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Review of Physiology Vindicated. 7

The suggestions and illustrations of Liebig have been received with
almost universal approbation by all who are prepared to comprehend the
subject; and by more than one distinguished philosopher it has been de-
clared, that they are destined to «“mark the commencement of a new era
in Physiology.” This declaration is met by Professor Caldwell in his
present pamphlet, by a most unqualified negation; and by a most acute
and logical deduction from his own peculiar definitions and propositions,
is, to his own satisfaction, proven to be utterly unfounded. The Doctor’s
logic and temper, on this and other poiats, strongly remind us of some of
the ancient worthies, whose memories are preserved to eternal fame in the
history of the progress of discovery. We are lold by his talented
biographer,® that when Galileo published his discovery of the satellites of
Jupiter, its importance was at once felt and scknowledged by both his
friends and enemies; yet it really was denied by more than one whose
old prejudices and envious feelings destroyed the evidence of their senses
and their reason. <A protege’ of Kepler's, of the name of Horky, wrote
a volume against Galileo’s discovery, after having declared, «that he would
never concede his four nmew planets to that Italian from Padua, even if he
should die for it.” This resolute Aristotelian was at no loss for arguments.
He asserted that he had examined the heavens through Galileo’s own glass,
and that no such thing as a satellite existed round Jupiter.” Kepler, how-
ever, forced him to see them, More obstinate was the principal professor
ofsPhilosophy at Padua, who « resisted Galileo’s repeated and urgent en-
treaties to look at the moon and planets through his telescope ; and even
labored to convince the grand duke that the satellites of Jupiter could not
exist.” But the glory of the most logical refutation of this discovery was
reserved for Sizzi, an astronomer of Florence, who maintained thatas there
were only severn apertures in the head— two eyes, fwo ears, fwo nostrils,
and one mouth —and as there were only seven metals, and seven days in the
week, so there could be only seven planets.” Forced, however, to admit
the visibility of the four satellites through the telescope, he argued that,
«« as they were invisible to the naked eye, they can exercise no influence
on the earth; and beinguseless, they did not exist L

That the reader may not be forced to rely on my assertion, in regard
to the character of the logic of Professor Caldwell —in his disbelief that
the work of Professor Liebig can possibly «mark the commencement of a
new era in physiology”— I will endeavor to give his syllogisms, as clearly

* Dr. Brewster in his Martyrs of Science,
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human body possesses to maintain its temperature, in defiance of the in-
fluence of an extremely hot, as well as of an extremely cold atmosphere,
Nor do we know that this power has ever yet been fairly analyzed, com-
mented on, and applied to the purpose of expounding the production of
animal heat.

““ As far as reports of experiments inform us, the temperature of the
body of man, in a healthy condition, has never been raised above from
100" to 101° or 102" of Fahrenheit. Yet have men at sundry times exposed
themselves to an atmosphere whose heat ranged from 200" (0 £00°.” p. 44.

Judging from the known industry and accumen of the critic, as well as
from the confidence of his style, the reader would be led to believe that the
Professor had studied and weighed the results of all the experiments which
had ever been published on the subject in question ; but it will be seen,
upon examination, that the only experiments on which he relies to sustain
his positions, are those which were made, in the years 1775 and 1777 by
Sir Joseph Banks, Dr. Fordyce, Dr. Blagden, Dr. Dodson of Liverpool, and
the celebrated John Hunter; whilst all that have been performed for the
last sixty-six years are either unknown to him or willully disregarded.
Nor does he take into estimation the several disturbing circumstances and
causes of error, connected with the experiments as performed by Dr. Fordyce
and his cotemporaries ; which misled them in their deductions ; but which
more modern experimenters, with their improved knowledge of nature, have
properly appreciated. We mean, for example, the imperfection of their
thermometers, and the neglect to ascertain the precise temperature of their
bodies before and after the experiment ; the dryness and moisture of the
hot air to which they exposed themselves, and, consequently, the relative
amount of evaporation from their surfaces; the extreme slowness with
which beat is communicated from hot air; and the influence of clothing,

Yel, even in the quotation of these ambiguons experiments Dr. Cald-
well has not confined himself strictly to the letter of the text, but has
occasionally amended it to suit his own peculiar views.—He says, for
instance, that men have exposed themselves to an atmosphere whose
heat ranged «from 200" to near 500° Fahr;” but on reference to the Phil-
osophical Transactions of the Royal Society, for 1773, in which the account
of these experiments is published, I find the fact to be, that it ranged
from 110° to a little above 260° which was the highest temperature to
which any of them were exposed,
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when the thermometer stood at 211°, he remained seven minutes, in which
time the quicksilver had sunk to 198", but cold air had been let into the
room by a person who went in and came out again during Mr. Banks stay.”
This latter passage, suppressed by the critie, gives us a key.

These experiments were performed in cold weather—on the 23rd of
of January—and the admission of cold air, on the opening of the door,
is sufficient to account for the greater part of the depression of tempera-
ture observed ; which was indicated by their thermometers only after some
little lapse of time. Another quotation from the Transactions may eluci-
date this:—«The slowness with which air communicates its heat is further
shown, in a remarkable manner, by the thermometers they brought with
them into the room, none of which at the end of {wenty minutes, in the
first experiment, had acquired the real heat of the air by several degrees.”
(p. 608). In the subsequent experiments, made in April of the same year,
when the weather was warmer, and when pains were taken by lighting the
fire the preceding day, and keeping it up all night, to make every thing in
the room, and the walls, warm ; it is not stated that the mercury fell on
the entrance of the experimenters, but that it rose while they were in the
room. So that the immense and mysterious cooling power of the animal
body, which Dr. Caldwell attributes to the independent action of witality,
is not proved by the experiments which he triumphantly mis-quotes.

Equally erroneous impressions are conveyed by the following statements
of the professor, and his remarks and arguments based upon them.

« Messrs. Banks, Blagden and Fordyce affirm, that when in the heated
rooms, their persons instead of being exhaling bodies, were powerfully
condensing ones.”—Phys. Vind, p. 43.

« When either of the gentlemen, when in the heated room, held in his
hand a Florence flask filled with water; its heat rose to 120° Fahrenheit ;
and, even at that temperature if was a condenser of the surrounding
vapor.”—Phys. Vind, p. 46.

The truth is, that Dr. Fordyce alone performed the experiment allu-
ded to ; using for the purpose a suite of three rooms, the hottest of which
was heated to a temperature of from 110° to 130°, by flues in the floor;
and its air loaded with steam by pouring on boiling water, The observa-
tions of all the other gentlemen named were exclusively made in another
room, of which we have already given the description, containing hot dry
air; which, it is expressly stated, «had served for many of his (Dr. For-
dyce's) experiments with dry air,” and in which evaporation from their
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In no experiment has an animal sustained, even in the imperfect con-
ducting medium, atmospheric air, the high temperature referred to above,
for more than two hours,

The most accurate and complete experiments of this kind were per-
formed by MM, Delaroche and Berger, in 1806, an abstract of which may
be found in the admirable work of W. F, Edwards, « On the Influence a:f
the Physical Agents on Life,” which we commend, especially, to the more
attentive study of our critic, asa work that may remove many of his diffi-
culties, and probably may increase the amount of his physiological know-
ledge: Some facts from which, however, we will take the liberty to quote.

First, then, in relation to dry hot air, as compared with that contain-
ing vapor, and the still better conducting medium, hot water,

M. Berger sustained, the temperature of 229° Fah., in hot dry air, for
seven minules, and Blagden that of from 240° to 260° Fah., for eight
minutes; but on the other hand—

¢« M. Delaroche could not support, above ten minutes and a half, a vapor
bath, which, at first, at 99° Fah., rose in eight minutes to 124° Fah., and
alterwards fell one degree.

<t M. Berger was obliged, in twelve minutes and a half, to come out of
a vapor bath, of which the temperature had risen from 106° Fah., to about
129° Fah. He was weak, and toltered on his legs, and was affected with
vertigo. The weaknessand thirst lasted the remainder of the day.

« Lemonnier, being at Bareges, plunged into the hottest spring, which
was at 113° Fah. He could not remain in it above eight minutes. Vio-
lent agitation and giddiness forced him out.”

In this connection, M. Edwards also states: « I have never seen batra-
chians which could live above two minutes in water, at 104° Fah., although
I have taken the precaution of holding a part of the head out of the water,
to allow the pulmonary respiration to continue; whilst individuals of the
same species, (frogs,) have supported the heat of air, charged with vapor,
at the same temperature, above five hours.”

Some exceptional cases can doubtless be quoted as objections to these
facts; but we believe that, if those which really exist, are properly exa-
mined, they will give their own explanation in some peculiar provision,
adapted to the unusual phenomena they present.

In relation to the fact, that the animal temperature may be changed by
external heat, notwithstanding the resources and agents employed by the
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«Notwithstanding this, if, as soon as the water shall cease to burn you,
the thermometer be examined, it will be found to stand but a few degrees
above blood heat. Why? Because, we repeat, the leg has cooled the
water to some distance around it. To be still further convinced of this,
place the thermometer in the water, at the distance of six or eight inches
from your limb, and the mercury will again rise.

Once more :—: Let another interesting experiment be tried, which will
be jgund to eventuate to the same effect.

" «Immerse in the same tubful of water, heated to 120°, two lower
extremities of the same size—one of them alive and sound, and the other
dead—Ilet them be fifteen or eighteen inches distance from each other.
In twenty minutes after immersion, apply your thermometer, under the
water, alternately to each; and you will find the difference in their tem-
peratures to amount to eight or ten degrees or probably more. The dead
limb will be near the water in temperature, and the living one many de-
grees below it. Of this result the cause is the same—the control of liv-
ing matter on caloric, even to the reduction of it to a state of latency.

« To the enlightened and scientific reader we need hardly observe, that
all the facts we have just laid before him, are in plain and positive contra-
diction of Professor Liebig's hypothesis, and of every other chemical hy-
pothesis, respecting the production of wital temperature.”—Phys. Vind, pp.
51, 52. .

Need we tell the reader, these experiments are, in sum and substance,
transcribed from the works of John Hunter, with the substitution merely
of one member of the body for another, and the addition of some rich
verbiage? If he will refer to the edition of Hunter's Surgical Lectures,
published in Philadelphia in 15839, by Haswell, Barrington and Haswell,
on pages 81, 82, he will find them; and if he will examine the notes,
which are appended to the text, he will see explained the source of the er-
ror of the conclusions drawn from them by their author, and enlarged and
improved by Professor Caldwell.

In the day of Jobn Hunter the error was excusable, because of the
more imperfect state of physical science; but in the present condition of
knowledge, a candidate for medical honors would not be worthy of his
diploma, if he could not see the impropriety of these conclusions, In re-
lation to our critic, therefore, the only question to be decided is, whether
he is culpable of ignorance or wilful perversion,

In answer to the Professor’s argument, I will propose to him some ex-
periments, which are not however to be found in Hunter'’s writings.
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Take your tubful of hot water. Immerse in it a large thermometer;
marking first the height of the mercury ; allow it to remain immersed, but
at rest, for one minute ; — observe, then, how much the column has risen.
Now move it about forcibly in the water; immersed to the same depth, for
the space of another minute ; and if the mercury does not expand greatly
more, in equal times, while the instrument is in motion than while at rest,
I will not only believe in nature’s horror of a vacuum, but in all the
dogmas that have ever been propounded.

The simple truth is, that hot fluids part with their heat more rapidly
when they impinge, ina current on the body to be heated, than they do when
at rest ; —and the true reason why the water felt hotter, to the limbs im-
mersed in it, when it was agitated than when it was in a state of rest, was.
that it gave them more heat in a given time.

But the Doctor says «the leg has cooled the water to some distance
around it!!” Shade of Rumford! Can it be believed that a learned
professor, in the middle of the nineteenth century, should know so little
of the currents which exist in heating and cooling fluids, or hydrostatics,
as to suppose, that a hollow column of cold water, extending to the dis-
tance of some inches, could forget its specific gravity so far, as to stand
up, and maintain its place around the leg, although surrounded on all sides
by hotter, and specifically lighter water !

If this is true, the wonderful wvital principle— the mysterious consti-
tufional instinct — not only masters and destroys chemical and physical
forces within the body; but its power is even extended to some inches be-
yond it!! "We leave the doctor to decide whether this proves too much,
or nothing at all, or both,

The living member does cool the water, however, and much more rap-
idly than is in proportion to its rise of temperature. But the particles of
water, which lose their heat by contact with the leg, becoming more con-
tracted and therefore heavier, by cooling, immediately fall in a current to
the bottom of the fluid, giving place to other and warmer particles. A
process which continues as long as the cooling takes place, and without
which it would not be easy either {o heat or cool water.

In order that he may understand how the members may cool the water,
without being themselves heated in a proportionate degree; or how a dead
limb is heated, under these circumstances, more than a living one, I will
propose to the professor other interesting experiments ; — which, if he is
desirous of finding truth, he will perform:—
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urged by Dr. Caldwell against the publication of Professor Liebig, are based
on his own wmisapprehension of the design, plan, and character of the work
he criticizes. Written in a most concise style ; the facts being arranged
in a series of propositions, briefly stated, each having a relation to its ante-
cedent, and nothing being repeated which has once been sufficiently ex-
plained; in order to comprehend the sense of the author in any one paragraph,
it is neecssary to understand all that has been previously stated and is taken
for granted. It may be further stated, that the learned chemist presup-
poses, in the minds of his readers, a certain amount of scientific facts and
training, which, unfortunately, is not always to be found, even among ve-
teran Professors of Physiology.

In the maintenance of the healthy, uniform temperature of the body,
in different climates, many compensatory means are employed in the ani-
mal economy. In addition to those already adverted to, we find the dimi-
nution of the amount of oxygen inspired in hot climates, as a consequence
of the rarified and expanded condition of the air breathed, and the rela-
tively greater amount of food consumed in cold climates, affirmed and ex-
emplified by Liebig, and controverted by his logical opposer, who takes up
and examines each separately and apart, as though it had been contended that
each was the soLe AxD onvLy cavse of all the effects produced, and not,
as iz the fact, that it was only one of a number of means, all tending to the
same end. We quote his own words :

« Suppose a cubic foot of air, at the temperature of 96 deg., which is
high tropical heat, contains three cubic inches of oxygen, raise a cubic foot
of polar air from zero, or even below it, to the same temperature, and we
doubt exceedingly whether its oxygen will be so far expanded as to occupy
the space of six cubic inches. To employ terms of weight, which will
represent the matter with greater accuracy—admit {he oxygen contained in
a cubic foot of tropical air to amount to fen grains—that contained in an
equal volume of polar air, will not, we suspect, amount to twenty grains.
These terms of weight and measure, we have used, not to express, in fact,
the precise amount of oxygen in a given quantity of atmospheric air, at
different temperatures and in different latitudes, but merely in illustration
of the principle we wich to establish. As we never, moreover, either made
the experiments, or positively know that they have been made by others, we
offer them in the character of probabilities—but as probabilities strong in
their claim on atiention and belief.

« Even admitting, then, that our author'’s combustion hypothesis of ani-
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mal heat is sound in principle, we are confident, we repeat, that the small
differences in the amount of oxygen contained in equal volumes of polar,
middle latitude, and tropical air, are far from being sufficient to sustain it
in fact.”—Phys. Vind., p. 16, 17.

Here let the reader remark, in the passages we have taken the liberty to
italicise, another striking evidence of the critic’s positive and unpardonable
want of scientific information, or of something worse, Does he not know,
that the proportion of oxygen in the atmosphere has been accurately ascer-
tained. both by weight and measure, and that the rate of expansion and
contraction of airs and gases, in different temperatures, has been long
since established ; or does he purposely attempt to mystify, that he may be
enabled to mislead ?

If he is disposed to make the calculation, so as to ascertain with acen-
racy, how much influence these conditions of the atmosphere may exert, in
the phenomena of calorification, I will inform him, and in all modem
text-books of chemistry, he will find the fact stated, that air and gases of
all kinds expand and contract equably and regularly, at all temperatures,
to the amount of about 1-480 of their volume at 32 deg, for every degree
of Fahrenheit. If he enters into the examination, he will not find the
amount of the changes of volume of air to exceed, under the circumstances
proposed, one fourth of the volume at 32 deg.; yet he cannot fail to see,
even in this proportion, an important auxiliary to the combustion theory.

The human body, in adapting itself to different temperatures, is also
somewhat dependant on the nature and quantity of its food. This is one
of the points on which Professor Liebig dwells; and although its enuncia-
tion is not original with him, he has illustrated and applied it more for-
cibly, perhaps, than any previous writer. To this Dr. Caldwell strongly
objects, in the following passage.

¢ It is not true, that men generate vital heat, and sustain wintry cold,
in proportion to the amount of oxygen they breathe, and the quantity of
carbon and hydrogen they swallow. They do both much more in propor-
tion to usage and habif. And, in the production and maintenance of them,
no chemical process has, or will be alledged to have,a shadow of agency.
They are essentially and exclusively wital atiributes. To refer them to
chemistry, therefore, would be a rank misappliance, not to say prostitution
of science.”"—Phys. Vind. p. 19.

He makes many statements, which ke supposes are entirely at variance
with the fact that the nature and quantity of the food may affect the heat-
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