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IL. Of the Heat, 8c. of Animals and Vegetables.
By Mr. John Hunter, F. R. S.

Read June 19, and Nov. 13, 1777,

N the courfe of a variety of experiments on animals
and vegetables, 1 have frequently obferved that the re-
fultof experiments'in theone has explained the ceconomy
of the other, and pointed out fome principle common to
both; I have therefore collected fome experiments which
relate to the heat and cold of thofe fubftances. Having
found variations in the degree of heat and cold in the
fame experiment, for which I could not account; I fuf-
pected that this might arife from fome imperfection in
the conftruction of the thermometer. 1 mentioned to
Mr. RAMSDEN my objection to the common conftruction
of that inftrument, and my ideas of one more perfect
in its nature, and better adapted to the experiments in
which I was engaged. He accordingly made me fome
very {mall thermometers, fix or feven inches long, not
above ths of an inch thick in the ftem; having the ex-
ternal diameter of the ball very little larger than that of
the
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8 Mr. HUNTER on the Heat, &c.
the ftem, on which was marked the freezing point. The
ftem was embraced by a fmall ivory fcale fo as to {lide
upon it eafily, and retain any pofition. Upon the hol-
low furtace of this fcale were marked the degrees which
were {een through the ftem, By thefe means the fize of
the thermometer was very much reduced, and it could
be applied to foft bodies with much more eafe and cer-
tainty, and in many cafes in which the former ones
could not be conveniently applied: I therefore repedted
with-it fuch of my former experiments as were not.ori-
ginally fatisfactory, and found the degrees of heat very
different, not only from what I generally imagined, but
alfo from what I had found in my former experiments
with the thermometers of the common conitruction.
Ihaveobfervedin a former paper’®, and find it fupported
by every experiment I have made on the heat and cold
of animals, that the more perfect have the greateft power
of retaining a certain degree of heat, which may be
called their ftandard heat, and allow of much lefs varia-
tion than the more imperfeét animals: however, it will
appear from the firft, fecond, and third experiments, that
many, if not all of them, are not capable of keeping
conftantly to one ftandard; but vary from their ftandard
() Vide Philofophical Tranfa&tions for the year 1775, vol. LXV, part II,
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of Animals and Vegetadles, 9

heat, either by external applications, or difeafe, How-
ever, thefe variations are much greater below the ftan-
dard heat than above it; the perfe®t animals having a
greater power of refifting heat than cold, fo that they
are commonly near their ultimate heat, Indced we do
not want any other praof of this variation than our own
feelings: we are all fenfible of heat and of cold, which
fenfations could not be produced without an alteration
really taking place in the parts affe¢ted; which alteration
in the parts could not take place, if they did not become
actually warmer or colder, i have often cooled my
hands to fuch a degree, that I have put them into pump-~
water, immediately pumped, to warm them; therefore,
my hands were really colder than the pump-water,
Real increafe of heat muft alter the texture or pofition
of the parts, {0 as to produce the fenfation called heat: and
as this heat is diminifhed, the texture or pofition of the
parts is altered in a contrary way; which, when carried
to a certain degree, becomes the caufe of the fenfation of
cold. Now thefe effeéts could not take place in either
cafe without a real increafe or decreafe of heat in the
part; heat, therefore, in its. different degrees, muft be
prefent. When heat is applied to the (kin, it becomes
hot, in fome degree, according to the application; and
this may be carried {o far as actually to burn the living
Vou., LXVIIL Cc parts:
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parts: on the contrary, in a cold atmofphere, a man’
hand fhall become fo cold as to lofe the fenfation of cold
altogether, and change it for that of pain. Real heat
and cold can be carried fo far, as even to alter the ftruc-
ture of the parts upon which the actions of life depend.
As animals are fubject to variations in their degrees of
heat and cold from external applications, they are of
courfe, in this refpect, affected in fome meafure like in-
animate matter; and therefore, as parts are elongated ox
recede from the common mafs, thefe effects: more rea~
dily take place: for inftance, all projecting parts and ex
tremities, more efpecially toes, fingers, nofe; ears, combs
of fowls, particularly of the cock,are more readily cooledy
and are therefore moft fubject to be affected by cold. Ani~
mals are not only fubject to. increafe and decreafe of
heat, fimilar to inanimate matter; but the tranfition from
the one to.the other (as far as they allow themfelves to
go) is nearly as quick. However, I fhall not confine
myfelf to fenfation alone;, for it is in fome degree ruled
by habit: the habit of uniformity in the degree of the
one or the other, will be the caufe of a confiderable in-~
creafe of fenfation from the fmalleft-variation; while the
habit of variation in the degree of heat and cold, will, in
a proportional degree, prevent the fenfation arifing from
cither: but'we fhall be guided by aétual experiment.
2 The
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The parts above mentioned (viz. projecting parts and
extremities) are fuch as will admit of the greateft change
in their degrees of heat and cold, without materially af-
fefting the animal. I find that they will raife or fink
the thermometer, in fome degree, according to the exter-
nal heat or cold applied; although not in a proportional
degree to this application, as would be the cafe in inani-
mate matter. Nor are the living parts cooled or heated
in the fame degrees, which appears from the application
of the thermometer to the {kin; for the cuticle may be
confidered as a dead covering, capable of taking greater
degrees of heat or cold, than the living parts underneath
can do; and it might be fufpected, that the whole of the
variation was in the covering. To remove this doubt I
made the following experiments.

EXP. I. I funk the ball of my thermometer under my
tongue, which lay perfeétly covered by all the furround-
ing parts, kept it there fome minutes, and found that it
rofe to 97°; having continued it fome time longer there,
I found it rofe no higher. I then took feveral pieces of
ice, about the fize of walnuts, and put them in the fame
fituation, allowing them to melt in part, but not wholly,
that the application of cold might be better kept up, oc-
cafionally fpitting out the water arifing from the folu-

tion: this I continued for ten minutes, and found, on
Ca2 intro-
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introducing my thermometer, that it fell to 77°; fo
that the mouth at this part had loft 20° of heat. .It gra=
dually rofe to 97° again; but the thermometer in this ex«
periment did not fink fo low as it would have done in the
hand, if a piece of ice had been held in it fo long. Per=
haps one reafon may be affigned: the furface under the
tongue being furrounded with warm parts, renders it
next to an impoffibility to cool it to any greater degree:
but I fufpeét ftill another reafon, viz. parts which have
been in a habit of confiderably varying in this refpe,
as the hand, will allow of greater latitude, being as it
were infenfibly drawn. into cold, nor fo fufceptible of it,
as has been already obferved.

As a further proof, that the more perfe&t animals are
capable of varying their heat, in fome degree, according
to the external heat applied, I fhall adduce the following
experiments made on the human fubject.

The mouth*being a part {o frequently in conta& with
the external atmofphere in the ation of breathing,
whatever is put into it will be fuppofed to be influenced
by that atmofphere; this will always render an experi-
ment made in the mouth, relative to heat and cold, in
fome degree doubtful. I imagined that the urethra
would anfwer better, becaufe it is an internal cavity, and
can be only influenced by heat and cold applied to the

external
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external {kin of the parts. I imagined alfo, that what-
ever effets heat or cold might have, when applied, would
fooner take place in the urethra than in any other part
of the body, as it is-a projeéting part; and thercfore, if
living animal matter was in any degree fubject to the
common laws of matter in this refpect, the urethra
would be readily affected: for this purpofe I got a per-
fon, who allowed me to make fuch experiments as I
thought neceflary.

Exp. 11. I introduced the ball of my thermometer into
the urethra about an inch; after it had remained there
a minute, the quickfilver rofe only to 92°; at two inches,
it rofe to 93°; at four inches, the quickfilver rofe to 94°;
and when the ball had got as far as the bulb of the ure-
thra, where it is furrounded by warm parts, the quick-
filver rofe to g7°.

ExXP. 111. Thefc parts being immerfed in water heated
only to 65° for one minute, and the thermometer intro-
duced about an inch and a half into the urethra, the
quickfilver rofe to 79°: this was repeated {everal times
with the fame fuccefs. To find if there was any differ-
ence in the quicknefs of the tranfition of heat and cold
in living and dead parts, and alfo if the latitudes to
which each would go were alfo different, I niade the
following experiments.. As this (v7z. the urethra) ftill

4 appeared
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appeared to me to be the very beft part of any animal
body for experiments of this kind, I had recourfe to it;
and as all comparative experiments fhould be as fimilar
to one another as poffible, excepting in thofe points
where the difference (if there is any) makes the effential
part of the experiment, I procured a dead penis.

EXP. 1v. The heat of the penis of a living perfon, an
inch and a half in the urethra, was g2° exaétly. I
firft heated the dead one to the fame degree; and then
had the living one immerfed in water at 50°, at the fame
time immerfing the dead one in the fame water; when,
introducing the thermometer at different times, I ob-
{erved their comparative quicknefs in cooling from g2°.
“The dead one cooled fafter; but only by two or three de-
grees. The living came down to 58° and the dead
to 55°  After having continued the thermometer
there fome time longer, it fell no lower. I repeated
the fame experiment feveral times, with the fame f{uc-
cefs; although fometimes there was a {mall difference in
the degrees of heat from thofe of others, the heat of the
water alfo differing; but the difference in the refult was
nearly in proportion, in all the three differenttrials, there=
fore the fame conclufions are to be drawn from them.
In thefe laft experiments we find very little difference
between the cooling of a part of a dead body, and that

of the living; but we cannot fuppofe that this can take
place
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place through the whole body, as in this cafe a living
man fthould always be of the fame degree of heat with
the atmofphere in which he lives.. The man not choofing
to be cooled lower than 53° or 54° put it out of my
power to fee if the powers of generating heat were
exerted in a higher degree, when the heat was brought
{o low as to threaten deftruétion; but from fome experi-
ments on mice, which will be related hereafter, it will
appear, that the animal powers are called upon to exert
themfelves in this, when neceflary.

From the experiments related I found, that parts of
an animal were capable of becoming much colder than
the common or natural heat: I therefore made farther
experiments, with a view to fee whether the fame parts
were capable of becoming much hotter than the ftandard
heat of animals. The experiments were made in the
{fame manner as the former, only the water was now
hotter than the natural heat of the animal.

ExP. V. The natural heat of the parts being 92°, they
were now immerfed in water heated to 11 3° for two mi-
nutes, and the thermometer being introduced as before,
the quickfilver rofe to 100°;. This experiment I alfo re-
peated feveral times, but could not raife the heat of the
penis beyond 100°:: this was probably owing to the
perfon not being able at this time to bear the application

of water warmer than 113°% As thefe were only fingle
: expe-
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experiments, I chofe to make a comparative one with the
dead part.

exp. vi, Both the living and dead part being im-
merfed in water, gradually made warmer and warmer
from 100° to 118° and continued in this heat for fome
minutes, the dead part raifed the thermameter to 114°
while the living could not raife it higher than 102°.
It was obferved, by the perfon en whom the experiment
was made, that, after the parts had been in the water
about a minute, the water did not feel hot; but, on its
being agitated, it felt {0 hot that he could hardly bear it,
Upon applying the thermometer to the fides of the live
ing gland, the quickfilver immediately fell from 118° to
about 104° while it did not fall above a degree when put
clofe to the dead; {o that the living gland produced a
cold fpace of water around it’”,

ExP. vil, The heat of the retum in the fame man
was 98°; exactly.

In the fecond, third, fourth, fifth, and fixth experi-
ments, we had an internal cavity, which is both very vaf-
cular and fenfible, evidently influenced by external heat
and cold, though only applied to the fkin of the part;

(8) This might furnifh an ufefu! hint refpedting bathing in water, whether
colder or warmer than the heat of ths body: for if iatended to be cither coider
-or hotter, it will foon be of the (une temperdtur - with that of the body; theres
fore in a large bath, the paticnt fhould move from place to place: and in a tmall

one, there thould be a conftant fucceffion of water of theintended heat.
while,
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while, in the feventh experiment, another part of the
fame body, where external heat and cold can make little
or no impreffion, was of the flandard heat. ~ Although
we fhall find hereafter, from experiment, that the retum
is not the warmeft part of an animal; yet, in order to
determine how far the heat could be increafed by ftimu-
lating the conftitution to a degree fufficient to quicken
the pulfe, I repeated the feventh experiment after the
man had eaten a hearty {upper, and drank a bottle of
wine, which increafed the pulfe from 73° to 87°, and
yet the thermometer only rofe to 98°;.

Having formerly made experiments upon dormice in
the fleeping feafon, with a view to fee if there was any
alteration in the animal ceconomy at that time, I find
amongft thefe experiments the following which appear
to be to our prefent purpofe: but, that I might be more
certain of the accuracy of my former experiments, I re-
peated them with my new thermometer.

EXP. \vm. In a room, in which the air was at between
50° and 60° of temperature, a {mall opening was made
in the belly of a dormoufe, of a fufficient fize to admit the
ball of my thermometer, which, being introduced into
the belly at about the middle of that cavity, rofe to
80°, and no higher.

Vo. LXVIIL D EXP.
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EXP. IX. The moufe was put into a cold atmofphere
of 15° above o, and left there for fifteen minutes;
after which, the thermometer being introduced a fecond
time, it rofe to 85°.

EXP. X. The moufe was again put into a cold atmo-
fphere for fifteen minutes more; and the thermometer
being then introduced, the quickfilver rofe to 72° only,
but gradually came up to 83°, 84°, and 85°.

EXP. XI. It was put a third time into the cold atmow
fphere, and allowed to ftay there for thirty minutes; the
lower part of the moufe was at the bottom of the difly,
and almoft frozen; the whole of the animal was a little
numbed, and a good deal weakened. When the thers
mometer was introduced, it varied according to the dif-
ferent parts of the belly; in the pelvis, near the parts
moft expofed to the cold, it was as low as 62°; in the
middle, among the inteftines, about 70°; but near the
diaphragm it rofe to 80°, 82°, 84°, and 85°; fo that in
the middle of the body the heat had decreafed 10°.
Finding a variation in different parts of the fame cavity
in the fame animal, I repeated the fame experiments
upon another dormoufe.

EXP. XII. I took a healthy dormoufe, which had been
afleep in a room in which there was a fire (the atmofphere
at 64°); I put the thermometer into its belly, nearly atthe

middle,
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middle, between the thorax and pubis, and the quick-
filver rofe to 74° or 75°; when I turned the ball towards
the diaphragm, it rofe to 80°; and when I applied it
to the liver, it rofe to 81°%.

£XP. X111. The moufe was put into an atmof{phere at
2.0°% and left there half an hour; when taken out, it was
very lively, much more {o than when put in. 1 intro-
duced the thermometer into the lower part of the belly,
and it rofe to 91°; and upon turning it up to the liver,
to g3°.

Exp. x1v. The animal was put back into the cold at-
mofphere at 30° for an hour, when the thermometer
was again introduced into the belly; at the liver it rofe
to 93°; in the pelvis, to 92°: it was flill very lively.

£XP. xV. It was again put back into the cold atmo-
fphere at 19° and left there an hour; the thermometer
at the diaphragm was 87°; in the pelvis, 83°; but the
animal was now lefs lively.

£xp. xvI. It was put into its cage, and two hours after
the thermometer, placed at the diaphragm, was at 93°.

From thefe experiments we have actual heat increafed
and decreafed by the application of external cold; and
likewife the heat varied according to the powers of life,
as well in the fame parts, as alfo in the different parts,

of the fame animal; for at firft the natural heat of the
D2 animal
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animal was much below the common ftandard, and, by
the application of cold, and the powers of refiftance
to the cold being thus increafed, the heat was confidera--
bly augmented; but when the animal was weakened by
thofe exertions, it fell off with refpet to the power of
producing heat, and this in proportion to the diftance
from the heart.

Why the heat of this animal thould be {o low as 80°
in an atmofphere of between 50° and 60°, is not eafily
accounted for, except upon the principle of fleep. But
I thould very much 'fufpe&,' that the fimple principle
of fleep is out of the queftion, as {leep is an effeé& that
takes place in all degrees of heat and cold. In thofe ani-
mals where the voluntary ations are fufpended, it ap-
pears to be an effett arifing from a certain degree of
cold acting as a fedative, under which the animal faculties
are proportionably weakened, but ftill retain the power of
carrying on all the functions of life under fuch circum-
ftances; but beyond this degree cold feems to act as a {ti-
mulant, and the animal powers are roufed to a&ion for
felf-prefervation. It is more than probable, that moft
animals are under this predicament; and that every or-
der has its degree of cold, in which the voluntary actions
can be fufpended.

When man is afleep, he is colder than when awakes
and I find, in general, that the difference is about one de-

2 gree
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gree and a half, fometimes lefs. But this difference in
the degree of cold between fleeping and waking is not a
caufe of fleep, but an effect; for many difeafes produce a
much greater degree of cold in the animal, without giv-
ing the leaft tendency to fleep; therefere the inactivity
of animals from cold is different from fleep. Befides, all
the operations of  perfect life are going on in the time of
natural {leep, at leaft in the perfet animals, fuch as di-
geftion, fenfations, &c.; but none of thefe operations are
performed in the latter tribe.

To fee how far the refult of thefe experiments upon
dormice was peculiar to them, I repeated the fame expe-
ments upon common mice. I procured two; one ftrong
and vigorous, the other weakened by fafting.

EXP. XxVII. The common atmofphere being at 60°, I
introduced the thermometer into the abdomen of the
firong moufe : the ball being at the diaphragm, the quick~
filver was raifed to gg°, but at the pelvis only to g6°3.

Here there was a real difference of about'9° in two
animals. of the fame fize, in fome degree of the fame
genus, and at the fame feafon of the year, and the atmo~
fphere of nearly. the fame temperature..

Exep. xviil. The fame moufe was put into a cold at-
mofphere of 1 3° for an hour, and then the thermometer

was
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was introduced as before; the quickfilver at the dia-
phragm was raifed to 83°, in the pelvis only to 78°.

Here the real heat of the animal was diminifhed 16°
at the diaphragm, and 18° in the pelvis.

- EXP. XIX. In order to determine whether an animal
that is weakened, has the fame powers, with refpect to
preferving heat and cold, as one that is vigorous and
ftrong, I introduced the ball of the thermometer into the
belly of the weak moufe; the ball being at the dia-
phragm, the quickfilver rofe to 97°; in the pelvis to g 5°z
the moufe being put into the cold atmofphere as the
other, and the thermometer again introduced, the quick=
filver ftood at 79° at the diaphragm, and at 74° in the
pelvis.

In this experiment the heat at the diaphragm was di-
minifhed 18°, in the pelvis 21°.

Here was a diminution of heat in the fecond greater
than in the firft, we may fuppofe proportional to the
decreafed power of the animal arifing from want of food.

To determine how far different parts of other ani-
mals than thofe mentioned were of different degrees of
heat; I made the following experiments upon a healthy
dog. ‘

EXP. xX. The ball of the thermometer was intro=
duced two inches within the retum, the quickfilver rofe

to 100°; exaélly. The cheft of the dog was opened, and
a wound



of dAnimals and Vegetables. 23

a wound madle into the right ventricle of the heart, and
the ball immediately introduced; the quickfilver rofe to
1o1° exallly. A wound was next made fome way into
the fubftance of the liver; and the ball being introduced,
the quickfilver rofe to 100°. It was next introduced
into the cavity of the ftomach, where it ftood exaétly at
101° All thefe experiments were made in a few mi-
nutes. ’

EXP. xxI. The fame experiments were made upon
oxen; the quickfilver rofe exactly to 99°;.

EXP. Xx11. The fame were alfo made upon a rabbit,
and the quickfilver rofe to 99°;.

From the experiments on mice, and thofe upon the
dog, it plainly appears, that every part of an animal is
not of the fame degree of heat; and hence we may rea-
fonably infer, that the heat of the vital parts of man
is greater than what it is found to be either in the mouth,
the re€tum, or the urethra.

To determine how far my idea, that animals could
have their heat varied in proportion to their imperfec-
tions, is juft, I made the following experiments upon
fowls, which I confider to be one remove below what are
commonly called quadrupeds.

gxp. xx111. I introduced the ball of the thermometer

fucceflively into the inseftinum recium of feveral hens,
and
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and found that the quickfilver rofe as high as ro3%
103°, and in one of them to 104°,

‘£xP. xxI1v. [ made the fame experiments on feveral
cocks, and the refult was the {fame.

EXp. xxv, To determine if the heat of the hen was
increafed when fhe was prepared for incubation, I re-
peated the twenty-third experiment upon feveral fitting
or clocking hens; in one the quickfilver rofe to 104°; in
the others, to 1033, 103°% as in the twenty-third expe-
riment.

Exp. xxvi. Under the hen, who raifed the quickfilver
to 104° I placed the ball of the thermometer, and found
the heat there as great as in the retum. ’

EXP. XxVIL I took fome of the eggs from under the
{fame hen, where the chick was about three parts formed,
broke a hole in the fhell, &c. and introduced the ball of
the thermometer, and found that the quickfilver rofe to
99°%. In fome that were addled, I found their heat not fo
high by two degrees; fo that the life in the living egg
affifted in fome degree to fupport its own heat.

It may be afked, whether thofe three or four degrees
of heat, which are foundin the fowlmore than in the qua-
druped, are for the purpofe of incubation? We found that
the heat of the eggs, which was caufed and fupported by

this heat, was not above the ftandard of the quadrupeds;
and
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and that it nmuft probably have been lefs, if the heat of
the hen had not been fo great.

Finding from the above experiments, that fowls were
fome degrees warmer than that clafs commonly called
quadrupeds (although certainly not fo perfect animals)
I chofe to continue the experiments upon the fame prin-
ciples, and made the following upon thofe of a fiill in-
ferior order. The next remove from the fowl are thofe
commonly called amphibious.

EXP. xxviil. I took a healthy viper, and introduced
the thermometer into its ftomach and anus; the quick-
filver rofe from 58° (the heat of the atmofphere in
which it was) to 68°; fo that in a common atmoiphere
it is T0° warmer.

EXP. XXI1X. The viper was put into a pan, and the pan
into a cold mixture of about 10°; after being there about
ten minutes, its heat was reduced to 37° It was al-
Jowed to ftay ten minutes longer, the mixture being at
13°% and its heat was reduced to 35° It was allowed
to ftay ten minutes more, the mixture at 20° its heat at
31°%and it did not become lower; its tail was beginning
to freeze; and it was now very weak., It may be re~
marked, that it became cold much flower than many of
the following animals.

Voi. LXVIL E The
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The frog being, in its ftructure, more fimilar to the
viper than to either fowl or fifh, I made the following
experiments on that animal.

EXP. xxX. I introduced the ball of the thermometer
into its ftomach, and the quick{ilver ftood at 44°. Ithen
put it into a cold mixture, and the quickfilver {funk to
31°; the animal appeared almoft dead, but recovered
very foon: beyond this point it was not poffible to leflen
the heat, without deftroying the animal. But its decreafe
of heat was quicker than in the viper, although the
-mixture was nearly the fame.

The next order of animals were fith.

exP. xxxI. I afcertained the heat of water in a pond,
where there were carp, and found it 65°% 1 then took
a carp out of the fame water, and introduced the ther-
mometer into the ftomach; the quickfilver rofe to 69°%
{o that the difference between the water and the fifh was
only 3°;.

EXP. XXXII. In an eel, the heat in the ftomach, which
at firt was at 37°, funk, after it had been fome time
in the cold mixture, to 31°. The animal at that time
appeared dead, but was alive the next day.

EXP. XXXIIL. In a {nail, whofe heat was at 44° it
funk, after it had been put into the cold mixture, to 31°,
and then the animal froze,

4 EXP.
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EXP. XXXIV. Several leaches having been put into a
bottle, and that bottle immerfed in the cold mixture, the
ball of the thermometer being placed in the middle of
them, the quickfilver funk to 31°; and by continuing
the immerfion for a fufficient time to deftroy life, the
quick{ilver rofe to 32° and then the leaches froze. In
all thefe experiments none of the animals returned to
life when they became thawed.

Finding that thefe imperfect clafles of animals are
capable of varying their heat to that ftandard which can
freeze the folids or fluids when dead, and not much far-
ther before death enfues, I withed to determine to what
degree of heat the animal could be brought.

EXP. xxxV. A healthy viper was put into an atmo-
fphere of 108° and allowed to ftay feven minutes, when
the heat of the animal in the ftomach and anus was
found to be 92°%, beyond which it would not rife in the
above heat. The fame experiment was made upon frogs
with nearly the fame fuccefs.

EXP. XXXVI. An eel very weak, its heat at 44°, which
was nearly that of the atmofphere, was put into water at
65°, for fifteen minutes; and, upon examination, it was
of the fame degree of heat with the water.

EXP. XxxVII. A tench, whofe heat was 41° was

put into water at 65°, and left there ten minutes; the
E 2 ball
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ball of the thermometer being introduced both into the
ftomach and retum, the quickfilver rofe to 55°. Thefe
experiments were repeated with nearly the {fame fuccefs.

To determine whether life had any power of refifting
heat and cold in thefe claffes of animals, I made compa~
rative trials between living and dead ones.

EXP. XXXVIII. I took a living and a dead tench, and 2
living and a dead eel, and put them into warm waters
they all received heat equally faft; and when they were
put into the cold, both the living and the dead received
it equally.

I long fufpeéted, that the principle of life was not
wholly confined to animals, or animal fubftance en-
dowed with vifible organization and {pontaneous mo-
tion; but I conceived, that the fame principle exifted in
animal f{ubftances, devoid of apparent organization and
motion, where the power of prefervation fimply was
required.

I was led to this notion twenty years ago, when I-was
making drawings of the growth of the chick in the pro-
cefs of incubation. I then obferved, that whenever an
egg was hatched, the yolk (which is not diminifhed in the
time of incubation) was always perfe@ly fweet to thevery
laft; and that part of the albumen, which is not expended
on the growth of the animal, fome days before hatching,

2 was
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was al{o perfetly {weet; although both were kept in a
heat of 103° in the hen’s egg for three weeks, and in
the duck’s for four; but I obferved, that if an egg was
not hatched, that egg became putrid in nearly the fame
time with any other dead animal matter.

To determine how far eggs would ftand other tefts of
@ living principle, I made the following experiments.

EXP. XXxIX. I -put an egg into cold at about o, and
froze it, then allowed it to thaw ; from this procefs I con-
ceived, that the preferving powers of the egg muft be
loft. I then put this egg into the cold mixture, and with.
it one newly laid; and the difference in freezing was
feven minutes and a half, the frefh one taking fo much
longer time in freezing.

EXP. XL. A new laid egg was put into a cold atmo-
fphere, flu¢tuating between 17°and 15°; it took above
half an hour to freeze; but, when thawed and put into
an atmofphere at 25° it froze in half the-time. This
experiment was repeated feveral times, with nearly the
fame fuccefs.

To determine the comparative heat between 2 living
and a dead egg, and alfo to determine whether a living
egg be fubject to the fame laws with the more imperfect
-animals, I made the following experiments.

EXP.
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ExP. xLI. A frefh egg, and one which had been
frozen and thawed, were put into the cold mixture at
15°; the thawed one foon came to 32° and began to
{fwell and congeal; the frefh one funk to 29°}, and in
twenty-five minutes after the dead one, it rofe to 32°,
and began to fwell and freeze. v

The refult of this experiment upon the frefh egg was
fimilar to the above experiments upon the frog, eel,
{nail, &ec. where life allowed the heat to be diminithed
2° or 3° below the freezing point, and then refifted all
turther decreafc; but the powers of life were expended
by this exertion, and then the parts froze like any other
dead animal matter.

From thefe experiments in general it muft appear,
that a frefh egg has the power of refifting heat, cold,
and putrefadtion, equal to many of the more imperfeét
animals; and it is more than poffible, that this power
arifes from the fame principle in both.

From fome of thefe experiments it appears, that the
more imperfect animals are capable of having their heat
and cold varied very confiderably, not according to the
extent of the heat or cold of the furrounding medium
in which they can live, but according to the degree of
cold which is capable of altering the parts in a dead

ftate, below which the living power will not go fars
for
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for whenever the furrounding cold brings them to that
degree, the power of generating heat takes place till life
is gone, then the animal freezes, and is immediately

capable of admitting any degree of cold.
From thefe circumitances of thofe imperfeét animals
(upon which I made my experiments) varying their heat
fo. readily, we may conclude, that heat is not fo very
eflential to life in them as in the more perfect; although
it be effential to many of the operations, or what may
be called the fecondary actions of life, fuch as digefting
food’”, and the propagation of their fpecies, which re-
quires the greateft power an animal can exert, more ef-
pecially the laft; and, as moft of the more perfect of
thefe imperfect animals are commonly employed in the
firft, we may fuppofe their heat to be fuch as this-action
of life requires, although in them it be never eflentially
neceffary to be fo high as to produce propagation .
Therefore

(b) How far this idea holds good with fith Tam not certain.

(c) How far the animal heat is lowered in the more perfe& animals, when
thefe fecondary actions are not neceffary, as in the bat, hedge-hog, bear, &c.
I have not been able to determine, not having opportunities of examining thefe
animals in their involuntary ftate. Dormice are in a mixed ftate between the
voluntary and involuntary, and we find the heat diminithcd when the aions
are not vigorous; and from a general review of this whole fubje& it would
appear, that a certain degree of heat in the animal is neceffary Jor digefticn,
and that neceflary heat will be according to the nature of the animal. A frog

will digeft food when its heat is at 60° but not when at 35° or 407; and it is
ve':y
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Therefore, whenever thefe imperfet animals are in a
cold {o low as to weaken their powers, and difable them
from performing the firft of thefe fecondary actions,
they become in fome meafure involuntary, and remain
in 4 torpid ftate during the degree of cold which will
always occur in fome part of the winter in fuch coun-
tries as they inhabit; and‘the food of fuch animals in
general not being produced in the cold feafon, affords
another-reafon for their torpidity. '
-From the circumftances of their heat being allowed to
fink to the freezing point, or fomewhat lower, and then
becoming ftationary; and of the animal not being able
to fupport life in a much greater degree of cold for a con~
fiderable time, we fee a reafon why thofe animals always
endeavour to precure fuch places of abode in the win-
ter as feldom arrive at that point, Thus we have toads
burrowing, frogs living under large ftones, fhails pro<
‘tected under the fhelter of ftones and in holes, fith hay-
“very probable that, when the heat of the bear, hedge-hog, dormoufe, bat,
&c. is reduced to 70° 75° or 80° they lofe their power of digeftion; or
rather that the body, .in fuch a degree of cold, has no call upon the ftomach,
That animals, in a.certain degree.of heat, muft always have food, is further
illuftrated by the inftance of bees. The conftru®ion of a bee is very fimilar to
a fly, a wafp, &, Afly anda wafp can allow their hegt to diminifh as in the
fith, fnake, &c. without lofing life, but a bee cannot; therefore a bee is obliged
to keep up its heat as high as what we may call its digeftive heat, but not its

propagating; for which purpofe they provide againft fuch cold as would deprive
them even of their digeflive freat, if they had not food to preferve it.
ing
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ing recourfe to deep water, all which places are gene-
rally above the freezing point in our hardeft frofts:
however, our frofts are fometimes fo fevere as to kill
many whofe habitations are not very fecure.

When the froft is more intenfe and of longer ftand-
ing than common, or in countries where the winters are
always fevere, there is generally fnow, and the water
freezes: the advantage arifing from thefe two circum-
ftances are great; the fhow ferving as a blanket to the
earth, and the ice to the water’”.

(¢) Snow and ice are perhaps the werft conduétors of heat of any fubftance
yet known. In the firft place, they never allow their own heat to rife above
the freezing point, fo that no heat can pafs through ice or fnow when at 32°
by which means they become an abfolute barrier to all heat that is at or above
that degree; fo that the heat of the earth, or whatever fubftance they cover, is
retained: but they are condultors of heat below 32°. Perhaps that power
decreafes in proportion as the heat decreafes under that part.

-In the winter 1746 a froft came on, the furface of the ground was frozen;
but a confiderable fall of fnow alfo came on, and continued feveral weeks; the:
atmofphere at this time was often at 15°, but it was not allowed to affe&t the
farface of the earth confiderably, fo that the furface of the ground thawed,
and the earth retained the heat of 34°, in which beans and peas grow.

The fame thing took place in water, in a pond where the: water was frozen
on the furface to a confiderable thicknefs ; a large quantity of fnow fell and
covered the ice; the heat of the water was preferved and thawed the ice, and
the fnow at its under furface was found mixed with the water.

The heat of the water under the fnow was at 35° in which the fifh lived
very well,

It would be worthy of the attention of the philofopher, to inveftigate the
caufe of theheat of the earth, upon what principle itis preferved, &c.

YorL. LXVIII. F As
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As all the experiments I ever made upon the freezing
of animals, with a view to fee if it were poffible to re-
ftore the actions of life when thawed, were made upon
whole ones, and as I never faw life return by thaw-
ing; 1 withed to fee how far parts were fimilar to
the whole in this refpect; efpecially as we have it af-
{erted, and with fome authority, that parts of a man
may be frozen, and afterwards recover: for this pur-
pofe I made the following experiments upon an animal
of the fame order as ourfelves.

In January 1777,1 mixed falt and ice till the cold was
about o; on the fide of the veffel was a hole, through
which T introduced the ear of a rabbit. To carry off the
heat as faft as poffible, it was held between two flat
picces of iron that went farther into the mixture. That
part of the ear projecting into the veflel became ftiff,
and when cut did not bleed; and the part cut off by a
pair of {ciffars, flew from between the blades like a hard
chip.

The ear remained in the mixture nearly an hour:
when taken out it foon thawed, and began to bleed; it
became very flaccid, {o as to double upon itfelf, having
loft its natural elafticity. When out of the mixture
nearly an hour, it became warm, and this warmth in-

() Vide Phil, Tranf, for the year 1775, vol. LXV, part. IL. p. 446.
creafed
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creafed to a confiderable degree; while the other ear
continued in its ufual cold, and alfo began to thicken.
The day following the frozen ear was ftill warmj; and
two days after it ftill retained its heat and thicknefs,
which continued for many days after:.

About a week after this, the mixture being the fame as
the former, I introduced both ears of the fame rabbit
through the hole, and froze them both: the found one,
however, froze firft, probably from its being confidera-
bly colder at the beginning. When withdrawn, they
foon thawed, and fooix both became warm, and the frefh
ear thickened as the other had done before.

Feb. 23, 1777, I repeated thefe experiments. I froze
the ear of a white rabbit till it became as hard as a board.
It was longer in thawing than in the former experiment,
and much longer before it became warm; however, in
about two hours it became a little warm, and the day
following it was very warm and thickened.

In the {pring 1776, I obferved that the cocks I had in
the country had their combs fmooth with an even edge,
and not fo broad as formerly, appearing as if near one
half of them had been cut off. Having inquired into the
caufe of this, my fervant told me, that it had been com-
mon in that winter during the hard froft. He obferved,
that they had become in part dead, and at laft dropped off:

F 2 alfo,
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alf{o, that the comb of another cock had dropped intirely
off, which I did not fee, as by accident he burnt himfelf
to death. I naturally imputed this effet to thofe combs
having been frozen in the time of the fevere froft; and
having, confequently, loft the life of that part by this
operation. I endeavoured to try the folidity of this rea-
foning by experiment.

I attempted to freeze the comb of a very large young
cock (which was of a confiderable breadth) but could
only freeze the ferrated edges (which procefles were full
half an inch long); the comb itfelf being very thick and
warm refifted the cold. The frozen parts became white
and hard; and, when I cut off a little bit, it.did not bleed,
nor did the animal thew any figns of pain. I next intro-
duced into the cold mixture one of his wattles,
which was very broad and thinj it froze very readily:
upon thawing both the comb and wattle, they became
warm, but were of a purple colour, having loft that
tranfparency which' the other parts of the comb and the
other wattle had. The wound in the comb now bled
freely.

Both comb and wattle recovered perfeétly in about a
month. The natural colour returned firft neareft to the
{ound parts, increafing gradually till the whole was be-

come perfectly found.
3 There
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There was a very material difference in the effet be-
tween thofe fowls, the ferrated edzes of whofe combs
I fufpeéted to have been frozen in the winrer of
1763, for they muft have dropped off.  The only wav
in which I can account for this difference is, that iu thoie
fowls the parts were kept fo long frozen, that the unfro-
zen or active parts L:ad time to inflame, and had brought
about a feparation of the frozen parts, treating them
exa@ly as dead, fimilar to a mortified part; and that
‘before they thawed, the feparation was {o far com-
pleated as to deprive them of farther fupport.

As it is confidently aflerted, that fith are often frozen
and come to life again, and as I had never fucceeded in
any of my experiments of this kind upon whole fith; I
made fome particl experiments upon this clafs of ani-
mals, being led to it by having found a material differ-
“-ence in my experiments upon whole individuals and only
parts of the more perfect order of animals.

I froze the tail of a tench (as high as the anus) which
became as hard as a board; when it thawed, that part
was whiter than common; and when it moved, the
whole tail moved as one piece, and the termination of the
frozen part appeared like the joint on which it meved.

On the fame day I froze the tails of two gold fifh till
they became as folid as a piecc of wood., They were put

inte
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into cold water to thaw: they appeared at firft, for fome
days, to be very well; but that part of the tail which
had been frozen had not the natural colour, and the fin
of the tail became ragged. About three weeks after a furr
vame all over the frozen part; the tail became lighter, {o
that the {ith was fufpended in the water perpendicularly,
and they had almeft loft the power of motion; at laft
they died. The water in which they were kept was
New River water, fhifted every day, and about ten gal-
lons in quantity.

I made fimilar experiments upon an order of animals
ftill inferior, v7z. common earth worms.

I firft froze the whole of an earth worm as a ftan-
dard; when thawed it was perfeétly dead.

I then froze the anterior half of another earth worm;
but the whole died.

I next froze the pofterior half of an earth worm; the
anterior half lived, and feparated itfelf from the dead
part.

As I had formerly in making my experiments upon
animals, relative to heat and cold, made fimilar ones on
vegetables, and had generally found a great fimilarity
between them in thefe refpeéts, I was led to purfue
the fubject upon the fame plan; but I was ftill farther
induced to continue my experiments upon vegetables, as

I ima-
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Iimagined I faw a material difference between them in
their power of fupporting cold. '

From obfervations and the foregoing experiments it
plainly appears, that the living principle will not allow
the heat of fuch animals to fink much lower than the
freezing point, although the furrounding atmofphere be
much colder, and that in fuch a ftate they cannot fup-
port life long; but it may be obferved, that moft vege-
tables of every country can fuftain the cold of their
climate. In very cold regions, as in the more Northern
parts of America, where the thermometer is often 50°.
below o, where peoples feet are known to freeze and
their nofes to drop off if great care be not taken, yet the
{pruce-fir, birch, juniper, &c. are not affected.

Yet that vegetables can be affe¢ted by cold, daily expe—
rience evinces; for the vegetables of every country are
affected if the feafon be more than ordinarily cold for
that country, and fome more than others; for in the
cold climates abovementioned, the life of the vegetable
is often obliged to give way to the cold of the country:
a tree fhall die by the cdld, then freeze and {plit into a
great number of pieces, and in fo doing produce confi-
derable noife, giving loud cracks which are often heard
at a great diftance.

In this country the fame thing fometimes happens to
exotics from warmer climates: a remarkable inftance of

this
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this kind happened this winter in his Majefty’s garden at
Kew. The Erica arborea or Tree-heath, a native of
Spain and Portugal, which had kept its health extremely
well againft a garden-wall for four or five years, though
covered with a mat, was killed by the cold, and then
being frozen {plit into innumerable pieces’®. But the
queftion is, is every tre¢ dead that'is frozen? I can only
fay, that in all the experiments I ever made upon trees
and fthrubs, whether in the growing or active ftate, or in
the paffive, that whole or part which was frozen, was
dcad when thawed.

The winter 177: afforded a very favourable op-
portunity for making experiments relative to cold,
which I carefully availed myfelf of. However, pre-
vious to that winter, I had made many experiments
upon vegetables refpecting their temperature compa-
ratively with that of the atmofphere, and when they
were in their different ftates of altivity: I there-
fore examined them in different feafons, with a

(g) This muft be owing to the fap in the tree freezing, and occupying a
larger fpace when frozen than in a fluid ftate, fimilar to water; and that there
is a fufficient quantity of fap in a tree'newly killed is proved by the vaft quan-
tity which flows out upon wounding a tree, But what appeared moft remarka-
ble to me was, that in a walnut-tree, on which I made many of my experi-
ments, Iobferved that more fap iffued out in the winter than in the fummer. In

the fummer, a hole being bored, fcarcely any came out ; but in the winter it

flowed out abundantly,
view
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view to fee what power vegetables have. I fhall relate
thefe experiments in the order in which they were made.

They were begun in the fpring, the attions of life
upon which growth depends being then upon the in-
creafe; and they were continued till thofe actions were
upon the decline, and alfo when all actions were at an
end, but whilft the paffive powers of life were ftill re-
tained.

The firft were made on a walnut tree, nine feet high
in the ftem, and feven feet in circumference in the
middle.

A hole was bored into it on the North fide, five feet
above the furface of the ground, eleven inches deep
towards the centre of the tree, but obliquely upwards,
to allow any fap, which might ooze through the wounded
furface, to run out,

I then fitted to this part a box about eight inches
wide and five deep, and faftened it to the tree: the bot-
tom of the box opened like a door with a hinge. I
ftuffed the box with wool, excepting the middle, oppo-
fite to the hole in the tree: for this part I had a plug of
wool to ftuff in, which, when the door was {hut, inclofed
the whole. The intention of this was to keep off as
much as poffible all immediate external influence either
of heat or cold.

VoL. LXVIIL G The
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The fame thermometer with which I made my for-

mer experiments, feven inches and a half long, was funk

“into a long feather of a peacock’s tail, with a {lit upon
one fide to fhow the degrees; by this means the ball of
the thermometer could be introduced into the bottom of
the hole.

£xp. 1. March 29th, I began my experiments at fix in
the morning, the atmofphere at 57°%, the.thermometer
in the tree at 55°; when it was withdrawn the quickfil-
ver funk to 53°, but foon rofe to §7°L/,

This experiment was repeated three times with the
fame fuccefs. Here the tree was cooler than the atmo-
fphere; when one fhould rather have expected to have
found it warmer, fince it could not be fuppofed to have
as yet loftits former day’s heat,

EXP. 11. April 4th, half paft five in the evening, the
tree at 56° the atmofphere at 62°; the tree therefore
ftill cooler than the atmofphere.

EXP. 111. April gth, wind in the North, a coldith day,
ix o’clock in the evening, the thermometer in the tree
was at'55° the atmofphere at 47°; the tree warmer
than the atmofphere.

(h) The finking of the quickfilver upon being withdrawn I imputed to the
evaporating of the moifture of the flnid upon the ball,.

EXP.
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EXP. IV. April 7th, a cold day, wind in the North,
cloudy, at three o’clock in the afternoon, the thermome-
ter in the tree was at 4.2°, the atmofphere at 4.2° alfo.

EXP. V. April gth, a cold day, with fnow, hail, and
wind, in the North-eaft; at fix in the evening the ther-
mometer in the tree at 4.5°, the atmofphere at 39°.

Here the tree was warmer than the atmofphere, juft
as might have been expected. If thefe experiments
prove any thing, it is that there is no ftandard; and pro-
bably thefe variations arofe from fome circumftance
which had no immediate connection with the internal
powers of the tree; but it may alfo be fuppofed to have
arifen from a power in the tree to produce or diminifh
heat, as fome of them were in oppofition to the atmo-
fphere. '

After having endeavoured to find out the comparative
heat between vegetables and the atmofphere, when the
vegetables were in action; I next made my experiments
upon them when they were in the paffive life.

As the difference was very little when in their moft
adtive ftate, I could expect but very little when the
powers of the plant were at reft.

From experiment upon the more imperfect claffes of
animals it plainly appears, that although they do not
refift the effeéts of extreme cold till they are brought
to the freezing point, they then appear to have the

G2 power
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power of refifting it, and of not allowing their cold to be
brought much lower.

To fee how far vegetables are fimilar to thofe animals
in this refpect, I made feveral experiments: I however
{ufpeéted them not to be fimilar, becaufe fuch animals
will die in a cold in which vegetables do live; I therefore
{fuppofed that there is fome other principle.

I did not confine thefe experiments to the walnut
tree, but made fimilar ones on feveral trees of different
kinds, as pines, yews, poplars, 8&c. to fee what was the
difference in different kinds of trees. The difference
proved not to be great, not above a degree or two: how-
ever, this difference, although fmall, fhews a principle in
life, all other things being equal; for as the fame expe-
riments were made on a dead tree, which ftood with its
roots in the ground, fimilar to the living ones, they be-
came more conclufive.

In October I began the experiments upon the walnut
tree, when its powers of action were upon the decline,
and when it was going into its paffive life.

EXP. VI. Oftober 18th, at half paft fix in the morn-
ing, the atmofphere at gr°i, the thermometer in the
tree was at 55°%; but, on withdrawing and expofing i
for a few minutes in the common atmofphere, it fell
to 5o°..

EXP,
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EXP. VII. Otober 2 1t, feven o'clock in the morning,
the atmofphere at 41°, the tree at 47°.
EXP. ViII. O&ober 2 1ft, in the evening at five o’clock,
the atmofphere at 51°%, the tree at 57°.
EXP. IX. O&ober 22d, at feven in the morning, the
atmofphere at 42°, the tree at 4.8°.
EXP. X. October 22d, one o’clock after noon, the at-
mofphere at 51°, the tree at 53°.
EXP. XI. Otober 23d, in the evening of a wet day,
the atmofphere at 46°, the tree at 48°.
EXP. XII. O&ober 28, a dry day, the atmofphere at
45° the tree at 46°.
EXP. XI11. Oéober 29th, a fine day, the atmofphere
at 45° the tree at 49°.
EXP. X1V. November 2d, wind Eaft, the atmofphere at
43° the tree at 43°.
£xP. xv. November sth, wet day, the atmofphere at
43°, the tree at 4.5°.
EXP. XVI. Nov. 1oth, atmofphere at 49° the tree
at 55°
EXP. XviI. November 18th, atmofphere at 4.2° the
tree at 44°.
EXP. xVIII. November 20th, fine day, the atmofphere
at 40° the tree at 42°.
EXP.
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EXP. XIX. December 2d, the atmofphere at 54°, the
tree at 54°.

In all thefe experiments, which were made at very
different times in the day, v/z. in the morning, at noon,
and in the evening, the tree was in fome degree warmer
than the atmofphere, excepting in one, wheun their tem-
peratures were equal.  For the fake of brevity I have
drawn up my other experiments (which were made on
different trees) into four tables, as they were made at
four different degrees of heat of the atmofphere, inclu-
ding thofe made in the time of the very hard froft in the
winter of 1775, ‘They were as follows,

1ft.
Atmofphere, Names, Height, Diameter, Heat.
Ft. In, . Ft. In. o
(Carol. poplar, 2 2 29%
Engl. poplar, 4 25 295
Orien. plane, 3 1 30
Occid. plane, 3.6 2 30
Carol. plane, I 1 30
Birch, - 3.6 25 297
29 deg. < Scotch fir, 3.6 4 28
Cedar libanon, 2.2 4% 282
Arbutus, 2.6 3+ 30
| Arbor vitze, 2.8 35 29
Diffid. cyprus, 3 27 30
Lacker varnifh, 3.6 2 30
Walnut tree, 5 2.4 31

The
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The old hole in the walnut tree being full of fap was
frozen up, but a frefh one was made.

2d..
Atmofphere. Names. Height. Diameter..  Heat,
) Ft, In, In. °
Spruce fir, 4 21 32
Scotch fir, 1.5+ § & 28
Silver fir, 3.IL 25 30
: Weymouth fir, 4.6 24 30
27 deg. § Yew, 3.7 3 30
Holly, 2.6 2 30
Plumb tree, 4.6 3 31
Dead cedar, 3.11 3 29
_Ground under fnow, 3 deep — 34
ad.
Atmofphere. Names. Heat,
[Spruce fir, 23°
Scotch fir, 23
Silver fir, 23
24 deg. { Weymouth fir, 23
Yew, 22
Holly, 273
| Dead cedar, 24

The fame trees we mentioned when the thermometer-
was at 29° in new holes made at the fame height, and
left fome time pegged up till the heat produced by the
gimlet was gone off; but in which, as they were moift

1 from
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from the fap, the heat could be very little, efpecially as
the gimlet was not in the leaft heated by the aperation.

4th,
[Car. poplar, 17°
Eng. poplar, 17
Ori. plane, 17
16 deg. {Occ.plane, 17
Carol. plane, 17
Birch, 17
lScotch fir, 163

It will be neceffary to obferve, that the fap of the
walnut tree, which flowed out in great quantity, froze
at 32°. 1did not try to freeze the {ap of the others.

Now, fince the fap of a tree, when taken out, freezes
at 32°; alfo, {ince the fap of the tree, when taken out
of its proper canals, freezes when the heat of the tree is
at 31°; and fince the heat of the tree can be fo low as
17° without freezing; by what power are the juices of
the tree, when in their proper canals, kept fluid in fuch
a cold? Is it the principle of vegetation? Or is the fap in-
clofed in fuch a way as that the procefs of freezing can-
not take place, which we find to be the cafe when water
is confined in globular veflels? If fo, its confinement
muft be very different from the confinement of the

moifture in dead vegetables; but the circumftance of
vege-
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vegetables dying with the cold, and then freezing, ap-~
pears to anfwer the laft queftion. Thefe, however, are
queftions which at prefent I fhall not endeavour to {olve.

I have made feveral experiments upon the feeds of
vegetables fimilar to thofe on the eggs of animals; but,
as inferting them would draw out this paper to too great
a length, I will referve them for another,

Voi. LXVIIL H



