hereabout is proba-

bly the heat of blood in high fevers.

The
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The due healthy heat of a hot bed of

horfe-dung, in the fine mold , where the

roots of thriving Cucumber-plants were, in

Feb. was 56 degrees, which is nearly the

bofom heat, and that for hatching of eggsJ

The heat of the air under the glafs-frame

of this hot-bed was 34 degrees,- fo the roots

had 26 degrees more heat, than the plants

above ground. The heat of the open air

was then 17 degrees.

It is now grown a common and very

reafonable pradice 3 to regulate the heat

of ftoves and green-houfes , by means of

Thermometers^ hung up in them. And for

greater accuracy, many have the names of

fome of the principal exoticks, written up-

on their ThermometerSy over-againft, the fe-

veral degrees of heat, which are found by

experience to be propereft for them. And
I am informed that many of the moft curi-

rious Gardiners about London have agreed

to makcufe of Thermometers of this fort-

which are made by Mr. "John Fowler in

Swithins- alleyy near the Royal-Exchange -y

which have the names of the following

plants, oppofite to their refpe£live moft kind-

ly degrees of heat 5 which in my Thermome-

ters



6

1

Vegetable Statlcks.

ters anfwer nearly to the following de-

grees of heat above the freezing point, vizi

Melon. thiftle 31, Ananas 29, Piamento 26,

Euphorbium 24, Cereus 2 It, Aloe 19, In-

dian -fig i6t, Ficoides 14, Oranges 12,

Mifties 9.

Mr. Boyle^ by placing a Thermometer in

a cave which was cut ftrait into the bot-

tom of a cliff, fronting the Sea, to the depth

of 130 feet, found the fpirit ftoo'd both in

winter and fummer at a fmall divifion a.

bove temperate ^ the cave had 80 feet depth

of earth above it. BoyWs Worksy Vol. III„

P- 54 -

I marked my 6 Thermometers numerical-

ly? I3 2, 3, 4, 5, 6. The Thermometer

numb. I. which was fhorteft, I placed with

a South afped, in the open air 5 the ball

of numb. 2, I fet two inches under ground 3

that of numb. 3, four inches under ground,

numb. 4, 8 inches; numb. 5, 16 inches; and

numb. 6, 24 inches under ground. And that

the heat of the earth, at thefe feveral depths,

may the more accurately be known, it is

proper to place near each Thermometer a

glafs-tube fealed at both ends, of the fame

length with the Items of the feveral Ther-

mometers 5
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mometersi and with tinged fpirit of wine

in them ,
to the fame height, as in each

correfponding Thermometer 3 the fcale of

degrees, of each Thermometer , being mark-

ed on a Aiding ruler, with an index at the

back of it
,
pointing to the correfponding

tube. When at any time an obfervation is

to be made, by moving the index, to point

to the top of the fpirit in that tube, an ac-

curate allowance is hereby made, for the

very different degrees of heat and cold, on

the ftems of the Thermometers^ at all depths 5

by which means the fcale of degrees will

Aiew truly the degrees of heat in the balls

of the Thermometers^ and confequently, the

refpeftive heats of the earth, at the feve-

ral depths where they are placed. The ftems

of thefc ThermometerSy which were above

ground, were fenced from weather and in-

juries, by fquare wooden tubes 3 the ground

they were placed in was a brick earth in

the middle of my garden.

July 30. I began to keep a regifter of

their rife and fall. During the following

month of Augufiy I obferved that when
the fpirit in the Thermometer numb, i,

(which was expofed to the Sun) was-

about
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about noon rifen to 48 degrees, then

the fecond Thermometer was 45 degrees,

the 5th 33, and the 6th 31, the 3d and 4th

at intermediate degrees. The 5 th and 6th

Thermometer kept nearly the fame degree of

heat, both night and day, till towards the lat-

ter end of the month 3 when as the days grew

fliorter and cooler, and the nights longer

and cooler, they then fell to 25 and 27

degrees.

Now, fo confiderable a heat of the Sun,

at two feet depth, under the earth's furface,

mud needs have a ftrong influence, in rail*

ing the moifture at that and greater depths 3

whereby a very great and continual wreak

muft: always be afeending, during the warm
fummer feafon, by night as well as day 5 for

the heat at two feet depth is nearly the fame

night and day : The impulfeofthc Sun- beams

giving the moifture of the earth a brisk undu-

lating motion, which watery particles, when
feparated and ratified by heat, do afeend

in the form of vapour : And the vigour of

warm and confined vapour, (fuch as is that

which is I, 2, or 3 feet deep in the earth)

muft be very confiderable, fo as to pene.

trate the roots with fome vigour j as we
2 may
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may reafonably fiippofc, from the vaftforcp

of confined vapor in <:^olipiles, in the di-

gcficr of bones, and the engine to raife wa-

ter by fire.

If plants were not in this manner fup-

plied with moifture , it were impodible for

them to fubfift, under the fcorching heats y

within the tropicks, where they have no

rain for many months together : For tho’

the dews are much greater there, than in

thefe more Northern climates
;
yet doubtlefs

where the heat fo much exceeds ours, the

whole quantity evaporated in a day there,

does as far exceed the quantity that falls

by night in dew, as the quantity evaporat-

ed here in a fummer’s day, is found to ex-

ceed the quantity of dew which fails in the

night. But the dew, which falls in a hot

fummer feafon, cannot poilibly be of any

benefit to the roots of trees; becaufe it is

remanded back from the earth, by the fol-

lowing day’s heat, before fo fmall a quanti-

ty of moifture can have foaked to any con-

fiderable depth. The great benefit there-

fore of dew, in hot weather, muft be, by

being plentifully imbibed into vegetables^

thereby not only refrefhing them for the

F prefent,
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prefent, but alfo furnifhing them with a

freffi fupply of moifture towards the great

expcnces of the fucceeding day.

Tis therefore probable, that the roots of

trees and plants are thus, by means of the

Sun's- warmth, conftantly irrigated with

frefli fupplies of moifture 5 which, by the

fame means, infinuates it felf with fome

vigour into the roots. For if the moifture

ofthe earth were not thus actuated, the roots

muft then receive all their nourifhment

mcerly by imbibing the next adjoining

moifture from the earth ; and confequcnt-

ly the fhell of earth, next the furface of the

roots , would always be confiderably drier

the nearer it is to the root 5 which I have not

obferved to be fo. And by Exper, 1 8 and

19, the roots would be very hard put to it^

to imbibe fuffident moifture in dry fum-

nicr weather, if it were not thus conveyed

to them, by the penetrating warmth of the

Sun ; Whence by the fame genial heat, in

conjundion with the attradionof the capil-

lary fap vcflels ,
it is carried up thro’ the

bodies and branches of vegetables, and

thence palTing into the leaves, it is there

moft vigoroufly aded upon, in thofe thin

places.
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plates, and put into an undulating motion,

by the Suns warmth, whereby it is moft

plentifully thrown off, and perfpired thro*

their furface 5 whence, as foon as it is dif-

intangled, it mounts with great rapidity in

the free air.

But when, towards the latter end of Oc-

tober ^ the vigour of the SuiVs influence is

fo much abated, that the firfl: Thermometer

was fallen to 3 degrees above the freezing

point, the fecond to 10 degrees, the fifth to

14 degrees, and the fixth Thermometer to

16 degrees j then the brisk undulations ofthe

moifture of the earth, and alfo of the af*

cending fap, much abating, the leaves fad-

ed and fell off.

The greatefl: degree of cold, in the fol-

lowing winter, were in the firfl: 12 days of

November \ during which time, the fpirit in

the firfl Thermometer was fallen 4 degrees

below the freezing point, the deepefl Ther-

mometer 10 degrees, the ice on ponds was

an inch thick, the Sun's greatefl warmth, at

the winter folflice, in a very ferene, calm,

frofly-day, was, againft a South afpeft of a

wall, 19 degrees, and in a free open air, but

an degrees above the freezing, point. From

Fa, the
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the loth oi January to the 29th of March

was a very dry fcafon 5 when the green

Wheat was generally the fineft that was

ever reniembred. But from the 29th of

March 1725, to the 29th of September fol-

lowing, it rained more or lefs almoft e*

very day, except 10 or 12 days, about the

beginning of July j and that whole feafon

continued fo very cool, that the fpirit in

the firft Thermometerio^o, but to 24 degrees,

except now and then a fhort interval of

Sunfliinei the fecond only to 20 degrees;

the fifth and fixth to 24 and 23 degrees,

with very little variation : So that during

this whole fummer, thofe parts of roots

which were two feet under ground , had 3

or 4 degrees more warmth than thofe

which were but two inches under ground :

And at a medium the general degree of heat,

thro’ this whole fummer , both above and

under ground, was not greater than the heat

of the middle of the preceding September,

The year 1725, having been both in this

llland, and in the neighbouring Nations,

moft remarkably wet and cold; and the

year 1723, in the other extream, as remar-

ably dry, as has ever been known; it may
not
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not be improper here to give a fhort ac-

count of them, and the influence they had

on their produdions.

Mr. Miller

j

in the account which he

took of the year 1723, obferved that the

winter was mild and dry, except that in

a pebruary it rained almoft every day
, which

kept the fpring backward. Marchy Aprils

‘‘ May^ June, to the middle of July, proved

extreamly dry, the wind North-eaji moft

“ part of the time. * The fruits were for-

ward and pretty good 3 but kitchen-fluff,

efpecially Beans and Peafe, failed much.

“ The latter half of July the weather prov-

ed very wet, which caufed the fruits to

“ grow fo fafl, that many of them rotted

on the trees 3 fo that the autumn fruits

were not good. There were great plenty

of Melons, very large, but not well tafled.

Great plenty of Apples 3 many kinds of

fruits bloflbmcd in Augufl, which produc-

ed many fmall Apples and Pears in Oc-

tober, as alfo Strawberries and Rafpber-

ries in great plenty. Wheat was good,

little Barley, much of which was very un-

equally ripe, fomc not at all, bccaufe Town

late, and no timely rain to fetch it up.

F I There
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There were innumerable Wafps; how it

fared with the hops this dry year, is men-

tioned under Exper, 9.

The following winter 1724, proved

very mild 5 the fpring was forward in

January^ fo that the Snow-drops Crocus's,

Polyanthus's, Hepatica's, and Narciffus's,

were in Flower. And it was remarkable,

that moft of the Colliflower plants were

deftroyed by the mildew, of which there

was more, all this winter, than had been

known in the memory of man. In Fe&ru-

ary we had cold fharp weather ,
which

did fome damage to the early crops, and

it continued variable till Jpril\ lb that

much of the early Wall-fruit was cut off

:

And again the 6th of May was a very

fharp froft, which much injured tender

plants and fruits. The fummer in gene-

“ ral was moderately dry, the common fruits

proved pretty good , but late : Melons

and Cucumbers were good for little :

Kitchen-ftufF was in great plenty in the

markets.

In the very wet and cold year 1725, moft

things were a full month backwarder than

ufuaL Not half the Wheat in by the 24th

of
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of AuguJij in the Southern parts of England-^

very few Melons or Cucumbers, and thofc

not good. The tender Exoticks fared but ill;

fcarce any Grapes, thofc fmall, and of very

unequal fizes, on the fame bunch, notripe;

Apples and Pears green andinfipid; no fruit

nor produfts of the ground good, but crude :

Pretty good plenty of Wheat tho' coarfe,

and long ftraw ; Barley coarfe, but plenty of,

it in the uplands. Beans and Peafe, moft

flourifhing and plentiful; few Wafps oro-

ther infeds, except Flies on hops. Hops

were very bad thro' the whole Kingdom.

Mr. Auflin of Canterbury fent me the fol-

lowing particular account, how it far'd

with them there ; where they had more than

at Farnham^ and moft other places,

“ At mA-April not half the fhoots ap-

peared above ground ; fo that the plan-

ters knew not how to pole them to the

beft advantage. This defed of the fhoot,

upon opening the hills, was found to be

owing to the multitude and variety of

vermin that lay preying upon the root

;

the increafe of which was imputed to

the long and almoft uninterrupted ferics

of dry weather, for three months paft

:

F 4 Towards
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Towards the end of Aprils many of the

hop-vines were infefted with the Flics.

About the 20th of May there was a

very unequal crop , Tome Vines being

run feven feet, others not above three or

four feet 5 fome juft tied to the poles, and

fome not vifible : And this difpropor-

tionate inequality in their fize conti-

nued thro* the whole time of their growth.

The Flies now appeared upon the leaves

of the forwardeft Vines, but not in fuch

numbers here, as they did in moft other

places. About the middle of JunCy the

Flies increafed, yet not fo as to cndan.

ger the crop 5 but in diftant planta-

tions they were exceedingly multiplied,

fo as to fwarm towards the end of the

month. June 27th fome fpecks of fen

appeared : From this day, to the 9th of

Julyy was very fine dry weather. At this

time, when it was faid that the hops in

moft other parts of the Kingdom look-

cd bUck and fickly, and Teemed paft re-

covery, ours held it out pretty well, in

the opinion of the moft skilful Planters,

The great leaves were indeed difcolonr-

ed and a little withered, and the fen was

fome-
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fomewhat increafed. From the 9th of

July to the 23d the Fen increafed a good

deal, but the Flies and Lice decreafed, it

raining daily much : In a week more the

Fen, which feei^ied to be almoft at a Hand,

was confiderably increafed, efpecially in

thofe grounds where it firfl: appeared. A-

bout the middle of Auguji, the Vines had

done growing both in flem and branch
;

and the forwardeft began to be in Hop,

the reft in Bloom : th*e Fen continued

fpreading, where it was not before per.

ceived, and not only the leaves, but many
‘‘ of the Burrs alfo were tainted with it-

About the 20th of Augujt, fome of the

Hops were infeded with the Fen, and

whole branches corrupted by it. Half the

Plantations had hitherto pretty well ef-

caped, and from this time the Fen increa-

fed but little : But feveral days violent

wind and rain, in the following week, fo

difordered them, that many of them bc-

gan to dwindle, and at laft came to no-

thing -y and of thofe that then remained

in bloom, fome never turned to Hops 5

and of the reft which did, many of them

[[
were fo fmall, that they very little ex-

ceeded
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ceeded the bignefs of a good thriving

Burr. We did not begin to pick till the

September^ which was i8 days later

than we began the year before : The crop

was little above two hundred on an acre

round, and not good.'* The beft Hops

fold this year at Way-Hill Fair for fixteen

pounds the hundred.

The almoft uninterrupted wetnefs and

coldnefs of the year 1725, very much af-

feded the produce of the Vines the enfu-

ing year 5 and we have fufficient proof

from the obfervations that the 4 or 5 laft

years afford us, that the moifture or drynefs

of the preceding year, has a confiderable in-

fluence on the produdions of the Vine the

following year. Thus in the year 1722, there

was a dry feafon, from the beginning of

Augufi thro’ the following autumn and

winter, and the next fummer there was

good plenty of Grapes. The year 1723

was a remarkably dry year, and in the fol-

lowing year 1724, there was an unufual

plenty of Grapes. The year 1724 was mo-

derately dry, and the following fpring the

Vines produced a fufficient quantity of bran-

ches, but by reafon of the wetnefs and cold-

nefs
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ncfs of the year 1725 they proved abortive,

and produced hardly any Grapes. This very

wet year had an ill effed, not only upon its

own produdions, but alfo on thofc of the

following year : For notwithftanding there

was a kindly fpring and blooming feafon in

the year 1726. yet there were few bunches

produced, except here and there in fome

very dry foils. This, marry Gardiners forefaw

early, when upon pruning of the Vines, they

obfcrved the bearing (hoots to be crude and

immature i which was the reafon why they

were not fruitful. The firfl: crop thus failing

in many places, the Vines produced a fe-
^

cond, which had not time to come to matu-

rity, before the cold weather came on.

I have often obferved from thefe Ther-

mometers, when that kind of hovering lam-

bent Fog arifcs, (either mornings or eve-

nings) which frequently betokens fair wea-

ther, that the air which in the preceding

day was much warmer, has upon the abfence

of the fun become many degrees cooler than

the furface of the earth ; which being near

1500 times denfer than the air, cannot be

fo foon affeded with the alternacies of hot

and cold 3 whence tis probable, that thofe

vapours
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vapours which are raifed by the warmth of

the earth, are by the cooler air foon con-

denfed into a vifible form. And I have ob-

ferved the fame difference between the cool-

nefs of the air, and the warmth of water in

a pond, by putting my Thermometer, which

hung all night in the open air in fummer

time, into the water, juft before the rifing of

the fun, when the like reek or fog was rifing

on the furface of the water.

CHAP. II.

ExperimentSy whereby to find out the force

with which Trees imbibe moifture,

H aving in the i ft chapter fecn many
proofs of the great quantities of li-

quor imbibed and perfpired by vegetables,

I propofe in this, to enquire with what force

they do imbibe moifture.

Tho' vegetables ( which are inanimate
)

have not an engine, which, by its alternate

dilatations and contraftions, does in animals

forcibly drive the blood through the arte-

ries and veins j
yet has nature wonderfully

contrived other means, moft powerfully to

raife and keep in motion the fap, as will

in
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in fome meafure appear by the experiments

in this and the following chapter.

I (hall begin with an experiment upon

roots, which nature has providently taken

care t6 cover with a very fine thick ftrai-

nerj that nothing fliall be admitted into

them, but what can readily be carryed off

by perfpiration, vegetables having no o-

ther provifion for difeharging their recre-

ment.

Experiment XXL

Augujl iz. In the very dry year 1723,

I dug down 2 i feet deep to the root

of a thriving baking Tear-tree, and lay-

ed bare a root \ inch diameter t?. (Fig. 10.)

I cut off the end of the root at and put

s the remaining flump i n into the glafs tube

dr, which was an inch diameter and 8 inches

long, cementing it faft at r 5 the lower part

of the tube d z was 1 8 inches long, and %

inch diameter in bore.

Then I turned the lower end of the tube

j

z uppermoft, and filled it full of water, and

then immediately immerfed the fmall end

j

into the ciftern of mercury x 5 taking away

my
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rny finger, which flopped up the end of the

tube z.

The root imbibed the water with fo

much vigor, that in 6 minutes time the mer-

cury was raifed up the tube d z zs high as

z, viz. 8 inches.

The next morning, at 8 a clock, the mer-

cury was fallen to 2 inches height, and 2

inches of the end of the root i were yet

immerfed in water. As the root imbibed

the water, innumerable air bubbles iflued

out at /, which occupied the upper part of

the tube at r as the water left it.

Experiment XXII.

The eleventh experiment (hews, with

what great force branches imbibe water,where

a branch with leaves imbibed much more

than a column of 7 feet height of water

could in the fame time drive thro* 1 3 in-

ches length of the biggeft part of its ftem.

And in the following experiments we fhall

find a further proof of their ftrong imbi-

bing power.

May 25, I cut off a branch of a young

thriving Jpple-tree (Fig. ii.) about 3

feet
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feet long, with lateral branches 5 the diame-

ter of the tranfverfe cut /, where it was cut

off, was 4 of an inch : The great end of this

branch I put into the cylindrical glafs e r
,

which was an inch diameter within, and

eight inches long.

I then cemented fafl: the joynt r, firft fold-

ing a ftrap of (heeps skin round the ftem,

fo as to make it fit well to the tube at r 5

then I cemented fafl: the joynt with a mixture

of Bees-wax and turpentine melted together

in fuch a proportion, as to make a very ftifF

clammy Pafle when cold, and over the cement

J folded feveral times wet Bladders, binding

it firm with Pack-thread.

At the lower end of the large tube e was

cemented, on a lefler tube x e, % inch dia-

meter in bore, and 18 inches long: The
fubflance of this tube ought to be full | of

an inch thick, elfe it will too eafily break

in making this experiment.

Thefe two tubes were cemented together

at f, firfl with common hard brick-dufl ce-

ment to keep the tubes firm to each other j

but this hard cement would, by the different

dilatations and contraftions of the glafs and

cement; feparatefrpm the glafs in hot wea-

4
' thcr.
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ther, fo as to let in air 5 to prevent which in-

convenience, I further fecured the joynt

with the cement of Bees-wax and Turpen-

tine, binding a wet bladder over all.

When the branch was thus fixed, I turned

it downwards, and the glafs tube upwards,

and then filled both tubes full of water •,

upon which limmediately applied the end of

my finger to clofe up the end of the fmall

tube, and immerfed it as faft as I could into

the glafs ciftern x, which was full of mer-

cury and water.

When the branch was now uppermofi, and

placed as in this figure, then the lower end

of the branch was immerfed 6 inches in

water, viz, from r to /.

Which water was imbibed by the branch,

at its tranfverfe cut / j and as the water af-

cended up the fap vefiels of the branch,

fo the mercury afeended up the tube e z
from the ciftern x 5 fo as in half an hour’s

time the mercury was rifen 5 inches and

high up to 43.

And this height of the mercury did in

fome meafure fhew the force with which the

fap was imbibed, tho’ not near the whole

force > for while the water was imbibing,

4 the
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1

the tranfverfe cut of the branch, was co-

vered with innumerable little hemifpheres of

air, and many air bubbles iffucd out of

the fap veflels, which air did in part fill

the tube e r, as the water was drawn cut of

it j fo that the height of the mercury could

only be proportionable to the excefs of the

quantity of water drawn off, above the quan-

tity of air which iffued out of the wood.

And if the quantity of air, which iffued

from the wood into the tube, had been equal

to the quantity of water imbibed, then the

mercury would not rife at all ; bccaufc there

would be no room for it in the tube.

But if 9 parrs in 12 of the water be im-

bibed by the branch, and in the mean time

but 3 fuch parts of air iffue into the tube,

then the mercury muft needsrife near6inchcs,

and fo propoftionably in different cafes.

I obferved in this, and moft of the follow-

ing experiments of this fort, that the mer-

cury rofe higheft, when the fun was very

clear and warm j and towards evening i^

would fubfide 3 or 4- inches, and rife again

the next day as it grew warm, but fcldom

to the fame height it did at firft. For I

have always found the fap vcffels grow every

G day.
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day, after cutting, lefs pervious, not only for

water, but alfo for the fap of the vine, which

never paffes to and fro fo freely thro' the

tranfverfe cut, after it has been cut 3 or 4
days, as at firft 5 probably, becaufe the cut

capillary veflels are fhrunk, the vcficlcs alfo,

and interftices between them, being faturate

and dilated with extravafated fap, much more

than they are in a natural ftate.

If I cut an inch or two off the lower

part of the ftem, which has been much fatu-

rated by Handing in water, then the branch

will imbibe water again afrefh ; tho’ not al-

together fo freely, as when the branch was

firft cut off the tree.

I repeated the fame experiment as this 22d,

upon a great variety of branches of feveral

fizes and of different kinds of trees, fome

of the principal of which are as follow,

ExperiiMent XXIII.

July 6th and 8 th, I repeated the fame ex-

periment with feveral green fhoots of the

Vine, of this year's growth, each of them

full two yards long.

The
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The mercury rofc much more leifarcly ia .

thefe experiments, than with the Apple-tree

branchj the more the fun was upon it, the faf-

ter and higher the mercury rofc, but the Vine-

branches could not draw it above 4 inches

the firft day, and 2 inches the third day*

And as the fun fet, the mercury fometimes

fubfided wholly, and would rife again the

next day, as the fun came on the Vine-

branch.

And I obferved, that where fome of thefe

Vine- branches were fix’d on the north fide

of the large trunk of a Pear-tree, the mer-

cury then rofe moft in the evening about 6 a

clock, as the fun came on the Vine-branch,

Experiment XXIV.

Augujl 9, at \ o ante Merid, (very hotfun-

fhine
)
Ifixed in the fame manner as Exp, 22.

a Non-pareil branch, which had 20 Apples

onit j it was 2 feet high, with lateral bran-

ches, its tranfverfe cut \ inch diameter : It

immediately began to raifethe mercury moft

vigoroufly, fo as in 7 minutes it was got

up to ^ 12 inches high.

G 2 Mcr-
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Mercury being 1 3 f times fpecifically

heavier than water, it may eafily be eftima-

ted to what height the feveral branches in

thefe experiments would raife water 5 for if

any branch can raife mercury 12 inches, it

will raife water 1 3 feet 8 inches : A
further allowance being alfo made for the

perpendicular height of the water in the

tubes, between r and z the top of the co-

lum of mercury, for that column of water is

above lifted up by the mercury, be it more

or lefs.

At the fame time, I tryed a Golden Re-

nate branch 6 feet long, the mercury rofe

but 4 inches, it rifing higher or lower in

branches nearly of the fame fize and of the

fame kind of tree, according as the air if-

filed thro' the ftem, more or Icfs freely.

In the preceding experiment on the Non-

pareil branch, I had fucked a little with my
mouth at the fmall end of the tube, to get

fomc air bubbles out of .it, before I im-

mcr fed it in the mercury ; (
but thefe air

bubbles are bed got out by a fmall wire

run to and fro in the tube
)
and this fuc-

tion made air bubbles arife out of the tranf-

verfe cut of the branch ; but tho' thequan-

I tity
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tity of thofe air bubbles thus fucked our,

was but fmall ;
yet in this and many other

experiments, I found that after fuch luc-

tion, the water was imbibed by the branch,

much more greedily, and in much greater

quantity than the bulk of the air was, which

was fucked out. Probably therefore, thefc

air bubbles, when in the fap velTels, do ftop

the free afeent of the water, as is the cafe

of little portions of air got between the wa-

ter in capillary glafs tubes.

When the mercury is raifed to its greateft

height, by precedent fudion with the

mouth, ( which height it reaches fometimes

in 7 minutes, fometimes in half an hour or

an hour) then from that time it begins to

fall, and continues fo to do, till it is fallen

5 or 6 inches, the height the branch would

have drawn it to, without fucking with the

mouth.

But when in a very warm day, the mer-

cury is drawn up 5 or 6 inches, ( without

precedent fudion with the mouth
)
then it

will ufually hold up to that height for fe-

veral hours, during the vigorous warmth

of the fun > becaufc the fun is all that time

ftrongly exhaling moifturc from the branch

G 5 thro*
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thro’ the leaves, on which account it muft

therefore imbibe water the more greedily,

as is evident by many experiments in the firft

chapter.

When a branch is fixed to a glafs tube

fet in mercury, and the mercury fubfides at

night, it will not rife the next morning

(as the warmth of the fun increafes upon it)

unlefs you fill the tube firft full of water :

for if half or % of the large tube r r be full

of air, that air will be ratified by the fun 5

which rarefadfion will deprefs the water in

the tube, and confequently the mercury

cannot rife.

But where little water is imbibed the

firft day, (as in the cafe of the green Ihoots

of the Vine, Exper. XXIII. ) then the mer-

cury will rife the fecond and third day, as

the warmth of the fun comes on, without

refilling the little water that was imbibed.

Experiment .XXV.

In order to make the like experi-

ment on larger branches ( when I expec-

ted the mercury would have rifen much

higher than in fmall ones ) I caufed glaf-

fes
I
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' fes to be blown of the fiiape of this here

defcribed (Fig. 12.) of feveral dimenfions

at r, from two to five inches diameter, with

a proportionably large cavity c\ the ftem^

as near 5 inch diameter as could be, the

length of the ftem 16 inches.

I cemented one of thefe glafs vefTels to

a large fmooth barked thriving branch of an

Apple-tree^ which was 1 2 feet lopg, i +

inch diameter at/; I filled the glafs tube

with water, and immerfed the fmall end in

the mercury which rofe but 4 inches,

yet it imbibed water plentifully j but the

air iffued too fafl out of the branch at /,

for the mercury to rife high.

This, and many other experiments of this

kind, convince me that branches of 2, 3,

or 4 years old, are the beft adapted to draw
the mercury highefl : The veflels of thofe

that are older being too large and pervious

to the air, which paffes mofl: freely thro*

the bark, efpecially at old eyes : As will be

more fully proved in the fifth chapter.

Experiment XXVI.

July 30th at noon, a mixture of fun and

G 4 clouds.
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clouds, the day and night before, 24 hours

continual rain : I cut off a branch of a Gol-^

den‘Tippm4ree, b b (Fig. 13.) about 3 feet

long, with feveral large lateral branches ; its

diameter at the great end p near an inch,

which end I cemented well, and tyed over

k a piece of wet bladder.

Then I cut off at i the main top twig,

where it \yas \ inch diameter : I cemented

the glafs tube ^ r, to the remaining branch

i r, and then filling the tube with water,

let its lower end in the mercury x : So

that now the branch was placed with its

top i downwards in the water, in the Aqueo-

rnercurial gage.

It imbibed the water with fuch ftrength,

as to raife the mercury with an almoft e-

quable progreflion 1 1 i inches by 3 a

dock, (the fun (laining then very warm)
at which time the water in the tube r i

being all imbibed,* fo that the end / of the

branch v/as out of the water, then the air

bubbles paffing more freely down to /, and

no water being imbibed, the mercury fub-

fided 2 or 3 inches in an hour.

At a quarter part 4 a clock, 1 refilled the

gage with water, upon which the mercury

rofe
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rofe afrelh from the ciftcrn, wz, 6 inches

the firft 4 of an hour, and in an hour more

the mercury reached the fame height as be-

fore, viz. 1 1 2 inches. And in an hour

and \ more it rofe ^ inch more than at firft 5

but in half an hour after this it began gent-

ly to fubfide j viz. becaufe the fun declining

and fetting, the perfpiration of the leaves

decreafed, and confequently the imbibing

of the water at i abated,, for the end i was

then an inch in water.

July 31ft. It raining all this day, the

mercury rofe but 3 inches, which height

it ftood at all the next night. Augufl ift

fair fun>{hine 3 this day the mercury rofe to

S inches : This fhews again the influence

of the fun, in raifing the mercury.

This Experiment proves that branches

will ftrongly imbibe from the fmall end

immerfed in water to the great end 3 as

well as from the great end immerfed in

I

water to the fmall end j and of this we

1

ftiall have further proof in the fourth chapter.

Experiment XXVIL

In order to try, whether branches would

imbibe
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imbibe with the like force, with the bark

off, I took two branches which I call M
and N.S I fixed M in the fame manner as

the branch in the foregoing Experiment,

with its top downwards, but firft I took off

all the bark from t to r. Then I fix’d in the

fame manner the branch i\T, but with its

great end downwards, having alfo taken off

all the bark from i to r 5 both the branches

drew the mercury up to 8 inches ; fo

they imbibed with equal ftrength at cither

end, and that without bark.

Experiment XXVIII.

'Auguft 13. I ftripped the leaves off an

Apple tree branch, and then fixed the great

end of the ftem in the gage 5 it raifed the

mercury 2 » inches, but it foon fublided,

for want of the plentiful perfpiration of

the leaves, fo that the air came in almoft as

faft as the branch imbibed water.

Experiment XXIX.

I tryed alfo with what force branches

would imbibe, at their fmall ends, as they

are4
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are in their natural ftate growing to the

trees.

Aiigufi 2d I cemented faft the gage riz

( Fig. 14 )
to the pliant branch of a dwarf

Golden Tippin tree, the fame from which I

cut the branch in Experiment 26 : As the

tranfverfe cut i imbibed the water, the mer-

cury rofe 5 inches obliquely in the tube

and 4 inches perpendicular.

In this, as alfo in many of the preced-

ing Experiments there were feveral wounds,

in that part of the branch which was with-

in the large tube r i 5 which were made by

cutting off little lateral twigs, and fwelling

eyes, that the branch might eafily enter the

tube : And if thefe wounds (rhro' which the

air always iffued plentifully) were well co-

vered with fheeps-gut, bound over with pack-

thread, it would in a good meafure prevent

the inconvenience : But I always found that

my Experiments of this kind fuccceded bed,

when that part of the branch which was to

enter the tube r /, was clear of all knots

or wounds 5 for when there were no knors,

the liquor paffed moft freely, and lefs air

idued out.

The
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The fame day I fixed in the fame man^

ner a gage to an Apricochtreey itraifed the

mercury 3 inches 5 and tho* all the water

was foon imbibed, yet the mercury rofe

every day an inch, for many days, and fub-

lided at night i fo that the branch muft daily

imbibe thus much air, and remit it at night.

Experiment XXX.

We have a further proof of the influ-

ence of the leaves in railing the fap in this

following Experiment.

Aiiguft 6th, I cut off a large Rujfet Tippin

a (Fig. 15.) with a ftalk i f inch long,

and 12 adjoyning leaves^ growing to it.

I cemented the ftalk fall into the upper

end of the tube d, which tube was 6 in-

ches long, and i inch diameter 5 as the ftalk

imbibed the water, it raifed the mercury to

four inches high.

I fix’d another Apple of the fame lize and

tree, in the fame manner, but fitft pulled

olf the leaves ; it raifed the mercury but one

inch i I fixed in the fame manner a like

bearing twig with 12 leaves on it, but no

apple 5 it raifed the mercury 3 inches.

I then





J
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^ I then took a like bearing twig, without

f cither leaves or apple, it raifed the mer-

cury 4 inch.

So a twig, with an apple and leaves raif-

ed the mercury 4 inches, one with leaves

only 3 inches, one with an apple Without

leaves i inch.

A Quince which had two leaves, juft at

the twig's infertion into it, raifed the mer-

cury 2 i inches, and held it up a confi-

derable time.

I

A fprig of Mint fix’d in the fame manner,

I

railed the mercury 3 + t inch, equal to

\ 4 feet 4" 5 inches height of water.

;i

? I

\

Experiment XXXI.
j

j
I tryed allb the imbibing force of a great

I variety of trees, by fixing Aqueo-mercurial

gages to branches of them cut off, as in Ex-

periment 22.

The Pear, Qiiince, Cherry,Walnut. Peachy

Apricock, Plumb, Black-thorns, White-

thorns, Goolcberry, Water-Elder, Sycamore,

raifed the mercury from 6 to 3 inches high :

Thofe which imbibed water moft freely, in

the Experiments of the firft chapter, raifed

the
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the mercury higheft in thefe Experiments,

except the Horfe-Chefnuc , which tho’ it

imbibed water moft freely, yet railed the

merejury but one inch, becaufe the air pafled

very faft thro’ its fap-veflels into the gage.

The following raifed the mercury but i

or 2 inches, viz,^ the Elm, Oak, Horfe-

Chefnut, Filherd, Fig, Mulberry, Willow,

Sallow, Ofier, Afli, Lynden, Currans.

The Evergreens, and following trees and

plants, did not raife it at all. The Laurel,

Rofemary,Laurus-Tjnus, Philarea, Fuz, Rue,

Berberry,Jclfamine,Cucumb«r- branch,Pum-

kin, Jerufalem Artichoke.

Experiment XXXII.

We have a further proof of the great

force, with which vegetables imbibe moi-

fture, in the following Experiment, viz. I

filled near full with Peafe and Water, the

iron Pot (Fig. 37-) and layed on the Peafe

a leaden cover, between which, and thefides

of the Pot, there was room for the air which

came from the Peafe, to pafs freely. I

then layed one hundred eighty four pounds

weight on them, which ( as the Peafe di-

lated
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latcd by imbibing the water) they lifted

up. The dilatation of the Pcafc is always

equal to the quantity of water they imbibe :

For if a few Peafe be put into a VelTel, and

that Veflel be filled full of water, tho’ the

Peafe dilate to near double their natural

fize i yet the water will not flow over the

Veflel, or at moft very incgnfiderably, on

account of the expanfion of little air bub-

bles, which are ifliiing from the Peafe. Be-

ing defirous to try, whether they would

raife a much greater weight, by means of a

lever with weights at the end of it , I com-

prefled feveral frefh parcels of Peafe in the

fame Pot, with a force equal to 1600, 800,

and 400 pounds 5 in which Experiments, tho*

the Peafe dilated, yet they did not raife the

lever, becaufe what they increafed in bulk

was, by the great incumbent weight, prefled

into the interftices of the Peafe, v/hich they

adequately filled up, being thereby formed

into pretty regular Dodecahedrons.

We fee in this Experiment the vaft force

with which fwelling Peafe expand, and 'tis

doubtlefs a confiderable part of the fame

force which is exerted, not only in pufli-

ing the Plume upwards into the air, but

al fo
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alfo in enabling the firft fhooting radicle of

the Pea, and all its fubfequent tender Fibres^

to penetrate and Ihoot into the earth.

Experiment XXXIIL

We fee, in the Experiments of this chap«

ter, many inlVances of the great efficacy of

attraftion ; that univerfal principle which

is fo operative in all the very different

works of nature ^ and is moft eminently foi

in vegetables, all whofc minuteft parts are

curioufly ranged in fuch order, as is beft

adapted by their united force, to attrad pro-

per nourifhment.

And we fhall find in the following Ex-

periment, that the diffevered particles of

vegetables, and of other bodies, have a

ftrong attradive power when they lay con-

fufed.

That the particles of wood are fpccifi-

cally heavier than water (and can there-

fore ftroiigly attrad it
)

is evident, becaufe

feveral forts of wood fink immediately 5 o-

thers (even cork) when their interflices are

well foaked, and filled with water 5 others

( as the Peruvian Bark
)
fink when very finely

pulve-^
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pulverized, bccaufe all their cavities, which

made them fwim, are thereby deftroyed.

In order to try the imbibing power of

common wood adies, 1 filled a glafs tube

c r tyi feet long, and
|
of an inch diameter

(Fig. 1 6.) with well dryed and fifted wood
afhcsj preffing them clofe with a rammer, I

tyed a piece of linen over the end of the

tube at /, to keep the afhes from falling oat >

I then cemented the tube c faft at r to the

Aqueo-mercurial gage r and when I

had filled the gage full of water, I immer-*

fed it in the ciftern of mercury x: Then

to the upper end of the tube f, at I ferewed

on the mercurial gage a b.

The afhes as they imbibed the water drew

the mercury up 3 or 4 inches in a few hours

towards ^ ; but the three following days it

rofe but i inch, i inch, and and fo lefs

and lefs, fo that in 5 or 6 days it ceafed ri„

ling; The higheft it rofe was 7 inches,

which was equal to raifing water 8 feet

high;

This had very little effed on the mer-

cury in the gage a by unlefs it were, that it

would rife a little, viz, an inch or little

more in the gage as it were by the fuc-

H tion
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tion of the adies, to fupply fome of the air

bubbles which were drawn out at /.

But when I feparated the tube c o from

the gage r Zy and fet the end / in water,

then the moifture ( being not reftrained as

before )
rofe faftcr and higher in the afhes

c Oy and deprefled the mercury at Uy fo as

to be 3 inches lower than in the leg b, by

driving the air upwards, which was inter-

mixed with the afhes.

I filled another tube 8 feet long, and \

inch diameter with red lead ,• and affixed it

in the place of r ^ to the gages a by r
,

The mercury rofe gradually 8 inches to z.

In both thefe Experiments, the end / was i

covered with innumerable air bubbles, many i

of which continually pafled off, and were

fucceeded by others, as at the tranfverfe cuts i

in the Experiments of this chapter. And as i

there, fo in thefe, the quantity of air bub- :

bles decrcafed every day, fo as at laft to have

very few : The part i immerfed in the wa- i

ter, being become fo faturate therewith, as
j

to leave no room for air to pafs. !

After 20 days 1 picked the minium out i

of the tube, and found the water had rifen

3 feet 7 inches, and would no doubt have '

rifen
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rifen higher , if it had not been clogged

by the mercury in the gage For which

reafon the moifturc rofe but 20 inches in

the afhes, where it would otherwife have

rifen 30 or 40 inches.

And as Sir Newton (in his Op-

ticks query 31.) obferves, The water rifes

“ up to this height, by the adion only of

thofe particles of the afhes which arc

upon the furface of the elevated water

;

the particles which are within the v/ater,

attrading or repelling it as much down-
** wards as upwards ; and therefore tliC ac-

“ tion of the particles is very ftrong : But

the particles of the alhes being net fo

“ denfe and clofe together as thofe of

glafs, their adion is not fo ftrong as that

of glafs, which keeps quick- filver fufpen-

ded to the height of 60 or 70 inches,

and therefore ads with a force, which

would keep water fufpended to the height

of above 60 feet.

‘‘ By the fame principle, a fponge fucksy

in water, and the glands in the bodies or

“ animals, according to their feveral na-

tures and difpofitions, fuck in various

juices from the blood.'*

H 2 And
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And by the fame principle it is, that wc
fee in the preceding Experiments plants

imbibe moifturc fo vigoroufly up their fine

capillary velTcls j
which moifture, as it is car-

j

ryed off in pcrfpiration, ( by the adion of
|

warmth,) thereby gives the fap vcffels li-

berty to be almoft continually attracting

of frdh fupplies, which they could not do,

if they were full faturate with moifture : For

v/ithoLit pcrfpiration the fap muft neceflarily

ftagnate, notwithftanding the fap velfels are

fo curiouily adapted by their exceeding fine-

nefs, to raife the fap to great heights, in

a reciprocal proportion to their very minute

diameters.

CHAP. III.

Experiments^ jloewing the force of the fap

in the Vine in the bleeding feafon,

H aving in the firft chapter (hewn

many inftances of the great quanti-

ties imbibed, and perfpired by trees, and in

the fccond chapter, feen the force with

which they do imbibe moifture j I propofe

next, to give an account of thofe Experi-

ments, which prove with what great force

I the
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the fap of the Vine is piifncd forth, in the

bleeding feafon.

Experiment XXXIV.

March 30th at p, m. I cut off a Pine

on a weftern afpeft, within feven inches of

the ground, the remaining (lump f (Fig. 17)

had no lateral branches : It v/as 4 or 5 years

old, and i inch diameter. I fix'd to the top

of the flump, by roeans of the brafs col-

lar the glafs tube ^/, feven feet long, and

inch diameter; I fecured the joynt b with

fliff cement made of melted Beeswax and

Turpentine, and bound it fafl over with fc-^

vcral folds of wet bladder and pack-thread :

I then ferewed a fecond tube f g to the

firfl, and then a third ^ ^ to 25 feet height.

The flem not bleeding into the tube, I

filled the tube two feet high with water,

the water was imbibed by the flem within

3 inches of the bottom, by 8 a clock that

evening. In the night it rained a fmall

fliower. The next morning at 6 -, the

water was rifen thfre inches above what it

was fallen to laft night at eight a clock.

The Thermometer which hung in my pprch

H 3 was
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was It degrees above the freezing point,

March 5 1 ft from (5 -J- i ^ to i op. m, the fap

role 8 % inches, ^pril ii\:xt 6 am, Thermo’'

meter 5 degrees above the freezing point,
,

and a white hoar froft, the fap rofe from

ten a clock laft night 3 -I- 4 inches more 5

and fo continued rifing daily till it was a-

bove 2 1 feet high, and w’ould very proba- *'

bly have rifen higher, if the joynt b had not i

feverai times leaked : After flopping of which
|

it would rife fometimes at the rate of an

inch in 3 minutes, fo as to rife 10 feet or

more in a day. In the chief bleeding feafon

it would continue rifing night and day, but

much more in the day than night, and mofl

of all in the greateft heat of the day 5 and

what little finking it had of 2 or 3 inches I

was always after fun fet , which I fufpeft

was principally occafioned by the flirink-

ing and contraftion of the cement at by as

it grew cool.

\Vhen the fun fiiined hot upon the Vine,

there was always a continued fcrics of air

bubbles, conftantly afeending from the ftem

thro* the fap in the tube, in fo great plenty

as to make a large froth on the top of

the fap, which fhews the great quantity of

air
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air which is drawn in thro' the roots and

ftem.

From this Experiment wc find a confide-

rable energy in the root to pu(h up Tap in

the bleeding feafon.

This put me upon trying, whether I could

find any proof of fuch an energy, when the

bleeding feafon was over, in order to which

Experiment XXXV.

July 4th at noon, I cut off within 3 in-

ches of the ground, another on a fouth

afpecl, and fixed to it a tube 7 feet high, as

in the foregoing Experiment 5 Ifilled the tube

with water, which was imbibed by the root

the firft day, at the rate of a foot in an hour,

but the next day much more flowly, yet it

was continually finking, fo that at noon day

I could not fee it fo much as ftationary.

Yet by Experiment the 3d, on the Vine

in the garden pot, it is plain, that a very

confiderable quantity of fap was daily preA

fing thro* this ftem, to fupply the perfpira-

tion of the leaves, before I cut the vine off.

And if this great quantity were carried up by

H 4 pulfion
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pulfioii or trufion, it iriiift needs have rifea

out of the ftem into the tube.

Now fince this flow of fap ceafesat once,

as foon as the Vine was cut oft the ftem,

the principal caufe of its rife muft at the

fame time be taken away, the great

perfpiration of the leaves.

For tho' it is plain by many Experiments,

that the fap enters the fap veflels of plants

with much vigour, and is probably carried

up to great heights in thofe veflels, by the

vigorous undulations of the fun's warmth^

which may reciprocally caufe vibrations in

the veficles and fap veflels, and thereby make

them dilate and contrad a little $ yet it feems

as plain (from many Experiments, as parti-

cularly Exper. 13, 14, 15. and Exper. 43.

where tho' we are aflured that a great quan-

tity of water paffed by the notch cut 2 or 3

feet above the end of the ftem
;

yet was the

notch very dry, becaufe the attradion of the

perfpiring leaves was much greater than the

force of trufion from the column of water ,

From thefe Experiments, I fay, it feems

evident, that the capillary fap veflTels, out of

the bleeding feafon, have little power to pro-

trude
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trade fap in any plenty beyond their orifices
^

but as any fap is evaporated off, they can

by their ftrong attraftion (aflifted by the

genial warmth of the fun
)
fupply the great

quantities of fap drawn off by perfpiration.

Experiment XXXVI.

April <5th at 9. am, rain the evening be-

fore, I cut off a Vine on a fouthern af-

ped:, at a (Fig. 18.) two feet nine inches

from the ground, the remaining ftem a

had no lateral branches, it was | inch dia-

meter, I fixed on it the mercurial gage ay.

At II am, the mercury was rifen to 15

inches higher than in the leg .v, being pufiied

dovv^n at X , by the force of the fap which

came out of the ftem at a.

At4/>. m, it was funk an inch in the leg zy.

April 7th at 8 a. m, rifen very little, a

fog : at 1 1 a,m, 'tis 1 7 inches high, and the

fog gone.

April loth at 7 a, m, mercury 18 inches

high 5 I then added more mercury, fo as to

make the furface ^23 inches higher than x •,

the fap retreated very little into the ftem,

upon this additional weight, which ftievvs

with
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with what an abfolute force it advances : at

noon it was funk one inch.

April nth at 7 a. m, 24 i inches high,

fun-iliine : zt 7 p. m. iS inches high.

April 14th at 7 a. m. 20 + J inches high, ,

at 9 a. m, 22 i, fine warm fun-fiiine > i

here we fee that the warm morning fun
,

gives a frefh vigour to the fap. At 1

1

the fame day 16 the great perfpira-

tion of the ftem makes it fink.

April 1 6th zx. 6 a, m. 19 + z rain. At 4
p, m. 13 inches. The fap ( in the foregoing

Experiment, numb. 34) rifen this day fince

noon 2 inches, while this funk by theper-

fpiration of the ftem 5 which there was lit-

tle room for, in the very (hort ftem of the
|

other.

April 17 at II a. m, 24 i inch high,

rain and warm 5 7 p. m, 29 + f , fine

v/arm rainy weather, which made the fap

rife all day, there being little perfpiration

by reafon of the rain.

April iSth at 7 a. m, 32 -j- 7 inches

high, and would have rifen higher, if there

had been more mercury in the gage 5 it be-

ing all forced into the Icgji z. From this

time xoMay 5 th, the force gradually decreafed.

The
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I

The greateft height of the mercury be,

I

ing 32 \ inches 5
the force of the fap

i was then equal to feet 5 -j- t inches

height of water.

Here the force of the rifing fap in the mor-

' ning is plainly owing to the energy of the

root and ftem. In another like mercurial

gage, (fixed near the bottom of a Vine which

run 20 feet high) the mercury was raifed by

the force of the fap 38 inches equal to 43
feet 3 inches -j- f height of water.

Which force is near five times greater than

the force of the blood in the great crural ar*

tery of a Horfe ; feven times greater than

the force of the blood in the like artery of

a Dog ; and eight times greater than the

blood’s force in the fame artery of a fallow

Doe: Which different forces I found by

tying thofe feveral animals down alive upon

their backs 5
and then laying open the great

left crural artery, where it firft enters the

thigh , I fixed to it (by means of two brafs

pipes, which run one into the other
)

a glafs

tube of above ten feet long, and tth of an

inch diameter in bore : In which tube the

blood of one Horfe rofe eight feet, three in-

ches, and the blood of another Horfe eight

feet.
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feet nine inches. The blood of a little Dog
fix feet and half high : In a large Spaniel fe^

ven feet high. The blood of the fallow Doe
mounted five feet feven inches.

Experiment XXXVII.

Jpril 4th, I fixed three mercurial gages

(Pig. 19.) a, by CIO z Vine, on a fouth-eaft

afped, which was 50 feet long, from the

root to the end r u. The top of the wall

was 1 1 4- 7 feet high ; from / to ky 8 feet >

from kto e, 6 feet 7 ; from ^ to a, i foot

-j- I o inches j from e to Oy 7 feet 5 From 0 to

b, 5 t feet j from 0 to Cy zz feet 9 inches 5

from 0 to Uy 3 2 feet 9 inches.

The branches to which a and c were fixed

were thriving Ihoots two years old, but the

branch 0 b was much older.

When I firft fixed them, the mercury was

pufhed by the force of the fap, in all the

gages down the legs 4, 5 , 1 3 , fo as to rife nine

inches higher in the other legs.

The next morning at 7 a. m. the mercury

in a was pufhed 14 7 inches high, in ^ 12

iyin c IS + I

.

The
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The greateft height to which they puflied

the fapfcverally was ^ 21 inches,^ 26 inches,

r 26 inches.

The mercury conftantly fubfided by the

retreat of the fap about 9 or 10 in the

morning, when the Sun grew hot; but in

a very moift foggy morning the fap was

later before it retreated, ^iz,. till noon, or

fome time after the fog was gone.

About 4 or 5 a clock in the afternoon,

v/hen the Sun went off the Vine, the fap

began to pufh afrefli into the gages, fo as

to make the mercury rife in the open legs

^

but it always rofe fafteft from Sun rife till

9 or 10 in the morning.

The fap in b (the oldeft ftcm) plaid the

moft freely to and fro, and was therefore

fooneft affefted with the changes from hot

to cool, or from wet to dry, and vice verfa.

And April 10, toward the end of the bleed-

ing feafon , b began firfl: to fuck up the

mercury from 6 to 5, fo as to be 4 inches

higher in that leg than the other. But

April 24, after a night s rain, b puihed the

mercury 4 inches up the other leg, a did not

begin to fuck till April zg^viz,, 9 days after

hi c did not begin to fuck tillilf^ 3 . ^iz.

•
1 3 days
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13 days after by and 4 days after a. May 5.

at 7 a, m a pufhed i inch, c 1 4“ I?

towards noon they all three fucked.

I have frequently obferved the fame dif-

ference in other Vines, where the like gages

have been fixed at the fame time, to old

'and young branches of the fame Vine, %'iz.

the olddt began firfl: to fuck.

In this Experiment we fee the great force

of the fap, at 44 feet 3 inches diftance from

the root, equal to the force of a column of

water 30 feet ii inches high.

From this' Experiment we fee too, that

this force is not from the root only, but

muft alfo proceed from fome power, in the

ftem and branches : For the branch b was

much fooner influenced by changes from

warm to cool, or dry to wet, and vice ver~

pr, than the other two branches /t or and

b was in an imbibing ftate, 9 days before

ay which was all that time in a ftate ofpufh-

ing fap 3 and c puflicd 1 3 days after b had

ceafed pufhing, and was in an imbibing

ftate.

Which imbibing ftate Vines and Apple-

trees continue in all the fummer, in every

branch.
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branch, as I have found by fixing the like

gages to them in July.

Experiment XXXIX.

March lo, at the beginning of the bleed-

ing feafon, (which is many days fooner or

later, according to the coldncfs or warmth^

moifture or drynefs of the feafon) I then

cut off a branch of a vine b fcg at (Fig.

20.) which was 3 or 4 years old, and ce-

mented faft on it a brafs - collar
,

with a

ferew in it 5 to that I ferewed another brafs-

collar, which was cemented faft to the glafs

tnbcz , 7 feet long and 4 inch diam. (which

I find to be the propereft diam.) to that

I ferewed others, to 3 8 feet height. Thefc

tubes were faftened and fecur d in long

wooden tubes, 3 inches fquare, one fide of

which was a door opening upon hinges 3

the ufe of thofe wooden tubes was to pre-

ferve the glafs tubes from being broke by

the freezing of the fap in them in the

night. But when the danger of hard frofts

was pretty well over, as at the beginning of

j^pril, then I ufually fixt the glafles with-

out the wooden tubes, faftening them to

2 fcaffold
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fizafFold poles, or two long iron fpikcs drovd

into the wall.

Before I proceed to give an account of

the rife and fall of the fap, in the tubes, I

will firfl: defcribe the manner of cement-
p

ing on the brafs-collar by to the ftem of the
|

.

Vine in which I have been often difappoirit- !

ed, and have met with difficulties 5 it muft
j

>

.therefore be done with great care.

Where I defign to cut the ftem, I firft !

pick off all the rough ftringy bark careful-

ly with my nails to avoid making any wound
thro' the green inner bark 5 then I cut off

the branch at /, (Fig. 21,) and immediately

draw over the ftem a piece of dried ftieeps-
;

gut, which I tye faft, as near the end of the .

ftem as I can, fo that no fap can get by its

the fap being confined in the gut i f: Then

I wipe the ftem at i very dry with a warm
cloth, and tye round the ftem a ftiff paper

funnel x /, binding it faft at x to the ftem j

and pinning clofe the folds of the paper from

a; to /: Then I Aide the brafs collar rover

the gut , and immediately pour into the pa-

per funnel melted brickduft cement, and

then fet the brafs-collar into it j which col-

lar is warmed, and dipped before in the ce-

ment s
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cement, that it may the better now adhere :

Wlren the cement is cold, 1 pull away the

gut ,
and ferew on the glafs tubes.

But finding fome inconvenience in this

hot cement (becaufe its heat kills the fap

veflels near the bark, as is evident by their

being difcoloured) I have fince made ufeof

the cold cement of Bees-wax and Turpen-

tine, binding it faft over with wet bUd*'*

der and packthread, as in Exper. 34.

Inftead of brafs-collars, which ferewed

into each other , I often (efpecially with the

Syphons in Exper. 3 7> and 38.) made ufe

of two brafs-collars, which were turned a

little tapering, fo that one entered and ex-

aftly fitted the other.

This joining of the two collars was cf-

fcdually fecured from leaking, by firft a-

nointing them with a foft cement
; and

they were fecured from being disjoined, by

the force of the afeending fap, by t willing

pack-thread round the protuberant knobs

on>the lides of the collars. When I would

feparate the collars, I found it neceffary

(except in hot Sunfhine) to melt the foft

cement by applying hoc irons on the out-

fide of the collars.

I It



1 14 Vegetable Staticks.

It is needful to fhade all the cemented

joints from the Sun with loofe folds of

paper, elfe its heat, will often melt them

,

and fo dilate the cement, as to make it

be drove forcibly up the tube
,
which de-

feats the Experiment.

The Vines to which the tubes in this Ex-

periment were fixed, were 20 feet high from

the roots to their top 5 and the glafs tubes

fixed at feveral heights b from the ground,

from fix to two feer.

The fap would rife in the tube the firfl:

day, according to the different vigor of the
;

bleeding ftate of the Vine, either i, 2, 5,

1 2, 1 5 , or 2 5 feet 5 but when it had got to its

greateft height for that day , if it was in the

morning, it would conftantly begin to fub-

fide towards noon.

If the weather was very cool about the
'

middle of the day, it would fubfide only

from II or 12, to two in the afternoon
5 |

but if it were very hot weather, the fap i

would begin to fubfide at 9 or 10 a clock,
j

and continue fubfiding till 4, 5, or 6 in the

evening, and from that time it would con-

tinue ftationary for an hour or two ,• after

which it would begin to rife a little, but

not
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5

not much in the night, nor till after the Sun

was up in the morning, at which time it

rofe fafteft,

I

The frelher the cut of the Vine was, and

f
the warmer the weather , the more the lap

would rife, and fubfide in a day, as 4 or (5

^ feet.

But if it were 5 or 6 days fince the Vine

I

was cut, it would rife or fubfide but little?

5
the fap-veflels at the tranfverfe cut being

i faturate and contrafted.

But if I cut off a joint or two off the

!j
fteni, and new fixed the tube, the fap would

[

then rife and fubfide vigoroufly.

Moifture and warmth made the fap moft

I

vigorous.

j

If the beginning or middle of the bleed-

ing feafon being very kindly, had made the

i !
motion of the fap vigorous 5 that vigour

I would immediately be greatly abated by

^

cold eafterly winds.

If in the morning, while the fap was in

I
a rifing ftate, there was a cold wind with a

mixture of funfhine and cloud s when the

Sun was clouded, the fap would immediate-

ly vifibly fubfide, at the rate of an inch in

a minute for feveral inches, if the Sun con-

I 2 tinned
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tinued fo long clouded : But as foon as the

Sun- beams broke out again, the fap would

immediately return to its then rifing ftate^,

juft as any liquor in a Thermometer rifes

and falls with the alternaeies of heat and

cold 5 whence 'tis probable, that the plen-

tiful rife of the fap in the Vine in the bleed-

ing feafon is effefted in the fame manner.

When three Tubes were fixed at the

fame time to Vines on an eaftern, a fouth-

ern, and a weftern Afpeft, round my porch 5

the fap would begin to rife in the morn-

ing, firft in the eaftern-tube, next in the

fouthern, and laft in the weftern-tube : And
towards noon it would accordingly begin

to fubfide, firft in the eaftern-tube, next in the

fouthern, and laft in the weftern-tube.

Where two branches arofe from the fame

old weftern trunk, 15 inches from the

ground, and one of thefe branches was

fpread on a fouthern, and the other on a

weftern Afpeeb; and glafs-tubes were at the

fame time fixed to each of them 5 the fap

would in the morning, as the Sun came on

,

rife firft in the fouthern, then in the weftern-

tube 5 and would begin to fubfide, firft in the I

fouthern, then in the weftern-tube.

Rain
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Rain and warmth, after cold and dry

,

would make the fap rife all the next day,

without fubfiding, tho* it would rife then

flowed: about noon 5 becaufe in this

cafe the quantity imbibed by the root, and

raifed from it, exceeded the quantity per-

fpired.

The fap begins to rife fooner in the morn-

ing in cool weather, than after hot days 5

the reafon of which may be, becaufe in hot

weather much being evaporated , it is not

fo foon fupplied by the roots as in cool wea-

ther, when lefs is evaporated.

In a prime bleeding feafon I fixt a tube

25 feet long to a thriving branch two years

old , and two feet from the ground, where

it was cut off i the fap flov/ed fo briskly,

as in two hours to flow over the top of the

Tube, which was 7 feet abov^ the top of

the Vine 5 and doubtlefs would have rifen

higher, if I had been prepared to lengthen

the tube.

When at the diftance of 4 or 5 days,

tubes were affixed to two different branches^

which came from the fame ftem, the fap

would rife highefl: in that which was laft fix-

ed j yet if in the fixing the fccond tube there

1 3 was
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was much fap loft, the fap would fubfide in

the firft tube 5 but they would not afterwards 1

have their fap in Equilibrio ; i. e, the furface i

ofthe fap in each was at very unequal heights ; :i

the rcafon of which is, becaufe of the diffi- i

culty with which the fap paffes thro' the ^

almoft faturate and contrafled Capillaries
’j

of the firft cut ftem.

In very hot weather many air bubbles !

would rife, fo as to make a froth an inch i

deep, on the top of the fap in the tube. i

I fixt a fmall air Pump to the top of a

long Tube, which had 12 feet height of fap

in it j when I pumped, great plenty of bub-

bles arofe, tho' the fap did not rife, but fall

a little, after I had done pumping.

In Experiment 34. ( where a Tube was

fixed to a very ftiort flump of a Vine, with-

out any lateral branches) we find the fap

rofe all day, and fafteft of all in the greateft

heat of the day : But by many obfervations

under the 37th and this 38th Experiments,

we find the fap in the tubes conftantly fub-

fided as the warmth came on towards the

middle of the day, and fafteft in the greateft

heat of the day, , Whence we may reafon-

ably conclude, (confidering the great per-
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fpirations of trees, (hewn in the firft chapter)

that the fall of the fap, in thefe fap gages,

in the middle of the day, efpecialJy in the

warmer days, is owing to the then greater

perfpiration of the branches, which perfpi-

ration decrcafes, as the heat decreafes to-

wards evening, and probably wholly ceafes

when the dews fall.

But when towards the latter end of April

^

the fpring advances, and many young (hoots

are come forth, and the furface of the Vine

is greatly increafed, and enlarged by the

cxpanfion of feveral leaves 5 whereby the

perfpiration is much increafed, and the fap

more plentifully exhaufted, it then ceafes to

flow in a vifible manner, till the return of

the following fpring.

And as in the Vine, fo is the cafe the

fame in all the bleeding trees, which ceafe

bleeding as foon as the young leaves begin to

expand enough, to perfpire plentifully, and

to draw offthe redundant fap. Thus the bark

of Oaks and many other trees moft eafily fe-

parates, while it is lubricated with plenty of
fap : But as foon as the leaves expand fufHci-

cntly to perfpire off plenty of fap, the bark

will then no longer run (as they term it) but

adheres moft firmly to the wood.
I 4 Ex-



no Vegetable Staticks.

Experiment XXXIX.

In order to try if I could perceive the

ftem ofthe Vine dilate and contrad with

heat or cold, wet or dry, a bleeding or not

bleeding feafon, fome time in February^ I

fixt to the ftem of a Vine an inftrument in

fuch a manner, that if the Stem had dilat-

ed or contraded but the one hundredth

part of an inch , it would have made the

end of the inftrument, (which was a piece of

flrong brafs-wire, eighteen inches long) rife

or fall very fenfibly about one tenth of an

. inch 5 but I could not perceive the inftru*

meat to move, either by heat or cold, a

bleeding or not bleeding feafon. Yet

whenever it rained the ftem dilated fo as to

raife the end of the inftrument or lever tV

of an inch, and when the ftem was dry

it fubfided as much.

This Experiment (hews, that the fap (even

in the bleeding feafon) is confined in itspro^

per vcflels, and that it does not confufedly

pervade every interftice of the ftem, as the

rain does, which entering at the perfpiring

pores, foaks into the interftices, and thcrc^

by dilates the ftem*

CHAP.
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C H A P. IV.

Experiments, fhewing the ready lateral mo-

tion of the fap, and confequcntly the late-

ral communication of thefop vejfels. The

free paffage of it from the fmall branches

towards theftem, as well asfrom theftem

to the branches. With an account offame

Experiments, relating to the circulation or

non circulation of the fap.

Experiment XL.

I
N order to find whether there was any

lateral communication of the fap and

fap vcfiels, as there is of the blood in a-

nimals, by means of the ramifications, and

lateral communications of their veffels:

Auguji 15 th, I took a yo\m^ Oak branch

s inches diameter, at its tranverfe cut, 6 feet

high, and full of leaves^ Seven- inches from

the bottom , I cut a large gap to the pith,

an inch long, and of an equal depth the

whole length : And 4 inches above that, on

the oppofite fide, I cut fuch another gap ^ I

fet the great end of the Item in water It

imbibed and perfpired in two nights and two

days
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days 13 ounces, while another like oak
branch, fomewhat bigger than this, but with

no notch cut in its ftem, imbibed 25 ounces

of water.

At the fame time I tryed the like Exper.

with a n^uke-Cherry branch it imbibed and

perfpired 2 3 ounces in 9 hours the firft day,

and the next day 1 5 ounces.

At the fame time I took another T)iike-

Cherry branchy and cut 4 fuch fquare gaps

to the pith, 4 inches above each other 5 the

I ft North, 2d Eafiy 3d South, 4th JVefl; It

had a long (lender ftem, four feet length,

without any branches, only at the very top;

yet it imbibed in 7 hours day 9 ounces, and

in two days and two nights 24 ounces.

We feeinthefe Experiments a m oft free

lateral communication of the fap and fap

veflels, thefe great quantities of liquor ha-

ving paflTed laterally by the gaps for by

Experiment I3, 14, 15. (on Cylinders of

wood
)

little evaporated at the gaps.

And in order to try, whether it would

not be the fame in branches as they grew

on trees , I cut two fuch oppofite gaps in a

^uke~Cherry branch, 3 inches diftant from

each other : The leaves of this branch con-

,
tinned

ft
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tinued green, within 8 or 10 days, as long

as the leaves on the other branches of the

fame tree.

The fame day, viz. Auguft 15 th, I cut

two fuch oppofitc gaps 4 inches diftant, in

an horizontal young thriving Oak-branch ;

it was I inch diameter, 1 8 days after many

of the leaves begun to turn yellow, which

none of the leaves of other boughs did then.

The fame day I cut off the bark for one

inch length, quite round a like branch of the

fame Oak 5 1 8 days after the leaves were as

green as any on the fame tree j but the leaves

fell off this and the foregoing branch early

in the winter
5
yet continued on all the reft

of the boughs of the tree ( except the top

ones) all the winter.

The fame day I cut four fuch gaps, 2 in-

ches wide, and 9 inches diftant from each

other, in the upright arm of a Golden-Re-

nate tree\ the diameter of the branch was

2 -\- i inch, the gaps faced the 4 cardinal

points of the compafs^ the apples and leaves

on this branch flourifhed as well as thofe

on other branches of the fame tree.

Here again we fee the very free lateral

paflTage

4
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paffagc of the fap, where the direft paffage

is leveral times intercepted.

Experiment XLI.

Augufi 13- At noon I took a large branch

of an Apple-tree, (Fig. 22.) and cemented

up the tranfverfe cut, at the great end x, and

tyed a wet bladder over it : I then cut off

the main top branch at b 5 where it was t

inch diameter, and fet it thus inverted into

the bottle of water b.

In three days and two nights it imbibed

and perfpired 4 pounds -j- 2 ounces 1- of

water, and the leaves continued green 5 the

leaves of a bough cut off the fame tree at

the fame time with this, and not fct in '

water, had been withered 40 hours before.

This, as well as the great quantities imbibed

and perfpired, fhews, that the water was

drawn from b moft freely to e,f,gy h, and

from thence down their refpeftive branches^

and fo perfpired off by the leaves.

This Experiment may ferve to explain the

reafon, why the branch b, ( Fig. 23.

)

which

grows out of the root e x, thrives very well,

notwith^
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notwithftanding the root c x is here fup-

pofcd to be cut off at Cy and to be out of

the ground : For by many Experiments in

the firft and fecond chapters , it is evident,

that the branch b attrafts fap at x with

great force : And by this prefent Experi-

ment, *tis as evident, that fap will be drawn

as freely downwards from the tree to x, as

from c to X y in cafe the end c of the root

were in the ground $ whence 'tis no won-

der, that the branch b thrives well, tho’

there be no circulation of the fap.

This Experiment 41, and Experiment 2(5,

do alfo fhew the reafon why, where thefc

trees (Fig. 24) are inarched, and thereby

incorporated at x and z , the middle tree

will then grow, tho* it be cut off from its

roots 5 or the root be dug out of the ground,

and fufpended in the air 5 becaule the

middle tree b attraiSs nourifhment ftrongly

at X and Zy from the adjoyning trees a Cy in

the fame manner as we fee the inverted

boughs imbibed water in thefe Exper. i6y

and 41,

And from the fame reafon it is. that El-

ders^ Sallows, Willows, Briars^ Vines, and

4 moft
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moft Shrubs will grow in an inverted ftate^

with their tops downwards in the earth.

Experiment XLII.

July 27th, I repeated Monfieur

Experiment, viz, I took ^uke Cherryy rif-

fle and Curran-Boughsj with two branches

each, one of which a c (Fig. 25.) I immer-

fed in the large veflel of water e d, the o-

ther branch hanging in the open air : 1 hung

on a rail, at the fame time, other branches

of the fame forts, which were then cut off.

After three days, thofe on the rails were very

much withered and dead, but the branches

b were very green ; in 8 days the branch b

of the T^uke-Cherry was much withered 5

but the Currans and Apple-branch b did not

fade till the eleventh day : Whence *tis plain,

by the quantities that muft be perfpired in

eleven days , to keep the leaves b green fo

long, and by the wafte of the water, out of

the veffel, that thefe boughs b muft have

drawn much water, from and thro* the o-

ther boughs and leaves r, which were im-

merfed in the veftel of water.

I re-
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I repeated the like Experiment on the

branches of Vines and Apple-trees, by run-

ning their boughs as they grew into large

glafs chymical retorts full of water, where

the leaves continued green for feveral weeks,

and imbibed confiderable quantities of water.

This (hews how very probable it is, that

rain and dew is imbibed by vegetables
,

cfpe-

cially in dry feafons.

Which is further confirmed by Experi-

ments lately made on new planted trees;

where by frequently wafhing the bodies

of the moft unpromifing, they have out-ftrip-

ped the other trees of the fame plantation.

And Mr. Miller advifes Now and then

in an evening to water the head, and with

a brufh to walh and fupple the bark all

round the trunk, which (fays he) I have

often found very ferviceable."' Supplement

to his Gardener s Diftionary, Vol. II. under

Planting.

Experiment XLIII.

Auguft 20th at 1 p, m, I took an Apple-

branch (Fig. 26.) nine feet long, i -f-

i inch diameter, with proportional lateral

branches,
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branches, I cemented it faft to the tube

by means of the leaden Syphon /: But firft

I cut away the bark, and laft year’s ringlet of

wood, for 3 inches length to r. I then fil-

led the tube with water, which was 12 feet

long, and i inch diameter, having firft cut

a gap 2Xy thro’ the bark, and laft year’s wood,

1 2 inches from the lower end of the ftem :

the water was very freely imbibed, viz. at

the rate of 3 + t inches in a minute. In

half and hour’s time I could plainly perceive

the lower part of the gap j to be moifter

than before ; when, at the fame time, the up-

per part of the wound looked white and dry.

Now in this cafe the water muft necefla-

rily afcend from the tube, thro’ the inner-

moftwood, becaufe the laft year’s wood was

cut away, for 3 inches length all round the

ftem 5 and confequently, if the fap in its na-

tural courfe defcended by the laft year’s ring-

let of wood, and between that and the bark

( as many have thought
)

the water Ihould

have defcended by the laft year’s wood,or the

bark, and fo have firft moiftened the upper

part of the gap y 5 but on the contrary, the

lower part was moiften’d, and not the upper

part.

Ire-
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I repeated this Experiment with a large

T^uke-Cherry branch, but could not perceive

more moifture at the upper, than the lower

part of the gap, which ought to have been,

if the fap defeends by the laft year's wood

or the bark.

It was the fame in a ^ince-branch as

the ^uke Cherry,

N, B. When I cut a notch in either of

thefe branches, 3 feet above r, at q, I could

neither fee nor feel any moifture, notwith-

ftanding there was at the fame time a great

quantity of water palling by 5 for the branch

imbibed at the rate of 4, 3 or 2 inches per

minute, of a column of water which was

half inch diameter.

The rcafonof which drynefs of the notch

q is evident from Experiment ii, viz,

becaule the upper part of the branch above

the notch imbibed and perfpired 3 or 4
times more water, than a column of 7

feet height of water in the tube could im-

pcll from the bottom of the ftera to q,
which was 3 feet length of ftem \ and con-

fequently, the notch muft neceftarily be

dry, notwithftanding fo large a ftream of

water was palling byi^i^/^.becaufe the branch

K and
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and ftcm above the notch was in a flrongly

imbibing date, in order to fupply the great

perfpiration of the leaves.

Experiment XLIV.

Auguft 9th at lo d,m, I fix'd in the fame

manner (as in the foregoing Experiment)

aTDuke Cherry branch 5 feet high, and i inch

diameter, but did not cut away any of the

bark or wood at the great end 5 I filled the

tube with water, and then cut a dice off the

bark an inch long, 3 inches above the great

end 'y it bled at the lower part moft freely,

while the upper part continued dry.

The fame day I tryed the fame Experi-

ment on an /Ipple-branchy and it had the

fame effed.

From thefe Experiments 'tis probable that

the fap afcends between the bark and wood,

as well as by other parts.

And fince by other Experiments it is found

that the greateft part of the fap is raifed by

the warmth of the Sun on the leaves, which,

fecm to be made broad and thin for that

purpofe j for the fame reafon, it's moft pro-

bable, it fhould rife alfo in thofe parts

4 which
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i

which are mofl: cxpofed to the Sun, as the

bark is.

I And when we confider, that the fap vef-

[

fels are fo very fine, as to reduce the fap al-

I

mofl: to a vapour, before it can enter them,

I

the Sun’s warmth on the bark fhould mofl

eafily difpofe fuch rarified fap to afcend>

I

inflead of ddcending.

Experiment XLV.

July 27th, I took feveral branches of Cur-

ransy Vines ^
Cherry y Apple y Tear and Tlum-

trecy and fet the great ends of each in veflels

of water Xy (Fig. 31.) but firfl took the bark

for an inch off one of the branches, as at 2;,

to try whether the leaves above ^ at ^

would continue green longer than the leaves

of any of the other branches ay Cy d

^

but I

could find no difference, the leaves wither-

ing all at the fame time : Now, if the re-

turn of the fap was flopped at Zy then it

would be expefted, that the leaves at b fhould

continue green, longer than thofe on the o-

ther branches, which did not happen, neither

was there any moiflure at

K 2 Ex PE-
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Experiment XLVI.

In Augufl^ I cut off the bark for an inch

round, of a young thriving Oak-branch, on
the North-fVeJi fide of the tree. The leaves

of this and another branch, which had the

bark cur at the fame time, fell early, 'viz.

about the latter end of OEiober^ when the

leaves of all the other branches of the fame

tree, except thofe at the very top of the

tree, continued on all the winter.

This is a further proof, that lefs fap goes

to branches which have the bark cut off,

than to others.

The 19th of April following, the buds of

this branch were 5 or 7 days forwarder than

thofe of other branches of the fame tree;

the reafon of which may probably be, be-

caufe lefs frefh crude fap coming to this

branch than the others, and the perfpirati-

ons in ail branches being ceteris paribus

nearly equal , the Icfler quantity of fap in

this branch muft fooner be infpiflated into

a glutinous fubftance, fit for new produc-

tions, than the fap of other branches, that

abounded
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abounded with a greater plenty of freflithin

fap.

The fame is the reafon why Apples,

Pears, and many other fruits, which have

fome of their great fap veflels eaten afunder

by infeds bred in them, are ripe many days

before the reft of the fruit on the fame trees

;

As alfo that fruit, which is gathered fome

time before it is ripe, will ripen fooner than

if it had hung on the tree, tho’ it will not

be fo good 5
becaufe in thefe cafes the worm-

eaten fruit is deprived of part of its nourifh-

ment, and the green gathered fruit of all.

And for the fame reafon fome fruits arc

fooner ripe towards the tops of the trees,

than the other fruit on the fame tree ^ viz.

not only, becaufe they are more expofed to

the fun 5 but alfo, becaufe being at a greater

diftance from the root, they have fome-

what lefs nouriftiment.

And this is, doubtlefs, one reafon why

plants and fruits are forwarder in dry, fandy

or gravelly foils, than in moifter foils; viz.

not only, becaufe thofe foils are warmer

on account of their drynefs 5 but alfo, be-

caufe lefs plenty of moifture is conveyed up

the plants 5 which plenty of moifture, tho'

K 3 it



134 Vegetable Statkks.

it promotes their growth, yet retards their

coming to maturity. And for the fame

reafon, the uncovering the roots of trees

for fome time, will make the fruit be confi-

derally the forwarder.

And on the other hand, where trees a-

bound with too great a plenty of frefli drawn

fap, as is the cafe of trees whofe roots are

planted too deep in cold moift earth , as

alfo of too luxuriant Peach and other

Wall trees 5 or which comes almoft to the

fame, where the fap cannot be perfpired off

in a due proportion , as in Orchards, where

trees ftand too near each other, fo as to hin-

der perfpiration, whereby the fap is kept in

too thin and crude a ftate j in all thefe cafes

little or no fruit is produced.

Hence alfo in moderately dry fummers,

CiCterisparibus-, there is ufually greateft plenty

of fruit i becaufe the fap in the bearing

twigs and buds is more digefted, and brought

to a better confiftence, for fhooting out with

vigour and firmnefs, than it is in cool moift

fummers : And this obfervation has been

verified in the years 1723^ 1724? and 1725.

See an account of them under it. Exp, 20.

But
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But to return to the fubjeft of the mo-

tion of the fap ; when the fap has firft pafl'ed

thro* that thick and fine ftrain'er, the bark of

the roof, we then find it in greateft quanti-

ties, in the moft lax part, between the bark

and wood, and that the fame thro* the whole

tree. And if in the earl)^ spring, the Oak
and feveral other trees were to be examined

near the top and bottom, when the fap firft

begins to move, fo as to make the bark ea-

fily run, or peel off, I believe it would be

found, that the lower bark is firft moiftened 5

whereas the bark of the top branches ought

firft to be moiftened, if the fap defeends by

the bark : As to the Vine, I am pretty well

affured that the lower bark is firft moiftened.

We fee in many of the foregoing Expe-

riments, what quantities of moifture trees

do daily imbibe and perfpirc : Now the ce-

lerity of the fap muft be very great, if that

quantity of moifture muft, moft of it, at

cend to the top of the tree, then defeend,

and afeend again, before it is carried off by

perlpiration.

The defed of a circulation in vegetables

feems in fome meafure to be fupplied by

the much greater quantity of liquor, which

IC 4 the
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the vegetable takes in, than the animal,

whereby its motion is accelerated; for by Rx-

periment ift, we find the Sunflower, bulk

for bulk, imbibes and perfpires 17 times

more frefh liquor than a man every 24 hours.

Befides, nature’s great aim in vegetables

being only that the vegetable life be carried

on and maintained , there was no occafion

to give its fap the rapid motion, which was

neceffary for the blood of animals.

In animals, it is the heart which fets the

blood in motion, and makes it continually

circulate ; but in vegetables, we can difeo-

ver no other caufe ofHhe Tap’s motion, but

the ftrong attraftion of the capillary fap

veflels, affifted by the brisk undulations and

vibrations, caufed by the fun’s warmth,where-

by the fap is carried up to the top of the

talleft trees, and is there perfpired off thro’

the leaves : But when the furface of the tree

is greatly diminifhed by the lofs of its leaves,

then alfo the perfpiration and motion of the

fap is proportionably diminifhed, as is plain

from many of the foregoing Experiments

:

So that the afeending velocity of the fap is

principally accelerated by the plentiful per-

fpiration of the leaves, thereby making room

for
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for the fine capillary veflels to exert their

vaftly attrafting power, which perfpiration

is efFeded by the brisk ratifying vibrations

of warmth : A power that does not feem

to be any ways well adapted, to make the

fap defeend from the tops of vegetables by

different veffels to the root.

If the fap circulated, it muft needs have

been feen defeending from the upper part

of large gafhes, cut in branches, fet in wa-

ter, and with columns of water preffing on

their bottoms in long glafs tubes, in Exp, 43,

and 44. In both which cafes, it is certain

that great quantitigB of water paffed thro’

the ftem, fo that it muft needs have been

feen defeending, if the return of the fap

downwards were by trufion or pulfion,

whereby the blood in animals is returned

thro’ the veins to the heart; And that pul-

fion, if there were any, muft neceffarily be

exerted with prodigious force, to be able

to drive the fap thro’ the finer capillaries.

So that if there be a return of the fap down-

wards, it muft be by attraction, and that

a very powerful one, as we may fee by many
of thefc Experiments, and particularly by

Experiment x i . But it is hard to conceive,

what
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what and where that power is which can

be equivalent to that provifion nature has

has made for the afcent of the fap in confe-

quencc of the great perfpiration of the leaves.

The inftances of the JefTamine tree, and

of the Paflion tree, have been looked up-

on as ftrong proofs of the circulation of the

fap, becaufe their branches, which were far

below the inoculated Bud, were gilded :

But we have many vifiblc proofs in the Vine

and other bleeding trees of the fap s reced-

ing back, and pufhing forwards alternately,

at different times of the day and night. And

there is great reafon to think, that the fap

of all other trees has fuch an alternate, re-

ceding and progreffive motion, occafioned

by the alternacies of day and night, warm

and cool, moift and dry.

For the fap in all vegetables does proba-

bly recede in fome meafure from the tops

of branches, as the Sun leaves them ; be-

caufe its ratifying power then ceafing, the

greatly ratified fap, and air mixt with it

,

will condenfe and take up lefs room than

they did, and the dew and rain will then

be ftrongly imbibed by the leaves, as is pro-

bable from Exper. 42, and feveral others;

whereby
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^ whereby the body and branches of the ve-

^

!
gctablc which have been much exhaufted by

^ the great evaporation of the day, may at

^ night imbibe ftp and dew from the leaves 5

^ for by fevcral Experiments in the firft chap-

ter, plants were found to increafe confider-

^ ably in weight, in dewy and moift rjights.

And by other Experiments on the Vine in

the third chapter , it was found, that the

trunk and branches of Vines were always

in an imbibing ftate, cauled by the great per-

fpiration of the leaves, except in the bleed-

ing feafon 5 but when at night that perfpif-

I

ing power ceafes, then the contrary imbib-

I

ing power will prevail and draw the ftp

and dew from the leaves, as well asmoifture

from the roots.

And we have a further proof of this in

Experiment 12, where by fixing mercurial

gages to the ftems of feveral trees, which

do not bleed, it is found, that they are al-

ways in a ftrongly imbibing Gate, by draw-

ing up the mercury feveral inches : Whence
• it is eafie to conceive, how fome of the par-

ticles of the gilded Bud, in the inoculated

Jeffamine, may be abforbed by it, and there-

by communicate their gilding Mialma to the
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fap of other branches 5 efpecially when fomc

months after the inoculation, the ftock of

the inoculated JeflTamine is cut off a lit-

tle above the Bud j whereby the ftock

,

which was the counter afting part to the

ftem, being taken way, the ftem attradls

more vigoroufly from the Bud.

Another argument for the circulation of

the fap, is, that fome forts of graffs will

infeft and canker the ftocks they are grafted

on: But by Exper. 12 and 37, where mer-

curial gages were fixed to frefh cut ftems of

trees, it is evident, that thofe ftems were

in a ftrongly imbibing ftate 5 and confe-

quently the cankered ftocks might very like-

ly draw fap from the graff, as well as the

grafF alternately from the ftock 5 juft in the

fame manner as leaves and branches do

from each other, in the viciftitudes of day

and night. And this imbibing power of the

ftock is fo great, where only fome of the

branches of a tree are grafted, that the re-

maining branches of the ftock will, by their

ftrong attraction, ftarve thofe graffs 3 for

which reafon it is ufual to cut off the great-

eft part of the branches of the ftock, Icav.

ing
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1

ing only a few fmall ones to draw up the

fap.

The inftance of the Ilex grafted upon the

Englijh Oak, feems to afford a very con-

liderable argument againft a circulation. For

if there were a free uniform circulation of

the fap thro' the Oak and Ilex, why fhould

the leaves of the Oak fall in winter, and not

thofe of the Ilex ?

Another argument, againft a uniform cir-

culation of the fap in trees as in animals,

may be drawn from Exper. 37. where it

was found by the three mercurial gages fixt

to the fame Vine, that while feme of its

branches changed their ftate of protruding

fap into a ftate of imbibing , others con-

tinued protruding fap, one nine, and the

other thirteen days longer.

In the fecond Vol. of iAt. Lowthorp’%

Abridgment of the Thilof. Tranjac. p. 70s.

is recited an Experiment of Mr. Brother

-

ton’s, viz. A young Hazel », Fig. 27, was

cut into the body axx z with a deep gafh 5

the parts of the body below at z, and a-

bove at x, were cleft upwards and down-
wards, and thefplintersx.a by wedges were

kept off from touching each other, or the

4 reft
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reft of the body. The following year, the

upper fplinter x was grown very much, but

the lower fplinter z did not grow, but the

reft of the body grew, as if there had been no
gafti made : I have not yet fucceeded in ma-
king this Experiment , the wind having

broken at x z all the trees I prepared for

it: But if there was a Bud at which fhot

out leaves, and none at Zy then by Exper.

41. 'tis/plain, that thofe leaves might draw

much nourifhment thro' t x> and thereby

make it grow s and I believe, if, vice verfuy

there were a leaf bearing Bud at Zy and none

at Xy that then the fplinter z would grow

more than x.

The reafon of my conjeflure, I ground

upon this Experiment, viz. I chofe two
thriving (hoots of a dwarf Tear-tree 1

1

aa.

Fig. 28, 29., At three quarters of an inch

diftance I took half an inch breadth of bark

off each of them, in feveral places, viz.

2, 4, 6, 8, and at 10, 12, 14. every one of

the remaining ringlets of bark had a leaf

bearing bud, which produced leaves the fol-

lowing fummer, except the ringlet 13, which

had no fuch Bud. The ringlet 9 and 1

1

Qi a a grew and fwelled at their bottoms,

till
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till Ai^ufi, but the ringlet 1 3 did not in-

crcafeatall, and in Auguft the whole fhoot

a a withered and dyed i but the (hoot / /,

lives and thrives well, each of its ringlets

fwelling much at the bottom : Which fwel-

lings at their bottoms muft be attributed

to fome other caufe than the ftoppage of

the fap in its return downwards, becaufe in

the Ihoot / /, its return downwards is in-

tercepted three feveral times by cutting a-

way the bark at 2, 4, 6. The larger and

more thriving the leaf bearing Bud was, and

the more leaves it had on it, fo much the

more did the adjoining bark fwell at the

bottom.

Fig. 30. Reprefents the profile of one ofthe

divifions inFig. 28. fplit in halves, in which

may be feen the manner of the growth of

the laft year’s ringlet ofwood fliooting a lit.

tie upwards zt x x\ and (hooting down-

wards and fwelling much more at s « >

where we may obferve, that what is (hot

endways, is plainly parted from the wood
of the preceding year, by the narrow in-

terftices x r, z r, whence it Ihould feem,

that the growth, of the yearly new ringlets

of
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of wood confifts in the fhooting of their fi-

bres lengthways under the bark.

That thefap does not defeend between the

bark and the wood , as the favourers of a cir-

culation fuppofe, feems evident from hence,

*viz. that if the bark be taken off for 3 or

4 inches breadth quite round, the bleeding of

the tree above that bared place will much
abate, which ought to have the contrary

effed, by intercepting the courfe of the re-

fluent fap, if the fap defeended by the bark.

But the reafon of the abatement of the

bleeding in this cafe may well be account-

ed for, from the manifeft proof wc have

in thefe Experiments, that the fap is ftrong-

ly attraded upwards by the vigorous opera-

tion of the perfpiring leaves, and attrading

Capillaries: But when the bark is cut off*

for fome breadth below the bleeding place,

then the fap, which is between the bark and

the wood below that disbarked place, is

deprived of the ftrong attrading power of

the leaves, and confequently the bleed-

ing wound cannot be fupplied fo fall: with

fap , as it was before the bark was taken off.

Hence alfo we have a hint for a probable

conjedure why in the alternately disbarked

flicks.
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flicks, 1

1

da Fig. 28, 29. the bark fwcllcd

more at the upper part of the disbarked

places than at the lower, viz. becaufe thefe

lower parts were thereby deprived of the

plenty of nourilhment which was brought

to the upper parts of thofe difabled placer?,

by the ftrong attradion of the leaves on

the Buds 7, of which we have a fur-

ther confirmation in the ringlet of bark

N°. 1 3. Fig. 29. which ringlet did not fwell

or grow at cither end, being not only de-

prived of theatrradion of the fuperior leaves,

by the bared placed N". 12. but alfo with-

out any leaf Bud of its own, w^hofe branch-

ing fap Veffels, being like thofe of other leaf

Buds rooted downwards in the wood, might

thence draw fap, for the nourifhment of its

felfand the adjoining bark N®. 13. But had

thefe rooting fap veffels run upwards, in-

ftead of downwards, kis probable, that in

that cafe the upper part of each ringlet of

bark, and not the lower, would have fwelled,

by having nourifhment thereby brought to

it from the inmoft wood.

We may hence alfo fee the reafon why^’

when a tree is unfruitful, it is brought to

bear fruit, fay the taking ringlets of bark off

L from
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from its branches, viz, becaufe thereby a

lefs quantity of fap arifmg, it is better di-

digefted and prepared for the nourifhment

of the fruit i which from the greater quan-

tity of oil, that is ufually found in the feeds,

and their containing veffels, than in other

parts of plants, (hews that more fulphur and

air is requifite for their produftion, than there

is for the produftion of wood and leaves.

But the moft confiderable objedion a-

gainft this progreffive motion of the fap,

without a circulation, arifes from hence,

that it is too precipitate a courfe, for a due

digeftion of the fap, in order to nutrition :

Whereas in animals nature has provided,

that many parts of the blood fhall run a

long courfe, before they are either applied

to nutrition, or difeharged from the animal.

But when we confider, that the great

work of nutrition, in vegetables as well as

animals, (I mean after the nutriment is got

into the veins and arteries of animals) is chief-

ly carried on in the fine capillary veffels,

where nature feleds and combines, as fhall

belt fuit her different purpofes, the feveral

mutually attrading nutritious particles, which

were hitherto kept disjoined by the motion
|

of I
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of their fluid vehicle $ we fhall find that

nature has made an abundant provifion

for this work in the ftrufture of vegetables ;

all whofe compofition is made up of no-

thing elfe but innumerable fine capillary

veflels, and glandulous portions or veficles.

Upon the whole, 1 think we have, from

thefe experiments and obfervations, fuffici-

ent ground to believe that there is no circu-

lation of the fap in vegetables i notwith-

ftanding many ingenious perfons have been

induced to think there was, from feveral cu-

rious obfervations and experiments, which

evidently prove, that the fap does in fome

meafure recede from the top towards the

lower parts of plants, whence they were

with good probability of reafon induced to

think that the fap circulated*

The likeliefl: method elFeaually and con’

vincingly to determine this difficulty, whe-

ther the fap circulates or not, would be by

ocular infpeftion, if that could be attained

:

And I fee no reafon we have to dcfpair of

it, lince by the great quantities imbibed and

perfpired, we have good ground to think,

that the progreflive motion of the fap is

Gonfiderable in the largeft fap veflels of

L % the
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the tranfparent ftems of leaves : And if our

eyes, aflided with microfeopes, could come
at this defirable fight, I make no doubt,

but that wc fhould fee the Tap, which was

progrefllve in the heat of the day, would on

the coming on of the cool evening, and.thc

falling dew be retrograde in the fame velTels,

CHAP. V.

Experiments:, ''ssshereby to prove, that a con-

pderable quantity of air is infpired by

Tlants.

I
T is well known that air is a fine ela-

' flick fluid, with particles of very diffe-

rent natures floating in it, whereby it is ad-

mirably fitted by the great author of nature,

to be the breath of life, of vegetables, as

well as of animals; without which they can

no more live, nor thrive than animals can.

In the Experiments on Vines, chapter HI.

we faw the very great quantity of air, which

was continually afeending from the Vines,

thro* the fap in the tubes j which manifeflly

fhews what plenty of it is taken in by vegeta-

bles, and is perfpired off with the fap thro*

the leaves.

E X P E-
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Experiment XLVII.

Sept, 9th, at 9 a, m. I cemented an Apple^

branch b (Fig ii.) to the glafs tube ri

ez : 1 put no water in the tube, but fet the

end of it in the ciftern of water x. Three

hours after 1 found the water fucked up in

the tube many inches to ^ 5 which (hews,

that a confidcrable quantity of air was im-

bibed by the branch, out of the tube r i e z:

And in like manner did the Apricock-

branch (Exper. 29.) daily imbibe air.

Experiment XLVIII.

I took a cylinder of Birch with the bark

on, 16 inches long and i diameter, and ce«

mented it faft at (Fig. 32.) to the hole

in the top of the air pump receiver p
fetting the lower end of it in the ciftern

of water x 3 the upper end of it at n was

well clofed up with melted cement.

I then drew the air out of the receiver,

upon which innumerable air bubbles iflued

continually out of the flick into the wa-

ter X. I kept the receiver exhaufted all that

L 3 day.
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day, and the following night, and till the

next day at noon, the air all the while if-

fuing into the water x

:

I continued it thus

long in this ftate, that I might be well af-

fured, that the air niuft pafs in thro* the

bark, to fupply that great and long flux of

air at x. 1 then cemented up 5 old eyes in

the flick, between and w, where little

fhoots had formerly been, but were now pc-

rifned, yet the air flill continued to flow

freely at x.

It was obfervable in this, and many of

the Experiments on flicks of other trees,

that the air which could enter only thro*

the bark between z and did not ilfue in-

to the water, at the bottom of the flick,

only at or near the bark, but thro’ the whole

and inmoft fubflance of the wood, and that

chiefly, as I guefs by the largenels of the

bafes of the hemifphcres of air thro* the

largeft veffels of the wood ; which obfer-

vation corroborates Dr. Crew's and Mal-

pighi's opinion, that they are air veflels.

1 then cemented upon the receiver the

cylindrical glafs ^ y, and filled it full of wa^

ter, fb as to ftand an inch above the top n

of the flick.

The



Vegetable Staticks. 151

The air ftill continued to flow at at, but

in an hours time it very much abated, and

in two hours ceafed quite; there being now
no paflage for frefh air to enter, and fupply

what was drawn out of the flick.

I then, with a glafs crane drew off the

water out of th© cylinder//, yet the air did

not iflue thro' the wood at x,

I therefore took the receiver with the

flick in it, and held it near the fire, till the

bark was well dryed 5 after which I fet it

upon the air pump, and exhaufled the air,

upon which the air iflued as freely at x as

it did before the bark had been wetted, and

continued fo to do, tho' I kept the receiver

exhaufled for many hours.

I fixed in the fame manner, as the pre-

ceding Birch flick, three joynts of a Vine

branchy which was two years old, the upper-

moft knot r being within the receiver ; when
I pumped the air pafled moft freely into the

water x x,

I cemented faft the upper end of the flick n
and then pumped, the air flill ifliied out at Xy

tho' I pumped very long, but there did not

now pafs the 20th part of the air which

pafled when the end n was not cemented.

L 4 I then
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I then inverted the hick, placing n fix •in-

ches deep in the water, and covered all the

bark from the furface of the water to z
the top of the receiver with cement ; then

pumping the air which entered at the top of

the hick, paffed thro* the immerfed part of

the bark : When I ceafed pumping for fome

time, and the air had ceafed ilfuing out;

upon my repeating the pumping it would

again iffuc out.

I found the fame event in Birch and

Mulberry fiicks, in both which it iffued moft

plentifully at old eyes, as if they were the

chief breathing places for trees.

And Dr. Grm’obferves, that the pores

are fo very large in the trunks of fome

plants, as in the better fort of thick walk-

ing canes, that they are vifible to a good

eye, without a glafs; but with a glafs the

‘‘ cane feems ' as if it were ftuck top full

of holes, with great pins, being fo large

as very well to refemble the pores of the

skin, in the end of the fingers and ball

of the hand.

‘‘ In the leaves of Pine they are like-

wife, through a glafs, a very elegant fhew,

fianding all moft exadly in rank and file,

thro*
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thro' the length of the leaves." Grew's

Anatomy of Plants, p, 127.

Whence it is very probable, that the air

freely enters plants, not only with the prin-

cipal fund of nourifhmcnt by the roots,’

but alfo thro* the furface of their trunks and

leaves, efpecially at night, when they are

changed from a perfpiring to a flrongly

imbibing ftate.

I fix’d in the fame manner to the top of

the air pump receiver, but without the cy-

lindrical glafs jy y , the young flioots of the

VinCy Apple tree and Honyfuckle, both e-

reded and inverted, but found little or no

air came either from branches or leaves, ex-

cept what air lay in the furrows, and the

innumerable little pores of the leaves, which

are plainly vifiblc with the microfeope. I

tryed alfo the lingle leaf of a Vine, both by

immerfing the leaf in the water x

,

and let-

ting the ftalk ftand out of the receiver, as

alfo by placing the leaf out of the receiver,

and the ftalk in the glafs of water x ^ but

little or no air came either way.

I obferve in all thefe Experiments, that

the air enters very flowly at the bark ofyoung

fhoots and branches, but much more freely

thro'
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thro' old bark : And in different kinds of
trees it has very different degrees of more
or lefs free entrance.

I repeated the fame Experiment upon fe-

veral roots of trees : The air paffed moft
freely from nx.o and when the glafs vef-

fel/7 was full of water, and there was no
water in a;, the water paffed at the rate of

3 ounces in 5 minutes 5 when the upper

end n was cemented up, and no water in y

fome air, tho* not in great plenty, would
enter the bark at 4s/, and pafs thro’ the wa-

ter at X,

And that there is fome air both in an

elaftick and unelaftick ftate, mix'd with the

earth, ( which may well enter the roots with

the nourifhment) I found by putting into

the inverted glafs z, a a full of water

(Fig. 35.) fome earth dug up in an alley in

the garden, which after it had flood foak-

ing for fevcral days, yielded a little elaftick

air, tho* the earth was not half diffolved.

And in Experiment 68. we find that a cu-

bick inch of earth yielded 43 cubick in-

ches of air by diftillation, a good part of

which was roufed by the adion of the fire

from a fix'd to an elaftick ftate.

f
1 fixed
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I fixed alfo in the fame manner young

tender fibrous roots, with the fmall end

upwards at n, and the veflel y y full of wa-

ter 5 then upon pumping large drops of wa-

ter followed each other faft, and fell into

the ciftern which had Ho water in it.

CHAP. VI.

Afpecimen of an attempt to analyze the Air

by a great variety of chymio-ftatical Ex-

periments-, which fhew in how great a pro-

portion Air is wrought into the compofi-

tion of animaf vegetable^ and mineral

SubftanceSy and withal how readily it re-

fumes its former elajlick ftate, when in the

dijfolution of thofe Subjlances it is diftn-

gagedfrom them.

H aving in the preceding chaptet

produced many Experiments, to prove

that the Air is freely infpired by Vegetables,

not only at their roots, but alfo thro' fe-

veral parts of their trunks and branches,which

Air was moft vifibly feen afeending in great

plenty thro* the fap of the Vine, in tubes

which were affixed to them in the bleeding

fcafon ; this put me upon making a more

} parti-



I j
(5 Anal'jfis of the Air.

particular inquiry into the nature of a Fluid?

which is To abiblurcly ncccflary for the fup-

port of the life and growth of Animals and

Vegetables.

The excellent Mr. Boyle made many
Experiments on the Air, and among other

difeoveries, found that a good quantity of

Air was producible from Vegetables, by put>

ting Grapes, Plums, Goofeberries, . Cher-

ries, Peafe, and feveral other forts of fruits

and grains into exhaufted and unexhaufted

receivers, where they continued for feveral

days emitting great quantities of Air.

Being dcTirous to make fome further re-

fcarchcs into this matter, and to find what

proportion of this Air I could obtain out

of the different fubftances, in which it was

lodged and incorporated, I made the follow-

ing chymio-ftatical Experiments: For as,

whatever advance has here ' been made in

the knowledge of the nature of Vegetables,

has been owing to ftatical Experiments, fo

fince nature, in ail her operations, adls con-

formably to thofe mechanick laws, which

\i'erc cflablifned at her hrft inftitution 5 it is

therefore reafonable to conclude, that the

likdieft way to enquire, by chymical ope-

rations.
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rations, into the nature of a fluid, too fine

to be the objed of our light, mufl: be by

finding out fome means to eftimate what

influence the ufual methods of analyfing

the animal, vegetable and mineral kingdoms,

has on that fubrile fluid 5 and this I effected

by affixing to retorts and boltheads hydro-

ftatical gages in the following manner, viz,.

In order to make an eftimate of the quan-

tity of Air, which arofe from any body by

diftillation or fulion, I firft put the matter

which I intended to diftill into the fmall re-

tort r (Fig. 33.) and then at ^cemented

faft to it the glafs veffel a by which was very

capacious at by with a hole in the bottom,

I bound bladder over the cement which was

made of tobacco-pipe clay and bean flower,

well mixed with fome hair, tying over all

four fmall flicks, which ferved as fplinters

to ftrengthen the joynt 3 fometimes, inftead

of the glafs veffel aby \ made ufe of a large

bolthead, which had a round hole cut, with

a red hot iron ring at the bottom of it 5

through which hole was put one leg of an

inverted fyphon, which reached up as far

as 2;. Matters being thus prepared, holding

the retort uppermoft, I immerfed the bolt-

head
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head into a- large veffel of water, to a the

top of the bolthead 5 as the water rufhed in

at the bottom of the bolthead, the Air was

driven out thro’ the fyphon : When the

bolthead was full of water to then I clofed

the outward orifice of the fyphon with the

end of my finger, and at the fame time drew

the other leg of it out of the bolthead, by

which means the water continued up to

and could not fubfide. Then I placed under

the bolthead, while it was in the water, the

veffel X Xf which done, I lifted the veffel x x
with the bolthead 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 fereen the whole bolthead from the heat

of the fire.

The defeent of the water in the bolthead

fhewed the fums of the expanfion of the

Air, and of the matter which was diftil-

ling : The expanfion of the Air alone, when

the lower part of the retort was beginning

to be red hot, was at a medium, nearly

equal to the capacity of the retorts, fo that

it then took up a double fpace 5 and in a

white and almoft melting heat, the Air took
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up a tripplc fpace or fomething more : For

which reafon the leaft retorts are beft for

thefe Experiments. The cxpanfion of the

diftilling bodies was fometimes very little,

and fometimes many times greater than that

of the Air in the retort, according to their

different natures.

When the matter was fuffieiently diflilled,

the retort &c. was gradually removed from

the fire, and when cool enough, was carried

into another room, where there was no fire.

When all was throughly cold, cither the

following day, or fometimes 3 or 4 days af-

ter, I marked the furface of the water /,

where it then flood 5 if the furface of the

water was below z, then the empty fpace

between y and z Ihewed how much Air was

generated, or raifed from a fix’d to an elaf-

tick flate, by the adtion of the fire in diflil-

lation : But if y the furface of the water

was above z, the fpace between z and y,

which was filled with water, fhewed the quan-

tity of Air which had been abforbed in the

operation, i. e. was changed from a repel-

ling claflick to a fix’d flate, by the ftrong

attraction of other particles, which I there-

fore call abforbing.

When
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When I would meafure the quantity of

this new generated Air, Ifeparated the- bolt-

head from the retort, and putting a cork in-

to the fmall end of the bolthead, I inverted

it, and poured in water to z. Then from

another vcflel (in which I had a known

I

quantity of water by weight
)

I poured in

water to / ; fo the quantity of water which

was wanting, upon weighing this veffel a-

gain, was equal to the bulk of the new ge-

nerated Air. I chofe to meafure the quanti-

ties of Air, and the matter from whence it

arofe, by one common meafure of cubick

inches, eftimated from the fpecifick gravi-

ties of the fevcral fubftanccs, that thereby

the proportion of one to the other might

the more readily be feen.

I made ufe of the following means to

rxieafurc the great quantities of Air, which

were cither railed and generated, or abforbed

by the fermentation arifing from the mix- i

ture of variety of Iblid and fluid fubftan-

ces, whereby I could eafily eftimate the fur-

priftng effeds of ft:rmcntation on the air,

’ I put into the bolthead ^ (Fig. 34. )
the

ingredients, and then run the long neck of

the boithead into the deep cylindrical glafs a/,

2 and
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and inclined the inverted glafs a jy and

bolthead almoft horizontally in a large vef-

fel of water, that the water might run in-

to the glafs a y 5 when it was almoft up to

a the top of the bolthead, I then immerfed

the bottom of the bolthead, and lower part

y of the cylindrical glafs under water, rai-

fing at the fame time the end a uppermoft.

Then before I took them out of the water?

I fet the bolthead and lower part of the cy-

lindrical glafs a y into the earthen veffel x x
full of water, and having lifted all out of

the great veflel of water, I marked the fur-

face ^ of the water in the glafs a y.

If the ingredients in the bolthead, upon

fermenting generated Air, then the water

would fall from z> to /? and the empty fpace

s y was equal to the bulk of the quantity

of Air generated : But if the ingredients

upon fermentation did abforbe or fix the

aftive particles of Air, then the furface of

the water would afeend from z to riy and

the fpace z riy which was filled with water,

was equal to the bulk of Air, which was

abforbed by the ingredients, or by the fume
arifing from them : When the quantities of

Air, cither gcaerated or abforbed, were very

M gi^car.
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great, then I made ufe of large chymical recei-

vers inftead of the glafs a y ; But if thefc

quantities were very fmall, then inftead of the

boirhead and deep cylindrical glafs ^ I

made ufe of a fmall cylindrical glafs, or a

common beer glafs inverted, and placed

under it a Viol or Jelly glafs, taking care

that the \^ater did not come at the ingredi-

ents in them, which was eafily prevented

by drawing the water up under the inverted

glafs to what height I pleafed by means of

a fyphon ; I meafured the bulk of the fpaces

z^y Qi z n-, by pouring in a known quan-

tity of water, as in the foregoing Experi-

ment, and making an allowance for the

bulk of the neck of the bolthead, within

the fpace z /.

When I would take an eftimate of the

quantity of Air abforbed and fix’d, or ge-

nerated by a burning candle, burning brim-

ftone or nitre, or by the breath of a living

animal, I firft placed a high ftand, or

pedeftal in the veft'el full of water x x^i

(Fig. 35.) which pedeftal reached a little

higher than On this pedeftal I placed

the candle, or living animal , and then

whelmed over it the large inverted glafs

which
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which was fufpended by a cord, fo as to

have its mouth r r three or four inches un-

der/water 5 then with a fyphon 1 fucked

,
the Air out of the glafs vcflel till the water

rofe to z z. But when any noxious thing, as

I

burning brimftone, aquafortis, or the like>

1 were placed under the glafs 5 then by affix-

ing to the fyphon the nofc of a large pair of

bellows, whofe wide fucking orifice was

clofed up, as the bellows were enlarged,

they drew the Air briskly out of the glafs

zz a a thro' the fyphon; the other leg of

which fyphon I immediately drew from un-

der the glafs veffel, marking the height of

I the water ^ z^

jjj

When the materials on the pedeftal ge-

I'i

nerated Air, then the water would fubfide

i from z z to a ay which fpace z z a a was

equal to the quantity pf Air generated :

But when the materials deftroyed any parr cf

the Air's elafticity, then the water would

rife from a a ( the height that I in that cafe

I

I

at firft fucked it to) to and the fpace

I

a a z z was equal to the quantity of Air,

i

l
whofe elafticity was deftroyed,

I fometimes fired the naaterials on the

'k pedeftal by means of a burning glafs, njiz, ^

^

- M z fuch
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fuch as phofphorus and brown paper dipped

in water, ftrongly impregnated with nitre

and then dryed.

Sometimes I lighted the candle or large

matches of brimftone before I whelmed the

glafs z z, a a over them, in which cafe I

inftantly drew up the water to a which

by the expanfion of the heated Air would

at firft fubfide a little, but then immediately

turned to a rifing ftate , notwithftandiing the

flame continued to heat and ratify the Air

for 2 or 3 minutes : As foon as the flame

was out, I marked the height of the wa-

ter ^ ^ ; after which the water would for

20 or 30 hours continue rifing a great deal

above z z.

Sometimes when I would pour violently

fermenting liquors, as aquafortis, on

any materials, I foTpended the aquafortis in

a viol at the top of the glafs veflel zz aUy

in fuch manner, that by means of a firing,

which came down into the veflel x x y I

could by inverting the viol pour the aqua-

fortis on the materials, which were in a

veflel on the pedeflal.

I fhall now proceed to give an account

of the event of a great many Experiments,

which
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which I made by means of thefe inftru-

ments, which I have here at firft deferibed,

to avoid the frequent repetition of a deferip-

tion of 'em. It is confonant to the right

method of philofophifing, firft, to analizc

the fubjeft, whofe nature and properties we
intend to make any refearches into, by a

regular and numerous feriesof Experiments

:

And then by laying the event of thofe Ex-

periments before us in one view, thereby to

fee what light their united and concurring

evidence will give us. How rational this

method is, the fcquel of thefe Experiments

will (hew.

The illuftrious Sir Ifaac Newton ( query

3ift of his Opticks) obferves, that “ true

permanent Air arifes by fermentation or

heat, from thofe bodies which the chy-

mifts call fixed, whofe particles adhere by

a ftrong attraftion, and are not therefore

feparated and rarified without fermenta-

tion. Thofe particles receding from one

another with the greateft repulfive force,

and being mod difficultly brought toge-

ther, which upon contad were moft ftrong-

ly united. And query 30. denfc bodies by

fernaentation ratify into feveral forts of

M 3
“ Air,
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Air; and this Air by fermentation, and

fometimes without it, returns into denfe

bodies.’* Of the truth of which we have

evident proof from many of the following

Experiments, viz.

That I might be well affured that no part

of the new Air which was produced in di-

ftillation of bodies, arofe either from the

greatly heated Air in the retorts, or from

the fubftance of the heated retorts, I firft

gave a red hot heat both to an empty glafs

retort, and alfo to an iron retort made of a

musket barrel ; when all was cold, I found

the Air took up no more room- than be-

fore it was heated : whence I was affured,

that no Air arofe, either from the fubftance

of the retorts, or from the heated Air.

As to animal fubftances, a very confide-

rable quantity of permanent Air was pro-

duced by diftillation, not only from the

blood and fat, but alfo from the moft folid

parts of animals.

Experiment XLIX.

A cubick inch of Hog*s bloody diftilled to

dry fcoria, produced thirty three cubick

inches
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Inches of Air, which Air did not arifc till

the white fumes arofe j which was plain to

be feen by the great defeent of the water at

that time, in the receiver a zy ( Fig. 33.)

Experiment L.

Lefs than a cubick inch of TalloWy being

all diftilled over into the receiver a z y
(Fig. 33.) produced 18 cubick inches of

Air.

Experiment LI.

241 Grains, or half a cubick inch of the

tip of a fallow T>eefs horn, being diftilled

in the iron retort, made of a musket bar-

rel, which was heated at a fmith’s forge, pro-

duced 1 17 cubick inches, that is, 234 times

its bulk of Air, which did not begin to

rife till the white fumes arofe 5 but then

rulhed forth in great abundance, and in good

plenty, alfo with the foetid oil which came

laft. The remaining calx was two thirds

black, the reft a(h coloured ; it weighed 12S

grains, fo it was not half wafted, whence

there muft remain much fulphur in it; the

M 4 v/eight
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weight of water to Air, being nearly as

885 to one, as Mr. Hawksbee found it, by

an accurate Experiment. A cubick inch of

Air will weigh f of a grain, whence the

weight of Air in the horn was 33 grains,

that is, near 7 part of the whole horn.

We may obferve in this, as alfo in the

preceding Experiment, and many of the

following ones, that the particles of new’

Air were detached from the blood and

horn, at the fame time with the white fumes,

which conftitute the volatile fait: But this

volatile fair, which mounts with great a£li-

vity in the Air, is fo far from generating

true elaftick Air, that on the contrary it

abforbs it, as I found by the following Ex*

periment.

Experiment LIT.

A dram of njolatile fait of fal armoniackj

foon diftilled over with a gentle heat j but

tho' the expanfion in the receiver was dou-

ble that of heated Ah* alone, yet no Air

was generated, but two and an half cubick

inches were abforbed.

Expe-
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Experiment LIIL

Half a cubick inch of Oyfterfelly or 266

grains diftilled in the iron retort, generated

162 cubick inches, or 46 grains, which is a

little more than J part of the weight of the

Ihcll.

Experiment LIV.

Two grains of TPhofphorus eafily melted

at fome diftance from the fire, flamed and

filled the retort with white fumes, it ab-

forbed three cubick inches of Air. A like

quantity of ThofphoruSy fired in a large re-

ceiver ( Fig. 35.) expanded into a fpace equal

to fixty cubick inches, and abforbed 2 8 cu-

bick inches of Air : When 3 grains of "Phof

phorus were weighed, foon after it was

burnt, it had loft half a grain of its weight

;

but when two grains of Phofphorus was

weighed, fome hours after it was burnt,

having run more per deliquium by abforbing

the moifture of the Air, it had increafed a

grain in weight.
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Experiment LV.

As to n^egetahle Subjiarices, from half a

cubick inch, or 1 3 5 grains of heart of Oak>

frefli ait from the growing tree, was gene-

rated 108 cubick inches of Air, /. e, a quan-

tity equal to 216 times the bulk of the

piece of Oak, its weight was above 30 grains?

4 part of the weight of 1 3 5 grains of Oah
I took a like quantity of thin (havings from

the fame piece of Oak, and dryed them

gently at fome diftance from a fire for 24

hours, in which time 44 grains weight of

moifture had evaporated ; which being de-

duced from the 135 grains, there remains 91

grains for the folid part of the Oak : Then
the 30 grains of Air, will be f of the weight

of the folid part of the Oak,

Eleven days after this Air was made, I

put a; live Sparrow into it, which died in«

flantly.

Experiment LVI.

From 388 grains weight of Indian Wheats

which grew in my garden, but was not

come
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come to full maturity, was generated 270

cubick inches of Air, the weight of which

Air was 77 grains, 'viz. i of the weight

of the Wheat,

Experiment LVII.

From a cubick inch, or 3 1 8 grains of

was generated S9<^ cubick inches of

Air or 1 1 3
grains, /. e. fomething more than

t of the weight of the Teafe.

Nine days after this Air was made, I

lifted the inverted mouth of the receiver

which contained it, out of the water, and

put a lighted candle under it, upon which

it inftantly flafhed : Then 1 immediately im-

merfed the mouth of the receiver in the wa-

ter, to extinguifh the flame. This I repeated

8 or 10 times, and it as often flafhed, af-

ter which it ceafed, all the fulphureous fpi-

I'it being burnt. It was the fame with Air

of diftilled Oyfterfhell and Amber, and with

new diftilled Air of Peafe and Bees-wax. I

found it the fame alfo with another like

quantity of Air of Peafe; notwithftanding I

wafhed that Air no lefs than eleven times,

by pouring it fo often under water, up-

wards^

I
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wards, oiit of the containing veffel, into

another inverted receiver full of water.

Experiment LVIII.

There was raifed from an ounce or 437
grains of Mufiard-feed 270 cubick inches

of air, or 77 grains, which is fomething

more than t part of the ounce weight.

There was doubtlefs much more air in the

feed ; but it rofe in an unelaftick ftate, be-

ing not difentangled from the Oil, which was

in fuch plenty within the gun-barrel, that

when I heated the whole barrel red hot in

order to burn it out, it flamed vigoroufly

out at the mouth of the barrel. Oil alfo

adhered to the infide of the barrel, in the

diftillation of many of the other animal, ve-

getable and mineral fubftances 5 fo that the

claftick air, which I meafured in the recei-

ver, was not all the air contained in the

feveral diftilfd fubftances 5 fome remaining

in the Oil, for there is unelaftick air in

Oil, part being alfo reforbed by the ful-

phureous fumes in the receiver.

Ex-
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Experiment LIX.

From half a cubick inch of Ambefy or

135 grains, was raifed 135 cubick inches

of air, or 3 8 grains, *viz. part of its

weight.

Experiment LX.

From 142 grains of dry Tobacco was raifed

153 cubick inches of air, which is little

lefs than j of the whole weight of the To-
bacco 5 yet it was not all burnt, part being

out of the reach of the fire.

Experiment LXI.

Camphire is a moft volatile fulphureous

fubftance, fublimed from the Rofin of a tree

in the Eafi-Indies. A dram of it, melted

into a clear liquor, at fome diftance from

the fire , and fublimed in the form of white

chryftals, a little above the liquor, it made
a very fmall expanfion, and neither gene-

rated nor abforbed air. The fame Mr. Boyle

found, when he burnt it in vacuo, Vol. 2.

p. 605. Ex-
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Experiment LXII.

From about a cubick inch of chymical

Oilof Annifeedy I obtained 22 cubkk inches

of air ; and from a like quantity of Oil of

Olives 8 8 cubick inches of air. The rea*

foil of which difference was, as I fuppofe,

this, viz. finding that the Oil of Annifeed

came plentifully over into the receiver, in

the diftillation of the Oil of Olives, I raif-

cd the neck of the retort a foot higher,

by which means the Oil could not fo eafi-

ly afcend, but fell back again into the hot-

cft part of the retort, whereby more air

was feparated; yet in this cafe good ftore

of Oil came over into the receiver j in

which there was doubtlefs plenty of un-

elaftick air : Whence by comparing this

with Experiment 58. we fee that air is in

greater plenty feparated from the Oil, when

in the Muftard-feed, than it is from exprcff-

cd or chymical Oil.

Experiment LXIIL

From a cubick inch, or 5 59 grains of Ho-

ney.
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ney^ mixed with calx of: bones, there arofe

144 cubick inches of air, or 41 grains, mz.
a little more than Ipart of the weight of

the whole.

Experiment LXIV.

From a cubick inch of yellow Bees-wax'^

or 243 grains, there arofe 54 cubick inches

of air, or 15 grains; the re part of the

whole.

Experiment LXV.

From 373 grains, or a cubick inch of

the coarfeft Sugar, which is the eflential

fait of the fugar-cane, there arofe 126 cubick

inches of air, equal to 36 grains, a little

more than A part of the whole.

Experiment LXVI.

I found very little air in 54 cubick inches

of Brandy, but in a like quantity of Well-

water I found one cubick inch. In Bier^

mont-water there is near twice as much air,

as ia Rain or common water

^

which air

con-z



1^6 Anahjfis of the Air.

contributes to the briskncfs of that and ma-

ny other mineral waters. I found thefc

feveral quantities of air, by inverting the

nofes of bottles, full of thcfe feveral liquors,

into fmall glafs ciftcrns full of the fame

liquor. And then fetting them all together

in a boyler, where having an equal heat,

the air was thereby feparated and afcended

to the upper parts of the bottles.

Experiment LXVII.

By the fame means alfo, 1 found plenty

of air might be obtained from minerals.

Half a cubick inch, '^158 grains of New-
cajile coaly yielded 180 cubick inches of air,

which arofc very faft from the coal, efpe-

cially when the yellowifh fumes afcended.

The weight of this air is 5 1
grains, which\

is nearly f of the weight of the coals*

Experiment LXVIII*

A cubick inch of frefh dug untried

earth off the common, being well burnt

in diftillation, produced 43 cubick inches of

air. From chalk alfo, I obtained air in the

fame manner.

I E X-
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Experiment LXIX.

From a quarter of a cubick inch of An-

timony', I obtain’d 28 times its bulk of air.

It was diftilled in a glafs retort, becaufe it

will dcmettalize iron.

Experiment LXX.

I procured a hard, dark, gray Tyrites, a

mineral fubJiancOy which was found 7 feet

under ground, in digging for fprings on

Walton-heathy for the fervice of the Right

Honourable the Earl ofLincohy at his beau-

tiful feat at Oatlands in Surrey 5 this mine-

ral abounds not only with fulphur, which

has been drawn from it in good plenty,

but alfo with faline particles , which

flioot vifibly on its furface, A cubick inch

of this mineral yielded in diftillation s 3 cu-

bick inches of air.

Experiment LXXI.

Half a cubick inch of well decrepitated

fea-falt mixt with double its quantity of

calx of bones generated 32 times its bulk

of air : It had fo great a heat given it, that

N all
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all being diftilled over, the remaining feoria

did not run per deliquium, I cleared the

gun- barrel of thefe and the like feoria, by

ftriking long on the outfide with a hammer.

Experiment LXXII.

From 21
1
grains or half a cubick inch

oi Nitre, mixed with calx of bones, there

arofe 90 cubick inches of air, i. e, a quan-

tity equal to 1 80 times its bulk 5 fo the weight

of air in any quantity of nitre is about ^ part.

Vitriol diftilled in the fame manner yields

air too.

Experiment LXXIII.

From a cubick inch or 443 grains of

Renijh Tartar, there arofe very faft 504 cu-

. bick inches of air $ fo the weight of the air

in this Tartar was 144 grains, /. e, f part

of the weight of the whole: The re-

maining feoria which was very little, run

per deliquitim, an argument that there re-

mained fome Sal Tartar, and confequently

more airj for

1
Experiment LXXIV.

Half a cubick inch or 304 grains of Sal

Tartary
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Tartar, made with nitre and tartar, and

mixed with a double quantity of calx of

bones, yielded in diftillation 112 cubicle

inches of air; that is, 224 times its bulk of

air, which 112 cubick inches weighing 32

grains, is nearly j part of the weight of

the SalTartar. There is a more intenfc de-

gree of heat required to raife the air from

Sal Tartar than from nitre.

Hence we fee, that the proportion of

air in equal bulks of SalTartar and nitre is

as 224 to I 80. But weight for weight, nine

contains a little more air in it, than this

Sal Tartar made with nitre. But Sal Tartar

made without nitr^", has probably a little more

air in it than this had, becaufe it is found

to make a greater explofion in the Tulvis

FulminanSy than the nitrated Sal Tartar, Buc

fuppofing, as is found by this Experiment,

that Sal Tartar^ according to its fpccifick gra-

vity, contains part more in it than nitre ;

yet this excefs of air is not fufficient to

account for the vaftly greater explofion of

SalTartar than of nitre ; which feems prin-

cipally, to arife from the more fixt nature

of Sal Tartar ; which therefore requires a

more intenfc degree of fire, to feparatethe

N 2 air
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air from the ftrongly adhering particles

than is found requifite to raife the air from

nitre. Whence the air of Sal Tartar muft

ncceffarii’y thereby acquire a greater elaftick

force, and make a more violent explofion>

than that of nitre. And from the fame rea-

fon it is, that Aurum Fulminans gives a

louder explofion than Fulvis Fulminans.

The fcoria of this operation did not run per

deliquium, a proofthat all the SalTartar was

diftillcd over.

Prom the little quantity of air which is

obtained by the diftillation offea-falt in Ex-

periment 71. in comparifon of what arifes

from nitre and Sal Tartar^ we fee the reafon

why it will not go off with an explofive

force, like thofe when fired. And at the

fame time we may hence obferve, that the

air included in nitre and SalTartar, bears a

confidcrablepart in their explofion. For fca-

falt contains an acid fpirit as well as nitre ;

. and yet that without a greater proportion

of air does not qualify it for explofion, tho'

mixed like nitre in the compofition of gun-

powder, v;ith fulphur and charcoal.

Mr. Boyle found that Aquafortis pour-

ed on a ftrong folution of fait of tartar did

not
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not (hoot into fair cryftals of falt-petrc, till

it had been long expofed to the open air,

whence he fufpeded that the air contribut-

ed to that artificial produflion of falt-petrc.

And fays, “ whatever the air hath to do in

this Experiment, we have known fuch

changes made in fome faline concretes,

chiefly by the help of the open air, as

very few would be apt to imagine/' Vol.

I. p. 302. andVoL 3 . p. 80.

We fee from the great quantity of air,

which is found in falts, of what ufe it is

in their cryftalization and formation, and

particularly how necelTary it is in making

falt-pctre from the mixture of fait of tartar

and fpirit of nitre. For lince by Experiment

72 and 73> a great deal of air flics away, in

the making of 4^/^/ either from nitre

and tartar, or from tartar alone : It muft

needs be neceffary, in order to the forming

of nitre from the mixture of Sal Tartar and

fpirit of nitre, that more air fhould be in-

corporated with it, than is contained either

in the Sal Tartar or fpirit of nitre.

K 5
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E X P E R I M E N T LXXV.

Near half a cubick inch of compound A-

qua-fortis, which bubbled and made a con-

fidcrable expanfion in diftillation was foon

diflilled off : As it cooled the expanfion

abated very faft, and a little air was abforb-

cd. Whence it is evident that the air ge-

nerated by the diftillation of nitre, did not

ariie from the volatile fpirituous particles.

Hence alfo it is probable that there is

fome air in acid fpirits, which is reforbed

and fixt by them in diftillation. And this

is further confirmed from the many air bub-

bles which arife from Aqua - regia , in

the folution of gold 5 for fince gold lofes

nothing of its weight in being diflblved, the

air cannot arife from the metalline part of

the gold, but miift either arife from the

Aqua- regia or from latent air in the pores

of the gold.

Experiment LXXVI.

A cubick inch of common Brimjlone cx-

panded very little in diftillation in a glafs

retort s
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retort ;
notwithftanding it had a great heat

given it, and was all diftilled over into the

receiver without flaming. It abforbed fomc

air, but flaming brimftone by Experiment

105, abforbs much air.

A good part of the air thus raifed from

fcveral bodies by the force of fire, was apt

gradually to lofe its elafticity, in {landing

feveral days j the reafon of which was (as

will appear more fully hereafter) that the

acid fulphureoLis fumes raifed with that air>

did reforb and fix the elaftick particles.

Experiment LXXVII.

To prevent which I made life of the fol-

lowing method of diftillation, viz. I fixt

a leaden fyphon. Fig. 38. to the nofe of the

iron retort r r ,
and then having immerfed

the fyphon in the vefTel of water x x, I

placed over the open end of the fyphon

the inverted chymical receiver which was

full of water j fo that as the air which was

raifed in diftillation, paiTed thro* the water

up to the top of the receiver ab^ z good
part of the acid fpirit and fulphureous fumes

were by this means intercepted and retain.

N 4 ed
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cd in the water 3 the confequerxce of which

was, that the new generated air continued

in a more permanently elaftick ftate, very

little of it lofing its elafticity, viz, not a-

bove a 15 th or 18 th part, and that chiefly

the firfl: 24. hours 3 after which the remain-

der continued in a conftantly elaftick ftate 5

excepting the air of tartar , which in 6 or

8 days loft conftantly above one third of

its elafticity $ after which the remainder was

permanently elaftical.

That the great quantities of air which arc

thus obtained from thefe feveral fubftances

by diftillation are true air, and not a mere

flatulent vapour, I was afliired by the fol-

lowing tryals , viz, I filled a large receiver

which contained 540 cubick inches, with air

of tartar i and when it was cool, I fufpend-

ed the receiver while its mouth was invert-

ed in water. Then upon lifting the mouth

of the receiver out of water, I immedi-

ately covered it by tying a piece of bladder

over it. When I had found the exaft weight,

I blew out all the air of tartar with a pair

of bellows which had a long additional nofe

that reached to the bottom of the receiver.

And then tying the bladder on, I weighed

it
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it again ,
but could find no difference in

the fpecifick gravity of the two airs, and it

was the fame with an air of tartar which

was lo days old.

As to the other property of the air, elafli-

city, I found it exadiy the fame in the air of

tartar, which was 15 days old, and common

airi by filling two equal tubes with thefc

different airs, the tubes were 10 inches long

and fealed at one end 5 I placed them at

the fame time in a cylindrical glafs condenf-

ing receiver, where I compreffed them with

two additional atmofpheres, taking care to

fecure myfelf from danger in cafe the glafs

fhould burft, by placing it in a deep wood-

en veffel, the water rofc to equal heights in

both tubes. This receiver was gently an-

nealed and thereby toughened, by being

boiled in Urine where it lay till all was

cold.

I put alfo into the fame tubes fome new
made air of tartar, both the tubes ftanding

in cifterns of waters the air of one of thefe

tubes I compreffed in the condenfing en-

gine for fome days, to try whether in that

compreffed ftate, more of the aifs elafticity

would be deftroyed by the abforbing va-

pours
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pours than in an uncompreflcd ftate ; but I

did not perceive any fenfible difference.

Lemery, in his courfe of chymiftry, />. 592.

obtained in the diftillation of 48 ounces of

Tartar^ 4 ounces of phlegm, s of fpirits,

3 of oil, and 32 of Scoria, i. e. two thirds

of the whole, fo one ounce was loft in the

operation.

In my diftillation of 443 grains of 7'^r-

tar in Exper. 73- there remained but 42
grains of Scoria, which is little more than

A of the Tartar ; and in this remainder,

there was by Exper. 74 Air, for there was

Sal Tartar, it running per deliquium.

Whence by comparing Lemery*s and my
diftillation together, we (hall find, that there

remained in this 32 ounces of Scoria, and

in the ounce that was loft, ( which was

doubtlefs moft of it air) fubftance enough

to account for the great quantity of air, which

in Exper. 73. was raifed from Tartars efpe-

dally, if we take into the account the pro-

portion of air, which was contained in the

oil, which was A of the whole Tar-

tar, for there is much air in oil.

The bodies which I diftilled in this man-

ner (Fig. 38.) were Horn, calculus humanus,

Oyfter-



Anal^fis of the An\ 187

Oy(krfhdl,Oak,Muftard-feed, Indian- wheat,

Pcafc, Tobacco, oil of Annifecd, oil of Olives,

Honey, Wax, Sugar, Amber, Coal, Earth,

Walton Mineral, fea Salt, Salt-petre, Tar-

tar, SalTartaty Lead, Minium. Thegreatefl;

part of the Air obtained from all which bo-

dies was very permanent, except what the

Air of Tartar loft in ftanding feveral days.

Particularly, that from nitre loft little of

its elafticity, whereas moft of the Air ob-

tained from nitre, in diftilling with the re-

ceiver { Fig. 3 3-) was reforbed in a few days,

as was alfo the Air which was generated from

detonized nitre in Experiment 102. Hence

alfo we fee the reafon, why 19 parts in 20,

of the Air which was generated, by the firing

of Gunpow’der, was in 1 8 days reforbed by

the fulphureous fumes of the Gunpowder,

As Mr. Hawksbee obferved, in his phyfico-

mechanical Experiments, page 83.

In the diftillation of Horn, it was obfer-

vable, that when towards the end of the ope-

ration the thick foetid oil arofe, it formed

very large bubbles,with tough unftuous skins,

which continued in that ftate fome time 5

and when they broke, there arofe out of

them volumes of fmoak, as out of a chimney,

and
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and it was the fame in the diftillation of

Muftard-fecd.

An account of some Experiments made
ON Stones taken out of human Urine
AND Gall Bladders.

H AVIVG, while thefe Sheets were

printing off, procured by the favour :

of Mr. Ranby^ Surgeon to His Majefly s- •

Houfholdy fome calculi humani, I made the
j

following Experiments with them, which I I

(hall here infert, viz.

I diftilled a calculus in the iron retort

(Fig. 38.) It weighed 230 grains, which is

fomething lefs in bulk than 4 of a cubick

inch : There arofe from it very briskly, in

diftillation, 5 16 cubick inches of elaftick Air,

that is, a bulk equal to 645 times the bulk

of the Stone 5 fo that above half the Stone

was raifed by the adlion of the fire into elaf-

tick Air 5 which is a much greater propor-

tion of Air, than I have ever obtained by

fire, from any other fubftances, whether a-

nimal, vegetable or mineral. The remaining

calx weighed 49 grains, that is part

of the calculus ; which is nearly the fame

3 pro-
*
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proportion of calx, that the worthy Dr. Stare

found remaining, after the diftilling and

calcining two ounces of r^/r«/«J,^^one ounce,

and three drams of which (he fays) cva-

porated in the open fire ( a material cir-

cumftance, which the Chymifts rarely en-

quire after) of which we have no ac-

count.*' Thilof Tranfa£t. Lowthorp's A-
bridgment. Vol. III. p, 179- The greatcft

part of which was, we fee by the prefent

Experiment, raifed into permanently claf-

tick Air.

By comparing this diftillation of the cal-

culus with that of Rentjh Tartar in Exper.

73. we fee that they both afford more Air

in diftillation, than any other fubftances

:

And it is remarkable, that a greater propor-

tion of this new raifed Air from thefe two
fubftances, is reforbed and lofes its elafti-

city, in ftanding a few days, than that of any

other bodies, which are ftrong fymptoms

that the calculus is a true animal Tartar,

And as there was very confiderably lefs oil,

in the diftillation of Renifh Tartar^thzn there

was in the diftillation of the Seeds and folid

parts of vegetables 5 fo I found that this

calculus contained much lefs oil than the

blood or folid parts of animals. I
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I diftilled in the fame manner, as the

above mentioned calculus^ fome ftones taken

out of a human gall bladder, they weighed

52 grains, fo their bulk was equal to f part

of a cubick inch, as I found by taking their

fpccifick gravity. There was 108 cubick in-

ches of elaftick Air raifed from them in di-

ftillation, a quantity equal to 648 times their

bulk i much the fame quantity that was

raifed from the calculus. About f part of

this elaftick Air was in 4 days reduced in-

to a fix’d ftate. There arole much more

oil in the diftillation of thefe Stones, than

from the Calculus^ part of which oil did

arife from the Gall which adhered to, and

was dryed on the furfaccs of the Stones,

which oil formed large bubbles, like thofc

which arofe in the diftillation of Deers Horn

/>. 1S7.

A fmall Stone of the Gall Bladder, which

was as big as a Pen, was diftblved in a Lix-

ivium of Sal Tartar in feven days, which

Lixisium will alfo diflblve Tartar i yet it

will not difiblve the Calculusy which is more

firmly united in its parts.

A quantity of Calculus equal to one half

of what was diftilled, 1 15 grains, did,

when
>
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when a cubick inch of fpirit of nitre was

poured on it, diflblve in 2 or 3 hours, with

a large froth, and generated 48 cubick inches

of Air, none of which loft its elafticity, tho*

it ftood many days in the glafs veffel. (Fig.

34.) And a like quantity of Tartar being

mixed with fpirit of nitre, was in the fame

time diffblved, but no elaftick Air was ge-

nerated, notwithftanding Tartar abounds fo

much with Air.

Small pieces of Tartar and Calculus were

in 12 or 14 days both diftblved by oil of

Vitriol ; the like pieces oiTartar and Calcu-

lus were diftblved in a few hours by oil of

Vitriol, into whtch there was gradually

poured near an equal quantity of fpirit of

Harts-horn, made with Lime, which caufed

a confiderable ebullition and heat.

Tho* the remaining calx of the diftillation

of Tartar-^ in Exper. 73. run per deliquiur/if

and had therefore Sal Tartar in it
$ and

cho' the calx of the diftilled Calculus did

not run per deliquium^ and had conlequently

no Sal Tartar in it
5 yet it cannot thence

be inferred^ that the Calculus is not a tar-

tarine fubftance : Becaufe by Exper. 74. it

is evident, that Sal Tartar it felf, when
2 mixed
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iTiixed with an animal calx, diftills all over^

lb that the calx will not afterwards run

per deliquhim.

By the great fimilitude there is therefore

in fo many refpefts between thefe two fub*

flances, we may well look upon the CaU
culusy and the Stone in the Gall Bladder,

as true animal Tartars, and do'ubtlefs Gouty

concretions are the fame.

From the great quantities of Air, that

are found in thefe Tartars, we fee that un-

elaftick Air particles, which by their ftrongly

attrafting property are fo inftrumental in

forming the nutritive matter of Animals and

Vegetables, is by the fame attraftive power

apt fometimes to form anomalous concre-

tions, as the Stone, in Animals, cfpe-

cially in thofe places where any animal

fluids are in a ftagnant flare, as in the Urine

and Gall Bladders. The like tartarine con-

cretions are alfo frequently formed in fome

fruits, particularly in Pears 5 but they do

then efpecially coalefcc in greateft plenty,

when the vegetable juices are in a flagnant

flate, as in wine veflels,

This great quantity of flrongly attrading,'

unelaftick air particles, which we find in the

Cal
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i Calculus^ fliould rather encourage than dif-

I
courage us, iii fearching after fome proper

j
diffolvent of the Stone in the Bladder, which,

upon the analyfis of it, is found to be well

ftored with aftivt principles, fuch as are

the principal agents in fermentation. For

Mr. Boyle found therein a good quantity of

volatile fait, with fome oil, and we fee by

,

theprefent Experiment, that there is ftorc of

1 unelaftick air particles in it. The difficulty

j

feems chiefly to lay, in the over proportion

]
of thele laft mentioned particles, which are

firmly united together by fulphur and fair,

the proportion of caput mortmm-, or earth

being very fmalh

I Experiment LXXVIII.
!i

I One eighth of a cubick inch of Mercury

|i fnade a very infenfiblc expanfion in diftilla-

tion, notwithftanding the iron retort had

I an almofl: melting heat given it, at a fntith's

I; forge, fo that it made an ebullition, which

could be heard at fome diftance, and withal

(hook the retort and receiver. There was

no air generated, nor was there any expan-

fion of air in the following Exper. njiz,.

O Expe-
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Experiment LXXIX.

I put into the fame retort half a cubick

inch of Mercury

y

affixing to the' retort a very

capacious receiver, which had no hole in

the bottom. The wide mouth of the recei-

ver was adapted to the fmall neck of the

retort (which was made of a musket barrel)

by means of two large pieces of cork which

entered and filled the mouth of the receiver,

they having holes bored in them of a fit fize

for the neck of the retort 5 and the junc-

ture was farther fecured, by a dry fupple

bladder tycd over it : For I purpofely avoided

making ufe of any moift lute, and took

care to wipe the infide of the receiver very

dry with a warm cloth.

The Mercury made a great ebullition, and

came fome of it over into the receiver, as

foon as the retort had a red heat given it,

which was increafed to a white and almoft

melting heat, in which ftate it continued

for half an hour. During which time, I fre-

quently cohobated fbme part of the Mer-

cury y
which condenfed, and was lodged on

an horizontal level, about the middle of

the »
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the neck of the retort : And which upon

raifing the receiver, flowed down into the

bottom of the retort, and there made a frefh

ebullition, which had ceafed, ^hen ail the

Mercury was diftilled from the bottom of

the retort. When all was cool, I found about

two drams of Mercury in the retort, and loft

in the whole 43 grains, but there was not

the leaft moifture in the receiver-

Whence it is to be fulpefted that Mr.

and others were deceived by fome unheeded

circumftanee, when they thought they ob-

tained a water from Mercury in the diftilla- 1

tion of it 5 which he fays he did once, but

could not make the like Experiment after-

terwards fucceed. BoyleYo\. III. p. 416.

I remember that about 20 years fince I

was concerned with fcveral others, in mak-

ing this Experiment at the elaboratory in

Trinity College Cambridgey when imagining

there would be a very great cxpanfion , wc
luted a German earthen retort, to 3 or 4
large Alodals, and’ a capacious receiver 5 as

Mr. IVilfon did in his courfe of Chymiftry.

Four pounds of Mercury was poured by lit-

tle and little into the red hod retort, thro’

a tobacco-pipe purpofely affixed to it. The

O z event



Anahjfis of the Air.

event was, that we found fome fpoons full

of water with the Mercury in the Alodals,

which I then fufpefted to arife from the

moifturo of the earthen retort and lute, and

am now confirmed in that fufpicion. It rained

inceffantly all the day, when I made this

prefent Experiment ; fo that when water is

obtained in the diftillation of Mercury-, it

cannot be owing to a moifter temperature

of the Air.

The effe^s of Fermentation on the Air.

H aving from the foregoing Experi-

ments feen very evident proof of the

production of confiderable quantities of true

elaftick air, from liquors and folid bodies,

by means of fire 5 we fhall find in the fol-

lowing Experiments many inftances of the

production 5 and alfo of the fixing or abforb-

ing of great quantities of air by the fermen-

tation arifing from the mixture of variety of

folids and fluids : Which method of pro-

ducing and of abforbing, and fixing the elaf-

tick particles of air, by fermentation, feems

to be more according to nature's ufual way
©f proceeding, than the other of fire.

Expe-
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Experiment LXXX.

Iput into the bolthead b (Fig. 34.) 16 cu-

bick inches of Sheeps bloody with a little

water to make it ferment the better. I

found by the defeent of the water from ^
to y that in 1 8 days fourteen cubick inches

of air were generated.

Experiment LXXXI.

Volatile Salt of Sal Ammoniac

y

placed in

an open glafs ciftern, under the inverted

glafs z z, a a (Fig. 35.) neither generated

nor abforbed air. Neither did feveral other

volatile liquors, as fpirits of Harts-horn, fpi-

ritsof Wine, nor compound Aquafortis, ge-

nerate any air. But Sal AmmoniaCy Sal

Tartar

y

and fpiris of Wine mixed together,

generated 26 cubick inches of air, two of

which was in 4 days refprbed, and after that

generated again.

Experiment LXXXII.

Half a cubick inch of SalAmmoniac

y

and

O I doubly
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double that quantity of oil of Vitrioly gene-

rated the firfl: day >' or 6 cubick inches : But

the following days it abforbed 15 cubick

inches, and continued many days in that

ftate.

Equal quantities of fpirits of TurpentinCy

and oil of Vitrioly had near the fame effed;^

except that it was fooner in an abforbing

ftate than the other.

Mr. Geojfroy fhews, that the mixture of

any vitriolic falts, with inflammable fubftan-

ces, will yield common Brimftone; and by

the different compofitions he has made of

fulphurj and particularly from ^/7 of Vitrioly

and oil of Turpentine % and by the Analyfis

thereof, when thus prepared, he difeovered

it to be nothing but vitriolic fait, united with

the combuftible fubftance. trench Memoirs,

Anno I704-/* 3 8 i,or5^y'/i?*s Works,Vol.HL

p, 273. Notes.

Experiment LXXXIII.

In February I poured on fix cubick inches

of powdered Oyfterjhelly an equal quantity

of common white-wine Vinegar. In 5 or 5

minutes it generated 17 cubick inches of

air,

/
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air, and in fome hours 12 cubick inches

more, in all 29 inches. In nine days it had

flowly reforbed 21 cubick inches of air. The

ninth day I poured warm water into the vef-

fel a; AT, (Fig. 34.) and the following day,

when all was cool, I found that it had re-

forbed the remaining 8 cubick inches. Hence

we fee that warmth will fometimes promote

areforbing, as well as a generating hare,

by raifingthe reforbing fumes, as will appear

more hereafter.

Half a cubick inch of Oyflerfljell, and a

cubick inch of oil of Vitriol, generated 32

cubick inches of air.

Oyficrjhell, and 2 cubick inches of four

Rennet, of a Calve’s ftomach, generated in

4 days ii cubick inches. But Oyjlerfoell,

with fome of the liquor 0} a Calves ftomach,

which had fed much upon hay, did not ge-

nerate air. It was the fame with Oyfterjhell

and Ox-gall, Urine and Spittle.

Half a cubick inch of Oyfterjhell and Sevil

Orange juice generated the firft day 13 cu-

bick inches of air, and the following days

it reforbed that, and 3 or 4 more cubick

inches of air, and would fometimes generate

again. It was the fame with Limon juice.

O 4 Oyfter^
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Oyfterjhell and Milk generated a little air:

But Limon juice and Alilk did at the fame

time abforb a little air 5 as did alfo Calves

Rennet and Vinegar , fome ofthe fame Rennet

alone generated a little air, and reforbed it

again the following day. It had the fame

cffed when mixed with crums of bread.

Experiment LXXXIV.

A cubick inch of Limon juice^ and near

an equal quantity offpirits of Harts-horn^

per fcy i. e, not made with Lime, did in 4.

hours abforb 3 or 4 cubick inches of air

;

and the following day it remitted or ge-

nerated two cubick inches of air : The third

day turning from very warm to cold, it a-

gain reforbed that air, and continued in an

abforbing ftate for a day or two.

That there is great plenty of air incor-^

porared into the fubflance of Vegetables^

which by the adion of fermentation is rouzed

into an elaftick ftate, is evident by thefc foi-

lowing Experiments, viz,.

Experiment LXXXV.

March the 2d, I poured into the bolt-

head b (Fig. 34.) forty two cubick inches

of
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ciAle from the Tun, which had been there

fet to ferment 34 hours before : From that

time to the 9th oi June it generated 639

cubick inches of air, with a very unequal

progreffion, more or lefs as the weather

was warm, cool, or cold, and fometimes upon

a change from warm to cool, it reforbed

air, in all 32 cubick inches.

Experiment LXXXVL

March the 2d, 12 cubick inches of Ma-

laga RaifinSy with 18 cubick inches of wa-

ter generated by the i6th of April 41 1 cu-

bick inches of air, and then in 2 or 3 cold

days it reforbed 35 cubick inches. From
the 2ith of April to the i6th of May it

generated 78 cubick inches, after which to

the 9th of June it continued in a reforbing

ftate, fo as to reforb 13 cubick inches ,

there were at this fealon many hot days,

|i with much Thunder and Lightning, which

I deftroys the air’s elafticity 5 fo there was ge-

nerated in all 489 cubick inches, of which

I

4$ were reforbed. The liquor was at lad

I

very vapid.

From
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From the great quantity of air generated

from Apples^ in the following Experiment,

’tis probable, that much more air would

have rifcn from the laxer texture of ripe

undryed Grapes, than did from thefe Rai-

hns.

We fee from thefe Experiments on Rai-

EnsandAle, that in warm weather Wine
and Ale do not turn vapid by imbibing

air, but by fermenting and generating too

much, whereby they are deprived of their

enlivening principle, the air i for which rea-

fon thefe liquors are beft preferved in cool

cellars, whereby this afUve invigorating

principle is kept within due bounds, which

when they exceed. Wines are upon the

fret and in danger of being fpoiled.

Experiment LXXXVII.

Twenty-fix cubick inches of Apples be-

ing maflied Auguft lo. they did in 13 days

generate 968 cubick inches of air, a quam

tity equal to 48 times their bulk 5 after which

they did in 3 or 4 days reforb a quantity

equal to their bulk, notwithftanding it was

very hot weather; after which they were

I ftationary:,
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ftatiooary, neither reforbing nor generating

air in many days.

A very co2iik brownfugar yVilih an equal

quantity of water, generated nine times its

bulk of air j Rice^flower fix times its bulk ;

Scurvy-grafs leaves generated and abforbed

air; Peafe, Wheat and Barley did in Fer-

mentation alfo generate great quantities of

Air.

That this Air, which arifes in fuch great

quantities from fermenting and diffolving

vegetables is true permanent Air, is certain,

by its continuing in the fame expanded

claftick ftate for many weeks and months

;

which expanding watry vapours will not

do, but foon condenfe when cool. And
that this new generated air is claftical is

plain, not only by its dilating and contrad-

ing with heat and cold, as common air does,

but alfo by its being compreffible, in propor-

tion to the incumbent weight, as appears by

the two following Experiments, which fhew

what the great force of thefe aerial parti-

cles is, at the inftant they efcape from the

fermenting vegetables.

Ex-
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Experiment LXXXVIIL

I filled the ftrong Hungary^water Bottle

be Fig. 36. near half fullofPeafe, and then

full of water, pouring in firft half an inch

depth of Mercury; then I ferewed at b in-

to the bottle the long (lender tube a z ,

which reached down to the bottom of the

bottle 3 the water was in two or three days all

imbibed by thePcafe, and they thereby much I

dilated; the Mercury wasalfo forced up the !

flender glafs tube near 8p inches high; in 1

which flate the new generated Air in the 3

bottle was comprefled with a force equal

to more than two Atmofpheres and an half 3

if the bottle and tube were fwung too and

fro, the xMcrcury would make long vibra^

tions in the tube between z and which

proves the great elafticity of the comprefTed
|

^h in the bottle.

Experiment LXXXIX.

I found the like elaftick force by the fol-

lowing Experiment, z'iz- I provided a ftrong
:

iron pot abed Fig. 37. \yhich was 2 and $

inches i
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Inches diameter within fide, and five inches

deep. I poured into it half an inch depth

of Mercury $ then I put a little coloured

honey at x, into the bottom of the glafs*

tube z X, which was fealed at the top. I fet

this tube in the iron cylinder n to fave

it from breaking by the fwelling of the Peafe.

The pot being filled with Peafe and water

,

I put a leathern collar between the mouth
and lid of the pot, which were both ground

even, and then prefled the lid hard down
in a Cyder-prefs : The third day I opened

the pot and found all the water imbibed by

the Peafe 5 the Honey was forced up the

glafs-tube by the Mercury to (for fo far

the glafs was dawbed) by which means I

found the preffure had been equal to two
atmofpheres and and the diameter of the

pot being 2 j inches, its area was fix

fquare inches, whence the dilating force of

the air againft the lid of the pot was equal

to 189 pounds.

And that the expanfive force of new ge-

nerated air is vaftly fuperior to the power
with which it afted on the Mercury in thefe

two Experiments is plain from the force

with which fermenting Muft will burft the

I ftrongeft
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ftrongeft veffcls 5 and from the vaft cxplofive

force with which the air generated from

nitre in the firing of gun-powder, will burft

afunder theftrongeft bombs or cannon, and

whirl fortifications into the air.

This fort of mercurial gage,^ made ufe of

in Experiment 89, with fome unftuous mat-

ter, as Honey, Treacle, or the like, on the

Mercury in the tube , to note how high it

rifes there, might probably be of fervice^

in finding out unfathomable depths of the

Sea, by fixing this fea-gage to fome

buoyant body which fhould be funk by a

weight fixt to it, which weight might by

an eafie contrivance be detached from the

buoyant body, as foon as it touched the bot-

tom ofthefea,- fo that the buoyant body

and gage would immediately afeend to the

furfacc of the water j the buoyant body

ought to be pretty large, and much lighter

than the water, that by its greater eminence

above the water it might the better be fecn

;

For 'tis probable that from great depths it

may rife at a confide.rablc diftance from the

fhip, tho' in a calm.

For greater accuracy it will be needfuU

firft to try this fea*gage, at feveral different

depths,
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depths, down to the greateft depth that a

line will reach, thereby to difcover, whe-

ther or how much the fpring of the air is

difturbed or condenfed, not only by the

great preffure of the incumbent water, but

alfo by its coldnefs at great depths j and in

what proportion, at different known depths,"

and in different lengths of time , that an al-

lowance may accordingly be made for it

at unfathomable depths.

This gage will alfo readily fliew the de-

grees of compreflion in the condenfing en-

gine.

But to return to the fubjeft of the two laft

Experiments, which prove the elafticity of

this new generated air 5 which elafticity is

fuppofed to confift in the aftive aerial par-

ticles repelling each other with a force^

which is reciprocally proportional to their

diftances. That illuftrious Philofopher, Sir

Ifaac Newton, in accounting how air and

vapour is produced, Opticks ^er. 3 1 . fays,

“ The particles when they are fliaken off

‘‘ from bodies by heat or fermentation fo

foon as they are beyond the reach ofthe
‘‘ attraction of the body receding from it,

[[
as alfo from one another, v/ith great

ftrength
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ftrength and keeping at a diftancc, fd a:$

fometimes to take up above a million of

times more fpaec than they did before in

the form of a denfe body , which vafl:

contradion 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. " The truth of

which is further confirmed by thefe Expe-

riments, which fhew the great quantity

of air emitted from fermenting bodies %

which not only proves the great force with

which the parts of thofe bodies mull be

diftendedj but Ihews alfo how very much
the particles of air muft be coiled up in

that ftate, if they arc, as hasf been fuppofed,

fpringy and ramous.

To inftance in the cafe of the pounded

Apples which generated above 48 times

their bulk of Air ; this air, when in the Ap-

ples, mull be comprelTed into lefs than a

forty eighth part of the fpace it takes up,

when freed from them, and it will con-

fequcntly be 48 times more denfe; and

fmee the force of comprelTed air is propor-

tional to its denfity, that force which com.

prefles
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preflesand confines this air in the Apples,

muft be equal to the weight of 48 of our

atmofpheres, when the Mercury in the Ba-

rometer ftands at fair, that is 30 inches high*

Now a cubick inch of Mercury weigh-

ing 3580 grains, thirty cubick inches (which

is equal to the weight of our atmofphere on

an area of a cubick inch) will weigh 15

pounds, 5 ounces, 215 grains 5 and 48 of

them will weigh above 736 pounds $ which

is therefore equal to the force with which an

inch fquare of the furface of the Apple

would comprefs the air, fuppofing there

«wcre no other fubftance but air in the Ap-

ple : And' if we take the furface of an Ap-

ple at 16 fquare inches, then the whole

force with which that furface would com-

prefs the included air,would be 1 1 776 pounds*

And fince aftion and re adion are equal, this

would be the force, with which the air in

the Apple would endeavour to expand it felf,

1 if it were there in an elaftick and ftrongly

compreffed ftaie: But fo great an expanfive

;

force in an Apple would certainly rend the

fubftance of it with a ftrong explofion, ef-

pecially when that force was increafed, by

the vigorous influence of the Sun's warmth,

P Wc
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We may make a like eftimatc alfo, ftom

the great quantities of air which arofc ei-

ther by fermentation, or the force of fire

from feveral other bodies. Thus in Exp. 55.

there arofe from a piece of heart of Oaky

Z16 times its bulk of air. Now 216 cubick

inches of air, comprefTcd into the fpace of

one cubick inch, would, if it continued there

in an elaftick ftatc, prefs againft one fide of

the cubick inch, with an expanfive force

equal to 3310 pounds weight, fuppofing

there were no other fubftance but air con-

tained in it 5 and it would prefs againft the

fix fides of the cube, with a force equal to

19860 pounds, a force fufficient to rend

the Oak with a vaft explofion : 'tis very

reafonable therefore to conclude, that meft

of thefe now a£!Uve particles of the new
generated air, were in a fix’d ftate in the Ap-

ple and Oak before they were roufed, and

put into an aGive repelling ftate by fermen-

tation and fire.

The weight of a cubick inch of Apple

being 19 1
grains, the weight of a cubick

inch of air f of a grain, 4-8 times that weight

of air is nearly equal to the fourteenth part

of the weight of the Apple.

And
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And if to the air thus generated from a

vcflcl of any vegetable liquor, by fermenra^

tion, we add the air that might afterwards

be obtained from it, by heat or diftillation i

and ro that alfo the vaft quantity of air^^

which by Experiment 73 is found to be con^r

tained in its Tartary which adheres to the

(ides of the vcflel 5 it would by this means

be found that air makes a very confidera-

ble part of the fubftance of Vegetables, as

well as of Animals.

But tho' fcom what has been faid, it is

reafonable to think, that many of thefe par-

ticles of air were in a fixt ftate, ftrongly ad-

hering to and wrought into the fubftance

of Apples i yet on the other handitismoft

evident from Exper. 34 and 38, where in-

numerable bubbles of air inceffantly arofc

through the fap of Vines, that there is a

confidcrable quantity of air in Vegetables,

upon the wing, and in a very adive ftate,

cfpecially in warm weather, which enlarges

the fphere of their adiviry.
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The effects of the Fermentation of mineral

Subflances on the Air.

I
HAVE above (hewn that air may be

produced from mineral Subflances, by

the adioh of fire indiflillation. And we have

in the following Experiments many inflan-

ces of the great plenty of air, which is gene-

rated by fome fermenting mixtures, abforbed

by others, and by others alternately gene-

rated and abforbed.

Experiment XC.

I poured upon a middle fized Gold Ring,

beat into a thin plate, two cubick inches

of Aqua Regia the Gold was all diflblved

the next day ,
when I found 4 cubick in-

ches of air generated; for air bubbles were

continually arifing during the folution . But

fince Gold lofes nothing of its weight in

being thus diflblved , the 4 cubick inches of

air, which weighed more than a grain, muft

arife either out of the pores of the Gold,

or from the Aqua Regia, which makes it

probable, that there are air particles in acid

fpiritsj 1

I
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fpirits; for by Experiment 75, they r.bforb

aiiv which air particles regained their elafti-

city, when the acid fpirits which adhered to

them were more ftrongly attraded by the

gold, than by the air particles.

Experiment XCI.

A quarter of a cubick inch of Antimony ^

and two cubick inches of Aqua-regia^ gene-

rated 3 8 cubick inches of air, the firft 3 or

4 hours, and then abforbed 14 cubick in-

ches in an hour or two 5 after which it was

ftationary , till I let into the glafs vcffel a y
(Fig. 34.) about a quart of frefh air : Upon
which it abforbed fo faft, as to make the

water rife very vifibly in a whereby it ab-

forbed 30 cubick inches more. It is very ob-

fervable, that air was generated while the

ferment was fmall, on the firft mixing of the

ingredients: But when the ferment was

greatly increafed, fo that the fumes rofe

very vifibly, then there was a change made

from a generating to an abforbing ftate 5 that

is, there was more air abforbed than gene-

rated.

P S That
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That I might find whether the air was al>

forbed by the fumes only of the Aqua-regia^

or by the acid fulphureous vapours, which

afeended from the Antimony , I put a like

quantity of Aqua-regia into a bolthcad by

(Fig. 34.) and heated it by pouring a large

quantity of hot water into the ciftern x at,

which flood in a larger veflel, that retained

the hot water about it , but no air was ab-

forbed •, for when all was cold, the water

flood at the point z, where I firft placed it:

Yet in the diftillation of compound Aqua-

fortis, Exper. 75. a little was abforbed. Hence

therefore it is probable, that the greateft

part, if not all the air, was abforbed by

the fumes, which arofe from the Antimony.

Experiment XCII.

Some time in Februaryy
the weather very

cold, I poured upon a quarter of a cubick

inch of powdered Antimony y a cubick inch

of compound or double Aquafortis in the

bolthead by (Fig. 34.) in the firft 20 hours

it generated about 8 cubick inches of air 5

after that, the weather being fomewhat

warmer, it fermented fafter, fo as in 2 or 3

hours
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hours to generate 82 cubick inches of air

more; but the following night being very*

cold, little was generated : So the next morn-

ing I poured hot water into the vcflel x x>

which renewed the ferment, fo that it ge-

nerated 4 cubick inches more, in all 130 cu-

bick inches, a quantity equal to 520 times

the bulk of the Antimony

^

The fermented mafs looked like Brim-

ftone, and when heated over the fire, there

fublimed into the neck of the bolthead a

led fulphur, and below it a yellow, which

fulphur, as Mr. Bojle obferves, Vol. III.

f. 272. cannot be obtained by the bare ac-

tion of fire, without being firfi well digefted

in oil of Vitriol, or fpirit of Nitre. And by

comparing the quantity of air obtained by

fermentation in this Experiment, with the

quantity obtained by the force of fire in

Exper. 69. we find that five times more air

was generated by fermentation than by fire,

which (hews fermentation to be a more fub-

tile diflblvent than fire 5
yet in fome cafes

there is more air generated by fire than by

fermentation.

Half a cubick inch of oil of Antimony^

with an equal quantity of compound Aqua-

P 4 fortis^
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fortis, generated 36 cubick inches of elaf-

tick air, whicli was all reforbed the follow-

ing day.

Experiment XCIII.

Some time in February ^ a quarter of a

cubick inch o^filings of Iroriy and a cubick

inch of compound Aquafortis^ without any

water, did in 4 daysabforb 27 cubick inches

of air. It having ceafed to abforb, I poured

hot water into the veflei x x, to try if I

could renew the ferment. The efFeftof this

was, that it generated 3 or 4 cubick inches

of air, which continued in that ftate for

lomc days, and was then again reforbed.

I repeated the fame Experiment in warm
weather in April, when it more briskly ab-

lorbed 12 cubick inches in an hour.

Experiment XCIV.

March 12th, of a cubick inch offilings

of IroUy with a cubick inch- of compound

Aquafiortisy and an equal quantity of water,

for the fiift half hour abforbed 5 or 6 cubick

inches of air 5 but in an hour more it had

emitted
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emitted that quantity of air $ and in two

hours more it again reforbed what had been

juft before emitted. The day following it

continued abforbing, in all 12 cubick in-

ches : And then remained ftationary for 15

or 20 hours. The third day it had again re-

mitted or generated 3 or 4 cubick inches

of air, and thence continued ftationary for

five or fix days,

A like quantity offilings of Iron^ and oil

of Vitriol, made no fcnfible ferment, and

generated a very little air •, but upon pouring

in an equal quantity of water, it generated

in 21 days 43 cubick inches of air } and in

3 or 4 days more it reforbed 3 cubick in-

ches of air 5 when the weather turned warmer

it was generated again, which was again re-

forbed when it grew cool.

ith Of a cubick inch of filings of Iron,

and a cubick inch of oil of Vitriol, with

three times its quantity of Water, generated

108 cubick inches of air.

Filings of Iron, with (pirit of Nitre,

cither with an equal quantity of water, or

without water, abforbed air, but moft with^

out water.

ith Of
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4th Of a cubick inch of filings of Jrony

and a cubick inch of Limonjuice^ ablerbed

two cubick inches of air.

. It is remarkable, that the fame mixtures

fhould change from generating to abforbing,

and from abforbing to generating ftates j

fometimes with, and fometimes without any

fenfible alteration of the temperature of the

air.

Experiment XCV.

Half a cubick inch of fpirits of Harts-

horny with filings of Iron abforbed i i

cubick inches of air, with filings of Copper

double that quantity of air, and made a

very deep blue tinfture, which it retained

long, when expofed to the open air. It was

the fame with fpirit of Sal Ammoniacy and

filings of Copper.

" A quarter of a cubick inch of filings of

Irony with a cubick inch of powdered Brim-

fionSy made into a pafte with a little water,

abforbed 19 cubick inches of air in two days.

N. B. I poured hot water into the ciftern x Xy

(fig* 34*) to promote the ferment.

A like
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A like quantity of filings of Iron, and

powdered Newcajile Coaly did in 3 or 4
days generate 7 cubick inches of air. I could

not perceive any fenfiblc warmth in this

mixture, as was in the mixture of Iron and

Brimjione.

Towdered Brimjione and Newcajile Coal

neither generated nor abforbed.

Filings of Iron and Water abforbed 3 or

4 cubick inches of air, but they do not ab-

forb fo much when immerfed deep in wa-

ter 5 what they abforb is ufuaily the firft 3

or 4 days.

Filings oi Irony and the above mentioned

Walton Tyrites in Exper. 70. abforbed in 4
days a quantity of air nearly equal to dou-

ble their bulk.

Copper Gary and compound Aqua-Jortis^

neither generated nor abforbed air, but mix-

ed with water it abforbed air.

A quarter of a cubick inch of Tiny and

double that quantity of compound Aqua-

fortiSy generated two cubick inches of air-

part of the Tin was diffolved into a very

white fubftance.

Ex-
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Experiment XCVI.

April 1 6th, A cubick inch of the afore-

mentioned Walton pyrites powder’d, with

a cubick inch of compound Aqua-fortiSy ex-

panded with great violence heat and fume

into a fpace equal to 200 cubick inches, and

in a little time it condenfed into its former

fpace, and then abforbed' 85 cubick inches

of air.

But the like quantity of the fame Mineral

with equal quantities of compound Aqua for-

tis and Water, fermented more violently,

and generated above 80 cubick inches of air.

I repeated thefe Experiments feveral times,

both with and without water, and found

conftantly the fame effeft.

Yet oil of Vitriol and Water, with fomc

of the fame Mineral, abforbed air. It was

very warm, but did not make a great ebul-

lition.

Experiment XCVII.

I chofe two equal lized boltheads, and

put into each of them a cubick inch of

pow:
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powdered Walton TjriteSy with only a cu-

bick inch of compoundAquaforth into one,

and a cubick inch of Water and compound

Aquafortis into the other : Upon weighing

all the ingredients and veflels exaftly, both

before and after the fermentation, I found

the bolthead with compomidAqua-forth alone-

had loft in fumes i dram 5 grains : But the

other bolthead with Water and compound

Aqua fortis, which fumed much more, had

loft 7 drams, i fcruple, 7 grains, which is

fix times as much as the other loft.

Experiment XCVIII.

A cubick inch of Newcajlle Coal pow-

dered, and an equal quantity of compound

Aquafortis poured on it, did in 3 days

abforb 1 8 cubick inches of air 5 and in 3

days more it remitted and generated 12 cu-

bick inches of air 5 and on pouring warm
water into the veffel x x (Fig. 34.) it re-

mitted all that had been abforbed.

Equal quantities of Brimftone and com-

pound Aquafortis neither generated nor

abforbed any air, notwithftanding hot

ter was poured into the veffel x x.

5 A cu-
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A cubick inch of finely powdered Flinty

and an equal quantity of compound Aqua-

fortiSy abforbed in 5 or 6 days 12 cubick

inches of air.

' Equal quantities of powdered

mondy and compound Aqua-fortisy and Water

abforbed 16 times their bulk of air.

The like quantities without water ab-

forbed more flowiy 7 times their bulk of

air.

Brijiol Marble [viz. the (hell

in which thofe diamonds lay) covered

pretty deep with watery neither generated

nor abforbed air 5 and it is well known that

Briftol water does not fparkle like fome

other Mineral waters.

Experiment XCIX.

When Aqua-regia was poured on Oleum

Tartari per T)eliquium much air was gene-

rated, and that probably chiefly from the

Oleum Tartari s for by Exper. 74. Sal Tar-

tar has plenty of air in it.

It was the fame when oil of Vitriol was

poured on OL Tartari^ and OL Tartari drop-

ped on boyling generated much air.

;When
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3

When equal quantities of fVater and oil

of Vitriol were poured on the fea fait it

abforbed 15 cubick inches of air 5 but when

in the like mixture the quantity of water

was double to that of the oil of Vitriol then

but half fo much air was abforbed.

ExPERiMEryr C.

I will next (hew, what efFefts feveral Al*

kaline Mineral bodies had on the air in fer-

menting mixtures.

A folid cubick inch of unpowdered Chalky

with an equal quantity of oil of VitrioU fer-

mented much at firll, and in fomc degree

for 3 days; they generated 31 cubick inches

of air. The Chalk was only a little diflblved

on its furface.

Yet Lime made of the fame Chalk abforb-

ed much air j when oil of Vitriol was poured

on it, and the ferment fo violent that it

breaking theglafs velTels, I was obliged to put

the ingredients in an Iron velTcl.

Two cubick inches of frelh LimCy and

four of common white wine Vinegar ab-

forbed in 15 days 22 cubick inches of air.

4 The
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The like quantity of frefh Lime and Wa-
ter abforbed in 3 days 10 .cubick inches

of air.

' Two cubick inches of Lime^ and an equal

quantity of Sal Ammoniac abforbed 1 1 5 cu-

bick inches. '

A quart of unllakcd Lime^ left for 44
days, to (laken gradually by it felf without

any mixture, abforbed no air.

March 3d, A cubick inch of powdered

Belemnitisy taken from a Challz pit, and an

equal quantity of oil of Vitrioh generated

in 5 minutes 3 5 cubick inches of air. March

5th, it had generated 70 more. March 6th,

it being a hard froft, it reforbed 12 cubick

inches, fo it generated in all 128 inches, and

.reforbed 12. . : . i

Powdered Belemnitis and Limon juice ge-

nerated plenty of air too 3 as did alfo the

Star Stone, Lapis judaiens, and Selenitis

with oil of Vitriol.

•Experiment CI.

Gravelled^ that is well burnt, Wood-ajhes,

decrepitated Salt, and Colcothar of Vitriol,

plac'd feverally under the inverted glafszzaa
(Fig- 35-)
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(Fig. 55,) incrcafed in weight by imbibing

the floating moifture of the air : But they

abforbcd no eiaftick air. It was the fame with

the remaining lixivtous Salt of a diftiliation

of Kitre.

But 4 or 5 cubick inches of powdered

frefh Cynder of Newcajlle Coal did in feven

days abforb 5 cubick inches of eiaftick air.

And 1 3 cubick inches of air were in 5 days

abforbed by Tulvis Urens^ a powder which

immediately kindles into a live ColCp upon

being expofed to the open air.

Experiment CII.

What cfFed burning and flaming bodies,

and the refpiration of Animals have on the

air, we fhall fee in the following Experi-

ments,

I fix d upon the pedeftal under the inver-

ted glafs z z a a (Fig. 35.) a piece of

Brown Bapevy which had been dipped in a

folution of NitrCy and then well dryed I

fet fire to the Paper by means of a bur-

ning glafs : The Nitre detonized and burnt

briskly for fomc time, till the glafs zz a a

was very full of thick fumes, which extin-

guii]icd
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guifhed it. The expanfion caufed by the

burning Nitre, was equal to more than two
quarts : When all was cool, there was near

So CLibick inches of new generated air, which

arofe from a finall quantity of detonized Ni-

tre 5 but the elafticity of this new air daily

decreafed, in the fame manner as Mr. Haukf-

bee obferved the air of fired Gunpowder to

do^ Thyjtco-mechanical Exper, fo that

he found 19 of 20 parts occupied by this

air to be deferred in 18 days, and its fpace

filled by the afeending water j at wJiich fta-

tion it refled, continuing there for 8 days

without alteration : And in like manner, I

found that a confiderable part of the air,

which was produced by fire in the diftih

lation of fevcral fubftances, did gradually

lofe its elafticity in a few days after the

diftillation was over 5 but it was not fo

when I diftillcd air thro* water, as in Expe-

riment 77. ( Fig. 3 8. )

Experiment CIII.

I placed on the fame pedeftal hvgc Matches

made of linen rags dipped in melted Brim-

flone

:

The capacity ot the vcflel, (Fig. 35.)

above
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above z ^ the furface of the water, v/as

equal to 2024 cubick inches. The quantity

of air which was abforbed by the buniing

Match was 19S cubick inches, equal to h
part of the whole air in the veffel.

I made the fame Experiment in, a lefler

veffel z z aa (Fig. 35.) which contained

but 594 cubick inches of air, in which 150

cubick inches were abforbed, i. e, full %

part of the whole air in the receiver : So

that tho* more air is abforbed by burning

Matches in large veffcls, where they burn

longcft, than in fmall ones, yet more air, in

proportion to the bulk of the veffel, is ' ab-

forbed in fmall than in large veffels : If a

frefh Match were lighted, and put into this

infefted air, tho' it would not burn t part

of the time that the former Match burnt

in frefh untainted air, yet it would abforb

near as much air in that fhort time ; and it

was the fame with Candles,

Experiment CIV,

Equal quantities of fiHngs of Iron and

Brmftoney when let fall on a hot Iron on
the pedcftal under the inverted glafs zzaa^

(Fig. 3 50
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(^ig* 35.) did in burning abforb much air;

and it was the fame with Antimony and

BriwJIo72e

:

Whence it is probable, that Vnl-

Cano's, whofe fewel confift chiefly of Brim-

(tone, mix'd with fevcral mineral and mc-

talinc fubflarices, do not generate, but rather

abforb air.

We find in the foregoing Experiment 102

on Nitre, that a great part of the new ge-

nerated air is in a few days reforbed, or

lofes its claflicity : But the air which is ab-

forbed by burning Brimfione, or the flame

of a Candle, dees not recover its claflicity

again, at Icafl, not while confined in my
glafles.

Experiment CV.

I made fcveral attempts to try, whether

air full of the fumes of burning Brim-

ftone was as comprcflible as common frefh

air, by comprcfling at the fame time tubes

full of each of thefe airs in the condenflng

engine ; and I found that clear air is very

little more compieflible, than air with fumes

of Brirnflone in it : But I could not come to

an exad certainty in the matter, becaufe the

fumes
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fumes at the fame time deftroying the

clafticity of the air. I took care to make

the air in both tubes of the fame tempera-

ture, by firft immerfing them in cold water,

before I compreffed them.

Experiment CVI.

I fet a lighted tallow Candle^ which was

about to of an inch diameter, under the in-

verted receiver z, z> a a,
{
Fig. 35.) and with

a fyphon I immediately drew the water up

to z z : Then drawing out the fyphon, the

water would defeend for a quarter of a mi-

nute, and after that afeend, notv/ithftand-

ing the Candle continued burning, and heat-

ing the air for near 3 minutes. It was ob-

fervable in this Experiment, that the fur-

face of the water z z did not afeend with

an equal progreflion, but would be fome-

times flationary j and it would fometimcs

move with a flow, and fometimes with an

accelerated motion 5 but the denfer the fumes

the fafter it afeended. As foon as the Can-

dle was out, I marked the height of the

water above z z, which difference was e-

qual to the quantity of air, whofe elaf

3 tidty
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ticity was deftroyed by the burning Candle.

As the air cooled and condenfed in the re-

ceiver, the water would continue rifing a-

bovc that mark, not only till all was cool,

but for 20 or 30 hours after that, which

height it kept, tho’ it flood many days; which

fhews that the air did not recover the elafli-

city which it had loft. /

The event was the fame, when for grea-

ter accuracy I repeated this Experiment by

lighting the Candle after it was placed un-

der the receiver, by means of a burning glafs,

which let fire to a fmall piece of brown pa-

per fixed to the wick of the Candle, which

paper had been firft dipped in a ftrong folu-

tion of Nitre in Water, and when well

dryedj part of it was dipped in melted Brim'-

(tone y it will alfo light the Candle without

being dipped in Brimjione. Dr. Mayo*x^

found the bulk of the air leflened by 3-0 part,

but docs not mention the fize of the glafs

vefiel under which he put the lighted Can-

dle, T>e Sp, Nitro-aereo. p. loi. The capa-

city of the velfel above ^ in which the

Candle burnt in my Experiment, was equal

to 2024 cubick inches i and the clafticity of

the of this air was deftroyed.

The
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The Candle cannot be lighted again in

this infeaed air by a burning glafs : But if

I firft lighted it, and then put it into the

fame infefted air, tho' it was extinguifhed

in t part of the time, that it wouid burn in

the fame veffel, full of frdh air $
yet it

would deftroy the elafticity of near as much

air in that Ihort time, as it did in five times

that fpace of time in frefli air 5 this I rc-^

peated feveral times, and found the fame

event: Hence a grofs air which is loaded

with vapours, is more apt in equal times to

lofe its elafticity in greater quantities, than

a clear air.

I obferve that where the veflels are equal,

and the fize of the Candles unequal, the c-

lafticity of more air will be deftroyed by

the large than by the fmall Candle : And
where Candles are equal, there moft air in

proportion to the bulk of the veffel will

be abforbed in the fmalleft veffel: Tho*

with equal Candles there is always moft:

^laftick air deftroyed iri the largeft veffel,

where the Candle burns longeft.

I found aUb in fermenting liquors, that

cateris paribus

y

more air was either gene-

rated or ^bforbed in large, than in fmall

Q 4 yeffels
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veficls, by generating or abfoibing mixtures.'

As in the mixture of regia and Anti-

wony in Experiment 91? by enlarging the

bulk of the air in the vcffcl, a greater quan-

tity of air was abforbed. Thus' alfo filings

of Iron and Brimjloney which in a more ca-

pacious vcflel abforbed 19 cubick inches

of air, abforbed very little when the bulk

of air above the ingredients was but 3 or

4 cubick inches : For 1 have often obfcrved>

that when any quantity of air is faturated

with abforbing vapours to a certain degree,

then no more elaflickairis abforbed: Not-

withftanding the fame quantity of abforb-

ing fubftances would, in a larger quantity

of air, have abforbed much more air 5 and

this is the reafon why I was never able to

deftroy the whole dafticity of any included

bulk of air, whether it was common air,

or ne .5 generated air.

Experiment CVIL

May 18, which was a very hot day, i

repeated Dr. Mayow'^ Experiment, to fmd^

how much air is abforbed by the breath of

Animals inciofedin glaiTes, which he found

with a moufe to be part of the whole

air
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air in the glafs vcflel Sp, Nitro-acno^

p. 104.

I placed on the pedeftal, under the inver-

ted glafs z, z> a dy (Fig. 3 5-) a full grown

Rat. At firft the water fubfidcd a little,

which was occafioned by the rarifadion cf

the air, caufed by the heat of the Animars

body. But after a few minutes the water

besan to rife, and continued rifing as lonft

as the Rat lived, which was about 14 hours.

The bulk of the Air in which the Rat

lived fo many hours was 2024 cubick inches

3

the quantity of elaftick air which was ab-

forbed was 73 cubick inches, above pj part

of the whole, nearly what was abforbed

by a Candle in the fame veffcl, in Experi-

ment 106.

I placed at the fame time in the fuiie

manner another almi^fl: half grown Rat
under a veffel

,
whofe capacity above the

furface of the water (Fig. 3 5.) was but

594 cubick inches, in which it lived 10

hoLirSi the quantity of elaftick Air which

was abforbed, was equal to 45 cubick

inches, viz. ^ of the whole air,

which the Rat breathed in : A Cat of 3

months old lived an hour in the fame re-

ceiver,
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ceiver, and abforbed 1 6 cubick inches of air,

fb part of the whole 5 an allowance

being made in this eftimate, for the bulk

of the Cat's body. A candle in the fame

veifci continued burning but one minute,

and abforbed 54 cubick inches, n part of

the whole air.

And as in the cafe of burning Brimjlone

and Candles^ more air was found to be ab-

forbed in large veffels, than in fmall ones ;

.

and 'Vice verfa, more Air in proportion to

the capacity of the veflel was abforbed

in fmall, than in large velfelsjfo the fame

holds true here tog in the cafe of ani-

mals. .

-Experiment CVllI.

The following Experiment will flicw,

that the elafticity of the Air is greatly dc-

ftroyed by the reffiration of human lungs^

viz.

I made a bladder very fupplc by wetting

cf it, and then cut off fo much of the neck,

as would make a hole wide enough for the

biggeft end of a large folTet to enter, to which

the bladder was bound faft. The bladder

and3
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and foflet contained 74 cubick inches. Hav.

ing blown up the bladder , I put the (mall

end of the foflet into my mouth 5 and at

the fame time pinched my noflrils clofe

that no air might pafs that way

,

fo that

I could only breath to and fro the air

contained in the bladder. In lefs than half

a minute I found a confiderable difficulty

in breathing, and was forced after that to

fetch my breath very fall 5 and at the end of

the minute, the fuffocating uneafinefs was

fo great, that I was forced to take away the

bladder from my mouth. Towards the end

of the minute, the bladder was become fo

flaccid, that I could not blow it above half

full with the.greateft expiration that I could

make : And at the fame time I could plain-

ly perceive that my lungs were much fallen,

juft in the fame manner as when we breath

out of them all the air we can at once.

Whence it is plain that a confiderable quan-

tity of the elafticity of the air contained

in my lungs, and in the bladder was de-

. jftroyed : Which fuppofing it to be 20 cu-

bick inches, it will be o part of the whole

Air, which I breathed to and fro; for the

bladder contained 74 cubick inches, and the

Inmrs
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lungs by the following Experiment about

1 66 cubick inches, in all 240.

Thefe efFeds of refpiration on the elafti-

city of the air, put me upon making an at-

tempt to meafure the inward furface of the

lungs , which by a wonderful artifice arc

admirably contrived by the divine artificer,

fo as to make their inward furface to be

commenfurate to an expanfe of Air many

times greater than the animars body 5 as will

appear from the following eftimate,

Experiment CIX.

I took the lungs of a Calf and cut off

the heart and windpipe an inch above its

branching into the lungs i I got nearly the
|

fpecifick gravity of the fubftance of the lungs,
|

(which is a continuation of the branchings
j

of the windpipe, and blood vcffels) by find- 1

ing the fpecifick gravity of the windpipe,

whicl\ I had cut off; it was to Well-water

as 1.05 to I, And a cubick inch of water '

weighing 254 grains j I thence found by

weighing; the lungs the whole of their fo-

lid fubftance to be equal to 37 + J cubick

inches,

3 I then
;
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I then filled a large earthen veflel brim

full of water, and put the lungs in, which

I blew up keeping them under water with

a pewter plate. Then taking the lungs out

j

and letting the plate drop to the bottom of

the water, I poured in a known quantity of

water, till the veflel was brimful again $ that

water was 7 pounds 6 ounces and - equal

to 204 cubick inches 5 from which deduc-

ing the fpace occupied by the folid fub-

ftance of the lungs, viz. 37 -1- -r cubick

inches, there remains 166 cubick inches

for the cavity of the lungs. But as the Pul-

monary Veins, Arteries and Lymphaticks

!

will, when they are in a natural ftate rc-

' pleat with blood and lymph, occupy more

I fpace than they do in their prefent empty

1 ftate 5 therefore fome allowance muft al-

!

fo be made, out of the above taken cavity

!
of the lungs, for the bulk of thofc fluids

5

: for which 25 cubick inches feems to

I

be a fufficient proportion, out of the 166

r
~ cubick inches i fo there remains 141

I cubick inches for the cavity of the lungs.

I

I poured as much water into the Brori-

I

cki£ as they would take in, which was i

pound % ounces, equal to 41 cubick inches

;

this
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this deciudcd from the above found cavity
i

of the lungs, there remains loo cubick inches
for the fum of the cavity of the veficles.

'

Upon viewing fome of thefe veficles with
a microfcope, a middle fized one feems to

be about tIo part of an inch diameter
5 then i

the fum of the furfaces in a cubick inch
I

of thefe fmall veficles (fuppofing them to be
lb many little cubes, for they arc not fphe-

rical) will be 500 fquare inches ; which mul-
tiplied by the fum of the cavity of all the :

veficles in the lungs, 100 cubick inches,

will produce 30000 fquare inches 5 one :

third of which muft be dcduded, to make
an allowance for the abfencc of two fides

i

in each little veficular cube, diat there

mi2;ht be a free communication amons
them for the Air to pafs to and fro ; fo

there remains 200C0 fquare inches for the

fum of the furfacc of all the veficles.

And the Bronchia containing 41 cubick

inches, fuppofing them at a medium to

be cylinders of tV of an inch diameter, their

lurface will be 1635 fquare inches, which

added to the furface of the veficles makes .

the fum of the furface of the whole

lungs to be 21635 fquare inches, or :•

150
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150 fquarc feet, which is equal to to times

the furface of a man’s body, which at a me-

dium is computed at 1 5 fquarc feet.

I have not had an opportunity to take

in the fame manner the capacity and dimen-

fions of human lungs ; the bulk of which

Dr. James Keill in his Tentamina Medico-

phyfica, p. 80. found to be equal to 226 cu-

bick inches. Whence he eftimated the fum

of the furface of the veficles to be 21905

fquare inches, which is nearly the fame

with my eftimate of the Calve’s lungs. But

the bulk of human lungs is much more ca-

pacious than 226 cubick inches : For Dr.

Jurin, by an accurate Experiment, found

that he breathed out, at one large expirati-

on, 220 cubick inches of Air } and I found

it nearly the fame, when I repeated the like

Experiment in another manner : So that

there muft be a large allowance made for

the bulk of the remaining Air, which could

not be expired from the lungs j and alfo

for the fubftance of the lungs.

Suppofing then, that according to Dr.

Jurin’s eftimate {in Mott’s Abridgment of
the Thilofophical Tranfac. Vol. I. p. 415.)

we draw in at each common infpiration 40

cubick
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cubick inches of air, that will be 48000 ciu

bid: inches in an hour, at the rate of 20 in-

Ipirations in a minute. A confiderable part

of the chhiciry of which air is, we fee

by the foregoing Experiment, conftantly de-

tlroycd, and that chiefly among the vefi-

clcs, where it is charged with much vapour.

But it is not eafie to determine how much
is deftroyed. I attempted to find it out by

the following Experiment, which I fhall here

give an account of; tho* it did not facceed

io well as I could have vvifhed, for want of

much larger vcflels; for if it was repeated

with more capacious veflels, it would de-

termine the matter pretty accurately; bccaufe

by this artifice frefh air is drawn into the

lungs at every infpiration, as well as in the

free open air.

Expert meistt CX.

1 made ufe of the fyphon (Fig. 39.

)

tak-

ing away the bladders, and diaphragms / i

n n 0

:

1 fixed by means of a bladder one

end of a fliort leaden fyphon to the lateral

foiTet i i : Tiien I faftened the large fyphon

in a veflli, and filled it with water, till it

rofe .
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rofe within two inches of a and covered

the other open end of the fhort fyphon,

which was deprefled for that purpofe. Over

this orifice I placed a large inverted chymi-

cal receiver full of water 5 and over the

other leg 5- of the great fyphon, I whelmed

another large empty receiver, whofe capacity

was equal to 12^4 cubick inches ; the mouth

of the receiver being immerfedin the water,

and gradually let down lower and lower b^

an afliftant, as the water afeended in it. Then

Hopping my noftrils, I drew in breath at ay

thro* the fyphon from the empty receiver:

And when that breath was expired, the val-

ve hi flopping its return down thro* the fy-

phon, it was forced thro* the valve r, and

thence thro* the fmall leaden fyphon into

the inverted receiver full of water, which

water defeended as the breath afeended. In

this manner I drew all the air, except 5 or

6 cubick inches, out of the empty receiver at

Oy the water at the fame time afeending

into it and filling itj by which means all

the air in the empty receiver, as alfo all the

air in the fyphon 0 s by was infpired into

my lungs, and breathed out thro* the valve

r into the receiver, which was at firft full

R , of
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of water. I marked the boundary of air

and water,' and then immerfed the whole

receiver, which had the breath in it, under

water, and there gradually poured the con-

tained breath up into the other full receiver,

which flood inverted over o s ; whereby I

could readily find, whether the air had lofl

any of its elaflicity : And for greater furety,

I alfo meafured the bulk of breath by filling

the receiver with a known quantity of water

up to the above mentioned mark 5 making

alfo due allowance for a bulk of air, equal

to the capacity of the large fyphon 0 s by

which was at lafl fucked full of water.

The event was, that there was 1 8 cubick

inches of air wanting ; but as thefe receivers

were much too fmall to make the Experi-

ment with accuracy j that fome allowance

may be made for errors , I will fet the lofs

of claftick air at 9 cubick inches, which is

but Tfe whole air refpired, which

will amount to 353 cubick inches in one

hour, or 100 grains, at the rate of 4S000

cubick inches infpired in an hour, or one

ounce and a half in twenty four hours.

By pouring the like quantity of air to and

fro under water, I found that little or none

of
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of it was lofl: 5 fo it was not abforbdd by

the water : To make this tryal accurately, the

air muft be detained Tome time under watcr>

to bring it firft to the fame temperature with

the water. Care aifo muft be taken in mak-

ing this Experiment, that the lungs be in the

fame degree of contraction, at the laft breath-

ing, as at the firft, elfe a conftderable error

may arife from thence.

But tho’ this be nor an exaft eftimate, yet

it is evident from the foregoing Experiments

on refpiration, that fome of the clafticity of

the air, which is infpired, is deftroyed, and

that chiefly among the veficles, where it is

moft loaded with vapours, whence probably

fome of it, together with the acid fpirits^

v/ith which the air abounds, are conveyed

to the blood, which we fee is by an admi-

rable contrivance there fpread into a vaft

expanfe, commcnfnrate to a very large fur-

face of air, from which it is parted by very

thin partitions 5 fo very thin, as thereby

probably to admit the blood and air particles

( which are there continually changing from

an elaftick to a ftrongly attrading ftate

)

within the reach of each other s attraction,

R z whereby



244 Anahjfis of the Atr,

whereby a continued fucceflion of frefli air

may be abforbed by the blood.

And in the analyfis of the blood, either

by fire or fermentation inExper. 49 and 80,

we find good plenty of particles ready to re-

fume the claftick quality of air : But whe-

ther any of thefe air particles enter the

blood by the lungs, is not eafie to deter-

mine 5 becaufe there is certainly great (lore

of air in the food of animals, whether it be

vegetable or animal food. Yet when we
confider how much air continually lofes

its elafticity in the lungs, which feem pur-

pofely framed into innumerable minute me-

anders, that they may thereby the better

feize, and bind that volatile Hermes

:

It

makes it very probable^ that thofe particles

which are now changed from an elaftick re-

pulfive, to a ftrongly attrafting ftate, may
cafily be attracted thro* the thin partition of

the veficles, by the fulphureous particles

which abound in the blood.

And nature feems to make ufe of the like

artifices in vegetables, where we find that

air is freely drawn in 5 not only with the

principal fund of nourilhment at the root,

but
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but alfo thro' fevcral parts of the body of

the vegetable above ground, which air was

fcen to afcend in an elaftick ftate mod freely

and vifibly thro' the larger tracheae of the

Vine ; and is thence doubtlefs carried with

the fap into minuter veflels, where being

intimately united with the fulphureous, fa-

line and other particles, it forms the nutri-

tive duftile matter, out of which all the

parts of vegetables do grow.

Experime NT CXI.

It is plain from thefe effefts of the fumes

of burning Brimjioney lighted Candle, and

the breath of Animals on the elafticity of

the air , that its elafticity in the veficles of

the lungs muft be continually decreafing,

by reafon of the vapours it is there loaded

with ; lo that thofe veficles would in a lit-

tle time fubfide and fall flat , if they were

not frequently repleniflied with frefh elaf-

tick air at every infpiration, thro’ which the

inferior heated vapour and air afeends, and

leaves room for the frefli air to defeend in-

to the veficles , where the heat of the lungs

make it expand about i part 5 which degree

R 3 of
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of cxpanfion of a temperate air, I found by

inverting a fmall glafs bubble in water, a

little warmer than a T^hermometer is, by ha-

ving its ball held fome time in the mouth,

which may reafonably be taken for the de-

gree of warmth in the cavity of the lungs.

When the babble was cool
,

the quantity

of water imbibed by it was equal to i of

the cavity of the whole bubble.

But when inftead of thefe frequent re-

cruits of frefh air, there is infpired an air,

furcharged with acid fumes and vapours,

which not only by their acidity contrad the

exquifitely fcnfiblc veficles, but alfo by their

groffnefs much retard the free ingrefs of the

air into the veficles, many of which arc ex-

ceeding fmall, fo as not to be vifible with-

out a microfcopc; which fumes are alfo con-

tinually rebating the elafticity of that air

;

then the air in the veficles, will by Exp. 107

and icS iofc its elafticity very faft, and con-

fcquently the veficles will fall flat, notwith-

ftanding the endeavours of the extending

thorax to dilate them as ufual 5
whereby

the motion of the blood thro’ the lungs, be-

ing flopped, inftant death enfues.

Which
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Which fudden and fatal efFeft of thcfe

noxious vapours, has hitherto been fuppofed

to be wholly owing to the lofs and wafte of

the 'vivifying fprit of air ; but may not

unreafonably be alfo attributed to the lofs

of a confiderable part of the air’s elafticity,

and the groflnefs and denfity of the vapours,

which the air is charged with ; for mutu-

ally attrafting particles, when floating in fo

thin a medium as the air, will readily coa-

lefce into grofler combinations : Which
efFcifl: of thefe vapours, having not been duly

obferved before , it was concluded, that

they did not afFcfl: the airs elafticity 5 and

that confequently, the lungs muft needs be

as much dilated in infpiration by this, as

by a clear air.

But that the lungs will not rife, and di-

late as ufual, when they draw in fuch noxi-

ous air, which decrcafes faft in its elafticity,

I was aftured by the Experiment I made on

my felf in Exper. 107. for when towards

the latter end of the minute, the fufFocating

quality of the air in the bladder was grea«

feft, it was with much difficulty that I

could dilate my lungs a very little.

R 4 Fron;i
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From this property in the vapours, arifing

from animal bodies, to rebate and deftroy

part of the elafticity of the air, a probable

account may be given, of what becomes of

a redundant quantity of air, .which may at

any time have gotten into the cavity of the

Thorax 3 either by a wound,or by fomc defeft

in the fubftance of the lungs, or by very

violent exercife. Which if it was to con-

tinue always in that expanded ftate, would *

very much incommode refpiration, by hin-

dering the dilatation of the lungs in infpira-

tion. But if the vapours, which do con-

tinually arife in the cavity of the ThoraXy

deftroy fome part of the elafticity of the air,

then there will be room for the lungs to c

heave : And probably, it is in the fame man-

ner, that the winds arc reforbed, which in

their elaftick ftate fly from one part of the :

body or limbs to another, caufing by their :

diftention of the velTels much pain.

j

Experiment CXII.
j

I

I have by the following Experiment found, j

that the air will pafs here and there thro* the i

fubftance of the lungs, with a very fmall I

force, vizn I cut i
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I cut afunder the bodies of fcvcral young

and fmall animals juft below the diaphragm,

and then taking care not to cut any vcftel

belonging to the lungs , I layed the Thorax

open by taking away the T)iphragmy and

fo much of the ribs, as was needful to ex-

pofe the lungs to full view, when blown

up. And having cut off the head, I faftned

the windpipe to a very fhort inverted leg of

a glafs fyphon ; and then placed the inver-

ted lungs and fyphon in a large and deep

glafs veftel x full of water (Fig. 32.) un-

der the air pump receiver p p^ and palling

the longer leg of the fyphon thro’ the top of

the receiver, where it was cemented fall at

as I drew the air out of the receiver, the

lungs dilated ,
having a free communica-

tion with the outward air, by means of the

glafs fyphon i fome of which air would

here and there paTs in a few places thro'

the fubftance of the lungs , and rife in fmall

ftreams thro’ the water, when the receiver

was exhaufted no more than to make the

Mercury in the gage rife lefs than two inch-

es. When I exhaufted the receiver, fo as

to raife the Mercury 7 or 8 inches, tho’ it

made the air ru(h with much more violence

thro*



2 JO Anal^fis of the Air.

thro' thofe fmall apertures in the furfacc

of the lungs, yet I did not perceive that the

number of thofe apertures were incrcafed,

or at leafl; very little. An argument that

thofe apertures were not forcibly made by

cxhaufting the receiver lefs than two inches,

but were originally in the live animal
5 and

that the lungs of living animals are fome-

times raifed with the like force, efpecially

in violent excrcife, I found by the follow-

ing Experiment, viz.

Experiment CXIII.

I tyed down a live T>og on his back, near the

edge of a Table, and then made a fmall hole

thro' the intercodal mufcles into his Tho-^

raxy near the T)iaphragm. I cemented faft

into this hole the incurvated end of a glafs

tube, whofe orifice was covered with a lit-

tle cap full of holes, that the dilatation of

the lungs might not at once flop the ori^

fice of the tube. A fmall vial full of fpirit

of Wine was tyed to the bottom of the

perpendicular tube, by which means the

tube and vial could eafily yield to the mo-

tion of the Dog's body, without danger of

breaking .
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[

breaking the tube, which was 3 6 inches long.

The event was, that in ordinary infpirations,

I

the rpirit rofe about fix inches in the tube;

but in great and laborious infpirations, it

would rife 24 and 30 inches, when I

flopped the Dog's noftrils and mouth, fo that

he could not breathe : This Experiment (hews

the force with v/hich the lungs are raifed by

the dilatation of the Thorax^ cither in ordi-

nary or extraordinary and laborious infpira-^

tions. When I blew air with fome force in-

to the Thorax^ the Dog was jufl ready to

expire.

; By means of another fiiort tube, which

I

had a communication with that which was

fixed to the Thorax near its infertion into

the Thorax , I could draw the air out of the

I

Thorax^ the height of the Mercury, inflead

of fpirit in the tube, Ihewingto what degree

it the Thorax was e^haufted of air : The Mer-

cury was hereby raifed nine inches, which

would gradually fubfide as the air got into

the Thorax thro' the lungs.

I then layed bare the windpipe, and ha-

ving cut it off a little below the Larynx, I

I affixed to it a bladder full of air, and then

j

^ontffiued fucking air put of the Thorax,

' with
I

-
• •

*1

I
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with a force fufficient to keep the lungs

pretty much dilated. As the Mercury fub-

fided in the gage, I repeated the fuftion for

a quarter of an hour, till a good part of the

air in the bladder was either drawn thro'

the fubftance of the lungs into the Thorax^

or had loft its elafticity. When I prefled the

bladder, the Mercury fubfided the fafter $ the

Dog was all the while alive, and would

probably have lived much longer, if the

Experiment had been continued j as is likely

from the followmg Experiment, viz.

Experiment CXIV.

I tyed a middle fized Dog down alive on

a table, ind having layed bare his windpipe,

I cut it afunder juft below the Larynx^ and

fixed faft to it the fmall end of a common
foffet 5 the other end of the foffet had a

large bladder tyed to it, which contained

i6i cubick inches •, and to the other end of

the bladder was tyed the great end of ano-

ther foffet, whofe orifice was covered with

a valve, which opened inward, fo as to ad-

mit any air that was blown into the bladder,

but none could return that way; yet for fur-

ther
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ther fecurity, that paflage was alfo flopped

“with a fpiggot.

As foon as the firft foflet was tyed faft to

the windpipe^ the bladder was blown full of

air thro* the other foflet 5 when the Dog had

breathed the air in the bladder to and fro

for a minute or two, he then breathed very

faft, and fhewed great uneafinefs, as being

almoft fuflfocated.

Then with my hand I preflTed the blad-

der hard, fo as to drive the air into his lungs

with fome force; and thereby make his

\tomen rife by the preflfure of the Diaphragm^

^s in natural breathings : Then taking alter-

^natcly my hand off the bladder, the lungs

with the Abdomen fubfided ; I continued in

this manner, to make the Dog breathe for

an hour ; during which time I was ob-

liged to blow frelh air into the bladder every

five minutes, three parts in four of that air

being either abforbed by the vapours of the

lungs, or efcaping thro* the ligatures, upon

my prelling hard on the bladder.

During this hour, the Dog was frequently

near expiring whenever I preflTed the air

but weakly into his lungs 5 as I found by

his pulfe, which was very plain to be felt

in
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in the great crural artery near the groin,^

which place an affiftant held his finger on
moft part of the time

;
but the languid pulfe

was quickly accelerated, fo as to beat fafl:
5

foon after I dilated the lungs much, by pref-

fing hard upon the bladder, efpecially when
the motion of the lungs was promoted by

prefling alternately the Abdomen and the

bladder, whereby both the contraftion and

dilatation of the lungs was increafed.

And I could by this means roufe the lan-

guid pulfe whenever I pleafed, not only at

the end of every 5 minutes, when more air

was blown into the bladder from a man’s

lungs, but alfo towards the end of the 5

minutes, when the air was fullefl; of fumes.

At the end of the hour, I intended to try

whether I could by the fame means have

kept the Dog alive fome time longer, when
the bladder was filled with the fumes of bur-

ning Brtmflone : But being obliged to ceafe

for a little time from prefling the air into

his lungs, while matters were preparing for

this additional Experiment, in the mean time

the Dog dyed, which might otherwife have

lived longer, if I had continued to force the

air into his lungs.

I

I

(

Now,
I



Now, tho* this Experiment was fo fre-

quently difturbed, by being obliged to blow

more air into the bladder twelve times du-

ring the hour 5
yet fince he was almoft fuf-

focated in lefs than two minutes, by breath-

ing of himfelf to and fro the firft air in the

bladder, he would by Experiment io 5 on
Candles, have dyed in lefs than two minutes,

when one fourth of the old air remained

in the bladder, immediately to taint the

new admitted air from a man's lungs; fo

that his continuing to live thro* the whole

hour, muft be owing to the forcible dilata-

tion of the lungs, by comprelling the blad-

der, and not to the vivifying Jpirit of air.

For without that forcible dilatation, he had,

after the firft 5 or 10 minutes, been certainly

dead in lefs than a minute, when his pulfe was

fo very low and weak, which I did not

find to be revived barely by blowing 3

parts in 4 of new air from the lungs of a

man into the bladder : But it was conftant-

ly roufed and quickned, whenever I increafed

the dilatations of the lungs, by comprefling

the bladder more vigorouQy ; and that whe-

ther it was at the beginning or end of each

5 minutes, yet it was more eafily quickned,

4 when
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when the bladder was at any time newly

filled, than when it was near empty.

From thefe violent and fatal efFeSs of

very noxious vapours on the refpiration and

life of animals, we may fee how the refpi-

ration is proportionably incommoded, when
the air is loaded with leffer degrees of va-

pours, which vapours do in fome meafure

clog and lower the air’s elafticity 5 which it

beft regains by having thefe vapours dif-

pcllcd by the ventilating motion of the

free open air, which is rendered wholefomc

by the agitation of winds : Thus what we
call a clofe warm air, fuch as has been long

confined in a room, without having the va-

pours in it carried off by communicating
j

with the open air, is apt to give us more {

or lefs uneafinefs, in proportion to the quan-

tity of vapours which are floating in it.

For which reafon the German ftoves, which i

heat the air in a room without a free
|

admittance of frefli air to carry off the va- i

pours that arc raifed , as alfo the modern
|

invention to convey heated air into rooms

thro' hot flues, feem not fo well contrived,

to favour a free refpiration, as our common
method of fires in open chimneys, which

4 fires I
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fires are continually carrying a large ftream

of heated air out of the rooms up the chim-

ney, which ftream muft neceflarily be fup-

plied with equal quantities of frefti air,

thro’ the doors and windows, or the cranies

of them.

And thus many of thofe who have weak

lungs, but can breath well enough in the

frefh country air, are greatly incommoded

in their breathing, when they come into

large cities where the air is full of fuliginous

vapours, ariling from innumerable coal fires,

and flenches from filthy lay-ftalls and fewers

:

And even the moft robuft and healthy in

changing from a city to a country air, find

an exhilarating pleafure, arifing from a more

free and kindly infpiration, whereby the

lungs being lefs loaded with condenfing air

,and vapours, and thereby the veficles more

dilated, with a clearer and more elaftick

air, a freer courfc is thereby given to the

blood, and probably a purer air mixed with

it 5 and this is one reafon why in the coun-

try a ferene dry conftitution of the air is

more exhilarating than a moift thick air.

And for the fame reafon, 'tis no wonder,

that peftilential, and other noxious epide-

S mical
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mical infeaions are conveyed by the breath

to the blood (when we confider what great

quantities of the airy vehicle lofes its ela-

fticity among the vcficles, whereby the in-

feftious Miafma is lodged in the lungs.
^

When I refleft on the great quantities
j

of claftick air, which are dcftroyed by bur- |

ning fulphur j it feems to me not improba-

ble, that when an animal is killed by light-

ning without any vifible wound, or imme-

diate ftroke, that it may be done by the

air’s clafticity, being inftantly deftroyed by

the fulphureous lightning near the animal,

whereby the lungs will fall flat, and caufe

fudden death ; which is further confirmed

by the flatnefs of the lungs of animals thus

killed by lightning, their-veficles being found

upon difleaion to be fallen flat, and to have

no air in them : The burfting aho of glafs

windows outwards, feems to be from the

fame effed of lightning on the air’s elaf-

ticity.

It is likewife by deftroying the air’s elaf-

ticity in fermented liquors, that lightning

renders them flat and vapid : For fince ful-

phureous fleams held near or under veflels

will check redundant tcrmentation, as well

as
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as the putting of fulphureous mixtures into

the liquor, "tis plain, thofc ftcams can eafily

penetrate the wood of the containing vef«

fels. No wonder then, that the more fub-

tile lightning fhould have the like efFed. I

know not whether the common pradicc of

laying a bar of iron on a Veflel, be a good

prefervativeagainft the ill cfFeds of lightning

on liquors I fhould think that the covering

a veffel with a large cloth dipped in a flrong

brine, would be a better prefervative 5 for

falts are known to be ftrong attraders of

fulphur.

The certain death which comes on the ex-

plofion of Mines, feems to be effeded ia

the fame manner : For tho* at firft there is

a great expanfion of the air, which mufl:

dilate the lungs, yet that air is no fooner

filled with fuliginous vapours, but a good

deal of its elafticity is immediately deftroyed :

As in the cafe of burning Matches in Ex-

periment 103, the heat of the flame at firft

expanded the air 5 but notwithftanding the

flame continued burning, it immediately

contraded, and loft much of its elafticity^

as foon as fome quantity of fulphureous

fleams afeended in it*

S 2b Whidi



i6o Analyfis of the Air.

Which fleams have doubtlefs the fame

efFeft on the air, in the lungs of Animals

held over them j as in the Grotto di earth

or when a clofe room is filled with them,

where they certainly fufFocate.

It is found by Experiments 103, 106,

and 107, that an air greatly charged with

vapours lofes much of its elaflicity, which

is the reafon why fubterraneous damps fuf-

focate Animals, and extinguilh the flame of

Candles. And by Experiment 106, we fee

that the fooner a Candle ^oes out, the faft-

cr the air lofes its elaflicity.

Experiment CXV.

This put me upon attempting to find fome

means to qualify and rebate the deadly noxi-

ous quality of thefe vapours : And in order

to it, I put thro* the hole, in the top of the

air pump receiver (Fig. 32.) which con-

tained two quarts, one leg of an iron fyphon

made of a gun barrel, which reached near

to the bottom of the receiver : It was ce-

mented fafl at Zy I tyed three folds of wool-

len cloth over the orifice of the fyphon,

which was in the receiver. The Candle went

out in lels than two riiinutes, tho* I conti-

4 nued
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niied pumping all the while, and the air

pafTcd fo freely thro' the folds of cloth in-

to the receiver, that the Mercury in the

gage did not rife above an inch.

When I put the other end of the fyphon

into a hot iron pot, with burning Brimjtone

in it; upon pumping, the Candle went out

in 1 5 feconds of a minute ; but when I took

away the 3 folds of cloth, and drew the

fulphureous fleams thro' the open fyphon,

the light of the Candle was inflantly extin-

guifhed ; whence we fee the 3 folds of cloth

preferved the Candle alight 1 5 And where

the deadly quality of vapours in Mines is

not fo flrong as thefe fulphureous ones were,

the drawing the breath thro' many folds of

woollen cloth may be a means to preferve

life a little longer, in proportion to the more

or lefs noxious quality of the damps.

When, inflead of the 3 folds of cloth, I

immerfed the end of the fyphon 3 inches

deep in water in the veflel a;, ( Fig. 32.) tho*

upon pumping the fulphureous fumes did

afeend vifibly thro' the water, yet the Can-

dle continued burning half a minute, i,e, dou-

ble the time that it did when fumes pafled

thro’ folds of woollen cloth,

S 3
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Experiment CXVI.

I bored a hole in the fide of a large wooden

foflet ab, (Fig. 39.) and glewed into it the

great end of another foflet i covering the

orifice with a bladder valve r : Then I fit-

ted a valve b i, to the orifice of the iron

fyphon f fy fixing the end of, the fyphpii

fad at b into the foflfet a b

:

Then by means

of narrow hoops I placed four "Diaphragms

of flannel at half an inch diftance from each

other, into the broad rim of a fieve, which

was about 7 inches diameter. The fieve was

fixed to, and had a free communication with

both orifices of the fyphon, by means of

two larg^ bladders / in no.

The inftrument being thus prepared, pinch-

ing my noftrils clofe, when I drew in breath

with my mouth at Uy the valve i b being

thereby lifted up, the air paflfed freely thro’

the fyphon from the bladders, which then

fubfided, andfhrunk confiderably : But when

I breathed air out of my lungs, then the

valve i b clofing the orifice of the fyphon, the

air paired thro' the valve r into the blad-

ders, and thereby dilated them j by which

^rtV







Anal^fn of the Air, i6^

artifice the air which I expired mud necef-

farily pafs thro' all the "Diaphragms^ before

it could be infpired into rhy lungs again.

The whole capacity of the bladders and fy-

phon was 4 or 5 quarts.

Common fca fait, and Sal Tartar, being

ftrong imbibers of fulphureous fleams, I dip-

ped the four Diaphragms in flrong folu-

tions of thofe fairs, as alfo in white wine

vinegar, which is looked upon as a good

anti-peflilential : Taking care after each of

thefe Experiments to cleanfe the fyphon

and bladder well from the foul air, by fil-

ling them with water.

I could breath too and fro the air Inclofed

in this inflrument for a minute and half,

when there were no Diaphragms in itj when
the 4 Diaphragms were dipped in vinegar,

3 minutes, when dipped in a flrong folution

of fea fait, 3 minutes and an half. In a Lixi-

vium of Sal Tartar ^ 3 minutes 5 when the

Diaphragms were dipped in the like Lixi-

vium, and then well dryed, 5 minutesj and

once 8 -i- minutes, with very highly cal-

cined Sal Tartar ,• but whether this was ow-
ing to the Tartars being greatly calcined,

whereby it might more flrongly attraft ful-

S 4 phureous
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phureous grofs vapours, or whether it was

occafioned by fome unheeded paffagefor the

air thro’ the ligatures, I am uncertain j nei-

ther did I care to afeertain the matter by re-

peated Experiments, fearing I might thereby

fome way injure my lungs, by frequently

breathing in fuch grofs vapours.

Hence Sal Tartar (hould be the befl: pre-

fervative againft noxious vapours, as being a

very ftrong imbiber of fulphureous, acid and

watry vapours, as is Tea fait alfo : For ha-

ving carefully weighed the 4 T>iaphragmSy

before I fixt them in theinftrumenr, I found

that they had increafed in weight 30 grains

in five minutes 5 and it was the fame in two

different tryalsj fo they increafed in weight

at the rate of 19 ounces in 24 hours. From

which deducing i part for the quantity of

moifture, which I found thofe T)iaphragms

attraded in 5 minutes in the open air 5 there

remains 15 f ounces, for the weight of

the moifture from the breath in 24 hours

:

But this is probably too great an allowance,

confidering that the T>iphragms might at-

ttad more than J part from the moifture of

the bladders and of the fyphon.

I have
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I have found that when the diaphragms

had fome fmall degree of dampnefs, they

increafed in weight fix grains in 3 minutes 5

but they made no increafe in Weight in

the fame time, when in the open air r^^hich

fix grains in 3 minutes, is at the rate of a-

bout 6 4 ounces in 24 hours 5 and this

is nearly the fame proportion of moifture

that I obtained by breathing into a large

receiver full of fpunges. But the 6 grains

imbibed by the four diaphragms in 3 mi-

nutes, was not near all the vapours which

were in that bulk of inclofed air 5 for at

the end of the 3 minutes, the often refpi-

red air was fo loaded with vapours, which

in that floating ftate were eafily, b)T their

mutual attraction, formed into combina-

tions of particles, too grofs to enter the mi.

nute veficles of the lungs, and was therefore

unfit for refpiration $ fo that it is not eafie

to determine what proportion is carried off

by refpiration, efpecially confidering that

fome of the infpired air, which has loft its

elafticity in the lungs, is mingled with it.

But fuppofing 6 4“ ounces to be the quan-

tity of moifture carried off by refpiration

in 24- hours, then the furf^ec of the lungs

being
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being found as above 21635 fquare inches

only part of an inch depth, will be

evaporated off their inward furface in that

time, which is but 3-9 part of the depth of

what is perfpired off the furface of a man's

body in that time.

If then life can by this means be fup-

ported for 5 minutes with 4 T^iaphragms

and a gallon of air, then doubtlefs, with

double that quantity of air and 8 T>iaphragms

we might well exped to live at leaft 10

minutes. It was a confiderable difadvantage

that I was obliged to make ufe of bladders,

which had been often wetted and dried, fo

that the unfavory fumes from them muft

needs have contributed much to the unfitting

the included air for refpiration : Yet there

is a neceflity for making ufe of either blad-

der or leather in thefe cafes 5 for we can-

not breath to and fro the air of a vefici,

whofe fides will not dilate and contrad in

conformity with the expirations and in-

fpirations, unlefs the veflel be very large, and

too big to be conveniently portable.

Having flopped up the wide fucking orifice

of a large pair of kitchen bellows, they be-

ing firft dilated, I could breathe to and fro

at
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at their nofe, the air contained in them for

3 minutes, without much inconvenience,

they heaving and falling very eafiiy by the

aftion of refpiration. Some fuch like in-

^ ftrument might be of ufe in any cafe where

a room was filled with fufFocating vapours,

where it might be neceffary to enter for

a few minutes, in order to remove the

!

caufe of them, or to fetch any perfon or

thing out i as in the cafe when houfes are

firft beginning to fire, in the chymifts ela-

I

boratoriesi and in many other cafes where

places were filled with noxious deadly va-

;

pours, as in the cafe of (link pots thrown

into Ihips, in mines, &c.

But in every apparatus of this kind great

,

care muft always be taken, that the infpira-

tion be as free as poflible, by making large

paflages and valves to play moft eafily. For

tho' a man by a peculiar aftion of his mouth

and tongue may fuck Mercury 22 inches,

i and fome men 27 or 28 high
5

yet I have

I

found by experience , that by the bare in-

I

fpiring aftion of the T>iaphragm, and dilate

ing ThoraXy I could fcarcely raife the Met-

[ cury 2 inches. At which time the 2)/^-

t
^hrdgm muft ad with a force equal to the

weight
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weight of a Cylinder of Mercury, whofe bafe

is commenfurate to the area of the
'

25/^-

yhragm,zr\A its height 2 inches, whereby the

diaphragm muft at that time fuftain a

weight equal to many pounds. Neither are

its counter- afting mufcles, thofe of the

rneUy able to exert a greater force.

For notwithftanding a man, by ftrongly

compreffing a quantity of air included in his

mouth, may raife a column of Mercury in

an inverted fyphon, to 5 or 7 inches height,

yet he cannot with his utmoft (trainings

raife it above 1 inches, by the contracting

force of the mufcles of the Abdomen h

whence we fee that our loudeft vociferations

arc made with a force of air no greater than

this. So that any fmall impediment in

breathing will haften the fuffocation, which

confifts chiefly in the falling flat of the

lungs, occafioned by the groflhefs of the

particles of a thick noxious air, they being

in that floating ftate mofl: eafily attracted by

each other : As we find in the foregoing

experiments that fulphur and the elaftick

repelling particles of air do: And confe-

quently unelaftick, fulphureous, faline and

other floating particles will moll eafily

coalefce,
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coalefcc, whereby they are rendredtoogrofs

to enter^the minute vefides 5 which arc alfo

much contracted, as well by the iofs of the

clafticity of the contained air, as by the con-

tradion occafioned by the ftimularing, acid,

fulphureous vapours. And *tis not impro-

bable that one great defign of nature, in the

ftruchire of this important and wonderful

'uifeusy w'as to frame its veficlcs fo very

minute, thereby effedualiy to hinder the

ingrefs of grofs feculent particles, which

might be injurious to the animal oeconomy.

This quality of faits ftrocgly to attracT:

fulphureous, acid and other noxious particles,

mi2:ht make them verv beneficial to man-

kind in many other refpecls. Thus in fe-

veral unw^holfome trades, as the fmelters

of metals, the ceruls-makers, the plumbers,

it might not unlikely be of good fcrvice

to them in preferving them in fomc meafure

at Icaft, from the noxious fumes of the ma-

terials they deal Ln, w^hich by many of the

foregoing experiments w^e are aflured muft

needs coalefce with the elaftick air in the

lungs, and be lodged there 5 to prevent

which inconvenience the w’orkmen might,

w^hile they are at w'ork, make ufe of pretty

broad
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broad mufflers, filled with 2,4, or more
diaphragms of flannel or cloth dipped in

afolution oiSal Tartar^ or Tot-ap^ or Sea
Salt and then dryed.

The like mufflers might alfo be of fervice

in many cafes where perfons may have urgent

occafion to go for a fhort time into an in-

fedious air: Which mufflers might, by an
eafy contrivance, be fo made as to draw
in breath thro’ the diaphragms^ and to

breathe it out by another vent.

In thefc and the like cafes this kind of

mufflers may be very ferviceablcj but in

the cafe of the damps of mines they are by

no means tio be depended on, becaufe they

are not a fufficient fcreen from fo very

noxious vapours.

Experiment CXVII.

We have from the following Experiment

a good hint, to make thefe Salts of fervice

to us in fome other refpeds, ^c.

I fet a lighted Candle under a large re-

ceiver (Fig. 35.) which contained about

4 gallons, it continued burning for 3 -j- J

minutes, in which time it had abforbed about

a
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a quart of air. I then filled the receiver

with frcfh air, by pouring it full of water,

and then emptying of it 5 when having wiped

it dry, I lined all the infide with a

piece of flannel dipped in a lixivium of Sal

Tartar^ and then dryedj the flannel was ex-

tended with little hoops made of pliant twigs.

The Candle continued burning under the re-

ceiver thus prepared 3 + t minutes, yet it

abforbed but two thirds of the quantity of

air which it abforbed when there was no

flannel in the receiver.

The reafon of which difference in the

quantities of elaftick air abforbed, appears

from Experiment 106. where lead air was

always abforbed in leaft receivers, which

was the prefent cafe : For the flannel lining,

befides the fpace it took up, could not be fo

clofely adapted, but that there was left a full

third of the capacity of the receiver, between

the lining and the receiver : So that the

Candle burnt in a bulk of air lefs by one

third than the whole capacity ofthe receiver j

for which reafon lefs air alfo was abforbed.

And we may further obferve, that fincc

the Candle continued burning as long in a

quantity of air, equal but to two thirds of

4. the
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the receiver, as in the whole air of the re-

ceiver
;

this muft be owing to the SalTartar

in the flannel lining, which muft needs have

abforbed one third of the fuliginous vapours,

which arofe from the burning Candle. Hence

we may not unreafonably conclude, that the

pernicious quality of noxious vapours in the

air might, in many cafes, be much rebated

and qualified by the ftrongly abforbing power

of Salts.

Whether Salts will have a good effefl: in

ail, or any of thefe cafes, experience will

beft inform us. There is certainly fufficient

ground, from many of the foregoing Experi-

ments, to encourage us to make the tryal,

and they may at leaft be hints for further im-

provements.

We fee that Candles and burning Brim-

fione do in a much greater degree deftroy

the elafticity of the air, than the breath of

Animals •> becaufe their vapours are more

plentiful, and abound more with acid ful-

phureous particles, and are alfo lefs diluted

with watry vapours, than the breath of Ani-

mals is : In which alfo there are fulphurcous

particles, tho* in lefler degrees, for the ani-

. mal fluids, as well as folids, are ftored with

them

:
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them : And therefore the Candle and Matches

ceafing to burn, foon after they are confined

in a fmalf quantity of air, feems not to be

owing to their having rendred that air effete^

by having confumed its vivifying ffiriti but

fliould rather be owing to the great quantity

of acid fuliginous vapours, with which that

air is charged, which deftroy a good deal of

its elafticity, and very much clog and retard

the elaftick motion of the remainder.

And the effed the half exhaufting of a

receiver has upon the elafticity of the re-

maining half of the air, feems to be the rea-

fon why the flame of a Candle does not

continue burning, till it has filled the recei-

ver it ftands in with fumes, but goes out

the quicker, the fooner the air is drawn out

to that degree j which feems therefore to be

owing to this, that an air rarified to double

its fpace, will not expand fo briskly with

the warmth of flame, as a more condenfed

air will do : And confequently adion and

re-adion being reciprocal, will not give fo

brisk a motion to the flame, which fubfifts

fj by a conftant fucceflSon of frefli air, to fup-

j

ply the place of the either abforbed, or much
1 dilated air, which is continually flying off.
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And the quicker the fuccellion of this frefli

air is, by blowing, the more vigoroufly does

a fire burn.

If the continuance of the burning of the

Candle be wholly owing to the vivifying

Jpirity then fuppofing in the cafe of a recei-

ver, capacious enough for a Candle to burn

a minute in it, that half the vivifyingfpirit

be drawn out with half the air, in ten fe-

conds of time j then the Candle Ihould not

go out at the end of thofe lo feconds, but

burn 20 feconds more, which it does not 5

therefore the burning of the Candle is not

wholly owing to the vivifying fpirity but

to certain degrees of the air's elafticity.

When a wholly exhaufted receiver was by

means of a burning glafs firft filled with the

fumes of brown paper with Nitre^ and then

filled with frefh air, the nitrous paper upon

applying the burning glafs did freely deto-

nize ; and a Candle put into a like air, burnt

for 2 8^5 which in a frefh air, in the fame

receiver, burnt but 43 "5 but when the fame

receiver with air in it, was filled full of

fumes of detonized Nitre^ and a Candle

placed in that thick vapour, it went out

inftantly, for a Candle will not burn, nor

the
.
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the Nitre detonizc in a very rare , nor a

very thick air 5 whence the reafon why the

Nitre detonized, and the Candle burnt,

when placed in the receiver, after frefh air

was let in upon the fumes which were

made in vacuo^ was that thofe fumes were

much difperfed and condenfed on the fides

of the glafs, upon the rufliing in of the

frefh air, for the fumes were then much
more rare aud tranfparent, than before the

air was let in.

That a Fire which is fupplied with a hot

air will not burn fo briskly as a Fire which

is fed by a cool air is evident from hence 5

that when the Sun fhineson aFire, and there-

by too much ratifies the ambient air, that

Fire will not burn well, nor will a fmall

Fire burn fo well near a large one as at

fome diftance from it. And e conlra^ it is a

common obfervation, that in very cold frofty

weather Fires burn moft briskly $ the reafon

of which feems to be this, that the elaftick

expanfion of the cold condenfed air to a

ratified ftate, when it enters the Fire, is much
brisker than that of an air already ratified in

1 a good meafurc by heat, before it enters the

i

Fire % and conlequently a continued fuc-

i T % cellion
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celTion ofcold air muft give a brisker motion

to the Fire, than the like fucceffion of hot .

air ; And fiich colder and more condenfed .

air will alfo (as Sir Ifaac Newton ohktwcSy

qu. II.) by its greater weight check the

afeent of the vapours and exhalations of the

Fire, more than a warmer lighter air. So

that between the aclion and re-adion of the
|

air and fulphur of the fuel, and of the colder
'

and denfer cirumambient air, which ratifies !

much upon entering the Fire, the heat of
\

the Fire is greatly increafed.

This continual fupply of frefii air to the !

fuel feems hence alfo very neceflary for

keeping a Fire alive ; becaufe it is found, that

a Brimjlone Match will not take Fire in

avacuumy but only boil and fmoakj nor will
'

Nitre incorporated into Brown "Baper then

detonizc, except here and there a Angle grain;

that part only of the Baper turning black f,

on which the focus of the burning glafs fallsi
|

nor would they burn when a half exhaufted
|

receiver with fumes in it was filled with
j

frefh air added to thofe fumes: In which
,

cafe it is plain, that a good quantity of the !<,;

fuppofed vivifying fpirit of air muft enter :i.

the receiver with the frefh air, and confe-
|

.

quently *1



Analyfts of the Air. 277
quently thofe fubftances fhould take fire,

and burn for a fliort time at leaft, which yet

they did not.

And that the air's elafticity conduces much
to the intenfe burning of Fires, feems evident

from hence 5 that Spirit ci Nitre (which

by Experiment 75 has but little elaftick air

in it) when poured upon live Coals^ ex-

tinguifhes inftead of invigorating them

:

But Spirit of when by being mixt with

Sal Tartar it is reduced to Nitre, will then

flame, when thrown into the Fire, viz, be-

caufe Sal Tartar abounds with elaftick aereal

particles, as appears by Experiment 74, where

224 times its bulk of air arofe from a quan-

tity of Sal Tartar. And for the fame reafon

it is that common Nitre, when thrown into

the Fire, flames, tho' its Spirit will not, viz.

becaufe there is much elaftick air in it, as

appears from Experiment 72, as well as from

the great quantity of it, generated in the

firing of Gun-powder.

The reafon why Sal Tartar, when thrown

on live Coals, does not detonize and flame

like Nitre, (notwithftanding by Experiment

74 plenty of elaftick particles did arife from

it) is this> viz. becaufe by the fame Experi-

T 3 nient,
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ment, compared with Experiment 72, it is

found, that a much more intenfe degree of

heat was required to extricate the elaftick

air from Sal Tartar^ the more fix*d body,

than from Nitre j the great degree of Fire

with which Sal Tartar is made, rendering

the cohefion of its parts more firm: For it is

well known that fire, inftead of difuniting,

does in many cafes infeparably unite the parts

of bodies : And hence it is that Tuhis
FulminanSy which is a mixture of SalTartar^

Nitre and fulphur, gives a greater explofion

than Gun-powder

:

Becaufe the particles of

the Sal Tartar^ cohering more firmly in a

fix’d ftate than thofe ofNitre^ they are there-

fore thrown off with a greater repulfive

force, by the united adion and re-'adion of

all thofe ingredients armed each with its

acid Spirit.

Experiment CXVIII.

Which acid Spirits confifting of a volatile

acid Salt diluted in phlegm do contribute

much to the force ofexplofion , for when heat-

ed to a certain degree, they make a great ex-

\
plofion, like water heated to the fame degree.
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as I found by dropping a few drops of Spirit

oi Nitre, oil of Fitriol, water, and fpittle

on an Anvil s and then holding over thofe ^

drops a piece of Irm which had a white heat

given it; upon ftriking down the hot Iren

with a large Hammer, there was a very great

cxplofion made by each of thofe liquors

;

But frothy fpittle, which had air in it, made a

louder explofion than water; which fhews

that the vaft explofion of the Nitre and Sal

Tartar, which are compofed of elaftick air

particles, included in an acid Spirit, is owing

to their united force.

We may therefore from what has been

faid, with good reafon conclude, that Fire is

chiefly invigorated by the aftion and re-ac-

tion of the acid fulphureous particles of the

fuel, and the elaftick ones which arife and en-

ter the jFire, either from the fhel in which

they abound, or from the circumambient

air: For by Experiment 103, and many
others, acid fulphureous particles ad vi-

goroufly on air ; andfinceadion and re-adion

arc reciprocal, fo muft air on fulphur 3 and

there is, we fee, plenty of both, as well in

mineral as vegetable fuel, as alfo in animal

fubftances, for which reafon they will burn.

T 4 Bat
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But when the acid fulphur, which we fee

ads vigoroufly on air, is taken out of any

fuel, the remaining Salty Water and Earth

are not inflammable, but on the contrary

quench and retard fire 5 and as' air cannot

produce fire without fulphur, fo neither can

fulphur burn without air: Thus Charcoal

heated to an intcnfe degree for many hours

in a clofe veflel will not burn as in the open

air, it will only be red hot all the time like a

mafs of Gold without wafting : But no

fooner is it expofed to the free air, but the

fulphur, by the violent adion and re-adion

between that and the elaftick air, is foon fe-

parated and carried off from the Salt and

Earth, which are thereby reduced from a

folid and hard to a foft impalpable calx.

And when a Brimjlone Match which was

placed in an exhaufted receiver was heated

by thefocus of a burning glafs fo as to melt

the Brimfloney yet it did not kindle into

fire nor confume, notwithftanding the

ftrengthand vigour of the adion and re- adion

that is obferved between light and fulphure-

ous bodies. Which is afligned by the illufi

trious Sir Ifaac Newtoriy as one reafon

why fulphureous bodies take fire more
‘‘ readily.
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readily, and burn more vehemently than

other bodies do, qu. 7. What his notion

of fire and flame is, he gives us in qu.

9. and 10. qu. 9. Is not fire a body heated

fo hot as to emit light copioufly > For

what elfe is a red hot than fire ? And
what elfe is a burning Coaly than red hot

“ Wood! Qu. 10. Is not flame a vapour,

fume or exhalation heated red hot, that is,

fo hot as to flame ? For bodies do not flame

without emitting a copious fume, and
“ this fume burns in the flame.— Some

bodies heated by motion or fermentation,

if the heat grow intenfe, fume copioufly,

and if the heat be great enough, the fumes

will fhine and become flame: Metals in

fufion do not flame for want of a copious

fume,except fpelter which fumes copioufly,

and thereby flames : AH flaming bodies,

as Oil,Tallow, Wax, Wood, foflil Coals,

Pitch, Sulphur, by flaming wafte and vanifh

into burning fmoak ; which fmoak, if the

flame be put out, is very thick and vifible,

and fometimes fmells ftrongly, but in

flame lofes its fmell by burning; and ac-

“ cording to the nature of the fmoak the

flame is of feveral colours, as that of

fulphur.
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fulphur, blue; that of copper opened with

fublimate, green ; that of tallow, yellow

;

that of camphire, white ; fmoak palling

thro’ flame cannot but grow red hot, and

red hot fmoak can h^ no other appea-

ranee than that of fl4me/’

But Mr. Lemery the younger fays, that

the matter of light produces fulphur, be-

ing mixt with compofitions of fait, earth

‘‘ and water, and that all inflammable mat-

ters are fuch only in vertue of the par-

ticks of fire which they contain. For in

the Analyfis, fuch inflammable bodies

produce fait, earth, water, and a certain

fubtle matter, which paffes thro’ the clofeft

veffels, fo that what pains foever the ar-

tift ufes, not to lofe any thing, he ftill

finds a confiderable diminution of weight.

Now thefe principles of fait, earth and

water are inaftive bodies, and of no ufe,

in the compofition of inflammable bo-

dies, but to detain and arreft the parti-

cles of fire, which are the real and only

matter of flame.

“ It appears therefore to be the matter

of flame that the artift lofes in decom-

pounding inflammable bodies, Mem. de

“ t Acad. Anno 17 1
5*” But
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But by many of the preceding Experi-

ments, it is evident, that the matter loft

in the Analyfis of thefe bodies was elaf-

'.rick air, a very aftive principle in fire,

but not an elemental fire, as he fuppofes.

Mr. Geoffrey compounded fiilphur of

acid Salt, Bitumen, a little Earth and oil

of Tartar.'* Mem. de I* Acad. Anno 1703.

In which oil of Tartar there is much air by

Experiment 74, which air was doubtlefs by

its elafticity very inftrumental in the inflam-

mability of this artificial fulphur.

If fire was a particular diftind kind of body

inherent in fulphur, as Mr. Homberg, Mr.

Lemerj/y and fome others imagin, then fuch

fulphureous bodies, when ignited, fhould

ratify and dilate all the circumambient air
5

whereas it is found by many of the preced-

ing Experiments, that acid fulphureous fuel

conftantly attrads and condenfes a confide-

rable part of the circumambient elaftick air.

An argument, that there is no fire endued

with peculiar properties inherent in fulphur
5

and alfo that the heat of fire confifts prin-

cipally in the brisk vibrating adion and re-

adion, between the elaftick repelling air,

and the ftrongly attrading acid fulphur,which

fulphur
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fulphur in its Analyfis is found to contain

an inflammable oil, an acid Salt, a very fixt

earth, and a little metal.

Now fulphur and air are fuppofed to be

acted by that ethereal medium, “ by which

(the great Sir Ifaac Newton fuppofes)

light is refraCled and reflected, and by

whofe vibrations light communicates heat

to bodies, and is put into fits of eafic

reflection, and eafie tranfmillion : And
do not the vibrations of this medium
in hot bodies contribute to the intenfe-

nefs and duration of their heat? And do

not hot bodies communicate their heat

to contiguous cold ones, by the vibra-

tions of this medium, propagated from

them into cold ones? And is not this

medium exceedingly more rare and fub-

tie than the air , and exceedingly more

elaftick and aCUvc ? And does it not rea-

dily pervade all bodies, Optick qti, 18.

The elaftick force of this medium, in

proportion to its denfity, muft be above

490,000,000,000 times greater than the

elaftick force of the air is, in propor-

tion to its denfity, ibid, qu, 21.” A force

fufficient to give an intcnfe degree of heat,

3 cfpecially
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[
efpecially when its elafticity is much incrcaf-

I

cd by the brisk a£Uon and re-adion of par-

ticles of the fuel and ambient air.

From this manifeft attraftion, adlion and

reaftion, that there is between the acid, ful-

phureous and elaftick aereal particles, we
may not unreafonably conclude, that what

we call the fire particles in Lime, and feve-

j

ral other bodies, which have undergone the

' fire, are the fulphureous and daftick parti-

cles of the fire fixt in the Lime 5 which par-

ticles, while the Lime was hot, were in a

very aftive, attrafling and repelling ftatc

;

and being, as the Lime cooled, detained in

the folid body of the Lime, at the feveraj.

I

attrading and repelling diftances, they then

‘ happened to be at , they muft necelTarily

continue in that fixt ftate, notwithftanding

I

the ethereal medium , which is fiippolcd

freely to pervade all bodies, be continu-

ally folliciting them to aftion : But when
the folid fubftance of the Lime is diflblved,

by the affufion of fome liquid, being there»

by emancipated, they are again at liberty

I

to be influenced and agitated by each other's

attraction and repulfion, upon which a vio-

lent ebullition enfues, from the adtion and

re-a£tion
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re-aclion of thefe particles, which ebullition

ceafes not, till one part of the elaftick par-

ticles are fubdued and fix'd by the ftrong

attradion of the fulphur, and the other part

is got beyond the fphere of its attraction,

and thereby thrown off into true permanent

air : And that this is a probable folution

of the matter, there is good reafon to con-

clude, from the frequent inftances we have

in many of the foregoing Experiments, that

plenty of elaftick air is at the fame time

both generated and abforbed by the fame

fermenting mixture 5 fome of which were

obferved to generate more air than they ab-

forbed, and others e contra abforbed more

than they generated, which was the cafe

of Lime.

Experiment CXIX.

And that the fulphureous and aereal par-

ticks, of the fire are lodged in many of thofe

bodies which it afts upon, and thereby con-

fiderably augments their weight, is very evi-

dent in Minium or Red Lead, which is ob-

ferved to increafe in weight about A part

in undergoing the aition of the fire. The
acquired
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acquired redneft of the Minium, indicating

the addition of plenty of fulphur in the o-

peration : For fulphur, as it is found to aft

moft vigoroufly on light , fo it is apt to

I

refledf the ftrongeft, viz. the red rays ; and

I

that there is good ftore of air added to the

Minium , I found by diftilling firft 1922

grains of Lead, from whence I obtained

only feven cubick inches of air •, but from

1922 grains, which was a cubick inch of

Red Lead, there arofe in the like fpace of

time cubick inches of air; a great part

of which air was doubtlefs abforbed by the

fulphureous particles of the fuel, in the

reverberatory furnace, in which the Mi-

nium was made; for by Experiment 106.

[

the more the fumes of a fire are confined,

the greater quantity of elaftick air they ab.

forb.

It was therefore doubtlefs this quantity

of air in the Minium which burft the hcr-

I

metically fealed glaffes of the excellent Mr.

Boyle, when he heated the Minium con-

I tained in them by a burning glafs ; but

the pious and learned Dr. NiewSuentyt at-

tributes this effeff wholly to the expan-

fion of the fire particles lodged in the Mi-

5 nium.
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nium, he fuppofing fire to be a parti-

cular fluid matter, which maintains its.

own effcnce, and figure, remaining always

fire, tho’ not always burning. Religious

Rhilofophery p. 310.’*

To the fame caufe alfo, exclufive of the

air, he attributes the vaft cxpanfion of a

mixture of compound Aqua fortis and oil of

CarrawaySy whereas by Exper. 62. there is

a great quantity of air in all oils. And by

pouring fome compound Aqua-fortis on oil

of Cloves^ the mixture expanded into a

fpace equal to 720 times the bulk of the

oily that part of the expanfion, which was

owing to the watry part of the oil and fpi-

rit was foon contraded 5 whereas the other

part of the cxpanfion, which was owing to

the elaftick air of the oily was not all con-

traded, till the next day, by which time

the fulphureous fumes had reforbed it.

The learned Boerhaave would have it,

that putrefadion is the effed of inherent

fire. He fays, “ that vegetables alone are

the fubjed of fermentation, but both

vegetables and animals of putrefadion 3

which operations he attributes to very

different caufes, the immediate caufe of

fermen-
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fermentation is (he fays) the motion of

the air intercepted between the fluid and

vifcous parts of the fermenting liquor

but the caufe of putrefaftion is fire it

felf, collefted or included within the

putrefying fubjeft, Trocefs, 77.” But I do

not fee why thefe may not reafonably

nough be looked upon as the effefts of dif-

ferent degrees of fermentation 5 nutrition

being the genuine efFeft of that degree of

it, in which the fum of the attradling ac-

tion of the particles is much fuperior to

the fum of their repulfive power : But when
their repelling force far exceeds their attrac-

tive,, then the component parts of vegeta-

bles are diflblved. Which diflbiving fubftances,

when they are diluted with much liquor, do

not acquire a great heat in the diifolutionj

the brisknefs of the inteftine motion being

checked by the liquor : But when they^ are

only moift, like green and damp Hay, in a

large heap, then they acquire a violent heat,-

fo as to fcorch, burn and flame, whereby

the union of their conftituent parts being

itiore throughly diflblved, they will neither

produce a vinous, nor an acid fpirit : Which
great degree of folution may well be effefted
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by this means, without the aftion of a firc^

fuppofcd to be included within the putre-

fying fubjed. Wherefore according to the

old Axiom, Entia non funt temere neque

abfque necejfitate multiplicanda.
'

If the notion of fermentation be reftrained

to the greater repelling degrees of fermen-

tation, in which ienfc it has commonly

been underftood 5 then it is as certain, that

the juices of vegetables and animals do not

ferment in a healthy ftate, as it is, that they

do not at the fame time coalefce and difu-

nite : But if fermentation be taken in a

larger fenfe, for any the fmalieft to the grea-

teft degree of inteftine motion of the par-

ticles of a fluid, then all vegetable and anb

mal fluids are in a natural ftate, in fome

degree of ferment, for they abound both with

elaftick and fulphureous particles ; And it

may with as much reafon be argued, that

there is no degree of warmth in animals

and vegetables, bccaufe a great degree of

heat will caufe a folution of continuity, as

to fay, there is no degree of ferment in the

fluids of thofe bodies, becaufe a great repel-

ling degree of ferment will moft certainly

diffolve them.

That
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1

Thatilluftrious Philofophcr Sir IfaacNew-
tony in his thoughts about the nature of a-

cids, gives this rational account of the na-

ture of fermentation. The particles of

acids—arc endewed with a great attradive

force, in which force their adivity con-

<< fills—By this attradive force they get

about the particles of bodies, whether

they be of a metallick or ftony nature,

and adhere to them moft clofely on all

fides, fo that they can fcarce be feparated

from them, by diftillation or fublimation 5

when they are attraded and gathered to-

gethcr about the particles of bodies, they

raife, disjoyn, and fhake them one from

another, that is, they diflblve thofe bodies.

By their attradive force alfo, by which

they ru(l> towards the particles of bodies,

“ they move the fluid, and excite heat, and

they (hake afunder fome particles, fo much
‘‘ as to turn them into air, and generate

bubbles : And this is the reafon of diflb-

lution, and all violent fermentation. Har-

ris Lexicon Tech. Vol. II. introdudion.”

Thus we have from thefe Experiments

many manifeft proofs of confiderable quan-

tities of true permanent ak, which are by

U z means
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means of fire and fermentation raifed from,

^

and abforbcd by animal, vegetable and mi-

neral fubftances.

That this air confifts of particles which are

in a very a£liv*e ftate, repelling each other

with force, and thereby conftituting the fame

kind of elaftick fluid with common air, is

plain from its raifuig the Mercury in Expe-

riment 8 8 and 89, and from its continu-'

ing in that elaftick ftate for many months,

tho' cooled by fevere frofts 5 whereas watry

vapours, tho' they expand much with heat,

yet are found immediately to condenfe in-

to their firft dimenfions when cold.

The air generated by fire was not, in

many inftances, feparated witl^out great vio-

lence from the fix’d bodies, in which .it

was incorporated 5 as in the cafe of Nitre-,

Tartar^ SalTartar znA Copperas: whence it

fhould feem, that the air generated from

thefe Salts, may probably be very inftru-

mental in the union of Salts, as well as that

central, denfer and comparer particle of

earth, which Sir Ifaac Newton obferves,

docs by its attradion make the watry acid

flow round it, for compofing the particles of

Salt, qu, 31. For fince upon the diflblution

of
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of the conftituent parts of Salt by fire, it is

found, that upon feparating and volatilizing

the acid fpirit, the air particles do in great

abunjdance rulh forth from a fixt to a re-

pelling elaftick ftate 5 it muft needs be, that

thefe particles did in their fixt ftate ftrongly

attrad the acid fpirits, as well as the ful-

phureous earthy parts of the Salt j for the

moft ftrongly repelling and elaftick parti-

cles are obferved, in a fixt ftate, to be the

moft ftrongly attrading.

But the watry acid, which when feparated

from Salt by the adion of fire, makes a very

corrofive fuming fpirit, will not make elaf-

tick air, tho’ its parts were put into a brisk

motion by fire in Exper. 75. And the event

was the fame with feveral other volatile

fubftances, as volatile Salt of Sal Ammont-

Camphire and Brandy^ which tho’ di-

ftilled over with a confiderable heat, yet

generated no elaftick air, in Exper. 52, 61^

66. Whence 'tis plain, the acid vapours in

the air only float in it like the watry va-

pours 5 and when ftrongly attraded by the

elaftick particles of the air, they firmly ad-

here to them, and make Salts.

U a Thus



2p4 Analyjts of the Air.

Thus in Experiment 73 we fee by the vaft

quantity of air there is found in Tartar,

that tho’ it contains the other principles of

vegetables, yet air with fome volatile Salt

feems to make up a confiderable part of its

compofition , which air, when by the aftion

of fire it is more firmly united with the

earth, and acid fulphureous particles, requires

a more intenfe degree of heat, to extricate,

it from thofe adhering fubftances, as we find

in' the diftillation of Sal Tartar, Exper. 74*

which Air and volatile Salt are moft; readily

feparated by fermentation.

And by Experiment 72, plenty of air arifes

alfo from Nitre, at the fame time that the

acid fpirit is feparated from it by the action

of fire.

We find alfo by Experiment 71, that

fome air is by the fame means obtained

from common fea Salt, tho' not in fo great

plenty, nor fo eafily, as from Tartar and Ni'

tre, it being a more fixt body, by reafon of

the fulphur which abounds in it ; neither

is it fo cafily charged in animal bodies, as

other Salts are, yet lince it fertilizes ground,

it mult needs be changed by vegetables.

There
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There is good reafon alfo to fufped, that

thefe acid fpirits are not wholly free from

air particles, notv/ithftanding there were no

elaftick ones produced, when they were put

into a brisk motion, by the acUon of fire in

Experiment 75. which might beoccafioned

by the great quantity of acid fpirit, in which

they were involved. For we fee in Expe-

riment 90, that when the acid fpirit of

Aqua Regia was more ftrongly attrafted by

the diifolving gold, than by the air particles^

then plenty of air particles, which were

thus freed from the acid fpirit, did continu-

ally arife from the Aqua Regia^ and not

from the gold, at lead not from the metal-

lick particles of the gold, for that lofes no-

thing of its weight in the folution j fo that

if any does arife from the gold, it mull be

what may be latent in the pores of the gold.

Whence it is probable, that the air which

is obtained by the fermenting mixture of

acid and alkaline fubftances may not arife

wholly from the diffolvcd alkaline body, but

in part alfo from the acid. Thus the great

quantity of elaftick air, which in Exper. 85.

is generated from the mixture of Vinegar

and Oyfterfttell, may as well arife ia part

U 4 from
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from the Tartar^ to which Vinegar owes

its acidity, as from the diffolvcd Oyfterfliell.

And what makes it further probable is, that

the Vinegar lofcs its acidity in the ferment,

that is its Tartar : for dilfolving menftruums

are generally obferved to be changed in fer-

mentation, as well as the diilblved body.

Have we not reafon alfo hence to con-

clude, that the energy of acid fpirits may in

fome meafure be owing to the ftrongly at-

tracling air particles in them 5 which aftive

principles may give an impetus to the acid

fptcul^y as well as the earthy oily matter,

which is found in thefe acid fpirits?

There are we fee alfo great fiore of air

particles found in the Analyfis of the blood,

which arifes doubtelefs as well form theferiim

as from the craffamentum, for all the animal

fluids and folids have air, and fulphur in

them : Which ftrongly attrading principles

feem to be more intimately united together

in the more perfed and elaborate part of it,

its red globules, fo that we may not unrea-

fbnabiy conclude, that air is a band of union

here, as well as in Salts : And accordingly

we find the greateft plenty of air in the moft

folid parts of the body, where the cohdion
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of the parts is the ftrongeft : For by compa-

ring Experiment 49 and 51. we fee that

much more air was fpund in the diftilla-

tion of horn than of blood. And the co-

hefion of animal fubftances was not, as we
find by the fame Experiment, diffolved even

in the blood, without confiderable violence

of fire 5 tho' it is fometimes done to a fa-

tal degree in our blood, by that more fub-

tile diffolvent fermentation ; But we may
obferve, that volatile Salts, Spirits, and fuh

phureous Oil, which arc at the fame time

feparated from thefe fubftances, will not,

niake elaftick air.

Experiment CXX.

As elaftick air is thus generated by the

force of fire, from thefe and many other

fubftances ,* fo is the clafticity of the air great-

ly deftroyed by fulphureous bodies. Sir Ifaac

Newton obferves, that as light ads upon
“ fulphur, fo fince all aftion is mutual, ful-

phurs ought to aft moft upon light.*’ And
the fame may be obferved of air and fulj

phurj for by Experiment 103? it is found

that burning fulphur, which is a very ftrongly

attrafting
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attrafting fubftance, powerfully attracts and

fixes the elaftick particles of air 5 fo that there

muft needs be a good quantity of un-elaftick

air particles in oil and flower of fulphur :

The firft of which is made by burning ful-

phur under a bell, the other by fublimation :

In further confirmation of this it is obferved,

that Oleum Sulphuris per Campanam is with

more difficulty made in a dry than a moift

air j and 1 have found by Experiment purpofe-

ly made, that a Candle which burnt 70
'*

in a

very dry receiver, burnt but 64' in the fame

receiver, when filled with the fumes of hot

water; and yetabforbed one fifth part more

air, than when it burnt longer in the dry air.

Sulphur not only abforbs the air when

burning in a homogeneal mafs, but alfo in

many fermenting mixtures; and as Siilfaac

Newton obferved the attraftive and refraftive

power of bodies to be greater or lefs, as they

partook more or lefs of fulphurepus oily par-

ticles; fo there is good reafon from thefe

Experiments to attribute the fixing of the

claftick particles of the air to the ftrong

attraftion of the fulphureous particles with

which he fays it s probable that all bodies

abound more or lefs.

That
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That great plenty of air is united with

fulphur in the oil of vegetables, is evident

from the quantity of air that arolc from the

diftillation of oils of Annifeeds and Olives,

in Experiment 62. When by fermentation

the conftituent parts of a vegetable are fe-

parated, part of the air flies off in fermen-

tation into an elaftick ftate
5
part unites with

the eflfential Salt,Water^ Oil and Earth, which

conftitute the Tartar which adhere to the

fides of the veflel 3 the remainder which

continues in the fermented liquor, is there,

fome of it, in a fix'd, and fome in an elaftick

ftate, which gives brisknefs to the liquor

.

their expanding bubbles riling of a very

vilible fize when the weight of the incum-

bent air is taken off the liquor in a vacuum.

And as there was found a greater quantity

of air in the deer's horn, than in bloody

we may alfo obferve it to be in a much
greater proportion in the more folid parts of

vegetables, than in their fluid : For we find

in Experiment 55. 57. and 60. that near

one third part of the fubftance of the Pcafe,

heart of Oak and Tobacco, were by the ac-

tion of fire changed from an un-elaftick

ftate, to an elaftick air : And fince a much
greater
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greater proportion of air is found in the

folid than the fluid parts of bodies; may wc
not with good reafon conclude, that it is very

inftrumental, as a band of union in thofe

bodies, Thofe particles (as Sir Ifaac

Nevuton obferyes) receding from one

another with the greateft repulfive force,

and being moft difficultly brought together,

which upon contaft cohere moft ftrongly.

qu, 31/* And if the attradion of cohefion

of an im-elaftick air particle be proportion-

able to its repulfive force in an elaftick ftate

;

then fince its elaftick force is found to be

fo vaftly great, fo muft that of its cohefion

be alfo. Sir IJaac Newton calculates from

the infledion of the rays of light, that the ;

attrading force of particles, near the point of ^

contad, is 10000,0000,0000,0000 greater

than the force of gravity.

Sulphur in a quiefeent fix’d ftate in a large

body does not abforb the elaftick air, for

a hard roll of Brimftone docs not abforb 1

air: But when fome of that Brimftone, by
•

|

being powdered and mixt with filings of

-iron, is fet a fermenting, and thereby reduced

into very minute particles, whofe attradion

increaics, as their fize decreafes 5 then it

abforbs •

'

1
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.abforbs elaftick air vigoroufly : As may be

feen in many inftances under Experiment 95.

The Walton mineral, in which there is a

good quantity of fulphur, did, when Com-
pound Aquafortis was pour’d on it, in Ex-

periment 96, make a confiderable fermen-

tation, and abforb a great quantity of elaftick

air: But when the ferment was much in-

creafed, by adding an equal quantity of

water to the like mixture, then inftead of

abforbing 85 cubick inches as before, it

generated 80 cubick inches of air ; So that

fermenting mixtures, which have fulphur in

them, do not always abforb, but fometimes

generate air : The reafon of which in the

Experiment now under confideration feems

to be this, viz, in the firft cafe a good quan-

tity of. elaftick air was generated, by the

inteftine motion of the fermenting ingre-

dients ; but there arifing thence a thick, acid

fulphureous fume, this fume abforbed a

greater quantity of elaftick air than was be-

fore generated : And we find by Experiment

105 that the fulphureous particles which fly

olFih the air, do by their attraftion deftroy its

elafticity 5 for in that Experiment burning

Brimftone greatly deftroyed theaifs elafticity 5

I which
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which muft: be done by the flame, and af-

cending fumes; becaufe in the burning of

any quantity of Brimftone, the whole mafs

is in a manner wafted, there remaining only

a very little dry Earth: And therefore the

’abforbed air cannot remain there, but muft

be abforbed by the afcending fumes which

then attradl moft ftrongly, when re-

duced ad minima: And *tis well known
that a Candle in burning flies all off into

flame and vapour, fo that what air it abforbs

muft be by thofe fumes.

Experiment CXXI.

And further I have found thatthefe fumes

deftroy the air's elafticity, for many hours

after the Brimftone Match, which made
them, was taken out of theveflel, z>z> a a\

(Fig. 35.) Thofe fumes being firft cooled

by immerfing that veflel and its ciftern x
or an inverted wine Flask, full of the fumes,

under cold water for fome time; then mark-

ing the furfaceof the water I immerfed

the vcflels in warm water: And when all

was cold again the following day, I found

agood quantity of the air’s elafticity was de-

ftroyed
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ft'royed by the water's afcending above zz.

And the event was the fame upon frequent

repetitions of the fame Experiment.

But if inftead of the fumes of burning

Birmftone, I filled a Flask full offumes from

the fmoak ofwood, after it had done flam-

ing, then there was but half as much air

abforbed by thofe fumes, as there was by

the fumes of Brimftone; viz. becaufc

the fmoak of wood was much diluted with

the watry vapour which afeended with it

out of the wood. And this is doubtlefs the

reafon why the fmoak of wood, tho' it in-

commodes the lungs, yet it will not fuffocate

like that of Charcoal, which is withal more

fulphureous, without any mixture of watry

vapours.

And that new generated elaftick air Is re-

forbed by thefe fumes, I found by attempting

to fire a Match of Brimftonc with a burn-

ing glafs, by means of a pretty large piece

of Brown Paper which had been dipped

in a ftrong folution of Nitre, and then

dryed: Which Nitre in detonizing generated

near two quarts of air, which quantity of air,

and a great deal more, was abforbed, when

the Brimftonc took fire and flamed vigoroufly.

I
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So that the 8 5 cubick inches of air, Experi-

ment 9(5, which I found upon meafuring was

abforbed by the Walton mineral and com-

pound Aqua-fortis^‘'^zs the excefs of what

was abforbed by thofe fumes above what

was generated by the fermenting mixture.

And the reafon is the fame in filings of

Iron and Spirit of Nitre, Experiment 94,

which alfo abforbed more than they generat-

ed, whether wither without water : The rea-

fon of which will appear prefently.

Hence alfo we fee the reafon why filings

of Iron and compound Aqua fortis in the

fame 94 Experiment abforbed air •, and why
when mixed with an equal quantity of water

it moftly abforbed, but did fometimes gene-

rate, and then abforb again : And it was the

fame with Oil of Vitriol, filings of Iron and

Water, and New^caJlleQozl and compound

Aquafortis and others : viz. At firft, when

the ferment was brisk, the abforbing fumes

rofe fafteft, whereby more air was abforbed

than generated ; but as the ferment abated, to

•fuch a degree as to be able ftill to generate

elaftick air, but not to fend forth a propor-

tionable quantity of fumes, in that cafe more

air would be generated than abforbed.

And
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^
And in Experiment 95> there are fevcrj^l

inftances of the air’s being in like manner

abforbed in lefler degrees, by other ferment-

ing mixtures ; As in the mixture of Spirit

of Harts- horn with filings of Iron, and with

filings of Copper: And Spirit of Sal Am-
moniac with filings of Copper 5 and alfo

filings of Iron and Water; powdered Flint

and Com^onviA Aqita-fortis h powdered

ftol T>iamond with the fame liquor.

It is probable from Experiment 103 and

1D6, where it was found that the thicker

the fuliginous vapours were, the fafter they

abforbed the air, that ifthe above-mentioned

fermenting mixtures had not been confined

in clofe veffcls, but in the open air, where

the vapours would have been lefs denfe, that

in that cafe much lefs air would have been

abforbed, perhaps a great deal lefs than was

generated.

In the fecond cafe of the Walton mineral,

Experiment 96, when inftead of abforbingi

it generated air, the parts of the Compound
Aqua fortis were then more at liberty to

aft by being diluted with an equal quantity

of water 3 whereby the ferment being

more violent, the particles which confti-

X tuted
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tuted the new elaftick air were thereby

thrown off in greater plenty, and perhaps

with a greater degree of elafticity, which

might carry them beyond the fphere of at-

traction of the fulphureous particles.

This is further illuftrated by Experiment

94, where filings of Iron and oil of Vitriol

alone generated very little 5 but the like

quantities of filings of Iron, with an equal

quantity of water, generated 43 cubick inches

of air i and the like ingredients, with three

times that quantity of water, generated 108

cubick inches.

And tho' the quantity of the afeending

fumes (which v>^as in this cafe of the Walton

mineral very great) muft needs in their afeent

abforb a good deal of elaftick air, for they

will abforb air 5
yet if where the ferment was

fo much greater, more elaftick air was ge^

nerated by the fermenting mixture than was

abforbed by the afeending fumes; then the

quantity of new generated air, which I found

between ^^and ady (Fig. 35.) when I mea-

fured it, was equal to the excefs of what was

generated above what was abforbed.

And probably in this cafe the air was not

abforbed fo much in proportion to the denfity

4 of



Anal^fis of the Air. 307
of the fumes as in the firft cafe 5 bccaufe here

the fulphureous fumes were much blended

with watry vapours : For we find in Experi-

ment 97, that fix times more was wafted in

fumes in this cafe than in the other 5 and there-

fore probably a good part of the cubick inch of

water afcended with the vapour, and might

thereby weaken its abforbing power : For

watry vapours do not abforb elaftick air

as the fulphureous ones do 5 tho' by Experi-

ment 120 ,a Candle abforbed more in a damp
than in a dry air.

And’tis from thefe diluting watry vapours

that filings of Iron with Spirit of Nitre and

Water, abforbed lefs than with Spirit ofNitre

alone, for in both cafes it abforbs more than

it generates.

Thus alfo oil of Vitriol and Chalk ge-

nerate air, their fume being fmall, and that

much diluted wiih the watry vapours in the

Chalk.

But Lime with oil of Vitriol, or White-

Wine Vinegar or Water, make a confiderable

fume, and abforb good quantities of air:

Lime alone left to (laken gradually, as it

makes no fume, fo it abforbs no air.

We fee in Experiment 92, where the fer-

X 2 ment
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ment was not very fudden nor violent, nor

the quantity of abforbing fumes large, that

the Antimony and Aqua-fortis generated a

quantity of air equal to 520 times the bulk

of the Antimony 5 thus alfo in the mixture

oiAqua-regia and Antimony, in Experiment

91, while at firft the ferment was fmall, then

air was generated^ but when with the increaf-

ing ferment plenty offumes arofe, then there

was a change from a generating to an abforb-

ing (late.

Since we find fuch great quantities of

claftick air generated in folution of animal

and vegetable fubftances; it muftncedsbe

that a good deal does conftantly arife, from

the diffolving of thefe aliments in the ftomach

and bowels, which diflblution it greatly pro-

motes : Some of which may very probably

be re-fcrbed again, by the fumes which arife

with them; for we fee in Experiment 83

that Oyfter-fhell and Vinegar, Oyfter-fhell

and Rennet, Oyfter-flicll and Orange juice.

Rennet alone, Rennet and Bread, firft generat-

ed and then abforbed airj but Oyfter-fiiell with

fome of the liquor of a Calve’s ftomach which

had fed much upon Hay, did not generate air ;

and it was the fame with Oyfter-fliell and

Ox



Analyfts of the Air. 309

j

Ox gall, and fpittlc, and urincj Oyfler-fhcll

I

and Milk generated a little air, but Limon
juice and Milk did at the fame time abforb a

little : Thus we fee that the variety of mix-

tures in the ftomach appear fometimes to

generate, and fometimes to abforb air j that

is, there is fometimes more generated than

abforbed, and fometimes an equal quantity,

and fometimes lefs according to the propor-

' tion the generating power of the diffoiving

aliments bears to the abforbing power of the

fumes which arife from them. In a true kindly

I

digeftion, the generating power exceeds the

I

abforbing power but a little : But whenever

the digeftion deviates in feme degree from

this natural Bate, to generate a greater pro-

portion of claftick air, then are we trou-

bled more or lefs with diftending Flatuses

I had intended to make thefe and many more
Experiments relating to the nature of digef-

tion in a warmth equal to that ofthe ftomach,

[

but have been hitherto prevented by purfu-

' ing other Expetiments.

I

Thus we fee that all thefe mixtures do

i

in fermentation generate elaftick air, but

thofe which emit thick fumes, charged with

fulphur, reforb more than was generated

X 3
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in proportion to the fulphureoufnefs and

thicknefs of thofe fumes.

I have alfo fhewn in many of the fore-

going Experiments, that plenty of true per-

manent elaftick air is generated from the

fermenting mixtures of acid and alkaline fub-

ftanccs, and efpecially from the fermenta-

tion and diflblution of animal and vegeta-

ble bodies : Into whofe fubftances we fee it

is in a great proportion intimately and firmly

incorporated , and confequently, great quan-

tities of elaftick air muft be continually ex-

pended in their produdion, part of which

does we fee refume its elaftick quality, when
briskly thrown off from thofe bodies by fer-

mentation, in the diftblution of their texture.

But part may probably never regain its elaf-

ticity, or at leaft not in many centuries, that

efpecially which is incorporated into the

more durable parts of animals and ve-

getables. However we may with pleafure

fee what immenfe treafures of this noble

and important element, endued with a

moft a£livc principle, the all- wife Providence

of the great Author of nature has provided ;

the conftant waftc of it being abundantly

fupplyed by heat and fermentation from in-

numerable
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numerable denfe bodies > and that probably

from many of thofe bodies, which when

they had their afcending fumes confined in

my Glaffes, abforbcd more air than they

generated, but would in a more free, open

fpace generate more than they abforbed.

I made fomc attempts both by fire, and

alfo by fermenting and abforbing mixtures,

to try if I could deprive all the particles of

any quantity of elaflick air of their elafticity,

but I could not efFeci it : There is therefore

no dired proof from any of thefe Experi-

ments, that all the elaftick air may be ab-

forbed, tho* tis very probable it may, Ence

we find it is in fuch great plenty generated

and abforbed ; it may well therefore be

all abforbed and changed from an elaf-

tick to a fixt ftate : For as Sir Isaac New-
ton obferves of light, that nothing more

is requifite for producing all the variety of

colours, and degrees of refrangibility, than

that the rays of light be bodies of different

fizes i the lead of which may make the

weakefl: and darkeft of the colours, and

be more eafily diverted, by refrading fur-

faces from the right courfe 5 and the red,

as they are bigger and bigger, may make

X 4 the
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the ftrongcr and more lucid colours—

and be more and more difficultly diverted.

Qu. 29. So Qi^i. 30, he obfervcsof air, that

denfe bodies by fermentation ratify into

ff feveral forts of air, and this air, by fer-

mentation,and fometimes without, returns

into, denfe bodies.” And lince we find

in faft from thefe Experiments, that air a-

rifes from a great variety of denfe bodies,

both by fire and fermentation, it is probable

that they may have very different degrees of

elafticity, in proportion to the different fize

and denfity of its particles, and the different

force with which they were thrown off in-

to an elaftick ftate. Thofe particles ( as

Sir Isaac Newton obferves) receding

from one another, with the greateft re-

5 ^ pulfive force, and being moft difficultly

brought together, which upon contadl

cohere moft ftrongly.” Whence thofe of

the weakeft elafticity, will be lead able to

refill a counter-afling power, and will there-

fore be fooneft changed from an elaftick

to a fixt ftate. And 'tis confpnant to reafon

to think, that the air may confift of infinite

degrees of thefe, from the moft elaftick and

Repelling, till wc come to the more fluggiffi,

watry
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watry and other particles, which float in.

the air 5
yet the repelling force of the leaft

claftick particle, near the furface of the earth,

while it continues in that claftick ftate, muft

be fuperior to the incumbent prcflure of a

column of air, whole height is equal to that

of the atmofphere, and its bafc to the fur-

face of the fphere of its claftick acUvity.

Thus upon the whole, we fee that air a-

boundsin animal, vegetable and mineral fub-

ftances 5 in all which it bears a confiderable

part : if all the parts of matter were only

endued with a ftrongly attracting power,

whole nature would then immediately be-

f:ome one unaCtive cohering lump; where-

fore it was abfolutely neceflary, in order to

the aduating and enlivening this vaft mafs of

attracting matter, that there fliould be every

where intermixed with it a due proportion

of ftrongly repelling claftick particles, which

might enliven the whole mafs, by the iii-

ceflant aCtion between them and the at-

tracting particles : And fmee thefe claftick

particles are contirtually in great abundance

reduced by the power of the ftrong attraCters,

from an claftick, to a fixt ftate 5 it was there-

fore neceflary that thefe particles Ihould be

endued
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endued with a property of refuming their

elaftick ftatc, whenever they were difenga-

ged from that mafs, in which they were

fixed 5 that thereby this beautiful frame of

things might be maintained, in a continual

round of the produdion and diflblution of

animal and vegetable bodies.

The air is very inftrumental in the pro-

dudion and growth of animals and vegeta-

bles, both by invigorating their feveral juices,

while in an elaftick adive ftate, and alfo by

greatly contributing in a fix'd ftate to the

union and firm connedion of the feveral

conftituent parts of thofe bodies, viz, their

water, fait, fulphur and earth. This band of

union, in conjundion with the external air,

is alfo a very powerful agent in the diflblu-

tion and corruption of the fame bodies, for

it makes one in every fermenting mixture-

the adion and rc-adion of the aereal and ful-

phureous particles is in many fermenting

mixtures fo great, as to excite a burning

heat, and in others a fudden flame : And
it is we fee by the like adion and re-ac-

adion of the fame principles, in fuel and the

ambient air, that common culinary fires are

produced and maintained.

Tho’
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Tho* the force of its elafticity is fo great,

as to be able to bear a prodigious preffurc,

without lofing that elafticity, yet we have

from the foregoing Experiments evident

proof, that its elafticity is eafily, and in great

abundance deftroyed
;
and is thereby reduced

to a fixt ftate, by the ftrong attradion of the

acid fulphureous particles, which arife either

from fire or from fermentation : And there-

fore elafticity is not an eflential immutable

property of air particles ; but they are, w^e

fee, eafily changed from an elaftick to a fixt

ftate, by the ftrong attradion of the acid, ful-

phureous and faline particles which abound

in the air. Whence it is rcafonable to con-

clude, that our atmofphere is a ChaoSy con-

fifting not only of elaftick, but alfo of un-

elaftick air particles, which in great plenty

float in it, as well as the fulphureous, fa-

line, watry and earthy particles, which are

no ways capable of being thrown off into a

permanently elaftick ftate, like thofe parti-

cles which conftitute true permanent air.

Since then air is found fo manifeftly to

abound in almoft all natural bodies j fince

we find it fo operative and adive a principle

in every chymical operation, fince its con-

ftituent
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ftituent parts are of fo durable a nature,

that the moft violent adion of fire, or fer-

mentation, cannot induce fuch an alteration

of its texture, as thereby to difqualify it

from refuming, either by the means of fire,

or fermentation, its former elaftick ftate 5

unlefs in the cafe of vitrification, when with

the vegetable Salt and Nitre, in which it is

incorporated, it may perhaps fome of it

with other chymical principles be inamuta.

bly fixt : Since then this is the cafe, may
we not with good reafon adopt this now fixt,

now volatile Troteus among the chymical

principles, and that a very adive one, as well as

acid fulphur 5 notwithftanding it has hither-

to been overlooked and rejeded by Chymifts^

as no way intitled to that denomination?

If thofe who unhappily fpent their time

and fubftance in fearch after an imaginary

produdion, that was to reduce all things to

gold, had, inftead of that fruitlefs purfuit,

beftowed their labour in fcarching after this

much ncgleded volatile HermeSy who has fo

often efcaped thro* their burfl: receivers, in

the difguife of a fubtile fpirit, a meer fla-

tulent explofive matter; they would then

inftead of reaping vanity, have found their

rcfearche§
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refcarches rewarded with very confiderablc

and ufeful difeoveries.

CHAP. VIL

Of Vegetation.

TTTE are but too fenfible, that our rea-

VV fonings about the wonderful and

intricate operations of nature are fo full

of uncertainty, that as the wife-man truly

obferves, hardh do we guefs aright at the

things that are upon earthy and with labour

do we find the things that are before us.

Wifdom Chap. ix. v. 16. And this obferva-

tion we find fufficiently verified in vege-

table nature, whofe abundant produftions,

tho* they are moil vifible and obvious to us,

yet are we much in the dark about the nature

of them, becaufe the texture of the veflels of

plants is fo intricate and fine, that we can

trace but few of them,tho* aflifted with the

beft microfeopes. We have however good

reafon to be diligent in making farther and

farther refearches 5 for tho' we can never hope

to come to the bottom and firft principles of

things, yet in fo incxhauftiblc a fubjecl, where

4 every
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every the fmalleft part of this wonderful

fabrick is wrought in the moft curious and

beautiful manner, we need not doubt of

having our inquiries rewarded, with fome
further pleafing difeovery j but if this fhould

not be the reward of our diligence, we are

however fure of entertaining our minds

after the moft agreeable manner, by feeing

in every thing, with furprifing delight, fuch

plain fignatures of the wonderful hand of

the divine architect, as muft neceflarily dif-

pofe and carry our thoughts to an act of ado-

ration, the beft and nobleft employment and

entertainment of the mind.

What Iftiall here lay, will be chiefly found-

ed on the following experiments; and on
feveral of the preceding ones, without re-

peating what has already been occafionally

obferved on the fubjeft of vegetation.

Wefindbythechymical analylis of vege.

tables, that their fubftance is compofed of

fulphur, volatile fair, wearer and earth; which

principles are all endued with mutually

attrafting powers, and alfo of a large portion

of air, .which has a wonderful property of

ftrongly attracting in a fixt ftate, or of re-

pelling in an elaftick ftate, with a power

which
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which is fuperior to vaft comprcfling forces 5

and it is by the infinite combinations, aftion

and re*aaion of thefe principles, that all

the operations ia animal and vegetable

bodies are effefted.

Thefe adive aereal particles are very fer-

viceable in carrying on the work of vegeta-

tion to its perfedion and maturity. Not

only in helping by their clafticity to diftend

each dudile part, but alfo by enlivening and

invigorating their fap, where mixing with

the other mutually attrading principles they

are by gentle heat and motion fet at liberty

to aflimilatc into the nourifhment of the re-

fpedive parts : The foft and moift nourifh'

ment eafily changing its texture by gentle

heat and motion, which congregates

homogeneal bodies, and feparates hete-

rogeneal ones.*’ Newtons OptickSy qu.

3 1 . The fum of the attrading power of thefe

mutually ading and re-ading principles

being, while in this nutritive ftate, fuperior

to the fum of their repelling power, where-

by the work of nutrition is gradually advanc-

ed by the nearer and nearer union oT thefe

principles, from a lefler to a greater degree

of confiftency, till they are advanced to that

vifdd
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vifcid dudile ftate, whence the feveral pans

of vegetables are formed 5 and are at length

firmly compaded into hard fubftances, by
the flying off of the watry diluting vehicle

;

fooner or later, according to the different

degrees of cohefion of thefc thus compaded

principles.

But when the watry particles do again

foak into and dif-unite them, and their rcpel-

lingpower is thereby become fuperior to their

attrading power 5 then is the union of the

parts of vegetables thereby fo throughly dif-
*

folved, that this Bate of putrefadion does

by a wife order of Providence fit them to

refufcitateagain,in newvegetable produdionsj

whereby the nutritive fund of nature can

never be exhaufted : Which being the fame

both in animals and vegetables, it is thereby

admirably fitted by a little alteration of its

texture to nourifh either.

Now, tho’ all the principles of vegeta-

bles are in their due proportion neceflary

to the produdion and perfedion cf them ;

yet we generally find greater proportions

of Oil in the more elaborate and exalted

parts of vegetables : And thus Seeds are found

to abound with Oil, and confequcntly with

fulphur
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fulphuL* and air, as we fee by Exper. 55,

57, 58. which Seeds containing the rudi-

ments of future vegetables, it was ncceffary

that they fhould be well ftored with princi-

ples that would both preferve the Seed from

putrefaftion, and alfo be very adive in pro-

moting germination and vegetation. Thus

alfo by the grateful odours of f?owcrs we
are allured, that they arc ftored with a very

fubtile, highly fublimedOil, which perfumes

the airibient air, and the fame may be ob-

ferved from the high taftes of fruits.

And as Oil is an excellent prefervative

againft the injuries of cold, fo it is found

to abound in the fap of the more northern

trees 5 and it is this which in ever greens

keeps their leaves from falling.

‘But plants of a lefs durable texture, as

they abound with a greater proportion of

Salt and Water, which is not fo ftrongly,

attrading as fulphur and air, fo are they lefs

able to endure the cold 5 and as plants are

obferved to have a greater proportion of Salt

and Water in them in the fpring, than in

the autumn, fo are they more eafily injured

by cold in the fpring, than in a more advanced

Y age.
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age, when their quantity of oil is increafed,

with their greater maturity.

Whence we find that nature's chief bufi-

nefs, in bringing the parts of a vegetable,

efpecially its fruit and feed to maturity, is

to combine together in a due proportion

,

the more adive and noble principles of ful-

phur and air, that chiefly conftitute oil,

which in its mofl: refined ftate is never found

without fome degree of earth and fait in it.

And the more perfed this maturity is, the

more firmly arc thefe noble principles united.

Thus Rhenifh Urines, which grow in a more

northern climate, are found to yield their

Tartar, u e. by Exper. 73. their incorpora-

ted air and fulphur in greater plenty, than

the flronger Wines of hotter countries, in

which thefe generous principles are more

firmly united : And particularly in Madera

Wine, they are fixt to fuch a degree, that

that Wine requires a confiderable degree of

warmth, iuch as would foure many other

Wines, to keep it in order, and give it a

generous tafire ; and 'tis from the fame rea-

fon, that fmall French Wines are found to

yield more fpirit in diftillation, than ftrong

S^anijh Wines.
^

But
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But when, on the other hand, the crude

wa try part of the nutriment bears too great

a proportion to the more noble principles,

cither in a too luxuriant ftate of a plant, or

when its roots are planted too deep, or it

(lands in too Ihady a pofition, or in a very

cold and wet fummer 5 then it is found,

that either no fruit is produced, or if there

be any, yet it continues in a crude watiy

(late ; and never comes to that degree of

maturity, which a due proportion of the

more noble principles would bring it to.

Thus we find in this, and every other

part of this beautiful feene of things, when
we attentively confider them, that the great

Author of nature has admirably tempered

the conftituent principles of natural bodies,

in fuch due proportions as might bed fit

them for the (late and purpofes they were

intended for.

It is very plain from many of the fore-

going Experiments and Obfefvations, that

the leaves arc very ferviceable in this work

ofvegetation, by being inftrumental in bring-

ing nourifiiment from the lower parts, within

the reach of the attradion of the growing

fruit I which like young animals is furnillied

Y with
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with proper inftruments to fuck it thence.

But the leaves feem alfo deligned for many

other noble and important fcrvices j for

nature admirably adapts her inftruments fo

as to be at the fame time ferviceable to

many good purpofes. Thus the leaves, in

which are the main excretory dufts in vege-

tables, feparate and carry off the redundant

watry fluid, which by being long detained,

would turn rancid and prejudicious to the

plant, leaving the more nutritive parts to

coalefce
;

part of which nourifhment, we
have good reafon to think, is conveyed into

vegetables thro* the leaves, which do plenti-

fully imbibe the Dew and Rain, which con-

tain Salt, Sulphur, For the air is full

of acid and fulphureous particles, which

when they abound much, do by the adion

and re-adion between them and the elaftick

air caufe that fultry heat, which ufually

ends in lightning and thunder : And thefe

new combinations of air, fulphur and acid

fpirit, which are conftantly forming in the

air, are doubtlefs very ferviceable, in promo-

ting the work of vegetation 5 when being

imbibed by the leaves, they may not im-

probably be the materials out of which the

more
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more fubtile and refined principles of ve-

getables are formed : For fo fine a fluid as

the air feems to be a more proper medium,

wherein to prepare and combine the more

exalted principle of vegetables, than thegrof-

fer watry fluid of the fap 5 and for the fame

reafon, 'tis likely, that the moft refined and

a£l:ive principles of animals are alfo prepared

in the air, and thence conveyed thro" the

lungs into the blood 5
and that there is plenty

of thefe fulphurco-aereal particles in the

leaves, is evident from the fulphureous exu-

dations, which are found at the edges of

leaves, which Bees are obferved to make
their waxen cells of, as well as of the dull

of flowers : And that wax abounds with ful-

phur is plain from its burning freely,

We may therefore reafonably conclude,

that one great ufe of leaves is what has

been long fufpefted by many, viz,, to per-

form in fome meafure the fame office for

the fupport of the vegetable life, that the

lungs of animals do, fOr the fupport of the

animal life 5 Plants very probably drawing

thro' their leaves fome part of their nou-

riftment from the air.

Y 3 But
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But as plants have not a dilating and con-

trafting Thorax, their infpirations and expi-

rations will not be fo frequent as tho^e of

Animals, but depend wholly on the alter-

nate changes from hot to cold, for infpira-

tion, and ^jjee ‘verfa for expiration ; and *tis

not improbable, that plants of more rich

and racy jjiiices may imbibe and affimilate

more of this aereal food into their conftitu-

^tions, than others, which have more watry

vapid juices. We may* look upon the Vine

as a good inftance of this, which in Exper. 3. ,

perfpired lefs than the Apple-tree. For as it

delights not in drawing much watry nourifli-

ment from the earth by its roots, fo it

muft therefore neceflarily be brought to a

more ftrongly imbibing ftate at night, than

other trees, which abound more with watry

nourifhmentj and it will therefore confe-

quently imbibe more from the air. And likely

this may be the reafon, why plants in ho^

countries abound more with fine aromatick

principles, than the more northern plants,

for they do undoubtedly imbibe more dew.

And if this conjedure be right, then it

gives us a farther reafon, why trees which

abound with moifture, cither from too (haded

a po-
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a pofition, or a too luxurious ftate are un-

fruitful, becaufe, being in thefe cafes

more replete with moifturc, they cannot im-

bibe fo ftrongly from the air, as others do,

that great blefiing the dew of Heaven.

And as the moft racy generous taftes of

fruits, and the grateful odours of fiowers,

do not improbably arife from thefe refined

aereal principles, fo may the beautiful co.

lours of flowers be owing in a good meai

fure to the fame original ; for it is a known' ,

obfervation, that a dry foil contributes much
more to their variegation than a ftrong moift

one docs.

And may not light alfo, by freely entring

the expanded furfaces of leaves and flowers,

contribute much to the ennobling the priii-

ciples of vegetables 5 for Sir Ifaac Newton^
puts it as a very probable query, Arc

not grofs bodies and ligh^CGnvertible into

one another > and may not bodies receive

much of their aGivity from the particles

of light, which enter their compofition >

The change of bodies into light, and of
light into bodies, is very conformable to

“ the conrfe of nature, which feems dc-

!! lighted with tranfmutations. 5^//.
30.''

Y4 Ex.
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Experiment CXXII.

That the leaves of plants do imbibe elaf-

tick air, I have fonie reafon to fufped from

the following Experiment, viz. In May I

fet fome well rooted plants of fpear-mint

in two glafs cifterns full of water, which

ciftems were fet on pedehals, and had in-

verted chymical receivers put over them, as

in (
Fig. 35.) the wearer being drawn up to

a a, half way their necks : In this inclofed

nioill hate the plants looked pretty florid

for a month, and made, as I think, fome

fev/ weak lateral flioots, tho* they did not

grow in height ; they were not quite dead

till after fix wrecks, when it was found that

the water was rifen in both glafles from

a a towards Z Zf in bulk about 20 cubick

inches : But as there w^as not fo exad an ac-

count taken of the different temperature of

the air, as to heat and cold, as there ought

to have been, I am not certain, whether

that rifing of the water might not be owing

to a greater coolnefs of the air at the fix

weeks end, than when they were firft placed

under the glaffes 3 and therefore do not de-
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pend on this Experiment 5 but thought it

proper to mention it, as well deferving to

be repeated with greater accuracy, both with

Mint, and other proper plants, by noting the

temperature of the air on a Thermometer:,

hanging near the receivers, and obferving

after fome time, whether the water a

rifen, notwithftanding the air be no cooler

than when the Mint was firfi: placed under

the glafs. And for greater certainty, it will

be advifeable to fufpend in the fame manner

another like receiver with no Mint, but

only water in it, up to a a.

Experiment CXXIIT.

In order to find out the manner of the

growth of young (hoots, I firft prepared the

following inftrument, ^iz,» I took a-fmall

flick a, ( Fig. 40. )
and at a quarter of an

inch diftance from each other, I run the

points of five pins, i, 2, 3, 4, 5, thro' the

flick, fo far as to ftand % of an inch from the

flick, then bending down the great ends of

the pins, I bound them all fall with waxed
thread 5 I provided alfo fome red lead mixed

with oil.

In
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In the fpring, when the Vines had made

fhort {hoots, I dipped the points of the pins

in the paint, and then pricked the young

fhoot of a Vine, (Fig. 41. ) with the five

points at once, from t 10 p : \ then took

off the marking inftrument, and placing the

loweft point of it in the hole p^ the upper-

moil mark, I again pricked frefh holes from

p to /, and then marked the two other

points i h 5 thus the whole^ihoot was marked

every i inch, the red paint making every

point remain vifiblc.

(Fig. 42.) {hews the true proportion of

the fame fhoot, when it was full grown, the

September following 5 where every corre-

fponding point is noted with the fame let-

ter.

The diftance from / to r was not en-

larged above part of an inch 5 from s to^,

the h of an inch 5 from qio p, -| 5 from p
to Oj 1 5 from 0 to », Po > from n to m h s

from m to /, i of an inch j from / to

i, I Po inch nearly 5 and from i to h three

inches.

In this Experiment we fee that the firft

ioint to r extended very little 5 it being al-

moil hardened, and come near to its full

growth,
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growth, when I marked it : The next joint,

from r tow, being younger, extended fomc-

thing more ; and the third joynt from nxok
extended from i of an inch, to 5 t

inches 5 but from k to h, the very tender

joynt, which was but f inch long, when I

marked it, was when full grown three inches

long.

We may obferve, that nature in order

to furnifh thefe young growing fhoots with

plenty of dudile matter fs very careful to

furnilh at fmall diftances the young (hoots

of all forts of trees , with many leaves

throughout their whole length, v/hich ferve

as fo many joyntly ading powers placed at

different ftations, thereby to draw with more
cafe plenty of fap to the extending fhoot.

The like provifion has nature made in

the Corn, Grafs, Cane, and Reed kind 5 the

leafy fpires, which draw the nourifhment

to each joynt, being provided long before

|he ftem (hoots, which flender flem in

its tender dudile (late would mod eafily

break and dry up too foon, fo as to pre-

vent its due growth, had not nature to

prevent both thefe inconveniences provided

ftrong Thecas or Scabbards^ wliich both fup-

port
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pore and keep long in a fupplc duftile

(late the tender extending ftem.

I marked in the fame manner as the Vine,

at the proper feafons, young Honeyfuckle

llioots, young AfparaguSy and young Sun-

flowers j and I found in them all a gradual

fcale of unequal extenfions, thofe parts ex-

tending moft which were tendereft. The
white part of the AfparaguSy which was un-

der ground, extended very little in length,

and accordingly we find the fibres of the

white part very tough and ftringy : But the

greateft extenfion of the tender green part,

which was about 4 inches above the ground

when I marked it, feparated the marks from

a quarter of an inch, to twelve inches dif-

tancej the greateft diftenfion of the Sun-

flower was from 4 inch, to four inches dif-

ranee.

Irom thefe Experiments , it is evident,

that the growth of a young bud to a fhoot

confifts in the gradual dilatation and exten-

iion of every part j the knots of a fhoot

being very near each other in the bud, as

may plainly and diftimftly be feen in the flit

bud of the Vine and Fig tree 5 but by this

gradual diftention of every part, they are ex-

2 tended
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tended to their full length. And we may
cafily conceive how the longitudinal capil-

lary tubes ftill retain their hollownefs, not-

withftanding their being diftended, from the

like effeft in melted glafs tubes, which re-

tain a hollownefs, tho* drawn out to the

fineft thread.

The whole progrefs of the firft joynt r

is very fhort in comparifon of the other

joynts 5 becaufe, at firft fetting out its leaves

being very fmall, and the feafon then cooler

than afterwards i 'tis probable, that but lit-

tle fap is conveyed to it, and therefore it ex-

tending but flowly, its fibres are in the

mean time grown tough and hard, before

it can arrive to any confiderable length.

But as the feafon advances, and the leaves

inlarge, greater plenty of nouriftiment be-

ing thereby conveyed , the fecond joynt

grows longer than the firft, and the 3d and

4th ftill on gradually longer than the pre-

ceding 3 thefe do therefore in equal times

make greater advances than the former.

The wetter the feafon, the longer and

larger (hoots do vegetables ufually make

;

becaufe their foft duftile parts do then con-

tinue longer in a moift; tender ftate j but

in
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in a dry feafon the fibres fooner harden, and

flop the further growth of the flioot \ and

this may probably be one reafon why the

two or three laft joynts of every fhoot are

ufually fiiorter than the middle joynts j *viz.

becaufe they fhooting out in the more advan-

ced hot dry fummer feafon, their fibres are

foon hardened and dryed, and are withal

checked in their growth by the cool

autumnal nights: I had a vine fhoot of one

years growth which was 14 feet long, and

had 39 joynts, all pretty nearly of an equal

length, except fome of the firft and laft.

And for the fame reafon, Beans and many
other plants, which ftand where they are

much fhaded, being thereby kept continually

inoift, do grow to unufual heights, and are

drawn up as they call it by the over fhadow-

ing Trees, their parts being kept long, foft

^and ductile : But this very m.oift fliaded ftate

is ufually attended with fterility ; very long

joynts of vines are alfo obferved to be un-

fruitful.

This Experiment, which fhews the manner

of the growth of fhoots, confirms BoreU

Ih opinion, who in his Book 2)^ motu

Anmalhm^ part fccond Chap. i3> fiip-^

pofes
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pofes the tender growing fhoot to be diftend-

ed like foft wax by the expanfion of the

moifture in the fpongy pith 5 which dilating

moifture, he with good reafon concludes

is hindered from returning back, while it

expands by the fponginefs of the pith?

without the help of valves. For 'tis very

probable that the particles of water, which

immediately adhere to, and are ftrongly

imbibed into, and attrafted by every fibre

of the fpongy pith, will fliffer fome degree

of expanfion before they can be detached

by the fun's warmth from each attrafting

fibre, and confequently the mafs of fpongy

fibres, of which the pith confifts, muft there:

by be extended.

And that the pith may be the more fervke-

able for this purpofe, nature has provided in

moft flioots aftroag partition at every knot,

which partitions ferve not only as plinths, or

abutments for the dilating pith to exert its

force on, but alfo to prevent the rarified fap’s

too free retreat from the pith.

But a dilating fpongy fubftance, by

equally expanding it felf every way, would

not produce an oblong (hoot, but rather a

globofe one, like an Apple 5 to prevent which

3 inconvenience
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inconvenience we may obferve, that nature

has provided feveral Diaphragms, befides

thofe at each knot, which are placed at

fmail diftances acrofs the pith , thereby pre-

venting its too great lateral dilatation. Thcfe

are very plain to be feen in Walnut-tree

fhoots 5 and the fame we may obferve in the

pith of the branches of the fun-flower, and

of feveral other plants 5 where tho*thefe Dia-

phragms are not to be diftinguilhed while the

pith is full and replete with moifture, yet

when it drys up, they are often plain to be

feen
;
and it is further ohferved, that where

the pith confiftsof diftincl: veficles, the fibres

of thofe veficles are often found to run

horizontally, whereby they can the better

refift the too great lateral dilatation of the

Ihoot.

We may obferve that nature makes ufe of

the fame artifice, in the growth of the feathers

of Birds, which is very vifible in the great

pinion feathers of the wing, the fmaller and

upper part of which is extended by a fpongy

pith, but the lower and bigger quill part, by

a feries of large veficles, which when replete

with dilating moiflure do extend the quill,

but when the quill is full grown, thefe

' -veficles

4
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veficles are always dry , in which ftate we
may plainly obferve every vefick to be con-

trafted at each end by a Diaphragm or Sphin-

fter, whereby its too great lateral dilatation

isprevented, but notits diftenfion lengthwifc.

And as this pith in the quill grows dry

and eifelefs after the quill is full grown,

we may obferve the fame in the pith of trees,

which is always fucculent and full of moifture

while the (hoot is growing, by the expanfion

of which the tender dudile (hoot is diftended

in every part, its fibres being at the fame time

kept fupple by this moiflurej but when
each year's (hoot is full grown, then the pith

gradually drys up, and continues for the

future dry and kikfey, its veficles being ever

after empty 5 nature always carefully pro-

viding for the fucceeding year's growth by

preferving a tender duftile part in the bud

replete with fucculent pith.

And as in vegetables, fo doubtlefs in ani«

mals, the tender dudile bones of young

animals are gradually increafed in every part,

that is not hardened andoffifiedj but fince

it was inconfiftent with the motion of the

joynts to have the ends of the bones foft

and duftile as in vegetables 5 therefore na-

Z ture
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ture makes a wonderful provifion for this

at the glutinous ferrated joyning of the heads

to the {hanks of the bones j which joyning

tvhile it continues dudile the animal grows,

but when it oflifies then the animal can no
longer grow. As I was aflured by the following

Experiment, viz. I took a half grown Chick,

whofe leg-bone was then two inches long,

and with a (harp pointed Iron at half an inch

diftance I pierced two fmall holes through the

middle of the fcaly covering of the leg, and

shin-bone; two months after I killed the

Chick, and upon laying the bone bare, I

found on it obfeure remains of the two

marks I had made at the fame diftance of

half an inch: So that that part of the bone

had not at all diftended lengthwife, fince

the time that I marked it : Notwithftandin^

the bone was in that time grown an inch

more in length, which growth was moftly

at the upper end of the bone, where a won-

derful provifion is made for its growth at the

joyning of its head to the fhank, called by

Anatomifts Symphyfis.

And as the bones grow in length and fize

;

fo muft the membranous, the mufclar, the

4 nervous.
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nervous, the cartilaginous and vofctilar fibres

of the animal body neceflariiy extend and

expand, from the dudile nutriment which

nature furnifhes every part withal j in which

repeds animal bodies do as truly vegetate as

do the growing vegetables. Whence it mud
needs be of the greateft confcquence, that

the growing animal be fupplied with pro-

per nouriflimenc for that purpofe, in order

to form a ftrong athlctick conftitution

:

For when growing nature is deprived of

proper materials for this purpofe, then is fhe

under a ncceflity of drawing out very (lender

threads of life, as is too often the cafe of

young growing perfons, who by indulging in

fpirituous liquors, or other excefies, do there-

by greatly deprave the nutritive dudile

matter, whence all the diftending fibres of

the body are fupplied.

Since we are by thefe Experiments affured

that the longitudinal fibres, and fap veficls

of wood in its firft year*s growth, do thus

diftend in length by the extenfion of every

parti and fince nature in fimilarprodudions

makes ufe of the fame or nearly the fame

methods: Thefe confiderations make it not

unreafonable to think, that the fecond and

Z % following
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following years additional ringlets of wood

are not formed by a mecrly horizontal

dilatation of the veffels i for it is not eafy to

conceive, how longitudinal fibres and tubu-

lar fap-velfels fhould thus be formed; but

rather by the fhooting of the longitudinal

fibres lengthways under the bark as young

fibrous fhoots of roots do, in the folid

Earth. The obfervations on the manner ofthe

growth of the ringlets of wood in Experi-

ment 46 (Fig. 30.) do further confirm this.

I intended to have made father rcfearches

into this matter by proper Experiments, but

have not yet found time for it.

But whether it be by an horizontal or

longitudinal fhooting, we may obfervc that

nature has taken great care to keep the parts

between the bark and wood always very

fupple with flimy moifture, from which

duftile matter the woody fibres, veficles and

buds are formed.

Thus we fee that nature, in order to the

produdion and growth of all the parts of

animals and vegetables, prepares her dudile

matter : In doing of which (he feleds and

combines particles of very different degrees

of mutual attradion, curioufly proportion-
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mg the mixture according to the many
different purpofes (he defigns it for 5 either

for long or more lax fibres of very different

degrees in animals, or whether it be for the

forming of woody or more foft fibres of

various kinds in vegetables.

The great variety of which different fub-

ftances in the fame vegetable prove, that

there are appropriated veffels for conveying

very different forts of nutriment. And in

many vegetables fome of thofe appropriate

veffels are plainly to be feen replete either

with milky, yellow, or red nutriment.

Dr. Kei//j in his account of animal fecre-

tion, page 49, obferves, that where nature

intends to feparate a vifeid matter from
the blood, (he contrives very much to retard

its motion, whereby the inteftine motion of

the blood being allayed, its particles can the

better coalefce in order to form the vifeid

fecretion. And Dr, Grewy before him, ob-

ferved an inftance of the fame contrivance

in vegetables where a fecretion is intended,

that is to compofe a hard fubftance, viz. in

the kernell or feed of hard ftone fruits,

which docs not immediately adhere to, and

grow from the upper part of the flone,

Z 3 which
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which would be the (horteft and nearcft

way to convey nourifhment to it 5 but the

Tingle umbilical veffeh by which the kernel

is nourifhed, fetches a compafs round the
‘

concave of the ftone, and then enters the

kernel near its cone^ by which artifice this

veflel being much prolonged, the motion of

the fap is thereby retarded, and a vifeid

nutriment conveyed to the feed, which turns

to hard fubftance.

The like artifice of nature we may obferve

in the long capillary fibrous veflels which

lie between the green hull, and the

_hard fhell of the Walnut, which are

analogous to the fibrous Mace of Nutmegs,

the ends of whofe hairy fibres are inferred

into the angles of the furrows in the Walnut-

fhell: Their ufe is therefore doubtlefs to

carry in thofe long diftinft vefiels the very

vifeous matter which turns, when dry, to a

hard fhell 5 whereas were the fhell immedi-

ately nourifned from the foft pulpous hull

that furrounds it, it would certainly be of

the fame foft conftitution : The ufe of the

hull being only to keep the fhell in a foft

duftile ftate till the Nut has done growing.

We may obferve the like cfFeft of a flower

motion
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motion of the fap in Evcr-greens, which per-

fpiring little, their fap moves much more

flowly than in more perfpiring Trees 5 and

is therefore much more vifeid, whereby they

are better enabled to outlive the winters

cold. It is obferved that the fap of Ever-

greens in hot Countries is not fo vifeous as

the fap of more Northern Ever-greens, as

the fir, for the fap in hotter Countries

muft have a brisker motion, by means of

its greater perfpiration.

Experiment CXXIV.

In order .to enquire into the manner of

the expanfion of leaves, I provided a little

Oaken board or fpatula, a b c d oi this fiiape

and fize, (Fig. 43.) thro* the broad part at

a quarter of an inch diftance from each other;

I run the points of 25 pins x x which flood

% inch thro*, and divided a fquare inch

into 16 equal parts.

With this inftrument in the proper fea-

fon, when leaves were very young, I pricked

feveral ofthem thro* at once, with the points

of all thefe pins, dipping them firft in the

red lead, which made lafling marks,

Z 4 (Fig.
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(Fig. 44.) leprefents the fhape and Fzc

of a young Fig-leaf, when firft marked

with red points, f inch diflance from each

other.

(Fig. 45.) reprefents the fame full grown

leaf, and the numbers anfwer to the cone-

fponding numbers in the young leaf :

Whereby may be feen how the feyeral points

of the growing leaf were feparated froni

each other, and in what proportion, viz.

from a quarter of an inch, to about three

quarter’s of an inch diftance.

In this Experiment we may obferve that

the growth and expanfion of the leaves is

owing to the dilatation of the veficles in

every part, as the growth of a young flioot

was fnewn to be owing to the fame caufe

in the foregoing Experiment 8 ; and doubt*

lefs the cafe is the fame in all fruits.

If thefe Experiments on leaves were fur-

ther purfued, there might probably be many

curious obfervations made in relation to

the fiaape of leaves : By obferving the dif-

ference of the progreflive and lateral motions

of thefe points in different leaves, that were

of very ditfcrcnt lengths in proportion to

their breadths.

That
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That the force of dilating fap and air, in-

cluded in the innumerable little vcficles of

young tender (hoots and leaves, is abundantly

fufiicient for the extending of (hoots, and ex^

panding of leaves, we have evident proof

from the great force we find in the fap of

the Vine, chap. 3d. and from the vaft force,

with which infinuating moifture expanded

the Peafe. Experiment 32. we fee the great

power of expanding water, when heated in

the engine to raife water by fire : And wa-

ter with air and other adlive particles in ca-

pillary tubes, and innumerable fmall veficles,

do doubtlefs adt with a great force, tho* ex-

panded with no more heat than what the

Sun’s warmth gives them.

And thus we fee that nature exerts a con-

fiderable, tho’ fecret and filent power, in car-

rying on all her produdlions; which demon-

ftrates the wifdom of the Author of nature

in giving fuch due proportion and dirediiou

to thefe powers, that they uniformly con-

cur to the produdlion and perfedtion of na^

tural Beings 3 whereas were fuch powers

under no guidance, they muft: neceffarily

produce a Chaos

^

inftead of that regular and

beautiful fyftem of nature which we fee.

‘"3 *' '

Wc
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We may plainly fee the influence of the

SuiVs warmth in expanding the fap in all

the parts of vegetables, as well in the roots

as the body that is above ground, by the

influence it has on the fix Thermometers

deferibed under Experiment 20, five of which

were fixed at different depths from two in-

ches, to two feet under ground, the other

being expofed to the open air.

When in the greateft noon tide heat the

fpirit of that which was expofed to the Sun

was rifen, fince the early morning, from 21

1048 degrees 5
then the fpirit in the fecond

Thermometer^ whofe ball was two inches

under ground, was at 45 degrees, and the

3d, 4th, and 5th were gradu-

ally of lefs and lefs degrees of heat, as they

were placed lower in the ground to the fixth

Thermometery which was two feet under

ground, in which the fpirit was 3 1 degrees

high. In this ftate of heat on all the parts

of the vegetable, we fee the Sun muft have

a very confidcrable influence in expanding

the fap in all its parts. The warmth was

much greater on the body above ground,

than on the roots which were two feet deep 3

U^ofe roots, and parts of roots which are

deepeftj
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dccpcft, as they fed much lefs of the Sun's

warmth, fo are they not fo foon, nor fo

much affcfted by the alternacies of day and

night, warm and cold : But that part of ve-

getables, which is above ground, muft have

its Tap confiderably ratified, when the heat

increafed from morning to two a clock after-

noon, fo much as to raife the fpirit in the

ift Thermometer from 21 to 48 degrees a.

bove the freezing point.

When in the coldeft days of the winter

1724, the froft was fo intenfe, as to freeze

the furface of ftagnant water near an inch

thick, then the fpirit in the Thermometer

which was expofed to the open air, was fal-

len four degrees below the freezing point 5

the fpirit of that whofe ball was two inches

under ground, was four degrees above the

freezing point i the 3d, 4th and 5th Ther^

mometers were proportionably fallen lefs

and lefs, as they were deeper, to the 6th

Thermometer^ which being two feet under

ground, the fpirit was 10 degrees above the

freezing point. In this ftate of things the

work of vegetation feemed to be wholly at

^ Hand, at leaft within the reach of the

froft*
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But when the cold was fo far relaxed, as

to have the fpirit in the firft Thermometer

but 5 degrees above the freezing point, the

fecond 8 degrees, and the 6th 1 3 degrees,

tho’ it was ftill very cold, yet this being

fome advance from freezing towards warm,

and there being confequently fome expan-

fion of the fap, fevcral of the hardy vege-

tables grew, ^iz>, fome Ever-greens, Snow-

drops, Crocus s, which forward hardy

plants do probably partake much of the na-

ture of Ever-greens in perfpiring little ; and

the motion of their fap being confequently

very flow, it will become more vifeous, as

in Ever-greens 5 and thereby the better able

to refill the winter’s cold : And the fmall

expanfive force, which this fap acquires in

the winter, is moflly exerted in extending

the plant, little of it being walled in pro-

portion to the fummer s perfpiration.

Supported by the evidence of many of

the foregoing Experiments, 1 will now trace

the vegetation of a tree from its firfl femi-

nal plant in the Seed to its full maturity and

production of other Seeds, without entring

into a particular defeription of the flrufturc

of the parts of vegetables, which has al-

ready
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ready been accurately done by Dr. Grew

and Malpighi.

We fee by Experiment 56/ 57, 58, on

diftilled Wheat, Peafe and Muftard-fecd,

what a wonderful provifion nature has made,

that the Seeds of Plants fliould be well ftored

with very aftive principles, which princi-

ples arc there compared together by him,

who curioufly adapts all things to the pur-

pofes for which they are intended, with

fuch a juft degree of cohefion as retains them

in that ftatc till the proper feafon of ger-

mination 5 for if they were of a more lax

conftitution, they would too foon diflblve

like the other tender annual parts of plants

:

And if they were more firmly connefted, a$

in the heart of Oak, they muft neceflarily

have been many years in germinating; tho’

fuppled with moifture and warmth.

When a Seed is fown in the ground, in

a few days it imbibes fo much moifture, as

to fwell with very great force j as we fee

in the Experiment on Peafe in an iron pot,

this forcible fwelling of the lobes of the

Seed aVyar (Fig. 46.) does probably pro-

trude moifture and nourifhment from the

capillary velTels r r, which are called the

Seed
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Seed roots, into the radicle r, z, dy which
radicle, when it has fliot fome length into

the ground, does then imbibe nourifhment

from thence $ and after it has acquired luf-

ficient ftrength, as this tender dudile root

is extending from z to Cy it muft neceffa-

rily carry the expanding Seed-lobes upwards,

at the fame time that the dilating from z
to d makes it (hoot downwards ; and when
the root is thus far grown, it (upplies the

Plume b with nourifhment, which thereby

fwelling and extending opens the lobes a r,

a r, which are at the fame time raifed a-

bove ground with the Plume 5 where they

by expanding and growang thinner turn to

green leaves, ( except the Seeds of the pulfe

kind
)
which leaves are of fuch importance

to the yet tender Plume, that it perifhes,

or will not thrive if they are pulled off;

which makes it probable, that they do the

fame office to the Plume, that the leaves

adjoyning to Apples, Quinces and other

fruits do to them, viz. they draw fap within

the reach of their attradion5 fee Exper, 8

and 30. But when the Plume is fo far ad-

vanced in growth, as to have branches and

expanded leaves to draw up nourifhment 5
'

then
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then thefe fupplemental feminal Ieavcs,/7 r,^r,

being of no farther ufe, doperiOi 5 not only

becaufe the now grown and more expanded

leaves of the young plant or tree, do fo

overfhadow the fupplemental leaves, that

their former more plentiful perfpiration is

much abated , and thereby alfo their power

of attracting fap fails 5 but alfo becaufe the

fap is drawn from them by the leaves, and

they being thus deprived of nourifhment,

do perifh.

As the tree advances in ftature, the firft,

fecond, third, and fourth order of lateral

branches flioot out, each lower order being

longer than thofe immediately above them ^

not only on account of primogeniture, but

alfo becaufe being inferred in larger parts

of the trunk, and nearer the root
, they

have the advantage of being ferved with grea-

ter plenty of fap, whence arifes the beau-

tiful parabolical figure of trees.

But when trees Hand thick togetlicr in

Woods or Groves, this their natural fhape

is altered, becaufe the lower lateral branches

being much (haded, they can perfpire little 5

and therefore drawing little nourifhmenr,

they perifh \ but the top branches, being

expofed
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cxpofed to a free drying air, they perfpife

plentifully, and thereby drawing the fap to

the top, they advance much in height : But

^oke ^'erfa, if when fuch a Grove of tall

* trees is cut down, there be left here and

there a fingle tree, that tree will then fhoo't

out lateral branches j the leaves of which

branches now perfpiring freely, will at-

tract plenty of fap, on which account

the top being deprived of its nourifliment,

it ufually dies.

And as trees in a Grove or Wood grow

only in length, becaufe all the nourilhment

is by the leaves drawn to the top, moft of

the fmall lateral fhaded branches in the mean
time perilhing for want of perfpiration and

nutrition 5 fo the cafe is the very fame in the

branches of a tree, which ufually making

an angle of about 45 degrees with the ftem

of the tree, do thereby beautifully fill up at

equal and proper diftances the fpace between

the lower branches, and the top of the tree,

forming thereby as it were a parabolical

Grove, or Thicket
5 which fhading the arms,

the fmall lateralfiiocts of rhofearms ufually

perifia for want of due perfpiration 5 and

therefore the arms continue naked like the

bodies
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bodies of Trees in a grove 5 all the nourifli-

mcnc being drawn up to the tops of the

feveral branches by the leaves which are

there expofed to the warm fun and free

drying air, whereby the branches of Trees

expand much.

And where the lateral branches are very-

vigorous, fb as to make ftrong Ihoots, and

attradl the nourifhment plentifully, there the

tree ufually abates in its height : But where

the tree prevails in height, as in groves, there

commonly its lateral branches are fmalleft.

So that we may look upon a tree as a com-

plicated Engine which h^as many different

powers as it has arms and branches, each

drawing from their common fountain of

life the root : And the whole of each yearly

growth of the tree will be proportionable

to the fum of their attracting powers, and the

quantity of nourifnment the root a^Sords *

But this attracting power and nouriiliment

will be more or lefs, according to the differ-

ent ages of the tree, and the more or lefs

kindly feafons of the year.

And the proportional growth of their

lateral and top branches, in relation to each

other, will much depend on the difference

A a of
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of their feveral attradiug powers. If the

perfpiratLon and attraftion of the lateral

branches is little or nothing, as in woods and

groves, then the top branches will mightily

prevail 5 but when in a free open ait, the

perfpiration and attraftion of the lateral

branches comes nearer to an equality with

that of the top, then are the/afpirings ofthe

top branches greatly checked. And the cafe

is the fame in moft other vegetables, which

when they ftand thick together, grow much
in length with very weak lateral flioots.

And as the leaves are thus ferviceablc

in promoting the growth of a tree, we may
obferve that nature has placed the pedals of

the leaves-ftaiks where moft nouriihment is

wanting, to produce leaves, fhoots and fruit;

and fome fuch thin leafy expanfion is fo

ncceffary for this purpofe, that nature pro-

vides fmall thin expanfions, which may be

called primary leaves, that ferve to proteft

and draw nourifhment to the young fhoot

and leaf- buds before the leaf it felf is ex-

panded.

And herein wc fee the admirable con-

trivance of the Author of nature in adapting

her different ways of conveying nourifli-

mei>s

I
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iiient to the difFcrciit circumftances of her

produdions. For in this embrio ftate of the

buds a fuitable provifion is made to bring

nourifhment to them in a quantity fufficient

for their then fmall demands : But when
they are in fome degree incrcafed and formed,

a much greater quantity of nourifhment, is

neceflary, in proportion to their greater in-

creafe : Nature, that flie may then no longer

fupply v/ith a fcanty hand, immediately

changes her method, in order to convey

nourifhment with a more liberal hand to her

produdions j which fupply daily increafcs by

the greater expanfion of the leaves, and con-

fequently the more plentiful attradion and

fupply of fap, as the greater growth and de-

mand for it increafcs.

We find a much more elaborate and

beautiful apparatus, for the like purpofe, ia

the curious expanfions of bloffoms and flow-

ers, which feem to be appointed by na«

ture not only to proted, but alfo to draw and

convey nourifhment to the embrio fruit and

feeds. But as foon as the Calix is formed into

a fmall fruit, now impregnated with its

minute feminal tree, furnifhed with its

Sccondine, Corion and Amnion^ (which

A a 2; new
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new fct fruit may in that ftate be looked

upon as a compleat egg of the tree, con-

taining its young unhatched tree, yet in em-

brio)then the bloflbm falls off, leaving this

new formed egg, or firfl: fet fruit in this infant

ftate, to imbibe nourifhment fufficient for^

it felf, and the Foetus with which it is im-

pregnated : Which nourifhment is brought

within the reach and power of its fudion

by the adjoyning leaves.

If I may be allowed to indulge conjefture

in a cafe, in which the mod diligent in-

quirers are as yet, after all their laudable re-

fearches, advanced but little farther than

meer conjefture, I would propofe it to their

confidcration, whether from the manifeft

proof we have that fulphur ftrongly attracts

air, a hint may not be taken, to confider

whether this may not be the primary ufe of

the Farina foecundanSy to attraft and unite

with it felf elaftick or other refined aftive

particles. That this Farina abounds with

fulphur, and that a very refined fort, is pro:

bable from the fubtile oil which chymifts

obtain from the chives of faffron. And if this

be the ufe of it, was it poflible that it could

be more aptly placed for the purpofe on very

4. moveable

I
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moveable Apices fixt on the {lender points

of Stamina, whereby it might eafily with

the lead breath of wind be difperfed in the

air, thereby furrounding the plant, as it were,

with an Atmofphere of fublimed fulphur-

cous pounce?for many trees andplants abound

with it, which uniting with the air particles,

they may perhaps be infpired at feveral parts

of the plant, and efpecially at the ^iJiUlum^

and be thence conveyed to the Capjula

feminalis, efpecially towards evening, and in

the night when the beautiful Tetala of the

flowers are clofed up, and they, with all

the other parts of the vegetable, are in a

ftrongly imbibing ftatc. And if to thefe

united fulphureous and aercal particles wx
fuppoie fome particles of light to be joyned,

for Sir Ifaac Newton has found that fulphur

attrafts light ftrongly, then the refult of

thefe three by far the moft aftive principles

in nature will be a Tun£iim Saliens to

invigorate the feminal plant: And thus we
are at laft conduced by the regular Analyfis

of vegetable nature to the firft enlivening

principle of their minuteft origin.
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W E have from the foregoing Experi-

ments many proofs of the very great

and different quantities ofmoifture imbibed

and perfpired by different kinds of Trees,

and alfo of the influence of the feveral ftates

of the air, as to warm or cold, wet or dry,

have on that perfpiration. We fee alfo what

ftores of moifture nature has provided in

the Earth againft a dry feafon, to anfwer

this great expence of it in the produdtion

and fupport of vegetables 5 how far the

dew can contribute to this fupply, and how
infufficient its fmall quantity is towards

making good the great demands of perfpira-

tion: And that plants can plentifully imbibe

paoifture thro' their ftems and leaves as well

as peiTpire it.

We fee with v^hat degrees of warmth the

fun, that kindly natural genius of vegetation,

ads on the feveral parts of vegetables, front

their tops down to their roots two feet under

ground.

We have alfo many proofs of the great

force with which plants and their feveral

branches and leaves imbibe moifture, up

their



their capillary fap veflels : The great influence

the perfpiring leaves have in this work, and

the care nature has taken to place them in

fuch order, and at fuch proper diftances, as

may render them moft ferviceable to this

purpofe, efpecially in bringing plenty of nou-

rifhment to the young growing fhoots and

fruit whofe ftem is ufually furrounded with

them near the fruit's infertion into the twig.

We fee here too that the growth of fhoots,

leaves and fruit, confifts in the extenfion of

every part 5 for the efFefting of which, na-

turehas provided innumerable little veficles,

which being replete with dilating moifture,

it does thereby powerfully extend, and draw

out every duClilc part.

We have here alfo many inftances of the

great force of the afeending fap in the vine

in the bleeding feafon 5 as alfo of the fap s

freely cither afeending or defeending, as it

(hall happen to be drawn by the perfpiring

leaves, and alfo of its ready lateral motion

thro' the laterally communicating fap veflels 5

together with many proofs of the great

plenty of air drawn in and mixed with the

fap and incorporated into the fubftance of

vegetables.

If therefore thefe Experiments and Obfer-

A a4 vations
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vations give us any farther infight into the

nature of plants, they will then doubtlcfs

be of fome ufe in Agriculture and Garden-

ing, either by ferving to reftify fome miftaken

notions, or by helping farther to explain the

rcafons of many kinds of culture, which

long repeated experience has found to be good?

and perhaps by leading us to make fome advan-

ces therein : But as it requires a long feries and

great variety of frequently repeated Experi-

ments and Obfervations, to make a very

fmall advance in the knowledge of the

nature of vegetables 5 fo proportionably wc
are from thence only to exped fome gradual

improvements in the culture of them.

The fpecifick differences of vegetables,

which are all fuftained and grow from the

famenourifhment, is doubtlefs owing to the

very different formation of their minute

velfels, whereby an almoft infinite variety of

combinations of the common principles of

vegetables is made 5 whence fome abound

more with fome principles and fome with

others. Hence fome are ofa warmer and more

fulphureous, others of a more watry, faline,

therefore colder natures fome of a more

firm and lading, others of a more lax and

perifhable conditytion. Hence alfo it is that

fome
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fome plants flouriHi befl: in one climate, and

others in another 5 that muchmoifture is kind-

ly to fome, and hurtful to others
5 that fome

require aftrong, rich, and others a poor,fandy

foil i fome do befl: in the lhade, and others in

the fun, And could our eyes attain to a

light of the admirable texture of the parts on

which the fpecifick differences in plants de-

pends, what an amazing and beautiful feene

of inimitable embroidery fhould we behold?

what a variety of maflerly flrokes of machi-

nery ? what evident marks of confummate

wifdom fhould we be entertained with ?

We may obferve that the conflitution of

plants is curioufly adapted to the prdent

ftate of things, fo as to be mofl flourifhing

and vigorous in a middle flateofthe air, viz-.

when there is a due mixture and proportion

of warm and cold, wet anddry 5 but when the

feafons deviate far to any extream of thefe,

then arc they lefs or more injurious to the

feveral forts of vegetables according to the

very different degrees of hardinefs, or healthy

latitude they enjoy.

The different feafons in which plants thrive

befl, feems to depend, among other caufes,

on the very different quantities imbibed and

perfpired by different kinds
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kinds of plants. Thus the Ever-grcens per-

fpiring little, and having thereby a thick,

vifeid, oily fap, they can the better endure

the winter s cold, and fubfift with little frefh

noLiriniment : They feem many of them to

flourifh moft in the temperate feafons of the

year, but not fb well in the hotteft part of

Summer, becaufe their perfpiration is then

fomewhat too great,in proportion to the flow

afeent of the fap, which makes fome ofthem

at that feafon to abate of their vigor : Thus

fome plants, which grow and thrive with

the flow perfpiration of January and Fe^

bruary, perifli as the fpring advances, and the

warmth and perfpiration is too great for

them. And thus Garden Peafeand Beans,

which are fown in what is found to be their

proper feafon, viz, in November
y
January^

or February

y

tho" they make but a flow pro-

grefs in their growth upwards, during the

cold feafon, yet their roots, as alfo thofe of

winter corns, do in the mean time fhoot well

into the warmer Earth, fo as to be able to

afford plenty of nourifhment when the fea-

fon advances, and there is a greater demand

of it both for nutrition and perfpiration. But

when Peafe are fown in JunCy in order for a

crop
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fxop in September^ they rarely thrive well,

unlefs in a cool moift fummer, by reafon of

the too great perfpiration caufed by the fum-

mer’s heat, which drys and hardens their

fibres before they are full grown.

Tho* we have from thefe Experiments,'

and from common obfervation, many proofs

of the great expanfive force, with which the

fibrous roots of plants fhoot, yet the lefs

refiftance thefe tender fhoots meet with, the

greater progrefs they will certainly make in

equal times : And therefore one conlidera-

ble ufc of fallowing and trenching ground,

and ofmixing therewith feveral forts of com.
poft, as Chalk, Lime, Marie, Mold,

is not only thereby to replenifli it with rich

manure, but alfo to loofen and mellow the

foil, not only that the air may the more
eafily penetrate to the roots, but alfo that

the roots may the more readily make vigo-

rous fhoots. And the greater proportion the

furface of the roots bears to the furface of

the plants above ground, fo much the greater

quantity of nourifhment they will afford^

and confequently the plants will be the more
vigorous, and better able to weather it out,

againft unkindly feafons, than thofe plants

whofe
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whofe roots have made much fliorter flioots.

Herein therefore confifls the great care

and skill of the Husbandman, to adapt

his different forts of Husbandry to the

very different foils , feafons and kinds of

grain 5 that the feveral forts of earth, from

the very ftiff and ftrong ground, to the

loofe light earths, may be wrought to the

beft temper they are capable of, for the

kindly fhooting and nourifhing of the roots.

And probably the Husbandman might get

many ufeful hint^, to dired him in adapt-

ing the feveral kinds of manure, and dif-

ferent, forts and feafons of culture to his

different foils and grains : If in the feve-

ral ftages and growth of his Corn, he would

not only make his obfervations, on what

appears above ground, but would alfo fre-

quently dig up, compare and examin the

roots of plants of each fort, efpecially of

thofe which grew in different foils, and were

any how cultivated in a different manner

from each other j this would inform them

alfo, whether they fowed their Corn too

thick or too thin, by comparing the branch-

ings and extent of each root, with the fpace

of ground allotted it to grow in.

And
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And fince we find fo great a quantity of

air infpired and mixt with the fap , and

wrought into the fubftance of vegetables

,

the advantage of ploughing and fallowing

ground feems to arife not only from the

killing the weeds, and making it more mel-

low, for the fhooting of the roots of Corn

;

but it is thereby alfo the better expofed to

have the fertilizing, fulphureous, aereal and

acid particles of the air mixt with it, which

make land fruitful, as is evident from the

fertility which the fword or furface of land

acquires, by being long expofed to the air,

without any culture or manure whatever.-

We have feen many proofs of the great

quantities of liquor imbibed and perfpired

by plants, and the very fenfible influence

which different ftates of the air had on their

more or lefs free perfpiration : A main

intention therefore to be attended to in

the culture of them, is to take due care,

that they be fown or planted in proper

feafons and foils, fuch as will afford them

their due proportion of nourilhment $ which

foils, as they are exhaufled, muft, as 'tis well

known, from time to time, be repleniflied

with frefh compoft, fuch as is full of falincr

falphu-



fulphurcbus and aereal particles, with which

common dung, lime, aflies, fword, or burn-

bated turf abound : As alfo fuch manures

as have nitrous and other falts iii them ; for

tho’ neither nitre nor common fait be found

in vegetables 5 yet fincc they are obferved

to promote fertility, it is realbnable to con-

clude, that their texture is greatly altered

in vegetation, by having their acid volatile

falts feparated from the attrafting central

air and earthy particles, and thereby mak-

ing new combinations with the nutritive

juice 5 and the probability of this is further

confirmed from the great plenty of air and

volatile fait, which is found in another com-

bination of them, in the Tartar of fer-

menting liquors : For it is the opinion of

Chymifts, that there is but one volatile fait

in nature, out of which all other kinds of

falts are formed by very different combi-

nations, all which nutritive principles do

by various combinations with the cultivated

earth, compofe that nutritive duftile mat-

ter, out of which the parts of vegetables

are formed, and without which the watry

vehicle alone cannot render a barren foil

fruitful.

I Nor



Nor is this the only care, the thriving

and fertility of plants and trees depends much
upon the happy influence and concurrence

of a great variety of other circumftances.

Thus many trees are unfruitful by being

planted too deep, whereby their roots being

in too moifl: a ftate, and too far from the

proper influence of the Sun, whofe power

greatly decreafes the deeper we go, as we
fee in Experiment 20. they imbibe too much
crude moifture, which tho’ produdive of

wood, is yet unkindly for fruit.

Or if when not planted too deep, they

are full of crude fap, either by being too

luxurious, or too much fliaded ; or are plan-

ted in a moifl, when they delight in a dry

foil, then the fap is not fo fufficicntly di-

gefled by the Sun’s warmth, as to be in

that dudile ftate, which is proper for the

producing of fruit.

And thus the Vine, which is known to

thrive well in a dry, gravelly, rocky foil,

will not be fo fruitful in a moifl, ftifF, clay

ground ; And accordingly we may obferve

in Experiment the 3d, that tho’ the Vine

imbibed and perfpired more than the Ever-

green, yet it perfpired lefs than the Apple-

tree,
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tree, which delights in, and bears beft in a

ftrong brick-earth clay ; for tho* the Vine

bleeds moft freely in its feafon, produces,

many long fucculent fnoots, and bears great

plenty of a very juicy fruit, yet from that

Experiment it is plain, that it is not a great

perfpirer, and therefore thrives beft in a dry,

rocky, or gravelly foil.

The confiderable quantity of moifture,

which by Experiment 1 6. is perfpired from

the branches of trees, during the cold win-

ter feafon, plainly fliews the reafon, why in

a long feries of cold north-eafterly winds,

the bloflbms, and tender young fet fruit and

leaves, are in the early fpring fo frequently

blaftcd, viz, by having the moifture exhaled

fafter than it can be fupplied from the trees >

for doubtlefs that moifture riles the flower

from the root, the colder the feafon is, tho*

it rifes in fome degree all the winter, as is

evident from the fame Experiment.

And from the fame caufe it is, that the

leafy fpires of Corn are by thefe cold dry-

ing winds often faded and turned yellow

;

which makes the Husbandman, on thefe oc-

cafions, wilh for fnow 5 which thoTt be very

cold, yet it not only defends the root from

being
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being frozen, but alfo fereens the Corn

from thefe drying winds, and keeps it in a

moift, florid, fnpple itate.

It feems therefore to be a very reafonable

diredion which is given by fome of the

Authors who write on Agriculture and Gar-

dening, 'V/z. during thefe cold drying winds,

when little dew falls, to water the trees in

dry foils, in the bloflbming feafon, and while

the young fet fruit is tender 5 and provided

there is no immediate danger of a froft, or

in cafe of continued froft, to take care to

cover the trees welh and at the fame time

to fprinkle them with water, which is imi-

tating nature’s method of watering every part:

But if the fuccefs of this pradice in cold

weather may be thought a little doubtful j

yet the fprinkling the bodies and leaves of

trees, in a very hot and dry fummer feafon,

feems moft reafonable, for by Exper. 42.

they will imbibe much moifturc.

As to floping fhelters over Wall-trees, I

have often found, that when they are fo

broad as to prevent any rain or dew com-

ing at the trees, they do more harm than

good, in thefe long eafterly drying winds •

becaufe they prevent the rain and dews

falling on them, which would not only

B b refrelh



ret'refli and fupplc them, but alfb convey

nourifhment to them : But in the cafe of

lharp frofts after fliowers of rain, thefe fhel.

ters and other fences muft needs be of ex-

cellent ufe to prevent the almoft total de-

ftrudlioii which is occafioned by the freez-

ing of the tender parts of vegetables, when
they are full faturate with rain.

The full proof we have from thefe Ex-

periments, ofthe ferviceablencfs of the leaves

in drawing up the fap, and the care we fee

nature takes, in furnifliing the twigs with

plenty of them, principally near the fruit,

may inftru(^d us on the one hand, not to be

too lavifli in pruning them off, and to be

ever mindful to leave fome on the branch

beyond the fruit 5 and on the other hand, to

be as careful to cut off all fuperfluous (hoots,

which we are affured do draw off in waftc

great quantity of nourifhment. And might

it not be advifeable, among many other ways

which are preferibed, to try whether the

too great luxuriancy of a tree or branch

could not be much checked by pulling off

fome of its leaves > How many experience

will beft teach us, the pulling all off will

endanger the killing the branch or tree.

There is another very confiderable ufe of

3 the
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the leaves, to keep the growing fruit in

a fupple dudile (late, by defending it from

the Sun and drying winds, which by tough-

ning and hardening its fibres fpoil its growth,

when too much expofed to them ; but v;hcn

full grown, or near it, a little more Sun

is often very needful to ripen it. In hot-

ter climates fruits want more fliade than

in this country, and here too, more fliade

is needful in a hot dry fummer, than in a

wet cool one.

The confideration of the ftrong imbibing

power of the branches of trees, and the rca-

dinefs with which we fee t he fap pafles to and

fro, to follow the firongeft attradion, may per-

haps give fome ufeful hints to the Gardiner,

in the pruning and fliaping of his trees, in

checking the too luxuriant, and helping and

encouraging the unthriving partsof trees.

It is a conftant rule among Gardiners,foun-

ded on long experience, to prune w’eak trees

early in the winter, becaufe they find that

late pruning checks them 5 and for the

fame reafon to prune luxuriant trees late in

the fpring, in order to check their luxuri-

ancy. Now it is evident that this check docs

not proceed from any confiderable lofs of

fap at the wounds of the pruned tree, e^-

B b z cepting
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ccpting the cafe of a few bleeding trees when

cut in that fcafon, but muft ar1fe from feme

other caufe; for by Experiment 12 and 37.

where mercurial gages were fixed to the ftems

of frefh cut trees, thofe wounds were con*

ftantly in a firongly imbibing ftate, except

the Vine in the bleeding feafon.

When a weak rrec is pruned early in the

beginning of the winter, the orifices of the

' fap-vcffels areclofed up long before the fpring^

as is evident from many Experiments in the

ifi, 2d and 3d chapters 5 and confequently

when in the fpring and fummer the warm
weather advances, the attracting force of the

perfpiring leaves is not then weakened by

many inlets from frefh wounds, but is wholly

exerted in drawing Tap from the root. Where-
as on the other hand, when a luxuriant

tree is pruned late in the fpring, the force

of its leaves to attraCt fap from the foot

will be much fpent and loft at the feveral

frefh cut inlets.

Befides, the early pruned tree being eafed

of feveral of its twigs or branches, has there-

by the advantage of ftanding thro’ the whole

winter, with a head better proportioned to

its weak root. And fince by Exper. 16 . the

fap is found to afeend in the winter, Icfs of

that
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that than cold crude juice is drawn thro'

the roots and ftem, to fupply the pcrfpi-

ration of the remaining boughs, whereby

the fap of the tree is probably lefs depau-

perated than it would have been, if all

the boughs had remained on. For thefc rea.

fons, early pruning (hould in the main, and

excepting fome cafes, be better than late.

And the reafonablenefs of this pradice

is further confirmed by the experience of

Mr. Talmery a curious Gentleman of Chel-

feUj who has found, that by pruning his

Vines, and pulling all the leaves off them in

September foon as the fruit was off, they have

born greater plenty of Grapes than other

Vines, particularly in the year 1726. when
by reafon of the extreme wetnefs and cold,

nefs of the preceding fummer, the unripe

Ihoots produced generally very little fruit.

From many Experiments in the fecond

Chapter, the Gardiner will fee with what

force his grafts imbibe fap from the flock,

cfpecially that duftile nourifliment from be-

tween the bark and wood; which correfpond-

ing parts he well knows by conftant expe-

rience muft be carefully adapted to each othet

in grafting , thofe grafts being always beft

whofc buds arc not far afunder, be.

caufe



374 Condufion.

caufe their expanding leaves 5 can therefore

draw up fap the more vigoroufly.

The great quantities of moifture which

we find by Experiment 12 are imbibed at

wounds where branches are cut off, Ihews

the reafonablenefs of the caution ufed by

many who are defirous to preferve their trees,

1;/^. either by plaiftring or covering with!

Sheet-lead the very large wounds of trees,

to defend their trunks from being rotted by

the foaking in of rain.

And from the fame 12th Experiment a

hint may be taken to make fome attempts

to give an artificial taftc to fruits, by making

trees imbibe in the fame manner fome

ftrongly tinged or perfumed liquor, which

is not fpirituous, for that we fee will kill the

tree. I have made the ftem of a branch of a

tree imbibe two quarts of water without

killing it; If any are defirous to make this

Experiment they fhould take care to cut the

flump which is tq imbibe the liquor as long

as they can, that there may be the more

room, from time to time, to cut off an inch

or two ofthe top, when it is grown fo faturatc

with liquor that more will notpafs.

Ttio* Ever-greens are found to imbibe and

perfpire much lefs than other trees, yet is

the
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the quantity they perfpire fo confidcrable,

that it has always been one of the greateft

difficulties in the ordering of a Green-houfe

to let in frefh air enough without expofing

the plants to too much cold. For fincc the

perfpiration of trees will not be free and

kindly in a clofe damp air, the fap will be

apt toftagnate, which will make the plants

grow moldy, or they will be lickly, by im-

bibing fuch damp rancid vapours 5 for by

Mr. Millers curious obfervations on the

perfpiration of the Plantain tree of the

JVeJl- IndieSy and of the Alve under Experi-

ment 5, plants will often imbibe moifture in

the night as well in ftoves as common Grccn-

houfes without fire 5 it is certainly of as great

importance to the life of the plants to dif-

charge that infeded rancid air, by the ad-

mittance of frefh, as it is to defend them from

the extream cold of the outward air, which

will deftroy them if let in immediately upon
them. It feems therefore to be a very reafon-

able method which fome ufe, viz. to cover

fome of the inlets of their Green-houfes on
all fides with canvafs, and in extream cold

weather with fhutters made of reed or ftraw,

through which the air can only pafs in little

ftreams: The like contrivance would pro-

bably
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bably alfo be of good fervicc to purify

gradually the thick rancid fumes which arife

from the dung of hot beds, and are often

very deftruftive of the tender plants: This is

to imitate nature, which while (he provides

for the defence of living creatures againft

the cold, by a good covering of Hair, Wool,
or Feathers, at the fame time (he takes care

that the air may have admittance through

innumerable narrow meanders in fuch quan-

tities as may be Sufficient to carry off the

perfpiring matter.

I have here, and as occafion offered under

feveral of the foregoing Experiments, only

touched upon a few of the moft obvious

i'nftances, wherein thefc kind of refearches

may poflibly be of fervice in giving us ufe-

ful hints in the culture of plants : Tho' I

am very fenfible, that it is from long ex-®

perience chiefly that we are to expedt the

moft certain rules of pradtice, yet it is with-

al to be remembred, that the likelieft method

to enable us to make the moft judicious

obfervations, and to put us upon the moft

probable means of improving any art, is to

get the beft infight we can into the nature

and properties of thofe things which vve are

defirous to cultivate and improve.

FINIS,
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